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PREFACE

The International Conference on Business and Industrial Research (ICBIR 2016) will be held on the 
campus of Thai-Nichi Institute of Technology (TNI) during May 12-13, 2016.  Conference Proceedings contain 
98 papers accepted to ICBIR 2016 which is the fourth ICBIR that will be organized at TNI.  This year 
participants from five countries (Japan, Philippines, India, USA, and Thailand) made the conference truly 
international in scope.  The Conference provides a setting for discussing recent developments in a wide variety 
of topics including:

Automotive Engineering, Production Engineering, Electrical Engineering, Industrial Engineering, 
Computer Engineering and Chemical Engineering
Industrial Management
Project Management
Information Technology, Multimedia, Business Information System
Business Administration
Language, Culture and Society

Evaluation of the research papers was conducted by independent peer referees to ensure their high 
quality, integrity, and value of the Proceedings.  We are in debt to the referees who devoted their time and effort 
to reviewing the papers.  We gratefully acknowledge their academic contribution to the Conference and 
sincerely thank them for their support. In addition, we would like to thank all participants for their contributions 
to the Conference program and for their contributions to these Proceedings.

Our special thanks go to Associate Professor Dr. Bandhit Rojarayanont, President of TNI, for facilitating 
and providing many resources, and to the Conference Coordinator, Pimrot Phipatanakul, for her devoted 
assistance in the overall organization of the conference.  In addition, we would like to thank our sponsors 
including Toyota Motor Thailand Co., Ltd., Siam Cement Group (SCG), Rayong Institute of Science and 
Technology Foundation (RAIST), and Technology Promotion Association (Thailand-Japan) for their continuous 
support.

On behalf of Thai-Nichi Institute of Technology staffs, students, and faculties, we express our sincere 
gratitude to all participants for their contributions to the Conference.
       

Pichit Sukchareonpong & Korakot Hemsathapat
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Abstract— We propose Global Engineering PBL which consist of 
elemental technic in industrial field. So we proposed on the 
theme of sequential control which is the mainstream in the 
industrial field. Therefore we have developed the Global 
Engineering PBL of sequential control for the effect. And the 
validity of Global Engineering PBL is confirmed by coop
imaged eration with KMITL. We employ two methods as an 
investigation of the effect of Global Engineering PBL. One is the 
subjective value by the questionnaire before and after PBL 
implementation. Another is the objective value by PROG.

Keywords— Global Engineering PBL; International 
Corporation; Active Learning; Generic Skill ;Sequence control 
kit

I. INTRODUCTION

Society is in need of human resources who possess skills 
relevant to the 21st century and who can learn and operate 
higher educational facilities. Students should have advanced 
knowledge and ability to solve social issues, both regionally 
and globally, in an autonomous, collaborative and 
constructive way[1]. A student is requesting the practicing 
ability. The ability to find a problem and settle a problem 
actively by oneself in particular is wished for. PBL is 
introduced in the education for an effective method and many 
papers were published about its effect. But some papers are 
reported about the learning technique of the 
PBL(Project/Problem Based Learning) , and the thinking 
method in the internationalism PBL.

We research the paper that Global PBL implement the 
follow report in Japan, the group member consist of the global, 
held the PBL in foreign country. Now a day, the Internet 
technique provide some application, so we are possible to new 
education without the distance and time. For example, LMS, 
Open Web Contents, TV meeting system, SNS and so on. 

Usually, we ask for a wide opinion as a solution of those 
problems (Environmental issue). In these case, important 
things are below: propose, communicate, cooperate and agree. 
After the PBL, we measure the effect of the PBL. Usually we 
use the ex post fact questionnaire. This result is low 
objectivity because this evaluation will be the subjectivity 

value of the student. And it's difficult that we understand 
improvement of the ability of the student objectively. NIT of 
Sendai College had introduced PROG (Progress Report on 
Generic Skill) into the value of the student's generic skill. 
That's confirming that student's skill can be estimated 
objectively [3]. A match of international PBL is also 
performed at a Japanese university. That's general and widely 
PBL problem. It's because students of the wide field are 
gathered. It's to make it easy to put into effect. 

In this paper, we restricted a theme of PBL to engineering. 
We aimed at a sequence control as a PBL problem in it. The 
sequence control technology is used in many electric 
appliances and industrial machines. Therefore, Sequence 
control is important knowledge for students of the engineering.

We propose utilizing those for the preliminary class of 
Global PBL and learning basic knowledge, and compose a 
group by students with the same basic knowledge and work on 
a problem in Global PBL. We put emphasis on that a solution 
is easy as a theme of PBL and that it's driven by the spirit of 
competition. Because we imagined the Global PBL goal is 
special knowledge of one engineering filed.   

Therefor, the PROG test, which has some improvable 
elements [4], was carried out to evaluate the educational 
benefits of the A3 Learning System. In addition, this method 
is discussed as a method of evaluating ‘literacy’, leading to 
the practical resolution of problems and ‘competency’, which 
is the skill used to forge good relationships with the 
surrounding environment. NIT of Sendai College.

So we develop necessary development of an experimental 
kit and learning contents for Global engineering PBL 
implementation. And we consider how to visualize student's 
generic skill changes by participation in Global PBL about a 
visualized way.

II. II. DEVELOPMENT OF A SEQUENCE
EXPERIMENTAL KIT

First we thought about a problem for Global Engineering 
PBL. We propose a PBL theme which consists very easily for 
engineering field students. That's the theme to which a student 
can propose a solution. A solution isn't inarticulate for that. 
It’s like an environmental issue and business improvement. 
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It's composed of PBL put into effect in PBL of the project 
type, not the problem solving type.

So we made the sequence control a subject. Our college 
cooperates with France (IUT:Institus Universitaire de 
Technologie), Finland (HMUAS: Helsinki Metropolia 
University of Applied Sciences, TUAS: Turku University of 
Applied Sciences) and Thailand (KMITL: King Mongkut's 
Institute of Technology). Those universities are experimenting 
on a sequence control. Student are experiencing a sequence 
control by some experiments. They understood these contents, 
so we selected the Global engineering PBL theme which is the 
sequence control of a positioning control.

Students learn a sequence control with a part of the basic 
knowledge (fixed knowledge type) and a part of confirmation 
by an experiment (experiment knowledge type). The basic 
knowledge support the active learning which are e-learning, 
flipped classroom and so on. We suggest the Global 
Engineering PBL which consist of three part. 1st is Basic 
knowledge (Relay Sequence), 2nd is Regular 
knowledge (Sequence Control, PLC), last is Application 
knowledge (PLC, Sensor).

A. Basic knowledge (Relay Sequence)
Several Kosen has a FA Basic kit which contributed from 

Omron Corporation. It shows the figure1. This kit can learn 
basic relay sequence. The students were learned by 
experiments using by this kit and text. 

The FA Basic kit include of the some sensors (reflection, 
penetration, scattering, touch and magnetic), belt comber 
(position control), 7seg LED, switches (toggle, push, NC, NO 
and rotary) and some color light.

Firstly the students learn the relay sequence. Relay 
sequence control is the basic control system of the sequence 
control. An order of the learning. First, the students learn the 
basic knowledge. For example, input/output device, control 
device, the sequence circuit and ladder diagram and so on.
Lastly, the students learn ladder diagram in order to learn the 
PLC sequence.

Omron had the original Web contents about this kit. But we 
developed original Web learning contents for the basic relay 
sequence. Because we considered the self-learning system for 
the students. It shows the figure.2 .They try to experiments 
and check and search the Web contents. They found the 
keyword Web contents and they learned by themselves. The 
contents are very fundamental knowledge (AND, OR, NOT 
and Self hold by Relay). These contents were expressed in 
Japanese and English. And it includes the CBT contents. 
Students can check the understanding levels by themselves. 

Fig. 1 Relay sequence circuit using the "Basic FA learning 
kit"

Fig. 2  Development of web page of the contents 

B. Regular knowledge(B. PLC sequence control)
We suggest for students to learn from basic skill to expert 

skill which mean from the relay sequence to PLC sequence 
control. The program of PLC designed by the ladder program. 
The students learn by the e-learning and CBT, they got the 
some knowledge.  The students use the FA Basic kit too. It 
include of the PLC. The students can learn the PCL sequence 
control. But it’s very simple and fundamental experiments. So 
the students learn the input devices which are some kind of 
sensor and the output device which is motor controller.

Students can create a complicated circuit using a program 
on the PC. Example of a simple ladder program is show in 
figure.3. Students can easily create a program by simply using 
the input and output symbol. In addition, there is something 
called a FB (Function Block) in the output symbol. We can 
issue various commands to the device by using the FB. In this 
research, we prepared an experiment of positioning control as 
a basic experiment of PCL sequence using this kit. The 
positioning control system is a fundamental system. Usually 
the students learn the positioning control system which control 
the motor to adjust the actual position.  They got the skill of 
ladder programing technique and Input/Output device of PLC.
And they changed some parameter to get optimal control 
though repeat the experiment.  Students control the 
positioning using the FB. FB used in positioning control is 
shown in Figure 4. We can change the speed and position of 
the positioning control. In the experiments, the Input data is a 
target positon, after the table move to the target position 
smoothly, quickly, fast without vibration. They could get the 
skill how to get the best control parameters.
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Fig. 3 Example of a simple ladder program

    
Fig. 4 FB (Function Block) to use in positioning control

C. Application knowledge(PLC,Sensor)
The students have skill the positioning control system and 

develop the program. So this section they learn the Project 
Based Learning. After we write detail about Global PLB, his 
section we write about developed the experimental kit for the 
sequence control kit. It shows the figure.5. This kit consist of
3part. One of the board on which balls are lying, other are the 
motor part where I move the box and the box in which a ball 
is caught, and positioning control by PLC.

This kit can choose the used sensor and also choose 
location of the sensor freely. It shows the figure.6. Therefor 
they research and learn how to use the sensors. After they 
design the circuit and program to achieve the goal.

The problem is very simple. They move a box to the 
position where the lying ball is caught. A goal of this PBL is 
to catch many balls. But several restriction is held by the 
process which settles a problem, Restriction time of the play, 
the number of the ball which can be used and the sensor, the 
kind of balls and movement after a catch.

The teacher becomes possible to design PBL of various 
degree of difficulty.   The students can understand a goal 
clearly, too. The system that one has developed it by a 
demonstration, it becomes possible to estimate objectively.

Fig.5 Development of the sequence learning Kit 

Fig.6 Select the Sensor 

III. GLOBAL PBL

A. Design
We're planning to put Global PBL into effect with KMITL 

in faculty of engineering. Our students and KMITL students 
collaborate with this project. We'd like to visualize growth of 
student's skill by this project.  So we estimate student's skill 
before this project in PROG. And after this project we 
estimate student's skill again. It's possible to confirm the 
growth of the student's skill which isn't obtained by domestic 
lecture. And it's possible to confirm the grown-up field of the 
skill by the different environment. It's possible to be being to 
measure these data continually and be arranging for problem 
setting of Global PBL.
This year is first year, we will design Global PBL follow 

schedule. 
1st day:
Acquisition of Basic and Regular basic knowledge is learned 

separately in the respective environment (Japan and Thailand). 
Application knowledge mixes a student and composes a group. 
A student learns basic knowledge of a sensor and a PLC by a 
group. After that a report meeting of a learning outcome is put 
into effect. Finally the students know the contents of PBL.
2nd day:
The students design a circuit to yesterday's PBL problem by 

the respective groups. They investigate by the internet and 
library. They design a pre circuit using a kit and check the 
operation. They exhibit the circuit they do some degree 
movement of before an end.

Port

CW or CCW Selection
Pals Designation

Register 
address

INPUT symbol

OUTPUT symbol
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3rd day:
The students redesign and reorganize for the last presentation 

from the evening (athletic meeting). The presentation put into 
effect in the evening estimates a design concept and 
originality. The students compete for the acquisition score in 
an athletic meeting. It's estimated even between the student as 
well as the teacher.
We're planning to put Global PBL into effect by the above 

mentioned schedule. The student who participated in this 
project will receive PROG once again about 3 months later. 
It's possible to confirm which degree a generic skill improves 
by this. We have been developing an evaluation sheet of a 
skill for experimental implementation. The student is the 
value of the skill by himself, and this evaluation sheet puts it 
into effect to get correlation with objective evaluation.

B. Implementation
We think PBL have two kind of meanings, one of the 

Problem Based Learning, other is Project Based Learning. 
Usually its implement one of them, but we blended both 
method in Global PBL. Students carry out independently by a 
group to make a project succeed. They settle a problem using 
the PDCA cycle.
We have to establish a problem so that a student can 

concentrate. After we took notice as of the following point. 
They can imagine a goal. A problem is good complication 
exactly. They can have a competitive spirit. Students can 
maintain a motivation of problem solving by these.
Therefore, we have developed the learning kit described by a 

preceding chapter. This kit isn't a problem of the positioning 
control to catch an easy ball. We adopt competition during a 
group as the final presentation. Students devise improvement 
of a system by this to get a high score.

IV. MEASUREMENT OF A SKILL

A. Generic Skill
In February, 2006, the Ministry of Economy, Trade and 

Industry defined the basic abilities required in working 
together with various people in the workplace and in the local 
communities as “Fundamental Competencies for Working 
Persons” which consist of the following 3 competencies (12 
competency factors) at a committee comprising of 
intellectuals in the businesses and universities[1]. It shows the 
figure.7.

The necessary knowledge utilization ability is called a 
generic skill to live by society and go in recent years. An 
expectation of generic skill upbringing through university 
education is rising as member of society basic skills and the 
university graduate power.

The value of the student's generic skill is being also 
conducted in United States and Europe. Table.1 shows test 
name, an answer way and the required time.

Usually we need to much time to get the objectively 
students evaluate.

In our case, we used the PROG for the student evaluations.
This test needs only about 1.5h, its shorter than another tests. 
So we made students who are Sendai college students took a 
PROG [3].

Fig.7  Fundamental Competencies for Working Persons

TABLE I
TABLE I. KIND OF THE GENERIC SKILL TEST

Country Name of test Implemen
ting 

agency

method time
cost

USA

CLA
The 

Collegiate 
Learning 

Assessment

CAE Narrative form 3h

MAPP
Measure of 
Academic 

Proficiency 
and Progress

ETS Multiple-choice 
narrative form

8h

CAAP
Collegiate 

Assessment of 
Academic 

Profiiciency

ACT Multiple-choice 
narrative form

4h

Australia GSA
Graduate Skill 

Assessment

ACER Multiple-choice 
narrative form

3h

Japan PROG
Progress 

Report on 
Generic Skill

KRT Multiple-choice 
(a part of 
narrative form)

1.5h

The figure.8 shows the result of 2015 of NIT of Sendai and 
KMITL. PROG has 2 sides of generic skills, Literacy and 
Competency. Literacy evaluate the learning knowledge. A
broken line is an average of the Japanese national university 
science faculty. Red circle indicates student's data of an 
engineering department electric family of KMITL. A green 
square indicates the 4th grader's data in Sendai. PROG can 
analyze a student literacy and the competency more in detail.
PROG can classify the plan drafting ability, executive ability 
and the cooperativeness into 12 kinds of competency and 6 
kinds of literacy altogether.
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Our college consists of 5th grader (20 years old) from 1st 

grader (16 years old). 1 grade consists of 7 departments 
(machine, electricity, information and construction). 1 
department consists of 5 years in 40 people of 1 class.

An average of Sendai technical college is an average of 
about 1400 people.  A PROG test is Japanese.  We 
implement by about 10 people in 3rd and 4th grader in 
KMITL. PROG test not perfectly translate Thai language , it's 
mixed English.

Our student have the literacy ability more excellent than an 
average of the college student. They have the equal 
competency. These mean that they are equal to student of the 
science system of the same age. On the other hands the 
literacy is low, but a student of KMITL has the excellent 
competency. This equals the ability of the member of society 
in Japan.

We aren't implementing student's PROG test enough to 
analyze details into effect. I'll also continue and put 
measurement by PROG into effect from now on.

It's comparison of student's generic skill in KMITL and 
Sendai College by the current state. The respective students 
are visualization of a change by implementation of global 
PBL for our purpose. PROG visualizes student's generic skill 
objectively.

We're planning to implement global PBL with KMITL and 
Sendai students this year. We measure how student's skill 
changes by Global PBL.

Fig.8 Average values of the total scores of literacy and 
competency of the students

V. CONCLUSIONS

We proposed Global PBL which a goal is clear by a 
technological problem. Students do a group work though they 
learn the basic knowledge before PBL implementation. They 
use the internet systems. Students can aim at the goal which is 
special from student's aspiration by a joint experiment. We 
have developed an experimental kit and learning contents in 
order to carry out such Global PBL. We proposed estimating 
growth of student's skill as well as implementation of Global 
PBL objectively. We're planning to do grown-up visualization 
and evaluation of student's skill by this project by future's 
experiment
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Abstract—A prototype of a force-driven electrical assistance

cart was developed for elderly and disabled persons. The cart 
can be operated at a constant 5N force regardless of slope 
gradient and load weight by electrical assistance. However the 
prototype cart has some necessary improvements to be 
implemented such as measures to its sudden starting and 
unstable movement. In order to effect these improvements, the 
1.5-version prototype of the cart was developed. We confirmed
that the sudden starting can be limited by moving average 
processing and the cart direction can be maintained by averaging 
left and right forces under unbalanced states For safety, an 
auto-stop brake function when releasing both hands from the 
handles when going downhill is also incorporated into the 1.5-
version prototype. 

A verification experiment at Sendai Red Cross Hospital was
executed and we confirmed that the 1.5-version prototype is a
great improvement over the version 1 prototype in term of 
cart operation. From the experiment, we also obtained a great 
deal of useful advice and opinions on the operability and safety of 
the 1.5-version prototype.

Keywords— Electrical Assistance Cart, Elderly Person, 
Force-driven, Operability, Auto-stop brake, Safety

I. INTRODUCTION

   Japan is fast becoming an ageing society, and 2013 saw 
the start of a 5-year country-led development project aimed at 
creating robot care for the elderly. The project has 5 themes, 
and one is " movement support".

The ratio of elderly person of more than 65 years is one in
four, but it is expected that just 15 years later that it will 
become one in three. The residential areas of Japan are often 
built on hilly areas, and so even going out on shot trips such as 
for shopping or to visit  neighbors might become demanding 
for elderly or disabled people due to the steep slopes, resulting 
in those people staying at home and not receiving the benefits 
that companionship and exercise can bring.. 

Therefore we started a study to develop a force-driven type 
electrical assistance cart to facilitate elderly person's exercise.

The fundamental issues of the movement support that we hope 
to implement are stable movement and the getting over steps. 

Y. Oh et al. [1] and K. Nishizawa et al. [2] have been 
studying a walking support machine for rehabilitation used 
indoors. S. Koura [3] and M. Irie [4] have been studying a 
walking support machine used outdoors for a visual disability
person and a Home Oxygen Therapy patients respectively.
Those are studies of universities. On the other hand, on a cart 
of business, RT.1 of RT Works [5] and Little keepace of 
KOWA Co., LTD.[6] are the electrical assistance cart which 
came to practical use in Japan. They can run stably, but both 
don’t consider getting over steps.

Our development steps thus far are as follows:
Step 1: development of a first version prototype by 
remodelling a commercial cart. 
Step 2: development of a 1.5-version prototype by improved
the first version prototype for stability.
Step 3: development of a second version prototype of the cart 
incorporating improved stability and capability of getting over 
steps.

In this paper, the mechanical features and the evaluation 
results of the first version prototype are described in section 2

 
 
 
                  
 
 

 (b) Operation handle 
 

 
 
 

 
 
(a)  Appearance            (c)  Motor 

Fig.1 1-version prototype of electrical assistance cart 
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and section 3. In section 4, the problems of improvements 
made to the first prototype are summarized. The evaluation 
results of the improved 1.5-version prototype are described in 
section 5.

ELECTRICAL ASSISTANCE CART MECHANISM [7]

In this study, a commercial cart for the elderly which had
been evaluated highly on a shopping website was remodelled 
to become our power assisted cart. The photo of the cart is 
shown in Fig.1. Two force sensors are placed on the left and 
right operation handles of the cart respectively (Fig.1(b)) 
and two motors are incorporated in the rear wheels (Fig.1(c)). 
Pushing the handle forward and backward to make the cart 
advance led to very intuitive operability.

By considering elderly person's walking ability, the 
maximum speed of the cart is assumed to be 60 cm/s (2 km/h) 
and the rotating speed of the motor is made to be about 2500 
rpm. A brushless motor was adopted with high efficiency, 
energy conservation and high tolerance.

III. BASIC PERFORMANCE EVALUATION OF 1-VERSION
PROTOTYPE

A. Basic experiment
1) Evaluation for the gradient of the slope

At first, the starting driving force with electrical assistance
was compared to that without assistance on different slope 
gradients. For this initial test, there was no load and the 
materials of the slopes were plywood for the indoor and 
asphalt for the outdoor experiments. The gradient of the slopes 
were 5 degrees and 10 degrees for the indoor, and 7 degrees 
for the outdoor experiments. Table 1 and Figure 2 show the 
starting driving force and reduction rate. As shown in Fig.2, 
the cart can be operated at a constant 5N force regardless of 
slope gradient by the assistance of the motor. 

Table 1 Starting driving force before and after electrical assistance 
With 
assistance
(N)

Without 
assistance
(N)

Ratio of 
reduction 
(%)

5 °in door 9.87 4.98 49.6
10 °in door 17.22 4.86 71.8

7 °in outdoor 13.23 4.65 64.9

2) Evaluation when altering load
Next, on the 5 degree plywood slope, the starting driving 

force was measured when altering the load with 10, 20, and 30
kg. The result is indicated on Fig.3. As shown in Fig. 3, the 
cart can be operated at a constant 5N force regardless of the 
load by the assistance of the motor.
 

B. Evaluation of 4 force sensors
The rotating speed of the motor is changed proportionally

coresponding to the added force sensor.

Fig.3 Starting driving force at 5°slope
with or witout load

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4 Motor control configuration

 

 

 

 

 

 

 

 

(a)  5° plywood in indoor   (b)  10° plywood in indoor
 

(c) 10° plywood in outdoor

Fig.2 Starting driving force at slope
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The relation between each force sensor value and  each 
motor target voltage is indicated by Fig.4 and the following 
equations: 

)bLf(LfLlKmL              (1-1)

bLf(L)bL(lKmL                   (1-2)
)bRfR(fRrKmR            (2-1)

bRf(R)bR(rKmR                 (2-2)
Here, Lf, Lr, Rf, and Rb are  the force sensor values, Kl and 
Kr are the torque gains of the motor, and Lm and Rm are the 
target voltage values of the motor.

The starting driving force when altering the motor gain Kl 
and Kr into 0.5-2.0 based on 1.0, was investigated and the 
result is shown in Fig.5. When the gain is set smaller than 1.0, 
the starting driving force required to move the electrical
assistance cart will be larger. On the other hand, when the 
gain is set larger than 1.0, the starting driving force required to 
move the electrical assistance cart will be smaller. Namely, it 
is possible to move the electrical assistance cart by a small 
force when setting the motor torque gain higher. However, 
when the target voltage of the motor exceeds 3.3 V, it is set to 
be saturated so that safety may be secured. By adjusting the 
motor torque gain the starting driving force can be altered. It 
can be set adaptively in accordance with both the walking 
speed of the elderly person and the slope gradient.

2) Steering wheel operation for making left and right  turns
To evaluate the operability of the cart, the outputs of the 4 

force sensors were measured when making left and right turns.
The graphs of the outputs are shown in Fig.6 and Fig.7 as the 
time on horizontal axis with the level of the four sensors on 
the vertical axis. When turning right, Figure 6 shows the result 
of pushing the left handle forward and the right one 
backward(FB). Figure 7 shows the result of pushing the left 
and right handles forward (FF). The tracks of the cart at the 
time of the right turn are indicated graphically in Fig.8. As can 
be seen, FB operation turns the cart in a much more compact 
way than FF.

 
 

 

 

 

 

 

 

 

 

 

Fig.7 Output of force sensor when turning right (FF )

 
 
 
 
 
 
 
 
 
 

Fig.8 Tracks of electrical assistance cart 
when turning right. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.6 Output of force sensor when turning right (FB)

 
 
 
 
 
 
 
 
 

Fig.5 Starting driving force when changing motor gain 

      
                                   
 
 
 
            
                (b) Operation button

 
 
 

(a) Appearance                (c) Motor
Fig. 9  1.5- version prototype of electrical assistance cart
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IV. PROBLEMS IDENTIFIED AND IMPROVEMENT 
SOLUTIONS MADE TO 1- VERSION PROTOTYPE

The first prototype suffered from of unstable movement and 
a sudden starting. Additionally, there a problem was identified
in which elderly persons and disabled persons were unstable 
to evenly push the left and right handles. So we developed a 
1.5-version prototype of the electrical assistance cart, making 
improvements the operational mechanism through hardware 
and with improvements to the motor control program in 
software. The photo of the prototype is shown in Fig.9. A
processing flow of motor control logic from force sensor input 
to motor target voltage value is indicated in figure 10.
(1) Improvement of unstable movement. Mounted position  

of force sensors was changed.
(2) Suppression of sudden starting. Moving average 
processing.
(3) Cancellation of unbalance values of left and right force

sensors. Average processing of left and right sensors.

Furthermore, the cart has a manual brake and an auto-stop 
brake function to maintain safety. When releasing  both 
hands from the handles when going downhill, the cart stops 
automatically.

V. IMPROVEMENT PERFORMANCE EVALUATION IN 1.5-
VERSION PROTOTYPE [8]
A. Quantitative evaluation
    The effects of the improvements were verified by 
experiments.
1) Weighting experiment

In the first-version prototype cart, the force of the vertical 
direction of the operation handle was transformed to the force 
of the forward movement so that unstable movement of the 
cart occurred. Therefore we attached the operation mechanism 
on the grasping frame onto cancel the forward force.

To check the effect, a test weight was hung vertically on 
the operation handle and the output of the force sensor was
measured. The result is indicated on Fig.11. The vertical 
ingredient of the weight is transformed to the forward force 
and the output of the force sensor was observed on the first 
version prototype. However, the output of force sensor wasn't 

         (a)  Without left and right average processing

      (b)  With left and right average processing
Fig.13 Shift amount under unbalance forces conditions

Fig.10 Flowchart of motor control logic

Fig.12 Motor target voltage by moving average

 

(a) 1-version prototype             (b) 1.5-version prototype
Fig.11 Output of force sensor when hanging weight
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observed on the 1.5-version prototype. Consequently we
confirmed the improvement effect of the operation mechanism.

2) Experiment on restraint of sudden starting of cart
To restrain the sudden starting of the cart even when 

pushing the force sensor strongly, moving average processing 
was applied to process the force sensor output. The moving 
average processing is given as 

N
NifififKi )1()1()(

1)1(      (3)

where is the motor torque target voltage, f is the force
sensor value, K1 is the motor gain, and N is the number of the 
motor gain, and N is the number of the moving average 

The moving average number was set to be 0, 5, and 10 
times, and the target voltage value of the motor when the 
maximum pushed the force sensor from 0 v was measured. 
The result is shown in Fig.12.

As shown in Fig.12, the target voltage value of the motor 
might reach the maximum output value in about 0.2s, 0.6s and 
1.1s when the moving average number is 0, 5, and 10 times 
respectively. It was revealed that the rising time of the motor 
target voltage value is slower when increasing the moving 
average number. Thereby we confirmed that the sudden 
starting of the cart can be restrained by increasing the moving 
average number.

3) Linear direction evaluation experiment
The average of the left and right force sensor values is 

given by 

2
)()(

2)1( ififKi RL                                  (4)

fL and fR are the 
left and right force sensors respectively. K2 is the motor gain
To check the effect of the average of the left and right force 
sensor values, the electrical assistance cart was moved 
automatically on a flag stone pathway

The shift amount from the target point was measured after 
10m auto-running under an unbalanced state of the left and 
right force sensor inputs. Here, for the left motor target 
voltage value was fixed to be 1.5V, the right motor target 
voltage value was changed to be 1.5V, 1.4V and 1.3V. The 
shift amount was measured under the unbalanced states. The 
experimental result is indicated in Fig.13.

As shown in Fig.13, the cart with the averaging processing 
was able to reach near to the target position. On the other hand, 
the cart without the averaging processing was unable to reach 
the target. Thereby we confirmed that the averaging 
processing of the left and right force sensor inputs is effective 
under the unbalanced state.
 

4) Evaluation experiment of auto-stop brake function on slope
An auto-stop brake function was incorporated into the 1.5-

version prototype to maintain safety when releasing both 
hands from the handles when going downhill. To investigate 
the effectiveness of the function, the free run of the cart was 

performed on asphalt on a downhill slope of 7 degrees. The 
time of the 5 m free run with loads of 0, 10 kg, and 20 kg was 
measured on the 1-version and 1.5-version prototypes. And 
the velocities were calculated and indicated in Fig.14.

Figure 14 (a) and (b) show the results of the 1-version and 
1.5-version prototypes respectively. The 1-version prototype 
didn't move without load but moved with the rate of 12 m/min 
at 20 kg. On the other hand, the speed of the 1.5-version 
prototype was 0.3m/min at 20 kg and was reduced drastically 
by 1/40 compared with the 1-version. It can be said as a result 
that the auto-stop brake function incorporated into the 1.5-
version is enough to better ensure safety.

B. Hospital verification experiment
For objective performance evaluations, hospital verification 

experiments on the 1-version and 1.5-version prototypes were
executed to examine operability and safety. The evaluators 
comprised 20 doctors nurses and staff at a rehabilitation 
facility in Sendai Red Cross Hospital.

With respect to the evaluation on the operation types, the 
handle-type of version 1 or the button-type of version 1.5, the 
button-type was evaluated better because of ease of use.
Additionally there were advice such as simplification of 
button operation, light weight, speed regulation adapted to 
elderly walking ability, and a working brake by grasping. We 
obtained a lot of useful advice from these evaluations.

VI. CONCLUSION
We developed a force-driven electrical assistance cart for 

elderly and disabled persons.
It was confirmed that the cart can be operated at a constant 

5N force regardless of slope gradient and load weight by 
electrical assistance.

(b) 1.5-version prototype
Fig.14 Speed when gliding freely

(a)  1-version prototype
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   In improving the 1.5-version prototype, we confirmed that 
sudden starting of the cart could be restrained by moving 
average processing and the linear direction can be improved 
by averaging left and right forces under unbalanced states.
The cart has an auto-stop brake function to maintain safety
when releasing both hands from the handles when going
downhill.

By adjusting the motor torque gain the starting driving 
force can be altered. It can be set adaptively in accordance
with both the walking speed of the elderly persons and the 
slope gradient.

Through verification experiments at Sendai Red Cross 
Hospital, we confirmed that button operation is well-suited to 
cart functionality and obtained a great deal of useful advice on 
the operability and safety of the cart.
   We are planning to pay particular consideration to the 
advice offered by the Red Cross Hospital as well as 
addressing the function of speed regulation adapted to elderly 
walking ability.

I'm deeply thankful for the cooperation of Sendai Red Cross 
Hospital.
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Abstract— Due to the rise of concern for recycling, waste paper 
to produce recycled paper and paperboard is recovered in 
individual countries of the world. The global recovery rate is 
around 58% in 2014. But some paper such as beverage paper 
containers and the low quality waste paper are not suitable to the 
material for recycling. The utilization of the above paper as a 
solid biofuel to replace coal is considered to be reasonable from 
the standpoint of cascade cyclic utilization of waste biomass. The 
waste paper is mainly composed of cellulose and has a good 
property of low water content, but its heating value is two-thirds 
of coal. In the present study, the cellulose is reformed by the 
torrefaction and it is assumed that the torrefied biofuel from 
cellulose is utilized for the biomass and coal co-firing at existing 
coal power plants. There are two objectives in the present study.
The first one is to correlate the energy properties of torrefied 
cellulose with the mass yield. The second one is to clarify the 
optimum mass yield condition to produce torrefied biofuel from 
cellulose using the modified energy analysis model. From the 
results, it is found that torrefaction has a positive effect on the 
reduction of carbon dioxide emission in the case that the energy 
consumptions for production and transportation of torrefied 
biofuel are relatively high.

Keywords— Solid biofuel, Torrefaction, Cellulose, Waste paper, 
Energy properties

I. INTRODUCTION

Due to the rise of concern for recycling, waste paper to 
produce recycled paper and paperboard is recovered in 
individual countries of the world. According to RISI annual 
review 2015 [1], the global recovery rate is around 58% in 
2014. But some paper such as beverage paper containers and 
the low quality waste paper are not suitable to the material for 
recycling. The utilization of the above paper as a solid biofuel 
to replace coal is considered to be reasonable from the 
standpoint of cascade cyclic utilization of waste biomass. The 
waste paper is mainly composed of cellulose and has a good 
property of low water content, but its heating value is two-
thirds of coal. 

As one of the solid fuels derived from waste paper, the 
refuse paper and plastic fuel, which is usually abbreviated 
RPF, is well known and utilized in industrial boilers. The RPF 

is a mixture of paper and plastic, and has the following 
advantages. The heating value of waste paper can be raised by 
blending the waste plastic, and moreover the heating value of 
RPF can be adjustable by changing the blending ratio of waste 
paper and waste plastic [2]. The ash content of RPF is much 
smaller than that of coal, and the range of ash content is 5-10
mass% [2-5]. However, the more the waste plastic is blended
in RPF, the less the reduction of carbon dioxide emission 
becomes, because the property of carbon neutrality for waste 
paper is cancelled if the blending ratio of waste paper 
decreases.

In the present study, the utilization of upgraded solid 
biofuel derived only from waste paper is investigated. Among 
several upgrading methods, torrefaction has come to attract 
attention as an effective upgrading method of biomass,
because the biomass reformed by the torrefaction has a feature 
of high energy yield that is defined as the ratio of energy 
content of torrefied biomass to that of untreated biomass [6, 7].
The torrefaction process was devised in 1998 by Honjyo and 
Sano [8, 9]. Since then, many studies have been conducted, 
and several detail reviews on torrefaction have already been 
reported [10-12].

The main component of waste paper is cellulose, and 
therefore the cellulose powder reagent is used as an 
experimental sample. The cellulose is reformed by the 
torrefaction and it is assumed that the torrefied biofuel from 
cellulose is utilized for the biomass and coal co-firing at 
existing coal power plants. The energy properties of torrefied 
cellulose such as elemental contents, higher heating value and 
energy yield are correlated with the mass yield using the same 
method proposed by Sawai et al. [7]. Based on the energy 
properties, the effect of torrefaction on the reduction of carbon 
dioxide emission is examined by modifying the previous
energy analysis model [7]. In the modified energy analysis 
model, an increase in mixture ratio of torrefied biofuel from 
cellulose is incorporated, since the torrefaction process 
performs functions of grindability [13]. According to Ooiwa 
[14], it is reported that the mixture ratio of torrefied biomass 
can be increased by two or three times, because the 
torrefaction of biomass reduces the load applied on a coal mill.
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There are two objectives in the present study. The first one 

is to correlate the energy properties of torrefied cellulose with 
the mass yield. The second one is to clarify the optimum mass 
yield condition to produce torrefied biofuel from cellulose 
using the modified energy analysis model.

II. EXPERIMENTAL SAMPLES AND PROCEDURES

Fig.1 shows the variation of the mass yield YM of torrefied 
cellulose with pyrolysis temperature T. As seen in the figure, 
the pyrolysis temperature condition is divided into three 
regions. In the temperature below 220 deg. C., a slight 
decrease of YM occurs due to the elimination of free water. In 
the temperature above 350 deg. C., YM is lower than 0.4, and 
the mass decreasing rate against T is small. In the temperature 
range between 220 and 350 deg. C, the drastic mass reduction
occurs due to the emission of volatile organics and chemical 
bound water. The pyrolysis in the above temperature range is 
called “torrefaction”

Fig.2 shows the torrefied cellulose samples for various 
mass yield. The color of sample changes from light brown to 
black as the pyrolysis proceeds.

Fig. 1 Variation of Mass Yield with Pyrolysis Temperature

Fig.2 Torrefied Cellulose Samples

III. ENERGY PROPERTIES OF TORREFIED CELLULOSE

Fig.3 shows the variation of carbon, hydrogen and oxygen 
contents of torrefied cellulose with YM. The linear relationship 
between them is confirmed, and the following relations for 
carbon, hydrogen and oxygen are obtained. As the pyrolysis 

proceeds, the content of carbon increases, while the contents 
of oxygen and hydrogen decrease.

9.864.44% MYC (1)

97.231.3% MYH (2)

33.98.41% MYO (3)

Fig. 3 Variation of C, H, O with Mass Yield

One of typical experimental correlations to estimate the 
higher heating value (HHV) of biomass is shown in eq.(4) 
where C, H, S, O, N and A represent carbon, hydrogen, sulfur, 
oxygen, nitrogen and ash contents and the unit of HHV is 
MJ/kg, which is proposed by Channiwala et al. [15].

ANO
SHCHHV

0211.00151.01034.0
1005.01783.13491.0

  (4)

Chen et al. [12] has shown that the above relation is also 
applicable to the estimation of HHV of torrefied biomass. 
Substituting eqs.(1), (2) and (3) into eq.(4), HHV of torrefied 
cellulose can be expressed by the following linear equation of 
YM.

87.3292.15 MYHHV    (5)
 
From the above equation, HHV1 and  HHV0 which are defined 
by HHV at YM=1 and YM=0 can be obtained as follows.

95.161HHV MJ/kg (6)

87.320HHV MJ/kg (7)

HHV1 represents HHV for untreated cellulose in oven-dry, 
while HHV0 is a virtual HHV and defined as the limit of HHV
when YM approaches zero. Using eqs. (6) and (7), HHV of 
torrefied cellulose can be rewritten as follows.
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87.32)95.1687.32( MYHHV (8)

Dividing eq.(8) by HHV1, the improving ratio of HHV of 
torrefied cellulose to that of untreated cellulose, RH is 
obtained and RH is expressed by the following linear equation 
of YM.

94.1)194.1( MYRH (9)

The energy yield of torrefied biofuel, YE that is defined as 
the ratio of energy content of torrefied cellulose to that of 
untreated cellulose is defined by

MHME YRYHHVHHVY )( 1 . (10) 

Substituting eq.(9) into eq.(10), the following quadratic 
equation of YM is obtained for YE of torrefied cellulose.

MME YYY 94.1)194.1( (11)

From the above results, it is found that the energy 
properties of torrefied cellulose such as elemental contents, 
HHV, RH and YE can be correlated with YM. Fig.4 shows the 
variation of RH and YE with YM. The solid and broken curves 
represent the results of torrefied cellulose and Japanese cedar. 
As compare with Japanese cedar obtained in the previous 
study [7], RH and YE of torrefied cellulose at a given YM are 
larger than those of torrefied Japanese cedar. In the case that 
YM=0.7, RH and YE of torrefied cellulose are 1.28 and 0.90, 
while RH and YE of torrefied Japanese cedar are 1.19 and 0.83. 

Fig. 4 Variation of RH and YE with YM of torrefied cellulose

IV. ENERGY ANALYSIS OF TORREFIED BIOFUEL FROM 
CELLULOSE

In the same manner as the previous study [7], the net 
EN is 

given by 

CBMBEN EMYMHHVYE 1 , (12)

where MB is the gross mass of cellulose used to produce 
torrefied biofuel and EC is the energy consumption per unit 
mass required for transportation, comminution, torrefaction 
and molding of biofuel. The first and second term in the right 
hand side represent the gross energy content of torrefied 
cellulose and the gross energy consumption for production 
and transportation, and the difference between them becomes 
the net energy. It is noted that MB is changed by the mixture 
ratio of torrefied biofuel for co-firing, and given by the 
following relation

CFBB rMM 0 ,    (13)

where MB0 is the gross mass of cellulose for the basic mixture 
ratio of torrefied biofuel, 3.0 mass% and rCF is the increasing 
ratio of mixture ratio to the basic mixture ratio 3.0 mass%.
Introducing rCF in eq.(13) makes it possible to examine the 
effect of increase in mixture ratio of torrefied bio EN.

EN by HHV1 and MB0, the dimensionless net 
E is obtained by

CFME rCYYE )( ,   (14)

where C represents the non-dimensional energy consumption 
and defined by the following relation.

1

C

HHV
EC      (15)

Table 1 Mixture ratio of torrefied biofuel from cellulose for co-firing

0 0.2 0.4 0.6 0.8 11

1.5

2

2.5

0.2

0.4

0.6

0.8

1

Y E

YM

R H RH

YE

 Cellulose
 Japanese cedar Y M

Mixture ratio
of torrefied
biofuel [%]

r CF Y M

Mixture ratio
of torrefied
biofuel [%]

r CF

0.25 6.0 2.00 0.25 3.0 1.00
0.30 5.8 1.93 0.30 3.0 1.00
0.35 5.6 1.87 0.35 3.0 1.00
0.40 5.4 1.80 0.40 3.0 1.00
0.45 5.2 1.73 0.45 3.0 1.00
0.50 5.0 1.67 0.50 3.0 1.00
0.55 4.8 1.60 0.55 3.0 1.00
0.60 4.6 1.53 0.60 3.0 1.00
0.65 4.4 1.47 0.65 3.0 1.00
0.70 4.2 1.40 0.70 3.0 1.00
0.75 4.0 1.33 0.75 3.0 1.00
0.80 3.8 1.27 0.80 3.0 1.00
0.85 3.6 1.20 0.85 3.0 1.00
0.90 3.4 1.13 0.90 3.0 1.00
0.95 3.2 1.07 0.95 3.0 1.00

1 3.0 1.00 1 3.0 1.00

(a) caseA (a) case B
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Table 1 shows the analysis condition to examine E for 

various YM. In the case A, it is assumed that the mixture ratio 
of torrefied biofuel from cellulose increases linearly with 
decreasing YM, since the torrefaction process performs 
functions of grindability. The maximum mixture ratio is 6.0 
mass% at YM=0.25. In the case B, the mixture ratio of 
torrefied biofuel from mixture ratio of torrefied cellulose is
kept to be 3.0 mass% regardless of YM.

(a) C=0.1

 
(b) C=0.5

E with YM

Fig. 6 Variation of optimum YM with C

Fig.5 shows the variation of E with YM for the case A 
and case B. Fig.5a and 5b are the results for C=0.1 and 0.5. 
The cross symbol represents the maximum of E for each 
analysis condition. In the case of C=0.1, shown in Fig.5a,
which corresponds to the condition of low energy 
consumption, E for the case B decreases monotonously with 
decreasing YM. This means that the carbon dioxide emission 
of torrefied biofuel becomes larger than that of untreated 
biofuel at YM=1, that is the torrefaction has a negative effect 
on the reduction of carbon dioxide emission. But E for the 
case A has a maximum at YM =0.6, which means that the 
carbon dioxide emission of torrefied biofuel at YM =0.6 is 
smallest. In Fig.5b, it is shown that both E for the case A and 
B have maxima at YM =0.55 and 0.75. When the non-
dimensional energy consumption C is 0.5, the effectiveness of 
torrefaction in reducing the carbon dioxide emission are 
confirmed for the case A and B.

Fig.6 shows the variation of optimum YM with C for both 
cases. The optimum YM is defined as the mass yield when E
has a maximum. When the optimum YM is below unity, the 
torrefaction has a positive effect on the reduction of carbon 
dioxide emission. In the case B, the optimum YM decreases 
monotonously, and becomes below unity when C is above 0.1. 
Therefore, the torrefied biofuel becomes effective in reducing 
the carbon dioxide emission, when the non-dimensional 
energy consumption C is relatively high. In the case A, the
optimum YM is in the range between 0.6 and 0.45 for all 
conditions of C. From the results, it is found that the 
torrefaction has a positive effect on the reduction of carbon 
dioxide emission regardless of C, when the mixture ratio of 
torrefied biofuel increases with decreasing YM.

V. CONCLUSIONS

Energy properties of torrefied cellulose correlated with 
mass yield, and the optimum mass yield condition to produce 
torrefied biofuel are investigated. The results obtained in the 
study are as follows.
(1) The improving ratio of HHV of torrefied cellulose to that 

of untreated cellulose is expressed by the linear equation 
of mass yield. The energy yield of torrefied cellulose is 
correlated with the quadratic equation of mass yiels. The 
improving ratio of HHV and energy yield of torrefied 
cellulose at a given mass yield are larger than those of 
torrefied Japanese cedar.

(2) The modified energy analysis model to examine the net 
energy of torrefied biofuel from cellulose E is proposed 
by taking into account the mixture ratio of biomass for 
co-firing E
decreases monotonously with decreasing mass yield, 
which means that the torrefaction has a negative effect on 
the reduction of carbon dioxide emission. But in the case 
of higher energy consumption, E has a maximum, which 
shows that the torrefaction has a positive effect on the 
reduction of carbon dioxide emission. 

(3) When the mixture ratio of torrefied biofuel for co-firing 
increases with decreasing mass yield, the torrefaction has 
a positive effect on the reduction of carbon dioxide 
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emission regardless of the non-dimensional energy 
consumption.
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Abstract— The study looks into an alternative approach in 
determining the service life of bridges located in the scope of 
Metro Manila, Philippines. Currently financial depreciation 
models are used to determine service life of structures by the 
Commission on Audit and there is no existing alternative 
formula for predicting service life of bridges in the country. 
Based on existing research on deterioration models, a similar 
approach was done in this research. The derived model was 
based on the latest condition ratings of thirty bridge components 
and inspection findings of the Department of public works and 
highways (DPWH) during their regular inspection. The objective 
was to identify whether such available data can serve as 
significant variables in identifying a regression model to aid in 
predicting condition rating of such bridges in Metro Manila. 
Such similar models as applied in a Philippine setting can 
provide planning cost estimates for return of investments in 
terms of service life. It can also aid in maximizing funds and 
planning budget for infrastructure development and 
maintenance of DPWH. Using statistical test in identifying the 
coefficients and dependent variables, the study was able to derive 
a significant bridge evaluation model that provides a secondary 
source of information in determining the condition ratings of 
bridges in Metro Manila.

Keywords— Deterioration Model, Bridge Condition Rating, 
Regression Model, Service Life, Decision support.

I. INTRODUCTION

Bridges play an important role in the economic 
development of any country. They connect island to 
island, provinces to provinces to transport people, 
merchandise and the like. All bridges have a natural 
life span/service life. Determining the exact service 
life of bridges is a common problem not only in the 
City of Manila but all over the world. There is a 
need to calculate the bridge service life for the 
government agency planning, infrastructure budget 
allocation and other project implementation. To 
keep bridges in a safe condition, maintenance and 
upkeep are scheduled based on inspection results, 
condition rating, age, transient load and the type of 
bridge. A rational decision regarding maintenance, 

repair or replacement of bridges must take into 
account the expected service life and the impact of 
maintenance or repair options on service life of 
bridges. However, there is no existing formula for 
predicting service life of bridge in our country.

Thus, a need was felt for development of a model 
for predicting service life of bridges. To meet this 
need, the proponent initiated a study to develop a 
mathematical model that can calculate condition 
rating to predict the service life of a bridge. This 
model can be used in predicting the service life of 
all bridges in Manila. It will be a useful instrument 
for Manila Local government units (LGU),
Department of Transportation and Communication 
(DOTC) and Department of Public works and 
highways (DPWH) for their planning and 
infrastructure budgeting.  DPWH can strategically 
schedule bridge maintenance to ensure that repairs 
and upkeep are done at the most optimal time. This 
allows the department to ensure that bridges are 
safe for their entire service life, and that the money 
for repairs is wisely spent.

II. MODEL GENERATION

A. Background
Modelling is the use of mathematics to describe 

real-world behaviour as such to be able to
investigate important questions about the observed 
world through a simulation of the derived model. 
Such model goal is to explain real-world behaviour 
by testing the idea and make predictions about the 
real world.

In the study of Morcous [1], he developed
deterioration models for Nebraska bridges that are 
based on the condition ratings of bridge 
components obtained from bridge inspections since 
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1998 up to 2010. The impact of governing 
deterioration factors, such as structure type, deck 
type, wearing surface, deck protection, averaged 
daily traffic, averaged daily truck traffic, and 
highway district are considered in developing his 
models. 

This study also stated the 1993 American 
association of state highway and transportation 
officials (AASHTO) deterioration models are 
integral components of life cycle cost assessment 
because maintenance costs and user costs are highly 
dependent on bridge condition that varies over the 
analysis period. The quality of life cycle cost-based 
decisions depends primarily on the accuracy and 
efficiency of the deterioration models used to 
predict the time-dependent performance and 
remaining service life of highway bridges. 

According to Dadson [2], service life estimates, 
together with cost information, are used to develop 
life-cycle cost of bridges. These estimates are 
necessary to prioritize and optimize bridge 
improvement programs within budgetary 
constraints. Several factors including age, traffic 
and environment have been identified in current 
bridge management system literature as being 
directly responsible for the deterioration of bridge 
components and elements.

According to Moser [3], in order to calculate 
service life in the sense of the Engineering Design 
Method an equation containing the relevant factors 
at their relevant levels has first to be set up. Density 
distributions instead of plain factors in the equation 
for service life greatly improve the information 
content and the relevance of the results at a 
significantly reduced intellectual, mathematical and 
time-wise input, compared the quite often elaborate 
original equations.

Corrosion-induced deterioration of reinforced 
concrete bridge superstructure elements is a 
common problem and recurring problem in the 
United States. Sohanghpurwala [4] developed a 
manual on service life prediction of corrosion-
damaged reinforced concrete bridge superstructure 
elements. This manual provides protocol for 
assessing the condition of reinforced concrete 
bridge superstructure elements subjected to 
corrosion-induced deterioration, predicting the 
remaining service life, and the impact of alternative 

maintenance and repair option on service life of 
such elements. The author found out that in general, 
the model seems to provide reasonable accuracy for 
the near future when the output of the model is 
calibrated to know damage at a given age based on 
the structural materials used which has different 
deterioration behaviour in terms of corrosion. It is 
expected that the error in the prediction would 
increase with the age from which the calibration 
was made. This is expected as corrosion induced 
damage increases, other deterioration processes are 
enhanced and the rate of increase of damage is then 
governed not only by the rate of the corrosion 
process.

It is clear that monitoring of constructed systems 
is of considerable interest since the consequences of 
failure can have a significant effect on the society at 
large. It follows that structural health monitoring 
techniques may prove to be useful for maintaining 
and preserving aging civil infrastructure. Pines [5]
noted the importance of structural health 
monitoring as an emerging research area for a 
variety of aerospace, civil and mechanical 
applications.

B. Method
The focus of this research study was statistical 

estimation of the condition rating of bridges and the 
use of a mathematical equation to predict the 
service life of the bridge. This was based on a
similar approach by Liang [6] that looked into a 
derived calculation method to aid in making reliable 
predictions for the service life of bridge structures. 
The method started on the assumption that the 
variables that affect service life had linear 
dependence and later showed that reinforced 
concrete bridges in Taipei service life can be 
linearly computed based on multiple regression. 
The result identified the dependent variables to be 
corrosion initiation time constant due to a chlorine 
laden environment plus the de-passivation time of 
corrosion propagation upon discovery contribute to 
service life.

In gathering data to derive the calculation 
methods this time for Manila bridges. The bridge 
selection was based on the completeness of the data 
gathered. DPWH’s data for the year 2010 were used 
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in the study. The accumulated data coming from the 
bridge inspector report was based on a mandatory 
visual assessment the overall condition of the 
bridge based on the condition of the bridge 
components. The summary sheet of the inspection 
form will be completed for the overall condition of 
the bridge. Overall Condition of the Bridge refers to 
the rating given by the bridge inspector to a certain 
bridge. The bridge can be evaluated as good, fair, 
poor or bad. Note that the bridge inspector must 
rely on his/her engineering knowledge and 
judgement for the evaluation of the bridges’ 
condition.

In general, structures are described as
Good – condition shall be free of defects 

affecting structural performance, integrity 
and durability.

Fair – condition may have defects which 
affect the durability.

Poor – condition may have defects which 
affect the performance and structural 
integrity of the structure.

Bad – shall have major defects and are 
considered to be beyond repair.

The bridge inspector shall determine the overall 
condition of the bridge based on the result of the 
condition rating of the bridge primary 
components/attributes and secondary 
components/attributes that affects structural 
performance such as bearings/restraints. In general, 
the worst condition state of any primary component 
and secondary component that affects structural 
performance will be the overall condition state of 
the bridge as referenced in Table 1

TABLE 1
GUIDELINES IN ASSESSMENT OF BRIDGE CONDITION

Bridge 
Condition 
Rating

Assessment Indicators Recommended 
CountermeasuresPrimary Components and 

Secondary Components that 
Affects Structural 

Performance (Attribute 
Condition State)

Good 0 Routine Maintenance
Fair 1 Major Maintenance 

(Repair, Protective 
works, Strengthening)

Poor 2 Major Maintenance or 
Upgrading

Bad 3 Upgrading or 
Replacement

Upon review of the completeness of the available 
data, a purposive sample of 30 bridges located in 
Manila was selected, as seen in Table 2, and the 
corresponding variables were identified for the 
derivation of preliminary variables of the 
mathematical model for investigation as seen in Fig.
1.

TABLE 2
2011 METRO MANILA BRIDGES DPWH MONITORING REPORT

Reference 
Number

Condition 
Rating

Age of 
Bridge

Average 
Daily 

Traffic

Structural 
Materials

1 0 42 30,093 1
2 0 30 42,938 1
3 2 49 18,784 1
4 1 25 78,373 1
5 1 33 54,352 1
6 1 20 48,593 1
7 0 8 28,733 1
8 1 21 50,554 1
9 1 41 14,222 1
10 2 62 11,655 1
11 0 20 123,788 1
12 1 64 42,049 1
13 1 39 46,893 1
14 1 44 46,893 1
15 0 5 45,402 0
16 1 37 55,665 0
17 0 37 81,319 0
18 1 47 6,193 1
19 0 19 119,856 1
20 2 44 148,769 1
21 1 42 13,314 1
22 1 42 20,571 1
23 0 41 29,335 1
24 3 66 15,508 1
25 0 8 19,968 1
26 1 42 19,636 1
27 0 21 18,784 1
28 1 50 18,233 1
29 1 47 7,836 1
30 0 17 22,636 1

Fig. 1: Paradigm of the Study

The statistical tool used to properly analyse
the gathered data and information is multiple 
regression. This method determined the relationship 
between the variables in the form of an equation, 
with an objective of predicting the value of the 

INDEPENDENT 
VARIABLE:
Age of Bridge

Average Daily Traffic
Structural Materials

DEPENDENT
VARIABLE:

Condition Rating of Bridge
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dependent variable using values of the independent 
variables. Due to its complexity, the calculations 
were done using standard computer program. In this 
study, the software Statistical Package for Social 
Sciences (SPSS) version 17.0 was utilized. 

The general equation is written as:
y = a + b1x1 + b2x2 + b3x3
Where y = predicted dependent variable

xi = independent variables
a, bi = coefficient derived after 

regressing

Statistical Tests:
Coefficient of Determination (R)
Adjusted Coefficient of Determination (R2)
Normality Test

C. Model
The independent variables treated in this study 

are age of the bridge (AOB), average daily traffic 
(ADT) and structural materials (SM). Resulting to 
the sole dependent variable condition rating (CR).

Rewriting the full model regression equation:

(CR) = a + b1(AOB) + b2(ADT) + b3(SM)

Inputting the 30 sample data into the regression 
table for analysis, the resulting computed summary 
is reflected in table 3 and table 4.

TABLE 3
MODEL SUMMARYd

Model R R Square
Adjusted R 

Square

Std. Error 
of the 

Estimate

1 .712a .507 .451 .564

2 .708b .502 .465 .557

3 .704c .496 .478 .550
a. Predictors: (Constant), SM, ADT, AOB
b. Predictors: (Constant), SM, AOB
c. Predictors: (Constant), AOB
d. Dependent Variable: CR

TABLE 4
COEFFICIENT SUMMARY a

Model

Unstandardized 
Coefficients

Standardized 
Coefficients

T Sig.B
Std. 

Error Beta

1 (Constant) -.648 .434 -1.491 .148

age of bridge .033 .007 .709 4.909 .000

average daily traffic 1.697E-6 .000 .080 .554 .584

structural materials .216 .353 .086 .611 .546

2 (Constant) -.521 .364 -1.429 .164

age of bridge .032 .007 .690 4.983 .000

structural materials .191 .345 .076 .552 .585

3 (Constant) -.373 .245 -1.524 .139

age of bridge .033 .006 .704 5.249 .000
a. Dependent Variable: CR

Analysing the resulting values shows the effects 
of changes in age of bridge (AOB) in predicting the 
condition rating of bridge is significant. Hence, the 
analysis made will serve as the independent 
variable in predicting the condition rating of bridges 
in Manila. This can be represented by the equation 
below.

The overall model in function form:

CR = f (AOB)

The overall model equation derived from 
regression is:

CR = - 0.373 + 0.033(AOB)

The research was able to identify that in the City 
of Manila setting and the available variables in
consideration for the mathematical model of 
deterioration of bridges. The age of bridge is the 
significant variable to solve for the condition rating 
of bridges in Manila. The age rage of the sample 
used in the study was from 5 years to 64 years of 
use with a mean average of 35 years. It was also 
determined that structural materials used in the 
construction of the bridges under study was not 
significant given that the sample comprised of two 
types only having 27 reinforced concrete bridges 
and 3 steel bridges. In terms of average daily traffic, 
it was also found to not significant with a data 
range of 6,193 to 148,769 vehicles per day having a 
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mean average of 42,698 vehicles per day. Finally 
there was a balance distribution of the different 
condition rating scores of the bridges from 12 good, 
14 fair, 3 poor and 1 bad as provided by the city 
inspector report.

III. CONCLUSIONS

The ability to determine service life of bridges 
based on a calculation method derived from a 
Metro Manila environmental setting can provide 
planning estimates in terms of service life of 
existing and newly constructed infrastructure. City 
engineers can now schedule a more time specific 
approach in planning and preparing preventive 
maintenance, retrofits, upgrades or even 
replacement of bridges. It can also aid in 
maximizing funds and planning budget for 
infrastructure development and maintenance of 
DPWH. Using statistical test in identifying the 
coefficients and dependent variables, the study was 
able to derive a significant bridge evaluation model 
that provides a secondary source of information in 
determining the condition ratings of bridges in 
Metro Manila. This can serve a basis of determining 
return of investments of the allocated government 
funds or serve as determined constants for third
party contractors in determining toll collections in 
terms of build-operate-transfer in privatized 
outsourced infrastructure development program of 
the government.
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Abstract— Manufacture for beginners of the teaching materials 
by student’s proposals has been done fifth-year students’ 
practical training classes, in Dep. of Electronic Control 
Engineering, from 2010 to 2013. So we make this ideas develop 
some basic teaching materials of sequence control for 
international students and students in our college. Relay 
sequence control is the subject matter in these materials for 
beginners, because it is the foundation of sequence control. The 
purpose of manufacturing the materials is to enable students to 
understand the foundations of sequence circuits, such as logic 
circuit and self-hold circuit, using these teaching materials. 

Next, as an advanced step-up course of fundamental teaching 
materials, we developed new teaching materials whose subject is 
inverted-pendulum system. We selected the inverted-pendulum 
system, because it is unstable and it is possible to check the 
motion of pendulum visually. The objective of this inverted-
pendulum system is to keep pendulum standing upright by using 
PLC-sequence control. The purpose of developing this teaching 
material is to enable students to understand sequence control. At 
present, we are testing the piecewise linear control for the 
inverted pendulum system, and we succeed to be able to keep it 
standing. 
 
Keywords— Fundamental teaching-materials; PLC sequence 
control; Advanced teaching materials; Inverted pendulum 
system; Piecewise linear control 

I. INTRODUCTION 
In modern society, the apparatus using automatic control is 

applied in various fields. There are many kinds of automatic 
control, such as feedback control, feed-forward control, and 
sequence control. The sequence control is defined as "control 
which advances each stage one by one according to the order 
defined beforehand"[1]. 

In factory lines, it is embedded in machine tools and 
contributes to mechanical labour-saving. Moreover, sequence 
control is used in traffic signal systems or power plants, etc. 
Thus, we think that sequence control is a fundamental 
technology widely used and is an important technology which 
engineers should study.  

By the way, experiment and training courses for lower-class 
students in a National College of Technology are important 
because the courses raise their consciousness for “specialty”, 

and they also improve their training motivation towards 
specialized experiments in upper classes [2], etc. In our 
college, “Creative Engineering” course is started in the first 
year student in the new Dep. of Information System 
Engineering from 2010. Sequence control in Creative 
Engineering is selected as one topic in the old Dep. of 
Electronic Control Engineering of our college, and we decided 
to add some contents to further attract students’ interest in this 
topic and to cultivate their creativity. 

In one of fifth-year students’ practical training of“Topics 
in Electronic Control”  classes, students manufacture sequence 
control experiment materials and also develop teaching 
materials for the class, based on the donated five FA learning 
kits. In the process students’ creativity is harnessed, and the 
teaching materials are further developed for first-year 
students’ Creative Engineering class, and it will be improved 
every year. Development of the experiment materials and 
teaching materials are not teacher-led but based on students’ 
proposals [3]. First we report part of development process of a 
creative theme and its result in this paper. 

On one hand, for beginners who learn about sequence 
control, teaching materials are necessary that actually help 
them to learn how to draw sequence ladder circuits and 
manufacture circuits, and to have training. For example, 
sequence control engineering is tried by some National 
Colleges of Technology [4]. 

So we next manufacture a new and similar teaching 
material to the donated FA learning kit and report about it. 
This material is for beginners with which learners can make 
the easy sequence circuits and receive training, and to use 
them in Creative Engineering class for first-year students or 
lessons for trainees from overseas [5]. Furthermore, teaching 
materials are required to be easy to wire and use. In these 
materials, we mainly use a contact sequence and learners can 
study logic circuits, such as AND circuits, OR circuits, and 
NOT circuits, and fundamental sequence circuits.  

On the other hand, we have been finding the sequence 
control engineering for graduation research works and 
application themes for overseas trainees since 2010. So we 
think of producing the inverted pendulum system which is 
well-known in the field of control as an application theme. 
Because inverted pendulum system is unstable and it is 
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possible to check the pendulum visually. Inverted pendulums 
is utilized the apparatus in classes of automatic control in 
another college of technology [6]. And inverted pendulum 
model is applied to the human body to investigate the 
estimation method of the human postural control ability [7]. 
But the teaching materials of positioning control by sequence 
controller did nothing but know on enterprise training of 
Omron corp. and it was made for experts [8]. 

In this research advanced teaching materials is made by 
using basic teaching materials applied sequence control 
engineering finally and is reported. It is expected to be used in 
classes of the advanced course or in classes for overseas 
trainees. It also seems effective for delivering lessons and for 
demonstrations. 

II. FUNDAMENTAL EXPERIMENT 
Sequence control is taught in Creative Engineering class for 

first-year students, in Topics in Electronic Control for fifth-
year students, and in lessons for foreign trainees, and these 
classes are experiment and training courses using the basic FA 
learning kit [9] of OMRON Corp. 

A. Basic sequence control experiment 

A package box of FA learning kit contains sensors, relays, a 
switch and so on, with which students can conduct 
experiments and practical trainings with fundamental contents 
of sequence control. Students can realize a self-hold circuit or 
other circuits only by placing and wiring each sequence 
element onto the conveyor equipment in the FA learning kit. 
They can also place a timer or a counter on it, and conduct 
experiments with photo-electronic sensors. 

First-year students in our department have used this 
teaching materials kit for experiments and practical training 
with fundamental sequence control from 2010, but there are 
not enough applied topics. So we need some topics more 
similar to the reality. Some topics requiring creativity will 
have to interest in the lower-class students.  

Therefore, we determined that fifth-year students in our 
department should create the topic contents while they study 
sequence control, since second-year students and older have 
not learned sequence control in class.  

We decided to perform this practical training in “Topics in 
Electronic Control” class for fifth-year students. Students will 
develop teaching materials within thirteen two-hour classes in 
the second semester. 

B. Proposal-type teaching materials in practical training 
(1) Students conduct basic experiments of “Creative 

Engineering” for first-year students in the first three classes 
(Fig. 1). 

(2) Students propose applied creative themes based on basic 
knowledge of sequence control. 

(3) Teachers in charge scrutinize the contents of students’ 
proposals.  

(4) Students put the new theme into exact writing and 
design the ladder diagram based on it.  

(5) Students choose necessary parts on the Internet.  

(6) Students carry out actual manufacture on a circuit 
stationary plate.  

(7) Students conduct the trial experiment by the FA 
learning kit.  

(8) Students presents about the manufactured teaching 
materials and reported it. 

For example, in (7), students check whether the operation 
according to the devised theme is possible, and complete 
reproducible teaching materials. The cleaning robot that 
students manufactured in 2012 is given as an example, which 
is shown Fig. 2. 

However, the lesson is performed for one class unit in many 
cases, but we have only five sets of teaching materials, which 
are too few for the number of students. Since the teaching 
materials are few and the number of students who use one set 
of the material is too large, learning efficiency should surely 
fall and, as a result, the students may be unable to study the 
contents correctly. Although to increase the number of 
teaching materials is desirable as a solution to this problem, 
their prices make it difficult to purchase more materials; the 
price of one set of teaching materials is as expensive as about 
1 million yen.  
 

 
Fig.1  Basic experiment of sequence circuit 
 
 

 
Fig. 2  The cleaning robot manufactured in 2010 
 

Therefore, we try to improve learning efficiency by making 
teaching materials by ourselves at low costs and in large 
numbers and having students use them.  
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C. Manufacture of teaching materials for beginners 
The electric power unit and the breaker which is used only at 

the time of power activation were installed in the topmost part 
so that an experimenter could not touch the fundamental parts. 
The switch and the display light were installed in the upper 
part, and each terminal box was grouped in the center so that 
an experimenter could wire easily. The DIN rail was installed 
in the lower part so that it would be easier to wire and to 
remove sockets.  

 

1)  Manufacture of first experimental model 

The experimental model was manufactured. In this 
experimental model, parts were installed on a veneer board of 
depth 350 [mm], width 450 [mm] and height 5 [mm].  

Moreover, the questionnaire was carried out in order to add 
improvement. After we actually had students make the push 
button circuit and a self-hold circuit in this questionnaire, and 
we investigated how easy it is to carry out the work by it. 

As a result of having students answer to the question 
whether or not they have found any part hard to use, the five 
students who actually used these teaching materials answered 
is shown Table 1. We remake the improved teaching material 
based on these opinions that are answers of Table 1. New 
material is show in next section.  
 

TABLE1 

.RESULT OF QUESTIONNAIRE 

 

 
 

2)  Manufacture of improved teaching materials                                                  

Here the teaching materials which improved more teaching 
materials for beginners are proposed and manufactured. In this 
model, parts were installed on an acrylic board of depth 
350[mm], width 450[mm] and height 5 [mm]. The reasons for 
having used an acrylic board are from next three conditions. 
 

(1)-First condition: It is an insulator whose resistivity is 1015 
[Ω・m].  

(2)-Second condition: The cost is low.  

(3)-Third condition: Since it is highly transparent, it can 
visualize back wiring. 
 

This model based on the opinions that are answers of Table 
1in the questionnaire about the experimental model. The 
design of the actual equipment is shown in Fig.3. In order to 

avoid some accidents, such as wiring on the back being pulled 
and separated, it was tucked between two acrylic boards.  

 

 
Fig.3  Design of Teaching Material 

 

The bill of materials used for the teaching materials is 
shown in Table 2. The 19 parts in 10 kinds were used for these 
teaching materials. The expense was 15,374 yen in total since 
we used the acrylic boards. Compared with basic FA learning 
kits, the cost was able to be sharply held down for these 
teaching materials.  
 

TABLE2 

 BILL OF MATERIAL 

 
 

The photo of the completed teaching material seen from 
above is shown in next page’s Fig. 4. 

We provide the completed teaching material to student from 
the partner university and ask the feeling. As a result of 
having student answer to the question is no problem to use as 
teaching martial.  

D. Making of the circuit production manual  

We made the circuit manual to use as a text of the teaching 
materials. At present, FA kit manual is used as a text in class. 
It explains relay and the sensor to use by sequence control, but 
it isn’t writing method of make the circuit.  

We made the new manual based on that view. It is 
correspondent to the improved sequence teaching materials.  
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This manual explains the concrete method for making four 

type kinds of circuits which are important circuits. Four 
circuits are fundamental circuit (ON, OFF SW circuit), logical 
circuit (AND, OR circuit), Relay circuit (NOT, Self-holding 
circuit) and Applied circuit (Delay, Interlock circuit). We 
increase figures to make it intelligible because this text is a 
product for beginners. 
 

 
Fig.4  Top View of Teaching Material 
 

III. INVERTED PENDULUM SYSTEM BY PLC 
An application system of inverted pendulum is 

manufactured by sequence control engineering and an 
experiment with the production is conducted by using these 
basic teaching materials in this research. 

A. Outline 

The layout drawing of inverted pendulum system produced 
in this research is shown in Fig.5. Our system consists of three 
sections: the control section is a PLC as the controller, the 
actuator section consisting of a potentiometer as an angle 
sensor and the pendulum section is a servo motor, and a cart 
with a pendulum made of an aluminum square bar with ball-
screw-stage as the controlled object. First, a potentiometer 
detects the angle information of the pendulum in current. Next 
the PLC carries out a control operation by using the angle 
information. The angle information from the potentiometer and 
revolving information on the motor from the encoder are fed 
back to the PLC. The operation result is sent in PWM form to 
the servomotor as the order voltage. The ball screw stage 
moves to left and right by a revolution of a servomotor, and the 
pendulum installed in the stage revolves. The controlled object 
is controlled based on the position information from the 
potentiometer, and the pendulum is kept upright as the cart 
moves by the signal that the controller generates.  

Therefore, the objective of this inverted-pendulum system is 
to keep pendulum standing upright. In order to achieve this 
objective, we divided the control part into two: the one to 
swing-up the pendulum [10] and the one to keep it standing 
upright. The control range of the former is within an angle area 
of ±15 [deg] based on pendulum standing, and the swing-up 
control part is within an angle area of excluding ±15 [deg]. 

Fig.5  Inverted pendulum system by PLC  

 
Fig.6 shows the parameters of the pendulum system for 

numerical linearized model [11] of nonlinear inverted-
pendulum system. The numerical formula of this model is 
obtained from the state space method by leading a motion 
equation.. These parameter is used in the next MATLAB 
simulink simulation. 

 

 
Fig.6  Inverted pendulum system model and system’s parameter 

B. MATLAB simulation 

Before the experiment, we analyze unit step response for 
the linearized inverted pendulum system using the MATLAB 
simulink simulation. The result of analysis is shown in Fig.7. 

 

 
Fig.7  Analytic response (MATLAB simulink simulation) 
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The analysis-condition of state-space model is; the 
sampling period is 100[ms] and the step-size is 0.1. From the 
Fig.7, we can see that the angle of the pendulum converges 
into 0 [deg].Even if the cart location was moved 0.22 [m] in 
simulation, the pendulum angle converged, and we were able 
to judge that standing control was possible. Therefore, we 
tried an experiment of standing control by using the inverted 
pendulum device.  

C. Experiment by equipment 

In this equipment we will control by dividing the 
construction into two control parts; the standing upright 
control one and the swing up control one. Fig.8 shows the 
control angle areas of the inverted pendulum system that we 
made. The control target of the main system is to swing up the 
pendulum in a suspension state and to keep it standing upright. 
A boundary in a standing upright control area (this area is 
used for the judgment of angle condition of the standing 
upright state) is compared about a change in standing upright 
keeping time when a control angle area is changed from -12 to 
-5 [deg] and from 5 to 12 [deg]. 

The respective control areas are distinguished by the angle 
of the pendulum. Piecewise linear control is applied to PLC 
sequence control. If the angle of the standing upright state is 
set at 0 [deg], it means, for example, the standing upright 
control area is the range of ±10 [deg], all except it was made a 
control area for the pendulum is to be swung up.  
 

 
Fig.8  Control angle ranges 
 

We checked the longest standing upright time of the 
pendulum at angles of ±5 [deg], ±7 [deg], ±10 [deg] and ±12 
[deg] respectively with servomotor’s revolution speed fixed at 
2000[ rpm]. Table 3 shows the standing upright time of each 
control area. Under this condition, the longest standing time is 
8.7 seconds at the angle of ±10 [deg]. Considering standing 
upright time, it can be said that the control result is good at the 
angle of ±10 [deg]. 

D. Flow chart 

Here we explain it by using a flow chart. 

A flow chart of swing up control algorithm is shown in Fig. 
9. The direction of rotation of the servomotor is decided from 
each reach of the angle in this swing up control. 
When it is in the reach of the swing up control (between 
during from -180 to -10 [deg], and between from 10 to 180 
[deg]), we can distinguish whether the pendulum is up or 
down by comparing the current angle position (θN) and the 
previous angle position (θN-1). For easiness, θN and θN-1 are 
abbreviated to N and N-1 respectively. 
 

TABLE3 
COMPARISON IN STANDING UPRIGHT TIME 

 
 

 
Fig.9  Flow chart of swing up control 

 
Fig.10 shows the flow chart of standing upright control part. 

When the pendulum goes up by swing up control and passes 0 
[deg], it is taken over by standing upright control. When the 
angle of the pendulum is between -10 and 10 [deg], the 
servomotor revolves in CW (Clock Wise) and CCW (Counter 
Clock Wise) direction, and the stage is moved. The stage 
accelerates and the torque spins the pendulum, and the 
pendulum revolves.  

 

 
Fig.10  Flow chart of standing upright control part 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

45



 
The reason that the pendulum angle of the standing upright 

control area is ±10 [deg] is as follows.In this standing upright 
control, the stage moves only at the angle of -10 or 10 [deg] 
because it is controlled by sequence control. Therefore it is 
difficult to keep it upright at  0 [deg] and we regard the 
pendulum swinging between ±10 [deg] as its standing upright. 

E. Result 

Fig.11 shows how the pendulum angle [°] (the blue line) and 
servomotor revolutions change [rpm] (the red line) is indicated 
by Y-axis in a standing upright control area at ±10 [deg]. X-
axis indicates time [s]. Further, the angle of the pendulum 
when it is hung down is ±180 [deg] in Fig.8. The figure shows 
that the pendulum is swing-up gradually and kept standing 
upright. In detail, the graph shows the change between 34 [sec] 
and 37 [sec] so that a change in the servomotor might be easy 
to judge. When the pendulum is about to finish shaking, the 
servomotor revolutions goes up about 1500 rpm and swings a 
pendulum up at around 34.2 [sec] (① in Fig.11) and 34.3 [sec]  
(② in Fig.11). From 34.7 [sec] to 37 [sec] where the pendulum 
finishes shaking and enters standing-upright control area of 
±10 [deg] (③ in Fig.11), servomotor revolutions  decrease. 

But at around 35.8 [sec] (④  in Fig.11), revolutions rise 
sharply. This is because it is controlled so that the pendulum 
doesn't fall. It corresponds to a change in the pendulum angle, 
and the servomotor revolutions rise and fall. This shows that 
control of the servomotor which corresponds to a change in the 
angle of the pendulum is being done. 
 

 
Fig.11  Response of pendulum by sequence controller 
 

IV.  CONCLUSION 
The cost of new manufactured sequence teaching materials 

were kept lower compared with basic FA leaning kits, and they 
were manufactured using the parts available at the market. This 
time we created the teaching materials for beginners such as a 
switch and a display light. As a next subject, we could 
introduce conveyor belt equipment using a motor, PLC 
programming, etc. to make the improved teaching materials 

with which students can study more deeply.On the other hand, 
we manufactured an application system of inverted pendulum 
as advanced course on the advanced teaching materials by 
sequence control engineering. 

We tried the inverted pendulum system by MATLAB 
simulink simulation. It is succeeded for numerical model. And 
we did experiment by equipment of the inverted pendulum 
system. The control is divided two parts, the swing up and the 
standing upright control part. In standing upright control, we 
applied piecewise linear control to the inverted pendulum 
system with PLC sequence controller.As the result, the 
standing upright state is kept longest, when control area is the 
range of ±10 [deg]. 

As future's problem it's necessary to consider a detail 
simulation of an inverted pendulum system with swing up 
control, PLC control methods of extension in standing upright 
time and last teaching materialization etc. 
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Abstract— The abrasive waterjet technology is a cutting process 
without heat. No smoke and toxic occurred during the cutting 
process. The cut surfaces of work pieces are clean and the quality 
is based on accordingly the configuration parameters. The 
research studies the cutting mechanism and optimized 
parameters for the cut surface quality. For reduce the loss of 
material and amount of abrasive garnet used in the process. The 
experiment will cut the Nickel based super alloys grade Inconel 
718 thickness 6.35 mm. Design of experiment and determine the 
main parameters of cutting operation with Water pressure, 
Abrasive flow rate and Traverse speed. The analysis of the 
results obtained has been performed by Taguchi method. In 
order to identify the process parameters that is significant in 
affecting with the taper angle. The analysis of variance (ANOVA) 
has been carried out to estimate the relative contribution of each 
control factor. The cutting results showed that parameters are 
affected with taper angle as a function of kinetic energy loading.  

Keywords— Abrasive waterjet cutting / Inconel 718 / Taper angle 
/ Kinetic energy / Bernoulli equation 

I. INTRODUCTION

The alloys in Nickel based super alloys group which is very 
important in the aviation industry. This metal has a high 
strength due to the work hardening in the micro-structure. It is 
no great surprise that cutting and forming of material in this 
group is a very difficult. The use of heat and high energy in 
the process of cutting to cause problems from the heat (Heat 
Effected Zone) and residual stress, which affects the structure 
of the material. It appeared that the changes to the material 
properties. Furthermore, it is necessary to polish the surface 
after the cutting process. 

This research was conducted to study the Abrasive waterjet 
cutting system.The intensity and the efficiency of the cutting 
process depend on process parameters. The cutting specimen 
(Inconel718) is designed to test and adjust the parameters in 
the cutting process. Many investigations have been conducted 
to understand the process variables on cutting performance 
measures. Kerf geometry and taper angle are characteristic of 
major interest in abrasive water jet cutting. In addition, 
statistical analysis and correlation result of the trend of graph 
to get a good cut quality. 



Fig. 1 shows a typical layout of an abrasive              
waterjet machine. 

II. EXPERIMENT

A. Cutting experiment on Inconel 718 

Cutting experiments were done on a two dimensional 
waterjet cutting machine type Flow Mach 4020b. During the 
cutting experiments the water pressure (psi), traverse speed 
(mm/min) and abrasive flow rate (lb/min) were changed in 
different levels.  

TABLE I 
VARIABLE PARAMETERS AND THEIR LEVELS 

Parameters Level 1 Level 2 Level 3 
Water pressure (psi) 35000 45000 55000 

Traverse speed (mm/min) 40 80 100 
Abrasive flow rate 
(lb/min) 0.7 0.8 1 
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Other parameters were kept constant as follows: 

 Abrasive type: Garnet 80 (177µm) 
 Plate Inconel 718 thickness: 6.35 mm 
 Standoff distance: 2.5 mm 
 Diameter of abrasive nozzle: 1.016 mm 

B. Design of experiments 

A L9 orthogonal was selected for the experimentation 
which takes into account 3 factors at their 3 levels as shown in 
table 2. The total 9 runs were taken in this experimental 
investigation. These experiments were conducted three times 
at the same setting to get appropriate S/N rations [3].  

TABLE II 

L9 ORTHOGONAL ARRAY OF PARAMETERS 

Experiment 
No. 

Parameters 

Water 
pressure 

(psi) 

Traverse 
speed 

(mm/min) 

Abrasive 
flow rate 
(lb/min) 

1 35000 40 0.7 

2 35000 80 0.8 

3 35000 100 1.0 

4 45000 40 0.8 

5 45000 80 1.0 

6 45000 100 0.7 

7 55000 40 1.0 

8 55000 80 0.7 

9 55000 100 0.8 

  

All Inconel 718 plates were cut with full penetration in a 
length of 20 mm for each experiment parameter, as shown in 
Fig. 2. 

Fig. 2 The cutting surface of Inconel 718 specimen 

After the cutting experiments top kerf width (Wt) and 
bottom kerf width (Wb) were measured for determination the 
taper angle. 

III. RESULTS AND DISCUSSION

A. Accuracy and taper of the cutting gap 

The groove taper characteristic at side view from film X-ray 
radiograph along the path of cut direction as shown in Fig. 3 

  

Fig. 3 Characteristic of the taper of the cutting gap from   
film X-ray radiograph 

The main problem having effect on the accuracy of 
abrasive waterjet cutting is the cutting gap. The cut surfaces 
are almost never parallel [5]. In this case the kerf is wider at 
the upper side than the lower side, where the jet goes out from 
the workpiece. The complex geometry is usually considered 
like a taper, as shown in Fig. 4. 
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     Wt : top kerf width Wb : bottom kerf width 
     t : material thickness θ : kerf taper angle 

Fig. 4 The characteristic of taper angle 

Kerf taper is normally expressed by kerf taper angle as [4]: 

    (1) 

From the equation can be calculated the taper angle and 
analysis of the results is done by software “MINITAB 17” 
specifically used for the design of experiment application. To 
analyse the effect of process parameters from taper angle, 
ANOVA is carried out to distinguish the most significant 
parameters in the generation of taper angle.  

For a good analysis, three tests should be verified. Figure 5 
gives the residual plots for mean. This normal probability plot 
shows the normal distribution of residuals. It shows that the 
residual fall on straight line which implies that errors are 
normally distributed. 

Fig. 5 Residuals plot analysis for taper angle 

Fig. 6 Effect of process parameters on taper angle 

It’s is observed from figure 6 that traverse speed exhibits a 
negative effect on taper angle. The taper angle increases in a 
function of traverse speed at higher speed. As a matter of fact, 
a faster passing of abrasive waterjet allows fewer particles to 
strike on the target material and hence generate a narrower 
slot. 
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Fig. 7 Interaction plot for taper angle 

The interaction plot of parameters for taper angle is shown 
in Fig. 7.  

1) Water pressure correlate with traverse speed at 55000 psi 
and 80 mm/min promising results in the minimum taper angle. 

2) Water pressure correlate with abrasive flow rate  is 
found at 55000 psi water pressure and abrasive powder 1 lb/ 
min is likely to result in minimal taper angle. 

3) Traverse speed correlate with abrasive flow rate found 
that traverse speed  80 mm / min and abrasive flowrate 1 lb/ 
min promising results in the minimum taper angle. 

B. Energy of the cutting jet 

The load energy at the upper side of the workpiece can be 
determined like this [2]: 

    

ma :  mass of the abrasive, kg 
v: speed of the particles in the jet, m/s  

  

From the Bernoulli equation for the water particles speed [1]: 

    (3) 

where 
p : applied pressure, Pa 
ρ density of the water (1000kg/m3) 

Mass of the abrasive material can be calculated by:

    (4) 

where 
 : abrasive mass flow rate, kg/s 

ta : loading time, s 

Considering the loading time: 

     (5) 

where 

d: diameter of abrasive nozzle, m 
f: feed rate of the head, m/s 

From the equations (2)-(5) get: 

    (6) 

The waterjet energy can be defined for applied cutting test 
parameters. From the equation can be calculated the loading 
of kinetic energy and analysis of the results as shown in Fig. 8. 

Fig. 8 Effect of process parameters on kinetic energy 

The kinetic energy decreases with increase the transverse 
speed as shown in figure 8. This is due to the fact that as the 
work moves faster, less number of particles are available that 
pass through a unit area. Therefore, less number of impacts 
and cutting edges are available per unit area, which results a 
top kerf width wider than bottom kerf width. 
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The interaction plot for taper angle is shown in Fig. 9. 
There are clear correlation between the parameters and the 
kinetic energy. This phenomenon could be explained that 
increase pressure and abrasive flow rate result increased the 
kinetic energy of the jet impingement. 

Fig. 9 Interaction plot for kinetic energy 

The taper angle increases in a function of kinetic energy as 
shown in Fig. 10. The particles of the jet at higher kinetic 
energy have enough energy for material removalat the top 
side more than bottom side. There are resulting in a wider kerf 
width at the top side of the cut. 

Fig. 10 Taper angle as a function of kinetic energy of the jet 

IV. CONCLUSIONS

Accuracy of the abrasive waterjet cutting is mainly defined 
by the form of cutting gap.  

• The cutting gap is always taper and the taper angle is  
decreasing from up-to-down. 

• The widths of the cutting gap depend on the 
parameters as a function of kinetic energy loading.

• An increase in the water pressure and abrasive flow 
rate are associated with a decrease in the taper angle 
because of the abrasive jet is able cut through much 
wide at the bottom as well. 

From the results it can be established that the extent of 
 tempering of the kerf basically depends on the quantity of 
 the energy input. 
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Abstract— In this research, thin-film temperature sensor (thin-
film thermocouple) was directly formed on the surface of 
combustion chamber of a Rapid Compression and Expansion
Machine(RCEM) which imitated the internal combustion engines
using a PVD (physical vapour deposition) method, and it aims at 
high accurate and high response measurement of instantaneous 
temperature change from a compression stroke to a combustion 
start timing. In this paper, the newly developed structure and 
form of thin-film thermocouple was described using one-
dimensional numerical calculation in order to reduce the 
measurement error for real surface temperature. Moreover, the 
example measurement results of instantaneous temperature 
using RCEM were reported.

Keywords— Instantaneous Temperature Measurement Method, 
Thin-Film Thermocouple, Combustion Chamber Wall

I. INTRODUCTION

In recent years, an improvement in thermal efficiency of 
internal combustion engines have been requested for the 
correspondence to an environmental problem. Especially 
engine heat losses over the wall from the combustion gases 
has big influence on thermal efficiency, reduction of heat 
losses is very important. In recent years, heat insulation layer 
is formed on the wall surface of the combustion chamber, and 
it has been reported that it is possible to reduce the heat losses
with control the knocking and improvement the intake 
efficiency [1][2]. In order to realize the optimization of
combustion and to develop the exact numerical model of heat
losses, it is important to measure the wall temperature of 
various places in a combustion chamber with high accurate 
measurement method and system. In this study, thin-film 
temperature sensor (thin-film thermocouple) was formed on 
the engine combustion chamber surface directly by sputtering 
method, and the sensor which can measure instantaneous 
temperature with high accuracy and high response.

This paper was reported the newly developed thin-film 
temperature sensor with respect to the structure and shape of 
the sensor by using numerical analysis results. Moreover, the
example results of measured instantaneous temperature using 
Rapid Compression Expansion Machine (RCEM) were 
reported.

II. SHAPE AND STRUCTURE OF TEMPERATURE SENSOR AND 
OPTIMIZATION USING BY NUMERICAL ANALYSIS

A. Selection of materials
As for the measurement principle of thin-film temperature 

sensor, thermocouple method which changes thermal 
electromotive force was used. In order to measure the 
instantaneous temperature with high precision and high 
compatibility, thermocouple materials standardized by 
Japanese Industrial Standard(JIS) was adopted. Table 1 shows 
the main JIS standard thermocouple materials, and Table 2 
shows their temperature tolerance and limit temperature. R, S
and T types have high accuracy and high heat-resistant 
temperature. However, materials of platinum and copper have
lower adhesion strength than the other thermocouple material
(especially K type) when platinum and copper are made into 
thin-film by using PVD (sputtering method). Therefore, thin-
film temperature sensor was used K-type thermocouple with
having high adhesion strength and high heat resistance.

B. Structure and shape
Fig. 1(a), (b) shows the structure and shape of newly 

developed thin-film temperature sensor. AlN(2)
thickness) was formed on the substrate(1) in order to insulate 
between a sensor, lead film and a substrate. After that,  the 
ch -type thermocouple material 
was formed, and finally the alumel(4)
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material was formed. In order to perform highly accurate 
instantaneous temperature measurement, the hot junction was 
formed directly on the substrate surface (ring in RCEM, see 
figure 10 and 11) without forming the insulating film. The 

the signal to the ring (parts of RCEM) outside using lead film.

Table 1 JIS thermocouple materials

Table 2 Accuracy and durability of JIS thermocouple

(a) Structure of thin-film temperature sensor

(b) Sensor form

Fig. 1  Newly developed thin-film temperature sensor

C. Temperature – thermal electromotive force calibration
The ring with thin-film sensors was placed in an electric 

furnace, the thermal electromotive force with respect to the 
temperature was measured. As result, thermal 
electromotive force was obtained, and this result was mostly 

in agreement with conventional JIS K-type thermocouple 
(41.0 K) as shown in Fig. 2. 

Fig. 2 Temperature – thermal electromotive force calibration

D. Analysis conditions
In order to evaluate the structure and shape of the newly 

developed thin-film temperature sensor, it was performed 
numerical analysis of wall temperature distribution. Fig. 3
shows the in-cylinder pressure (P) and the gas temperature (Tg)
and the heat transfer coefficient (hg) of test 4-cycle gasoline 
engine. Tg was calculated from equation of state of ideal gas,
hg was determined in reference to the equation of Woschni [4].
Table 3 shows the thermal property values of each material 
used in the analysis [5][6].

Fig. 3 Analysis conditions

Table 3 Thermal property values
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E. Analysis method

One-dimensional unsteady heat conduction equation of 
Fourier (1) was used to determine the wall temperature 
distribution [7];

=                                           (1) 

If it approximates by difference by fixing a heat physical 
properties value, the following equation of differential 
approximation is obtained;

Wall surface (I=1)

( , + 1) = ( , ) +
2

( ) ( ) ( , )

                           +
2

[ ( + 1, ) ( , )]                   (2)  

Wall inside (1<I<N)

( , + 1) = ( , ) + [ ( + 1, )
                     + ( 1, ) 2 ( , )]          (3)  

Further, the wall temperature at the interface of different 
properties materials is given by the following equation.

( , + 1) = ( , ) +
2

+ [ ( + 1, )

+ ( 1, )
+

]            (4)

Wall back (It was 350K constant.)
( , ) Wall temperature in time J and depth I [K]
( ) Heat transfer coefficient at the time J [W/(m2 K)]
( ) Gas temperature at the time J [K] 

Thermal diffusivity [m2/s] 
Thermal conductivity [W/(m K)] 

Time interval [s] (The time between J and J+1)
Depth interval [m] (The distance between I and I+1) 

This differential approximation equation must satisfy the 
stability condition (5), because it is explicit equation. 

1
2                                                (5)

A stability condition is not satisfied directly although cylinder 
pressure is recorded every 0.5degree crank angle, therefore 
was set to satisfy a stable condition by performing a linear 
interpolation. 

F. Analysis model
Fig. 4 shows the number of divisions of the newly 

developed sensor. The place which should measure
temperature is the surface of substrate. Therefore, it was 

considered as the structure without the insulation film of 
conventional temperature sensor. For this reason, hot junction 
of this sensor structure is contact area of the film of chromel 
and alumel (boundary temperature between chromel and 
alumel film).

G. Analysis result (the influence of the thickness of the sensor)
The temperature of hot junction by the difference in each 

film thickness was calculated and it compared with the 
temperature on the surface of solid plate (true value). The
analysis was carried out when the film thickness of alumel and 
chromel of hot junction part was changed into 0.2, 1, 10, 20, 

Fig. 5 shows the analysis results. According to the 
increase in film thickness, each error increased as compared 
with the true value. Moreover, in the case of film 
thickness, crank angle of maximum temperature was delayed 
compared to the solid plate. It can be determined that the 
delay due to the thermal diffusion of the alumel. On the other 
hand, the temperature error is reduced by thinning the sensor 
film thickness. In this experiment considering the durability of 
the thin film, the sensor film (chromel, alumel) thickness was 

ectively is reasonable. 

Fig. 4 Analysis model

Fig. 5 Wall temperature by sensor film thickness

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

54



H. Investigation of thermal property value of thin-film
The thermal conductivity and thermal diffusivity of thin 

films has been reported to differ from the bulk value [8]. 
Therefore, the thin film thermal physical properties of 
chromel and alumel (each 0.2µm) was measured using a 
thermo-reflectance method. Furthermore, it was also measured 
physical property values in the case of changing the 
temperature (290K, 370K, 470K, 570K). Fig. 6 shows the 
results of thermal conductivity of thin films and bulk of 
chromel, and Fig. 7 shows the results of their alumel. As the 
result of these experiment, the thermal conductivity values of 
chromel and alumel film are higher than that of the bulk 
properties. It is considered that the crystal structure of 
materials were changed by sputtering, it is necessary to 
proceed with these analysis in the future.  

Fig. 6  Thermal conductivity of chromel

Fig. 7 Thermal conductivity of alumel

I. Analysis result (the influence of heat conductivity of the 
thin film and bulk)

For confirming the effect of the thermophysical properties 
of the thin film was subjected to numerical analysis by using 
measurements results. Fig. 8 shows the analysis result of the 
wall temperature in the case of using the thermophysical 
properties of bulk and thin film, and the results of wall 
temperature of the solid plate. In case of using the bulk 
physical property values temperature error value increased 
0.02K in maximum in comparison with the solid plate. On the 
other hand, in case of using the thin-film physical property 
values, the temperature error reached 0.05K in maximum
temperature error. From this result, it was confirmed that the 

measurement accuracy is sufficient in heat loss evaluation of 
this study.

Fig. 8 Wall temperature by heat conductivity of the thin film and bulk

III. THE EXAMPLE RESULTS OF THE MEASUREMENT OF
INSTANTANEOUS TEMPERATURE USING RCEM

J. Experimental device
Fig. 9 shows the rapid compression expansion machine 

using in this experiment, Fig. 10 shows configuration diagram 
of RCEM combustion chamber. This device is testable device 
of compression and expansion stroke of the engine to drive the 
piston by hydraulic pressure. Table 4 shows the specifications 
of this device. The piston was fixed to the top dead center 
(TDC), after that, constant volume combustion was performed 
by fuel injection directly into the combustion chamber. A part 
of the cylinder liner of the combustion chamber(1) is 
removable ring-shaped part(2), and thin film temperature 
sensor was formed on the inner surface of the ring.
Furthermore, the pressure in the combustion chamber 
measured by pressure sensor(3) mounted to the bottom of 
combustion chamber. Ring material was used chromium-
molybdenum steel (SCM) in this experiment. For optical 
measurement of the combustion flame in the combustion 
chamber, it was possible to do the high-speed shooting of the 
spray flame by placing the visualization glass(4) set to the 
head part.

K. Experimental conditions
In this experiment, it was the wall temperature of RCEM to 

430K constant using the heater (Fig. 10(5)) before the start of 
the experiment. Injector is attached to the top (Fig. 10(6)) of 
the combustion chamber, and the injection angle is set to 
vertically downward. Table 5 shows the experimental 
conditions. Method of measuring the instantaneous 
temperature was amplified thermal electromotive force from 
the thin-film temperature sensor by DC amplifier of response 
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frequency 600kHz, and data were recorded by the logger. For 
reducing noise from the power supply of the experimental 
device was driven all the measurement system by 
uninterruptible power supply battery type (UPS). Its formation 
positions of the newly developed sensor are 90 ° (1) and 30 ° 
(2) position with respect to the vertically downward as shown 
in Fig. 11. 

Fig. 9  Schematic of the RCEM

Fig. 10  Configuration diagram of RCEM combustion chamber

Table 4  RCEM specifications

Fig. 11  Measurement position of newly developed thin-film temperature 
sensor

L. Experimental results
Fig. 12 shows the experimental results. The curve(1) and

(2) shows the wall instantaneous temperature measured by
newly developed thin-film temperature sensor and the bottom 
curve shows the combustion chamber pressure. As the results 
of the measurement, the temperature detected by  sensor(2)
was rising faster than the sensor(1), because the timing of 
flame reaches to the sensor. With regard to the maximum 
temperature, sensor(1) reached to15K. On the other hand,
sensor(2) reached to 45K. From this result, it was confirmed 
that new temperature sensor is capable of measuring the 
instantaneous wall temperature.

Table 5 Experimental conditions

Fig. 12  Wall temperature and cylinder pressure

IV. CONCLUSIONS

(1) Thin-film thermocouple formed on the surface of 
combustion chamber to measure the surface temperature 
for investigating the heat losses are successfully 
developed by using physical vapor deposition (sputtering 
method).

(2) The temperature-output characteristic of newly developed 
thin-film thermocouple has good agreement compared 
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with conventional thermocouple of Japanese Industrial 
Standard.

(3) The temperature of hot junction by the difference in each 
film thickness was calculated using one-dimensional 
numerical calculation in order to reduce the measurement 
error for real surface temperature. 

(4) The film thickness of alumel and chromel of hot junction 
part was changed into 0
the increase in film thickness, each error increased as 
compared with the true value.

(5) Thermal physical properties of chromel and alumel film 
(each 0.2µm) was measured using a thermo-reflectance 
method. Furthermore, it was also measured physical 
property values in the case of changing the temperature 
(290K, 370K, 470K, 570K). 

(6) The thermal physical properties of chromel and alumel 
thin-film (each 0.2µm) were measured using a thermo-
reflectance method. As the result of these experiment, the 
thermal conductivity values of chromel and alumel film 
are higher than that of the bulk properties. 

(7) As the results of the temperature measurement using 
RCEM, the instantaneous temperature was successfully 
detected by newly developed thin-film thermocouple.
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Abstract— In order to reduce CO2 emissions and fuel
consumption, the reduction of mechanical friction loss is very
important technologies. To reduce such friction loss,
understanding the lubrication conditions of engine sliding
surfaces are very important. In order to investigate their
conditions and to validate the CAE (Computer aided
engineering), the author has developed a thin-film pressure,
strain, temperature and also thin-film gap sensor and measured
the distributions of oil-film condition in sliding surface in
machinery main bearings, piston skirts, pin-bosses and gear
tooth surfaces. In this paper, the structure and form of thin-film
sensor especially for piston skirts, plain bearings were discussed
and provided a measurement example.

Keywords— Thin-film, oil film thickness, Oil film pressure, 
Thermal sensitivity, Gauge factor

I. INTRODUCTION

Internal combustion engines have been required for further 
improvement of thermal efficiency, i.e. reduction of fuel 
consumption. While downsizing turbo engines are often
mentioned as the trend in recent years, cylinder pressure has 
been increasing and engines are becoming compact and light 
weight. Because of this, the engine components have become 
narrower and thinner-walled, and local lubrication 
performance in sliding parts is continuously increasing due to 
high pressure and partial contact. Appropriate calculation 
conditions and also the verification of the calculation results 
by the precise measuring method have been required. 
However, calculated results in sliding surface with 
deformation in engine operating condition have not yet been 
confirmed experimentally. The optimization of the multi-layer 
form a film of the sensor shape and sensor film was performed 
in order to reduce the temperature sensitivity and the strain 
sensitivity is a measurement error of the oil film pressure.

II. OIL FILM PRESSURE SENSOR

A. Measurement Principle
Cu-Mn-Ni alloy was used as the pressure sensing material, 

and electrical resistance of this alloy changes according to the 
changes in pressure. Oil-film pressure was measured after 
converting this change in resistance into change in voltage 
using Wheatstone bridge circuit (refer to Fig.1). For resistance 
R1 through R3 of each side except sensors, variable resistors 

were used and adjusted the resistance value of each side 
according to the resistance value of individual thin-film sensor. 
This voltage output was recorded by data logger through 
strain amplifier.

Fig.1 Measurement circuit (Wheatstone bridge)

B. Structure
The sensing part of the thin-film pressure sensor employed 

in this research is a thin-film resistor directly deposited 
physical vapor deposition in the area intended for 
measurements. The sensor does not require mounting holes or 
oil-leading holes for use in measurement, and its shape when 
mounted can follow the curvature of sliding parts. It is 
therefore a sensor that has an extremely minimal effect on the 
measurement target, and it does not change it shape, reduce its 
stiffness or increase its mass.

Fig.2(a) shows the film structure of a sensor. On the sliding 
surface of substrate, thin-film sensor having total film 
thickness 3~5µm was sputtered and it comprised of insulation 
film (Al203) for maintaining insulation between the substrate 
and the sensor, sensing and lead part film (Cu-Mn-Ni alloy) 
that detects oil film pressure and has a role which takes out the 
signal outside respectively. Protection film (Al203) that 
maintains insulation of the sensor film and protects the sensor 
film from the contact of counter parts object.

Fig.2(b) shows the configuration of thin-film pressure 
sensor. Pressure sensing part which has been used 
conventionally in our research comprised two semicircular 

8mm, line width 20µm and two semicircles in the 
center. This is one configuration of realizing minimum strain 
sensitivity (gauge factor) of thin-film pressure sensor. 
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(a) Structure of sensor.

(b) Twin arc
Fig.2 Structure of thin-film sensor

C. Sensor material
In order to find the best alloy composition for the pressure 

sensor, we varied the composition of the Cu-Mn-Ni 
alloy(1)~(5) as given in TABLE I and measured the pressure 
sensitivity and temperature sensitivity. No.(6) is a Ni-Cr alloy, 
which will be referred to in later sections.

TABLE I
SENSOR ALLOYS FOR THIN-FILM PRESSURE SENSOR

D. Reduction of temperature sensitivity
Fig.3(a) shows the temperature sensitivity for the various 

compositions in TABLE I. The composition (2) showed 
positive sensitivity )2(T =(27~80)×10-6 [( / )/ ºC], while the 
composition (1), (3) and (4) showed negative one. The 
composition(5) showed both positive and negative sensitivity,

)5(T =(-20~8)×10-6[( / )/ºC]. Among the Cu-Mn-Ni alloys 
tested, this composition(5) gave the smallest temperature 
sensitivity including the sensitivity of )5(T =0.

E. Pressure sensitivity
As shown in Fig.3(b), the pressure sensitivities of the Cu-

Mn-Ni alloys fell in the range (18~22)×10-6 [( / )/MPa],
regardless of the composition. From the temperature 
sensitivity and pressure sensitivity values shown in Fig.2, the 
error in measured pressure for temperature difference by 1°C
is calculated and depicted in Fig.3(c). In the temperature range 
50~100°C, the alloy(5) had the smallest value, (-
1.1~0.4)[MPa/°C]. Therefore, for measuring pressure under 
temperature change, this alloy is most suitable.

Fig.3 Characteristics of materials for 
thin-film pressure sensor

F. Strain gauge sensitivity
Fig.4 shows the transverse sensitivity ratio tester of strain 

gauge for examining the twin arc type gauge factor(Kc). The 
legs of this tester applying a force F from the direction shown 
in Fig.4 was 
direction) of this tester. In this case, this tester in the 
longitudinal direction (Fig.4, x direction) was distorted (5 ~ 2) 

Each direction of twin arc-type thin-film pressure sensors
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were mounted to the orthogonal to the upper surface of the 
beam portion of the length 20mm in this tester. As the monitor 
of the strain amount in the x-direction and y-direction,
commercially available two-axis strain gauge was mounted in 
the beam portion.

As shown in TABLE II, gauge factor in the longitudinal
direction strain sensitivity Kl and lateral direction strain 
sensitivity Kw was the same value. The TABLE II showed the 
strain gauge sensitivities of the Cu-Mn-Ni alloys 
(Kl=Kw=Kc=-0.25 -0.35) and Ni-Cr alloy (Kl=Kw=Kc=-
1.18 1.2).

Fig.4 Transverse sensitivity ratio tester of strain gauge

TABLE II
GAUGE FACTOR

III. MULTI-LAYER TYPE OIL FILM PRESSURE SENSOR

A. Development outline
In the engine sliding parts, there is a portion of the 

deformation in the piston skirt and the like. In such parts in 
addition to the method of reducing strain sensitivity due to 
twin arc type sensor shown in Fig.2(b), it is necessary to lower 
the further strain sensitivity. Therefore, we developed a 
multilayered thin film pressure sensor by forming a Ni-Cr 
alloy on the conventional Cu-Mn-Ni alloy. Cu-Mn-Ni alloy 
has a negative sensitivity to the strain. In addition, Ni-Cr alloy 
has a positive sensitivity to strain. By optimizing the film 
thickness ratio of the Cu-Mn-Ni alloy and Ni-Cr alloy, it is 
possible to reduce the additional strain sensitivity.

B.  Structure
The shape of the sensor is the same as twin arc type shown 

in Fig.2(b), the structure of the films was two-layer structure 
of different Cu-Mn-Ni alloy and Ni-Cr alloy of film thickness 
shown in Fig.5.

The main sensor layer is a Cu-Mn-Ni alloy, the sub-sensor 
layer is a Ni-Cr alloy, the film thickness ratio is as follows.

Thickness ratio = (Ni-Cr alloy) / (Cu-Mn-Ni alloy)× 100(%)

We examined the sensor characteristics for the Cu-Mn-Ni 
(I) ~ (V) alloys and the film thickness ratio of Ni-Cr alloy.

Fig.5 Multi-layer type oil film pressure sensor

C. Pressure sensitivity
Fig.6 shows the characteristics of the pressure sensitivity in 

a case of changing the thickness ratio of the Cu-Mn-Ni alloy 
and the Ni-Cr alloy.

Changing the two alloy of film thickness ratio, pressure 
sensitivity the same as in the case of the Cu-Mn-Ni alloy 
single-layer (film thickness ratio of 0% = (18.0 ~ 21.0) 
× 10-6[( / )/MPa]. In addition, changes in pressure 
sensitivity by changing the composition of the Cu-Mn-Ni 
alloy(1)~(5) was not.

D.  Strain gauge sensitivity
Fig.7 shows the characteristics of the Strain gauge

sensitivity in a case of changing the thickness ratio of the Cu-
Mn-Ni alloy and the Ni-Cr alloy. Kc with increasing film 
thickness ratio is gradually increased. In the case of the film 
thickness ratio of 25%, Kc was almost zero. Influence due to 
the deformation than this has developed a thin film pressure 
sensor of the little gauge factor Kc 0 .

E. Temperature sensitivity
Multi-layered type sensor was able to almost zero the strain 

sensitivity, but the problem that the temperature sensitivity is 
increased to 60 × 10-6 [( / )/MPa] occurs. However, by the 
low temperature sensitivity is used for Cu-Mn-Ni alloy, Multi-
layered type sensor was able to reduce the temperature 
sensitivity without changing the strain sensitivity and pressure 
sensitivity.

Fig.6 Pressure sensitivity of multi-layered type sensor 
according to the ratio of film thickness
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Fig.7 Gage factor of multi-layered type sensor according to 
the ratio of film thickness

Fig.8 Thermal sensitivity of multi-layered type sensor
according to the ratio of film thickness

IV. THIN-FILM GAP SENSOR

A.  Structure
Thin-film gap sensor is made by applying the principle of 

the eddy current type displacement sensor. Fig.9 shows the 
shape of the Thin-film gap sensor. In addition, Fig.10 shows 
the film structure of a sensor.

Fig.9 Thin-film eddy current displacement sensor form

Fig.10 Structure of thin-film eddy current displacement sensor

B. Output characteristic
Fig.11 shows the result of the comparison between the 

commercially available sensors. The output compared to a
commercially available sensor is reduced approximately 80%, 
but confirmed the linearity of the output. This thin-film sensor 
has been found to be used as a distance sensor.

Fig.11 Measurement result of sensor

C. Application Example
Fig.12 shows the case that provided in the main bearing of 

the engine sliding parts.

Fig.12 Example of t displacement sensor

V. DLC PROTECTION FILM

A. DLC (diamond-like carbon)
DLC (diamond-like carbon) is an amorphous carbon film of 

which can be in the course of the diamond gas phase synthesis.
However, DLC has excellent properties as a sliding material 
such as a low coefficient of friction, less prone to welding or 
adhesion though chemically stable. We adopted the DLC in 
the protective film by have such characteristics.

B. Specific quality by Raman spectroscopy 
By Raman spectroscopy, DLC can be separated into two 

peaks of Graphite Peak, and Disorder Peak, which emits light 
by the vibration of the double bond carbons.

The DLC used for this protection film was specified quality 
by Raman spectroscopy. TABLE III shows the results of 
Raman spectroscopy of the DLC that was used for the 
protective film. Fig.13 shows the DLC structure classification 
by Raman spectroscopy.
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TABLE III

THE RESULTS OF RAMAN SPECTROSCOPY

Graphite Peak Disorder Peak
1543 1362

Fig.13 Structural analysis of DLC by Raman spectroscopy

C. Application Example
Fig.14 shows the state of the protection film of the piston skirt 
after the experiment. Fig.14 (a) has occurred destruction of the 
film at the time of low speed and low load in the Al203
protection film. However, Fig.14 (b) did not occur even 
destruction of the membrane in the environment of the time 
after the high rotation load DLC protection film.

Fig.14 The state of the protection film of the piston skirt after the experiment

VI. CONCLUSIONS

(1) A thin-film sensor that has an extremely minimal effect on 
the measurement target, and it does not change it shape, 
reduce its stiffness or increase its mass.

(2) Thin-film pressure sensor by varying the composition of 
the Cu-Mn-Ni alloy, it was possible to reduce the temperature 
sensitivity without changing the pressure sensitivity.

(3) Multi-layered type sensor could be reduced strain sensitivity 
by a two-layer structure. In addition, the problem of 
temperature sensitivity to increase could be reduced by 
changing the composition ratio of Cu-Mn-Ni. Thus, to allow 
measurement of the engine sliding parts which large 
deformation.

(4) A thin-film gap sensor was developed and confirmed output. 
This thin-film sensor has been found to be used as a distance 
sensor. 

(5) Durability of the thin-film sensor was confirmed by the 
DLC protective film. 
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Fig. 9 Graphs about comparison of the percentage  
Of defects on each product  before and after the improvement. 

        Holder Plate, Body Under and Support product have a 
higher percentage. Other product has the percentage of 
improvement decrease. The percentage of defects on all 
models equal to 1.84% 

3.7 Check 
After the improvement, additional equipment and process, 

percentage of defects is reduced by the targets set in the first 
place. Nonetheless, the re-checking procedure has to be done 
in order to confirm by collecting production data since 15 
days. To check whether the percentage is less than or equal to 
2%. 

3.8 Measure 
       To check with the result in the process of data collection, 
it can be answered or solved the problem by using the 
collected data to define the inspection process. 
        Percentage of defects as 1.72%. According to target set at 
first place.As in Figure 10. 

Fig. 10  The percentage of defects in J02C model in the measurement process.

Discussion 
        - Collection data can be inaccuracy.
        - Evolution Stability Improvement Model (Dynamic LRP)      
can be applied to solve other problems by expanding     into 
other departments of the company in order to 
reduceproduction costs and escalate the production 
performances. 

IV Conclusion 
        From the study of the problems of the deformation of the 
products, found that there are pits on the cover of products, 
adjust KANBAN occurred in the Cover Upper and Cover 
Lower and Silver Streak on 3 products used for improvement 
which was analyzed the causes of the problem in the process 

and was plan to define the solution from summary cause, 
includes the Evolution Stability Improvement Model 
(Dynamic LRP). As part of quantity control and collect data 
of check product. 
        The Cover has a percentage of Pit 0.43%, reduced to 
0.02%. Adjusted KANBAN in the Cover Upper could reduce 
from 10.80% to 0.33% and the Cover Lower has a percentage 
of Adjusted KANBAN from 11.54% to 0.45%. Silver Streak 
in Cover has percentage at 0.08%, reduced to 0.04% from the 
improvement. In the Cover Upper have 0.22%, reduced to 
0.08 % and the Cover Lower has the percentage of defect as 
0.25% reduced to 0.03%. Which were summary of J02C 
model found that after improvement, the percentage of defects 
have 25.06%, reduced to 1.84% in August 2015.      
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Abstract— The objective of the research is to establish a system-
atic design method applicable to analysis and design of kinematic 
motion deviations of five-axis machining centers based on the 
tolerances of the guide-ways. A systematic procedure is proposed 
to determine the tolerance values of the guide-ways theoretically 
under the constraints on the kinematic motion deviations of five-
axis machining centers, by applying ISO tolerance definitions. 
The proposed method provides us with theoretical way to design 
the geometric tolerances of the guide-ways connecting the com-
ponents of five-axis machining centers, based on allowance of the 
kinematic motion deviation of the tools against the workpieces. 

Keywords—Machine tools, Machining accuracy, Geometric ac-
curacy, Motion deviations, Tolerance design

I. INTRODUCTION

The kinematic motion deviations of five-axis machining 
centers are deeply influenced by the geometric deviations of 
the components, such as guide-ways and bearings. A system-
atic design method is, therefore, required for specifying suita-
ble geometric tolerances of the guide-ways, in order to im-
prove the kinematic motion deviations of five-axis machining 
centers.

Many researches have been carried out to model and to 
analyze the kinematic motion errors of the machine tools, such 
as modelling of shape generation motions of machine tools 
and machining error measurements [1-4]. These researches 
mainly focused on the analysis of the influences of the kine-
matic motion deviations of machine tool components on the 
kinematic motion deviations of the tools against the workpiec-
es and the geometric deviations of the machined surfaces. 

Many researches have also been carried out to deal with the 
dimensional tolerances and the geometric tolerances, aimed at 
realizing systematic analysis and design methodologies for the 

three dimensional machine products [5-6]. However, the rela-
tionships between the motion deviations and the geometric 
tolerances of the components have not yet been clarified. 

The objectives of the present research are to establish the 
mathematical models representing the kinematic motion devi-
ations of the machine tools, on the basis of the geometric tol-
erances of the components, and to apply the models to the 
theoretical analysis of the kinematic motion deviations of the 
machine tools. The issues discussed in the paper are summa-
rized in the followings. 
(1) Modelling of kinematic motion deviations for three types 

of five-axis machining centers,  
(2) Applications of proposed models to analysis of kinematic 

motion deviations of five-axis machining centers, and 
(3) Applications of the proposed models to design of geomet-

ric tolerance values of guide-ways. 

II. GEOMETRIC TOLERANCES

The geometric tolerances of the machine components speci-
fy the allowable areas of the features named “tolerance 
zones,” which constrain the position and orientation devia-
tions of the associated features against the nominal features, as 
shown in Figure 1. The associated features and the nominal 
features mean the features of the manufactured products and 
the ideal features defined in the design phase, respectively. 
The geometric deviations of the associated features from the 
nominal features are represented by sets of parameters named 
“deviation parameters.” For example, one position parameter 

1 and two rotational parameters 2 and 3 are required to rep-
resent the geometric deviations of the associated plane fea-
tures against the nominal plane features, for the case where 
the tolerance zone is given by the area between a pair of paral-
lel planes. 
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In the research, the followings are assumed for the ease of 

the modelling and the analysis of the geometric deviations. 
(1) The deviation parameters i representing the position and 

orientation deviations of the associated features follow 
the normal distribution N( i, i), and i =0. Where, i and 

i are the mean values and the standard deviations, re-
spectively.

(2) The manufacturing processes of the components are well 
controlled, and the proportion of the non-conforming 
components is as small as a value Pd called “percent de-
fective.” Here, the non-conforming components mean the 
components, in which the toleranced features exceed the 
tolerance zones. 

(3) Equation (1) represents the relationships between the 
standard deviations i of the deviation parameters of the 
toleranced features and the sizes of the tolerance zones. 

pdimazi C/      (1) 

where, 
i : Indices of deviation parameters of the toleranced features. 

imax : Tolerance limits of the deviation parameters i, if the 
other deviation parameters j = 0, (i j).  
Cpd : A constant representing the ratio of the maximum 
values imax and the standard deviations i. It is assumed that 
Cpd has same value for all the deviation parameters of one 
tolerance feature. 

III. KINEMATIC MOTION DEVIATIONS

(1) Linear Tables 
The kinematic motion deviations of y-axis liner tables 

shown in Figure 2 are formulated in the following equations, 
under the assumption that the priority among the guide-ways 
is “( a = c ) > ( b = d ).” Here, “(a = c )” means that there is 
not any priority between the guide-ways a and c to determine 
the positions and orientations of the tables against the bases 
considering the geometric deviations of the guide-ways. “g > 
h” means that the higher priority is given to the guide-way g
against h to determine the positions and orientations of the 
tables against the bases.  
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where, 
y: y-direction travel.  

pq: Differences of the position and orientation deviations of 
the features in base side and table side consisting of the q-th 
guide-ways of in the p-th directions. 
p (= u,v,w): Components of the position and orientation 
deviations. 
q (= a, b, c, d ): Guide-ways. 

(2) Vertical Rotary Tables 
The kinematic motion deviations of the vertical rotary ta-

bles  shown in Figure 3 are formulated in Eq. (3), under the 
assumption that the priority among the guide-ways is “a > b.” 
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: Rotation angle of table. 
ij, ij, ij : Orientation deviations of the j-th geometric feature 

of guide-way i around x, y and z-axis of the rotary tables. 
xij, yij, zij : Position deviations of the j-th geometric feature 

of guide-way i along x, y and z-axis of the rotary tables. 

(3) Horizontal Rotary Tables 
For the cases of the horizontal rotary tables shown in Fig-

ure 3, the kinematic motion deviations are formulated in Eq. 
(4), under the assumption that the priority among the guide-
ways is “(c = e ) > ( d = f ).”  
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IV. EFFECTS OF GEOMETRIC TOLERANCES

The five-axis machining centers are composed of two rota-
ry tables and three liner tables shown in Figures 2 and 3. 
Three types of five–axis machining centers shown in Figure 4 
are considered here for the analysis. The models of the shape 
generation motions of the machining centers are obtained by 
combining the formulas represented in Eqs. (2), (3) and (4). 
The detail of the analysis method is presented in the previous 
paper [7]. 

The effects to the kinematic motion deviations are investi-
gated by applying the various tolerance values to the guide-

xy

z
xy

z

xy

z

(a) Type-1                     (b) Type-2                  (c) Type-3 
Fig. 4  Five-axis machining centers

(a) Type-1 

   (b) Type-2 

  (c) Type-3 

Fig. 5  Effects of tolerances of guide-ways
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ways. Figure 5 summarizes the analysis results of the im-
provement ratio of the tolerance values to the kinematic mo-
tion deviations. 

It is found that the improvement ratio of the A-axis and C-
axis rotary tables is higher than ones of the linear tables for all 
cases of the analysis conditions. In particular, the guide-ways 
c and e of A-axis and the guide-way a of C-axis have larger 
effects than the other guide-ways. So, the tolerance values of 
the guide-ways of A-axis and C-axis are very important to 
improve the kinematic accuracy of the five-axis machine tools. 

V. TOLERANCES DESIGN

A systematic design system is proposed for planning a suit-
able set of the geometric tolerances of the guide-ways consid-
ering the trade-off between the requirements on the kinematic 
motion deviations and the ease of the manufacturing processes 
of the guide-ways of the machine tools. The design variables 
to be determined here are the geometric tolerances ti of indi-
vidual guide-ways shown in Figure 5.  

Objective functions are considered to represent the trade-
off between the requirements on the kinematic motion devia-
tions and the ease of the manufacturing processes. Figure 6 
shows the relationships between the sizes of the toleranced 
features and the tolerance values for various IT tolerances 
defined in ISO. As shown in the figure, the tolerance values 
depend on the feature sizes even for the same IT tolerances, 
such as IT6, 8 and 10. The following equation is proposed as 
the objective functions for the tolerance design, based on the 
relationships shown in Figure 6.   

n

i i

.
i

obj t
rG

1

340
Minimizet    (5) 

where, 
ri : Size of toleranced features. 
ti : Tolerance values.  

An optimization method is applied to determine the geo-
metric tolerances ti of the individual guide-ways on the basis 
of both the objective function given in Eq. (5) and the con-
straints on the kinematic motion deviations represented by Eqs. 
(2), (3) and (4). Figure 7 shows an example of the designed 
tolerance values for the individual guide-ways under the con-
straints that the allowable kinematic motion deviations are less 
than 0.05 mm. 

The designed tolerances of t3, t5, t7, t9, t11, and t15 are 
smaller than the other tolerance values, as shown in Figure 7. 
This means that the tolerance values of those guide-ways are 
rather important to reduce the standard deviations of the kin-
ematic motion deviations between the tools and the work-
pieces.

Figure 8 shows the values of objective function estimated 
by applying the designed tolerance values. The tolerances 
become smaller, the values of objective function become 
higher. This tendency coincides with the purpose to ease the 
manufacturing processes by making the tolerance values 
smaller. 

VI. FUTURE RESEARCH PLANS

The tolerance analysis and tolerance design problems have 
been considered in the research project, based on the theoreti-
cal approach for the shape generation functions of the ma-
chine tools.  The following two issues will be considered in 
the future research works. 
(1) Investigation of the real machining centers, and 
(2) Application of the proposed method to the other types of 

manufacturing devices. 

Figure 9 shows an example of the systematic evaluation 
methods of the kinematic motion deviations of the tools 
against the worlpieces. A measuring device named DBB 
(Double Ball Bar) systems have been widely applied to evalu-
ate and to improve the machining accuracy of the multi-axis 

Fig. 6  Relationships between sizes and tolerance values 

Fig. 7  Examples of designed tolerance values 

Fig. 8  Examples of objective function values 
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machine tools.  The DBB systems have been applied to the 
evaluation of the alignment errors of the machining centers. 
The resolution of the DBB systems is smaller than 100 nm, 
and the kinematic deviation of the machining centers may be 
evaluated more accurately. A systematic method will be con-
sidered, in the future research, to evaluate the kinematic mo-
tion deviations of the individual linear and rotary tables of the 
multi-axis machining centers, based on the DBB measurement 
data.   

Another future research plan is the extension of the appli-
cation fields of the method proposed here. Figure 10 shows an 
example of the newly developed robots applied to the assem-
bly processes for the small components. The robots have three 
link mechanisms to control the end effectors in 3-dimensional 
space, as shown in Figure 11. The position and the moving 
velocity of the end effectors are numerically controlled by 
three motors equipped within the link mechanisms, based on 
the mathematical models. The positions and the velocities 
have some errors due to the geometric tolerances of the indi-
vidual links and the joints. 

The tolerance design method proposed here will be applied 
to the design problems of the parallel link robots, aimed at 
improving the kinematic motion accuracy. 

VII. CONCLUSIONS

Following remarks are concluded. 
(1) A mathematical model has been proposed to represent the 

kinematic motion deviations of the five-axis machining
centers.

(2) The kinematic motion deviations of the five-axis machin-
ing centers are estimated by applying the proposed models. 
It is understood that the kinematic motion deviations are 
affected by the geometric tolerances of the guide-ways and 
that the geometric tolerances of the guide-ways of the rota-
ry tables have higher effects on the kinematic motion devi-
ations than the ones of the linear tables. 

(3) Theoretical method is proposed to design the geometric 
tolerances of the guide-ways connecting the components 
of five-axis machining centers, based on allowance of the 
kinematic motion deviations of the tools against the work-
pieces. This method is to design tolerances under the con-
straints on the standard deviations of shape generation 
functions of the tools against the workpieces. 
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Fig. 9  DBB (Double Ball Bar) system  
(  Renishaw plc.) 

Fig. 10  Example of parallel link robots 

Fig. 11  Mechanism of parallel link robot 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

71



 Real-Time Viewing Automated Parking System 
 

Andrea R. Demegillo 
Lyceum of the Philippines 

University 
College of Computer Studies 

ademegillo32@gmail.com 
 

John Kerwin D. Dizon 
Lyceum of the Philippines 

University 
College of Computer Studies 
kerwin.dizon1@gmail.com 

 

Kenneth Bryan A. Talon 
Lyceum of the Philippines 

University 
College of Computer Studies 
kenneth.talon1@gmail.com 

 

Francis F. Balahadia 
Lyceum of the Philippines 

University 
College of Computer Studies 
francisbalahadia@lpu.edu.ph

Abstract – The aim of this paper is to simulate the car 
parking . It discusses a project which presents a miniature model 
of an automated car parking system that can regulate and 
manage the number of cars that can be parked in a given space at 
any given time based on the availability of parking spot. The 
proponents studied existing systems and it shows that most of the 
existing systems aren't completely automated and require a 
certain level of human interference or interaction in or with the 
system. The difference between this system and the other existing 
systems is that we aim to make our system as less human 
dependent as possible by automating the parking management as 
well as the entire parking lot, on the other hand most of the 
existing systems require human personnel (or the car owner) to 
park the car themselves. To prove the effectiveness of the system 
proposed by us we have developed and presented a miniature 
model which will be discussed in brief further in the paper.

Keywords — Parking system, real time viewing, mobile 
application, ticketing

 

I. INTRODUCTION
Nowadays, people are exposed to the use of technology 

and we can use it to prevent a particular problem in our 
community such as parking areas. It is more difficult to find 
the parking space during peak time and holidays because this 
is the time people want to release their stress and to spend 
time with family. From the article "Who Benefits from Smart 
Parking?" by Bob Glatz (2014) that parking is a problem in 
large cities. Yes it is true that parking is a problem nowadays, 
he said that parking space near a shopping center during the 
holidays or on a college campus during school year, it is clear 
that there is a problem in parking. They are using sensors to 
create smart parking so that this can prevent the problem in 
parking areas. 

There are many existing solution attempting to address 
the problem. Thus, it is useful to have some technical solution 
that can provide information in parking space occupancy. 
Parking facilities serve as the current transport system's 
facility for storage that should complement with the system's 
facilities for the use of road networks and infrastructures. 
Orquiana (2012) stated that the rapidly changes of 
transportation trends, the  study believes that a review and 
comparison of existing policies with actual parking allocation 
practices and with parking occupancy is high time. According 
to Arian Bulactiala, ET. al. (2013) there is needs in Parking 
Management that will help along areas with high demand for 
parking because of the increment of vehicles. 

Parking spaces is important to mall establishments, 
enough parking spaces to provide their customers a place to 
park their car. Since cars are a main factor for in 
transportation, a mall establishment must meet the needs of 
the car owners. According to (F. Caicedo, 2010) looking for 

free parking spaces are considered an environmental pollution 
because of the time spent in searching.  In the proposed 
system, this problem can be solved in reducing the time cost 
by one of the features of the system to assign a designated 
parking slot for the car owners. One of the news in GMA 
News TV program “State of the Nation with Jessica Soho” 
there is a blog from that news way back December, 2012 that 
there are many mall goers are using vehicle as their means of 
travel because of the parking space that are allotted for the 
customers of the mall and other commercial areas. There is 
also a feature that the web-based system can be access by the 
car owners to know the parking availability of the mall 
establishment through gadgets that can access internet even if 
they are not yet in the area. Once the car owner is in the area, 
there will be a window for slots availability. The system will 
provide a designated slot for the vehicle to prevent the 
struggling in parking. Also, there will be a priority slot for 
PWD/Senior Citizen owners or passengers. 

Real Time Viewing Automated Parking System is a web-
based system that supports mall parking management. This 
newly proposed system will be a big help for the parking lots 
areas by its different features like providing a window of 
parking slots displayed outside the parking garage, checking 
online (Wi-Fi based) for the list of parking slots and you can 
decided where you are going to park for car owners with or 
without PWD (Persons With Disability) passenger. Car 
owners with PWD passengers will be more prioritize to park 
near the entrance of the mall. It also includes parking sensor 
for system automation to detect if the slot is already occupied. 
The proposed system can help the congestion in the parking 
areas and will help the car owners to find the parking 
availability for the user. 

The Real-Time Viewing Automated Parking System is 
proposed to solve the problem in parking areas specially to 
mall establishments. The proposed system of the researchers 
will be able to prevent the car parking struggling and a feature 
that will help the car owners to find the parking availability for 
the user. The system will include software, sensors and 
networking components. The installation of permanent sensors 
in each parking space will provide lot owners with constant 
and accurate information on parking lot occupancy. This 
allows them to keep the lot at full capacity and serve customer 
better. The researchers decided to design a system that can be 
deploy in existing parking structures which would provide 
information about available parking spaces to drivers trying to 
access the facility.

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

72



II. REVIEW OF RELATED LITERATURE

Caicedo (2010) stated that looking for free parking spaces 
can an environmental pollution because of the time spent in 
searching. With this the information about the parking can 
prevent the time spent in searching.  Also, according to T. 
Litman (2013) some parking facilities are a major cost to 
society, and parking conflicts. Such problems can be often 
defined both in terms of supply too few spaces are available 
and facilities are used inefficiently and should be better 
managed. Abrar Wafa, ET. al. (2012) Designed and 
implemented the project “Automated Car parking” that helped 
in gaining a substantial amount of knowledge. He cited that if 
the prototype is implemented on a large scale it will provide a 
hassle-free parking experience and will save costs in the long 
run. He also indicates that the application used from the 
prototype has a designated car-parking spot. 

In this study, the results have clearly showed that parking 
facilities design and operation are very important in urban 
transportation. Although their study was conducted in a tourist 
sire, we can compare it also to mall parking because their 
study shows that 100% slots are full in peak hour just like 
malls if there is sale or sometimes holidays from "Parking 
choice behavior investigation: A case study at Beijing Lama 
Temple" Xiaolong Ma, et al (2013). From the National 
Council on Disability Affairs, the case of parking place in any 
establishments, buildings or institutions there must have a 
sufficient and suitable space for the use of disabled persons. 

According to Asian Development Bank (2011) Work 
trips and workplace parking receives a great deal of attention 
for their association with peak hour congestion, considered in 
many cities to be a central urban transport problem. 

Parking is important for every vehicle owners. That is 
why there is a good reason parking is a prime consideration 
when building business establishments on the article of 
International Parking Institute “Why Parking Matters”. 
Information about the article is that our time and fuel is 
affected looking for parking areas, that is why parking 
facilities are very important for the car owners.  

III. SYSTEM ARCHITECTURE

Figure 1. System Architecture

The figure 1 depicts the process of automated
parking system, there will be a login and there will be two 
users (admin/teller). The admin will be the one to access the 
sales report and registration for users. The teller will only be 
the ticketing process, also there is parking slot view for 
customers in the area and a parking slot availability view too 
via website of the parking system.

IV. SYSTEM FEATURES
The Real-Time Viewing Automated Parking System is to 

allow the car owners to pick the slot for them and to view the 
available slots via website. Also for the admin to view the 
sales of the parking and for the teller is the process of 
ticketing. 

The system is composed of five modules. These are: 
Sales Report Module, this module, the administrator will 
generate the report submitted by the ticket officer. The system 
gathers the important information and stores it into the 
database which the ticket officer gathered. Ticket Module,
this module, the ticket officer allows to put information and 
data to the system for the customer information (Time-In, 
Time-Out, Plate Number, Car Description and Slot number). 
Website Viewing Module, this module, the customer/user can 
view the slot availability in parking space using internet. 
Parking Lot View Module, In this module, the customer/user 
can also view how many available parking spaces in the 
facility by the monitor in the teller Add User Module, this is 
for admin if  there will be a new ticketing officer to be 
assigned for ticketing process.

Figure 2. Parking Lot View Module 
 

Parking lot view system can be seen by the teller and 
customer when they are in the area. They can see the 
availability slots for the parking area, also this is connected to 
the sensors so if the slot is occupied by the customer the 
“open” sign will be changed to “occupied.
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Figure 3.Ticketing Module

 
The above figure is for ticketing. You can enter the 

customer's information ( Plate number, car description) and 
also the parking slot number, time in and time out.

 
Figure 4.  Website View Module

The figure 4 shows, the website viewing is for customers 
who are not yet in the parking area. They can access this if 
they have internet connect to know if there is available slot in 
the parking area. There is a 10 seconds interval to refresh the 
website.

V. CONCLUSION & RECOMMENDATION
Parking areas here in Philippines are common because the 

number of car owners are increasing. Unfortunately, there is a 
certain problem that car owners are facing. These problems 
can be lessen if there will be a system that can prevent the 
parking issues. 

Real-Time Viewing Automated Parking System is our 
proposed system that will help prevent the car parking 
struggling in our country especially in mall establishments that 
many people are going with their own vehicles.  

This is not only for the parking management of the malls
but also for the car owners as they will: 1.) Know the 
availability slots of the parking area via website 2.) Choosing 
or giving their own slot in parking 3.) Ticketing and sales 

report for the management 4.) Lessen the time of the car 
owners in looking for parking slots or areas. With this 
prototype, the parking management of establishments will see 
the improvement of parking. 

Our automated parking system relies on the current 
technology. We should develop our system easily to make it 
more reliable for the users and the parking management. After 
a few months or years, parking areas are going to be different 
so we should be able to change system for the changes of the 
areas. We should not be dependent on the current situation of 
the mall parking areas. 
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Abstract—This paper presents the optimization model for an 
electrical accuracy of the AC single phase electromechanical 
meter. It is aimed to improve the electrical accuracy of the meter. 
Electrical accuracy of the electromechanical meter is important 
to the determination of electricity energy usages charged to the 
electricity consumers. The Response Surface Methodology, Box-
Behnken Design, has been used to identify and determine the 
factors that affect electrical accuracy of an electromechanical 
meter. The experimental design starts with the identification of 
seven factors of interest. Eventually, four factors are proven to 
have effect on the electrical accuracy of an electromechanical 
meter. The optimal setting for each factor has been specified and 
the electrical accuracy has been raised to the required level. 

It’s has been found that the electrical accuracy is depending 
on an error of meter’s disk rotation speed comparing to the 
specified revolution of meter. Improving the electrical accuracy 
can be achieved by reducing the error of meter’s disk rotation 
speed. The four identified factors are 1) the released screw 
distances to adjust electromagnetic fields, 2) the current coil 
diameter, 3) the winding cycles, and 4) the voltage coil winding 
cycles. The appropriate setting of these four selected factors can 
reduce errors of meter’s disk rotation speed significantly. The 
optimal settings for screw position 1, 2, 3 and 4 released distance 
levels should be -0.3, 0.2, 1 and -1, respectively. The current coil 
diameter level should be set at level -1. The winding cycle level 
should be set at level 1 and the voltage coil winding cycle level 
should be set at level 0. 
 
Keywords— Optimization, Electrical Accuracy, AC Single Phase 
Electromechanical Meter, Box-Behnken Design 

I. INTRODUCTION 
Electromechanical meter has been widely used in various 

countries a long time ago. Electromechanical meter is known 
well in term of withstanding in various climates. Its lifetime is 
about 5 – 10 years depending on using conditions. Nowadays 
in Thailand this meter type is still widely used as an electricity 
energy meter to calculate of electricity usage charged. 

The electromechanical meter design has been utilized the 
electromagnetic field theory to be applied. Whenever the 
current is supplied through current coils, this can generate an 

electromagnetic field around current coils (Faraday’s law of 
induction) along with Right Thumb theory (Heinrich Lenz,’s 
Law). Then insert an aluminum disk through electromagnetic 
field, this will generate an eddy current on the disk (Heinrich 
Lenz,’s Law) [1]. Finally the meter disk can rotate by forces 
of the eddy current generated on the disk [2]. 

This research is related to a study of the electrical accuracy 
optimization of an AC electromechanical energy meter using 
Box-Behnken experimental design. The electrical accuracy of 
the energy meter is an important quality index to calculate 
amount of electricity usage charged for users. Generally 
accuracy class index of the electromechanical energy meter is 
class 2. It means tolerance of electrical error in this type of 
meter to be ±2% to ±2.5% in accordance with IEC62053-11 
[3]. In production, all meter units must be tested the electrical 
accuracy before being delivered to customer. 

Box-Behnken experimental design is an effective statistical 
technique to analyze a problem which has more than or equal 
three factors [4] for fitting response surfaces. These designs 
are formed by combining 2� factorials with incomplete block 
designs [5]. The objective of this techniques is to analyze the 
form of relationship between desired responses and factor as 
well as advising the best level of each factor in order to 
optimize responses to be desired level. 

II. OBJECTIVES 
The main objectives for this research are as following: 
(i) To study factors that are influent to the electrical 

accuracy of AC single electromechanical energy meter DD862 
type. The desired electrical errors are ±0.5%. 

(ii) To study the best level of each factor to optimize the 
electrical error tolerance to be ±0.5%. 

(iii) To increase sale revenue of the case study company. 

III. EXPERIMENT AND METHOD 

A. Introduction 
Problem Identification – electrical accuracy 
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Response Variables – electrical errors from twelve current 

testing points as shown in Table I. The error of meter is 
comparison of the meter’s disk rotation speed and the 
specified revolution of the meter. 

TABLE I 
RESPONSES FOR THE EXPERIMENTAL MODEL 

Responses Testing current 
(ampere) 

Power 
factor 

Voltage 
(Volt) 

Y1 20 1 230 

Y2 10 1 230 

Y3 5 1 230 

Y4 2.5 1 230 

Y5 0.5 1 230 

Y6 0.25 1 230 

Y7 20 0.5 230 

Y8 10 0.5 230 

Y9 5 0.5 230 

Y10 2.5 0.5 230 

Y11 1 0.5 230 

Y12 0.5 0.5 230 
 
Identified Factors – The four identified factors are the 

released screw distances to adjust electromagnetic fields 
located in four positions inside the meter to be identified as 
factor A, B, C and D respectively. The other three factors are 
the current coil diameter and its winding cycles to be 
identified as factor E and F. The last factor is voltage coil 
winding cycles to be identified as factor G. 

B. Experimental Method 
This research consists of three operation steps as following: 

1. Material preparation – Prepare experimental materials 
along with four identified factors. For the released screw 
distances, drive the four screws using a screw driver. For the 
current coil dimeter and its winding cycles, use a specific 
winding machine as well as the voltage coil winding, use a 
specific winding machine as well. Levels of each experimental 
factors used in experiment as summarized as shown in Table 
II. 

 
TABLE II 

EXPERIMENTAL FACTORS AND THREE LEVELS IN BOX-BENKEN DESIGN 

Factors 
Levels 

1 2 3 
A: Released screw distance 1 -1 0 1 
B: Released screw distance 2 -1 0 1 
C: Released screw distance 3 -1 0 1 
D: Released screw distance 4 -1 0 1 
E: Current coil diameter -1 0 1 
F: Current coil winding cycles -1 0 1 
G: Voltage coil winding cycles -1 0 1 

2. Box-Behnken Design – According to Box-Behnken 
Design for seven factors and three levels using Minitab 17, the 
total runs are 62 runs. All factors shown in Table I were 
proved that they were significant to the electrical accuracy of 
AC single phase electromechanical meter. The experimental 
design was defined alpha level (-1, 1), six center points and no 
replication. The experimental model was performed as shown 
in Fig. 1. 

 
 

Fig. 1 Experimental Plan of the Box-Behnken Design 

RunO rder PtType Blocks A B C D E F G
1 0 1 0 0 0 0 0 0 0
2 2 1 -1 0 1 0 1 0 0
3 2 1 -1 0 0 0 0 -1 1
4 0 1 0 0 0 0 0 0 0
5 2 1 0 -1 -1 0 0 1 0
6 2 1 1 -1 0 -1 0 0 0
7 2 1 1 0 1 0 1 0 0
8 2 1 0 0 1 1 0 0 1
9 2 1 0 -1 -1 0 0 -1 0

10 2 1 0 -1 0 0 1 0 -1
11 0 1 0 0 0 0 0 0 0
12 2 1 0 0 -1 1 0 0 1
13 2 1 0 1 -1 0 0 1 0
14 0 1 0 0 0 0 0 0 0
15 2 1 0 0 -1 -1 0 0 -1
16 2 1 0 -1 1 0 0 -1 0
17 2 1 1 1 0 -1 0 0 0
18 2 1 0 0 0 -1 1 1 0
19 2 1 0 0 0 1 1 -1 0
20 2 1 0 -1 0 0 1 0 1
21 2 1 -1 0 0 0 0 1 -1
22 2 1 0 0 1 -1 0 0 -1
23 2 1 1 0 -1 0 1 0 0
24 2 1 0 0 -1 1 0 0 -1
25 2 1 0 0 -1 -1 0 0 1
26 2 1 0 0 0 -1 -1 -1 0
27 0 1 0 0 0 0 0 0 0
28 2 1 -1 -1 0 1 0 0 0
29 2 1 0 0 1 -1 0 0 1
30 2 1 1 0 0 0 0 1 -1
31 2 1 1 0 0 0 0 1 1
32 2 1 -1 0 0 0 0 1 1
33 2 1 1 1 0 1 0 0 0
34 2 1 0 1 0 0 -1 0 1
35 2 1 0 1 0 0 -1 0 -1
36 2 1 1 0 0 0 0 -1 1
37 2 1 0 -1 0 0 -1 0 1
38 2 1 1 0 -1 0 -1 0 0
39 2 1 -1 -1 0 -1 0 0 0
40 2 1 0 0 0 -1 1 -1 0
41 2 1 0 -1 0 0 -1 0 -1
42 2 1 0 0 0 1 -1 -1 0
43 2 1 0 1 1 0 0 -1 0
44 2 1 -1 0 0 0 0 -1 -1
45 0 1 0 0 0 0 0 0 0
46 2 1 -1 0 1 0 -1 0 0
47 2 1 -1 0 -1 0 1 0 0
48 2 1 0 1 -1 0 0 -1 0
49 2 1 0 0 0 -1 -1 1 0
50 2 1 0 0 0 1 -1 1 0
51 2 1 0 -1 1 0 0 1 0
52 2 1 1 0 1 0 -1 0 0
53 2 1 1 -1 0 1 0 0 0
54 2 1 0 1 0 0 1 0 1
55 2 1 1 0 0 0 0 -1 -1
56 2 1 -1 1 0 1 0 0 0
57 2 1 -1 1 0 -1 0 0 0
58 2 1 0 1 1 0 0 1 0
59 2 1 0 0 1 1 0 0 -1
60 2 1 -1 0 -1 0 -1 0 0
61 2 1 0 1 0 0 1 0 -1
62 2 1 0 0 0 1 1 1 0
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3. Response optimization – After the experiment, the result 
shows that all factors are influent to the errors of specimen. 
Each factor has difference of significance to the errors of 
some current testing points. Therefore this research 
experiment must keep all factors in the model. Then use the 
Response Optimizer function in Minitab to optimize the 
significant factors in order to select the optimal condition of 
each identified factor to optimize the electrical errors. 

4. Confirmation runs – After determining the optimal 
condition, five confirmation runs were perform in order to 
validate the result of experimental design. The result of five 
confirmation runs were somewhat different from the 
experimental result but there were still along with objectives. 

IV. RESULT AND DISCUSSION 
The experimental results can be divided into 4 sections as 

following; 

1. Results from Box-Behnken Design 

A. Check Model Adequacy – The residual plots were used 
to check the adequacy of experimental model, check normal 
distribution, variance stability and independence of residual in 
order to ensure that the experiments were accurate to be 
concluded. 

B. Normal distribution – According to residual normality 
plots shown in Fig. 1. Each residual plot was distributed in 
straight line. Therefore the residuals can be concluded that 
they were all normal distributed. 

 

 
 

Fig. 2 Normality Plots of the residuals 
 
 For checking variance stability and independence of the 

residuals shown as Fig. 3 to Fig. 14 being separated by twelve 
responses (Y1 to Y12). 

 

 
 

Fig. 3 Residual Plots for Y1 
 

 
 

Fig. 4 Residual Plots for Y2 
 

 
 

Fig. 5 Residual Plots for Y3 
 

 
 

Fig. 6 Residual Plots for Y4 
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Fig. 7 Residual Plots for Y5 
 

 
 

Fig. 8 Residual Plots for Y6 
 

 
 

Fig. 9 Residual Plots for Y7 
 

 
 

Fig. 10 Residual Plots for Y8 

 
 

Fig. 11 Residual Plots for Y9 
 

 
 

Fig. 12 Residual Plots for Y10 
 

 
 

Fig. 13 Residual Plots for Y11 
 

 
 

Fig. 14 Residual Plots for Y12 
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C. Variance Stability – According to versus fits in the 
residual plots as shown in Fig. 2 to Fig. 13, all versus fitted 
values of the residuals were distributed randomly without any 
particular shape, the variance stability of all residuals can be 
concluded that they were constant. 

D. Independence of the residuals – According to versus 
order in the residual plots as shown in Fig. 2 to Fig. 13, all 
residuals were distributed without any particular pattern, the 
independence of the residuals can be concluded that they were 
independent. 

2. Response Surface Methodology (RSM) 

A. Box-Behnken Design 
Results from Minitab for Box-Behnken Design, at 

significant level (α) 0.05, P-value of each main factor and 2-
way interaction was lower than 0.05 in some current testing 
points hence all main factors cannot be eliminated from the 
experimental model. Therefore, the factors effect to the 
electrical errors of AC single phase mechanical meter DD862 
type were released screw distance 1, released screw distance 
2, released screw distance 3, released screw distance 4, current 
coil diameter, current coil winding cycles, voltage coil 
winding cycles and the other 2-ways interaction at a 
significant level 0.05 to be the final conclusion. 

B. Response Optimizer 
In order to optimize the level of each significant factors, 

response optimizer function in Minitab was performed which 
target is zero point for all responses. The optimal condition of 
all significant factors were obtained using optimization plot as 
shown in Fig. 14. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 

Fig. 14 Optimization plots for of factors for all responses 
 

According to Fig. 6, the optimal condition of seven factors 
to minimize the electrical errors of AC single phase 
electromechanical meter are released screw distance 1 level to 
be -0.3, released screw distance 2 level to be 0.2, released 
screw distance 3 level to be 1, released screw distance 4 level 
to be -1, current coil diameter level to be -1, current coil 
winding cycle level to be 1 and voltage coil winding cycle 
level to be 0, can be summarized as shown per Table III. 

 
TABLE III 

OPTIMIZED LEVEL OF SEVEN FACTORS 

Factors Optimized level 
A -0.3 
B 0.2 
C 1 
D -1 
E -1 
F 1 
G 0 

 
 The results of optimal conditions of twelve responses 

were obtained as shown in Table IV. 
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TABLE IV 

OPTIMIZED CONDITION FOR THE TWELVE RESPONSES 

Responses Electrical errors (%) 
Y1 0.05 

Y2 0.38 

Y3 -0.18 

Y4 0.03 

Y5 0.24 

Y6 0.01 

Y7 -0.04 

Y8 0.11 

Y9 -0.38 

Y10 0.08 

Y11 0.10 

Y12 -0.18 
 

3. Confirmation runs 
 The results of five confirmation runs were obtained 

as shown in Table V. 
 

TABLE V 
RESULT OF FIVE CONFIRMATION RUNS 

Responses 
Electrical errors (%) 

Meter 
1 

Meter 
2 

Meter 
3 

Meter 
4 

Meter 
5 

Y1 0.21 0.14 0.09 0.14 0.12 

Y2 0.38 0.41 0.42 0.32 0.39 

Y3 -0.38 -0.20 -0.18 -0.24 -0.27 

Y4 0.19 0.24 0.11 0.19 0.20 

Y5 0.42 0.31 0.22 0.37 0.34 

Y6 0.22 0.15 0.05 0.16 0.33 

Y7 -0.16 -0.10 -0.15 -0.22 -0.18 

Y8 0.13 0.21 0.03 0.18 0.28 

Y9 -0.24 -0.13 -0.42 -0.26 -0.33 

Y10 0.15 0.21 0.28 0.24 0.18 

Y11 0.09 0.18 0.27 0.17 0.23 

Y12 -0.23 -0.18 -0.34 -0.22 -0.25 
 

The results of five confirmation runs showed that all 
electrical errors were under 0.5% along with objective. 
Therefore the initial conclusion was the optimized level of 
seven factors can be used to optimize the AC single phase 
electromechanical meter. Then the results must be checked the 
model adequacy before concluding the result of the research. 

Normality check - The optimized level at -0.3 of released 
screw distance 1, 0.2 of released screw distance 2, 1 of 
released screw distance 3, -1 released screw distance 4, -1 of 
current coil diameter, 1 of current coil winding cycles and 0 of 
voltage coil winding cycles were tested without replication. 

The result of normality test was conducted using probability 
plots and found that all data are normal distributed as their p-
value is all higher than 0.05 as shown per Fig. 15 

 

 
 

Fig. 15 Probability Plots for Confirmation Runs 
 

V. CONCLUSION 
Box-Behken Design and Minitab were performed in this 

research and found that released screw distance 1, released 
screw distance 2, released screw distance 3, released screw 
distance 4, current coil diameter, current coil winding cycles 
and voltage coil winding cycles were influent to the electrical 
errors. 

The optimal condition of seven factors was summarize as 
following: 

1. Released screw distance 1 set at level -0.3 
2. Released screw distance 2 set at level 0.2 
3. Released screw distance 3 set at level 1 
4. Released screw distance 4 set at level -1 
5. Current coil diameter level to be -1 
6. Current coil winding cycle level to be 1 
7. Voltage coil winding cycle level to be 0 
Confirmation runs were performed using optimal condition 

of each factor to validate the results of experimental model 
analysis which showed the electrical errors of each testing 
current point shown as Table IV. The results of five 
confirmation runs showed that all electrical errors of five AC 
specimens were under 0.5% as expected in objectives. 
Therefore, the results of the confirmation runs were not 
different from the experimental model analysis. 

VI. SUGGESTION 
This research is for improving the electrical accuracy of the 

AC single phase electromechanical meter in current rate of 
5(20) A. only. In case of improving the electrical accuracy of 
the AC single phase electromechanical meter in different 
current rates, needs to be reinvestigated the optimal condition 
of the testing current points are different. Nevertheless the 
methods in this research can be a guideline. There are other 
several factors effect to electrical accuracy of the AC single 
phase electromechanical meter, to investigate more factors 
probably used to minimize the electrical errors to be closed to 
zero as an ideal case. 
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Abstract— Surface enhancement of stainless steel by laser 
peening has been studied. Especially, in this study, effects of 
control of plasma confinement layer on have been investigated.
The plasma confinement layer for the laser peening is usually 
used the transparent medium to the laser wavelength, such as a 
glass and water. The confinement ability depends on the acoustic 
impedance of the medium. In this study, the acoustic impedance 
of the water has been controlled by dissolving sodium chloride
(NaCl). Second harmonic of Nd:YAG laser having the pulse 
duration of 4 ns has been used for the laser peening experiments. 
Commercial SUS316L stainless steel has been adopted as a 
sample. The samples were investigated under nanosecond laser 
shock loading in plasma confined by aqueous sodium chloride 
solution. Vickers hardness test and X-ray diffraction method are 
used to probe work hardening and residual stress due to plastic 
deformation induced by laser peening. Through hardness and
residual stress measurements, it is found that optimal 
concentration of the sodium chloride solution has been existed 
for the laser peening.

Keywords— Laser peening, Plasma confinement layer, Stainless 
steel, Plastic deformation, Acoustic impedance, Residual stress

I. INTRODUCTION

Laser peening has already demonstrated great potential to 
enhance the reliability of safety-critical components in a 
variety of industrial applications. Effects of the laser peening 
is imparted by the production of a layer of compressive 
residual stress due to plastic deformation caused by intense 
shock wave resulting from the expansion of a plasma with a 
high-peak power laser irradiation. In order to increase the 
efficiency of the technique, it is essential to have the 
mechanistic understanding of the influence of the parameters 
associated with laser peening on the plastic deformation of the 
material that causes hardening and residual stress production.
At laser intensities exceeding 109 W/cm2, a shock wave is 
generated by the ignition and explosive expansion of plasma. 
The plastic deformation caused by this shock wave as it 
propagates through the metal hardens the metal surface and 
generates residual compressive stresses in the surface region. 
The effects of the shock wave can be enhanced by coating the 
surface of the target material with a confining layer that is 
transparent to the laser light [4]. Such a layer increases the 
shock wave intensity because it prevents the laser-produced 
plasma from rapidly expanding away from the surface, thus 
creating a high-amplitude, short-duration pressure pulse [4, 5].

The plastically deformed layer by the laser peening is 
proportional to the product of pressure of shock wave and 
shock loading time [2], that is,

PE sLP ,         (1)

where s is the shock loading time and P is the pressure of 
shock wave. Eq. (1) indicates that the mechanical impulse on 
the target materials has to be high enough to achieve efficient 
laser peening. Current studies on laser peening mainly focus 
on the magnitude of the compressive residual stress and 
hardness of the materials achieved by the laser peening 
treatment. However, it is necessary to conduct systematic 
studies on the numerous parameters that affect laser peening 
to increase the efficiency of the technique. 

Many researchers have studied about the pressure of laser-
induced plasma generated by ablative material in plasma 
confinement medium [2-6]. Acoustic impedance of plasma 
confinement layer is important factor which controls the 
amplitude of the resulting pressure [3]. A water is usually 
used as the material of plasma confinement layer for the laser 
peening. The acoustic impedance of the water can be 
controlled by dissolving some kinds of solute.

In this paper, effects of control of plasma confinement layer 
on laser peening have been described. Sodium chloride is 
dissolved in water to control the acoustic impedance of 
plasma confinement layer. The conditions desirable for 
efficient laser peening are considered on the basis of 
experimental results.

II. PRINCEPLE OF LASER PEENING
Figure 1 shows a schematic representation of the 

mechanism by which laser peening generates residual stress 
[7]. The surface layer evaporates instantaneously through 
ablative interaction when a focused-laser pulse is irradiated on 
the surface of material. Moreover, the vapor is immediately 
ionized to generate plasma by inverse bremsstrahlung. The 
laser-induced plasma becomes high pressure state because the 
liquid prevents it from rapidly expanding from the surface. 
The plasma confined by liquid generates a shock wave which 
impinges on the material with an intensity exceeding the yield 
strength of the material. Then, the plastic deformation is 
caused by pressing surface of the metal through the dynamic 
stresses of the shock wave. As a result, the compressive 

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

82



residual stress layer and the cured layer are formed in the 
vicinity of the metal surface [2, 6, 8-9”]. The depth of the 
compression reaches 1 mm or more from the laser peened 
surface.

Fig. 1  Mechanism for residual stress improvement using laser-induced shock 
wave.

III. PLASMA CONFINEMENT LAYER
The difference between confined plasma and free-

expansion plasma has been studied by many researchers [2, 5-
6]. The plasma pressure is enhanced by the exiting the plasma 
confinement layer such as water in Fig. 2. Water is applied to 
suppress the plasma from expanding away off the surface of 
material thereby increasing the pressure of laser-induced 
shock wave.

Fig. 2  The difference between confined plasma and free-expansion plasma.

According to Hong’s method [5], the pressure of laser-
produced plasma P is expressed by

 I2
32 21

21
ZZ

ZZAP (1)

where A is a constant, is the ratio of the internal energy is 
converted into thermal energy. Zi is the acoustic impedance of 
target material (i=1) and the confinement layer (i=2). Z i is 
defined as Zi=divi, where di and vi are the density and the 
sound velocity, respectively. It is shown that acoustic 
impedance of the plasma confinement layer is dominant factor 
to determine the pressure of plasma. Performance of plasma 

confinement layer is shown analytically by the products of 
two factors depending on the sound velocity and the density of 
the plasma confinement layer, that is,

    SLC vdZF 2 (2)

where FC is the factor regarding the effect of plasma 
confinement layer on laser peening, dL is the density of and vs
is the sound velocity of plasma confinement layer.

IV. EXPERIMENTAL METHOD

Second harmonic of Nd:YAG laser having the pulse 
duration and wavelength of 4 ns and 532 nm, respectively, has 
been used. We have adopted the laser peening method 
developed by Y. Sano et al. [10, 11], which can be used to 
introduce compressive residual stress in metals without a 
protective coating layer. In addition this method can 
drastically reduce the laser energy required for peening by 
increasing the number of laser shots irradiated per unit area.

Fig. 3 Experimental layout to obtain laser-peened stainless steel in NaClaq.

Figure 3 shows the schematic diagram of laser peening 
experiments. Austenitic stainless steel SUS316L with the size 
of 25 mm × 25 mm × 5 mm was used as a test sample. The 
samples were electro-polished and stress relief annealed (3 
hour treatment at 900 degree) to remove the residual stress 
before laser irradiation.

In the experiments, imaging optical system by using three 
convex lenses has been constructed. Image of apodized laser 
beam at the aperture shown in Fig. 3 is relayed to the surface 
of the target sample by following optics.

The position of the sample can be controlled using 
precision XYZ stages connected to a computer. The power 
meter and CCD camera shown in Fig. 3 can be used to 
measure the laser energy and laser beam profile on the target 
surface. The diameter of focal spot was estimated to be 200 
µm. The laser peak intensity is fixed to be 5.0 GW/cm². The 
coverage is kept constant to be 900%. The concentration of 
NaCl in water for the plasma confinement layer is varied from 
0 to 24% in order to increasing the acoustic impedance that 
depends on the sound velocity and the density. The acoustic 
impedance is related linearly to the concentration of NaCl [12, 
13]. For example, the acoustic impedance of sodium chloride 
solution 24% in concentration is about 1.4 times larger than 
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the water. Laser irradiated region is adjusted to be 10 mm × 
10 mm by controlling the position of the XY stages. The 
repetition rate of the laser pulse is 10 Hz.

The work hardening resulting from laser peening treatment 
was evaluated using the Vickers micro-hardness test. The 
hardness of the surface was measured by using a load of 1.961 
N for 10 s. The residual stress was measured by X-ray 

-ray 
beam diameter was about 1 mm.

V. RESULTS AND DISCUSSION

Figure 4 shows the Vickers hardness of the surface of 
SUS316L as a function of the concentration of NaCl in water. 
The hardness is determined by the average of ten indentations 
at the same laser irradiated region. Initial surface hardness was 
162 HV. There was increase in hardness in case of dissolving 
sodium chloride. The hardness of surface increased linearly 
with increase of the concentration of NaCl up to 6% in Fig 4. 
The hardness decreased with the concentration of NaCl 
exceeding about 6%. In addition, it was subjected to residual 
stress measurement in order to ascertain whether the pressure 
has been introduced.

Fig. 4 Surface hardness as a function of the concentration of NaCl in water.

Figure 5 shows residual stress as a function of the 
concentration of NaCl in water on 20 µm in depth. The 
surface is polished 20 µm in order to remove the tensile stress 
appeared in the surface. The maximum value of the residual 
stress is obtained at the concentration of 9%. The residual 
compressive stress decreased with the concentration of NaCl 
exceeding about 9%. Residual stress had the same behaviour
to the concentration of NaCl as the results of hardness profile 
shown in Fig. 4. 

Figure 6 shows residual stress as a function of the depth for 
various concentration of NaCl. A tensile stress remains on the
surface of sample. In Fig. 6, it is suggested that the tensile 
stress on the sample surface remained due to thermal effect [2]. 
A residual compressive stress is given over 250 µm in depth. 
Residual stress distribution shows a similar trend at each 
concentration.

Fig. 5 Residual stress as a function of the concentration of NaCl in water.

Fig. 6 Residual stress as a function of the depth under various concentrations
of NaCl in water.

From the results shown in Fig 4-6, it was observed that 
enhances the hardness and residual compressive stress by 
controlling the speed of sound and density of the plasma 
confinement layer. Desired concentration of NaCl for laser 
peening should be around 6%. According to Eq. (1), pressure 
is expected to increase with increasing the acoustic impedance 
of confinement layer, amount of the plastic deformation is 
increased. Therefore, the experimental results indicates that 
hardness and residual compressive stress are increased owing 
to improvement of the ability of plasma confinement layer. 
However, laser peening did not efficient with the 
concentration of NaCl exceeding about 6%. This is considered 
to be due to the influence of optical breakdown of aqueous 
sodium chloride solution at under irradiated laser beam. The 
conductivity increases by dissolving the sodium chloride to 
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water, there is a possibility that the change of the absorption 
characteristics, and the optical breakdown becomes likely to 
occur. Since the energy of the laser did not reach efficiently 
the sample, desirable laser-induced pressure was not obtained. 
In the future, there is a need to examine the conductivity of 
the sodium chloride aqueous solution, and measure laser-
induced pressure.

VI. CONCLUSIONS

Effect of control of plasma confinement layer on laser 
peening has been investigated through hardness and residual 
stress measurements. The reasonable concentration of NaCl 
solution as a plasma confinement material is to be 6% for 
introducing efficient plastic deformation.
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Abstract— Product inspection is an important step and a major 
quality control component for many industrial tasks. Visual 
inspection is based on the use of the human eye to search surface 
defects. The objective of this research was to compare three types 
of visual search patterns, investigate and identify differences 
between different pattern of visual search in terms of 
performance measures to identify an effective means of 
significantly the inspector for non-geometric shape inspection 
tasks. The random search pattern, vertical search pattern and 
horizontal search pattern were used to instruct participants on 
visual inspection. Participants were provided information about 
number of defect per inspection tasks, provided with verbal 
description and graphical of the defect types, visual search 
method of each groups and rotation method for inspected .Then, 
the trials of visual inspection. The performance of visual 
inspections measured by the mean search time and the 
percentage of defects detected for each visual search patterns. 
Analysis of one-way ANOVA both indicated a significant 
treatment effect, (F (2, 15) = 56.425, p < 0.05), (F (2, 15) = 15.943, 
p < 0.05). Fisher’s Protected LSD Comparison procedure was 
conducted to determine what differences, least significant 
difference multiple comparison analysis indicated that the 
performance of the horizontal search was significantly better 
than that of the random search and vertical search. One reason 
for this might be that the horizontal search pattern was a 
systematic search method that covered the total inspection area. 
Based on the results of this study, the horizontal search pattern 
was the appropriate pattern of visual search of complicated 
shapes or non-geometric shapes, it is recommended that 
horizontal search pattern be used in the visual search of 
inspectors for non-geometric shape inspection tasks.  
 
Keywords— Visual inspection / Visual search pattern / 
Inspection tasks / Non-geometric shape 

I. INTRODUCTION 
In industrial manufacturing, product inspection is an 

important step in the production process. Because product 
reliability is of utmost importance in most production [1]. The 
intent of conducting inspection is to verify that a product is 
free of defects. The important inspection method is that of 

inspecting for visual appearance. Inspection is a major quality 
control component for many industrial tasks [2] such as 
aircraft maintenance, food industry, printed circuit assemblies 
and die casting process [3], [4]. For example, the die casting 
process, every die casting workpiece must be inspected for 
finding out the defects in casting process. Visual inspection is 
based on the use of the human eye to search surface defects. 
The criticality of inspection in manufacturing becomes 
evident when the potential consequences of missed defects are 
examined. In some cases, defect causing damage to the 
workpiece. Defective product may be shipped, which may 
negatively impact customer satisfaction, a workpiece may be 
classified as defective and have to be reworked or scrapped, 
resulting in unnecessary expenses for materials and labour. 
Thus, visual inspection is the important basic element for 
evaluation of workpiece or components being manufacturing 
[5]. A visual inspector must develop a strategy by which 
inspector will inspect a casting. This strategy can be either 
random or planned. Planned search strategies are commonly 
referred to as systematic. The systematic search strategies can 
be improved by training a user on how to use a particular 
strategy [6], [7]. So that a particular search strategy can be 
identified as being superior, a method of evaluating the effects 
of a search strategy must be utilized. To determine the effect 
of a search strategy that focused on eye movement. 

Mostly, visual search and decision making are the two 
primary components that are important to visual inspection 
tasks [8], [9], [10]. Visual search and decision making involve 
identifying defects and making decisions about defect 
acceptance, it can be defined as the process of locating a 
defect within the area of interest and deciding whether the 
defect is acceptable or not [11], [12]. Visual search is as a way 
of looking for defects and is reflected by the movement of the 
eyes, can be broadly classified into three search patterns. First, 
random search pattern, second, vertical search pattern and 
third, horizontal search pattern. Random search is search 
process in which each fixation is equally likely to occur 
anywhere in the search area [13], as a result, search paths 
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overlap or repetitive inspection of the same area multiple 
times. But, vertical search pattern and horizontal search 
pattern is search process in which systematic search, 
systematic search is good search process because the same 
area is never inspected more than once or repetitive inspection 
[14], with little or no search paths overlap. Other than, the 
rotation pattern is another factor that affects the search 
accuracy and time. General, there are two types of rotation 
patterns: free rotation and systematic rotation [15]. Improper 
visual search patterns, either in defect searches or in rotation 
patterns could lead to lower inspector performance in terms of 
search speed as determined by the search time and the 
accuracy rate of defect detection [16]. Evaluating human 
visual search performance, visual search can be measured by 
both performance measures and process measure. The 
performance measures of inspection speed and defect 
detection accuracy [17] and the process measure of eye 
movements [18]. Eye movement parameters such as fixation 
time, numbers of fixations, sequential indices or scan paths 
and number of eye movements in the horizontal, vertical or 
diagonal directions. [18]. Speed and accuracy are often the 
sole or principal measures of inspection performance in 
industrial practice. 

Moreover, Product complexity was the factor that impact 
inspection performance [2], [19], preferably complicated 
shapes or non-geometric shapes. Product complexity can be 
defined in different ways, depending upon the nature of the 
product to be inspected. In general, a complex item presents 
more parts, sub-components or can't specify the shape of 
workpiece were clear for inspection tasks. For examples, 
complexity for printed circuit boards has been defined in 
terms of the number of solder joints [20]. Those result of 
previous researchers, results indicated that complexity has a 
significant negative effect on inspection performance [21].  

Therefore, if different ways of visual search the same 
information generate different results, it is of interest to 
determine which pattern of visual search in the inspection 
performance for product complexity in terms of preferably 
complicated shapes or non-geometric shapes. The best pattern 
of visual search should be more efficient than the others 
pattern in terms of performance of visual search which 
measured by speed and defect detection accuracy [18]. This 
study is to investigate and identify differences between 
different pattern of visual search in terms of performance 
measures. Hence, the objective of this research was to 
compare three types of visual search pattern, investigate and 
identify differences between different pattern of visual search 
in terms of performance measures to identify an effective 
means of significantly the inspector for non-geometric shape 
inspection tasks. 

II. METHODOLOGY 
A description of the experimental methodology, which 

includes detailed information regarding the participants, 
experimental apparatus, variables, experimental design, 
procedure and data collection, is presented below.  
 

A. Participants 
The participants for this experiment were drawn from an 

employees were selected exclusively at quality control 
department of company, nine employee’s participants 
attending between the ages of 28-32 years and inspection 
work experienced between 1-3 years. The criteria to select the 
participant in the study based on color vision and normal 
vision (20/20 vision). Ishihara’s tests and Snellen chart was 
used to determine their color vision and visual acuity [11]. 

B. Experimental Apparatus 
The inspection task used in the study was a motorcycle 

brake shoe from die casting process without defects and 
include 2 defects types: misrun defect and cold shut defect. 
The motorcycle brake shoe size 100mm long 50mm wide and 
25mm thick. Twenty motorcycle brake shoe was used to 
inspected.  Figs. 1(a) and (b) shows an example of a 
motorcycle brake shoe from die casting process. 
 

 
(a) 

                                                   

 
(b) 

Fig. 1. (a, b) A motorcycle brake shoe from die casting process. 
 

C. Variables 
     visual search patterns were independent variables. 
Participants were provided information about visual search 
patterns, visual search based on the eye movements of three 
visual search patterns: random search, vertical search and 
horizontal search. Dependent variable was the mean search 
time (Sec) and the percentage of defects detected for each 
visual search patterns. 

D. Experimental design 
     A completely randomized design (CRD) was used for this 
experiment. The nine participants selected was randomly 
assigned to three groups of visual search patterns. Then, was 
randomly assigned to experimental sequences, Table 1 was 
shown table of experimental design. 
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TABLE I 

TABLE OF EXPERIMENTAL DESIGN 
 

visual search 
patterns 

Participants sequences and 
Experimental sequences 

Random search P5 (S3) P4 (S2) P9 (S7) 

Vertical search P1 (S1) P6 (S5) P3 (S4) 

Horizontal search P2 (S9) P8 (S6) P7 (S8) 
  P1-P9: participants’ sequences (randomly assigned) 
  (S1) - (S9): experimental sequences (randomly assigned)  
 
E. Procedure 
    Initially, an overview of the experiment was presented to 
the participants. The participants were also shown the 
workpiece to be inspected and provided information about 
number of defect per inspection tasks, provided with verbal 
description and graphical of the defect types, visual search 
method of each groups and rotation method for inspected 
defined as systematic rotation [15]. Figs. 2(a) and (b) shows 
the graphical of the defect types, Fig. 3 shows an example of 
graphical of the visual search patterns. Then, the trials of 
visual inspection was conducted. 

Trial 1: The participants were performed along of the 
experimental design. Following the completion of Trial 1, the 
participants didn’t receive the feedback information from 
inspected. 

Trial 2: The participants performed which was identical in 
to Trial 1 to confirm their performance to visual inspection. 

 
 

 
(a) 

 

 
(b) 

 
Fig. 2 (a) An example of graphical of the misrun defect type 

(b) An example of graphical of the cold shut defect type 
 
 

 

 
                  (a)                         (b)                                      (c) 
 
Fig. 3 An example of graphical of the visual search patterns on each side, (a) 

graphical of the visual random search patterns, (b) graphical of the visual 
vertical search patterns, (c) graphical of the visual horizontal search patterns 

 
F. Data collection 

Performance of inspector was indicated by speed and 
accuracy. Data was collected: mean search time and the 
percentage of defects detected for each visual search patterns. 
Data were gathered from the participants on the overall 
performance of the inspected relevant to their experimental 
condition was shown in Table 2 and Table 3. 

 
TABLE II 

RESULTS FOR THE MEAN SEARCH TIME EACH  
OF VISUAL SEARCH PATTERNS (UNIT: SECOND) 

 
Participants P5 P4 P9 

Random search 
Trial 1 21.17 18.90 19.36 
Trial 2 18.13 19.46 19.79 

Participants P1 P6 P3 

Vertical search 
Trial 1 25.63 26.85 25.27 

Trial 2 23.71 21.59 25.44 

Participants P2 P8 P7 

Horizontal search 
Trial 1 17.07 14.91 13.07 
Trial 2 17.35 14.80 13.98 

 
 

 

Defect on left 

Defect on Top 
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TABLE III 
RESULTS FOR THE PERCENTAGE OF DEFECTS DETECTED EACH 

OF VISUAL SEARCH PATTERNS (UNIT: PERCENTAGE) 
 

Participants P5 P4 P9 

Random search 
Trial 1 50 60 60 
Trial 2 60 60 70 

Participants P1 P6 P3 

Vertical search 
Trial 1 80 80 70 

Trial 2 70 80 60 

Participants P2 P8 P7 

Horizontal search 
Trial 1 70 90 90 
Trial 2 90 80 90 

 

III.  ANALYSIS 
A. Results  

Each of this data was used to analyze for normality test in 
order to verify that data collect from subjects was normal. The 
statistical analysis for normality test of mean search time and 
percentage of defects detected data respectively. These data 
proved that a normally distributed, the statistic was not 
significant (P-value = 0.430 and 0.065), (p > 0.05). Then, data 
analysis by a one-way analysis of variance (One-Way 
ANOVA) was used to analysis. The One-Way ANOVA 
results was shown in table 4 and graph shown a comparison of 
mean search time and percentage of defects detected spent in 
visual inspection for visual search patterns was shown in Fig 4 
and Fig. 5.  

 
TABLE IV 

THE STATISTICAL ANALYSIS OF ONE-WAY ANOVA FOR MEAN 
SEARCH TIME AND PERCENTAGE OF DEFECTS DETECTED 

 

Visual search 
patterns 

Mean search time (Sec) Percentage of defects 
detected 

Average Std. 
deviation Average Std. 

deviation 
Random 
search 19.47 1.01 60.00 6.32 

Vertical 
search 24.75 1.85 73.33 8.16 

Horizontal 
search 15.20 1.69 85.00 8.37 

F-test 56.425* 15.943* 

* . The mean difference is significant at the 0.05 level. 
 

The average of mean search time and percentage of defects 
detected by each participant was calculated. The average of 
mean search time for the random search, vertical search and 
horizontal search, respectively, was 19.47 sec, 24.75 sec and 
15.20 sec (Table 4.), the percentage of defects detected for the 
random search, vertical search and horizontal search, 
respectively, was 60.00%, 73.33% and 85.00% (Table 4.). 
Refer to Table 4, the statistical analysis of one-way ANOVA 
for mean search time and percentage of defects detected 
respectively. Both indicated a significant treatment effect (F 

(2, 15) = 56.425, P-value = 0.000, p < 0.05), (F (2, 15) = 
15.943, P-value = 0.000, p < 0.05). 
 

 
Fig. 4 Graph showing a comparison of mean search time spent in  

visual inspection on each of the visual search patterns  
 

 

 
Fig. 5 Graph showing a comparison percentage of defects detected 

spent in visual inspection on each of the visual search patterns 
 
 The compare inspector’s performance based on visual 
search patterns, conducted on each of the dependent variable. 
Fisher’s Protected LSD Comparison procedure was conducted 
to determine what differences. The results of the multiple 
comparison analysis was shown in table 5-6. 
 

TABLE V 
RESULTS OF MULTIPLE COMPARISONS ANALYSIS FOR MEAN 

SEARCH TIME (FISHER’S PROTECTED LSD) 
 

 Random search Vertical search Horizontal search 

Random search - -5.28* 4.27* 

Vertical search - - 9.55* 

Horizontal search - - - 

* . The mean difference is significant at the 0.05 level. 
 

19.74 

24.75 

15.20 

85.00 

73.33 

60.00 
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TABLE VI 

RESULTS OF MULTIPLE COMPARISONS ANALYSIS FOR 
PERCENTAGE OF DEFECTS DETECTED (FISHER’S PROTECTED LSD) 

 
 Random search Vertical search Horizontal search 

Random search - -13.33* -25.00* 

Vertical search - - -11.67* 

Horizontal search - - - 

* . The mean difference is significant at the 0.05 level. 
 

 Fisher’s Protected LSD comparison procedure was 
conducted to determine what differences, existed among the 
three groups. The results of the multiple comparison analysis 
are tabulated in Table 5 and Table 6, where “*” indicates that 
the means of the treatment pairs being compared are 
significantly different from each other at the level of 0.05 (α = 
0.05). 

IV. CONCLUSION AND DISSCUASSION 
 The objective of this research was to compare three types 
of visual search patterns, investigate and identify differences 
between different pattern of visual search in terms of 
performance measures to identify an effective means of 
significantly the inspector for non-geometric shape inspection 
tasks. Based on the results of this study, it was indicated that 
inspector performance on the three visual search patterns 
about mean search time and percentage of defects detected 
performance was performed significantly different at the level 
of 0.05.  
 The horizontal search pattern was the best pattern of visual 
search, because it be more efficient than the random search 
and vertical search pattern both theoretically and 
experimentally in terms of performance of visual search which 
measured by speed and defect detection accuracy, the 
horizontal search pattern was a systematic search method that 
covered the total inspection area of complicated shapes or 
non-geometric shapes. The horizontal search pattern was 
systematic behaviour assumes perfect memory where each 
fixation area will be viewed only once per scan of the search 
area.  The systematic search behaviour produces better 
inspection performance. Thus, should efforts to make 
inspectors follow a more systematic search pattern can 
improve search performance for non-geometric shape 
inspection tasks. This result is consistent with those of 
previous researchers [15] who have shown that the horizontal 
search pattern was the search pattern theory that states that 
systematic searching with eye movement from left to right 
provides the most accurate and faster inspection. Moreover, 
this result is consistent with those of previous researchers [11] 
who have shown that participants who were provided 
feedforward information on an expert’s eye movements were 
more successful in adopting a systematic search strategy, the 
search in a systematic manner, helped increase were able to 
manage their time for each inspection tasks more effectively. 
So, if inspectors are trained to adopt a systematic search 
pattern, this should lead to better search performance. This 

indicated that if inspectors want to have better inspector, they 
should be used visual inspection method on horizontal search 
pattern. 
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Abstract—This paper presents a new design of low cost 12-lead 
Electrocardiogram (ECG) acquisition system. The system is an 
integration of a biosignal analog-to-digital front-end evaluation 
board, supplied by Texas Instrument , and a widely known
controller from Raspberri PI . These two separately available 
gadgets were connected and operated by the costom-made 
software. This acquisition system is made for long-term multi-
channel physiological signals recording with its own storage. 
With no need of an extra computer for operating, the system is 
stand-alone working at low cost. For more than two hours, our
prototype unit was running through a test, acquiring 12-lead 
ECG signal from a simulator at 500Hz sampling frequency. The 
restored signals were constantly confirmed. The target groups of 
this work are the educators and researchers in biomedical 
engineering area who are demanding the biopotential signals.
Our future work is to develop a new user interface and data 
analysis software.
Keywords— 12-lead ECG;bio signal acquisition
system;commercial off the shelf;ADS 1298;Raspberry PI;

I. INTRODUCTION

Heart diseases such as cardiovascular disease have become 
one of the most serious diseases [1]. It is said that the main 
causes of sudden death in elder people are heart malfunctions 
[2]. Diagnosis and prevention of heart diseases is more and 
more important in our daily life. Therefore, further 
development and education of the research of heart diseases 
will be required. 

Electrocardiogram (ECG) is the most widely used clinical 
test to study the cardiac activity. ECG is the biological 
electrical signal generated by myocardial cells, which trigger 
the beating of the heart [3]. ECG signal reflects the working 
status of the heart from different aspects and levels, it contains 
the most important and basic body physiological parameters 
[4]. Especially multi-channels and long-time ECG monitoring 
is effective for diagnosis and prevention of heart diseases. 
ECG signal acquisition system is the key part to ensure 
acquiring a complete and accurate ECG signal; it plays an 

important role in the process of clinical diagnosis and 
treatment for heart disease [4].

Usually the medical equipment is rather expensive for 
research and education in schools. Such kind of equipment is 
required to be cheap, available, and reliable. 

This paper presents a low cost and long-time portable 12-
lead ECG acquisition system using raspberry PI. This system 
is composed of a commercial analog front end board for ECG 
acquisition and an easily available general commercial one 
board computer Raspberry PI. We have only to prepare a low 
spec interface card to assemble the two boards. We can 
construct the system with lower cost. The one board computer 
works not only as the controller of the front end board but also 
as a host PC to analyze the acquired ECG signal. So we do not 
have to prepare any extra host computers or smart-phones to 
analyze them. All the components and software are available 
in low price. Therefore it realizes low cost ECG measurement 
system not only for medical researchers but also for education 
of the students of medical school. In experiment using 
prototype system, we confirmed 2 hours 12-lead ECG signal 
acquisition.

The rest of the paper is organized as follows. Section II 
describes the related works. Section III explains the detail of 
the proposed ECG acquisition system. Section IV gives the 
experimental results. In section V, we have some discussions 
about this work according to the results of the experiment. 
Finally, section VI concludes the paper. 

II. RELATED WORKS

Some researchers have proposed portable 12-lead ECG 
acquisition systems. Gao et al. designed ECG signal 
acquisition and processing system [5]. This system transfers 
the acquired data to personal computer using USB-6008. 
Gnecchi et al. proposed ECG measurement system, namely 
ECG-ITM-05 eHealth DAQ [6]. This system uses ADS1298 
chip like our system for the front-end board. The controller 
board includes MSP430F2618. Wu et al. proposed high 
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performance and low power 12-lead ECG acquisition system.
This system is composed of an in-house front-end board and 
Silicon Lab’s C8051F330 [4]. These three works require extra 
host computer for data storing and data analysis. Extra host 
causes extra cost. Consequently it can be a weak point from 
the view point of educational use. Some of them use in-house 
board instead of commercial one, which results in higher cost,
too.

The ECG acquisition system with wireless communication
with bluetooth protocol was proposed [2][3]. Using the 
wireless communication protocol, the mobile users control the 
system and acquire ECG data and analyse the data on 
smartphone wirelessly. However this kind of system requires 
smartphone to control the system. It is costly, too. 

Some researchers have proposed hostless ECG acquisition 
system. Gargiulo et al. proposed 32-channel data logger [7].
The system has touch-screen display and each channel has a 
programmable gain amplifier (PGA). IN addition, no host is 
required. Cook et al. designed 12-lead ECG acquisition 
system [8]. The system includes ARM processor and 
ADS1298 like our system. However these two systems do not 
use commercial one board computer but use in-house 
controller block and front-end block.  
Abtahi et al. proposed ECG acquisition system using 

Raspberry PI without host computer [9]. From the best of our 
knowledge, it is the 1st work of the portable ECG acquisition
system using Raspberry PI. This system uses analog front-end 
chip ADAS1000. However this system requires two front-end 
chips to construct the 12-lead ECG measurement system. 

III. LOW COST 12-LEAD ECG ACQUISITION SYSTEM

This section explains the details of the proposed low cost 12-
lead ECG acquisition system. First, in sub-section A we 
describe the concept of the proposed system. Second the 
commercial components, namely Raspberry PI and ADS 1298, 
are explained in sub-sections B and C. Finally sub-section D 
explains the detail of the proposed system. 

A. Concept

Figure 1 describes the concept of our system. Our system is 
composed of the two low cost commercial boards, ADS1298 
and Raspberry PI. We have only to prepare a low spec 
interface card to assemble the two boards to design the system.
So it is better not only from the viewpoint of the financial cost 
but also from the viewpoint of the time cost (in other words, 
the period for the development). Furthermore, because 
Raspberry PI is one of the standards of the one board 
computer, we can easily extend the designed system and no 
extra host is required. 

B. Raspberry PI

Raspberry PI is a credit-card-size single-board computer 
with an ARM processor [9]. It is developed by Raspberry 
Foundation. The 1st version Raspberry PI and the 2nd version 
Raspberry PI 2 have been released. The 1st version includes 
three models; A, A+, B and B+. Currently, the 2nd version 
has only single model, model B. In addition to these models, 
there is Compute Module for use as a part of embedded 
systems. Raspberry PI support several linux distributions, 
Raspbian, Open SUSE, Free BSD and so on. You can use all 
the programming languages supported by Linux. In addition, 
we can run Simulink on RPI. In this study, Raspberry PI 
model B+ is used. 

Commercial
One Board 
Computer

Commercial
Analog Front End

Board

In-house Interface
Board

LOW COST

SHORT DEVELOPMENT PERIOD

Fig. 1 Concept of proposed low cost acquisition system. 

TABLE I
Spec. of Raspberry PI model B+.

Release date July 2014
Target price US$25
SoC Broadcom BCM2835 (CPU, 

GPU, DSP, SDRAM, one 
USB port)

CPU 700 MHz single-core 
ARM1176JZF-S

GPU Broadcom VideoCore IV 250 
MHz

Memory (SDRAM) 512 MB (shared with GPU)

C. ADS1298R

Our system uses the analog front end board included in the 
ECG Front-End Performance Demonstration KIT 
ADS1298RECG-FE provided by Texas Instruments [10]. This 
is for evaluation in laboratory and development environment
[10]. Although it cannot be used for diagnostics in clinic, it
can be used for research of biomedical engineering and 
education in medical school. 

The front end board includes ADS1298R, a low-power 8-
channel 24-bit analog front-end chip for bio-potential 
measurement by Texas Instruments [11]. The chip has 8 24-bit 
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delta sigma ADCs to acquire bio potential such as 12-lead 
ECG signals or EEG signals. 

The board is configurable for bipolar or unipolar supply 
operation, internal and external clock, the reference via 
jumper settings, AC- or DC-coupling inputs, and up to 12
standard ECG leads. The board has external right leg drive
(RLD) references, shielded drive amplifier, and Wilson 
central voltage. It has on-board respiration circuitry for 
impedance pneumography evaluation.

The kit includes the controller board MMB0. However this 
board is not suitable for long time measurement because the 
available amount of memory is limited to 128 Mbit. 

As shown in Table II, the 8 ECG analog signals v1-6, 
LEADI, and LEADII are generated from the 10 electrode data. 
The remaining 4 signals, LEADIII, aVR, aVL, and aVF, are 
calculated according to the equations shown in Table III [11].

TABLE II
ADS1298R LEAD MEASUREMENTS [11].

ADS1298R Input Channels Lead (1)

1 V6 = V6 – WCT
2 LEADI = LA -RA
3 LEADII = LL – RA
4 V2 = V2 - WCT
5 V3 = V3 – WCT
6 V4 = V4 – WCT
7 V5 = V5 – WCT
8 V1 = V1 - WCT

(1) WCT = (LA + RA + LL)/3

TABLE III
DERIVED LEAD CALCULATION [11].

Derived Lead Formula Used to Calculate
LEADIII LL –RA –LA = LEADII –LEADI

aVR RA – (LA + LL)/2 = (LEADI + LEADII) 2
aVL LA – (RA + LL)/2 = LEADI – LEADII/2
aVF LL – (RA + LA)/2 = LEADII – LEADI/2

D. Proposed System

Figure 2 shows the block diagram of the proposed system. 
It is composed of the one board computer Raspberry PI model 
B+, the front-end board ADS1298R, a monitor with HDMI 
interface, and input devices. The ADS 1298 generates 8-
channel analog signals from the 10 electrodes. The generated
analog signals are transformed to the 8-channel digital data. 
The 8-channel digital data is sent to Raspberry PI and stored 
to the SD card memory. Using the equations of Table III, the 
digital 12-lead ECG is obtained. 

The data communication is performed with SPI protocol
synchronizing to SCLK. The interface between the two boards 
is shown in Fig. 3. Raspberry PI sends commands through 
MOSI to DIN of ADS1298R. It receives data through MISO 
from DOUT of ADS1298R. The output CE_0 is connected to 
CS to control the enable or disable state of ADS1298R. When   
a data is prepared, a negative pulse occurs on DRDY. As 

shown in Fig. 4, one ADS1298 data packet contains 8 channel 
data (CH1-8) and one status data (STAT). Each channel data 
uses 24 bits. The status data also uses 24 bits. So the total 
number of bits is 216 (24 status bits + 24 bits * 8 channels).
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One board
computer
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ADC8

Front-end

ARM11Memory

Monitor with 
HDMI interface

Input devices
Fig. 2 Block diagram of proposed system. 

SCLK

CS
RESET
DIN
DOUT
START
SDA
SCL
DRDY

ADS
1298R

SCLK

CE_0
RESET

MOSI
MISO

SDA
SCL

DRDY

Raspberry PI
START

Fig. 3 Interface between two boards.

STAT

24-Bit 24-Bit 24-Bit 24-Bit 24-Bit 24-Bit 24-Bit 24-Bit 24-Bit

CH1 CH2 CH3 CH4 CH5 CH6 CH7 CH8

Fig. 4 Data format of acquired data.
Finally the data acquisition sequence is explained. Figure 5 

shows the abstract of the data acquisition sequence. First the 
interface signals are initialized. After that “start command”
and “start sequential data read” are sent to start the sequential 
data acquisition. After that, CE_0 is set to 0. 

To acquire data, the controller searches the positive 
transition of DRDY. If the positive transition is detected, the 
converted data is acquired from MISO and the cnt is 
incremented. When cnt is equal to N, “stop sequential read 
command” is sent. CE_0 is set to 1. N is calculated as N = T *
d, where d is the data rate.

IV. EXPERIMENT

E. Setup

We designed the prototype of the proposed system. 
Figure 6 depicts the prototype system. The front-end board is 
ADS1298R. The controller is Raspberry PI model B+. The 
controller code is written with C++. The register values of 
ECG Front-End Performance Demonstration KIT 
ADS1298RECG-FE is used for the proposed system, too. The
schematic of double layered printed circuit is designed with 
Altium designer 14.2.3 2014 [12]. The data rate d is set to 500 
samples/CH. We use
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F. Results

We confirm the waveforms in long time measurement. We 
perform 2 hour measurement with applying ECG signal using 
the simulator. Then we check the 2 cycle-waveforms around 0 
hour, 0.5 hour, 1 hour, 1.5 hour, and 2 hour. Figures 7-11
show the waveforms. According to these results, we conclude 
that the prototype system works correctly. 

CE_0 = 1, RESET=1, MOSI=0,
START=0, SPA = SCL = 1,

CLKSEL = 0, cnt = 0 Positive edge occurs
in DRDY?

cnt =
N?

Y

N

Y

N

Send “start
sequential read 

command”

cnt++

Data read from
MISO

Send “stop
sequential read 

command”

FINISH

CE_0=1

CE_0 = 0

Send “start
command”

Store data to SD 
memory card

Fig. 5 Data acquisition sequence.

Fig. 6 Prototype of proposed ECG acquisition system.

Fig. 7 Waveform of ECG signal of long measurement
(0 t 2).

Fig. 8 Waveform of ECG signal of long measurement
(1,798 t 1,800).

Fig. 9 Waveform of ECG signal of long measurement 
(3,598 t 3,600).

Fig. 10 Waveform of ECG signal of long measurement 
(5,398 t 5,400).
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Fig. 11 Waveform of ECG signal of long measurement 
(7,198 t 7,200).

V. DISCUSSION

Usually, the commercial equipment is expensive. So it is 
difficult for academic organization to buy a number of the 
commercial equipment s for student experiment and the 
laboratory. Lower cos t of such medical equipment will be 
better. Our system uses general one board computer and the 
front end board bundled in the evaluation KIT of ADCs for 
medical use. Furthermore, the one board computer works as 
host computer to analyse the acquired waveform. So we do 
not require extra host computers and smartphones. So the cost 
is lower.

VI. CONCLUSIONS

This paper has presented a long-time 12-lead ECG 
acquisition system using raspberry PI. This system is 
composed of a commercial analog front end board for ECG 
acquisition and an easily available general commercial one 
board computer. We have only to prepare a low spec interface 
card to assemble the two boards. We can easily construct the 
system with lower cost. The one board computer works not 
only as the controller of the front end board but also as a host 
PC to analyze the acquired ECG signal. So we do not have to 
prepare any extra host computers or smart-phones to analyze 
them. All the components and software are easily available in 
low price. Therefore it realizes low cost ECG measurement 

system not only for medical researchers but also for education 
of the students of medical school. In experiment using 
prototype system, we confirmed 2 hours 12-lead ECG signal 
acquisition.
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Abstract—The research aimed to prepare Zinc-doped TiO2
photocatalyst by impregnation to reduce nitrate ion by UVC 
irradiation. The effects of Zn loading, ethanol concentration and 
hydrogen peroxide addition were examined. During the reaction 
test, the nitrate concentration was determined by UV-vis 
spectrophotometry. Then, the conversion was analyzed to 
evaluate nitrate reduction for the catalyst performance. The 
catalyst characterization was measured for the surface area and 
particle size by BET and Laser particle size methods, 
respectively. Among various results, it was found that 12%wt. 
Zn-doped TiO2 photocatalyst with 0.06 M ethanol gave 31.62% 
for nitrate reduction. It had the surface area of 10.62 m2/g and 
the particle size about 7.62 microns. It was speculated that 
ethanol became the hole-scavenger reagent to increase the nitrate 
reduction while H2O2 enhanced the efficiency of photolysis. 
Therefore, it can be concluded that Zn-doped TiO2 photocatalyst 
can reduce nitrate ion. The chemical kinetic of this result will be 
studied further. 

Keywords— nitrate reduction, photocatalysis, wastewater 
treatment

I. INTRODUCTION

Nitrate is one of the important nutrients (NPK) from 
fertilizer for vegetation and agriculture in the farms. It is also 
available from nature in nitrogen cycle and in the animal 
waste [1], [2]. The excess amount of nitrate in agriculture can 
permeate to underground water and leach to public water 
resource. Then it caused water pollution as eutrophication and 
damage animals [3] including human threat on drinking water 
[4]. Then, the EU regulation for nitrate content in groundwater 
was limited at 50mg/L [5], and WHO had specified nitrate 
content at 50mg/L [6], [7]. In Thailand, Pollution control 
department had regulated the nitrate content at 4 mg/L for the 
bottled drinking water [8]. The allowed nitrate content is the 
important parameter for water quality control. Then, the 
method to reduce nitrate is the challenging issue. 

One method to reduce nitrate is the application of 
photocatalysis. The well-known photocatalyst is TiO2 with 
various transition metals doping for water pollution control [9], 
[10]. The previous report on Ag/TiO2 photocatalyst for phenol 
photoconversion, it reduced phenol to 53.7% by H2O2 + 5% 
Ag/TiO2 photocatalyst [11]. The presence of Ag increased 

particle agglomeration and increased active sites for phenol 
adsorption.  Zn/TiO2 clay photocatalyst could degrade methyl 
green in aqueous solution. And the various parameters played 
role on the catalyst activity such as pH, catalyst dosage, and 
the presence of oxidant [12]. In case of indigo carmine 
photodegradation [13], it was examined by Zn/TiO2

photocatalyst with Ti: Zn ratio of 5:1 had 12.3% conversion. 
And it was found that sunlight with unmodified TiO2 showed 
87% conversion. Gold/Gold ion doping on TiO2 photocatalyst 
could photodegrade methylene blue with the visible light 
irradiation [14]. The presence of gold decreased energy band 
gap below 3.2 eV.  

As mentioned above nitrate ion was the selected ion and the 
proper condition to find out for Zn/TiO2 photocatalyst became 
the crucial parameter for the optimum performance. The 
research aimed to prepare Zn-doped TiO2 photocatalyst by 
impregnation and to test its performance with nitrate ion. The 
effects of Zn/Ti ratio and the type of irradiation were also 
examined with the addition of ethanol and H2O2. It was 
postulated that ethanol had some function similar to that of 
H2O2 on photocatalysis. The results will show the optimum 
condition to reduce nitrate in the aqueous solution and it will 
be the solution to control water pollution. 

II. EXPERIMENTAL PROCEDURE

The research consisted of 3 main sections. There were 
catalyst preparation, catalyst characterization and catalyst 
testing. The chemicals for catalyst preparation were TiO2
supplied by Carlo Erba and ZnCl2 by Fisher Scientific Co.Ltd.  
While ethanol and hydrogen peroxide (H2O2) were provided 
by Carlo Erba. The nitrate ion from NaNO3 solution was 
derived from Rankem Co.Ltd. P25 was the commercial TiO2
produced by Aeroxide-Evonik Pte.Ltd. 

The catalys preparation involved ZnCl2 solution and the 
impregnation on 5 g of TiO2 powder. The weight percent of 
Zn was varied 12%, 6.38% and 1.0%, respectively. After 
impregnation, the conditon for drying occurred at 120oC 2 hr 
and calcination at 400oC 6 hr. 

The catalyst testing was conducted in the photoreactor with 
UVC irradiation was produced from 15W*3 bulbs [15]. Using 
100 ppm of nitrate solution, the solution from the beaker was 
transferrred to determine the absorbace by UV-vis 
spectrometer with  203 nm. Then, the nitrate conversion was 
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calculated by Eq.1. And the list of experiment also tabulated 
in Table 1. 

% nitrate reduction =  
o

to

C
CC

 * 100      Eq 1.   

      
Co and Ct represented the initial concentration and 

instantaneous concentration, respectively.  

Table I  List of the experiments 

Item Light Condition Symbol 
1

        
UVC

UVC - 
2 EtOH+UVC EtOH 
3 H2O2+UVC H2O2

4 TiO2+EtOH+UVC TiO2+EtOH 
5 P25+EtOH+UVC P25+EtOH 
6 Zn/TiO2+UVC Zn/TiO2

7 Zn/TiO2+EtOH+UVC Zn/TiO2+EtOH 
8 Zn/TiO2+H2O2+UVC Zn/TiO2+H2O2

9 Zn/TiO2+EtOH+H2O2+UVC Zn/TiO2+EtOH+H2O2

10 Dark Zn/TiO2+EtOH+Dark Zn/TiO2+EtOH 
Note EtOH represented ethanol. 

The catalyst characterization comprised of surface area 
(BET) and the laser particle sizer. The BET measurement by 
nitrogen adsorption, it was conducted by Autosorb1MP from 
Quanta chrome Co.Ltd. While, Laser particle sizer was carried 
out from Mastersizer S from Malvern Co.Ltd. The results of 
BET and Particle size, they possibly clarified the 
photocatalyst performance in the research.    

III. RESULT AND DISCUSSION

The results of this research divided into 3 sections. There 
were the nitrate calibration, the catalyst characterization, and 
the catalyst testing, consecutively. 

III.I CALIBRATION OF NITRATE SOLUTION 

 The nitrate concentration range was 0.25 to 3.0 mg/L at 
203 mn as shown in Fig 1. The graph showed the linearity 
between the concentration and the absorbance so it was valid 
to use further procedure. 
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Fig. 1 Calibration of nitrate solution 

III.II CATALYST CHARACTERIZATION  

The catalyst characterization was shown in Table 2. Surface 
area was decreased from 14.64 m2/g to 10.62 m2/g as the %wt 
Zn increased conversely. While D [4,3] as the particle size, it 
increased as %wt Zn increased. This was due to Zn oxide, 
6.38%Zn/TiO2 photocatalyst, on the TiO2 surface increased 
more agglomeration so the bigger particles formed. On the 
other hand, 12% Zn/TiO2 photocatalyst, it redispersed the 
particle by repulsive force and it obtained smaller particles. 
Compared to P-25, it was found that the prepared catalyst had 
less surface area of 4.3 times and much bigger particle size of 
14.2 times. The presence of Zn changed surface area and 
particle size compared to undoped Zn/TiO2 catalyst. It 
possibly changed the catalytic performance on nitrate 
reduction in the next section.   

Table II Determination of surface areas and particle size 

catalyst Surface area , m2/g D[4,3], micron 
P-25 63.02 51.7 
TiO2 14.64 3.63 

6.38% Zn/TiO2 12.75 17.23 
12% Zn/TiO2 10.62 7.62 

III.III CATALYST TESTING  

Testing of nitrate reduction, it had the constant condition 
with 100 mg/L of 500 mL nitrate solution and 120 min for 
reaction time.  Fig. 2, it was found that the presence of 12% 
wt Zn increased the nitrate reduction to 31.62% compared to 
25.76 % for that without Zn. But at the catalyst with 6.38 % 
wt Zn, it decreased nitrate reduction to 23.62%. From Table 2, 
it indicated that 6.38% Zn/TiO2 had the larger particle size 
than the other. Its particle blocked the UVC light to reduce 
nitrate. Whereas the surface area of the catalyst, it showed 
slight difference. The presence of Zn on TiO2 for nitrate 
reduction followed the similar results of Mo/TiO2 for phenol 
photodegradation [16] and Cr/TiO2 photodegradation for 
acetonitrile [17].
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Fig. 2 The effect of % wt Zn on nitrate reduction 
Reaction condition: 0.06M EtOH, 0.25 g catalyst, 120 min. 
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        The EtOH concentration was varied from 0 to 0.10 

molar as shown in Fig. 3, it was found that the nitrate 
reduction increased from 24.65% to 31.62% directly with 
EtOH increased from 0 to 0.06 M. But more than 0.06 to 0.1 
M of EtOH, it decreased the nitrate reduction to 25.10%, and 
then the optimum point of EtOH was 0.06 M.  The EtOH 
interacted on the catalyst surface as in the reaction Eq. 2. The 
excessive ethoxide from ethanol and H+ ions, they both 
suppressed nitrate reduction with UVC photodegradation. 

C2H5OH C2H5O
- +H

+dissociation

   Eq. 2 
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Fig. 3 The effect of ethanol on nitrate reduction  
Reaction condition: 12%wt Zn/TiO2 0.25 g, 120 min. 

 In Fig. 4, it showed that effect of H2O2 on nitrate reduction. 
With 1 mM H2O2, it had 31.08% nitrate reduction which was 
higher than that without H2O2 of 8.73%.  But at 5 mM H2O2, it 
had 28.6% nitrate redcution. So 1 mM H2O2, it exhibited that 
highest nitrate reduction. The excessive H2O2, it reacted 
hydroxyl free radical (OH*) to hydrogen peroxide radical 
(HO2*) as in Eq. 3.  

H2O2+OH* H2O + HO2*
 Eq.3 

So the reactive hydroxyl free radical decreased and it 
decreased nitrate reduction as well. The optimum amount of 
H2O2 on TiO2 photocatalyst was the important factor to find as 
in previous researchs of Lutterbek [18] and Zurro [19]. 

 Both EtOH and H2O2 are the important factors to combine 
and to increase the nitrate reduction. Therefore, more 
experiments will clarify the doubtful pointw.   
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Fig. 4 The effect of H2O2 on nitrate reduction  
Reaction condition: 12%wt Zn/TiO2 0.25 g, 0.06 M EtOH 

From Fig 2-4, the best condition required 12 %wt Zn/TiO2
photocatalyst with 0.06M EtOH and 1 mM H2O2. The unclear 
points to examine are the effect of UVC, and the combination 
effect of EtOH+UVC including Zn/TiO2 + UVC during 
photodegradation for nitrate.    
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Fig. 5 Effect of UVC on nitrate reduction 
Reaction condition: 1 mM H2O2, 0.06M EtOH 

From Fig. 5, it compared 3 experiments as UVC, 
EtOH+UVC and H2O2 + UVC without Zn/TiO2 photocatalyst. 
At the first 30 min., the nitrate reduction increased abruptly 
and then increased linearly to 120 min. Among them, UVC 
had 20.40 % nitrate reduction. While EtOH+UVC and H2O2+
UVC, they reached 24.39 % and 25.34%, respectively. They 
both had slight difference on nitrate reduction as it meant that 
EtOH gave the same function as H2O2 in nitrate reduction. 
The supportive reactions were shown in Eq. 4-5. Nitrate ion 
changed to nitrite with UVC irradiation. And Eq. 6-7, they 
described the interaction of ethoxide ion from EtOH with 
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nitrate ion. So nitrogen and nitrite were the products after 
nitrate reduction. This evidence showed that EtOH and H2O2
increased nitrate reduction.   

ONOhNO 23 Eq. 4

23 NOOhNO Eq. 5

OHCONOHOCHCHNO 2222233 42
2
132    Eq. 6 

OHCONOOHOCHCHNO 2222233 32
2
3  Eq. 7 

So the paper reported that EtOH enhanced NO reduction 
and it gave the reactive species from EtOH photolysis to 
promote the NO degradation [20] as we found in the research. 
This does not occur with the presence of H2O2.  And the 
relevant paper was about V/TiO2 photocatalyst for ethanol 
photooxidation [21]. The reactive species from ethanol 
possibly interacted with nitrate ion and increased the reduction. 
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Fig. 6 Effect of EtOH on nitrate reduction 
Reaction condition:  12%wt Zn/TiO2 0.25 g, 0.06 M EtOH 

 The results of Fig.6 indicated the EtOH+UVC effect with 
Zn/TiO2 photocatalyst.  They were 2 groups. The first one was 
Zn/TiO2+EtOH+UVC with 31.62% nitrate reduction with 
highest reduction. And the second ones, they were 
EtOH+UVC, P25+EtOH+UVC, TiO2+EtOH+UVC and 
Zn/TiO2+EtOH+Dark. Comparison of nitrate reduction, there 
were 24.3%, 23.9%, 25.7% and 22.9%, respectively. It meant 
that the dark condition as the control experiment, it had the 
lowest performance of ethanol photolysis. Opposed to that 
with Zn/TiO2+EtOH+UVC, it had 8.72% higher. The Zn/TiO2
is the important component to reduce nitrate. The optimum 
condition to find out in more details was shown in Fig. 7. 
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 Fig.7 Effect of Zn/TiO2 photocatalyst on nitrate reduction 
12%wt Zn/TiO2 0.25 g, with 1 mM H2O2, 0.06M EtOH 

 
Based on UVC as the control system, it had 20.4% nitrate 

reduction compared to that of Zn/TiO2+EtOH+UVC and 
Zn/TiO2+EtOH+H2O2+UVC sytems with 31.6% and 31.0%, 
respectively. It has 10% higher of nitrate reduction because of 
Zn/TiO2 and EtOH+H2O2 involvement. For more details, the 
results of Zn/TiO2+H2O2+UVC and Zn/TiO2+UVC had 24.1% 
and 22.3% of nitrate reduction. The presence of H2O2+UVC,
it gave the higher performace as the hydroxyl free radicals 
formation in Eq. 8. Then, nitrate ion reacted with hydroxyl 
free radicals in Eq.9. The presence of EtOH+H2O2, they were 
both important factors to increase the nitrate reduction. 

HOhOH 222 Eq. 8

OHNHHONO 223 2222 Eq. 9

IV. CONCLUSIONS

From various results, it was found that 12% wt Zn-
modified TiO2 photocatalyst gave 31.62% for nitrate reduction 
as the highest value. With the presence of 0.06 molar EtOH, it 
showed 31.62 % of nitrate reduction and it had the hole 
scavenger function.  On the same way, it occurred with the 
addition of H2O2 during photoreduction. Without Zn-
modification, TiO2 photocatalyst showed only 25.76% of 
nitrate reduction with respect to 22.35% from P25 
photocatalyst. The effect of UVC irradiation, it had 31.62% of 
nitrate reduction compared to 22.95% from the dark condition. 
The best condition was from Zn-TiO2+ EtOH+UVC system. 
The comparison of rate constant (k) and half-life time (t1/2)
will be included in the future. 

The Zn-TiO2 photocatalyst+EtOH+UVC system, it could 
remove nitrate from the aqueous solution. Not only H2O2 for 
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photocatalysis, but EtOH acted as the hole scavenger and it 
enhanced photocatalytic performance. 
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Abstract— The paper presented the application of the Closed-
loop oscillating heat pipe with check valves (CLOHP/CV) to 
enhance heat extraction from the condenser of the automobile 
air-conditioner (AAC). The CLOHP/CV used R-134a as working 
fluid, filling 50% by volume. There were 3 designs having 4, 6 
and 8 loops, and tested by varying tilted angle; 0º, 30º, 45º and 
60º. The surface temperature of evaporator and condenser 
sections increased with the tilted angle and number of 
CLOHP/CV loops. The 8 loops CLOHP/CV tilted by 60 degrees 
provided maximum heat transfer rate 3,789 W, convection heat 
transfer coefficient 4,028 W/m2·ºC, and minimum thermal 
resistance 0.63 ºC/kW. The CLOHP/CV was tested with a
demonstration unit of automobile air-conditioner at TNI. The
COP and EER of the AAC using CLOHP/CV for enhancing heat 
removal from the condensing coil were 6.50 and 22.16 Btu/h/W,
respectively. The maximum effectiveness of CLOHP/CV was 
nearly 0.5 when implementing to enhance heat releasing at AAC.
Therefore, the 8-loops tilted by 60-degree CLOPH/CV was 
effectively enhancing performance of the automobile air-
conditioner.

Keywords— Closed-loop oscillating heat pipe with check valves, 
CLOHP/CV, Heat transfer enhancement, Thermal resistance,
automobile air-conditioner

I. INTRODUCTION

Thailand has hot and humid climate condition; therefore, 
air-conditioning is very important, especially in residential 
and transportation sectors. An automobile air-conditioner
(AAC) consisted of a compressor, a condenser, a 
receiver/dryer, an expansion valve and an evaporator [1]. The 
AAC efficiency might be improved to save fuel consumption,
by various approaches such as; better choice of refrigerants, 
application of heat pipe for dehumidification of ambient air,
temperature reduction by liquid intercooler [2], heat rejection 
enhancement and the condenser by heat pipe [3], etc.

Heat pipe was a type of heat exchanger performing rapidly 
heat transfer. The heat pipe has advantage over conventional
heat exchanger due to no moving parts, no mechanical parts,
and not required supplied electricity. It can transfer large
amount of heat over a relatively long length with a 

comparatively small temperature difference, possibly reduce 
the operating and maintenance cost.

In 2004, Suwan Waowaew et al. [4] studied the application 
of closed-loop oscillating heat pipe to improve performance of 
the turbo charge diesel engine. The test results showed that the 
engine performance of CLOHP had higher torque per area and 
power per area of 9.2 and 9.2 times, respectively when 
compared with intercooler. In 2013, Burban et al. [5]
experimented on a pulsating heat pipe for hybrid vehicle 
applications. The most obviously performance with regard to 
inclination -45 , were very interesting for a terrestrial 
application.

The results from literatures reviewed that the Closed-loop 
oscillating heat pipe with check valves (CLOHP/CV) has 
potential to enhance performance of AAC leading to the 
objective of this research. The CLOHP/CV was introduced to 
the condensing coil of the AAC to reduce the ambient air 
temperature before reaching the condenser and enhancing heat 
extraction from the condensing coil as well. Three designs of 
CLOHP/CV were primarily tested for their performance. Then 
COP and EER of the AAC would be analyzed in comparison 
with the case without CLOHP/CV

II. CLOSED-LOOP OSCILLATING HEAT PIPE                                     
WITH CHECK VALVES (CLOHP/CV)

A closed-loop oscillating heat pipe with check valves 
(CLOHP/CV) in Fig 1 is made of a copper capillary tube
closed at the ends; bent into several turns, and installed a 
check valve for controlling the flow direction of working fluid.

In general the CLOHP/CV has 3 sections; an evaporator 
section, an adiabatic section and a condenser section. When, 
hot air passed over the evaporator section, the vapor bubbles 
and liquid plugs moving in the axial direction inside the tube. 
Then, the vapor bubbles have grown to big size increasing
driving force strongly and rapidly, and moved to the 
condenser section. The heat transfer performance depended on 
type and size of heat pipe, characteristics, working fluid, 
temperature of heat source at the evaporator and heat sink at 
the condenser sections.
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Fig. 1 The schematic of CLOHP/CV [6]

To evaluate performance of the CLOHP/CV, it is necessary 
to determine heat transfer rate, convection heat transfer 
coefficient, and thermal resistance. The effectiveness of heat 
pipe should be determined when integrated to the system. The 
heat transfer rate of CLOHP/CV is defined as in equation (1):

           ).(. iop TTCmQ (1)

Where, m is mass flow rate of air (kg/s), Cp is specific heat
of air (J/kg·°C), oT and iT is the outlet and inlet air
temperature (°C) respectively. The convection heat transfer 
coefficient of CLOHP/CV is defined as in equation (2):
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Where, Q is heat transfer rate at condenser section of heat 
pipe (W), A is area of heat pipe (m2) an LM is the log mean 
temperature difference calculated from equation (3)
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Where, wT is surface temperature of CLOHP/CV at condenser 
section, iT and oT are the inlet and outlet air temperature at 
condenser section, respectively. The thermal resistance of 
CLOHP/CV is defined as in equation (4):
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)( ,,                (4)

Where, aveeT , , avecT , are the average temperature of 

evaporator section and condenser section (°C), respectively
and 

outQ is heat transfer rate at condenser section. The 
performance of heat pipe; effectiveness of CLOHP/CV when 

integrated to the condensing coil of AAC is defined as in 
equation (5):

                   
maxQ

Q (5)

The CLOHP/CV is installed at AAC condenser to reduce 
cooling air temperature, considering ambient air for cooling
the AAC condenser as cold fluid and refrigerant of AAC as
hot fluid. To determine the maximum heat transfer rate, the 
heat capacity or multiplication product of mass and specific 
heat (M.Cp) of the hot and cold fluid must be compared. The 
minimum value (M.Cp)min will be used in calculating the 
maximum heat transfer rate, and the rest is for computing 
actual heat transfer rate. 

III. THE VAPOR COMPRESSION REFRIGERATION CYCLE

The AAC is operated based on vapor compression 
refrigeration cycle comprising of compressor, evaporator, 
condenser and expansion valve. The Coefficient of 
performance (COP) of the refrigeration cycle can be 
calculated as the ratio of heat extraction at the evaporator and 
the input work to compressor in equation (6). The 
performance is possibly reported as the Energy Efficient Ratio 
(EER) as in equation (9).

   comp

e
W

Q
COP                             (6)

   3.3412COPEER (7)

IV. EXPERIMENTAL

The experimental setup was divided to two main parts: 
(A) Performance test of CLOHP/CV having different designs 
(B) The performance test with the AAC demonstration unit.

A. Performance Test of CLOHP/CV 

Fig. 2 shows the schematic diagram of the experimental 
setup to test performance of three models of CLOHP/CV
having 4, 6 and 8 loops. The experiment unit was consisted of 
a hot (section) box, an adiabatic section and a cold (section) 
box. The parameters and variable are listed in Table I. The
evaporator (or hot) section was heated by 800-W electric 
heater, using fan to force heating air. The adiabatic section 
was insulated with an isolation tape to prevent heat loss to 
surroundings. The condenser (or cold) section was circulated 
by cold water from ice storage tank to reduce cooling air 
temperature and to enhance heat removal from the heat pipe
condenser.
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TABLE II Experimental Parameters
Parameters Details

The controlled parameters:
Tube inner diameter
Number of check valve
Working fluids
Working fluids filling ratio

2.03 mm.
1
R134a
50% by volume

The variable parameters:
Tilted angle
Number of CLOHP/CV loops
Heat transfer area

0º, 30º, 45º and 60º
4, 6 and 8 loops
0.0385, 0.0595 and 0.0805 m2

Fig. 2 The schematic diagram of the experimental setup

The CLOHP/CV was installed by the measuring 
instruments consisted of a Thermocouple type K, an 
Anemometer and a Data logger (YOKOKAWA MW100). The
measurement points of temperature are depicted in Fig. 2. The
temperature in each location was recorded every 5 seconds,
and the air flow rate was measured by the Anemometer. Each 
experiment was adjusted by different loops; 4, 6, 8 loops of 
CLOHP/CV meaning different heat transfer area, and different
tilted angle of 0, 30, 45, 60 degrees. The best design and tilted 
angle of CLOHP/CV was chosen for the experiment in part B.

B. The performance test with the AAC demonstration unit

The selected CLOHP/CV model was installed at the inlet 
side of the condensing coil of the AAC model. There were 4
cases; (1-2) CLOHP/CV installed in front of but separated 
from the condensing coil at the left and right sides, and (3-4) 
extending the condenser coil area by attaching the 
CLOHP/CV to the left and the right side of condensing coil.
The demonstration unit of AAC was operated while recorded
temperatures at different locations as shown in Fig. 3. The 
AAC performance in term of COP and EER were analyzed 
and compared between the case of with and without the 
CLOHP/CV.

Fig. 3 The schematic diagram of experimental setup with
the Car Air-Conditioner Model

V. RESULTS AND DISCUSSION

The experimental results analysis were described in
five sections; (A) Temperature distribution of CLOHP/CV 
with time, (B) Variation of heat transfer rate, (C) Variation of 
convection heat transfer coefficient, (D) Variation of thermal 
resistance and (D) Effect of CLOHP/CV on AAC 
performance.

A. Temperature distribution of CLOHP/CV with time
The CLOHP/CV’s surface temperature was measured at 3

points in each section; the evaporator section (Th3, Th4, Th5) 
and the condenser section (Tc6, Tc7, Tc8) in Fig. 3. The 
surface temperature of the evaporator was higher than that of 
the condenser sections, and increased with number of loops 
and tilted angle (Fig. 4-5). The CLOHP/CV with 8 loops 
tilting at 60º had the maximum surface temperature 52.9 ºC-
54.9 ºC at the evaporator section and 51.8 ºC-52.2 ºC at the
condenser section. The surface temperature of CLOHP/CV 
increased with number of loops because of increasing heat 
absorption area. The continuous heat input at the evaporator 
resulted in larger boiling of the working fluid inside the tube, 
leading to more frequency of heat transporting to the 
condenser. Therefore the higher heat convection rate to the 
condenser section was possible.

The temperature difference ( T) between evaporator and
condenser section was shown in Fig. 6, the CLOHP/CV 8 
loops at 60º tilted angle had low thermal resistance due to low
T but high heat transfer rate.

The variation of surface temperature with time of 8 loops 
CLOHP/CV at 60º before and after startup heat input to the 
evaporator section is shown in Fig.7. The temperature 
difference was changed rapidly after the 1800 seconds and 
then the gap was nearly constant at 4500 seconds.
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Fig. 4 Surface temperature of CLOHP/CV  
at evaporator and condenser section with time

Fig. 5 Surface temperature of CLOHP/CV with tilted angle
at evaporator and condenser section

 

Fig. 6 Temperature difference of evaporator and condenser section with time

Fig. 7 Variation of surface temperature with time of                                                 
8 loops CLOHP/CV at 60º

B. Variation of heat transfer rate
The heat transfer rate of CLOHP/CV depends on operating 

temperature, heat pipe diameter, working fluids filling ratio, 
number of valve, number of loops, and tilted angle etc. In this 
research the effect of loop numbers and tilted angle is 
considered.

Fig. 8 shows the effect of the tilted angle on the heat 
transfer rate at the condenser section, adjusting tilted angle 
from the horizontal plane by 0º, 30º, 45º and 60º. When 
increased the tilted angle from 0º - 60º, the heat transfer rate 
also increased. Increasing number of loops means enlarging 
surface area that the heat transfer rate also increased. 

The 60º tilted angle provided maximum heat transfer rate 
for 4, 6 and 8 loops as 1216 W, 2519 W, and 3789 W,
respectively. This implied that the CLOHP/CV has higher 
performance at greater vertical operation mode. The heat 
transfer rate increased with the tilted angle since the working 
fluid in the tube can be rapidly raised to the condenser with 
buoyancy force, while the condensate easily returned to 
evaporator section augmenting by gravitational force,
regarding key finding from Charoenswan et al. [8] that 
suggested the range of inclination angles between 0º 90º.

Fig. 8 Variation of heat transfer rate with tilted angle

C. Variation of convection heat transfer coefficient
Fig. 9 shows the effect of the tilted angle on the convection 

heat transfer coefficient at the condenser section calculated by
equation (2). The convection heat transfer coefficient 
increased with number of loops and tilted angle. The 8 loops 
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CLOHP/CV at 60º had the maximum convection heat transfer 
coefficient as 2149 W/m2·ºC, indicating efficient heat removal 
by cooling air from the condenser section of the CLOHP/CV. 

D. Variation of thermal resistance
The thermal resistance was defined as the ratio of averaged 
temperature difference between evaporator and condenser 
sections (Te,ave–Tc,ave) and the heat transfer rate (Q) of 
condenser section as in equation (4). Fig. 10 shows the effect 
of tilted angle on the thermal resistance of CLOHP/CV at
condenser section. The thermal resistance decreased with
increasing tilted angle from 0º to 60º and increasing numbers 
of loops. The 8 loops CLOHP/CV had minimum thermal 
resistance value at 0o, 30o, 45o and 60o tilted angle as
1.10 °C/kW, 1.01 °C/kW, 0.83 °C/kW and 0.63°C/kW,
respectively. The best one was 8 loops CLOHP/CV with 60º
tilted angle with minimum Rth stating best effectiveness of 
heat pipe [9]. If the thermal resistance value is high, the heat 
transfer performance in tube is low. In contrary, low Rth
means better heat transfer rate from the evaporator section to 
the condenser section.

 

Fig. 9 Variation of convection heat transfer coefficient with tilted angle

 

Fig. 10 Variation of thermal resistance with tilted angle

E. Effect of CLOHP/CV on automobile air-conditioner (AAC) 
performance

Fig. 11 and 12 show the COP and EER of AAC in case of 
without and with CLOHP/CV into 4 cases; case 1 and 2
means installing CLOHP/CV in front of but separated from 
the condenser at the left and right hand, while case 3 and 4
means directly attached to the condenser at the left and right 

hand sides. The AAC with CLOHP/CV had significantly 
higher COP and EER than existing system without 
CLOHP/CV, having COP and EER as 4.59 and 15.56.

The COP and EER in case of directly attaching
CLOPH/CV to the condensing coil was considerably higher, 
because not only heat transfer enhancement by ambient air 
temperature reduction before reaching the condensing coil, but 
also extending heat transfer area of the condensing coil itself. 
The maximum COP and EER from the left side attachment 
that better air flowing through the experimental unit, was 6.50 
and 22.16 Btu/h/W, respectively. The maximum effectiveness 
of CLOHP/CV when implementing to enhance heat removal 
of the AAC condensing coil was nearly 0.5 as illustrated in 
Fig. 13.

 

Fig. 11 Comparison of COP of car air-condition system

Fig. 12 Comparison of EER of car air-condition system

Fig. 13 Effectiveness of CLOHP/CV each position
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VI. RESULTS AND DISCUSSION

The CLOHP/CV was developed for application to the 
automobile air-conditioner (AAC) and tested in the laboratory, 
then the selected CLOHP/CV design and tilted angle was
installed to the demonstration unit of AAC leading to the 
following key findings:

1) The temperature difference between evaporator section and 
condenser section of the CLOHP/CV increased with
number of loops and the tilted angle.

2) The heat transfer rate from the condenser section of
CLOHP/CV increased with number of loops and the tilted 
angle from horizontal plane.

3) The convection heat transfer coefficient for air cooling at 
the condenser section of CLOHP/CV increased with 
number of loops and the tilted angle.

4) The thermal resistance of CLOHP/CV decreased with 
increased number of loops and the tilted angle, that low Rth
means better heat transfer from the evaporator section to 
the condenser section.

5) The coefficient of performance (COP) and the energy 
efficient ratio (EER) of AAC integrated with CLOHP/CV 
was significantly improved. The maximum heat removal 
enhancement from the AAC condensing coil was achieved
by using the 8 loops CLOHP/CV with 60o tilted angle,
directly attached to the condensing coil surface.

VII. CONCLUSION

An automobile air-conditioner (AAC) is a crucial 
component in a car, while the efficient heat removal from the 
condensing coil of the refrigeration cycle is a must. The 
Closed-loop oscillating heat pipe with check valves 
(CLOHP/CV) was proposed to enhance heat transfer from the 
AAC condensing coil by either reducing the inlet ambient air
or increasing heat extraction rate from the coil by extending 
heat exchange area. The research resulted showed that the
CLOHP/CV having 8-loops with 60-degree tilted angle 
integrated to AAC by directly attached to the condensing coil,
could significantly improve COP and EER of the AAC. 
Therefore, it has potential to apply the CLOHP/CV to enhance 
heat removal from the AAC.
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Abstract— This study was demonstrated condition monitoring of 
typical domestic rotary compressor with various simulated 
conditions e.g. normal, blade fault, discharge valve fault and 
intake port fault. The developed technique was also used to 
identify mechanical and fluid flow activities in the compression 
cycle of a rotary compressor. Vibration signals based on crank 
angle domain could be used to describe compression cycle easier 
than signals on time domain. Frequency analysis based on power 
spectral density was able to use to demonstrate various activities 
in compression cycle and also identify various rotary compressor 
conditions.

Keywords— Condition monitoring, Rotary compressor, Signal 
analysis, Frequency analysis technique, Power spectral density, 
Fast Fourier Transform

I. INTRODUCTION

A compressor is the main component used in many 
applications in various household and industrial devices such 
as air-conditioning system, refrigeration system, air-
compressor system, etc. The condition monitoring of rotating 
machine is able to apply for compressor that used in a critical 
process. It is a useful to know or predict state of compressor in 
order to prevent a severe damage in compressor. Typical
processes in the compression cycle are associated with 
mechanical activities and fluid flow processes inside a 
compressor and these depended on type of compressors such 
as the opening and closing processes of intake and discharge 
valves, cylinder movement, rotating of shaft, activity of fluid 
in compression chamber of compressor, etc. There are various 
types of compressor such as reciprocating compressor, rotary 
compressor, scroll compressor, and screw compressor. The 
mechanical and fluid flow activities inside each compressor 
are different because of the difference of moving parts of each 
type of compressor.

Condition monitoring of rotating machines has been studied 
and applied to various type of rotating machines such as diesel 
engines, pumps, fans, turbine and compressors. Typical 
monitoring techniques are used various types of sensors to 
acquire some useful signals from machines e.g. temperature 
sensor, pressure sensor, microphone, acoustic emission sensor 
and accelerometer. Thus, the signal processing techniques are 
used to describe some useful information to predict state of 
machines.

Condition monitoring of compressors has been studied in 
the last two decades and applied to screw compressors [1-2],
reciprocating compressors [3-5] and rotary compressors [6-10].
Many monitoring techniques were used to predict state of 
compressor such as accelerometer [1-2,6-8], acoustic emission 
[3-5,8] and microphone [9]. To describe some information 
from signal, signal processing techniques are applied. Typical 
time domain analysis techniques are used to calculate some 
statistical and signal parameters such as mean, standard 
deviation, skewness, kurtosis, maximum, minimum, root 
mean square, crest factor, etc. However, some detected signal 
could not give any good parameter to predict between normal 
and fault conditions. Frequency domain analysis techniques 
are also basic tools to describe signals such as Fast Fourier 
Transform (FFT) and power spectral density (PSD). 
Frequency domain analysis in typical rotating machine (i.e. 
bearing and gear) is related to rotating speed or and its 
harmonic. Thus, to use frequency domain analysis, it is 
necessary to have some background knowledge of machine 
and signal analysis so that the prediction of machine condition 
is precise and clearer.

In this study, the typical rotary compressor unit was 
disassembled and only compressor was used. This type of 
compressor is used in some domestic refrigerators and air 
conditioners. The experiment was set up to demonstrate 
various compressor conditions such as normal, blade fault, 
discharge valve fault and intake port fault. Vibration signal 
was recorded on running compressor. Signal processing based 
on frequency domain technique was used to analyse signal to 
describe some useful information from compressor and will be
detailed in next section. 

II. VIBRATION CONDITION MONITORING TECHNIQUES

Vibration monitoring is the most widespread method to 
determine the state of machine and also can help to reduce 
loss of production, replacement costs, and other negative 
effects of deteriorating machine condition. Typical domestic 
rotary compressor has been studied and used vibration 
monitoring technique to predict actual overall health of 
compressor [6-12]. Vibration signal is able to be used to 
monitor and describe mechanical and fluid flow activities 
inside compressor. Typical compression process of the rotary 
compressor is shown in Fig. 1. There are some moving parts 
in this compressor such as ring, blade and cam. The processes 
in the compression cycle are continuous processes. The 
rotation of the off-center cam compresses the gas in the 
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cylinder of the rotary compressor. The cam is rotated by an 
electric motor. When the cam spins, it carries the ring with it. 
The ring rolls on its outer rim around the wall of the cylinder.
The compression process in a rotary compressor consists of 
intake, compression and discharge phases. The beginning of 
compression phases is shown in Fig. 1(a). When the intake 
port opens, the gas flows into intake port as shown in Fig. 1(b). 
The half completion of intake and compression phases is 
shown in Fig. 1(c) and the end of compression phase is shown 
in Fig. 1(d). For discharge phase, when pressure in cylinder at 
compression phase is greater than the plate valve pressure, the 
gas flows out from discharge port.

Fig. 1 Compression processes of the rotary compressor

Fig. 2 Example of typical vibration signal acquired at normal condition.

An example of vibration signal detected from a running 
rotary compressor at normal condition is shown in Fig. 2. It 
can be seen that amplitudes of the vibration signal vary with 
time and these amplitudes may be associated with mechanical 
and fluid flow activities in the compression cycle [6-8]. 
Vibration signals can be analysed various parameters using 
time domain technique such as standard deviation, skewness, 
kurtosis and crest factor [6,8]. This work was used vibration 
signal to monitor states of a two-stage reciprocating 
compressor. It was found that the use of single parameter was 
unable to predict compressor condition. When the comparison 
of two parameters was used, it was able to predict state of 
compressor. PSD, one of typical frequency domain technique,
was applied to analyse vibration signal acquired from 
compressor [6,9]. PSD can be used to analyse the main 

frequency components in vibration signal that related to 
various activities in the compression cycle.

This study was applied PSD to describe vibration signal 
acquired from compressor with normal and various fault 
conditions. Frequency spectrum vs cycles were displayed in 
order to compare the main dominant frequency of each
compressor condition.    

III. EXPERIMENTAL

This study was demonstrated condition monitoring of 9000 
Btu, domestic compressor. This compressor unit was 
disassembled and only compressor was used and was driven 
by electric motor of speed at 1430 rpm as shown in Fig.3. The 
working fluid in this study was air. The processes in the 
compression cycle were investigated including various faults 
on moving parts of the compressor. Two signals acquired 
from simulated compressor were vibration signal and 
revolution signal. Vibration signals were acquired from an 
accelerometer attached on the compressor housing. 
Revolution signals were acquired using proximity switch that 
gave one pulse per revolution. The experimental setup in this  
study is shown in Fig.4. Both signals were acquired with 
sampling frequency of 100 kHz and were saved into files for 
later analysis. 

Fig.3 A rotary compressor with an electric motor

Fig.4 Experimental Setup

Four conditions were demonstrated such as normal, blade 
fault, discharge valve fault and intake port fault. The blade 
fault was simulated by introducing a small groove into the 
blade to allow air to leak past between intake and discharge 
chambers. The discharge valve fault was simulated by 
attaching a shim to the plate valve to prevent the valve from 
closing properly. For the intake port fault, a plate with a small 
hole with diameter of 5 mm was attached on the intake port to 
prevent air to pass easily through the intake port.
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IV. RESULTS

Vibration signals were acquired from the testing 
compressor with various conditions as mentioned above. Band 
pass filter was applied to vibration signal to eliminate low and 
high frequency noises with upper and lower cut-off 
frequencies between 200 and 9000 Hz. To describe vibration 
signal clearer, vibration signal was acquired with revolution 
signal to allow signal to be resampled with respect to crank 
position. 
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Fig. 5 Example of vibration signals on crank angle domain with various 
conditions

Examples of vibration signals based on crank angle domain 
of each simulated condition are shown in Fig. 5. It can be seen 
that vibration signal can be described easier using crank angle 
domain. Amplitudes of vibration signal at each condition are 
different. The activities of intake phase occur between 0 and 
135 degrees with small amplitudes which is depended on the 
simulated conditions. For normal and intake port fault 
conditions, the events in vibration signal are similar. Only 
amplitudes of signal of intake port fault condition is greater 
than of normal condition. The main activities of compressor 
can be seen clearly after 135 degrees. Various events occur 
with the same time duration especially in normal and intake 
port fault conditions. These may be because when air has been 
compressed to a certain pressure that exceeds plate valve 

pressure, it leaves through the discharge port. However, these 
events disappear for blade fault and discharge valve fault 
conditions. It is difficult to predict precisely of all compressor 
conditions using vibration signal based on crank angle and 
time domains. Because of the non-stationary signal nature,
amplitudes of acquired signals may vary from cycle to cycle.
In addition, the knowledge of signal analysis is needed.  

To enhance understanding of vibration signal, frequency 
domain analysis can be applied. PSD of vibration signals was 
presented in Fig. 6. Frequency spectrum of signals can be 
separated into 3 bands at proximately 200-1000, 1000-2500 
and 2500-9000 Hz. PSD of signal of intake port fault 
condition is greater than other conditions. As a result of 
smaller intake port, air intake is difficult to flow through 
intake port to compressor cylinder. This may produce more 
mechanical and fluid flow activities in the compression cycle.
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Fig. 6 PSD of vibration signal at various rotary compressor conditions
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Fig. 7 Normalised PSD of vibration signal at various rotary compressor 
conditions

In order to gain a more general view of frequency spectrum 
in vibration signals, PSD of each signal in Fig. 6 was 
normalised with its maximum power and can be illustrated in 
Fig. 7. The main frequency bands of vibration signal in each 
condition can be seen clearly. The first two frequency bands 
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are presented in all compressor conditions with varying 
magnitudes and dominant frequency components. However, 
for the third frequency band, it can be seen only at normal and 
discharge valve fault conditions.

To compare frequency spectrum, normalised PSD of 
vibration signals of each compressor condition was 
determined around 100 compression cycles. All normalised 
PSD are displayed using contour plot. The colour bar 
represents the signal power levels as shown at the top of the 
plot in Fig. 8. Frequency components in Hz are shown in y-
axis and cycle index is shown in x-axis. The result is divided 
into 4 groups as follows: normal, blade fault, discharge valve 
fault and intake port fault. The frequency spectrum of each 
group is different and may depend on mechanical and fluid 
flow activities in each compressor condition. There are 3
frequency bands at approximately 200-1000, 1000-2500 and 
2500-9000 Hz as same as those in Fig. 7. All frequency bands 
can be seen clearly in results of compressor at normal and 
intake port fault conditions. However, the high frequency 
contents of signal of intake port fault condition (>2500 Hz) 
give lower magnitudes. For the case of discharge valve fault 
condition, dominant frequency bands are similar as at normal 
condition. It is evident that the high frequency contents of 
signals (>7000 Hz) disappear. For blade fault condition, high 
frequency band (>4000Hz) is not presented. It can be noted 
that the lower frequency component at approximately 500 Hz 
( 0.002 s) in Fig. 8 may be associated with various discharge 
valve opening event as shown in Fig. 5. The 2nd frequency 
band at 1500 Hz may be related to the rubbing between 
moving ring and cylinder. The higher frequency bands (>2500 
Hz) may be associated with the fluid flow activities at the 
discharge phase in rotary compressor.   

Fig. 8 The contour plot of normalised PSD at various fault conditions

V. CONCLUSION

Vibration monitoring is a useful method to investigate 
rotating machine as well as a rotary compressor. Four 
simulated conditions were chosen in this study such as normal, 
blade fault, discharge valve fault and intake port fault 

conditions. Vibration signals acquired from all conditions 
were analysed on time domain, crank angle domain and 
frequency domain technique. Vibration signal mapped onto 
crank angle domain could be used to describe compression 
cycle clearly.  The use of contour plot of normalised PSD 
could be used to identify state of rotary compressor clearer.
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Abstract— In Thai-Automotive Industry, many machined steel-
parts were produced and kept in warehouse before they were 
sent to assembly in the other country. To prevent these parts 
from rust during waiting and transporting period became the big 
problems. Normally, grease or rust-oil are used but the customer 
had to add cleaning process before assembly these parts which
they did not prefer. In this paper, the VCI sheet and Intercept 
tool were tested and compared with the normal rust prevent 
process. The testing hold on the real warehouse and real
transportation process. In these testing, the tested parts were one 
surface of rough machined steel where the size of tested parts are 
50x70x7 mm3. The 4 techniques of rust protection were tested 
which are Spray-oil, grease, VCI sheet and Intercept tool. There 
were 20 pasts of each tested set where 5 parts were used in each 
rust protective techniques and 2 cm of damage were made to the 
protective sheet. Only one of each technique was added with 5 ml 
of water on the tested past. There were 2 tested set, one tested on 
the floor and the other on the top of warehouse. In this test, the 
grease and VCI sheet gave 100 % of rust protection, Spray-oil 
gave 97.5 % and Intercept tool gave 92.5 %.

Keywords—rust prevention, machined steel-parts

I. INTRODUCTION

In secondary market (Aftermarket) of the automotive 
industry, the parts are built to replace the OEM parts as they 
become worn or damaged. The export of auto-parts and 
accessories in last year was worth 39,000 MB and trend to 
increasing. More than 80% of them were send to the customer 
in other countries by sea lane. Since the price is cheaper than 
by air cargo. By sea transportation, many of steel parts got
rusty although they are in the package. Because under salty 
environment, the steel tends to rust more quickly, as a result 
of electrochemical reactions. Then the rust prevention method 
is more importance in Thai-automotive industries, today. This 
method effects to customer to claim parts and effects to
quality of parts, cost of re-work and cost of waste time to send 
new parts to customer. 

In current method, the oil spray and grease were used to
prevent the steel parts from rust. With this method, the 
customers complained about the dirty and the waste time for 
cleaning process. The customer prefer to get parts and directly 
to assembly. They don’t want to do cleaning processes which
increase the operation cost and waste the time. Therefore the 
new technique of rust prevention have to be improved.

So we will be use new material for rust prevention by using 
VCI sheet and Intercept tool. By this 2 materials not to 
concern part dirty and high efficiency of rust prevention.  In 
this research we will be compare method between current and 
new process of rust prevention which material was the best 
solution to using in transportation shipment.

II. CHEMICAL REACTIONS

Rust is an iron oxide, typically red oxide formed by the 
redox reaction of iron and oxygen in the presence of water or 
air moisture. Several forms of rust are distinguishable both 
visually and by spectroscopy, and form under different 
circumstances. Rust consists of hydrated iron oxides 
Fe2O3·nH2O and iron oxide-hydroxide (FeO(OH), Fe(OH)3).

With sufficient time, oxygen, and water, any iron mass will 
eventually change entirely to rust and fragment. Surface rust is 
chipped and friable, and it provides no guard to the underlying 
iron. Rusting is the common term for corrosion of iron and its 
alloys, such as steel. Many other metals undergo equivalent 
corrosion, but the resulting oxides are not commonly called 
rust.

A. Chemical reactions
Rust is another name for iron oxide, which occurs when 

iron is open to oxygen and moisture for a long period of time. 
Over time, the oxygen reacts with the metal at an atomic level, 
forming a new compound called an oxide and weakening the 
bonds of the metal itself. Although some people refer to rust 
generally as "oxidation", that term is much more general; 
although rust forms when iron undergoes oxidation.

The main catalyst for the rusting process is water. Iron or 
steel structures might appear to be solid, but water molecules 
can enter the microscopic pits and cracks in any exposed 
metal. The hydrogen atoms present in water molecules can 
combine with other elements to form acids, which will 
eventually cause more metal to be exposed. If chloride ions 
are present, as is the case with saltwater, the corrosion is 
likely to occur more quickly. Meanwhile, the oxygen atoms 
combine with metallic atoms to form the destructive oxide 
compound. As the atoms combine, they weaken the metal, 
making the structure brittle and crumbly.
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B. Associated reactions

The electrochemical process begins with the transfer of 
electrons from iron to oxygen [1]. The iron is the reducing 
agent (gives up electrons) while the oxygen is the oxidising 
agent (gains electrons). The rate of corrosion is affected by 
water and accelerated by electrolytes. The key reaction is the 
reduction of oxygen:

2 2O   4   2H O  4OHe- -+ + ®
Because it forms hydroxide ions, this process is strongly 

affected by the presence of acid. Indeed, the corrosion of most 
metals by oxygen is accelerated at low pH. Providing the 
electrons for the above reaction is the oxidation of iron that 
may be described as follows:

2Fe  Fe   2e+ -® +
The following redox reaction also occurs in the presence of 

water and is crucial to the formation of rust:
2 3 2

24Fe   O   4Fe   2O+ + -+ ® +
In addition, the following multistep acid-base reactions 

affect the course of rust formation:
( )
( )

2
2 2

3
2 3

Fe   2H O  Fe OH   2H

Fe   3H O  Fe OH   3H

+ +

+ +

+ +

+ +
From the above equations, it is also seen that the corrosion 

products are dictated by the availability of water and oxygen.
The nature of rust changes with time, reflecting the slow rates 
of the reactions of solids. Furthermore, these complex 
processes are affected by the presence of other ions, such as 
Ca2+, both of which serve as an electrolyte, and thus accelerate 
rust formation

C. Rust Prevention
Since of the widespread use and significance of iron and 

steel products, the prevention or slowing of rust is the basis of 
major economic activities in a number of specialized 
technologies. Rust is permeable to air and water, therefore the 
interior metallic iron beneath a rust layer continues to corrode. 
Rust prevention thus requires coatings that preclude rust 
formation.

Cathodic protection is a technique used to inhibit corrosion 
on buried or immersed structures by supplying an electrical 
charge that suppresses the electro-chemical reaction. If 
correctly applied, corrosion can be stopped completely. In its 
simplest form, it is achieved by attaching a sacrificial anode, 
thereby making the iron or steel the cathode in the cell formed. 
The sacrificial anode must be made from something with a 
more negative electrode potential than the iron or steel, 
commonly zinc, aluminium, or magnesium. The sacrificial 
anode will eventually corrode away, ceasing its protective 
action unless it is replaced in a timely manner. Cathodic 
protection can also be provided by using a special-purpose 
electrical device to appropriately induce an electric charge.

Coating protection, such as paint, lacquer, or varnish that 
separate the iron from the environment. Large structures with 
enclosed box sections, such as ships and modern automobiles, 
often have a wax-based product (slushing oil) injected into the

box. Such treatments usually also contain rust inhibitors.
When only temporary protection is needed for storage or 
transport, a thin layer of oil or grease. Such treatments are 
extensively used when a steel ship, automobile, or other 
equipment are kept for long-term storage.

Humidity control for rust protection, rust can be avoided by 
controlling the moisture in the atmosphere. An example of this 
is the use of silica gel packets to control humidity in 
equipment shipped by sea.

III. EXPERIMENT

A. Specimen
In these experiment, the specimens are steel, SS400, with 

size of 70 x 50 x 7 mm3 and only one surface is machined
(Fig.1). The 4 techniques of rust protection were tested which 
are spray-oil (Fig.2), grease (Fig.3), VCI sheet (Fig.4) and 
Intercept tool (Fig.5). There were 20 pasts of each tested set 
where 5 parts were used in each rust protective techniques and 
2 cm of simulated damage were made to all type of protective 
sheet. Only one of each technique was added with 5 ml of 
water on the tested past. 

Fig. 1 Steel specimen with top surface is machined.

Fig. 2 Spray Oil (Current process)

Fig. 3 Grease (Current process)

Fig. 4 VCI sheet (New process)
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Fig. 5 Intercept tool (New process)

B. Testing Method
There were 2 tested set, one tested set was on the floor and 

the other was on the top of warehouse. Each set, Fig.6,
consists of 5 specimens of each protection technique in 
wooden block and the environmental data locker, Fig.7, which
was used to detect temperature, humidity and dew point. The 
data locker was set to collect data every 10 s. The tested set 
were got to have a vision examine every 2 days and transfer 
the data from data locker, the testing period was 30 days long.

Fig. 6 Test set, 20 Specimens of 4 Techniques in wooden block.

Fig. 7  Temperature Humidity and Dew point Sensor (DT171)

C. Results
To measure size of rust on specimen, the widest and the 

longest of rust area were measured, as showed in Fig.8.

Fig. 8 size of Rust Area
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TABLE I
RUST SIZE ON SURFACE OF SPECIMEN

After 2 days At 30 days

Picture
Rust 
Area
(%)

Picture
Rust 
Area
(%)

Intercept + Water (1.1)

0.3

Intercept + water (1.1)

1.0

Intercept (2.3)

2.0

Intercept (2.3)

2.0

Spray oil + water (2.1)

2.0

Spray oil + water (2.1)

3.0

Intercept + water (2.1)

1.0

Intercept + water (2.1)

1.0

From the table it shown that the rust got on the specimen in 
2 days and the size of rust area did not grow too much during 
28 days, later. Although the protection sheet was damage most 
of protect techniques can protect specimen from the rust. But 
if the water passed into the damage sheet, only VCI sheet
technique can protect the specimen from the rust.

TABLE III
NUMBER OF SPECIMEN WHICH GOT RUST

Protect 
Technique

Normal with damage Damage with water
On Floor On Top On Floor On Top

spray-oil - - - 1

grease - - - -

VCI sheet - - - -

Intercept 
tool - 1 1 1

The grease and VCI sheet technique gave an excellence 
results to protect specimens from rust although they got water 
on the specimens. The spray –oil gave a good protect but got a 
trouble if it has water on the surface. The Intercept tool can 
protect in normal condition with damage but it got a big 
trouble if it has water.

L

W
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D. Environment effect

From the theory, the environment will give effect to the rust 
on iron. In these experiments, the testing was took in the big 
warehouse which the environment, humidity and temperature, 
were nearly constant. Then it cannot see any effect of 
environment on the protection of rust. The Fig. 9 was shone 
the environment parameter during the day.

Fig. 9 A sample line graph using colors which contrast well both on screen 
and on a black-and-white hardcopy

IV. CONCLUSIONS

The testing results 
1. In current process, Grease gave a better result than 

Spray-Oil for rust prevention but Grease has a lack in part 
dirty which have to add a cleaning process before taking the 
part into assembly process.

2. New process VCI sheet was better than Intercept tool 
because VCI sheet gave an excellence result and more flexible 
than Intercept tool.

3. Cost of VCI sheet lower than Intercept tool and most 
famous to using in packaging every product.

Then the VCI sheet was chosen from high efficiency for 
rust prevention, cleaner and cost of material. After these 
testing. The company implemented to using VCI sheet in real 
shipping service part to customer for several months. The 
customer did not claimed on the rust again.
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Abstract— The objective of this research was to figure out the 
key management factors affecting the energy control capability 
of small and medium scale industries. A number of factories, 
which participated and implemented in energy conservation 
project was only focused. The multiple linear regressions method 
was used to analyze the energy control capability of the factory. 
The capability was considered as a function of various 
management factors, and deduced by the determination 
coefficient of energy equation. The results declared that the role 
of top management played important role in which accounted to 
33%, while the investment, motivation and organization were 
affected about 30%, 12% and 11% respectively. In term of, the 
qualification of energy management representative, the person 
who graduated in engineering area was affected by 14%. 
Nevertheless, the other management factors were not 
significantly affecting the energy control capability.  

Keywords— Energy Control Capability / Energy Management 
System / Coefficient of Determination / Small and Medium Scale 
Industries / Criteria of Prime Minister Industry Award (Energy 
Management)

I. INTRODUCTION

Small and medium scales industries (SMIs) are one of the 
economic foundations of the country due to the number of 
enterprises in Thailand. As they are so crucial to economic 
and social development of the country, the implementation of 
projects and measures to improve the energy efficiency of 
enterprises will benefit the overall energy consumption of the 
country. 

Since manufacturing industry is one of the greatest energy 
consumers, energy efficiency becomes a driver [1]. Although 
the projects and measures driven by many government 
agencies and affiliations for increasing energy efficiency of 
enterprises, even if they are promoted, it was found that there 
is a need to research to find appropriate solutions of how to 
develop the Energy Management System (EnMS) [2] with 
sustainable development thorough corporate by changing 
behavior of employee in the context of Thai culture. 

Lacking of technical energy concerned management is a 
common barrier for SMIs to sustain energy efficiency and 
saving practices [3-6]. SMIs require a simplified methodology 
of assessment to monitor the progression of projects and 
measures, and it could be implemented by present employee 
to hastily evaluate the accomplishment of such practices [7].  

The index to assess energy monitoring and controlling has 
been applied as stated partly in the criteria of the Prime 
Minister Industry Award (Energy Management) [8]. Energy 
Control Capability (ECC) has been implied by deducing the 
coefficient of determination (R2) of linear regression of the 
energy equation (EEQ), which constructed by regression of 
the relative data logging of the amounts of production yield 
and the amount of energy consumption, during the same each 
particular period of time. 

The research is to figure out and investigate which of key 
management factors that affect, by applying the ECC of an 
enterprise for the analysis. The results of estimated figures 
show beneficial value. Never the less, further evaluation and 
related research of such methods shall require enhancing more 
reliability and validity. 

II. ENERGY CONTROL CAPABILITY

Energy efficiency defines a ratio between an output of 
performance, service, goods or energy, an input of energy [9], 
means using less energy while maintain the same level of 
service [10], and provide at different levels. In process levels, 
it concern losses by physical mechanisms that are relative to 
the process itself, while in entire factory system, it does not 
result directly by the sum of individual parts or actions, and 
can be exploit only through a holistic view of the complex 
interactions of individual resources, processes and structures 
of a factory [1].  

Improving energy efficiency means getting more work out 
from a given amount of energy put in [11], by various 
methods, and the key factors that affecting energy efficiency 
of the entire factory system are comprised of management and 
technology of its resources [1-7, 9-17] as shown in Figure 1. 


 Fig.1 Management and Technology from an energy point of view 
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EnMS means systematic and continuous approach for 
sustainable energy improvements, and defines as the sum of 
totally integrated or interacting elements leading to the 
introduction of an energy policy and strategic energy goals, as 
well as processes and procedure to achieve these strategic 
objectives [2], as a system point of view shown in Figure 2.  

Fig.2 Energy Management System (EnMS) 

Finding the energy optimization potential of the overall 
process or the total system [1], energy efficiency measurement 
and management that use widespread is Specific Energy 
Consumption (SEC), which mean the amount of energy used 
to produce 1 unit product, as shown by equation (1) [9]. 

producedproducts
usedenergy SEC       (1)

Therefore, with the relative data logging of the amounts of 
production yield and the amount of energy consumption in 
same particular period of time, the EEQ can be constructed by 
the method of linear regression analysis, as shown by equation 
(2), and plotted as the graph shown in Figure 3. 

cmxy       (2)

Whereas; y = amount of energy usedkWh); x = amount 
of product producedkg); m = variable energy consumption 
(kWh/kg); and c = fixed energy consumption (kWh). 


Fig.3 Graph of the Energy Equation (EEQ) [13] 


Fig.4 Coefficient of determination (R2) of linear regression 

squares of sum total
regressionby  explaniedsquares of sumR 2 

SST

SSR     (3) 

The definition of R2, the coefficient of determination of 
linear regression, is the total portion of the total variation in 
the dependent variable (y) that is explained by the 
independent variable (x) as shown in figure 4 and equation 
(3). The highest value 1 mean 100% of the variation in y that 
is explained by variation in x. or may say the perfect linear 
relationship between y and x. In the contrary, the lowest 0 
mean 0% of the explained variation between y and x, so R2

can be used to imply efficiency of the regressed equation to 
determine expected value of y by known value of x. 

Accordingly, as if the R2 of EEQ would be brought to 
imply ECC, so it would mean the efficiency of the regressed 
EEQ to determine optimized energy consumption by expected 
producing product, and ECC would imply the capability of 
management to produce expected product with optimized 
energy used. Since management comprises controlling, so 
ECC would mean to be the capability of management for 
controlling energy consumption, and would be implied as the 
efficiency of EnMS of the firm in term of the capability to 
monitor and control energy consumption. 

III. CONCEPTUAL FRAMEWORK

  Several barriers prevent enterprises from implementing 
profitable energy projects and measures. They can be 
classified into related factors. The various factors are well-
documented, economic for instance. The behavioural and 
organizational factors are increasing mentioned, but they are 
not yet well-documented [4]. Most of the entrepreneurs do not 
appear to aptitude, knowledge and dynamism required 
tackling technology-related problems such as energy 
efficiency. Meanwhile, key driving force for adoption of 
energy efficiency measures is the presence of individuals with 
ambition, and management role account in the context of 
sustainable development. [2-3, 11, 14-15]. 

Management factors including qualifications of person 
responsible for energy management (Energy Manager),
corporate culture, energy management status, role of top 
management, participation of employee, and advisory of 
consultant [2, 11, 16-17], all of them are affecting ECC, which 
established a conceptual framework as shown in Figure 5 

Fig. 5  Key Management Factors Affecting Energy Control Capability (ECC). 

Role of Top Management

Participation of Employee

Advisory of Consultant

Energy
Control

Capability

Qualifications of Energy Manager

Corporate Culture

Energy Management Matrix
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IV. RESEARCH METHODOLOGY

A. Target Group 

The research targeted at small and medium-sized industries 
that had been participated in the energy efficiency and saving 
projects of 368 cases, with their EEQ were constructed by 
similar pattern of energy used data distributions which SEC 
were approximately between 1.374 – 8.529 kWh/kg. 

Data collected by evaluating the qualifications of top 
management or owners or employee who had been designated 
and responsible for energy management of the enterprises, and 
the characteristics of the enterprises, which the 164 cases had 
fulfilled queries with accurate and complete information for 
the analysis. 

B. Research Instrument  

The instruments used in the research were evaluation form 
which was based on EnMS [17], and modified to comprise 16 
variables in seven parts of components as follows; 

Part 1: Qualifications of person who responsible for energy 
management including gender (X1), age(X2), work experience 
(X3), level of graduation (X4), and had been trained on energy 
management or related topic (X5). 

Part 2: Corporate culture (X6, X7). 
Part 3: Energy management status (X8 - X13). 
Part 4: Role of top management (X14). 
Part 5: Participation of employee (X15). 
Part 6: Advisory of consultant (X16). 
Part 7: Amounts of production yield and relative amount of 

energy consumption with data logging during the same each 
particular period of time (Y). 

Content validity testing of instruments with the objective 
characteristics defined in terminology by the index IOC 
(Index of item Objective Congruence) with each item is equal 
to or greater than brings trial with a sample of cases with 
a similar but unique to the cases used in the research. Then, 
test for consistency by using item-test correlation and Pearson 
product moment correlation coefficient, which of the value 
were to with significance at 5 levels, and a test of 
confidence by Cronbach's alpha coefficient was 7

C. Data processing and variables configuration 

The data were processed to show the descriptive statistics 
of the dependent variable and all independent variables used 
in the multiple linear regressions analysis to be summarized as 
detailed in Table 1. 

The ECC, deducing by the R2 of the linear regression of the 
EEQ which shown relationship between amounts of 
production yield with respected to energy consumption of an 
enterprise, were classified with the value of R2 into five levels. 

The R2 value of 0.801 up to 1.000, with the inference of 
ECC, the enterprise was classified into grade A, and then 
converted grade into numerical values of 5. Hereby, the lower 
range values of R2, enterprises were classified into the lower 
grade B. C, D and E, respectively, and then converted those 
grade into the equivalent numerical scale with values of 4 , 3, 
2 and 1, respectively. The details are shown in Table 2. 

D. Data analysis 

Data were test the hypothesis by using t - test and ANOVA 
of significance at 0.05 levels and the correlations between 
each independent variable does not exceed 0.75 in Table 3. 

TABLE 1 
SUMMARY STATISTICS

Variables Mean Std. Dev. Min Max 

Y -Energy Control Capability 3.012 1.009 1 5 

X1-Gender 0.981 0.134 0 1 

X2-Age 0.993 0.078 0 1 

X3-Work experience 0.585 0.494 0 1 

X4-Level of Graduation 0.945 0.228 0 1 

X5-Trained on Energy Mgt. 0.774 0.419 0 1 

X6-Acceptance of Uncertainty 0.622 0.486 0 1 

X7-Planning time period 0.908 0.289 0 1 

X8-Policy 3.554 0.609 1 5 

X9-Organization 2.884 0.867 1 5 

X10-Motivation 2.756 0.665 1 5 

X11-Information 2.554 0.815 1 5 

X12-Public relation 2.865 0.795 1 5 

X13-Investment 2.902 0.485 1 5 

X14-Role of Top management 3.969 0.839 1 5 

X15-Participation of Employee 3.463 1.029 1 5 

X16-Advisory of Consultant 3.810 0.825 1 5 

TABLE 2 
DEDUCING OF ENERGY CONTROL CAPABILITY (ECC) BY R2  

R2  ECC Grade  ECC Scale  

0.801 – 1.000  A  5  

0.601 –  0.800  B  4  

0.401 – 0.600  C  3  

0.201 – 0.400  D  2  

0.000 – 0.200  E  1  
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V. RESULTS

Independent variables, that affected ECC at 0.05 significant 
levels, has comprised seven variables including; X5 - Trained 
on energy management; X9 – Organization; X10 – Motivation; 
X13 – Investment; and X14 - Role of top management, as 
details shown in Table 4-5 with statistical parameters in the 
Table 6-7. The model can be written by the Equation (4). 

ECC = -2.33773 + 0.259226X5 + 0.206915X9  
+ 0.218076X10 + 0.541191X13 + 0.599720X14      (4) 

TABLE 4 
MULTIPLE LINEAR REGRESSION ANALYSIS   

 Coefficient SE t Stat P-value 

C -2.58003 0.652179 -3.95602 0.000118 

X1 -0.01178 0.26497 -0.04444 0.96461 

X2 0.511894 0.456309 1.121814 0.263771 

X3 -0.09775 0.07737 -1.26338 0.208454 

X4 0.026469 0.15575 0.169948 0.865285 

X5 0.224687 0.100667 2.231995 0.027128* 

X6 -0.12053 0.07516 -1.60364 0.11094 

X7 0.015966 0.136342 0.117105 0.906936 

X8 -0.00083 0.07513 -0.01107 0.991184 

X9 0.211195 0.064908 3.253742 0.001413* 

X10 0.206662 0.058711 3.519956 0.000575* 

X11 0.019736 0.063291 0.311825 0.755615 

X12 -0.0248 0.063362 -0.39137 0.696091 

X13 0.490904 0.106571 4.606362 8.81E-06* 

X14 0.544744 0.069174 7.874963 6.91E-13* 

X15 0.102633 0.060785 1.688478 0.09344 

X16 -0.02206 0.061831 -0.35676 0.721785 

TABLE 5 
MULTIPLE LINEAR REGRESSION ANALYSIS BY SELECTING SPECIFIC 

VARIABLES THAT ARE STATISTICALLY SIGNIFICANT  

Variables Coefficient SE t Stat P-value 

C -2.33773 0.229331 -10.1937 4.55E-19
X5 0.259226 0.091554 2.83141 0.005238
X9 0.206915 0.049403 4.188316 4.66E-05
X10 0.218076 0.056236 3.877863 0.000154
X13 0.541191 0.095293 5.679253 6.33E-08
X14 0.599720 0.051214 11.71015 3.38E-23

VI. CONCLUSIONS

A. Summary 

The investigation of key management factor whether makes 
a difference to the accomplishment of projects and measures 
implement in the firm. By applying the methods of multiple 
linear regression analysis, with implication of ECC by 
deducing R2 of EEQ which used to determine energy used and 
product produced of the small and medium scale industries in 
target group, the results declared that key management factors 
affecting ECC as shown in table 8 with following details; 

 Role of the top management, whose behavior inspires
employee to participate in the implemented projects and 
measures, was the most effected at 33%. 

 Investment for energy efficient technologies and 
process improvement was the second that effected 30% 

 Motivation to initiate employee enthusiasm affected 12% 
 Structure of organization affected 11%. 
 Qualification of energy management representative 

with graduation in the field of engineering affected 14%. 
The results also declared that others key management 

factors were not significantly affected. 
The finding equation was verified that it was able to predict 

the ECC of enterprises with significant level of 76.2% and 
predicted value error by 11.3%. 

X1 X2 X3 X X5| X6 X7 X8 X9 X10 X11 X12 X13 X14 X15

X2 -0.0107 1
X3 -0.0225 -0.0659 1
X4 -0.0329 -0.0189 0.06893 1
X5 -0.0737 -0.0423 0.10833 0.12616 1
X6 -0.0126 0.10046 -0.0946 -0.0774 -0.0899 1
X7 -0.0433 -0.0249 -0.0094 -0.0765 0.03117 -0.0293 1
X8 -0.0251 -0.0574 0.25943 0.13197 0.32496 -0.0538 0.32467 1
X9 -0.0709 -0.0105 0.28781 0.0915 0.24805 -0.1044 0.25086 0.50515 1
X10 -0.0502 0.08923 0.19421 0.03247 0.19728 -0.0781 0.07462 0.22983 0.30116 1
X11 -0.0747 -0.0429 0.11765 0.16438 0.38614 -0.102 0.26845 0.54928 0.63711 0.20551 1
X12 -0.0231 -0.0133 0.13862 0.09433 0.33193 -0.0843 0.31989 0.43321 0.67073 0.2971 0.58829 1
X13 -0.1215 -0.0158 0.11161 0.11735 0.37335 -0.0272 0.28559 0.49512 0.56978 0.38138 0.55554 0.49023 1
X14 -0.1681 -0.0965 0.26514 0.18319 0.41615 -0.2839 0.26649 0.45314 0.45825 0.30498 0.42796 0.3891 0.51943 1
X15 -0.027 0.03536 0.17499 0.13488 0.48531 -0.1993 0.30811 0.45801 0.49982 0.38968 0.45156 0.43613 0.63089 0.71924 1
X16 -0.0866 -0.1131 0.06234 0.10729 0.37225 -0.1943 0.28687 0.35609 0.32877 0.2839 0.37519 0.34425 0.48921 0.66433 0.66654

TABLE 3
MATRIX OF CORRELATION BETWEEN INDEPENDENT VAIABLES USED IN THE ANALYSES
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B. Discussion 

Despite the using of the ECC by deducing R2 is found 
beneficial; the curtained methods and interpretation may 
require enhancing more reliability and validity with further
evaluation and related research. Because of the R2 can be 
influence by other factors than ECC, such as the degree of 
freedom or the number of analyzed data.  Nevertheless, the R2

could declare the key management factors that affect the ECC 
are significant. 

TABLE 6 
STATISTICAL PARAMETERS OF MULTIPLE LINEAR REGRESSION ANALYSIS  

Regression Statistics 

Multiple R 0.911324 
R Square 0.830512 
Adjusted R Square 0.812063 
Standard Error 0.437455 
Observations 164 

TABLE 7 
STATISTICAL PARAMETERS OF MULTIPLE LINEAR REGRESSION ANALYSIS BY 

SELECTING SPECIFIC VARIABLES THAT ARE STATISTICALLY SIGNIFICANT  

Regression Statistics 

Multiple R 0.904946 
R Square 0.818927 
Adjusted R Square 0.813197 
Standard Error 0.436134 
Observations 164 

TABLE 8 
THE RESULTS OF MULTIPLE LINEAR REGRESSION ANALYSIS OF THE VARIABLES 

THAT AFFECT ENERGY CONTROL CAPABILITY

Variables Coefficient Ratio 

X5 0.259226 14% 

X9 0.206915 11% 

X10 0.218076 12% 

X13 0.541191 30% 

X14 0.599720 33% 
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Abstract-- The aim of this research is to increase the quality of the 
Head Gimbals Assembly (HGA) by reducing the particle 
contamination of the washing process in the Cleanroom. Six
factors have been identified and the experiments have been 
conducted. The six factors are 1) the air velocity of the fan filter, 
2) the width of the air return, 3) the holes’ diameter of the 
washing machine table, 4) the height of the air ionizer, and 6) the 
suction force of the exhaust. The Box-Behnken Experimental 
Design has been used to identify the significant effect of each 
factor. A Response Surface Methodology (RSM) technique was 
then applied to determine the proper configuration of each 
factor. The optimal setting obtained from the experiments are as 
follows: 1) the air velocity of the fan filter unit (FFU) should be 
105 feet per minute (fpm), 2) the width of the Air Return should 
be 1 centimetre (cm), 3) the Holes’ diameter of the washing 
machine table should be 3 millimetres (mm), 4) the effect of the 
height of the air ionizer is not significant, and 5) the suction force 
of the Exhaust should be 300 fpm. The mathematical analysis 
showed that the amounts of size 0.3 microns (µm) particle are 
reduced from 4,392 to 57 Counts per cubic foot (Counts/ft3) and 
the amounts of size 0.5 µm particle are reduced from 1,323 to 1 
Counts/ft3, respectively, which are conformed to the operating 
standard required by the US Federal Standard 209E. The 
confirmation production run then conducted and it’s shown that 
the actual amounts of size 0.3 and 0.5 µm particles obtained are 
68 and 17 Counts/ft3, respectively. This is expected to help 
reducing defect and increase quality in the production of 
components in the hard disk drive.

Keywords— Head Gimbals Assembly (HGA), Clean room, Box-
Behnken Experimental Design, Response Surface Methodology 
(RSM)

I. INTRODUCTION

The Hard Disk Drive (HDD), a computer-based digital 
storage, is one of the major components in the computer
system. The main function of the HDD is to record data and 
information, so thus the quality of the HDD is important to 
every computer system. The Head Gimbals Assembly (HGA) 
is one of the most important components in the HDD Reader. 
The quality of the HGA is highly affected by the particles 
contaminated in the air during the production. It is thus 

necessary to control the airborne particle contaminants in the 
clean room [1]. The issue aroused in the work area of the 
studied manufacturing plant due to the highly contamination 
of air. This research studied the airborne particles
contamination at the HGA washing process to determine the 
factors that generate contaminants in the air, which cause
damaged and scratches on the HGA as shown in Fig. 1.
According to the US Federal standard 209E [2] requirements,
the particles contamination in the air of the Class 100 clean 
room must be as follows: the particles size of 0.3 microns
shall be less than 300 counts per cubic feet (counts/ft3) and the 
particles size of 0.5 microns shall be less than 100 counts per 
cubic feet (counts/ft3).

 
Fig. 1 A sample HGA damaged by the airborne particles contamination.

The airborne particle counts (APC) monitored at the 
unloading point of the washing process exhibited the non-
conformance with the specification required by the US 
Federal Standard 209E as shown in Fig. 2 and Fig. 3.
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Fig. 2 APC monitoring chart of the particle size 0.3 microns

 
Fig. 3 APC monitoring chart of the particle size 0.5 microns

As shown in Fig. 2 and Fig. 3, the average APC of the 
particle size 0.3 microns and 0.5 microns are 4,392 Counts/ft3

and 1,323 Counts/ft3, respectively.

II. OBJECTIVES
The main objectives of this research are as follows:
1) To determine the appropriate parameters for controlling 

the amount of particles contamination in the air of the HGA 
washing process.

2) To achieve the capability of the US Federation Standard 
209E class 100 clean room requirements.

III. EXPERIMENTION AND METHOD
A. Introduction

Problem definition – the Air Particle contamination of  the 
HGA washing process is higher than the specification required 
by the US Federal Standard 209E.

Response Variable identification – quantity of the 
Airborne Particle Counts (APC) on particle size 0.3 and 0.5 
microns at the HGA washing process.

Factors identification – Five process parameters were 
selected as the controllable factors for the experimentation: 
these includes, A) the speed of the fan filter unit (FFU), B)
the width of the air return duct, C) the hold size of the table at 

the unload washing process, D) the height of the air ionizer , 
and E) the exhaust suction fan’s speed.

B. Experimental Method
There are three steps as follows.

1)  Box-Behnken Designs: The experiments are run at 
different factor values, called levels. Each run of an 
experiment involves a combination of the levels of the factors 
that are being investigated. The Box-Behnken design [3] is a 
response surface methodology (RSM) [4] design that requires 
only three levels to run an experiment. It is a special 3-level 
design since it does not contain any points at the vertices of 
the experiment region. This could be advantageous when the 
points on the corners of the cube represent level combinations 
that are prohibitively expensive or impossible to test because 
of physical process constraints. Fig. 4 shows an example of a 
Box-Behnken design with three factors.

Fig. 4 Box-Behnken design for three factors

2)  Designed levels of factors: Levels of each factors used 
in the experimental plan are summarized as shown in Table I.

TABLE I

THE DESIGNED LEVELS OF THE EXPERIMENTAL FACTORS

Factor Unit
Levels

Low Center 
Point High

A: FFU speed fpm. 70 90 110

B: Air return duct width cm. 1 2 3

C: Hold size of table mm. 3 4 5

D: Air ionizer height cm. 60 65 70

E: Exhaust suction speed fpm. 200 250 300

The location and configuration for each selected factor for
controlling the airborne particle contamination in the air at the 
washing process is show in fig. 5.
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Fig. 5 Location and configuration of the controlled factors

The experimental plan was obtained by Minitab version 17 
having the total runs of 46 as shown in Table II

TABLE II
The experimental plan of the Box-Behnken designs from Minitab 17

IV. RESULTS AND DISCUSSION
1. Analysis of the results
Model Adequacy Checking: The experimental results of 

the APC have to be checked for statistically conformance,
called residuals analysis. The residuals have to be i) normally 
distributed; the variances of the residuals should be ii) stable, 
and iii) independence.

Normality of the residuals: According to the probability 
plot of the residuals as shown in Fig. 6 and Fig 7, the P-Value 
for particle size 0.3 microns and 0.5 microns are 0.152 and
0.911, respectively. Thus the residuals for both particles sizes 
are normally distributed at a significance level of 0.05.

Fig. 6 Proability plot of of the residuals for APC 0.3 microns

Fig. 7 Proability plot of of the residuals for APC 0.5 microns

Variance stability test: The residuals versus fitted values
plot are shown in Fig. 8 and Fig. 9 for particle size 0.3 
microns and 0.5 microns, respectively. Since the residuals 
were randomly distributed without any particular pattern, 
therefore, the stability of variances was confirmed.

Independence of the residuals: Referring to the residuals 
plot versus observation orders as shown in Fig 8 and Fig 9, it 
is shown that the residuals were randomly distributed without 
any particular pattern. Therefore, the residuals were assumed 
to be independent.
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Fig. 8 Residual plot 4 in 1 of the residuals APC 0.3 microns

Fig. 9 Residual plot 4 in 1 of the residuals APC 0.5 microns

The experimental data were analyzed by Minitab R17. The
Analysis of Variance (ANOVA) [4] for particle size 0.3 
microns is shown in Fig. 10, while for particle size 0.5 
microns is shown in Fig. 11. It’s found that the factors and 
terms that have effect on the APC for both particles size 0.3
microns and 0.5 microns are the same. That is factor B, factor 
E, and the square of B*B is significance at a level of 0.05.

2. Response Surface Methodology (RSM)
A. Box-Behnken Design.
The results from Minitab R17 for Box-Behnken Design 

analysis with backward elimination stepwise algorithm are 
shown on Fig. 12 for particle size of 0.3 microns and Fig. 13 
for particle size of 0.5 microns, respectively. The reduced 
regression models for APC of particle size 0.3 and 0.5 
microns are shown in equation (1) and (2)

APC 0.3 = 446.8 + 162.4B - 1.755D - 26.4B*B          (1)  
APC 0.5 = -72.9 + 2.77A + 62.4B + 58.0C - 0.6746E -

0.01636A*A - 10.54 B*B - 6.7C*C                        (2)

Where:
A: FFU Speed (fpm)
B: Air Return width (cm)
C: Hold Size of Table (mm)
D: Exhaust Suction (fpm)

Fig. 10 The Analysis of Variance for APC 0.3 microns

Fig. 11 The Analysis of Variance for APC 0.5 microns
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Fig. 12 Result of the RSM analysis for APC particle size 0.3 microns

Fig. 13 Result of the RSM Analysis for APC particle size 0.5 microns

B. Response Optimizer
To determine the optimal level of each factor, the response

optimizer in Minitab was conducted with the setting of 
minimization. The target of zero counts/ft3 of the APC was set 
for both particle size of 0.3 and 0.5 microns. The upper limits 
of 300 counts/ft3 and 100 Counts/ft3 for particle size 0.3 
microns and 0.5 microns were set, respectively. The results
obtained in Fig. 14. The minimum APC for particle size 0.3 
microns is 56.1875 Counts/ft3 and for particle size 0.5 microns
is 0.1192 Counts/ft3.

Fig. 14 Results of the RSM Response Optimization 

V. CONCLUSION

The optimal setting for each factor that provide the lowest 
APC is shown in Table III

TABLE III
OPTIMAL FACTORS LEVEL

Factor Unit Parameter
A: FFU Speed fpm. 105
B: Air Return width cm. 1
C: Hold Size of Table mm. 3
D: Air ionizer height cm. set at convenience level
E: Exhaust Suction fpm. 300

Then confirmation runs were then performed, the APC 
were compared as shown in Table IV.

TABLE IV

CONFIRMATION RUNS AND THE COMPARISON OF RESULTS BEFORE AND 
AFTER ADJUSTING THE PARAMETERS OF EACH FACTOR

Run
Number

Before Parameters
Adjustment

After Parameters
Adjustment

0.3 µm 0.5  µm 0.3 µm 0.5  µm

1 4,435 1,427 59 10

2 4,345 1,347 63 11

3 5,543 1,217 66 18

4 3,781 1,276 61 13

5 3,678 1,256 79 19

6 4,567 1,292 89 21

7 4,321 1,277 58 12

8 3,982 1,236 68 21

9 4,563 1,352 64 16

10 4,567 1,421 66 14

11 4,576 1,542 84 22

12 4,689 1,356 56 16

13 4,897 1,256 78 22

14 4,003 1,324 76 20

15 4,673 1,372 60 18

16 3,974 1,421 61 15

17 4,231 1,226 78 21

18 4,564 1,234 56 12

19 4,566 1,375 76 26

20 3,891 1,244 65 19

Average 4,392 1,323 68 17

As shown in Table IV, from the confirmation runs it’s 
found that the APC for both particle size 0.3 and 0.5 microns 
were drastically reduced. The average APC of particle size 0.3 
microns was reduced from 4,392 counts/ft P

3
P to 68 counts/ft P

3
P.

The average APC of particle size 0.5 microns was reduced 
from 1,323 counts/ft P

3
P to 17 counts/ft P

3
P. With the optimal setting 

of process parameters obtained from this research, the HGA 
washing process of the studied plant is now conformed to the 
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class 100 clean room requirements specified by the US 
Federal Standard 209E.

VI. SUGGESTION
From the experimental results, it’s found that the  actual 

APC were a little bit deviated from the expected APC results 
that could have been obtained from the regression models. 
This might be caused by the noises or the uncontrollable 
factors in clean room, such as temperature, humidity, errors 
due to experiments, measurement instruments, and etc. Thus 
the carefully set up of experimentations with the same 
environmental conditions before and after the improvement 
are important. 
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Abstract-- The main objective of this research is to improve the 
efficiency of the airbag manufacturing. The side airbag 
production line has been selected as the pilot study. The 
production line efficiency improvement is necessary to respond 
and support the customers’ demands as well as increasing the 
productivity of the company.

The side airbag production line under studied was 
not being able to fulfill the increasing customer demands. The 
research started by collecting the data represented the existing 
situation. The data are then analyzed and the Industrial 
Engineering techniques are applied. The ECRS and Yamazumi 
Chart technique for line balancing are applied to improve the 
process. In order to reduce the defective in the process, the 
Kaizen technique was finally implemented.

It has been proven that the techniques employed in 
this study can improve the efficiency of the side airbag 
manufacturing. The results obtained were: three operators have 
been reduced, the output is increased to 84 pieces per shift, and 
the productivity is increased from 3.16 pieces per man-hour to 
4.43 pieces per man-hour. The product quality also improved. 
The defective rate is reduced by 1.99%, from 3.07% to 1.08%. 
The implementation of the line balancing technique reduces 
waiting time, so thus the OEE is increased by 9.22%, from 
87.72% to 96.94%.

Keywords-- Line improvement, Line balancing, Kaizen, Overall 
Equipment Effectiveness (OEE)

I. INTRODUCTION
Automotive industry plays an important role for the

country development [1]. It has impact on economic growth,
labor hiring, value added, automotive development and 
support to other industries. Thailand has the policy to 
promote and continuous development of the automotive 
industry since 1961.

The automotive safety equipments are one of the 
major components for the automobile. Due to the high growth 
of the automotive industry in Thailand for the past decades, it 
is necessary to improve the productivity and quality of 
products. The side airbag manufacturing of the studied plant 
also faced the problems of productivity and quality 
improvement. For example in the stitching process, there 
were 16 steps with 19 workers causing high idle time in the 
production line. The output rate was lower than the sale 
volumes required by the marketing department. The defective 
rate was high due to the rush production. The over equipment 
effectiveness (OEE) was also low due to high idle time and 
high defective rate. Thus it was necessary to improve this side 
airbag production line. 

II. OBJECTIVES
The main objectives of this research are as follows:

1) To improve the efficiency of the side airbag 
manufacturing process.

2) To reduce the defective rate of the side airbag 
manufacturing process.

III. LITERATURES REVIEW
A. The Productivity

Productivity is an average measure of the efficiency of 
production. It can be expressed as the ratio of output to inputs 
used in the production process, i.e. output per unit of input. 

Productivity = Output / Input (1)

There are types of productivity [2]:
1. Partial Productivity is a ratio of output to each resource 

such as labor productivity, capital productivity, material 
productivity, and energy productivity.

2. Total Factor Productivity is a ratio of output to net 
capital and labor which net output minus the cost of materials 
and services. 

3. Total Productivity is the ratio of output to all resources
use.

The rate of increase in productivity indicates the 
improvement in efficiency and performance [3]. It provides a 
means of increasing productivity by reducing production 
costs. (Reduction of resource use) that is the way to increase 
the yield maximum results increasing productivity by 
reducing capacity or increasing productivity by reducing 
costs. 

Productivity increase can be achieved in several ways.
1. Output increase, inputs unchanged.
2. Output increase, inputs decrease.
3. Output unchanged, inputs decrease.
4. Output increase high ratio more than inputs increase.
5. Output decrease low ratio less than inputs decrease.
B. Line Balancing [4]

Process is an assembly of small components. The 
finished product is characterized by an assembly line. The 
assembly line represents the workflow components that are 
running continuously. Each assembly line may be different in 
terms of the layout of the machine tool assembly line, the 
ability of workers and jobs on the assembly line. Thus, the 
time it takes to perform is different. When each sub-process is 
the time to work (Cycle Time) unequal to make production 
lines that caused unemployment in certain stages it may have 
wide-ranging and serious to the bottleneck in the process 
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which caused emptiness to operate machines with less
efficiency. In order to reduce these problems, they have 
devised improved. The solution to this matter is balance of 
production; an allocation of the working time (Cycle Time) in 
each step or process that is most similar to cater the priorities 
in the work-out. The allocation for each work station to 
ensure consistency is proportional from elimination process 
without the need for reducing the duration or distance of 
moving.

To balance production line, what is crucial in the process 
of production? We need to know sequence of work at each 
stage of work requirements or production volume. This will 
allow us to analyze and improve processes and to determine 
the balance of the production line is the time spent in each 
stage of the work process and to have effective results when 
information is accurate and reliable. The steps to balance the 
production line is scheduled to begin around the time of 
production, relationship of the order process or smaller tasks 
together To the individual work stations. The difference of 
time spent on each work station is minimal. If the event 
cannot fit to the number of set up stations, it can be solved by 
increasing the number of work stations as appropriate to the 
individual work stations. The information put to use in the 
analysis can be put in chart balance workloads (Yamazumi 
chart).

Balancing the production line to measure or evaluate the
effectiveness and efficiency of the production line has been 
improved; it is regarded as extremely important. To compare 
results before and after balancing the production line with the 
following formula.

% Line Efficiency = __ Total time                      x  100
        Number work station x Max Cycle time

C. ECRS [5]
ECRS is the general principles of how to improve the 

work study to streamline workflow to increase productivity as 
follows.

1. Eliminate is the removal of some unnecessary parts or 
useless away. This is because the job would mean an 
unnecessary waste of time, labor, materials or money, the 
costs to operate or invest in it. Step to consider in order to
eliminate starts from “Is that work able to eliminate?” as 
follows.

- This step may not be important anymore.
- This may be a step up for the convenience of staff only.
- This step can be eliminated if the new sequence.
- This step can be eliminated if the better tool.
2. Combine, The process includes multiple parts together 

to same step. When unnecessary work cut out but remains 
work needed or cannot cut out. The next step is found out the 
task or the job that needed to be integrated into the new by 
consider “able combine?” as follows.

- Workplace or tools new design.
- Change work sequence.
- Materials or details part change.
- Skill up.
3. Rearrange, when eliminate and combine doesn’t work 

will be improvement by location change, operator change or 
rearrange by consider “able rearrange?” as follows.

- Reduce work sequence to short or simple.
- Reduce transportation or motion.

- Saving work area and time.
- Increase efficiency tool.
4. Simplify, improve work to simple to do and high 

performance such as complex work and difficult to 
understand find to do as simple by consider “How to 
improve?” as follows.

- Re layout.
- New tooling.
- Training, closes control and service.
- Break the task down to the sub.

First to be done is eliminate because some task was 
combined rearranged or improved but later we witness it’s 
unnecessary. Second to do is combine and rearrange. The last 
to improvement or make it simple to do task compact and 
right.
D. Kaizen [6]

(Kai) Japanese means to change or correction and
(Zen) means to aim to perfection (Kaizen) means to 
change to perfection. Kaizen has profound implications that 
require additional media revolution and that the practice 
occurred, it must be done continually, with no end date. 
Kaizen management style, although not the main task of the 
management. But at the same time it's not the employees 
unilaterally and Kaizen is not just a formula adjustment 
procedure in the company. But what is it about this concept;
the administration must be built into the minds of all 
employees and executives. To change the way they live in 
accordance with the practices. The results of this strategy can 
be enormous, so it can actually happen. In a big picture, 
strategic management, Kaizen is a way of management that 
delivers the confidence of the staff, everyone in the 
organization should maintain and develop the capacity of its 
own production system for better consistent with a "systemic 
practice "by not mind it "Regulation" is that perfection is not 
changing any more.

In staffing levels practicing of Kaizen is comparable to a
priest said prayers or ecclesiastical ministry is done 
repeatedly each day by just not practical to complete or to kill 
time. But to be mindful of the questions focused on 
identifying, analyzing and searching for answers on the 
subject of the question. Then the next day I did the same to 
put forward a more enlightened approach day.

By these concepts when taken together with steps as a 
way of correct implementation, the power to solve problems
with Kaizen management strategy can be applied to deal with 
the systemic problems that have extensive, concrete and very 
versatile. From a quality control Reduction process Inventory 
Management Transportation management, etc. The solution is 
being tested by those in direct environment. It is a collection 
of recipes or instructions for further handling. The response 
from the experimental stages, it is often not practical 
approach which is enough to collect only the best content. It 
will be innovative, as Toyota was finally able to create 
manufacturing standards TPS (Toyota Production System), 
which uses the Just-in-Time (JIT) to control the production 
car "made specific needs to do so only and a number like 
"more complete. It is the result of studies and experiments 
through the Kaizen in a subset of the system continuously. 5
elements to be done in Kaizen 

1. Teamwork
2. Personal discipline
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3. Improved morale
4. Quality circles
5. Suggestions for improvement
These elements need to be prepared seriously before 

initiating the operation. If you lack strong foundation 
potential problems which hinder the Kaizen is likely to be 
very high. Examples of these issues include.

• The transfer some work to do Kaizen supervisor could 
understand that they were considered potential decline. Cause 
opposition and refused to leave the job.

• Noncompliance of those who do not believe that the 
trial process will produce better results. Or there is a 
possibility.

• Disappointed in the result, no progress could be 
undermined morally.

• The system is not sustainable because of the lack of 
assurances by the administration to take a serious Kaizen.

• The lack of adequate support tools.
The Kaizen goal is to reduce waste or muda ( ) thus 

the "Elimination of Waste" is the first step to start making 
Kaizen.

The aim of this step is to look for and what to get rid of 
clutter or slow-moving organizations to pay attention to 
things that are not helpful in any way to make the most in of 
things to get rid of it. "The process or step that cause waste 
in" descending order of severity as follows.

1. Defective products
2. Over-production
3. Transportation
4. Waiting
5. Excess inventory
6. Motion
7. Extra processing
For example, we may look in the garden. Experimental 

drip system to replace the water that we need to do is to 
gradually and regularly collect water that drips per minute, 
the speed of growth, or the fruits of the trees. The concept is 
simple nearby on the Elimination of Waste to reduce 
unnecessary water. (Over-production) and to stop the 
movement was spared (Motion) on the need to water the tree 
itself. These start from the statistics about the various 
functions. Then, test preparation to reduce the problems, 
which includes the target preferences to record and modify 
experiments. And the preparation and trial practice on the 
Elimination of Waste and aims to reduce the problem in any 
part of it. Then next step is taking action.
E. JUSE’s QC Story [7]

The solution of the Confederation of Scientists and 
Engineers of Japan (Japanese Union of Scientist and 
Engineer: JUSE) administration has proposed a QC Circle for 
a way to solve quality problems seven in steps.

1. Choosing a topic assigned missions themselves; are 
responsible for what. The quality indicator, then check the 
results of the current operations. To determine the quality 
problem, making a selection problem will be solved to 
determine the topics. The topics will be in the form of fixing 
what not desire to is over wish list.

2. Understanding the situation and goals. This step 
consists in choosing the product characteristics for control 
(control characteristics) that is used to judge the effectiveness 
of the solution. I understand the situation with the means. 

Find something that is not desirable in the present and the 
possibilities of such things in the past (Hosatani 1992: 82) by 
way of a major feature of the situation is using knowledge of 
the variations in the classification of information. In order to 
understand the situation then target the problem in the form of 
the amount that must be corrected within a specified period.

3. Event planning solutions the procedure is distinguished 
QC Story of Confederation JUSE is planning activities to 
address the issue of who did what, how, through the Gantt 
chart (Gantt chart) by the action must have come from 
understanding the status issue to be resolved in the second 
stage to determine the activities required to fix the problem. 
The resources used to schedule and assign responsibilities. 
The plan is an important tool in controlling the problem 
further.

4. Analysis of the problem at this stage, it has come from 
the collection of all possible causes of the problem. Then 
analyze the relationships between characteristics, quality-
oriented education system. And why are interrelated by using 
the appropriate QC. He summed up the root causes of quality 
problems.

5. The counter measures and applies. After studying the 
root causes of the problem. The next step is to determine the 
appropriate counter measures. Start to define the concept of 
counter-measures such as eradicated twist the separation 
between normal and abnormal. Constant and variable, etc. 
(see the details of future episodes of Hosotani 1992: 96) and 
has already defined the concept to create an alternative for 
counter measures. And counter measures for further 
implementation.

6. Confirmation of results in this process, will consider 
the use of retaliatory measures in step 5 to consider the side 
effects. (Side-effect) may occur. Then consider either the 
result of the improved performance. To make a comparison 
with the target set in Step 2, and if the result is lower than the 
target. It is wise to consider the root causes of the problem 
and devising new measures. And if the result has been exactly 
the target please identify the benefits obtained from the 
update

7. Preparation of standard and custom control system. 
After the bundle runs counter measures to take and pass the 
results confirm that the results meet the set targets. It should 
continue to curtail the draft standard, so that all parties have a 
trial. Then make the appropriate changes to work processes. 
Then determine how to control which should be set up to 
control item and check points that will provide education or 
training in the new methods of accountability and kept it.

IV. RESEARCH STEPS
4.1 Process Study

This study was conducted at the manufacturing facility 
for automotive safety products, the side airbags model: A.
The process steps include cutting, sewing and packaging. The 
longest process time is the sewing process. This study was 
focused on the sewing process in order to improve the 
efficiency of this line.
4.2. Problems identification

In 2014 the demands of the side airbag model A is 539 
pieces/shift (pieces/7.7 hour) but the actual output were 448
pieces/shift. The line efficiency was 65.7 %, the defective rate 
was 3.11% which is higher than the target of 3.0%. The OEE 
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target is 90%, but the actual OEE was 85.06%. The 
company’s target for the year 2015 of OEE is 93% and for the 
defective rate is 1.5%.
4.3 Data collection

In the sewing process of the side airbag model A, there 
are 16 steps with 19 workers and the layout was a straight or I
line as shown in Fig. 1. The bottle neck operation was at
sewing station no. 4 and 8 as shown in Fig. 2. The line 
efficiency was 65.7%. In 2014, the output of side airbag 
model A was 223,450 pieces and defective was 6,950 pieces 
or 3.11%.

Fig. 1 The I line of the side airbag sewing process

Fig. 2 The Yamazumi Chart of the side airbag sewing process

4.4 Root cause analysis
The Pareto analysis identified the top three causes of 

defective which were thread fluffy, thread loose and no red 
tread which were accounted for 77.2% as shown in Fig. 3. 

Fig. 3 Pareto chart of % Defective of Side Airbag Model A 

4.5 Improvement
Once the problems and root causes had been 

identified, the improvement plan had been developed. To 
improve the line efficiency, the line balancing technique 
incorporated with the ECRS, the Man-Machine chart, and the 
Yamazumi chart were implemented. For defective reduction,
the Kaizen technique and 7 QC Tools had been applied. The 
comparisons of production line performance, before vs. after 
improvement, using various indicators were then performed.

V. RESULT AND DISCUSSION
5.1 Improvement of sewing station no. 4 and 8 

From the Man-Machine chart as shown in Fig. 4, it’s 
found that the sewing station no. 4 and 8 containing 2 
workers. There were non-value added activities that can then
be removed using the improvement method as follow:

Improvement of sewing station no. 4
1. MAN1 and MAN2 were waiting and preparing for 

the next piece after the previous sewing piece was finished, 
causing an idle time of 18 seconds per worker, thus the total
idle time for the two workers were 36 seconds. In addition, 
the MC1 were idle during workers’ preparation for the next 
sewing piece by 12 seconds per worker, thus the total idle 
time for MC1 was 24 seconds.

2. MAN1 and MAN2 each spend 9 seconds for 
inspection of the finished piece, causing 18 seconds of idle 
time for MC1.

Before Improvement
MAN1and MAN2 each has 48 seconds of idle time 

and 57 seconds of working time accounted for 54% of 
working time.

MC1has 69 seconds of idle time and 36 seconds of 
working time, bring about 34% of working time.

After Improvement
One worker was eliminated. The operations steps have 

been modified. The modified Man-Machine chart is shown on 
Fig. 5. The cycle time is within the required output rate. 
There is no idle time for the worker. The total idle time of 
MC1 is accounted for 48 seconds for piece work preparation, 
loading and unloading of piece work.

Improvement results
For sewing station no.4:
- One worker was eliminated.
- Cycle time was reduced to 84 seconds.
- Worker percentage of working time was increased 
from 57% to 100%.
- MC1 has 48 seconds of idle time and 36 seconds of 
working time, bring about 43% of working time which 
is increased by 9%.
- The standard time was reduced by 13 seconds, from
111 seconds to 98 seconds.
- The output rate was increased by 9 pieces/hour, from 
63 pieces/hour to 72 pieces/hour.

Fig. 4 Man-Machine chart of sewing station no. 4: before improvement

Sewing No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Worker 2 1 1 2 1 1 1 2 1 1 1 1 1 1 1 1
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Fig. 5 Man-Machine chart of  sewing station no. 4: after improvement

Improvement of sewing station no. 8
From the Man-Machine chart as shown in Fig. 6, it as 

found that:
1 MAN1 and MAN2 were waiting and preparing for 

the next piece after the previous sewing piece was finished, 
causing an idle time of 18 seconds per worker, thus the total
idle time for the two workers were 36 seconds. In addition, 
the MC1 were idle during workers’ preparation for the next 
sewing piece by 12 seconds per worker, thus the total idle 
time for MC1 was 24 seconds.

2. MAN1 and MAN2 each spend 9 seconds for 
inspection of the finished piece, causing 18 seconds of idle 
time for MC1.

Before Improvement
MAN1and MAN2 each has 48 seconds of idle time 

and 57 seconds of working time accounted for 54% of 
working time.

MC1has 69 seconds of idle time and 36 seconds of 
working time, bring about 34% of working time.

After Improvement
One worker was eliminated. The operations steps have 

been modified. The modified Man-Machine chart is shown on 
Fig. 7. The cycle time is within the required output rate. 
There is no idle time for the worker. The total idle time of 
MC1 is accounted for 48 seconds for piece work preparation, 
loading and unloading of piece work.

Improvement results
For sewing station no.4:
- One worker was eliminated.
- Cycle time was reduced to 84 seconds.
- Worker percentage of working time was increased 
from 57% to 100%.
- MC1 has 48 seconds of idle time and 36 seconds of 
working time, bring about 43% of working time which 
is increased by 9%.
- The standard time was reduced by 23 seconds, from
117 seconds to 94 seconds.
- The output rate was increased by 14 pieces/hour,
from 60 pieces/hour to 74 pieces/hour.
The improvement was further performed by 

combining the operations in sewing station no. 6 and no. 12. 
Since the operations time in both stations were low, the 
worker of station 6 is now assigned to perform operations in 
station no 12 as well. The worker in station no. 12 was then 
eliminated. The number of workers assigned to each sewing 
station before and after improvement is shown on Fig. 8 and 
Fig. 9. 

Fig. 6 Man-Machine chart of sewing station no. 8: before improvement

Fig. 7 Man-Machine chart of sewing station no. 8: after improvement

Fig. 8 Operators assigned to sewing station: before improvement

Fig. 9 Operators assigned to sewing station: after improvement

The operations time for all sewing stations after the 
improvement are shown in Fig. 10. From the Yamazumi 
chart, it is shown that the oprations time for all stations are 
within the required cycle time. 

Fig. 10 Yamazumi Chart after improvement

Sewing No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Worker 2 1 1 2 1 1 1 2 1 1 1 1 1 1 1 1

Sewing No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Worker 2 1 1 1 1 0.5 1 1 1 1 1 0.5 1 1 1 1

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

131



 

  

Summary of the sewing station improvement:
- Three workers were eliminated, total workers was 
decreased from 19 to 16 workers.
- The output is increased by 84 pieces/shift, from 462
(60 x 7.7) pieces/shift to 546 (71 x 7.7) pieces/shift.
- The line efficiency is increased by 16%, from 67.8%
to 83.8% as show fig. 10.
- The productivity is increased by 1.27 pieces/man-
hour, from 462 / (19 x 7.7) = 3.16 pieces/man-hour to 
546 / (16 x 7.7) = 4.43 pieces/man-hour.

5.2 Defective Reduction
Beside the sewing line efficiency improvement, the 

defective reduction was also performed. The Pareto analysis 
identified the top three causes of defective which were thread 
fluffy, thread loose and no red tread which were accounted 
for 77.2% as shown in Fig. 3. The fishbone or cause-and-
effect diagram has been employed in the Kaizen activity. Fig. 
11 shows the root causes obtained from the brainstorming 
session. The Kaizen group members composed of the  
representatives from production, quality assurance, and 
maintenance departments.

Fig. 11 The Cause and effect diagram analysis

Five factors has been selected from the cause and 
effect diagram and coutermeasures to reduce the defective 
has been identified and implemented as shown in Table 1. 
The results of theses countermesures reduced defective by 
1.99%, from 3.07% to 1.08% as show in Fig. 12. The overall 
equipment effectiveness (OEE) was increased by 11.88%,
from 85.06% to 96.94% as shown in Fig. 13.

TABLE I
COUNTERMEASURES AND IMPROVEMENT

Fig. 12 Percent defective before and after improvement

Fig. 13 Percent OEE before and after improvement

VI. CONCLUSION
The improvement results of the side airbag sewing line 

from this research including:
1. Elimination of 3 workers per shift from the side airbag 

sewing line: one from station no. 4, one from station no. 8, 
and one from station no. 12. The total numbers of workers are 
now 16 workers instead of 19 workers. 

2. The output is increased by 84 pieces/shift or 168 
pieces/day, from 462 (60 x 7.7) pieces/shift to 546 (71 x 7.7)
pieces/shift.

3. The line efficiency is increased by 16%, from 67.8% to
83.8%.

4. The productivity is increased by 1.27 pieces/man-hour, 
from 3.16 pieces/man-hour (462/(19x7.7)) to 4.43
pieces/man-hour (546/(16x7.7)).

5. The defective rate is decreased by 2.03%, from 3.11%
to 1.08%.

6. The overall equipment effectiveness (OEE) is 
increased by 11.88%, from 85.06% to 96.94%.

7. Elimination of 3 workers per shift saves 540,000 
THB/year of labor cost—3 workers x 15,000 THB/month x 
12 months/year.

8. Reduction of defective saves 1,512,000 THB/year—
420 pieces/month x 12 months/year x 300 THB/piece.

9. The increased of output increases 13,305,600 
THB/year of sale revenue—168 pieces/day x 264 days/year x 
300 THB/piece.

Table 2 shows the summary results of the improvement 
obtained from this research.

Factor Defect Countermeasure and Improvement

No Cooling Thread fluffy , Loose Reduction sewing heat by added  liquid 

Silicone lurbricant.

Silicone chip Thread fluffy , Loose, No 

Red tread

Clean bobbin and hook by air gun every 

time when bobin changing. 

Distance end thread 

short

No Red tread Install thread clamping and clamp before 

start every time

Tight spinning thread Thread fluffy , Loose, No 

Red tread

Control tight by modify manual spinning 

mc to automatic spinning mc.

Defect standard All defect Review, revise and updated defect criteria 

/master standard and training all concrn.
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TABLE II
SUMMARY RESULTS OF THE IMPROVEMENT

ACKNOWLEDGEMENT

     Foremost, I would like to express my sincere gratitude 
to my advisor, Assoc. Prof. Dr. Pichit Sukcharengpong and 
Asst. Prof. Dr. Chark Tingsaphat Director of Master of 
Business Administration (Industrial Management) Thai-Nichi 
Institute of Technology for their valuable suggestions to solve 
problems and guidance for a better layout to complete this 
research.

Last but not least my sincere gratitude to a car safety 
manufacturer that allowed me to study the production 
process. I am very much appreciate and grateful and wished 
to once again express my sincere acknowledgement and 
thankfulness. 

REFERENCES
[1] Thailand Automotive Institute, Automotive Industrial Master Plan 2012-

2016, Ministry of Industry, Thailand, 2012
[2] Wanchai Rijirawanich, Work Study Principle and Case Study. 8th ed., 

Chulalongkorn University, Bangkok, Thailand, 2012
[3] Pisal Leetrakool, The Improvement Productivity of The Mill Limestone by 

IE Techniqu, Independent Study: M.S. (Industrial Management),
Graduate School, Chiang Mai University, Chiang Mai, Thailand, 2008

[4] Chumpol Saringkarnsiri, Production Planning and Control, 24th ed.,
Technology Promotion Association (Thailand-Japan), Bangkok,
Thailand. 2013

[5] Niphon Sawathanakit, Productivity for Pick Up Assembly Line,
Independent Study: M.Eng. (Manufacturing System Engineering),
Graduate School, King Mongkut’s University of Technology Thonburi, 
Bangkok, Thailand, 2006

[6] INC quity, “Kaizen, Toyota 40 year 20 million Ideas”, Search on 20th

June 2015, from http://incquity.com/articles/kaizen-lean-management.
[7] Kitisak Ployphanichchalern, Quality Control, 4th ed., Technology 

Promotion Association (Thailand-Japan), Bangkok, Thailand, 2009

Topic Unit Before After + / -

Worker Labors 19 16 -3

Output pieces / hour 60 71 11

Output pieces / year 243,936          288,288         44,352

Line Efficiency % 67.8 83.8 16

Productivity pieces / man-hour 3.16 4.43 1.27

Defective % 3.11 1.08 -2.03

OEE % 85.06 96.94 11.88

A: Availability % 88.5 98 9.5

Q: Quality % 96.89 98.92 2.03

Labor Cost THB / year 3,420,000       2,880,000       -540,000

Defective Cost THB / year 2,278,800       766,800         -1,512,000

Sale income THB / year 73,180,800      86,486,400     13,305,600       
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Abstract— Despite happy workplace was essential to all 
companies, little of Thai’s literature had been found to study
about happy workplace in oil & gas companies. An oil & gas 
company could be considered as a multidisciplinary work
organization where challenging work, time constraint, safety, 
technical knowledge, management, and even more were as same 
as many other industries. Therefore, the research had aimed to 
identify factors those help promote a happy workplace in an 
upstream Thai National Oil & Gas Company and also provide a 
management guideline for companies who seek to uplift their 
employees’ happiness in the workplace. Quantitative and 
qualitative method were used to confirm the factors based on 
literature reviews. 378 survey samples were obtained from 2,167 
employees working in the company, and leading personnel were 
interviewed. Exploratory factor analysis and the interview data 
were the tools used to identify the factors, concluding in 6 factors 
creating a happy workplace with management guideline: 
Company’s policy, Fairness, Trust and Respect, Job satisfaction, 
Company’s Culture, and Leadership.

Keywords— Happy workplace, Oil & Gas Company, Upstream, 
Happy Workplace Factors, Exploratory factor analysis, 
Managing

I. INTRODUCTION

Human resources had been considered as a precious
resource in an organization. Retention of human resource was 
not just for the survival of the organization, but for further 
improvement of knowledge and innovation to achieve 
competitive advantage, especially for the sustainability of 
Thai economics. Many employees in various places,
especially in Bangkok had suffered from huge pressure, stress 
[1], time constraint or even the competition of skills and 
competency. The well-being of employees was directly 
affected and had resulted in the resignation of good and 
talented persons. Many happy workplace factors had been 
mentioned by researchers, and success had been brought to 
various organizations when using them to develop happiness 
in the workplace. Thai Health Promotion Foundation (THPF), 
a government agency, had been supporting Thai organizations 
in creating a happy workplace. Their publicities and activities 
addressing a happy workplace had been widely distributed to 
organizations. These activities had a major role in creating a
happy workplace. According to their survey, more than 50% 
of organizations in Thailand had to do something about the 
organization health (need to increase workplace happiness) [2] 

and only 1.7% were considered as enviably happy. The 
biggest problems that they had found in the survey were that 
organizations lacked happiness management. Well-being and 
happiness management were considered to be critical in 
retaining employees. “Attracting talented people is difficult, 
but it is even harder to retain them...” was said by Pitchpajee 
Saichuay, managing director of Tower Watson Thailand [3]. 
Even if the compensation of employees in Oil & Gas 
Company was considered to be high comparing to other 
industries [4], people were still leaving their job.  As an 
example from a Thai oil & gas company in Fig. 1.

Fig. 1 the number of employees leaving their job during 2012 – 2015 in an oil 
and gas company

During regular work or economic downturn, happiness helped
keep the quality of human capital to remain the key to the 
organization’s success [5]. In oil and gas sectors, technical 
knowledge and management were as same as other industries 
[6]. However, how to create and manage a happy workplace in 
Thai oil and gas company was still unclear and could be 
considered as a weak point in the academic and industrial 
perspective.

II. LITERATURE REVIEW

A. Happy Workplace and Its Benefits
A happy workplace not only attracted employees but also 

helped the organization retain their best-talented persons in 
the workplace [7]. When employees were happy, they tended 
to increase their productivity, and it was also valid when
considering the other way around as employees are more 
productive when they are happy [8]. “A happy workplace 
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significantly increase productivity, decreases health care costs 
and improves customer loyalty.” [9]. Workplace success and 
outcomes had not only come from intelligence, connections or 
affluence but also from happiness [10]. So when an 
organization was considered as a happy workplace, it would
be sustained and ready for changes [11]. Many Thai 
organizations had also experienced positive changes when 
they were promoting a happy workplace. The turnover rate 
had rashly decreased when all employees were happy; new
customers had also been increased by the recommendation of 
the regular customers [12]. Not only the growth in 
productivity but also knowledge, as an organizational resource, 
would be collected and increased. A knowledge sharing 
culture could lead to the development of human resources and 
finally, reaching the organization’s goals [13]. Even if 
growing businesses meant competing with others, “self-
improvement and self-development can make a happy 
competitor.” [14]. Innovation and high-performance 
workplace practices would eventually be developed as a result 
of happiness. An employee in a high performance working
organization had been considered to be more satisfied with the 
job when comparing with those supported by only human 
resource practices [15]. Flexible working system, increase 
working autonomy, communication, and having the proper 
knowledge to support a task were all involved in high-
performance work practices. A happy workplace benefited not 
only the life of employees but also the life of the organization. 
When a workplace was happy, individuals became happy. “No 
individuals can be happy or pursue things that would make 
them happy if the society as a whole is chaotic and unhappy” 
[16]. The company would gain a competitive advantage [17],
decrease unwanted cost, accident, turnover rate and 
absenteeism. The beneficial cycle does not stop only with the 
company, but it reached out to the society as well.

B. Happy Workplace Factors
Many happy workplace factors had been proposed in many 

Thai and International literature. Thai Health Promotion 
Foundation, an organization that concerned about health and 
happiness of Thai people [11], had addressed a happy 
workplace as a meaning of managing life to create sustainable 
happiness. Maintaining positive aspect in living both within
yourself and with others, having accountability for society, 
being a good member of the family, organization, and 
community were proposed. They had also suggested eight
factors to create happiness in the workplace: happy body,
happy heart, happy relax, happy brain, happy soul, happy 
money, happy family, and happy society. Happy workplace 
factors had also been given by Fisher [18]. When an 
individual wanted to be happy in the workplace, it could 
happen when they felt that they were enjoying their job and 
that they knew how important the value of the job was. This 
phenomenon was called “a calling.” It could be achieved, as 
an example, when the organization created a healthy, 
respectful and supportive organization culture with 
competence leaders. In the eastern happiness, a qualitative 
research by using Chinese source of happiness in the 

workplace had been conducted [5]. The research had shown 
that they were ten factors to workplace happiness. Such as, 
gratification of the need for respect, achievement at work,
health, and work-life balance. 101 tips to retain a happy, 
healthy staff [19] had also summarized factors creating a 
happy workplace. Such as, a positive work environment, 
empowering, and celebration. They had also suggested that a
job and organizational fit were important and should be 
created.  

Many pieces of literature had proposed various factors, but 
similarities could also be observed. As a result, factors could 
be grouped together by performing a content matrix, mapping 
each research’s factor to another by the definition. Among the 
literature reviews, 20 factors were extracted as per Table 1
that were used to study in this research.

TABLE 1

EXTRACTED HAPPY WORKPLACE FACTORS

Factor Description

1 Job satisfaction

2 Recognition of success

3 Empowering

4 Respect

5 Morality and Ethic

6 Colleagues

7 Leaders

8 Work-life balance

9 Compensation

10 Company culture

11 Fair treatment

12 Safety and Security

13 Skills and knowledge development

14 Environment

15 Health

16 Non-work activities

17 Company purpose

18 Social responsibility

19 Communication

20 Family

C. Managing a Happy Workplace
It was said that to fully manage a happy workplace, the 

organization or should know how to select an activity which 
would satisfy all three aspects of the organization: personal 
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happiness, organizational happiness, and social happiness [13].
Some organizations in Thailand had adopted the idea and
established a 3-H model: Human, House, Happy [20]. Skills 
and knowledge development for employees, make the 
workplace environment safe, and create happy activities were 
an example of the 3-H model which were emphasized on. A
happy workplace could be achieved when employees felt that 
they had a reasonable workload, moderate levels of job 
controls, job security, and treated with respect [21]. A group 
of Thai organization had also been pointing out a way to 
happiness by adopting the Sufficient Economy Philosophy 
[12]. “Giving” was what most companies started with. Each 
entrepreneur managed a happy workplace by giving their love 
to employees and created activities which make them feel 
valued and happy. For an example, supporting both lunch and 
dinner for employees who earned not much. Encourage 
respect, forgiveness, no competition in the workplace, create 
corporate social responsibility activities, knowledge sharing, 
and giving out holiday for employees’ whose parent birthday
in on that day to increase their work life balance by spending 
time with family. In return, the organization was sustained.
The organization had to be managed in a way that made 
employees perceive the company as a family member.
Happiness would be presented, and the organization’s
reputation could grow throughout the society. The happy 
workplace managing method of could be considered different 
to each manager. Selecting a manager that enjoyed managing 
was suggested to maximize the outcome of good leadership 
[22]. The organization should carefully check whether if the 
employee liked managing or not. Most managers in the 
organization had been chosen by their ability to do their core 
work. However, choosing the wrong person could result in a 
stress of managing. Pressure, lower morality, and employees 
to quit their job were caused by poor management. Retaining 
key talent employees had become an issue in oil and gas 
sector [23]. Engagement level, moral were decreased when 
companies faced the lost their experts. Some researchers had 
investigated to find out what was causing a low engagement 
level. Opportunity for feedback, communication and being 
informed, commitment from leaders, fairness, recognition, 
career advancement, and respectful treatment were found to 
be not enough [6], [23]. Paying attention and putting more 
effort in managing these factors could help increase the job 
satisfaction and engagement level. Activities, workshops, 
advertisement, rewards could be implemented to help 
communicate and increase the lacking factors. As a result,
employees would have never wanted to leave their job.
Researches had also indicated that organizational culture, 
career plan, and respect was the one that had been mostly 
chosen to decide on entering into an oil and gas companies, 
generally for independent oil and gas companies [4]. However,
For National Oil Companies, it was shown that the company
was not listening much to employees’ contribution in key
decision-making compared to others. As some of the decisions 
were controlled by their government.

III. METHODOLOGY

A. Research Methodology
Quantitative and qualitative data acquisition by 

questionnaire and interview were proposed as a research 
methodology for this investigation. Fig. 2 demonstrated the 
data acquisition flow to obtain results. By using the 2 data 
sources, confirmed happy workplace factors could be obtained 
and grouped by Exploratory Factor Analysis (EFA). The 
details of each method were described below.

Fig. 2 Research Methodology

1)  Quantitative Data: Questionnaire was used to identify 
and confirm happy workplace factors from the obtained 20 
factors by using descriptive statistic and EFA.  Reliable 
sources [24], [25], [26] were also studied as guidelines for the 
questionnaire's questions, A 5-scaled Likert scale [27] was 
developed and categorized into three parts: general
information, happy workplace factors confirmation, and 
happiness at work. The validation of the questionnaire had 
been done by experts using indexes of Item-Objective 
Congruence, as known as the IOC method. Each scale of the 
questionnaire’s question was defined respectively as “Strongly 
disagree” to “Strongly agree” from 1 to 5. The scale “Neither 
agree nor disagree” was represented by number 3. As a part of 
response validation, SPSS software had been used to provide 
statistic and analyzed information. The reliability of the 
questionnaire was tested by randomly using 30 questionnaires 
to perform a Cronbach's alpha reliability test at more than 
0.700 [28]. A factor would be considered as a happy 
workplace factor when the average score was more than four. 
A factor was not considered as a happy workplace factor when 
the average index was less than two, and a factor was 
considered as neutral to when the average was between two 
and four. After confirming the factors, EFA was used to find 
hidden observed variables and grouped the same common 
variance factors together [29].

2)  Qualitative Data: Interview data had also been used to 
support the literature review and questionnaire findings. The
interview questions also delivered how a happy workplace 
factor was managed, and what were others happy workplace 
factors and management that could be a concern for the 
company in the future. The validation of the interview 
questions was also reviewed by experts to confirm the 
usability.

After the results had been acquired, a content analysis was 
used to compare and link the results to a proper solution.

B. Population and Sample Size
2,167 employees in a Thai National Oil & Gas Company 

during December 2014 to September 2015 were used as the 
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research populations of the questionnaire. The questionnaire 
was sent out as an e-survey by e-mail. According to Yamane’s 
formula [30], the questionnaire sample size needed to be 338 
responses to yield 95% of confidence coefficient. For the 
interview data, three leaders in the company representing: 
Corporate culture, Operations, and Engineering, were 
proposed as interviewees. This three personnel represented the 
whole company as they were involved in the core of the 
business and directly looking after the employees’
engagement.

IV. FINDINGS AND DISCUSSION

After distributing the questionnaire, 378 responses were 
gathered which was more than the requirement for 338 
responses. A reliability test of the questionnaire was 
performed by randomly choosing 30 questionnaires. The 
results of the test showed a 0.859 Cronbach’s Alpha 
coefficient, which was considered high and acceptable. The 
findings and discussion had been summarized in the sections 
below.

A. Quantitative Data General Information
After reviewing and extracting 20 factors from literature

review and gathered 378 responses, the descriptive statistic 
was performed to evaluate the factors creating a happy 
workplace in the Oil & Gas Company. Most of the 
respondents were male, aging around 21-40 years old and had 
worked for 0 -10 years. The responses of employees for the 
working experience between 3-5 years, as per Table 1, was 
noticed to be quite small, only 8.47% of the total respondent
but 32.54% was observed to be between 6-10 years. An 
assumption could be raised that the working experience 
between 3-5 years was whether if the employees had chosen 
to leave or stay. More research in this particular range of 
working experience could help point out the real cause. 

TABLE 1

WORKING EXPERIENCE

Years Responses Percentage
0-2 91 24.07%
3-5 32 8.47%
6-10 123 32.54%
11-15 66 17.46%

More than 15 years 66 17.46%
Sum of above 378 100.00%

Continuing at the salary, as per Table 2, middle-level 
employees could be represented by having a salary ranging 
from 40,000 – 100,000 Baht. Making 73.55% of the sample 
group were in the middle-level position, 6.35% at the low 
level, and 20.11% at the high level. The data thus represented 
employees, mostly in the middle level of the company. For an 
example of clarity, the middle-level position consisted of 
officers, engineers, supervisors, senior positions, and 

managers. Operators for low level. Vice president and above 
for high level.

TABLE 2

SALARY PROFILE

Range Responses Percentage
Less than or equal to 40,000 baht per 

month 24 6.35%

40,001 – 55,000 96 25.40%

55,001 – 70,000 87 23.02%

70,001 – 85,000 47 12.43%

85,001 – 100,000 48 12.70%

More than 100,000 baht per month 76 20.11%

Sum of above 378 100.00%

Additionally, these middle-level employees 47.09% worked
in Bangkok head office, 23.28% offshore, and 29.1% onshore. 
The data could signify the data from mostly the middle-level 
employees from Bangkok head office.

B. Descriptive Statistic
The mean and standard deviation (SD) of the obtained data 

were shown the Table 3.

TABLE 3

QUESTIONNAIRE DESCRIPTIVE STATISTIC

Studied Factor Mean SD

Job satisfaction 4.3122 .73410

Recognition of success 4.0397 .84062

Empowering 4.1190 .77706

Respect 4.7751 .42435

Morality and Ethic 4.5767 .54084

Colleagues 4.8175 .40028

Leadership 4.6614 .54665

Work-life balance 4.6138 .57722

Compensation 4.4524 .85817

Company culture 4.2751 .83901

Fair treatment 4.4974 .60172

Safety and security 4.4709 .71768

Skills and knowledge development 4.4206 .65576

Environment 4.6614 .54665

Health 4.4550 .70567
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Non-work activities 4.2434 .78718

Company purpose 4.0159 .94392

Social responsibility 4.0820 .86864

Communication 4.3836 .67815

Family 4.6508 .54482

All 20 factors had had a mean more than four which were 
agreed as happy workplace factors. The standard deviation 
range, which indicated how the responses were spread out, 
were also obtained to a rather high value. The reason could be
that the data covered many levels of employees and that each 
employee, or level, did not answer the same value. Due to this 
difference, factors creating a happy workplace could be 
assumed to be not the same for all employees. A lower 
standard deviation value could also be obtained if future 
researchers targeted at only a single level of employee. The 
data was also noticed to be not normally distributed. Both 
Kolmogorov-Smirnov and Shapiro-Wilk test has given a 
significant level of 0.000. The null hypothesis that the data 
was normally distributed shall then be rejected. The 
explanation for this distribution might come from the majority 
of the sample group being in the middle-level employee and 
many outer limit value responses.

C. Exploratory Factor Analysis
The selection of the analysis model was considered from 

the data characteristic and best practices [29]. Principal Axis 
Factoring (PAF) extraction method and Direct Oblimin axis 
rotation method were chosen to perform the analysis. The
reason was that the data were not normally distributed and 
correlated as per the Kaiser-Meyer-Olkin Measure of 
Sampling Adequacy (KMO) and Bartlett's test. The KMO test 
indicated that the data were considered good (0.744) and 
correlated [26], [29], rejecting the null hypothesis of all 
variables in the sample were equal (Bartlett’s test of 
Sphericity showed Sig. = 0.000). The PAF extraction method 
which analyzed the factor using eigenvalue by Guttman-
Kaiser rule had given six group of factors which had an 
eigenvalue more than 1, as well as the number of factor before 
a break in the scree plot, Fig 3, had observed to be six factors

The extraction and distribution of each factor loading were 
shown in the pattern matrix, Table 4. The factor loading
criteria for the analysis was set at 0.30 [29].The result from 
the EFA showed a visible pattern which formed a group of 
factors. Some cross loading factors were observed but
considered little and had been carefully selected to put in a
group.

Fig.3 Scree plot showing the eigenvalue on the vertical axis and the factor 
number on the horizontal axis

TABLE 4

PATTERN MATRIX

Studied factors
Factor group

1 2 3 4 5 6

Social responsibility .897

Company purpose .843

Non-work activities .580
Skills and knowledge 
development .574

Safety and security .421

Health .394 .301 .355

Fair treatment .743

Work-life balance .736

Environment .378 .364

Family .731

Respect .657

Colleagues .635

Job satisfaction .594

Empowering .568

Morality and Ethic

Company culture .364 .673

Compensation .439 .458
Recognition of 
success .488

Leadership .381

Communication .372 .375

The underlined factor loading in Table 4 represented the 
selected factor for each group. The six groups were then 
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named according to the component factors associated,
resulting in six happy workplace factors as

Company policies
Fairness
Trust and Respect: 
Job satisfaction
Company culture
Leadership

D. Qualitative Data and Management Guideline
The objective of the interview was to add another source to 

confirm happy workplace factors and also to investigate that 
how the company was managed to achieve a happy workplace.
Three personnel representing corporate culture, operations, 
and engineering of the organization had been interviewed.
Good leadership was the most important factor, said by 
corporate culture. Recognition of success, empowering, 
organization's culture, compensation, and work-life balance 
was also selected as happy workplace factors but not as much 
as a good leader. “Branding” was also suggested as a new 
happy workplace factor. Branding was considered to represent 
the company's reputation which created value for the 
employees themselves. Employees appreciated being a part of 
a good company brand and would leave if the company lost 
their good reputation. From the operations side, the working 
environment, company purpose, and company culture were 
emphasized that they have a significant part in creating a 
happy workplace. Moreover, it was recommended that 
management should choose to improve the working 
environment first because it is considered tangible to 
employees. Trust and respect, work-life balance, company
culture, colleagues, and communication had been selected as 
happy workplace factors from Engineering. They also added 
that “Corruption” had to be strictly managed by the company 
and each department, the less the organization had this, the 
better the organization would become. All three had also 
agreed that a happy workplace could sustain the company, 
making employees had the urge to stay and strive with the 
company. The content analysis of the interview data and the 
above findings had shown a confirmation link between the 
data. Moreover, a management guideline of the obtained 
happy workplace factors was also acquired.

1)  Company policies: The Company policies in Oil & Gas 
discussed what were provided to employees and the society so 
that the company would be able to reach their goals. The 
company could start by setting a challenging, however, 
achievable goals from well-planned strategy and action plans. 
In an example, the amount of yearly petroleum production rate 
compared to the quantity of oil reserves and new proved 
reserves. If the company did not have many reserves and 
newly discovered ones, they should not set for a high 
production rate to push employees and end up with an 
unachieved result. The involvement from all levels was 
recommended for setting up goals with periodic milestones to 
verify the progress. The involvement would promote 
ownership and obligation to the employee at all levels. The 
company could also

Develop company branding, i.e. reputation, to the 
society through local media advertisement or CSR 
activities which reflected the recognition of the 
business [31] to build up self-esteem. Employees 
expected to feel worthy when working in a good
company where everyone else is worshiping about.
Promote workplace safety because in Oil & Gas 
sector, safety was the priority. Not only for the 
employee in the company itself, but also for the 
society as well. The society needed to know that 
this company was safe enough to live with. The 
company has the chance to demonstrate what they 
are doing and how they are handling the safety, 
health, and environment issues in the operations, 
to protect and prevent any hazard or disaster to the 
community.
Ensure the job security; some employee seeks for 
job security more than a high pay rate [32].
Employees would still like to keep their job during 
economic crisis more than being layoff by the 
company.

2)  Fairness: Fairness was a factor which involved fair 
treatment, compensation and even work-life balance as 
considered essential as mentioned in many pieces of literature. 
Employee’s engagement level could increase if they felt they 
were treated fairly [6]. Company should focus on

Compensation package. Despite the above 
industry’s average pay rate [4], a regularly 
compensation package review to others Oil & Gas 
Company or industries could help retain 
employees to the company. Especially for expat 
and overseas employees who can easily move to 
where they pay them more.
Preventing corruption in the workplace.
Prevention may be difficult in a culture where 
seniority existed and especially in National Oil & 
Gas Company, which the government is involved. 
However, it was the managers and leaders 
themselves that should step out and show their 
employees it could be prevented. The company 
could establish a corporate governance team 
which looks after these cases, particularly and then 
shares the knowledge and good governance 
regulations for the whole company via 
communication channels.
Nevertheless, much hard work needed some time 
off. Do not forget the employee’s work-life 
balance and self-needs [33]. Work-life balance 
significantly had an effect on the health and 
happiness of workers [34]. The company could 
help to remind the employee not to do only their 
work until late at night or taking work to do at 
home, by starting an exciting activity to do after 
work such as a group weight reducing campaign. 
The activity would be participated by employees
together [35] aside from work and increase health. 
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Or after a long project had been achieved, give the 
employees additional time off.

3)  Trust and Respect: There existed a possibility that if the 
employees did not believe in each other, it might result in 
suffering, mistrust or even talent leaves the organization [36].
Employees loved to be equally treated with respect as a 
valuable and skilled person in the workplace by management 
and co-workers. Moreover, the way to do it were to

Create personal connections. Highlight what was 
in common, such as the company goals. Seek out 
expectations on their concerns and needs.
Communicate and provide whatever information 
you can. Telling the truth and not faking your
competency. To be trusted, providing false 
information would not help.
Make sure to achieve what had been committed to 
earning trust, respect and eliminate fear.

4)  Job satisfaction: Job satisfaction was a combination of 
the working environment and the job itself, making employees 
felt that working is productive and enjoyable [4]. Many oil 
and gas production facilities were not located in a safe 
environment such as offshore platforms in the middle of the 
sea. Natural hazard could not be prevented much, but what 
could be done was to

Create a safe and a pleasant working site 
environment. Oil and gas employees were often 
worked in hazardous places. The company shall
make sure that a reasonable set of safety barriers 
were installed to protect the employees from any 
of the hazards. Also, an upgrade of the utilities and 
facilities to a modern style should help employees 
perceive changes in a better way and had a better
psychological health.
Generate a positive attitude toward each other 
between colleagues which created an environment 
of comfort.
The job itself also needed to be controlled in a 
reasonable way, over controlled approval gates 
would restrict employees from doing what they 
had found best. By having trust, leaders could 
empower their subordinates to make some 
decision by themselves. Resulting in an improved 
approval process for the job which increases more 
working flexibility.
Career advancement, career growth, international 
opportunity, skills and knowledge development 
should also need to be discussed with leaders and 
employees to set the development goals and what 
employees wanted to do or be. This will help 
satisfy the need for both sides.

5)  Company culture: How an organization functions and 
expresses itself was considered to be company culture [37]. A 
workplace was also where many different kinds of people 
come to work in the same place. This difference had come
with a liberal way of thinking and goals. However, what a

company needed was a unique manner to achieve its 
objectives which originated from how the company value, 
employee’s attitude, and products. Workshops and various 
communication channels should help guide and change ways 
of thinking and attitude of workers toward the company 
culture. For an example

Launch a company values day event and the 
opportunity to win prizes. This would create 
awareness and make sure that employees 
understand the company values.
Establish workshops to all staff from an assigned 
corporate culture team. Give the company the 
chance to express their need and what was 
expected from the same culture. When employees 
showed the same value and attitude, the company 
culture would be gained.
Communication through management and e-mails, 
reward those who show the culture [38].

6)  Leadership: Good leadership in the business led to a 
happy workplace. Leaders should be able to look after, give 
advice and feedback [39] to their employees in either work or 
personal issues. In any situation, leaders should also have the 
accountability of their subordinates which would have 
resulted in gaining trust and respected from employees [20].
Leadership played a significant role because most of the 
employee’s expectation i.e. career path, performance 
evaluation had to go thought leader’s decision. The company 
could

Implement leadership program for leaders to 
enhance their leading and soft skills aside of 
technical expertise.
Use 360-degree assessment on leaders to give 
leaders feedback and improvement opportunity.
Provide special payment or others prizes, awards 
of success to employees for the success of their 
work.
Use open door policy to help employees reach 
leaders or management easier. Leaders could also 
be able to train and coach staff through example 
and experience with this opportunity.

As mentioned, Oil and Gas Company management and 
technical knowledge were considered as same as other 
industries. So not only Oil and Gas Company could use this 
guideline, but other industries as well may use this principle to 
develop their happy workplace. Especially for others non-
national Oil and Gas Company in Thailand.

V. CONCLUSION

A happy workplace was considered essential to every 
company [40]. National oil and gas companies were one of 
many interesting companies to study on because of the high 
technical knowledge and management required. Losses of 
talent personnel could have an adverse effect on the 
organization because one of the evidence to sustain the 
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workplace was employees [23]. To sustain a workplace, happy 
workplace factors had been implemented by various 
organization and succeeded. And for the Thai National oil and 
gas company, six factors were discovered: Company policies, 
Fairness, Trust and respect, Job satisfaction, Company culture,
and Leadership. Management guideline was also provided to 
serve as a principle of adapting to other organizations. A
sustained company should start from sustaining the inside of 
the organization. External factors also impact the business 
sustainability, but it was the company challenge to adapt and 
survive through them with the help of each and every 
employee.

The difficulties in this study were the quantitative data 
gathering. Reaching for a large sample group was hard. Top 
management support for retrieving the data could be 
beneficial to acquire a 100% response. A larger sample size 
could reduce the error produced by EFA and would cover all 
employee level aside from the middle-level employees. This 
considered the same for the interview, different point of view 
could be gained and benefit more to the research. Additional
study in oil and gas sector should also be valuable for securing 
a strong happy workplace factors and management approach. 
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Abstract— This study involves a method for determining 
parameters for a (R, Q) inventory policy for a single product 
under limited storage space. Most previous research developed 
methods for finding optimal reorder point (R) and order 
quantity (Q) that minimizes total cost including holding cost, 
ordering cost and shortage cost. This study incorporates 
limitation of storage space by adding the cost of overstocking to 
the total cost. A method to find appropriate values of these 
parameters is proposed for the case where a single product is 
subject to uncertain demand and lead time limited storage 
space capacity. A numerical example based on real product 
data is used to demonstrate effectiveness of the method. 
 
Keywords— Inventory control; reorder point; overstock cost; 
order quantity; limited storage space 

I. INTRODUCTION 
Effective inventory control that can sufficiently satisfy 

customer needs is one of the most important strategies of all 
businesses. To provide a competitive advantage and 
improved customer service levels, many enterprises have to 
keep excessive inventory and pay additional cost, even when 
capacity of storage space is limited. One of the commonly 
used inventory management policy is the Q, R policy, where 
the key decisions are the replenishment order quantity and 
reorder point. Under this policy, when the inventory position 
falls on or below the reorder point, a replenishment order 
will be placed. Optimal values of Q and R are the ones that 
minimize the total inventory management cost.  

Numerous research has been conducted on inventory 
policies. However, one important aspect of the problem, 
which is the limitation of storage space, has not been 
thoroughly studied. Some research studies on the Q, R 
policy that also consider storage space capacity in inventory 
management problem [1]–[7].  

Huang [4] developed an inventory policy to find retailer’s 
optimal cycle time and optimal payment time under the 
supplier’s trade credit policy and cash-discount policy with 
space restriction and perishable goods. Roy and Maiti [5] 
presented a fuzzy EOQ inventory model. In contrast, the 
study of Özer and Wei [6] shows an optimal policy under 
fixed cost, planning horizon with advance demand 
information. While Sana [7] developed an EOQ model and 
Hariga [2] concentrated on (R, Q) policy, both studies 

considered storage spaces with respect to two types of 
warehouses: owned warehouse (OW) and rented warehouse 
(RW). 

However, in those studies, the total cost consists of the 
ordering, holding and shortage costs, without explicitly 
considering the overstock cost for over-capacity units. In 
terms of the total cost, Hariga [1]–[2], and Zhoa et al. [3] 
considered three cost components: production or ordering 
cost, holding cost, and shortage cost; while Maiti [5] and 
Özer and Wei [6] only considered the first two cost 
components, and Huang [4] and Sana [7] considered the last 
two components. 

When over-capacity units occur, they can be returned to 
the supplier [1], kept at an external rented capacity [2], [4], 
[7], or they are simply not allowed in the system [3], [5], [6]. 
Regarding demand, [1]–[3], [6], [7] considered stochastic 
demand following some distributions, e.g. normal, 
exponential, uniform, lognormal, and Poisson, whereas 
Huang [4] assumed constant demand, and Roy and Maiti [5] 
used the demand-dependent unit price. Similarly, for lead 
time, Hariga [1]–[2] assumed that the lead time follows 
normal distribution, while some researchers assumed 
constant or no lead time [3]–[7].  

This paper aims at filling research gap in previous 
research studies. The paper concentrates on the Q, R 
inventory policy for managing a single product that has 
varying demand and lead time under limited storage space 
capacity. The objective is to find appropriate values of Q 
and R that minimize the total cost, while explicitly consider 
the overstock cost as a component of the total cost in 
addition to the ordering, holding, and shortage cost. 

The paper is organized as follows. The problem statement 
is described in Section 2. Notations and methodology is 
presented in Section 3. An illustrative numerical example is 
provided in Section 4. Finally, conclusion is made in Section 
5. 

II. PROBLEM STATEMENT  
The inventory management problem of interest can be 

described as follows. 
In this system, inventory position of a single item is 

periodically reviewed. An order of size Q is placed if the 
ending inventory position is below the reorder point. When 
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the inventory on-hands cannot satisfy demand, shortage will 
occur in the form of lost sales. The storage space for the 
item has a limited capacity. When the inventory on-hands 
exceed the capacity of the storage space, an overstock cost 
will be incurred according to the amount of overstock. The 
system measure of performance is the total inventory 
management cost, consist of four components: (1) cost of 
placing orders, (2) cost of holding inventory, (3) cost of lost 
sales, and (4) cost of overstock. The objective is to 
determine appropriate order quantity (Q) and reorder level 
(R) that minimizes the total cost under limited storage space. 

 

III. NOTATIONS AND METHODOLOGY   

A. Notations 
The method described in this section uses the following 
notation.  
Q replenishment order quantity 
R reorder level 
EOQ economic order quantity 
D the demand rate of the item, in units/time period 
CP fixed reordering cost 
CH unit inventory carrying cost per time period 
CS unit shortage cost 
d demand during the replenishment lead time 
p(d) probability that demand during lead time is equal to d 
d  average demand during the replenishment lead time 
 RsE  expected number of units short incurred when the 

reorder level is set to R 
W limited capacity of the storage space 
TC Total cost 

B. Distribution of Demand During Varying Lead Time 
The distribution of the demand during varying lead time 

forms the basis to evaluate the performance of a specified 
reorder point. Specifically, it is used to estimate the 
expected amount of shortage for a given reorder point. In 
addition, the distribution can lead to determining the reorder 
point for a given value of service level. Therefore, the pre-
processing step in the methodology is to formulate this 
distribution. 

Due to the uncertainties in demand and replenishment 
lead time, the process of determining the distribution of 
demand during varying lead time must account for both 
uncertainties. First, the empirical distribution of one-period 
demand is constructed from historical demand data. This 
distribution also represents the distribution of demand 
during lead time (DDLT) when the lead time is one period. 
Then, the two-period DDLT distribution is derived by 
tabulating the one-period DDLT distribution with itself. The 
possible values of the two-period DDLT distribution are the 
sum of all possible pairs of one-period DDLT values, and 
the associated probability of each value is the product of the 
probabilities of the one-period DDLT. The process repeats 
until the DDLT distribution of the maximum lead time is 
derived. The final step is then to combine the DDLT for all 
possible values of lead time to obtain the DDLT of varying 

lead time. A short example of deriving the DDLT is given 
next. 

Suppose the distribution of one-period demand is as 
shown in Table 1. An empirical distribution of demand 
during two-day lead time can be developed by tabulating the 
distribution of one-day demand. The possible values are 
from adding all possible pairs of demand values, and the 
associated probabilities are from multiplying the probability 
of demand values. The resulting DDLT distribution, after 
projecting all possible demand values and combining 
probability of demand for each demand value, is as shown in 
Table 2. 

TABLE I 
PROBABILITY OF ONE-DAY DEMAND 

One-day demand 1 2 3 
Probability 0.2 0.5 0.3 

TABLE II 
DISTRIBUTION OF DDLT, L = 2 

Demand 
in day 1 

Demand in 
day 2 

 
Demand 
in day 1 

Demand in day 2 

1 2 3  1 2 3 
1 2 3 4  1 0.04 0.10 0.06 
2 3 4 5  2 0.10 0.25 0.15 
3 4 5 6  3 0.06 0.15 0.09 

 
Two-day demand 2 3 4 5 6 
Probability 0.04 0.20 0.37 0.30 0.09 
 

The DDLT distribution for three-day lead time is then 
created by further tabulating the DDLT distributions of two-
day lead time and of one-day lead time, as shown in Table 3. 

 
TABLE III 

DISTRIBUTION OF DDLT, L = 3 

Three-day demand 3 4 5 6 
Probability 0.008 0.060 0.186 0.305 
Three-day demand 7 8 9  
Probability 0.279 0.135 0.027  

 
In addition, when the lead time is uncertain, the DDLT 

distribution can be derived by combining both the lead time 
demand distribution and the lead time distribution. Now, 
suppose the lead time distribution follows the empirical 
distribution is shown in Table 4. Then, the final lead time 
demand distribution is as shown in Table 5. For example, 
the 3-unit demand occurs with the probability of 0.3, 0.2, 
and 0.008, if the lead time is one day, two days, and three 
days, respectively. Therefore, the overall probability of 3-
unit demand would occur with the total probability of 
(0.3×0.7 + 0.2×0.2 + 0.008×0.1) = 0.02508. 

TABLE IV 
PROBABILITY OF LEAD TIME 

Lead time 1 2 3 
Probability 0.7 0.2 0.1 
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TABLE V 
DISTRIBUTION OF DEMAND DURING VARYING LEAD TIME 

Demand 1 2 3 4 5 
Probability 0.1400 0.3580 0.2508 0.0800 0.0786 
Demand 6 7 8 9  
Probability 0.0485 0.0279 0.0135 0.0027  

C. Iterative Q, R procedure   
The algorithm for determining Q and R is adopted from 

the iterative method, first introduced by Felter and Dalleck 
(1961). The method combines shortage cost to the EOQ [9]. 
The shortage cost is subject to the expected amount of 
shortage, which depends on R, while R is also a function of 
Q. Thus, the algorithm proceeds iteratively until Q and R 
converge. 

The method incorporates the following five steps: 
Step 1: Compute EOQ as an initial solution for Q,   

H

P

C
DCQ 2

 .  

Step 2: Compute the probability of shortage, 

S

H

DC
QCRdP  )( . Then, find R from the DDLT distribution.

  
Step 3: Estimate the amount of shortage for a given R 

(from Step 2), 



max

1

)()(}{
d

Rd
R dpRdsE   

Step 4: Update 
H

RSP

C
sECCDQ ]}{[2 

   

Step 5: Repeat Step 2 to Step 4 until the values of Q in 
Step 4 and R in Step 2 converge. 

 
The algorithm begins with an initial solution of Q = EOQ 

in Step 1. In Step 2, the probability of shortage is calculated. 
Then, the value of R that is associated with this probability 
can be found from the DDLT distribution. This is done by 
deriving the cumulative probability distribution from the 
DDLT. Then, look up the cumulative probability of the 
demand that matches the probability of shortage, the value 
of the demand at that point is the appropriate R. 

Based on the value of R from Step 2,  RsE  can be easily 
computed in Step 3. Step 4 updates Q based on the total cost 
that includes ordering cost, carrying cost, and shortage cost. 
Finally, in Step 5 the algorithm repeats Steps 2-4 until the 
values of R and Q converge. 

At this point, it can be noticed that the algorithm does not 
take into account one cost component, which is the 
overstock cost. The values of Q and R will be adjusted to 
take into account the storage space limitation later in Sub-
section E. 

D. Simulation to evaluate the performance of R, Q 
To evaluate the performance of Q and R, simulation of 

the inventory management process is created. In the 
simulation, periodically (e.g. daily) demand is randomly 

generated from the empirical distribution of one-period 
demand. After the customer demand arrives, the system 
updates the amount of inventory on-hands, inventory 
position, the amount of lost sales (if inventory on-hands is 
insufficient to satisfy demand), and the system determines 
whether a replenishment order Q is needed. If so, then the 
system randomly generated a lead time. At the end of the 
update, the system checks if there is incoming shipment 
from previous order so as to update the inventory on-hands 
and position accordingly. At this point, if the inventory on-
hands exceed the capacity of the storage space, then the 
overstock amount is updated. At the end of the day, the 
system updates the inventory carrying cost based on the 
ending inventory on-hands, and then checks if the 
simulation terminating condition is met. The simulation is 
set to run for T periods. At the end of the simulation, all four 
costs that have incurred are combined to be the total cost.  
Fig. 1 shows a flow chart for simulation model of inventory 
management.  

Yes

No

OH < W

OH > W

t = T

IP > R

IP < R

D > OH

D < OH

Customer
Demand

Check Inv.
on-hand (OH)

Order Q
Quantity

Lost Sale

Update IP,
OH

Generate LT

Check OH

Terminal?Incoming
Order

Update IP,
OH

End

t < T

Overstock

Fig. 1 Flow chart of inventory management 

E. Adjusting the Inventory Parameters using the Cyclic 
Coordinate Method 

The final step of the methodology is the adjustment of Q 
and R to take into account the limited space restriction. The 
method for adjustment is based on the multidimensional 
search without derivative, called cyclic coordinate method, 
for the unconstrained non-linear optimization [10]. The 
cyclic coordinate method uses the following notations.  

l the allowable final length of the uncertainty, l = 0 
RL(k) (or QL(k))  Lower bound of reorder point (or order 

quantity) at kth iteration in [RL; RU] (or [QL; QU]). 
(k)  Eligible lower bound of reorder point (or order 

quantity) at kth iteration in [RL; RU] (or [QL; QU]).. 
(k)  Eligible upper bound of reorder point (or order 

quantity) at kth iteration in [RL; RU] (or [QL; QU]).. 
RU(k) (QU(k))  Upper bound of reorder point (or order 

quantity) at kth iteration in [RL; RU] (or [QL; QU]). 
TC(k)  The total cost of the eligible lower bound of 

reorder point (or order quantity) at kth iteration. 
TC(k)  The total cost of the eligible upper bound of 

reorder point (or order quantity) at kth iteration. 
In the cyclic coordinate method performed at this step, Q 

and R are treated as the decision variables. The objective 
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function is the total cost that now includes the fourth cost 
component, the overstock cost. To handle the uncertainty in 
the simulation result, the simulation model is run in multiple 
replications, and the average total cost is used as the 
objective function in the cyclic coordinate method.  

This algorithm performs the search in the directions of the 
two decision variables, R and Q, with dR = (1, 0); dQ = (0, 1), 
one direction at a time in a cyclical manner. In the first 
iteration, starting from an initial solution (R0, Q0) from the 
iterative Q, R algorithm, the search is performed along the 
dR direction. The optimal step size is determined by using a 
one-dimensional search, called Golden Section Search 
method. After reaching a new solution, (R(1), Q0), the quality 
of the solution is evaluated using the simulation as described 
in Subsection D. Then, the search continues in the dQ 
direction, and reach the new solution of (R(1), Q(1)), which 
completes the first iteration. The algorithm repeats until the 
solution converges. The steps of cyclic coordinate are as 
shown in Fig. 2. 
 

No

Yes

Initial R
and Q

Cyclic
Coordinate

Check
Converge

?
Simulation

Adjust R
and Q

EndFinal R
and Q

 
 

Fig. 2 Flow chart of R and Q adjustment 
 
The golden section search follows these steps. First, 

arbitrarily select l = 0.05 to be used as stopping criterion for 
the length of the interval of uncertainty. Let [1, R0] (or [1, 
Q0]) be the initial interval of uncertainty where the optimal 
R (or Q) lies. These intervals are chosen because R and Q 
must be non-negative and be smaller than the initial Q and R. 
Let (1) = 1 + (1-α)(R0 – 1), (or for finding the optimal Q, (1) 
= 1 + (1-α)(Q0 – 1)) and (1) = 1 + α(R0 – 1) (or (1) = 1 + 
α(Q0 – 1)), where α = 0.618 (a golden ratio). Evaluate 
TC((1)) and TC((1)), let k = 1, and go to next step. 

 

Step 1 If RU(1)-RL(1) (or QU(1)-QL(1)) < 0.05, then stop; the 
optimal solution is in the interval [RL(1), RU(1)] (or, 
[QL(1), QU(1)].  Otherwise, if TC((1)) > TC((1)), go to 
step 2; and if TC((1)) <= TC((1)), go to Step 3.   

 

Step 2 Let RL(k+1) (or QL(k+1)) = (k); 
                RU(k+1) = RU(k) (or QU(k+1) = QU(k)) 

            (k+1) = (k); 
            (k+1) = RL(k+1) + α(RU(k+1) – RL(k+1)) 
            or (k+1) = QL(k+1) + α(QU(k+1) – QL(k+1))) 
And then evaluate TC((k+1)) and go to step 4. 

 

Step 3 Let RL(k+1) = RL(k) (or QL(k+1) = QL(k)); 
            RU(k+1) (or QU(k+1)) = (k); 

(k+1) = RL(k+1) + (1 – α)(RU(k+1) – RL(k+1)),  
or (k+1) = QL(k+1) + (1 – α)(QU(k+1) – QL(k+1))) 
(k+1) = (k). 

    After that evaluate TC((k+1)) and go to step 4. 
 
Step 4 Replace k by k + 1 and go to Step 1 
 

The search will continue until RU(1)-RL(1) (or QU(1)-QL(1)) < 
0.05 at which point the solution convergence occurs (k is 
number of iterations). In the next section, one numerical 
example that illustrates the inventory system model in detail 
will be given. 

IV. NUMERICAL EXAMPLE 
Consider a fast moving item. All demands that occur in 

one day are aggregated to a daily demand. One year of daily 
demand data (294 working days) are used as input data. Cost 
parameters and demand data are obtained from industry. 
They are as shown in Table 6. 

TABLE VI 
COST COMPONENTS 

Ordering cost (THB/order), CP 9.6 
Inventory holding cost (THB/unit/day), CH 0.0118896 
Shortage cost (THB/unit), CS 8 
Average daily demand (unit) 468 
Standard deviation of demand (unit) 465 

 
The demand data are used to fit an empirical distribution 

of one-day demand. Twenty replications of demand data are 
then generated from this distribution. These generated data 
are for solution evaluation purpose through simulation 
model. Replenishment lead time from the supplier is 
variable based on the probability of lead time as shown in 
Table 7. 

TABLE VII 
PROBABILITY OF LEAD TIME 

Lead time (days) Probability 
1 0.7 
2 0.2 
3 0.1 

 
The distribution of demand during varying lead time 

(DDLT) can be constructed as described in Section 3B. The 
iterative approach is applied to find initial R0 and Q0 values. 
Table 8 shows the iteration of the iterative approach until the 
two parameters converge. 

TABLE VIII 
ITERATIVE Q, R PROCEDURE 

Iteration Step 1: Step 2: Step 3: Step 4: 
EOQ P(d>R) R E(s) Q 

1 869 0.00276 3,491 1.36274 1,271 
2  0.00404 3,311 1.96371 1,412 
3  0.00448 3,259 2.18522 1,460 
4  0.00464 3,242 2.26277 1,477 
5  0.00471 3,237 2.28610 1,482 
6  0.00472 3,235 2.29551 1,488 
7  0.00472 3,235 2.29551 1,488 
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The iterative procedure starts with computing initial Q 
from EOQ = 869 units. Secondly, compute P(d>R) using Q 
from Step 1 and the cost parameters from Table 6 to obtain 
P(d>R) = 0.00276. Then, find the value of R that is 
associated with P(d>R) from the cumulative probability of 
demand during lead time distribution. After that, the 
expected number of shortage for a given value of R (from 
Step 2) is determined at 1.3627. Finally, Q is updated to be 
equal to 1,271 units. In the end of iterative Q, R procedure, 
R and Q parameters converge to R = 3,235 units and Q = 
1,488 units. 

After finding R0 and Q0, the quality of the initial solution 
is evaluated using simulation. The initial inventory is set on 
6,470 units (two times of R). The process of simulation is 
that when inventory position drops to or below 3,235 units, 
then an order of 1,488 units will be placed. If the retailer 
cannot satisfy demand, it counts as lost sales.  

To incorporate the storage space capacity, the maximum 
allowable of storage space is set to (average inventory level 
+ L×SD of inventory level); for example, for L = 0.6, the 
capacity is 3,759 units. The overstock cost of 0.24 THB per 
unit will incur if the inventory level exceeds the space 
capacity. Table 9 shows the results from simulation 
evaluation. 

TABLE IX 
TOTAL COST OF ITERATIVE METHOD 

Number of order  114 
Number of shortage (units) 1,044 
Average inventory level (units/day) 3,308 
Average number of overstock (units/day) 104 
Ordering cost (THB) 1,094 
Shortage cost (THB) 8,352 
Inventory holding cost (THB) 14,356 
Overstock cost (THB) 9,110 
Total cost (THB) 32,912 

 
After evaluating performance of R0 and Q0, the cyclic 

coordinate method is applied to adjust these parameters. The 
length of the interval of uncertainty, l, is set to 0.05. The 
initial boundary for the golden section search is [1, R0] = [1, 
3,235]. The iterations of the golden section in the R and Q 
directions are shown in Table 10 and Table 11, respectively. 

From Table 10, it showed that the golden section search is 
terminated in the 21st iteration. Each TC is computed, while 
holding Q at Q0 = 1,488. The first two new solutions are 
positioned at (1) = 1,236 units; (1) = 1,999 units. TC((1)), 
including ordering cost, shortage cost, inventory on hand, 
and overstock cost combinations at (1) = 1,236 units, is 
210,031.7 THB, while TC((1)) is 72,378.8 THB. It can be 
easily seen that because TC((1)) > TC((1)), in Step 2 RL(2) = 
(1) = 1,236 units; RU(2) = RU(1) = 3,235 units; (2) = (1) = 
1,999 units; and (2) = RL(2) + 0.618(RU(2) – RL(2)) = 2,472 
units. At the end of the golden section search, the interval of 
uncertainty is [2,982; 2,982], the optimal R1 is therefore 
2,982 and the total cost is equal to 30,720.62 THB, which is 
a 7% cost reduction.  

TABLE X 
SUMMARY OF THE ITERATIONS ALONG DIRECTION (1, 0) FOR CHANGING R 

k RL(k) (k) (k) RU(k) TC((k)) TC((k)) 
1 1.00 1,236.4 1,999.6 3,235.0 210,031.7 72,378.8 
2 1,236.4 1,999.6 2,471.5 3,235.0 72,378.8 42,291.9 
3 1,999.6 2,471.5 2,763.1 3,235.0 42,291.9 33,437.2 
4 2,471.5 2,763.1 2,943.4 3,235.0 33,437.2 31,017.9 
5 2,763.1 2,943.4 3,054.7 3,235.0 31,017.9 31,065.4 
6 2,763.1 2,874.5 2,943.4 3,054.7 31,427.2 31,017.9 
7 2,874.5 2,943.4 2,985.9 3,054.7 31,017.9 30,775.3 
8 2,943.4 2,985.9 3,012.2 3,054.7 30,775.3 30,894.8 
9 2,943.4 2,969.6 2,985.9 3,012.2 30,938.4 30,775.3 
10 2,969.7 2,985.9 2,995.9 3,012.2 30,775.3 30,890.1 
11 2,969.7 2,979.7 2,985.9 2,995.9 30,768.2 30,775.3 
12 2,969.7 2,975.8 2,979.7 2,985.9 30,920.4 30,768.2 
13 2,975.9 2,979.7 2,982.0 2,985.9 30,768.2 30,720.6 
14 2,979.7 2,982.0 2,983.5 2,985.9 30,720.6 30,733.1 
15 2,979.7 2,981.2 2,982.0 2,983.5 30,775.1 30,720.6 
16 2,981.2 2,982.0 2,982.6 2,983.5 30,720.6 30,720.6 
17 2,981.2 2,981.7 2,982.0 2,982.6 30,775.1 30,720.6 
18 2,981.7 2,982.0 2,982.3 2,982.6 30,720.6 30,720.6 
19 2,981.7 2,981.9 2,982.0 2,982.3 30,775.1 30,720.6 
20 2,981.9 2,982.0 2,982.1 2,982.3 30,720.6 30,720.6 
21 2,981.9 2,982.0 2,982.0 2,982.1 30,720.6 30,720.6 

 
TABLE XI 

SUMMARY OF THE ITERATIONS ALONG DIRECTION (1, 0) FOR CHANGING Q 

k QL(k) (k) (k) QU(k) TC((k)) TC((k)) 
1 1.0 569.0 920.0 1,488.0 73,249.0 34,479.7 
2 569.0 920.0 1,137.0 1,488.0 34,479.7 30,801.5 
3 920.0 1,137.0 1,271.0 1,488.0 30,801.5 30,202.7 
4 1,137.0 1,271.0 1,353.9 1,488.0 30,202.7 30,128.4 
5 1,271.0 1,353.9 1,405.1 1,488.0 30,128.4 30,737.3 
6 1,271.0 1,322.2 1,353.9 1,405.1 30,304.8 30,128.4 
7 1,322.2 1,353.9 1,373.5 1,405.1 30,128.4 30,644.2 
8 1,322.2 1,341.8 1,353.9 1,373.5 30,314.9 30,128.4 
9 1,341.8 1,353.9 1,361.4 1,373.5 30,128.4 30,330.1 
10 1,341.8 1,349.3 1,353.9 1,361.4 30,124.0 30,128.4 
11 1,341.8 1,346.4 1,349.3 1,353.9 30,320.7 30,124.0 
12 1,346.4 1,349.3 1,351.0 1,353.9 30,124.0 30,509.6 
13 1,346.4 1,348.2 1,349.3 1,351.0 30,190.3 30,124.0 
14 1,348.2 1,349.3 1,350.0 1,351.0 30,124.0 30,188.8 
15 1,348.2 1,348.9 1,349.3 1,350.0 30,066.0 30,124.0 
16 1,348.2 1,348.6 1,348.9 1,349.3 30,039.8 30,066.0 
17 1,348.2 1,348.4 1,348.6 1,348.9 30,173.7 30,039.8 
18 1,348.4 1,348.6 1,348.7 1,348.9 30,039.8 30,061.9 
19 1,348.4 1,348.5 1,348.6 1,348.7 30,068.7 30,039.8 
20 1,348.5 1,348.6 1,348.6 1,348.7 30,039.8 30,089.3 
21 1,348.5 1,348.6 1,348.6 1,348.6 30,058.7 30,039.8 
22 1,348.6 1,348.6 1,348.6 1,348.6 30,039.8 30,051.8 
23 1,348.6 1,348.6 1,348.6 1,348.6 30,045.3 30,039.8 
 

After finding R, it is fixed at 2,982, and the cyclic 
coordinate turns to the Q direction. The results from the 
golden section search from Table 11 shows the optimal Q1 = 
1,349. The cyclic coordinate method keeps searching 
cyclically until R and Q converge. Iteration results from the 
cyclic coordinate method are shown in Table 12.  

After seven iterations, the optimal solution converges at R 
= 3,191, a reduction of 1.4%, and Q = 1,105, a reduction of 
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26%. Note that both R and Q are rounded to the nearest 
integer. The performance measures of the final solution are 
shown in Table 13. Overall, the number of order and 
shortage increase, while the average inventory and overstock 
decrease. This lead to the final total cost of 28,331 THB, or 
a cost reduction of 13.92%. The average inventory on-hands 
reduced by 8.59%. 

 
TABLE XII 

SUMMARY OF THE CYCLIC COORDINATE METHOD 

K R(k) Q(k) j d(j) R(j+1) Q(j+1) TC 
(THB) 

1 3235 1488 1 1 0 2,982.0 1,488.0 30,720.6 
      2 0 1 2,982.0 1,348.6 30,041.0 
2 2982.0 1348.6 1 1 0 3,058.4 1,348.6 29,738.2 
      2 0 1 3,058.4 1,254.3 29,189.6 
3 3058.4 1254.3 1 1 0 3,119.5 1,254.3 28,949.4 
      2 0 1 3,119.5 1,203.6 28,694.8 

4 3119.5 1203.6 1 1 0 3,139.8 1,203.6 28,701.2 
      2 0 1 3,139.8 1,104.2 28,211.9 
5 3139.8 1104.2 1 1 0 3,190.2 1,104.2 28,103.3 
      2 0 1 3,190.2 1,104.3 28,110.2 
6 3190.2 1104.3 1 1 0 3,190.5 1,104.3 28,091.4 
      2 0 1 3,190.5 1,104.3 28,091.4 
7 3190.5 1104.3 1 1 0 3,190.5 1,104.3 28,091.4 
      2 0 1 3,190.5 1,104.3 28,091.4 

 
TABLE XIII 

TOTAL COST OF CYCLIC COORDINATE METHOD 

Number of order  154 
Number of shortage (units) 1,437 
Average inventory level (units/day) 3,034 
Average number of overstock (units/day) 25 
Ordering cost (THB) 1,478 
Shortage cost (THB) 11,496 
Inventory holding cost (THB) 13,167 
Overstock cost (THB) 2,190 
Total cost (THB) 28,331 

 

V. CONCLUSIONS 
This article considers the inventory management problem 

with the Q, R policy under storage space limitation. A two-
stage method featuring iterative Q, R method to find initial 
solution without considering storage space limitation, and 
cyclic coordinate method to adjust the solution for space 
limitation is proposed. A numerical example that illustrates 
the effectiveness of the method is provided. For future work, 
further test of the method on other products with various 
characteristics will be conducted. 

 
 
 
 
 

REFERENCES 
[1] Hariga, M.A., “A single-item continuous review inventory problem 

with space restriction,” International Journal of Production 
Economics, vol. 128(1), pp. 153-158, 2010. 

[2] Hariga, M., “A continuous review (Q, r) model with owned and 
rented storage facilities,” in Computers & Industrial Engineering, 
2009. CIE 2009. International Conference on. 2009. IEEE. 

[3] Zhao, X., et al., “Storage-space capacitated inventory system with (r, 
Q) policies,” Operations Research, vol. 55(5): p. 854-865, 2007. 

[4] Huang, T.-S., “The optimal buyer's ordering policy and payment 
policy for deteriorating items with limited storage capacity under 
supplier credit,” Journal of Information and Optimization Sciences, 
vol. 34(6), pp. 417-454, 2013. 

[5] Roy, T. and M. Maiti, “A fuzzy EOQ model with demand-dependent 
unit cost under limited storage capacity,” European Journal of 
Operational Research, vol. 99(2), pp. 425-432, 1997. 

[6] Özer, Ö. and W. Wei, “Inventory control with limited capacity and 
advance demand information,” Operations Research, vol. 52(6), pp. 
988-1000, 2004. 

[7] Sana, S.S., “An EOQ model for stochastic demand for limited 
capacity of own warehouse,” Annals of Operations Research, pp. 1-
17, 2013. 

[8] Bazaraa, M., H. Sherali, and C. Shetty, Nonlinear programming: 
theory and algorithms, 2nd ed., 1993. 

[9] Vollmann, T.E., W.L. Berry, and C.D. Whybark, Manufacturing 
Planning and Control Systems. 1997. 

 
 
 

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

148



 

 
Increasing Productivity of Busbars manufacturing in Switch Board Industry

Srisuda Sinma a, Anucha Watanapa a, *, Wisitsree Wiyaratn b

a Department of Production Technology Education,
Faculty of Industrial Education and Technology,

King Mongkut's University of Technology Thonburi
126 Prachautid Road, Bangmod, Thung Kru, Bangkok 10140

E-mail address: gigda.34@gmail.com, anucha.wat@kmutt.ac.thh
b Faculty of Industrial Education and Technology,

King Mongkut's University of Technology Thonburi
126 Prachautid Road, Bangmod, Thung Kru, Bangkok 10140

E-mail address: wisitsree.wiy@kmutt.ac.th

Abstract— This research aims to increase efficiency of 
busbars manufacturing, which is a part of the switchboard 
manufacturing process. According to the recent study, the 
plant layout was disorganized. As a result, inefficient work 
flows and delays in the manufacturing process were 
occurring. In this study, principles of the Systematic Layout 
Planning Pattern (SLP) and analysis the relationship by 
relationship charts with the Arena program are used to 
improve plant layout to be more effective. The result shows 
that the distance was decreased from 32 meters to 19 meters 
,which equivalent to 40% and production time was decreased 
by 7%. As a result, the productivity increased by 15%, which 
makes employees work faster,  reduce employees fatigue, 
which make the busbars production rate increased and 
increasing the productivity in the manufacturing  process as
well.

Keywords— Manufacturing process, The Systematic Layout 
Planning Pattern, Arena program

I. INTRODUCTION

Current organization management is preparing to cope 
with the rapidly changing situation. According to customer 
demand, the competitive situation in the market and higher 
production costs are likely to rise gradually which couldn’t 
be avoided. However, corporate executives have
understood the idea and find a method to prevent such 
problems and to build factories with perfect either plant 
layout and production plan. The plant will require a factory 
layout system [1]. If the plant layout is not in the system, it 
will undermine the facility in several respects. For 
example, operation safety, delays in manufacturing 
process, resource depletion and waste production in budget 
waste. Which results incorrect of the placement of 
equipment and the allocation of work space in the plant is 
not in a system [2]. There is not enough area for machine 
placement which affect the manufacturing process not
worth the investment due to designing factory layouts 
several theories[3], for example, the principle of Immer 

(2493), Principles of Reed (1961), Principles of Apple 
(1977) and the principle of Muther [4]. The researcher has 
adopted the Design Factory Muther and used the principle 
of Muther which called layout the factory system 
"Systematic Layout Planning" (SLP) is a method for 
planning the plant consists of various stages (Phases) of the 
planned workshop (Pattern of Procedures) and set the 
pattern of the individual components, as well as areas in 
part related to the planning of the factory as the proportion 
and proper [5],[6]. However, since in practice it cannot be 
modified to experiment or process until you see the 
benefits are gained. So simulation will help to analyze the 
status of the current system and help finding solutions or 
alternatives (Scenario) used in appropriate situation or 
performance [7]. This will help reduce the risk of error or 
failure. It also helps to save cost and time (Maria, the 1997) 
[8],[9]. The researchers used ARENA program [10],[11], 
which helps in the simulation to find solutions to improve 
systems within the plant layout, such as the placement of 
equipment on the factory's production process with the 
shortest distance, minimum production time and to find 
ways to improve productivity [12]. Yang et al (2000) [13]  
has adopted a plant layout system (Systematic Layout 
Planning: SLP) applied in plant layout. Mill Semiconductor 
Wafer has presented plans for a multiple choice format. 
This has several purposes: 1. Maximum capacity 2. Ability 
to produce a maximum 3. Flexibility of layout and 4. The 
flow of WIP maximum efficiency. Process is used to 
selectively sequence analysis (Analysis hierarchy process: 
AHP) analysis to select the most suitable plant diagrams.
In addition, Shewale et al (2012) [12], have studied on the 
amount of tools and equipments in compressor production 
and use SLP analyzed the distances travelled between 
various stations. This can be the new layout and decrease 
the flow of material and hence resulting in reduction in 
waste causes increased production. While, Mahendra Singh 
(2012)[14], their use of SLP can be an effective stage for 
playing out the services to customers.
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They have studied on various types of advanced and basic 
facility layouts. Subodh et al (2014) [15], has brought the 
theory of SLP used in a case study of the medium scale 
industry. They have discussed about the problems faced. 
SLP can reduce the problem in a medium scale auto 
ancillary company & also stated that the material handling 
time, labor cost, transportation cost etc.. While, Somsook 
et al. [16] had also applied SLP to wood furniture factory 
and reduced material handling distance 60.35%, material 
handling time 56.30% and production capacity increase 
34.26%.  Simulation is a compilation of the various 
methods used to simulate the behavior of real systems onto 
your computer using the computer software to help in order 
to study the flow of events in different ways and to 
improve the software accuracy in the future. This 
simulation is very popular and has been developed 
continuously. As a result, the simulation can be applied to a 
variety of industries such as industrial manufacturing, 
transportation, distribution, or even to provide business 
services, such as banks, hospitals, etc. (Kelton, et al., 2003)
[8]. There are many papers studied the application of Arena 
programs in many industries. The application of the model 
to evaluate the efficiency of plant layout by the Somchat 
PongMani and Ekachai Tang Kanjanakul saying. (2002) 
[17], to improve manufacturing techniques, the layout of 
the factory Teeraporn Senprom and Nongnuch Rakpibookit 
(2003)[18] offers a way to evaluate plant layouts 
Adjacency-Based. Scoring and Procedures Distance-Based 
Scoring was not able to demonstrate productivity increases 
or decreases from factories because the study was not to 
assess the time to work the waiting time of the work piece 
in unloading goods out of the program to improve plant 
layout, so Arena is the right choice. Bringing evaluates
performance results from the model that debuted Works at 
2 (on a Grid Representations) takes the production system 
and materials handling, including a minimum figure for 
production, less than 18 percent and transport 34. Shoot 
down 51 percent. Company A is the manufacture of Main 
Distribution Switch Board (MDB) or the main electrical 
panel. The main components of the main distribution 
switch board include enclosure, busbars, Circuit Breaker, 
Meter and accessories. The busbars are the main 
component part inside the switchboard. It is a long copper 
rod used to power 1-phase, 2-wire or 3-phase, 4-wire 
busbars will be installed in the cabinet switch board [19]
[20]. The first bus bars inside the cabinet switch board 
operators will go through the process to calculate the 
distance and the length of the busbar, measuring bar, 
folding bar, bending bar, cutting bar, Drilling and Pump 
holes bar. There are wastes in each the process. The wastes 
in the process have directly impact on company costs 
[21]. With a large amount of waste the cost is increased 
which less opportunity to compete or lose market share. To 
analyze the cause of the problem and find the solution that 
was so vital to the Competitiveness of the organization, 
particularly [22]. Thus, there is a need, building strengths 

to produce the data collection company. Problems 
encountered in the process. The delay in the production 
process. A route to transport items overlapping. The work 
flow is not in the same direction. Thus, the data were 
analyzed using the Relationship chart [23],[24] and 
Simulation in the Arena to find ways to improve the 
manufacturing process to increase [25]-[27].

II. RESEARCH METHODOLOGY

The step of the research is as follows Fig. 1.
A. Research and gather information

1) Plant layout: The researcher used 
Muther’s principle called "systematic layout Planning: 
SLP"  is a method for planning the plant which consists of 
various stages of the planned workshop (Pattern of 
Procedures) and set the pattern of the individual 
components, as well as areas in part related to the planning 
of the factory as the proportion and proper.

2) Simulation: The researcher used the 
ARENA program, which helps in the simulation to find 
solutions to improve systems in the plant such as the 
placement of equipment in the factory's production process 
with the shortest distance and find minimum production 
time to increase productivity 

3) Collecting data: Information used to
overview the company and investigates flow chart of work 
processes.

3.1) Overview of the Company A.
The location of manufacturing bases: In this study, Busbar 
manufacturing processes have employed 20 people. 
Number of machines used in the manufacture of busbars 
are 5 which have functioned as follows: 2 Cutting bars 
machines, 2 Drilling bar machines and 3 folding bar 
machines.

3.2) Information flow chart of work 
process. Start by cutting busbars by the bar into one meter 
each. Then, measuring busbars size to find the drilling and 
the folding position marked by human labor. When the 
measured Bar is completed, Take into the drilling and 
folding bar in the position that has marked. When roll bar 
is finished, the next step is bar examination. Bars that don’t 
pass inspection will be divided into two cases. The first 
case is bringing busbars to recast and the second case is 
busbars that can’t be recast (sold for scrapping). Busbars 
that passed the inspection are sent to wipe clean and 
masking tape to Packing in a wheelchair waiting for 
transportation to the next department as shown in the Fig.2
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Fig. 1 The step of the research.

Fig. 2 The process flow chart of the process of bus bar
Manufacturing

B. Identifying Problem
Overview of the Problem: The Problem of 

Company A is the plant layout of Company A have late 
working in the production process because transportation 
has overlapped, workflow is not in the same direction. It 
causes a negative effect on the plant in many respects, such 
as safety at work, delays in the production process, 
including a loss of resources and budgets to produce waste. 
This is a result of the incorrect placement of equipment and 
the allocation of work space inside the plant is not a system 
and an insufficient machine placement area Affects the 
manufacturing process was not worth the investment. The 
current layout plan of the plant is shown in the Fig.3

Fig. 3 Factory layout of busbars process
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The Fig.3 shows the existing plant layout which 

has busbars department, Cutting bars(A), Measuring 
bars(B), Drilling bars(C), Remove sharp(D) , Folding 
bar(E), Inspection(F), Wiped thinner(G), Glued(H), Packed 
into cart(I). These departments are arranged in non-
sequential manner, hence wastage of time for movement is 
more. So its effects on productivity of organization.

C. Method
From the problem the researcher has adopted. 

Relationship chart and Arena program simulation are used 
to find solutions to improve systems in the plant such as 
the placement of equipment on the factory's production 
process with the shortest duration and the lowest 
production in order to guide the improvement of the 
productivity.

1) The Systematic Layout Planning (SLP)
Systematic layout planning (SLP) is an organized approach 
to layout planning depicts the stages in the process. It 
shows process flow charts of the material through the plant. 
An operation process chart depicts the operations, 
inspections and the flow of the process.  In the operations 
process chart. The SLP has been found to improve spatial 
distances between facilities (machines, between 
workstations and between departments) and also improve 
the flow of maternal through the plant. Thus, the cost of 
material handling is reduced significantly, As a 
consequence, less material handling time is needed, 
workers move faster and the overall productivity increases. 
You can find out more from the theory of Muther [4].

2) Modeling with the Arana programs.
Simulation is a compilation of the various 

methods used to simulate the behavior of real systems onto 
computers by using a computer program to help in order to 
study the flow of events in different ways. The retention 
and to analyze ways to improve the accuracy of the 
software in the future. Arena is a software-based modeling 
and simulation. To demonstrate the problem, the 
consequences - good and bad, to get the best option before 
making a real treat can also simulate a variety of formats to 
assist in the analysis and evaluation of the work happened 
to be the most effective. This reduces the risk of disrupting 
the work. Reducing the cost of operations. Cause resource 
utilization and cost-effectively. Simulation modeling in 
Arena Simulator: The model of the process was developed 
using an Arena program to begin the experiments, all the 
values are taken as constant. The processing time in the 
departments is constant with the average value of 
processing time from time study was used. Every resource 
is fixed with a quantity of one each. The simulation is first 
carried out with constant system, in which the bottleneck 
was noted and removed or eliminated by increasing the 
number of resources. An optimal number of resources were 

worked out for achieving. In modeling situations can be 
studied more from Kelton, et al. [8]  

3) Usability of the Arana programs. Arena is a 
popular program used widely for modeling, simulation, and 
conduct experiments as well. Simulation was conducted to 
test the idea on a computer to study the behavior of the 
system and will lead to an approach to analyze the system 
more efficient. This research used the Arena program 
version 14.7.

The Arena window shown in Fig.4, Starting 
from step A, a user begins with the blank Arena window 
depicted on the left side of the Arena window is the Project 
Bar,select “Basic Processes,” Drag a Process module from 
the Basic Process into the model window, drag it to the 
right of the Create1 in step B. Basic Processes as shown, 
these options include create, dispose, process, decide, 
batch, separate, assign, and record. These are the basic 
pieces used to build a simulation model in the Arena. Users 
can change the name of the process. It may be named after 
the process of work. In the process, users add Name, 
Resource will be selected “Seize Delay Release,” (Its
meaning, that meaning that will be a delay while the 
process is taking place, and then the entity will be 
released.)
Step C selects the “Process” in Basic Processes and drags it 
onto the Arena window. Connecting appears between
Create and Process click the object to connect menu item 
or the connect toolbar button to draw a connection. (In 
build Process module, if there has multiples Process enters
each Process to connect.)
Step D selects the “Dispose” in Basic Processes and drags 
it onto the Arena window. It is the end of process flow. It 
will be linked to the process1 that was previously inserted 
in Fig.4
Step E selects “Run” setup starts the simulation run by 
click “Go” button on the toolbar or click the “Run” to 
“Go” menu item to complete runs of Arena program.
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Fig.4 Display window of command in Arana programs 
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III. ANALYSIS AND EVALUATION RESEARCH

Work Measurement, which used to study the 
processes to improve the busbars manufacturing processes. 
The data shown in Table 1.

TABLE I
THE FLOW OF THE BASBAR PROCESS

THE FLOW OF THE BASBAR PROCESS

Employees
(Person)

Production plan 

Work processCurrent Type 1 Type 2 Type 3

Time
(Sec)

Time
(Sec)

Time
(Sec)

Time
(Sec)

2 20.45 20.45 20.45 20.45 Lift the cutting 
busbars

1 5.13 5.13 5.13 5.13 Cutting bar

2 16.92 10.12 9.84 2.59
Moving from the 
cutting bar to wait 
measure bar.

4 19.48 12.63 10.66 4.24 Moved from start to 
table measure bar.

1 99.71 110.03 112.47 118.37 Measure bar

1 16.63 6.24 12.47 15.59 Move to drilling bar.

1 26.92 26.92 26.92 26.92 Drilling bar

1 3.90 3.90 3.90 3.90 Moving from drilling 
bar to remove sharp.

1 3.47 3.47 3.47 3.47 Remove sharp

1 12.66 8.44 7.59 6.75
Moving from remove 
sharp to Folding 
machine bar.

2 17.79 17.79 17.79 17.79 Folding bar

1 8.23 4.12 4.12 5.49 Moving from remove 
sharp to Check.

3 16.34 16.34 16.34 16.34 Check

1 6.13 4.08 3.06 5.11 Moving from Check 
to Wipe thinner.

2 5.12 5.12 5.12 5.12 Wipe thinner

1 6.34 6.34 6.34 6.34 Moving from Wipe 
thinner to gluing.

1 31.59 31.59 31.59 31.59 Gluing

2 17.84 17.84 17.84 17.84 Packed into the cart

Time
(Sec / piece) 

334.65 310.55 315.08 313.03

From collected data to study the function chart in 
Table 1 shows information about the number of employees, 
the duration of each production manufacturing process and 
time processed. By the period of the busbars production 
plan in current can approximately produce 334.65 seconds 
per piece. Busbars production plan improvements type 1 
can produce 310.55 seconds per piece. Production plan 
improvements type 2 can produce 315.08 seconds per piece 
and production plan improvements type 3 can produce 
313.03 seconds per piece. 

Design plant layouts of relationships at 3 types.

The Fig.5-8 shows the comparison flow between 
the busbars production plan in current and busbars 
production plan to improve its have 3 types.

Fig. 5 Busbars production plan in current

Fig. 6 Busbars production plan improvements type 1

Fig. 7 Busbars production plan improvements type 2

Fig. 8 Busbars production plan improvements type 3

The Fig.5-8 Show existing plant layout which has a
department, Cutting bar(A), Measuring bar(B), Drilling 
bar(C), Remove sharp(D) , Folding bar(E), Inspection(F), 
Wiped thinner(G), Glued(H), Packed into the cart(I).
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The Modeling situation

Fig. 9 Arena model of a busbars manufacturing process in current

Simulation Modeling in Arena Program: The 
model of the process was developed using Arena Program 
as shown in the Fig. 9 to begin the experiments; all the 
values are taken as constant. The processing time in the 
departments is constant with the average value of 
processing time from time study was used. The process of 
the busbars manufactures start from process of measuring 
the size to find the drilling and the folding position which 
be marked by human labor, when the measured bar is 
completed, take the busbars into the drilling and folding 
bar in the position that has marked in the drawing. When, 
folding bar finished, the next step is busbars examination. 
Bars that don’t pass inspection will be divided into two 
cases. The first case, bringing busbars to recast and the 
second case, busbars that can’t be recast (sold for 
scrapping). Busbars that passed inspection are sent to wipe 
clean and masking tape to Packing in a wheelchair waiting 
for transport to the next department. Arena model of a 
busbars manufacturing process.

Results of research indicate that from data 
collected and brought to in the simulation Arena program 
and the processing of the application can be summarized as 

follows. The volume of production in the manufacturing 
process can currently produce 75 units per day. Quantity of 
manufacturing from the solutions 1, the solutions 2 and the 
solutions 3 can produce 89 units per day, 84 per day and 78 
pieces per day, respectively as shown in Table II. It is 
shown that improvement type 1 is most appropriate 
because it have a highest production rate, which is 89 
pieces per day. 

TABLE II
THE OPERATIONS AND PRODUCTION RATES OF SLP AND 

ARANA PROGRAM.

List Distances 
(m)

Time

(Sec/piece)

Production rate

(Pieces/day)

Current plant layout 32 334.65 75

Plan improvement 1 19 310.55 89

Plan improvement 2 20.5 315.08 84

Plan improvement 3 20 313.03 78
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Operating results from the analysis of the results by the Arena programs.

The results of the analysis using the Arena programs and evaluate alternatives of and busbars production plan to 
improve, as shown in Fig.10

Fig.10 Arena model of a busbars production plan improvements type 1

From the production layout created according to the 
principles planning in the Systematic Layout Planning 
Pattern (SLP), the most appropriate is the plant layout 
improve 1. From the measuring the motion of one 
department to another one department as shown in Table2.
The currently distance in the plant layout is 32 meters. To 
improve the movement and the position machines, the 
distance of the plant layout improved in the type 1 is 19 
meters which is reduced by 13 meters. Since the distance 
of movement in work reduced, it makes the movement of
an employee decreased and when the distance to the 
moving of the production process decreased, it will result 
in the duration of the production process to reduce as well.

IV. CONCLUSION

The results of the studied information found that  problem 
is a disorder of the plant layout. As a result, the flow has 
inefficient of the workers movement and delays in the 
production process. In this research the principle of a 
systematic plan (SLP), work study and analyzing the
relationship by relationship charts method  is  used to 

improve plant layout to be even more effective. The results 
of the improved flowchart have selected plant 
improvement number 1. The recitative has a total length of 
19 meters, a period of production is 310.55 seconds and 
maximum production rate from the evaluation of Arena 
programs is 89 pieces per day. It can reduce the moving 
distance and time period in the production process which 
allowing employees to work faster, reduce their fatigue and 
increase busbars production rate and efficiency in the 
production process.
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Abstract— The objective of the study was to explore the effects of 
chemical dosage concentration with respectively to specification 
of treated Reverse Osmosis water and imply to simulate the 
optimal amount of chemical in the Reverse Osmosis (RO) 
process. The study was implied Water Treatment Plant in one 
semiconductor fabrication in Chacheongsao, Thailand as the case 
study. The experiment was conducted in the real pilot scale by 
variation of chemical concentration. Design of Experiment was 
used to evaluate in term of Analysis of Variance in order to 
validate the obtained result. Conductivity and % Salt Rejection 
are key performance indicators. The results developed the 
optimal range of treated chemical concentration of 10% 
Antiscalant with 10% Microbiocide solution with RO water 
conductivity in the range of 5.05-8.51 µS/cm with % Salt 
rejection in the range 95.12-98.52. The optimal condition could 
operate approximately to the calculated value from Excel Solver. 
This condition could reduce feeding chemical consumption 
amount and help monitoring performance of RO unit. 
 
 
 
Keywords— Reverse Osmosis, Antiscalant, Microbiocide, 
Conductivity, Analysis of Variance 

I. INTRODUCTION 
The continuous and accelerated development of information and 

communication technology is affected to the growth of semiconductor 
manufacturing industry. In manufacturing semiconductor products, 
semiconductor chips are performed on silicon wafer substrate involving 
oxidation, diffusion, ion implementation, deposition of conductors and 
insulators, photolithography and etching [1]. During the fabrication, chips 
may contaminate by various impurities e.g. chemical solution, machine, 
operator, thus the chips are particularly being cleaned prior undergoes to 
assembly as one part of electronic devices. Cleaning process is one of the 
critical process in order to rinse the impurities from chips, thus the quality of 
rinsing water is significantly to be qualified with respectively to chip 
specification requirements. Ultrapure water is typically consumed in 
semiconductor manufacturing according to the specification defined in term 
of resistivity of 18 Megaohm.cm as the inverse of conductivity value [2, 3].   

In this research, Ultrapure Treatment Plant of one Semiconductor 
Fabrication Factory in Chacheongsao province, Thailand was implied as a 
case study. The treatment processes are consisted of Pretreatment process and 
Desalination process. Pretreatment process is fundamental process of water 
treatment, consisted of Sand Filtration to trap suspended solid, Carbon 
Filtration to absorb colour, odour and organic substance and Cartridge Filter 
Housing to trap suspended particulate matter before undergoes to 
Desalination process. [4, 5]. Desalination process is correspondingly a 
fundamental process for Ultrapure water production, the processes are 
consisted of Reverse Osmosis and Ion Exchanger [2]. Reverse Osmosis or RO 

is purified water by rejecting soluble molecules, ions and biological substance 
by semipermeable membrane, purified water from RO undergoes to Ion 
Exchanger to remove ion containment in water as significantly affect to 
Resistivity of water and eventually become Ultrapure water supplying to 
manufacturing process. 

In this research, Reverse Osmosis or RO was studied. As the fundamental 
treatment of Ultrapure water, RO is rejected chemical and biological 
substances by semipermeable membranes at high driving pressure with aided 
dosing chemical solutions. Product or RO water has lower ionic content than 
feeding water referred in term of conductivity. Chemical solutions are 
Antiscalant for controlling scale precipitation and Microbiocide for inhibiting 
the growth of microorganism on membrane [6,7]. After operating for a period 
of time, scale and slime could be formed on RO membrane. This effect could 
result in decreasing in flux, operation performance, and RO water quality. To 
mitigate this effect, the concerned factors are reasonable design, proper 
treatment and correct operation [8]. In this study RO water treatment with 
chemical dosing solution, Antiscalant and Microbiocide were implied to 
evaluated. 

The objective of the research is to explore the effects of dosing 
concentration of Antiscalant and Microbiocide with respectively to quality of 
RO water which defined in the term of conductivity (µS/cm) and 
correspondingly optimize the appropriated chemical dosing concentration for 
process improvement and cost reduction. Conductivity and pH of feeding 
water and RO water are monitored with automatically driving pressure from 
RO unit. The experimental results were evaluated by using Design of 
Experiment concept. 

II. EXPERIMENT AND METHOD 
The actual operation of RO Unit was investigated. Factory’s Treatment 

Plant consumes water from the industrial estate reservoir as feeding water to 
the system. The measurement of feed water and RO water was daily 
conducted, concerned parameter are pH and conductivity. pH was measured 
by pH meter (Yokogawa brand, model: PH72), and Conductivity was 
measured by Conductivity meter (Oakton brand, model: CON400). RO 
Membrane used for this study was a brackish water RO Membrane from Dow 
Filmtec. Commercial Antiscalant (pH range: 2.2 – 4) and Microbiocide 
solution (pH range: 8.5-9.5) were prepared and adjusted at 
5%,10%,15%,20%,25% and 30% concentration by volume. Supplied feed 
water had pH in the range of 6.15-8.56 and conductivity at 216-369 µS/cm, 
the system was controlled driving pressure at 4 Bar by RO Unit controller. A 
schematic diagram of the experiment is shown in Fig.1 
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Fig. 1  Experimental apparatus 

A. The Study of % Antiscalant dosing concentration variation 
 
The experiment was conducted by varying dosing concentration of 

Antiscalant into 5%,10%,15%,20%,25% and 30% by volume with dosing 
constant concentration of Microbiocide at 20% by volume. Analysis of 
Variance (ANOVA) was used to analyse the test result by Minitab 16 
software as shown in Fig.2 and Fig.3. 
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Fig.2 The Residual Plot for Conductivity Value with respectively to 
variation concentration of % Antiscalant dosing solution. 

 

 
 

Fig.3 Result from ANOVA for %Antiscalant dosing concentration 
variation. 

 
According to the result of Fig.2 and Fig.3, it was found that at significance 

level of 0.05, % Antiscalant dosing concentration was significantly affected 
conductivity of RO  water (P-value < 0.05). The residual plot was distributed 
nearly in left-skewed and independently fitted. 

 
B. The Study of % Microbiocide dosing concentration variation result 

 
The experiment was conducted by varying dosing concentration of 

Microbiocide into 5%,10%,15%,20%,25% and 30% by volume with dosing 

constant concentration of Antiscalant at 20% by volume. Analysis of 
Variance (ANOVA) was used to analyse the test result by Minitab 16 
software as shown in Fig.4 and Fig.5. 
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Fig.4 The Residual Plot for Conductivity Value with respectively to variation 
concentration of % Microbiocide dosing solution. 
 
 

 
 

Fig.5 Result from ANOVA for %Microbiocide dosing concentration 
variation. 

 
According to the result of Fig.4 and Fig.5, it was found that at significance 

level of 0.05, % Microbiocide dosing concentration was significantly affected 
conductivity of RO water (P-value < 0.05). The residual plot was distributed 
nearly in right-skewed and independently fitted. 

 
Referred to the results from Experiment No.1 and No.2 implied the 

residual distribution, the plots were not normally distributed and tended to be 
skewed. To investigate this phenomena, Experiment No.3 was conducted. 
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C. The Study of the combination of % Antiscalant and % Microbiocide 

dosing concentration variation 
 
The experiment was conducted by varying dosing concentration of 

Antiscalant 10%, 15%, 20%, 25% and 30% by volume with dosing constant 
concentration of Microbiocide at 10%, and 15% by volume. General Linear 
Model was used to analyse the test result by Minitab 16 software as shown in 
Fig.6 and Fig.7. 
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Fig.6 The Residual Plot for Conductivity Value with respectively to variation 

concentration of % Microbiocide and % Antiscalant dosing solution. 
 

 
 

Fig.7 Result from General Linear Model Simulation for %Microbiocide 
dosing concentration variation 

 
   According to the result of Fig.6 and Fig.7, it was found that at significance 
level of 0.05, % Antiscalant dosing concentration was significantly affected 
conductivity of RO  water (P-value < 0.05), whereas % Microbiocide dosing 
concentration and interaction between % Antiscalant and % Microbiocide 
dosing concentration was not significantly affected conductivity of RO water 
(P-value > 0.05). In addition to the residual plot in Fig.6, the residuals were 
normally distributed with zero mean and nearly constant variance and 
independently fitted. To prove the relation among these factors, Main Effects 
Plot and Interaction Plot were shown in Fig.8 and Fig.9. 
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Figure 8. Main Effects Plot for Conductivity with respectively to % 

Antiscalant and % Microbiocide. 
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Figure 9. Interaction Plot for Conductivity with respectively to % 

Antiscalant and % Microbiocide. 
 

D. Response Function 
 
To develop the response function, Regression Analysis was used with the 

deducting the non significant factor. The model was showned in Fig.10. 
 

 

 
 

Fig.10 Response Function of Conductivity with respectively to % 
Antiscalant and % Microbiocide by Regression Analysis. 

 
The regression equation is  
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Conductivity = 0.222 % Antiscalant + 0.297 %Microbiocide  
 

E. Optimal Condition of the Parameters 
 
To determine the optimal condition by optimizing the parameter in RO 

Water Treatment, Excel Solver in Microsoft Excel Program was simulated. 
The optimal condition of these factors are summarized in Table I. 

 
TABLE I 

RESULT OF OPTIMAL CONDITION OF FACTORS IN REVERSE OSMOSIS PROCESS 

 
Factors Optimal Level 

% Antiscalant 10 
%Microbiocide 10 

 
The dosing of Antiscalant and Microbiocide at 10% concentration by volume 
are optimal value and could yield RO water conductivity at 5.19 µS/cm. 
 

III. CONCLUSION 
To confirm the result, 30 samples were performed under the optimal 

condition at 10% concentration for Microbiocide and Antiscalant with the 2 
results of standard concentration of 20% Microbiocide and Antiscalant at pH 
6.15-8.56, conductivity at 216-369 µS/cm of feed water and controlled 
driving pressure at 4 Bar by RO Unit controller. Conductivity and % Salt 
rejection of RO water are the key performance indicators, the results are 
shown in Fig.11 and Fig.12. 

 

 
 

Fig.11 The comparative Result of RO Water Conductivity between 
optimal condition and standard condition 

  

 
 

Fig.12 The comparative Result of Salt Rejection of RO Water between 
optimal condition and standard condition 

 
According to the result in Fig.11 and Fig.12, conductivity of RO water in 

optimal dosage concentration in the range 5.05-8.51 µS/cm with % Salt 
rejection in the range 95.12-98.52, whereas the standard condition yield 
conductivity in the range of 6.49-6.80 µS/cm and 7.01-8.11 µS/cm with % 
Salt Rejection in the range of 95.42-97.22 and 97.23-97.68. The optimal 
condition could operate approximately to the calculated value from Excel 
Solver. This condition could reduce chemical consumption amount and help 
monitoring performance of RO unit. 
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Abstract— This paper considers the vehicle routing problem 
with transshipment. Customer demands are of two types: regular 
demands that are satisfied by the depot and transshipment 
demands of items from other customers. A simulated annealing 
(SA) algorithm to generate delivery routes in which both 
demands can be met in the same delivery routes is developed. 
The objective is to minimize the transportation cost. Preliminary 
results from testing the algorithm using numerical examples 
shows that allowing transhipment incurs additional cost of 
0.48%-1.68%, depending on the level of transhipment demand, 
with the benefit of reducing delivery lead time. 

 
Keywords— Vehicle Routing Problem, Transshipment, 

Simulated Annealing 
I. INTRODUCTION 

Dantzig and Ramser [1] firstly introduced the Vehicle 
Routing Problem (VRP). The problem was modelled after a 
routing optimization problem for petrol deliveries by truck. 
The objective is to find the optimal set of routes for a fleet of 
vehicles to perform deliver services to a set of customer so as 
to minimize the total transportation cost. Since then, numerous 
research studies have been conducted to solve the VRP using 
heuristics and exact algorithms. There are also many variants 
of the VRP, such as VRP with time windows (VRPTW), VRP 
with pickup and delivery (VRPPD), etc.  

This paper presents one of the variants of VRP, so-called, 
vehicle routing problem with transshipment (VRPT) in this 
paper. The motivation for the VRPT is from a real world 
problem found in one of the largest retail chains in Thailand. 
In this problem, a depot exists to satisfy daily demand from 
many retail stores, all of which are in the same retail chain 
under a single ownership. The retail chain offers products that 
are both continuously stocked and seasonal products. The 
focus is on the seasonal products, which are usually ordered 
once a year from both domestics and international suppliers. 
These items arrive before the beginning of the selling season, 
and are kept at the depot, and the retail stores would order 
these items according to the store’s projected sale figure.  

By the middle of a season, all inventories of a seasonal item 
would be ordered and kept at the stores, and the depot would 
no longer have inventory of the item available. At this point, 
there are many occurrences when demands from end 
customers arise at a retail store that already has the items sold 
out, while the desired items are available at some other retail 

stores. The current practice of the company is as follows: (1) 
The drop-off store that need the items would issue a request to 
the depot. (2) Delivery truck that visits another pick-up store 
that has the item would pick up the item and bring it back to 
the depot. (3) The depot then sends the item to the drop-off 
store in the next delivery cycle. The process usually takes at 
least as long as the length of the delivery cycle. For example, 
the process takes at least one day if the deliveries to both the 
pick-up and drop-off stores are performed on a daily basis, or 
it takes at least two days, if delivery cycle is on alternate day 
basis.  

The company is considering changing this process in order 
to satisfy the end customer demand in a shorter time. 
Specifically, the depot would like to design delivery routes 
that take into account the pick-up / drop-off demands between 
stores, which is called transshipment demand in this paper. 
The delivery routes that can satisfy the transshipment demand 
in addition to the regular demand from the depot must have 
the truck visits the pick-up store prior to the drop-off stores on 
the same route. In other words, the pick-up item from one 
store will be delivered to another store on the same trip. 
Benefit from the same day delivery would give the retail 
stores a significant advantage in terms of customer service in 
the highly competitive retail business environment. The 
company would like to incorporate this change without having 
to incur too much additional delivery cost. 

This paper presents an algorithm development for the 
VRPT that can generate good routing solution that allows both 
regular demand and transshipment demand deliveries on the 
same trip. The objective function is to minimize the total 
transportation cost. The algorithm is based on the well-known 
simulated annealing (SA) algorithm with solution generation 
mechanism that forces transshipment delivery.  

The remainder of this paper is organized as follows. 
Section II provides a literature review, including VRP, 
solution techniques, and a VRP with transshipment center. 
The VRPT under consideration is described in Section III. The 
proposed algorithm is presented in Section IV. Then, Section 
V features the process of algorithm parameter tuning, 
followed by a numerical example in Section VI. Finally, 
conclusion and future research direction are given in Section 
VII. 
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II. LITERATURE REVIEW 

A. Vehicle Routing Problem 
Due to the vast literature review on VRP, each variant of 

VRP will be briefly described, and followed by one selected 
recent research study for the problem. The classical vehicle 
routing problem (VRP) involves the problem to generate 
delivery route for a homogeneous fleet of vehicles and a 
single depot. Many variants of VRP have been studied. The 
capacitated vehicle routing problem (CVRP) is a VRP in 
which a homogenous fleet of delivery vehicles of same 
capacity must provide service to known customer demands. 
The objective is to minimize the total cost, while the total 
demands delivered in each trip cannot exceed vehicle’s 
capacity. Recent study on CVRP by Alipour [2] presents an 
algorithm based on distributed learning automata for solving 
CVRP. 

Vehicle routing problem with backhauls (VRPB) is a VRP 
that considers both delivery (linehaul) and pickup (backhaul). 
VRPB assumes that all deliveries must be made on the route 
before pickups can be performed. Brandão [4] present a new 
tabu search algorithm that starting from pseudo-lower bounds 
for VRPB. 

Vehicle routing problem with pick-up and delivery 
(VRPPD, sometimes denoted as PDP) is an extension of 
VRPB. Pure pickup or delivery only performs pickup or 
delivery in the routes. Mixed pickup and delivery has two 
types: (1) a route is not interspersed, which means the truck 
must finish all delivery demands before performing the pick-
up on the same route, and (2) interspersed route that mixes 
pickup and delivery on the same route. Another variant of the 
VRPPD is the VRP with simultaneous pick-up and delivery 
(VRPSPD), where delivery and pickup demands are required 
to be made simultaneously at each customer stop. Montané 
and Galvão [5] developed a tabu search algorithm to solve 
VRPSD. 

Vehicle routing problem with time windows, or VRPTW, is 
a VRP where customers have specified time windows 
constraint in which the delivery must be made. Nagata et al. [6] 
present an effective memetic algorithm for the VRPTW. 

Stochastic vehicle routing problem (SVRP) is a VRP where 
one or several components of the problem are random, such as 
stochastic demands, and stochastic travel times. Gendreau et 
al. [3] give a review of the scientific literature on SVRP. 

B. Solution Techniques for VRP 
Solution techniques for VRP can be classified into three 

categories: 

1)  Exact algorithms:  Exact algorithms, such as branch and 
bound algorithm and branch and cut algorithm, are methods 
that solve the problem to optimality. These algorithms have a 
limited size of VRP that they can solve due to the non-
polynomial nature of VRP. 

2)  Heuristics:  Heuristics are methods that produce a good 
solution in a reasonable time. This solution obtained is neither 
guaranteed to be an optimal nor a feasible solution. These are 
the methods available to solve large-scale VRP effectively. 

3)  Meta-heuristics:  Meta-heuristics are developed over the 
last two decades. They are similar to the heuristics, but have 
more sophisticated procedures that enable them to escape the 
local optimal. Examples are such as tabu search, genetic 
algorithm, and simulated annealing algorithm.  

C. Vehicle Routing Problem featuring Transshipment 
One of the studies in the literature by Yang and Xiao [7] 

consider the transshipment characteristic of the problem. In 
their study, the VRP considers a multi-period single-product 
logistics system with transshipment centers. The 
transshipment centers can receive items from the depot and 
act as the second depot, after the transshipment of items from 
the main depot is made. In other words, the problem is similar 
to multi-depot problem, where additional depot is created 
from transshipment of items from the original depot. Although 
their problem is denoted with “transshipment,” the problem is 
much different from the transshipment demand that is 
considered in this paper. To the best of our knowledge, as of 
this writing, there is no study that consider the transshipment 
demand in a VRP and mix them with the regular demand from 
the depot in the same way that we consider in this paper. 

III. VEHICLE ROUTING PROBLEM WITH TRANSSHIPMENT 
Consider a VRP with one depot and a set of customers. 

These customers have two types of demand: regular demand 
that must be satisfied directly from the depot, and 
transshipment demand that can only be satisfied from 
inventory at another customer. The purpose is to generate 
good delivery routes for a fleet of homogenous capacitated 
trucks that allow deliveries of both demands on the same trip. 
The objective function is to minimize the total transportation 
cost.  

A numerical example to describe an instance of the VRPT 
is presented next. Suppose there are 10 customers that must be 
served by depot. The depot has two delivery vehicles of same 
type and capacity. Each customer has daily demand from the 
depot that must be satisfied. The depot has no inventory 
leftover to satisfy the demand of a particular item, requested 
by Customer 5. However, this item is available at Customer 3. 
A VRPT solution for the two trucks is as illustrated in Fig. 1-2.  
The first route is the one that contains both Customer 3 and 
Customer 5, with Customer 3 being visited first, which 
enables delivery of the transshipment demand from Customer 
3 to Customer 5. 

Two important benefits from extending to VRPT is the 
reduction in both the lead time to deliver the item and the 
carryover demand from day-to-day. This is because without 
allowing transshipment demand to be delivered on the same 
trip, the truck would have to pick-up the item from Customer 
3, bring it back to the depot, and deliver to Customer 5 on the 
next delivery cycle. 
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Fig. 1 An illustration of the vehicle routing with transshipment (VRPT) 

 

 
 

Fig. 2 Presents the VRPT solution representation, delivery routes Route 1 = 0-
1-4-3-6-5-2-0, Route 2 = 0-9-10-7-8-0 

IV. PROPOSED ALGORITHMS 
The algorithm developed for the VRPT is based on the 

well-known simulated annealing (SA) algorithm, first 
introduced by Kirkpatrick et al. [8]. In general, SA is a meta-
heuristic featuring a local search based on the concept of 
metal annealing process. Numerous research studies have used 
SA to solve many combinatorial optimization problems 
effectively.  

The developed algorithm begins by generating an initial 
solution, and performing a local search within neighbour 
solutions. If the best neighbour solution improves the 
objective function, then the solution is accepted and replaces 
the current solution; otherwise, the worse solution may be 
accepted with a probability in order to escape the local 
minimum. This probability is computed from the Boltzmann 
function, exp��∆ ��⁄ �, which contains three components: (1) 
the difference, ∆, between the current and the new solution, (2) 
a constant, �, and (3) a temperature, �.  

At the beginning of the search, the temperature is set to a 
high initial temperature, ��, which makes it easier to accept a 
worse solution. The algorithm would continue to perform a 
local search until it reaches a specified number of iterations. 
Then, the temperature is reduced by a cooling rate, �, and the 
local search resumes. The search is repeated until the 
temperature falls below a threshold, �� , and the algorithm 
terminates and the best solution is reported.  

The algorithm uses the following notation: ��  = Starting temperature �� = Final temperature �   = Cooling rate �  = Current solution ��  = Best neighbour solution found from the local search �  = Number of iterations in each temperature.  
The algorithm can be described as follows: 
Step 1: Set the algorithm parameters, �� , �� , � , N, and 

initialize � � ��. 
Step 2: Generate an initial solution and keep it as the 

current solution S and the best solution ��. 

Step 3:  Perform a local search in the neighbourhood of 
the current solution S. The best solution found is the new 
solution S’. 

Step  4:  Compute ∆� ����� � ����. 
Step  5:   
 If {(∆� 0), then set S = S’.  
 Otherwise, compute the probability, p = exp(�∆/T��. 

Then, generate a random number θ from U[0, 1]; and 
set S = S’ if θ � p. 

 Update �� � S’ if { ����� � �����}.  
Step 6: Repeat Steps 3-5, until the number of iterations 

reach N. If the terminating condition � � �� is met, then stop. 
Otherwise, let � � ��, and go to step3. 

V. ALGORITHM PARAMETER TUNING 
The developed simulated annealing algorithm was 

implemented in Visual Basic for Applications (VBA) and was 
tested on a Core(TM) i3-3227U processor 1.90GHz with 
4.00GB of RAM laptop computer. In order to fine tune the 
parameters of the algorithm and improve its performance, a 
standard problem set A from Augerat et al. [9] is selected.  

TABLE I 
COMPARISON OF RESULTS FOR INSTANCE SET A 

Instance Best Know 
Optimal 

Best found CPU Time 
(Sec.) 

% off 
optimal 

A-n32-k5 784 814 512 3.83 
A-n33-k5 661 662 834 0.15 
A-n33-k6 742 744 845 0.27 
A-n34-k5 778 799 862 2.70 
A-n36-k5 799 834 874 4.38 
A-n37-k5 669 697 1056 4.19 
A-n37-k6 949 974 1061 2.63 
A-n38-k5 730 768 1086 5.21 
A-n39-k5 822 857 1089 4.26 
A-n39-k6 831 842 1278 1.32 
A-n44-k7 937 963 1467 2.77 
A-n45-k6 944 1032 1701 9.32 
A-n45-k7 1146 1179 1718 2.88 
A-n46-k7 914 996 1798 8.97 
A-n48-k7 1073 1146 1945 6.80 
A-n53-k7 1010 1130 2105 11.88 
A-n54-k7 1167 1276 2164 9.34 
A-n55-k9 1073 1159 2250 8.01 
A-n60-k9 1408 1470 2620 4.40 
A-n61-k9 1035 1128 2684 8.99 
A-n62-k8 1290 1434 2509 11.16 
A-n63-k9 1634 1704 3087 4.28 

A-n63-k10 1315 1450 3115 10.27 
A-n64-k9 1402 1562 3135 11.41 
A-n65-k9 1177 1373 3218 16.65 
A-n69-k9 1168 1338 3273 14.55 

A-n80-k10 1764 1970 4425 11.68 
   Average 6.75 
   S.D. 4.42 
   Min 0.15 
   Max 16.65 
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This benchmark problem set contains problem instances 
where both customer locations are uniformed scattered around 
the depot and demands are generated from a uniform 
distribution. Size of the problem instances ranges from 31 to 
79 customers. The best-known solutions have been proved to 
be the optimal ones for every instance of this benchmark. 

After fine tuning, the parameters were set at �� � 100 , �� � 0.00001, � � 0.98, and � � 600. Performance of the 
algorithms in all 27 problem instances on problem set A is 
given in Table 1. The average % off-optimal is 6.75 and the 
SD is 4.42.  
 

VI. NUMERICAL EXAMPLE 

A. The Problem Instance 
Consider a VRPT instance with 20 customers. Each 

customer has a daily demand that must be satisfied directly 
from the depot, so-called regular demand; and transshipment 
demand that can be satisfied from inventory at another 
customer. The problem instance is to be solved in two 
consecutive days (Day 1, and Day 2) in order to evaluate the 
impact of satisfying the transshipment demand. The depot has 
three delivery vehicles of same type, each with a capacity 100 
units. Distance between a pair of customers is estimated from 
(X, Y) coordinate. Regular demands are randomly generated 
from a uniform distribution. The customer locations and 
regular demand data are shown in Table II. In addition, there 
are three levels of percentage: 5%, 10%, and 20% of 
customers that require transshipment demand (i.e. one 
customer, two customers, and four customers). Table 3 
provides the transshipment demand data. The problem 
instance with 5% transshipment demand only contains 
transshipment demand No.1. The instance with 10% 
transshipment demand has transshipment demands No. 1 and 
No. 2. Finally, the 20% transshipment demand instance 
contains all four transshipment demands (No.1-4). 

The problem instance is solved twice. The first is when 
only regular demands from the depot can be delivered, and 
transshipment demands are picked up and brought back to the 
depot. Then, the transshipment demand from Day 1 will be 
added to the regular demand to be delivered in Day 2. The 
second time is when both regular and transshipment demands 
must be delivered on the same day. That is, the generated 
delivery routes must contain both customer 12 and customer 
18 and that customer 12 is visited first.  

The difference in the total cost between allowing and not 
allowing transshipment demand delivery can provide the 
impact of including transshipment demand in the delivery 
route.  

B. Results and Discussion 
Results from numerical example are shown in Table 4. The 

results indicate that allowing transshipment demand to be 
delivered on the same day could incur additional cost of 6 (i.e. 
0.48%) for the case when there is one customer requiring the 
transshipment demand. A closer look reveals that there is a 
cost savings of 15 on Day 2, which is not enough savings to 

offset the additional cost of 21 that incurs on Day 1. This 
suggests that allowing transshipment delivery could lead to 
cost savings in some cases, which remains to be investigated 
further. The same results can be seen for the 10% and 20% 
transshipment demand, i.e. additional cost of 21 and 10, 
respectively.  

The benefit from allowing same day delivery of 
transshipment is the reduction in the carryover demand from 
day-to-day that is caused by having to bring the transshipment 
demand back to the depot on Day 1 to deliver on Day 2. More 
importantly, this benefit can be significant from the service 
level to end customer standpoint. Being able to deliver on the 
same day implies that the end customer would receive the 
item faster. This reduction in the lead time is especially 
important because it is the lead time for the item that was 
previously unavailable to the end customer, i.e. the very 
reason of performing transshipment. In other words, it is a 
tradeoff between a slightly higher cost and better customer 
service. 

 
TABLE II 

LOCATIONS CONSIDERED IN THIS CASE STUDY AND A SET OF REGULAR 
DEMAND 

Node Location Regular Demand 
Depot X Cord. Y Cord. Day1 Day2 

0 14 68 - - 
Customer X Cord. Y Cord. Day1 Day2 

1 96 44 19 20 
2 50 5 21 18 
3 49 8 6 8 
4 13 7 19 17 
5 29 89 7 9 
6 58 30 12 8 
7 84 39 16 18 
8 14 24 6 9 
9 2 39 16 20 

10 3 82 8 12 
11 5 10 14 11 
12 98 52 21 21 
13 84 25 16 17 
14 61 59 3 5 
15 1 65 22 20 
16 88 51 18 21 
17 91 2 19 20 
18 19 32 1 3 
19 93 3 24 22 
20 50 93 8 8 

 

TABLE III 
TRANSSHIPMENT DEMAND 

Transshipment Day1 
No. Pick-up customer Delivery To Demand 
1 12 18 3 
2 2 14 5 
3 19 6 8 
4 15 20 8 
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TABLE IV 

TEST RESULT ON 5%, 10% AND 20% TRANSSHIPMENT 

 % transshipment 
 5% 10% 20% 

Allow Transhipment No Yes No Yes No Yes 
Day 1 619 640 620 647 622 661 
Day 2 637 622 628 622 630 601 
Total cost 1256 1262 1248 1269 1252 1262 
Difference  6  21  10 
% Difference  0.48  1.68  0.80 

 

VII. CONCLUSIONS 
In this article, a simulated annealing algorithm for vehicle 

routing problem with transshipment has been developed. The 
VRPT considers both regular demands that are satisfied by the 
items from the depot and transshipment demands of items that 
can only be satisfied from other customers. The algorithm 
developed is based on the simulated annealing algorithm. 
Parameters of the algorithm are fine-tuned with a standard 
problem set to improve its performance. A numerical example 
is provided to demonstrate the VRPT, benefit of allowing 
same day transshipment delivery, and the performance of the 
algorithm. Results from preliminary test are promising. 

A more thorough and extensive computational study will 
be conducted to clearly show the algorithm performance and 
benefit of transshipment on various problem sizes and 
transshipment percentages. 
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Abstract—This article involves a simulation study on a bottleneck 
labor intensive order picking operation at a cross docking chilled 
distribution center for perishable products. The objective is to 
improve the performance of the system in terms of the order 
picking makespan. A simulation model that imitates the order 
picking operation is developed. The model captures major 
sources of system variability including occurrence and amount of 
daily demand, availability of workforce, and operator picking 
speed. The model is validated by comparing the makespan 
obtained from the model output with historical data from the 
real system. Preliminary test on the simulation model shows that 
the model can reasonably represent the real system.

Keywords— Simulation, Cross Docking, Order Picking, Pick-
To-Light

I. INTRODUCTION

Cross docking is an important warehouse management 
concept that is widely used in many distribution centers (DCs). 
Particularly, cross docking is implemented in DCs that 
distributed a large number of merchandises to a number of 
customers, which in most cases are retail stores or smaller 
regional warehouses [1]. It is especially useful for products 
that are perishable, e.g. chilled foods, dairy products, which
are stored and distributed at low temperature (around 4-6
C)[2],[3]. These products usually need to be distributed 

quickly in order to preserve their quality.
In a chilled cross docking DC, merchandises flow from 

inbound docks to a picking area, and then to outbound docks
in a short flow time, usually within 24 hours [4], [5]. The 
major advantage of short flow times is that it allows the DC to 
transfer a large number of merchandises [4], [6]. This is 
equivalent to having high inventory turnovers, which makes 
the DC more responsive [6], and reduces the DC’s inventory 
holding cost [7].

An important operation in the cross dock chilled DC is the 
order picking operation. Unlike traditional warehouse where 
order picking involves item retrievals from storage racks or 
areas [8], order picking at a chilled cross docking DC is all 
about matching the incoming merchandises to outgoing orders.
Specifically, the operators would manually pick the right
amount of merchandises to fill customer orders, which makes 
it the most labor intensive operation of the DC. 

Two of the common order picking systems are paper-based 
system and pick-to-light system. The pick-to-light system 

requires considerable investment in both hardware and 
software. Its advantages are much higher efficiency and 
accuracy, as well as less labor requirement; therefore, it 
usually is a preferred system for major retail chains. 

Zoning is an important concept that facilitates the process 
of order picking and put away. In one type of zoning, the total 
number of orders is separated into batches, each of which is 
assigned to a zone. That is, more than one batch of orders can 
be processed at the same time. Thus, this type of zoning is 
called simultaneous zone picking. Its advantage is that batch 
size can be arranged to be of different size, which enables the 
batch picking to be complete at different times. The purpose is 
to synchronize the order picking with the downstream delivery 
schedule. However, the major disadvantage of order batching 
in simultaneous zoning is that there could exist idle time 
between batches within the same zone. This could occur 
because operators can finish their assigned orders at different 
times, so that some operators must wait until all operators
finish their orders within the same batch before the next batch 
can begin [9], [10], [11]. 

This article focuses on efficiency improvement of the 
picking operation at a cross dock chilled distribution center 
(CDC). The motivation comes from the system performance, 
which indicates that order picking is the bottleneck operation 
at CDC. The issue is that the system has, on the average, a 
long makespan, i.e. the operation completion time at the end 
of the day. This is due to two main sources of system variation, 
including the available number of operators and the number of 
orders that could vary significantly from day to day.

In order to reduce the system makespan, alternatives for 
picking operation improvements are proposed. However, it is 
very difficult to evaluate these improvement alternatives for 
such a large system that has manual operation. Therefore, a
discrete-event system simulation model is developed to 
imitate the behaviour of the system. The objective of this 
article is to present the logic of the simulation model for the 
current system. Preliminary results from the simulation runs 
are also reported.

II. CHILLED DISTRIBUTION CENTER

A. Products and Orders
At CDC, there are approximately 500 perishable product 

SKUs in four product categories: large dairy products, small 
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dairy products, processed meat, and ready-meal products.
These products flow through CDC in approximate amount of
one to 1.5 million units per day, serving almost 3,200 retail 
branches every two days.

Retail branches are categorized into two groups: high 
demand (approximately 200 branches) and normal demand 
(approximately 3,000 branches). The high demand branches 
may place replenishment order every business day (Mon to 
Sat), while the normal demand ones are allowed to place 
orders every two days in either Mon-Wed-Fri schedule or 
Tue-Thu-Sat schedule. The large number of products and 
many retail branches combined to be the first major source of 
system variation.

B. Operations
CDC main operations include receiving items from 

suppliers, picking the items to satisfy orders, and distributing 
to those branches within 24 hours. Daily operation begins at 
4:00AM. Arriving items are unloaded at the Receiving area, 
and transferred to a temporary storage area before they are 
moved to the Picking area. At the picking area, the items are 
unpacked and supplied to the picking blocks.

In each block, the picking operators scan a product 
barcodes, and the Pick-to-light system would display the 
required amount of the product. Then, the operator would pick 
the indicated amount from the incoming basket, place them 
onto the outgoing basket, and continue until the last product of 
the order is picked. The finished basket is then carried to the 
Transport area for delivery.

C. Zone
The whole picking area consists of many blocks. Each 

block is a picking work space for up to four operators. These 
blocks are divided into left and right zones. The total number 
of order in a day is separated into batches, with odd numbered 
batches assigned to the left zone and even numbered batches 
assigned to the right zone (see Fig 1).

Fig. 1 Zones and blocks in the picking area

To arrange the batch finishing times to be consistent with 
the downstream delivery schedule, two batching practices are
implemented, called full batch and split batch. In a full batch, 
an order is assigned to a picking block. However, in a split 
batch an order is split and assigned to two blocks, and the 
operators in each block is responsible for picking half of the 

order. This implies that in a split batch, the orders must be 
combined before loading on to delivery truck. The trade-off 
between the two batching type is that a split batch has fewer 
number of orders and can be complete in shorter time, 
whereas a full batch can process larger number of orders with 
longer operation time.

D. Availability of Workforce
The 2nd major source of system variation, which is the most 

critical one, is the daily availability of picking operators. Due 
to some operators being paid on a daily basis, each day the 
number of operators that show up to work could be highly 
varied. For instance, on some Mondays, especially in the rainy 
season, only 50% of the total workforce would come to work.
One cause is that working in a cold environment during rainy 
season cause some operators to become ill. Another cause is
fatigue from backache. On the other hand, holiday season 
when demand is peaking are the time with high workforce.
This is because the operators are compensated at twice the 
normal wage rate. Throughout the year, the average available 
workforce is around 75% of required workforce.

III. SIMULATION MODEL

A discrete-event system simulation model is a 
mathematical / logical model that is constructed in a computer. 
The model is developed in order to imitate real systems such 
that improvement alternatives can be evaluated without 
having to interrupt the real operations. This technique is 
particularly effective in modelling systems that have many 
sources of variation. 

For this study, a model is built to capture the probabilistic 
behaviors of workforce availability, daily demand, and 
operator performance (i.e. picking speed) that affect the 
performance of the picking operation at CDC.  The model 
logic and constructs are shown in Figure 1. The model 
consists of four parts: (A) generate daily picking demand, (B) 
generate available picking operators, (C) picking operations, 
and (D) working shift control.

A. Generate Daily Picking Demand
Part 1 of the model simulates the randomness in daily 

picking demand. First, an entity representing the total picking 
orders from all eligible branches is created at the beginning of 
the day (4:00AM or time 0 on the simulation clock). Then, the 
entity enters a loop that randomly generates demand of all 
product SKUs, and the associated random picking speed for 
that product SKU, one SKU at a time, and keep the two pieces 
of data in an array. Note that the picking speeds are generated 
using empirical distributions fitted from historical data. Once 
demands of all product SKUs are generated, the entity 
distributes each product demand to all eligible branches 
(approximately, 1700 retail stores each day). Then, the entity 
proceeds to combine the demand of all branches into the k
batches that comply with the delivery schedule. Finally, the 
entity allocates demands of each batch to different blocks for 
the picking operation before the entity is disposed. Sample of 
logical modules of the simulation models of this part can be 
seen in Fig 2.
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Fig. 2 Model logics for generating daily picking demand

B. Generate Available Workforce
In Part 2 of the model, an entity is created to generate the 

available number of picking operators those come to work for 
the day according to an empirical distribution fitted from 
historical data. Then, the total number of available operators is 
assigned to the two picking zones. In addition, there are three 
working shifts starting at 4:00 AM, 8:00 AM, and 1:00 PM. 
Hence, the total number of operators assigned to each zone is 
then distributed to the three shifts according to the proportion 
of operators in those shifts (the proportions are estimated from 
past data). After the number of operators for each shift-zone is 
specified, the entity continues to assign this resource to the 
picking blocks, one operator per block at a time, from block 1 
to block b in a cyclical order until all operators are assigned. 
This will make the number of operators in the block as 
balance as possible. ARENA model for generating available 
workforce is shown in Fig 3.

Fig. 3 Model logics for generating daily available workforce

C. Picking Operation
Logics for the picking operation are as follows.  An entity 

is created to initiate the picking operations. Right after its
creation, it is duplicated into k entities to represent the k
picking batches. The first two entities representing the first 
batch of left zone and right zone start their picking operations 
at the beginning of the day, while the rest of the entities wait
for signals from their respective preceding entity of the same 
zone. For each batch, the entity is further duplicated to b
entities, one for each block, to represent the picking operation 
at block level. 

After all entities for each zone-block are generated, each of 
them would seize the required resources including the block 
capacity and the available picking operators, and delay for the 
time according to the total amount of items (all SKUs in the 
orders assign to that block) to pick and randomly generated
(from Part 1) picking speed. When the entities in all blocks 
complete their delays (picking operations), they are batched to 
become the original entity to represent a complete batch, and 
the entity sends a signal to the next batch entity of the same 
zone to begin the operation. Once the batch is complete, the 
simulation clock time is recorded, before the entity is 
destroyed. The model logic for the picking operation can be 
seen in Fig 4.
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Fig.4 Picking operation logics

D. Working Shift Control
The final part of the model is for number-of-operators 

control purpose. This is needed because of the three shifts and 
break times that occur in the middle of each shift. Specifically, 
for each shift, the available number of operators must be 
adjusted three times: (1) at the beginning of the shift when 
operators arrive, (2) at break time, and (3) at the end of the 
shift when operators leave CDC. The logic for operator break 
time is particularly non-trivial. This is because, by the policy 
of the real system, there must always be at least one operator 
working in each block, i.e. operators must take breaks in 
alternate fashion. In the logic, an entity is created for the 
purpose of adjusting the number of operators. That means, the 
entity, created at simulation clock = 0, would adjust the 
number of available operators according to the value from 
Part 2 of the model. Then, it is delayed for four hours until the 
break time of the first shift. At break time, as one or a group 
of operators takes a break at a block, the entity keeps track of 
the number of operators on their break. This indicates that this 
entity would preempt the picking operation being performed 
by the picking operation entity (of Part 3 of the model). In the 
preemption, the “control” entity must wait until the “picking” 
entity finishes its current SKU before it can preempt and take 
away the resource (picking operator). The “control” entity is 
delayed for another hour before it comes back to return the 
operators who go on break first, and takes away the operators 
who will go on break next. After the break is over, the entity 
would delay for only three hours until it adjusts the number of 
operators who would leave the system at the end of their 
working shift. The model logic for the picking operation can 
be seen in Fig 5.

Fig.5 Control logics for working shifts and break times

It is important to note that the model constructed and 
described here represent only the base case, current picking 
operation at CDC. Significant changes will be made to the 
model to capture the logics of each improvement alternatives. 

IV. PRELIMINARY RESULTS

Before the simulation model can be used to evaluate 
improvement alternatives to the picking operation, the 
simulation model is tested for validation purpose. Model 
validation is performed to ensure that the model logics work 
as intended and that the model can produce the outputs that 
are approximately similar to outputs from the real system. The 
key measure of system performance for model validation is 
the makespan, i.e. the finish time of the picking operation for 
all orders of the whole day. 

The model was initially tested for 14 replications. The 
number of replication was chosen such that the half-width of 
the 95% confidence interval of the average makespan is 
within 5% of the average makespan. The results are 
summarized in Table 1.

TABLE I
SUMMARY OF STATISTICS FROM PRELIMINARY SIMULATION RUNS

Statistics Value
Sample size 14
Avg. makespan 20.54 hrs; 

equivalently, 12:32 AM of the next day
SD of makespan 1.44 hrs
95% CI of the 
avg. makespan

(19.56, 21.51) hrs; 
equivalently, (11:33 PM, 1:30 AM)

Half-width of 
95% CI

0.98; 
or 0.047% of the avg. makespan

The simulation results are further tested using the following 
hypothesis based on a one-sample t-test.

H0: = 20
H1: 20

where is the average makespan of the system and 20 is 
the hypothesized average makespan from the real system. The 
value is chosen based on historical data and expert opinion, 
which suggest that, with the level of demand used in this study, 
the average time at the end of the picking operation is at 
midnight (i.e. 20 hrs after 4:00 AM).

The t-statistics from the preliminary runs is equal to 1.399, 
which leads to the p-value of 0.168. This indicates that the 
average makespan of the simulation model are not statistically 
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different from that of the real system. Therefore, based on the 
preliminary runs, the model appears to be valid.

V. CONCLUSIONS

This article involves development of the simulation model 
that captures the behavior of the picking operation at the 
chilled distribution center. The distribution center is operated 
under two major sources of variation: amount of daily demand, 
and availability of picking operators. Preliminary runs of the 
model were made to validate that the model can soundly 
represent the real system through statistical comparison of the 
key system measure of system performance, i.e. system 
makespan. Comparison result indicates that the model is valid 
and therefore is ready to be experimented further in order to 
evaluate improvement alternatives to the system, which is the 
future work of this study.
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Abstract— According to Roundtable on Sustainable Palm Oil 
(RSPO), Thailand is the first oil palm producer in the world to 
achieve independent smallholders RSPO-certified under the 
RSPO Group Certification in 2012. The purpose of this study is 
to measure cost efficiency and to identify factors affecting cost 
efficiency in RSPO oil palm plantation in Thailand. The RSPO 
record book from 2014 was analyzed using data envelopment 
analysis method in value-based cost efficiency model of Tone 
(2002). The estimated cost efficiency of RSPO oil palm farms was 
found to be 62.66 percent with a minimum of 32.42 percent and a 
maximum of 100 percent. The result of this study revealed that 
the important factors affecting positive relationship on cost 
efficiency are applied empty fresh fruit bunch and paid for water 
supply. 
Keywords— Cost Efficiency, Data Envelopment Analysis, the 
Roundtable on Sustainable Palm Oil (RSPO) 

I. INTRODUCTION 
Oil palm demand is highly increasing in the global market. 

Oil palm is used as raw material in thousand products 
currently on the market. The oil palm plantation area in 
Thailand has been increasing constantly with an average 
annual growth rate of 11% from 1981 to 2000 and 9% from 
2001 to 2010 [1]. The rapid expansion of palm oil plantation 
worldwide is due to high demand of oil palm that could lead 
to deforestation, environmental problem and biodiversity. 
However, no report is found on the negative effect of oil palm 
plantation expansion in Thailand [2]. Malaysia and Indonesia 
are the world's main oil palm producers that are continually 
expanding their plantation areas. Following the increase in oil 
palm plantation area, some forests were changed into oil palm 
farms [3]. The United Nations Environment Program (UNEP) 
then declared oil as the main driver of deforestation in both 
countries.  

Using credible global standards and engagement of 
stakeholder, the Roundtable on Sustainable Palm Oil (RSPO) 
has been formed to promote the growth and use of sustainable 
oil palm products since 2004. In order to create the norm on 
sustainable oil palm, RSPO targets transformation of the 
markets. Community enterprise group for sustainable palm oil 
production (Chonburi), community enterprise group 
Suratthani, the sustainable oil palm smallholders production 
(Univanich Plaipraya) and UPOIC Nuakhlong-Khaopanom 
are the very first groups of independent smallholders to 

achieve RSPO Certification [2]. These four groups 
participated in "Sustainable Palm Oil Production" project 
which took three and a half years from January 2009 to June 
2012 [4]. This project aimed to implement the principles of 
RSPO certification and requirements to smallholder oil palm 
farmers in Thailand which was supported by German 
Academy for International Cooperation (GIZ). However, the 
analysis of cost efficiency and determinant factors for RSPO 
oil palm has not been proposed in most of the past studies. 
The main objective of this study is to measure cost efficiency 
and factors affecting cost efficiency of RSPO oil palm farmers 
in Thailand, particularly, to examine the impact of oil palm 
sustainable plantation on cost efficiency.  

In previous studies, various literatures [5, 6] employed 
traditional cost efficiency model proposed by Färe et al. 
(1985) to estimate cost efficiency. B.H. Gabdo (2013) [5] 
applied DEA to measure cost efficiency and allocative 
efficiency of smallholder livestock-oil palm integration farms 
in Johor, Malaysia. The DEA method in traditional cost 
efficiency model by Färe et al. (1985) was employed. The 
result revealed that in order to improve cost and allocative 
efficiency, livestock-oil palm integration farmers should 
carefully purchase production input at cheaper rate and be 
prudent. Ibitoye et al (2011) [7] examined factors influencing 
oil palm production in Ondo state using regression analysis. 
The result obtained from regression analysis revealed that 
only two variables have significant relationship with the fresh 
fruit bunch production including level of education attained 
and number of times the respondents attended training. In 
South Sumatra Indonesia, Malini and Aryani (2012) [8] 
analyzed the efficiency level of plantation and compared the 
income of RSPO certified and without RSPO certified using 
applied mathematical calculations and statistical methods. The 
result revealed that smallholder farmers in oil palm plantation 
with RSPO certified have higher income than without RSPO 
certified. Both land expansion and capital influence oil palm 
plantation with RSPO certified while only land expansion has 
an influence on the plantation without RSPO certified. 
However, this study, to our knowledge, is the first to employ 
DEA method in value-based cost efficiency model of Tone 
(2002) [9] to estimate cost efficiency at farm level in Thai 
agriculture. The next section considers data collection and 
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specification of the model. Then, result is presented and 
discussed. The final part presents conclusion of this study. 

 

II. DATA AND METHODS 
Data was collected from record books of 66 RSPO oil 

palm farmer members in Suratthani, Thailand in September 
2015. The data of the cost of input-spending and oil palm 
production in 2014 was gathered. Two set of variables were 
used in this study; (i) the set of input cost-spending for 
measuring the level of cost efficiency and (ii) demographic 
and farm management characteristics, age and location for 
analyzing the factors affecting cost efficiency. The data were 
analyzed using IBM ILOG CPLEX Optimization software and 
MINITAB 17. The data envelopment analysis in value-based 
cost efficiency model of Tone (2002) was employed to 
measure cost efficiency of RSPO oil palm farms. Moreover, 
the factors affecting cost efficiency were also explored using 
the ordinary least square regression model.  

The concept of cost efficiency originated by Farrell (1957) 
[10] was then further developed using linear programming 
technique by Färe et al. (1985) [11]. In their study, each oil 
palm farmer used different kinds of herbicide, fertilizer usages 
and purchased the inputs with different prices. The cost 
efficiency DEA model by Färe, Grosskopf, and Lovell (1985), 
can be limited because this model assumed the same input 
prices across all decision making units (DMUs) and 
homogeneous  (physical) inputs.  In order to keep away from 
this weak point, the value-based technology in DEA is 
appropriate to applied then the value-based cost efficiency 
model of Tone (2002) was employed in this study.  

In this study, n observed decision making units (DMUs) are 
dealt with, each uses m input  to produce s output. Let 
𝑥𝑗 = (𝑥1𝑗, … ,𝑥𝑚𝑗)�  ∈  ℝ≥0

𝑚   and 𝑦𝑗 = (𝑦1𝑗 , … , 𝑦𝑠𝑗)�  ∈  ℝ≥0
𝑠  

be, respectively, the input and output vectors of DMUj, 
𝑗 ∈ 𝐽 = {1, … ,𝑛}. Let 𝑐𝑗 = (𝑐1𝑗 , … , 𝑐𝑚𝑗)� ∈  ℝ≥0

𝑚   be the non-
negative price vectors of input of DMUj. The input-spending 
of each DMUj is assumed to be �̅� , where �̅� = 𝑐 ∗ 𝑥. Here, ∗ is 
the component-wise multiplication of vectors. The cost 
efficiency of the evaluated oil palm farm is measured as the 
ratio of the minimum cost to the actual cost. In the following 
model of Sahoo et al. (2014) [12], it comprises of cost 
efficiency model of Färe et al. (1985) and value-based model 
of Tone (2002): 
 
 
 
 
 
 

Cost efficiency model of Färe, Grosskopf, and Lovell (1985): 

𝛾𝑜 = 𝑀𝑖𝑛𝜆,𝑥 =  1
𝐶𝑜� 𝑐𝑖𝑜𝑥𝑖

𝑚

𝑖=1
 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

� 𝜆𝑗
𝑗∈𝐽

𝑥𝑖𝑗   ≤    𝑥𝑖, 𝑖 = 1, … ,𝑚, 

� 𝜆𝑗
𝑗∈𝐽

𝑦𝑟𝑗   ≥    𝑦𝑟𝑜,      𝑟 = 1, … , 𝑠,     

� 𝜆𝑗
𝑗∈𝐽

= 1, 

𝜆𝑗  ≥ 0,∀𝑗 ∈ 𝐽, 
where 𝐶𝑜=∑ 𝑐𝑖𝑜𝑥𝑖𝑜𝑚

𝑖=1  is the observed cost of DMUo. 

Value-based cost efficiency model of Tone (2002): 

𝛾𝑜𝐶� = 𝑀𝑖𝑛𝜆,�̅�
1
𝐶𝑜� �̅�𝑖

𝑚

𝑖=1
 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 
� 𝜆𝑗

𝑗∈𝐽
�̅�𝑖𝑗   ≤    �̅�𝑖, 𝑖 = 1, … ,𝑚, 

� 𝜆𝑗
𝑗∈𝐽

𝑦𝑟𝑗   ≥     𝑦𝑟𝑜,      𝑟 = 1, … , 𝑠,     

� 𝜆𝑗
𝑗∈𝐽

= 1, 
𝜆𝑗  ≥ 0,∀𝑗 ∈ 𝐽, 
where 𝐶𝑜 =  ∑ �̅�𝑖𝑜𝑚

𝑖=1  is the observed cost of DMUo. 

Let 𝛾𝑜𝐶� denotes the value-based cost efficiency score having a 
value 0< 𝛾𝑜𝐶� ≤1. If the 𝛾𝑜𝐶� is equal to one, it means that the 
farm is on the frontier. The vector 𝜆𝑗 is non-negative vector of 
weights which indicate the linear combination of the peers of 
the 𝑗-th farm. 𝑚 is the number of inputs, 𝑠 is number of 
outputs, 𝑛 is number of DMUs (𝑗 = 1,…,𝑛), 𝑦1 represents the 
fresh fruit bunch production output, ∑ �̅�𝑖𝑚

𝑖=1  is the minimum 
cost which �̅�1 represents fertilizer cost, �̅�� represents 
harvesting cost, �̅�� represents transportation and fuel cost, �̅�� 
represents hired labor cost and �̅�� represents other input cost. 
𝑦𝑟𝑜 represents 𝑟𝑡�output for DMUo (DMUo represents decision 
making units under evaluation). To obtain value-based cost 
efficiency score (𝛾𝑜𝐶�) for each farm in the sample, the linear 
programming problem need to be solved 𝑛 times. Here, IBM 
ILOG CPLEX Optimization software was used to execute 
data envelopment analysis. Most of past literature studies 
employed the Tobit regression model (TRM) to explore 
factors affecting efficiency in agriculture field [13, 14, 15]. 
However, McDonald (2009) [16] argued that DEA efficiency 
scores is fractional data and not generated by a censoring 
process. Then, TRM is not appropriate in this situation. 
According to Banker and Natarajan (2008) [17], using 
ordinary regression analysis in second stage DEA to explore 
factors affecting efficiency level will obtain better results than 
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using TRM. The ordinary regression analysis model for this 
study can be specified as follow: 

CEi = 𝛽𝑜 + ∑ 𝛽𝑖𝑧𝑖 + 𝜀𝑛
𝑖=1  

where CEi denote value-based cost efficiency scores, 𝛽0 is the 
intercept, 𝛽𝑖 are unknown parameters to be  estimated  and 𝑧𝑖 
are explanatory variables defined in Table 1, while 𝜀 is the 
error term. 

TABLE I 
DESCRIPTION OF EXPLANATORY VARIABLES 

Variables Description Unit 

Demographic and farm management characteristics variables 

Gender Dummy  
(1 = Male, and 0 = Otherwise) Dummy 

Age Represents age of oil palm farmer Year 
Farm Size The oil palm plantation area Hectares 
Non-herbicide 
applied  

Dummy  
(1 = Yes, and 0 = Otherwise) Dummy 

Age variables 
Age of oil 
palm 3 to 8 
years  

Dummy  
(1 = Yes, and 0 = Otherwise) Dummy 

Age of oil 
palm 9 to 19 
years  

Dummy  
(1 = Yes, and 0 = Otherwise) Dummy 

Location variables 
Paid for 
water-supply 

Dummy  
(1 = Yes, and 0 = Otherwise) Dummy 

Unpaid for 
water-supply 

Dummy  
(1 = Yes, and 0 = Otherwise) Dummy 

Watercourse Dummy 
(1 = Yes, and 0 = Otherwise) Dummy 

 

III. RESULTS AND DISCUSSIONS 
Table 2 and 3 shows the descriptive statistics of variables 

related to RSPO oil palm farms. The average yield of oil palm 
plantation is 21.11 ton per hectare. It is higher than an average 
oil palm yield of 19.54 ton per hectare in southern region as 
reported by agricultural statistics of Thailand book (2014) 
from Office of Agricultural Economics Thailand.  

On average, the RSPO oil palm farmers spend 8,724 baht 
per hectare on fertilizer, 8,185 baht per hectare on harvesting, 
3,919 baht per hectare on transportation and fuel, 3,432 baht 
per hectare on hired labor for fertilizer application, grass 
cutting, frond pruning, herbicide application and 865 baht per 
hectare on other input costs including herbicide cost, fuel cost 
for grass cutting or others. 

 

 

TABLE II 
DESCRIPTIVE STATISTICS OF OUTPUT AND INPUT VARIABLES 

Variables Mean Min Max S.D. 

Output variable 
Fresh Fruit 
Bunch 
Production 
(Ton/ha) 

21.11 6.38 52.77 9.25 

Production cost input variables 
Fertilizer Cost 
(Baht/ha) 8,724.33 0 31,241.49 5,137.68 

Harvesting 
Cost (Baht/ha) 8,185.15 2,387.32 21,127.59 3,700.79 

Transportation 
& Fuel Cost 
(Baht/ha) 

3,919.02 512.04 11,680.99 2,268.99 

Hired Labor 
Cost (Baht/ha) 3,432.22 0 9,795.45 2,339.74 

Other Input 
Cost (Baht/ha) 865.48 0 10,023.76 1,948.98 

 
TABLE III 

DESCRIPTIVE STATISTICS OF EXPLANATORY VARIABLES 

Variables Unit Mean Min Max S.D. 

Gender  Dummy 0.68 0 1 - 

Age Year 48.51 28 80 10.98 

Farm Size Hectares 3.6 0.16 20.41 3.04 
Non-herbicide 
applied  Dummy 0.69 0 1 - 

Applied empty 
fresh fruit bunch Dummy 0.08 0 1 - 

Age of oil palm 
3 to 8 years Dummy 0.28 0 1 - 

Age of oil palm 
9 to 19 years Dummy 0.64 0 1 - 

Paid for  
water-supply Dummy 0.05 0 1 - 

Unpaid for 
water-supply Dummy 0.08 0 1 - 

Watercourse Dummy 0.36 0 1 - 
 

The frequency distribution of cost efficiency of RSPO oil 
palm farms is illustrated in Table 4. The result of this study 
revealed an average cost efficiency of RSPO oil palm farms at 
62.66 percent, with a minimum of 32.42 percent and a 
maximum of 100 percent. This means that cost will be 37 
percent on average higher than required if all oil palm farms 
were operating on the cost efficiency frontier. Only three oil 
palm farms have cost efficiency score equal to 1. While, 20 oil 
palm farms amounting to 26 percent possess the lowest cost 
efficiency score of less than 50 percent. This revealed that 
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RSPO oil palm farms in Thailand achieve low cost efficiency 
production. 

TABLE IV 
FREQUENCY DISTRIBUTION OF COST EFFICIENCY FOR RSPO OIL 

PALM FARMS 

Cost Efficiency 
Level 

Number of oil palm 
farms 

Percentage 
(%) 

0.01-0.10 0 0% 

0.11-0.20 0 0% 

0.21-0.30 0 0% 

0.31-0.40 7 9% 

0.41-0.50 13 17% 

0.51-0.60 19 24% 

0.61-0.70 17 22% 

0.71-0.80 7 9% 

0.81-0.90 8 10% 

0.91-1.00 7 9% 

Total 78 100% 

Mean CE (%)   62.66% 

Minimum CE (%)   32.42% 

Maximum CE (%)   100% 

The factors affecting RSPO oil palm cost efficiency were 
analyzed by using ordinary least square regression. After 
obtaining cost efficiency values from the value-based cost 
efficiency of Tone (2002) model, the cost efficiency score 
were selected as the dependent variables and were regressed 
against explanatory variables as independent variables 
including gender of oil palm farmer, age, farm size, non-
herbicide applied dummy, applied empty fresh fruit bunch 
dummy, age of oil palm from 3 to 8 years dummy, age of oil 
palm from 9 to 19 years dummy, paid for water-supply 
dummy, unpaid for water-supply dummy, watercourse 
dummy. Table 5 presents the results of ordinary least square 
regression analysis for the cost efficiency. The explanatory 
variables can be classified into three categories: demographic 
and farm management characteristics variables, age variables, 
and location variable. 

Following the empirical result from regression analysis, two 
important factors affecting an increase in cost efficiency of 
RSPO oil palm farm are applied empty fresh fruit bunch and 
paid for water-supply. These variables show positive 
coefficient and are statistically related to efficiency indexes at 
5 percent level of significance. This means that oil palm 
farmers who used empty fresh fruit bunch in oil palm 
plantation and paid for water-supply in dry season have higher 
cost efficiency than those without. 

Following a variation in age of palm in sample data of RSPO 
oil palm farm, the age variables were used to emphasize the 
age of oil palm tree effect towards cost efficiency. The result 

revealed that age of oil palm in period of 3 to 8 years has 
negative coefficient and age of oil palm in period of 9 to 19 
years has positive coefficient which corresponds with the 
nature of oil palm tree. The rapid-increase, yield-peak and 
decline periods of oil palm were reported in between 3-8 
years, 9-19 years and over 20 years [18], respectively. In this 
study, oil palm with the age of over 20 years in explanatory 
variable was excluded because of collinearity. 

Location variables were introduced to investigate the effect of 
location of water-supply towards cost efficiency. The result 
showed that the paid for water-supply has positive coefficient 
as oil palm trees obtain water-supply in dry season. 

TABLE V 
RESULT OF ORDINARY LEAST SQUARE REGRESSION ANALYSIS 

Variables Coefficient Standard 
error t-value p-value 

Constant  0.754 0.130   5.80 0.000 

Gender -0.0392 0.0461 -0.85 0.397 

Age -0.00177 0.00193 -0.91 0.364 

Farm Size -0.00737 0.0068 -1.08 0.282 
Non-herbicide 
applied -0.0335 0.0508 -0.66 0.513 

Applied empty 
fresh fruit 
bunch 

0.2049 0.0865 2.37 0.021** 

Age of oil 
palm 3 to 8 
years 

-0.0164 0.0813 -0.2 0.841 

Age of oil 
palm 9 to 19 
years 

0.0368 0.0765 0.48 0.632 

Paid for  
water-supply 0.2416 0.0934 2.59 0.012** 

Unpaid for 
water-supply -0.0301 0.083 -0.36 0.718 

Watercourse -0.0269 0.047 -0.57 0.569 
***,**,* denote significance at 1%, 5% and 10% 

 

IV. CONCLUSIONS 

The purpose of this study was to measure cost efficiency 
and to find out factors affecting cost efficiency of RSPO oil 
palm, especially focusing on the impact of sustainable oil 
palm plantation. Data were collected from 116 oil palm farms 
from 66 smallholder farmers of RSPO oil palm farms; data 
from 78 oil palm farms were analyzed. This study adopted 
data envelopment analysis method in value-based cost 
efficiency model of Tone (2002) to measure cost efficiency 
and used ordinary least square regression to find factors 
affecting cost efficiency. The efficiency analysis estimated 
cost efficiency level to be 62.66%. 
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Demographic and farm management characteristics variables, 
age variables and location variable were used to investigate 
efficiency determinants. The regression model showed that 
applied empty fresh fruit bunch, age of oil palm 9 to 19 years 
and paid for water supply positively influenced cost 
efficiency, while gender, age, farm size, non-herbicide 
applied, age of oil palm 3 to 8 years, unpaid for water-supply, 
watercourse presented negative relationship with cost 
efficiency. Most of the explanatory variables in efficiency 
model revealed the results with expected sign of coefficient. 

In conclusion, the results implied that the sustainable oil palm 
plantation helps enhancing cost efficiency level in Thai oil 
palm industry. However, this study can be improved in a 
number of areas. These include employing fractional 
regression model in the second stage of DEA to explore 
factors affecting efficiency as well as executing DEA and 
stochastic frontier analyses then comparing the results.   
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Abstract ---- The environmental issues are 
challenging and the Chinese goods are 
increasing here in Thailand. To keep our 
business stable, we are studying how to 
improve our compressors.  
 On the other hand, “refrigerator and air-
conditioner” are dependent on the life style of 
each region. And now, Middle East is 
enjoying their economic growth.  Therefore, it 
should be necessary for air-conditioner and 
refrigerator makers to use high quality 
compressor for them in particular. We also 
need to study many kinds of the market 
conditions.       
    Collaborating with some white goods 
companies, we studied “actual application 
specification”.  As a result, our customers 
prefer our reciprocating compressors rather 
than others. And they prefer our products over 
other brands for its toughness, even in the 
tropical region. Here, we define the tropical 
and we make sure that our lubrication system 
is better than the others.   
    Bangkok is an elephant city. Among 
developing regions of the world, the weather, 
the power-source, the transportation-systems 
are worse than those in Bangkok such as 
Indonesia, Philippines, and Vietnam. We take 
the advantage of “actual application 
specification” idea, into the other regions.  
 
Introduction   
    Basic about compressor and refrigeration-
cycle is shown in Fig. 1 and Fig. 2. 

 
Fig.1 Refrigeration Cycle 

 
 
 
 
 
 
 
 
 

 
Fig.2 Mollier Chart 

 
    Feature of Kulthorn Kirby 
 KKC is the first compressor manufacturer 
in Thailand since 1980 and a leading    
manufacturer in reciprocating compressor for 
refrigeration and air condition products. 
 KKC has employed vertical integration 
business model, allowing it to have a more 
competitive cost and supply chain structure. 
 Kuthorn (KK) compressors are available 
from small to large size, ranging from 1/25 
HP up to 10 HP with annual capacity of 12 
million of which 70% of them exporting with 
useful experience and certifications.  Fig 3 is 
KK Group affiliated companies. 

Company Established Products Annual 
Capacity 

Kulthorn Kirby 
(KKC) Mar, 1980 Reciprocate 

Compressor 
5.2 

Million 

Kulthorn Premier 
(KPC) 

1982(KK 
acquired in 

2004) 

Reciprocate 
Compressor 

5.5 
Million 

Kulthorn Kirby 
Foundry (KKF) Nov, 1989 Casting 

Products 
50,000 

Ton 

Kulthorn Steel 
(KSC) June, 2007 

Slitting/ 
Blanking 

Steel 

280,000 
Ton 

Kulthorn Metal 
Products (KMP) Mar, 2005 Forging, 

Machining 
23,000 

Ton 

Kulthorn Material & 
Control (KMC) Aug, 1990 

Enameled 
Copper 
Wire 

12,000 
Ton 

Suzhou Kulthorn 
Magnet wire 

(SKMC) 

2003(KK 
acquired in 

2008) 

Enameled 
Copper 
Wire 

7,000 
Ton 

And 2 factories of KULTHORN GROUP 
Thai Compressor 
Manufacturing  
(THACOM) 

Sept, 1988. Rotary 
compressor 

1.2 
Million 

Kulthorn Electric 
(KU) Dec, 1987. Electric 

motor 
1.4 

Million 
Fig.3 KK Group 
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Research Objectives 
 The aim of this study is to investigate the 
robustness of reciprocating compressor in 
other countries including ASEAN and Middle 
East through 3 case studies. We have listed 3 
case studies and 2 boundary conditions. 
 Based on 3 studies and 2 recent global 
movements, we found new business 
opportunities. 
 
Case Study 1 
 Transportation from Thailand to other 
countries 
 KK supplies its compressor to end-user 
(consumer) through refrigerator makers. We 
have distinguished the bad transportation 
logistics among all of the logistics as shown 
in Fig. 4. 
  

 
Fig.4 3-typical transportation systems 

 
We analyzed the case and got 3 findings.        
 1. Home Appliance Goods are dependent 
on the market, which is studied by the maker 
in its same region. For example Indonesian 
refrigerator maker knows its market in 
Indonesia. But Thai refrigerator maker is not 
familiar with Vietnam market. Generally, 
every refrigerator maker knows its domestic 
market. But sometimes, it is not aware of 
other country’s one.                                                                                                  
 2. In the developing nation, the system of 
transportation is not good enough, particularly 
in   the countryside. We found “motorcycle-
transportation” in Vietnam. We need to 
distinguish the transportation system in 
countryside from the big city, such as 
Bangkok. In addition, the transportation 
system, including handling is very good in 
Japan. 
  

      
Fig.5 Transportation  

 
 3. Since KK has improved/solved its 
transportation toughness, there is no failure 
during transportation.   Recently, KK has 
started to supply to the Egyptian refrigerator 
maker, which appreciates this transportation 
advantage. 
 
Case Study 2  
 Home Freezer in Indonesia 
 Among many kinds of home- freezer in the 
world, there are some differences. We can 
show the representative models, here. Fig. 6 is 
a comparison of home freezer among 
Indonesia, Japan and EU. 
 

 
Fig.6 Comparison of Home-freezer  

 
Fig. 7 is an example of Indonesian home  

freezer.      
           

 Indonesia Japan EU 

Appearance 

 

 
< ------- 

 

Installation 
Restaurant 

Shop 
(Indoor/outdoor) 

Kitchen 
Barn 

Garage Barn 
Ware house 

Application 
Concept Commercial Home 

Appliance 
Home 

Appliance 
Ambient Tropical Ordinary Ordinary 
Cooling 

Capacity (gas 
charge) 

Larger 
(Larger) 

Ordinary 
(Ordinary) 

Ordinary 
(Ordinary) 

Electric Power 
Source 

Official 220V 
Actual 82  268V 1026V German 

230 10V 
Compressor 

starting ability excessive Ordinary Ordinary 
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  Fig.7 Home Freezer in Indonesia 

         
 High pressure and poor electric power 
source are barriers to start up the compressor. 
KK has improved the starting ability (model:  
AZA1370Y) to meet the Indonesian 
application. Fig. 8 demonstrates the needs of 
excessive starting ability of KK compressor.  

Fig. 8 Improvement of Starting Ability 
 

 KK has been supplying this model for 
more than 1 year, without any claim, after the 
improvement.  
 
Case Study 3 
 Air-conditioner in Middle East  
 The Global demand of Air–Conditioner has 
been growing (Fig 9).  Chinese market has 
been growing very quickly. Middle East 
market has been also growing. [1] 
 

Unit: million  
Fig. 9 Trend of Global Market (Less than 3HP) 

 

 But from technical viewpoint, there is big 
difference between these markets.   Chinese 
air–conditioner installs with cheaper Rotary 
Compressor. But, the Middle East requests the 
best reliability for Air-conditioners.  This is 
the reason why KK has been supplying its 
Reciprocating Compressor to the Middle East. 
There are 3 logistics, from KK to Middle East 
as shown in Fig. 10. 
 

 
Fig.10 Typical Transportation from KK to Middle East 
 
 Among many compressor makers in the 
world, Middle East markets always trust KK. 
We are proud of our production. As a result, 
our compressor has been taking the first place 
in the air conditioner market in Middle East 
with approximately 25% market share as 
shown in Fig. 11. 
 

                     
Fig.11 Compressor-share among the Middle East Air-
Conditioners 
 

 
Fig. 12 Air Conditioners in Middle East 

 
 From viewpoint of protective design at the 
severe condition, varnished lamination and 
IOL (Inner Overload Relay), and  IPRV (Inner 
Pressure Release Valve) are very effective to 
prevent from the critical condition. But basic 
design is more important.  Here are the 

Region 1995 2000 2005 2010 
China 4.4  9.1 19.8 26.7 
Japan 8.5 7.8 8.3 7.4 
Asia 4.4 4.5 7.6 9.5 
Oceania 0.3 0.5 0.8 0.9 
Middle East 1.4 1.7 2.9 4.5 
Africa 0.4 0.7 1.0 1.7 
EU 1.4 2.9 6.2 4.9 
N America 9.2 12.3 14.9 11.9 
C&S America 1.0 2.1 2.8 4.0 
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structures of each compressor. From 
lubrication viewpoint, the biggest difference is 
the pressure in the case and its oil-pump. 
 In case of reciprocating compressor, 
suction gas (low pressure) is filled at the 
running. The oil pump is equipped in the 
crank-shaft. And it pumps up the lubricant oil, 
which lubricates the bearing parts and 
compression parts, simply. 
 On the other hand, in case of rotary 
compressor, discharge gas (high pressure) is 
filled at the running. The oil pumps, also 
equipped in the crank-shaft, pump up the 
lubricant oil, which lubricates only bearing 
parts. Therefore, the pressure difference 
between discharge gas (high pressure) and 
suction gas (low pressure), push the lubricant 
oil in the bottom and guides into the 
compression area and lubricates the 
surrounding parts. Each structure and oil flow 
is shown in Fig. 13 and Fig.14. 
 

 
Fig.13 Structure of Reciprocating compressor and 
Rotary compressor 

 

 
Fig.14 Lubrication design 

 
 Besides the structure difference, there are 
big differences between each compressor.  
 Here are 3 conditions, i.e. (1) Starting, (2) 
Running and (3) Tropical-- condition. We 
have confirmed the difference at each 
condition.       
 (1) Starting condition 

Fig 15 shows the changing of pressure cycles 
(Discharge, Suction) during 1 cycle, from 
SW-On to SW-Off.       
 The lubrication of reciprocating 
compressor is always stable. But the 
lubrication of the compression area of rotary 
compressor is not good because of insufficient 
pressure difference at the starting period.    

 
Fig. 15 Pressure changing during 1 cycle 

 
Pd = Discharge Pressure 
Ps = Suction Pressure 

 
 (2) Running condition  
 The viscosity of the lubricant oil is 
dependent on both conditions, temperature 
and refrigerant gas solubility. The gas 
solubility is dependent on the temperature 
and ambient pressure. Therefore, lubricant oil 
in the rotary compressor changes from very 
high to very low.  
 Due to high temperature and high 
discharge pressure, viscosity of the lubricant 
oil is low. Due to low temperature and low 
discharge pressure, viscosity of the lubricant 
oil is low. 
 Here are the oil solubility chart and 
viscosity chart in Fig 16. One of the example, 
the solubility of this oil (22cSt/40c, 0%), is 
35% at 80c and 2.0MP (point A) and 10% at 
80c and 0.5MP (point B).   
 

 
Fig.16 Oil Solubility Chart 
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One of the examples, this oil (22cSt/40c, 
0%),  will change 0.5cSt/80c, 35% (point C) 
in rotary, or  will changes 4.0cSt/80c,10% 
(point D) in reciprocating. 
 

 
Fig.17 Oil viscosity chart 

 
As a result, to keep the performance and 

clearance control, reliability, material 
selection, and surface treatment are very 
important issue for the rotary compressor as 
shown in Fig. 18. 

 
 Reciprocating 

Compressor 
Rotary Compressor 

Ambient Low Pressure 
(Suction Gas) 

High Pressure 
(Discharge Gas) 

Viscosity Drops slightly Drops too much 
Lubrication 
Pattern 

Fluid 
    
Mixed 

Fluid 
     
Boundary 
     
Metal contact 

Remarks  1. Precision 
machining 
2. Smaller clearance 
3. Surface treatment 

Fig.18 Lubricant Comparison at the Usual Running; 
 

 (3) Tropical condition 
 In the tropical region, such as Middle East, 
due to high ambient temperature, discharge 
pressure raises too high. This is the simplest 
reason why rotary compressor cannot be 
accepted. Here are one of the examples about 
the difference between ordinary region and 
tropical region. According to the application 
specification issued by the rotary compressor 
makers, maximum discharge pressure is 
around 3.0MP or less. On the other hand, one 
of ours is more than 5.0MP as shown in Fig. 
19. 
 
 

Condition Ambient 
temp.       

Condensing 
temp.      

Vapor 
pressure 
(HFC407C) 

Standard   32C 55C 2.2MP 
Tropical        50C 70C 3.4MP 
 Fig.19 The difference between Ordinary and Tropical 
Condition (Example) 

 
 Additionally, rotary compressor is not 
suitable for refrigerator.   Here is an 
“Envelope”, as an example. It is very easy to 
show the wide application of ours in Fig. 20.     

Fig.20 Envelope, showing the difference at LBP (Low 
Black Pressure), Tropical conditions 
 
Findings 
 1. We found many kinds of refrigerator-
transportation system in countryside. And we 
improved the transportation toughness to 
prevent from the failure even if at terrible 
conditions.  
 2. We found actual usage of home freezer 
with our compressor. We confirmed and 
achieved tough starting ability under the bad 
condition (poor electric supply and tropical 
ambient).    
 3. We find out stable lubrication in the 
reciprocating compressor compared with 
rotary compressor. 
 
Other Business conditions  
 1. Environment issue 
 COP 21(the 21st-Conference of the Parties) 
was held in Paris last December 2015. Nearly 
200 countries took part in the negotiations. 
Finally, all of the countries and regions 
reached to the agreement, which calls about 
Green House Gas Emissions. Global 
Temperatures review the progress every 5 
years and financial idea. We will pay our 
effort to these expectations.   
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 Among our field, the GWP (Global 
Warming Potential) is the biggest issue. We 
are now studying the refrigerant gas how to 
reduce the CO2 emission, safety and 
economically.  
 Final solution of Refrigerant gas for 
Refrigerator is HC600a.  It has been approved 
in Japan, EU and China.  High flammability 
(A3) is the critical issue. 
 
       
Refrigerator 

CFC12 
(Faded out)                 

HFC134a HC600a 

ODP   1.00 0 0 
GWP 8100 1430 20 
Flammability A1 A1 A3 

Fig. 21 Property of Refrigerant for Refrigerator 
 

 For air-conditioner, the final refrigerant gas 
is still under discussion. [2] 
 

 
Fig. 22 Property of Refrigerant for Air-conditioner 

 
HC290, HFC32 and HFC1234yf** are 

nominated as promising candidates. 
HCFC22* will fade out soon. HFC1234yf** 
does not perform well in energy saving. 
CO2*** has high pressure, currently used for 
limited application (e.g. water-boiler). 
GWP**** is “F-gas Regulation” in EU which 
may regulate GWP less than 50. Many 
chemical brands in the world are studying 
new candidates. Honeywell one of the 
chemical companies is proposing R-444B, 
R447A and R-450A as such. 
 
 2. Threats 
 In China, the production of Home 
appliance goods has been increasing in the 
past 10 or 20 years. Fig. 23 shows annual 
production of compressor for refrigerator 
from 2003-2014. The world demand in 2014 
was about 165 million units. Namely, Chinese 
production is larger than this demand [3].   

 
Fig.23 Production Trend of compressor in China 

 
 According to the newspaper, Chinese 
economy is going down, recently. Especially, 
there were some real estate issues, stock 
market issue, which damaged its economy 
growth. Therefore, Chinese makers have 
already steered towards exporting from 
domestic demand. Now, we can see many 
kinds of Chinese goods here, in Thailand as 
shown in Fig. 24.  
     
        
 
 
 
 
 
 
 
 
 
 
   
Fig.24 Chinese Home Appliance Goods displayed in 
Bangkok 

 
Next opportunity 
 Compressor is dependent on its 
application. And now, we are responsible to 
keep nature and we need to protect from 
foreigner’s threats.  Fig. 25 is a set-theoretical 
model.  
 
 
 
 
 
 

Air-C HCFC
22* 

HFC 
407C 

HFC 
410A 

HFC 
32 

HFC 
1234yf

** 

HC
290 

CO2 
*** 

ODP 0.05 0 0 0 0 0 0 

GWP**** 1810 1800 2100 675 44 20 1 

Flammability A1 A1 A1 A2L A1 A3 A1 

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

182



 

           
Environment issue------Reduce CO2 emission----- Low GWP gas 
Chinese threat-------Price competition 
Application------Customer Satisfaction ----Collaborate with Home 
Appliance Makers  

 

Fig. 25 Set-theoretical model. 
 
2.  How to expand our business 
 Chinese brands are making much effort to 
improve their reliability and performance to 
continue their business or create new 
business. Based on this idea, KK need to 
reconfirm the difference against the Rotary 
compressors.  
 And KK need to improve its features to 
keep the top share status in Middle East. And   
KK will make sales promotions into other 
tropical regions or heavy duty market.        
And KK will develop robust compressors. 
Our next opportunities are outlined in Fig. 26. 
 

  
Fig. 26 Seeking for the next opportunity 

 
 Here are our basic ideas towards the future. 
ASEAN market is a promising market with 
600 million in population.  As ASEAN 
Economic Community (AEC) has started last 
year, tighter market integration will bring 
more opportunities.  In addition, other tropical 
regions, such as India and Africa, are also 
interested to be explored. 

Moreover, shift toward heavy duty products is 
our next direction, from home use to 
commercial/industrial usage. Furthermore, 
shift of high pressure gas from HFC410A, 
HFC32 to CO2 is our new direction as well. 
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Abstract— This paper utilize Minitab 17, a statistical analysis 
software, to study the significance of some factors relating to 
enrolment and retention decisions of engineering students, Thai-
Nichi institute of technology. The student data from 2008 to 2015 
are analysed. While the number of new students and number of 
study programs increase together with time, an analysis of 
variance (ANOVA) shows that the number of study programs 
has no significant effect on the number of new students.  
Regarding the retention rate, analysis of the data shows that if 
the base is chosen to be the second year students, there is no 
significant variation between batches of students in each field.   
 
Keywords— Statistical software, Regression analysis, Analysis of 
variance, student enrolment 

I. INTRODUCTION 
Decision making in industries and many enterprises usually 

involves statistical data.  This has made statistical analysis 
software an indispensible and very useful tool in industrial 
engineering [1].  Minitab 17 is one such software which has 
become very popular due to its power and ease of use.  In this 
paper, the program is used to analyse some aspects of 
engineering students enrolling in the Faculty of Engineering, 
Thai-Nichi Institute of Technology (TNI). 

Thai-Nichi Institute of Technology was established in 2007 
with three undergraduate Faculties, i.e. the Faculty of 
Engineering, Faculty of Business Administration and Faculty 
of Information Technology. The number of students and the 
number of curricula have increased ever since.  From 2008-
2015, the number of curricula of TNI have increased from 6 to 
14, while the total number of new students increased from 
about seven hundred to about thirteen hundred as shown in 
Fig. 1, plotted by the Minitab 17 program.  While the data 
points do show considerable variation, the increasing trend is 
undeniable in both cases.  This would naturally lead to an 
assumption that there should be a correlation between the two 
variables, i.e. increasing the number of study programs would 
lead to an increase in the number of new students. 

 
 

Fig. 1 The scatterplot of number of curriculums and number of students from 
2008-2015  
 

In many commercial enterprises, a standard marketing 
practice would suggest that one way to increase sale is to 
increase variety by introducing one or more new products.  
However, for an educational institution, it is not clear if such a 
practice would be beneficial.  In other words, is it true that the 
more curricula, the grater the number of new students?   A 
statistical analysis is needed to answer this question.  The 
Faculty of Engineering of TNI is chosen to be a case study.  In 
addition, the number of engineering students in each 
curriculum changes as students proceed to higher years.  A 
consideration of the retention rate of students is therefore 
needed.  

The Faculty of Engineering, TNI, started admitting new 
students in 2008 with only one study program, namely 
Automotive Engineering (AE).  Two new curricula, i.e. 
Computer Engineering (CE) and Production Engineering (PE), 
were added in the following year.  The Industrial Engineering 
(IE) and Electrical Engineering (EE) programs started in 2012 
and 2013, respectively.  The number of new engineering 
students follows an increasing trend similar to that of the 
university as will be seen later.   
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According to information gathered from yearly interview of 
new students, there are many factors involved in making 
decision about enrolment at TNI and the field of study. Most 
new students learn about TNI from: 1) TNI’s website, 2) the 
information from other elder students who are studying in this 
institute, 3) the recommendation of their teachers, and 4) 
Sakura camp activities organized by TNI. About the reasons 
of choosing engineering fields, students are interested in 
learning the Japanese language, getting high salary after 
graduation, looking for opportunities to work for Japanese 
companies, and planning to work or study abroad especially in 
Japan.  

Factors related to student enrolment have been studied 
before.  For example, MacGuire and Halpin [2] studied factors 
related to retention of engineering students at Auburn 
University, Alabama, U.S.A. The research used a qualitative 
study regarding the problem of retaining students in the 
engineering programs by interviewing students of various 
races. The results showed that the factors of persistence in 
engineering were the intention to stay, determination, self-
regulating behaviour, coping skill, grade and mental 
preparedness.  Corcoran, et.al, [3] studied the factors affecting 
the enrolment in engineering-related technical programs in 
community colleges. It aimed to look at the recruitment and 
retention problem of these colleges. Contributing factors for 
considering enrolment in engineering doctoral programs was 
studied in [4]. This research analysed two groups of people, 
i.e. graduate students enrolled in various engineering 
programs in Lebanon and the working engineers in several 
countries around the world working in different social and 
multicultural settings. An Independent t-test showed no 
significance between students and engineers’ intention. An 
exploratory Factor Analysis provided four factors: 
professional attitude, social attitude, financial attitude, and 
subjective norm. Repeated measures ANOVA showed the 
professional attitude as the most important for participants 
followed by the financial attitude, the subjective norm, and the 
social attitude.  

The growth in undergraduate engineering enrolment in 
North America has been studied by [5]. This research showed 
the trend of each engineering field of Canadian undergraduate 
engineering. The most interesting fields were electrical and 
mechanical engineering and the third was computer 
engineering. However, there had also been a drop in number 
of students enrolled in several engineering programs. The 
paper recommended activities to educate high school students 
about the challenges, career path, and rewards of engineering 
careers. 

 

II. RESEARCH METHODOLOGY 
The present study has two objectives, i.e. (1) to study 

enrolment decisions in relation to the number of curricula, and 
(2) to study the retention rate of engineering students. The 
research methodology is to perform graphical analyses and 
apply statistical analyses composed of factor analysis and 

regression analysis on the number of new students during 
2008-2015 as shown in Fig. 2.  

 

 
Fig.2 Research Methodology 

 
For the analysis of the retention rate of engineering 

students, the graphical analyses are performed to compare the 
retention rate of each class of each group of incoming students. 
The objective is to study the retention rate of each engineering 
field and its trend. 

 

III. DATA ANALYSIS AND RESULTS 

A. Analysis of Variance: Regression Analysis 
The numbers of new students in the Faculty of Engineering 

and in each study program are shown in Table 1 and plotted in 
Fig. 3.  Straight line graphs are fitted to each set of data.  It 
can be seen that there is an increasing trend to the number of 
new students for the whole Faculty in a similar way to that of 
the university as a whole.  However, there is no clear 
indication that an introduction of a new study program would 
lead to a jump in the number of new students.  In fact, when   

 
TABLE I 

 NUMBER OF STUDENTS ENROLMENT IN ENGINEERING FROM 2008-2015 
 

Year AE PE CE IE EE Total 
2008 158 52 91 - - 301 
2009 132 79 123 - - 334 
2010 150 72 134 - - 356 
2011 187 81 109 - - 377 
2012 138 51 83 32 - 304 
2013 207 40 89 70 49 455 
2014 121 80 88 55 86 430 
2015 115 64 73 60 61 373 

 
 

 
 

Fig. 3 Graphical analysis of the number of new students in Faculty of 
Engineering  
 

Graphical 
Analysis 

Factors 
Analysis 

Regression 
Analysis 
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the new IE program started in 2012, the total number of new 
students actually dropped. Therefore, while it can be said that 
the total number of students increases with time and 
concurrently with the increasing number of study programs, 
there is no clear cause-and-effect relationship for the number 
of study programs. Some programs such as computer 
engineering (CE) and production engineering (PE) appeared 
to have fewer new students when new curricula such as IE and 
EE started. 

Using data from Table I, a regression analysis of the 
number of curricula to the number of new students each year 
is performed. Since the total number of new students is a 
count response, a transformation is needed [6] and is given by 

 
' ( 1) / 2 ,Y TotalEng TotalEng                          (1) 

 
where TotalEng is the number of new students enrolling in the 
Faculty of Engineering. 
      Factors involving the total number of new students are 
time (year) and the number of curricula which are categorical 
predictor factors. The regression analysis of the number of 
students with time together with the number of curricula is 
carried out by using Minitab 17 Statistical Software and the 
result of variance is shown in Table II. 
 

TABLE II 

REGRESSION ANALYSIS OF NUMBER OF NEW ENGINEERING STUDENTS WITH 
TIME AND NUMBER OF ENGINEERING PROGRAMS 

 
Source DF 

Adj 
Adj SS Adj MS F-Value   P-

Value 
Regression 3 10.1280  3.3760 3.20     0.145 
Year 1 0.2713 0.2713 0.26 0.639 
Programs      2 4.2454   2.1227     2.01     0.248 
Error   4  4.2199   1.0550   

Total 7 14.3479    
* Y ՛ is the transformed response according to (1). 
 

The result from Table II clearly confirms that the number 
of curricula is not significant to the number of new students, 
since P-value from table II is greater than 0.05 at 95% 
significant level. 

To gain further insight into the effect of introducing new 
study programs to the Faculty of Engineering, it is instructive 
to plot the total number of new students and the numbers in 
the AE, PE and CE programs for the year 2008 to 2011.  This 
is done in Fig. 4.  Clearly, the trend of new students for all 
three programs is increasing for the first four years.  However, 
if the period is extended to the year 2015 as in Fig. 3, all three 
programs show different trends with the most pronouncing 
decrease in CE.  This can only mean that introduction of new 
curricula to the Faculty drew students away from existing 
programs to new ones.  

A different picture emerges if the total number of 
engineering students is considered instead of new students.  
Fig. 5 shows the total number of engineering students starting 
with the year 2010, which was the first year that the Faculty  

  
 
Fig. 4 Graphical analysis of the nembers of new students in the Faculty of 
Engineering for the years 2008-2011. 

 
had students in all levels, togethere with total numbers of 
students in three separate fields.  The two most recent 
curricula are not included since they are very new and do not 
have enough data for consideration.  It can be seen that while 
the total numbers of students in two of the three fields do not 
show any discernable trend, one shows a definite decreasing 
trend.   

 
 

  
 
Fig. 5 Graphical analysis of the total number of students in the Faculty of 
Engineering and total numbers of students in three curricula. 
 
To confirm the decreasing trend of students this curriculum, a 
regression analysis was performed and the result is shown in 
Table III.  The result confirms that there is a strong correlation 
between the total number of students of this particular 
curriculum with time.  Similar analyses for two other curricula 
do not show similar correlation but are not shown here. Such a 
result can serve as a “flag” of warning to the Faculty to 
analyse the cause, if any, of such decline and take corrective 
actions as needed. 
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TABLE III 

REGRESSION ANALYSIS OF TOTAL NUMBER OF STUDENTS IN 
ENGINEERING CURRICULUM 2 WITH TIME. 

 
Regression Analysis: Total students of curriculum 2 with time  
Source DF 

Adj 
Adj SS Adj MS F-Value   P-

Value 
Regression 1 3648.10 3648.10 334.69     0.000 
Year 1 3648.10 3648.10 334.69 0.000 
Error      3 32.70   10.90       
Total 4  3680.80      

B. Retention Rate Analysis 
The other objective of this research is to analyse the 

retention rate of existing engineering students of each 
curriculum. The retention rate is defined as the percentage of 
remaining students of a particular year of study, e.g. 3rd year 
or 4th year, with respect to students in a base year.  For the 
present study, only three curricular, i.e. AE, PE, and CE, are 
there are insufficient data for consideration. 

Figs. 6, 7, and 8 show the retention rates of students in AE, 
PE, and CE, respectively, when the base is the first-year 
students of each field. 

 

  
 

Fig.6 Retention rate of AE students with first-year students as the base. 
 

  
 

Fig.7 Retention rate of PE students with first-year students as the base. 

  
 

Fig.8 Retention rate of CE students with first-year students as the base. 
 

It is a well-known phenomenon that first-year students in a 
private university usually decrease significantly when they 
proceed to the second year.  Many first-year students decide to 
change their fields of study or try to enter other universities.  
Similar thing occurs at TNI and leads to a confusing picture 
for the retention rates of engineering students at TNI.  
However, if the base year is chosen to be the second-year 
students instead of the first-year, different pictures emerge.   
Figures 9, 10, and 11 show the retention rates of students in 
AE, PE, and CE, respectively, when the base is the second-
year students of each field. 

 
With the second-year students chosen as the base, the 

retention rates for all curricula are relatively steady with no 
alarming fluctuation or trend.  In fact, regression analyses 
have been made for all data sets but no significant correlation 
with time is detected. 
 

  
 

Fig.9 Retention rate of AE students with second-year students as the base. 
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Fig.10 Retention rate of PE students with second-year students as the base. 
 

  
 

Fig.11 Retention rate of CE students with second-year students as the base. 
 

IV. CONCLUSION 
 
A statistical analysis software program is a very useful tool 

in decision making and its usage should not be limited to 
industries or commercial enterprises. Here, the software 
Minitab 17 is used to analyse students in the Faculty of 

Engineering, TNI.  Results of the study clearly show that there 
is no correlation between the number of new students and the 
number of engineering curricula.  Thus, a future decision to 
introduce a new engineering curriculum should be considered 
very carefully.  Furthermore, the use of the program leads to a 
discovery of a clear decreasing trend in total students in one 
curriculum.  If the result is taken to be a warning “flag”, 
further analyses should be made and corrective actions, if 
deemed necessary, can be taken.  

For the retention rate study, it is clear that the choice of the 
base is important.  Different choices lead to different pictures. 
In this case, when the second-year students are chosen as the 
base, no alarming trend or correlation can be found.  
Therefore, any effort to improve the retention rate of a 
curriculum should be concentrated on retaining the second-
year students of that field.   

In conclusion, a statistical software program can be used to 
analyse and make decision concerning the numbers of 
students in engineering curricula.  Further analyses of other 
factors relating to engineering students will be carried out in 
the future.        
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Abstract— The purpose of this research is to reduce loss in 
extrusion process of a radial tire manufacturer. From the 
preliminary study, we found that a part, named shoulder, was 
accounted for 17.23% of all quality problem and it needed to be 
reworked or scrapped. The major cause of the “rework and 
scrap” of shoulder was “weight out of spec” problem, about 
12.04%. By using process analysis, design of experiment, and 
other IE techniques, the percentage of rework and scrap was 
reduced from 12.04% to 4.25%. In term of money, the loss value 
was decreased by 193,282 baht per month.  
 
Keywords—Extrusion process, Process analysis, Design of 
experiment, IE techniques 

I. INTRODUCTION 
Tire industry is one of an important business of the world 

economy. The products and production technologies of tire 
companies are similar. The factors that can segregate the tire 
companies in automotive market are quality and price of its 
products. In order to be a competitive company, the tire 
manufacturers must strive toward minimizing waste, 
increasing productivity, and improving products’ quality. 

The sample factory is one of a major tire manufacturer in 
Thailand. It produces radial tires to supply both car makers 
(OEM) and replacement market (REM). Typically, the 
common process of radial tire manufacturing is the “extrusion 
process”. It falls into deforming process category [1]. The 
extrusion process reforms the rubber compound into various 
components of radial tires. This process produces at least 4 
components as follows [2];   

1) Tread: it is the part that direct contact to the road 
surface. It is highly resistant to fracture and shock for 
protecting the carcass and belt located in the tire´s 
interior. 

2) Sidewall: it is located to the tire´s shoulder and bead. 
The sidewall protects the carcass on the side and 
retains the flexibility during driving. 

3) Apex or bead filler: it is a component with a triangular 
cross-section that fills the void between the carcass ply 
and turn-up around the bead. 

4) Shoulder: it is located between the tread and sidewall. 
The shoulder is designed to quickly and easily 
dissipate heat that accumulates inside the tire while 
driving. 
 

From our preliminary study on the sample factory, the most 
loss in processes is extruding department with the case of 
rework and scrap. It causes of high energy cost, high labor 
cost, and low of product quality. Accordingly, in order to 
minimize the cost of rework and scrap, we need to improve 
this process rigorously. Reasonably, by diminishing the rate of 
rework and scrap in the extrusion process department, the 
company can deliver the quality products in reasonable price 
and; then, maintains its global competitive in the world of 
radial tire manufacturers.  

II. PROBLEM DESCRIPTION 
 Extrusion process is a method of rubber compound 

forming. The compound is forced through the die which has 
several forms for producing the different products. An 
important controlled parameter of this process is the weight of 
each component. In this paper, we focus on “shoulder” part 
which has the highest rate of rework and scrap problem. Fig. 1 
shows the shoulder component of a radial tire. In case of 
underweight, the shoulder must be rework or scrap because it 
causes of “open cord” in assembly process. On the other hand, 
in the case of overweight, it causes the bad heat dissipate on 
the final products.  

In this study, the shoulder component, called “Shoulder 
code A”, which is for Truck and Bus Radial Tire (TBR) has 
the largest number of rework and scrap with “weight out of 
spec” problem. Fig. 2 shows the control chart of weight of this 
component and points out of weight out of spec situation. For 
the Shoulder code A, it has the specification of weight at 
2.62±0.06 kg. Thus, the weight over than 2.68 kg or less than 
2.56 kg is called “weight out of spec”. 

 

                                                 
 

Figure.1 part of tire structure is called “Shoulder” 
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Fig.2 Identify weight out of spec of shoulder code A 
 

III. METHODOLOGY 
We employed a number of improving strategies, statistical 

methods, and IE techniques to investigate, identify, quantify, 
and remedy the problem. The series of these techniques are 
illustrated as follows. 

A. Check Sheet and Genba 
Initially, we interviewed the operators and extrusion 

specialist of the extrusion process department to identify the 
relevant factors. Then, the check sheet was designed. The raw 
data and abnormal process were collected and observed at the 
real place by the researchers (Genba). We also deployed the 
techniques of measurement system analysis (MSA) and gauge 
repeatability and reproducibility (GR&R) [3] in this step. 

The abnormal processes we found from Genba which 
affected to weight out of spec problem are as follows; 

1. Input too much rubber compound which is over than 
output extrusion rubberoverflow inputas shown in 
Fig. 3. 

2. When we change  mooney of rubber compound, 
weight per meter of shoulder changing too, as shown 
in Fig. 4. 

3. The irregular rotation of shrinkage roller, as shown in 
Fig. 5. 
 

           
      Input rubber compound                       Output extrusion rubber 
 

Fig.3 Overflow input abnormal process 

 

 
 

Fig.4 Mooney change abnormal process 

 
 

Fig.5 Shrinkage roller abnormal process 
 

B. Process Analysis and Check Sheet Design 
Next, we conducted the process analysis to identify more 

factors causes “weight out of spec” problem. The mechanism 
of extrusion process incorporates of three operations: rubber 
compound feeding, rubber compound mixing, and rubber 
compound pulling. These operations can be described as 
follows. 

1. The feed roll feeds rubber compound into the screw of 
the extruder. The conveyor speed is the most important 
parameter of this operation. 

2. The screw mixes rubber compound whilst the rubber 
compound is being melted. The screw conveys melted 
rubber compound into the die with increasing in 
pressure and temperature. The revolution per minute 
(RPM), the electrical current of driving motor, and the 
temperature of rubber compound are the important 
parameters of this operation. 

3. The rollers in front of die pull deformed rubber 
compound which passed the die. The speed of rollers 
(each roller) is the important parameter of this 
operation. 

In conclusion, the important parameters of the extrusion 
process that need to be controlled carefully in order to reduce 
“weight out of spec” problem are: 

 Volume of rubber compound in feeding 
 Mooney viscosity of rubber compound 
 Screw speed 
 Driving motor´s electrical current 
 Temperature of rubber at head extruder 
 The regular rotation of shrinkage roller 
 Line speed 

Engineering staffs designed a check sheet with standard 
specification of significant parameters. It’s used to monitor 
factors, consider consistency and record rework and scrap rate 
of each production lot [4]. The controlled parameters are; 

 Volume of rubber compound in feeding 
- Input unequal output 

 Mooney viscosity of rubber compound 
- Adjust extruder condition when change mooney 

viscosity 
  The regular rotation of shrinkage roller 

- Rubber  contact unevenly with  roller         
 Line speed 

- In process use line speed to control weight 
 
 

JOINT OF RUBBER COMPOUND 

DURING EXTRUSION RUBBER 

Weight of Meter 
Mooney 50 Mooney 51 
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C. Root Cause Analysis (RCA) 
     All relevant parameters have been carefully controlled. 
However, there were operations that affected to the problem 
of “weight out of spec”. Supervisors and process engineers did 
brainstorming and using work study technique to point out the 
operations. As a result, we found two operationsjoining 
rubber compound operation and inconsistency of weight 
during the extrusion operationthat might cause the problem 
of “weight out spec”. 
 

1) Weight out of spec at the joint between rubber 
compound 

Table 1 shows the results of root cause analysis. 
Nevertheless, we needed to prove them systematically. We 
made use of statistical technique (ANOVA with 95% 
confidence) to prove two hypothesis analyses 1) discontinue 
feeding of two rubber compounds causes the “weight out of 
spec” and 2) overlap feeding of two rubber compounds causes 
the “weight out of spec”, as shown in Fig 6. The summary of 
statistical analysis for each hypothesis testing is shown table 2 
and table 3. 

 
TABLE I 

 ROOT CAUSE ANALYSIS 

     
 

   
Fig. 6 The experiment of joining two rubber compound   

            
TABLE II 

F-TEST DISCONTINUE FEEDING 

  Normal Discontinue 

Mean 2.641428571 2.634428571 

Variance 0.000495286 0.000529619 

Observations 7 7 

df 6 6 

F 0.93517353 
 P(F<=f) one-tail 0.46861813 
 

F Critical one-tail 0.233434021   

TABLE III 
F-TEST OVERLAP FEEDING 

  Normal Overlap 

Mean 2.660666667 2.646 

Variance 0.000114333 6.7E-05 

Observations 3 3 

df 2 2 

F 1.706467662 
 P(F<=f) one-tail 0.369485294 
 

F Critical one-tail 19   
 

Theoretically, if P-value < 0.05, we reject the null 
hypothesis. This is the case, [5] 

1. Discontinue feeding rubber compound 
P (F<=f) = 0.0468: Therefore, we reject the null 

hypothesis..  
2. Overlap feeding rubber compound   

P (F<=f) = 0.369: We accept the null hypothesis.  
In conclusion, discontinue feeding rubber compound have 

impacted with “weight out of spec” problem at joining 
between rubber compounds. Accordingly, we did a design of 
experiment (DOE) in order to optimize overlapping length of 
two rubber compounds. And we found that the optimum 
overlapping length is between 100 and 150 cm. 

 
2) Inconsistency of weight during the extrusion operation 

Table 2 shows the results of root cause analysis.  
 

TABLE IV 
ROOT CAUSE ANALYSIS 

 
Factor 1: Volume of feeding rubber compound during 
operation  
By using a statistical technique, we found that the 

optimum width of the rubber compound is 58 cm. Thus, we 
decreased the width from 70 cm to 60 cm with the variance of 
0.000467 ad Cpk = 1.09. As a result, the rework rate has been 
decreased from 16.77% to 2.84%, as shown in Fig. 7. 
      Factor 2:  Mooney viscosity 

The design of experiment has been employed to optimize 
the line speed of different mooney viscosity. The value of 
mooney viscosity varies from 47 to 53 [6][7][8][9].  

Cause 1 Cause 2 Cause 3 Factors 

Discontinue 
feeding of 
rubber 
compound 
and 
inconsistency 
of its volume 

The joining 
point of two 
rubbers are 
segregated 

Pressing 
force of the 
roller is 
insufficient 

Volume of 
feeding 
rubber 
compound 
whilst 
joining 
operation 

Cause 1 Cause 2 Cause 3 Factors 

Rubber 
compound 
input feeding 
bigger than 
output 
feeding 

Over-width 
of input 
rubber 
compound 

- Volume of 
feeding 
rubber 
compound 
during 
operation 

Inconsistency 
of line speed 

Variation of 
mooney 
viscosity 
from 
different 
batch 

Improper 
condition 

Moony 
viscosity 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

191



 

   
Fig.7 Process capability (Cpk) of decrease width of rubber compound 

 

 
Fig.8 The experiment of mooney viscosity and line speed setup 

 
At each moony viscosity level, the line speed was varied 

from 18 m/min to 20 m/min to find out the rubber compound 
weight at 2.62 ±0.06 kg (as the target weight). The results of 
the experiments are shown in Fig. 8. We found that at each 
mooney viscosity level the suitable line speed is as follows. 

Mooney viscosity is 47-48 point, suitable line speed 
setting is 18.57 meter per min 

Mooney viscosity is 48-49 point, suitable line speed 
setting is 19.07 meter per min 

Mooney viscosity is 49-50 point, suitable line speed 
setting is 19.00 meter per min 

Mooney viscosity is 50-51 point, suitable line speed 
setting is 19.15 meter per min 

Mooney viscosity is 51-52 point, suitable line speed 
setting is 19.35 meter per min 

Mooney viscosity is 52-53 point, suitable line speed 
setting is 19.22 meter per min 

Table 5 concludes the suitable line speed setup for each 
mooney viscosity level. This table was used as a rule of thumb 
for setting up the production line. 
 

TABLE V 
Design of experiment mooney viscosity and line speed 

Factors Factors Level 
Mooney 
viscosity 
(point) 

47-48 48-49 49-50 50-51 51-52 52-53 

Line speed 
(m/min) 

18 18.5 19 19.5 20 - 

Furthermore, the results from statistical analysis indicated 
that the mooney viscosity of compound rubber and line speed 
has positive correlation. Reasonably, the hard rubber 
compound needs high line speed whilst the soft rubber 
compound needs low line speed. 

D. Process Improvement (Kaizen) 
Finally, we improve relevant minor causes that may cause 

the “weight out of spec” problem. We did improvement two 
more factors in this study: pressing force of the roller is 
insufficient and irregular rotation of shrinkage rollers 

1) Pressing force of the roller is insufficient 
Re-design the new roller by increasing the contact surface. 

This new roller raises the pressing force on to the rubber 
compound. Fig. 8 and 9 illustrate the before and after of the 
roller. 

2) Irregular rotation of shrinkage rollers 
Originally, the rollers were driven by multi-driving chain. 

This causes the irregular rotation of the rollers. Engineering 
staff re-design the rollers’ driving system by using single-
driving chain. This makes the rotation of the shrinkage rollers 
smoother. Fig. 10 and 11 illustrate the before and after of the 
shrinkage rollers with different driving chains. 

 

 
Fig.8   Roller before improvement (Kaizen) 

 

                    
Fig..9   Roller after improvement (Kaizen) 

 

 
 

Fig. 10 Shrinkage roller before improvement (Kaizen)   
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Fig. 11 Shrinkage roller after improvement (Kaizen) 
        

IV. CONCLUSIONS 
The “weight out of spec” was a major factor that made the 

shoulder part high rate of rework and scrap. By investigate 
carefully; the main causes were 1) the volume of input feeding 
rubber compound was much more than output feeding rubber 
compound, and 2) the variations of the mooney viscosity. We 
made use of a series of IE techniques: check sheet and genba, 
process analysis, root cause analysis, analysis of variance, 
design of experiment, process capability study, and kaizen. 
We standardized the overlapping length of two rubber 
compounds. We set the rule of thumb to setup the line speed 
for various mooney viscosities. Furthermore, the pressing 
roller and shrinkage rollers have been re-designed. By 
collecting the data after the improvement, the rework and 
scrap rate of Shoulder code A decreased from 12.04% to 
4.25% and the loss value decreased by 193, 282 baht per 
month. In term of environment, we saved electrical energy by 
4,157.88 Kwh per year and reduce carbon emission by 6,779.6 
kg per year. 
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Abstract— With the existence of vast amount of documents in the 
organization, a handy functional system is needed to insure a 
seamless management of these data. Document Management 
System will be very useful in order to manage their documents 
productively. The researchers used an agile approach in the 
software development to accommodate this particular client’s 
need. The primary focus of the study is to develop a system that 
will minimize paper usage and quickly generate reports that can 
be used for critical decision making. This research also aims to 
manage smoothly the documents going in and out of the Dean’s 
Office of the University of Santo Tomas Faculty of Medicine and 
Surgery. To prove that the system has provided the Faculty of 
Medicine and Surgery an efficient crossed-unit communication 
within the faculty, the researchers had taken ample time 
sampling all the steps in the existing process and compare it to 
the cycle time in the proposed process. Based on comparison of 
the existing and the proposed systems, it shows that there is a 
33% increase in efficiency. Taking this into account, this will be a 
great enhancement in the current process.

Keywords— Document Management System, Agile, 
Communication

I. INTRODUCTION

A document may be in the form of written /printed or in a 
graphical form that contains information. It has been used by 
different businesses, governments, institutions, hospitals, and 
other organizations that need information in order for them to 
progress. Since the introduction of computer and other 
electronic technology, documents are now available in 
different formats such as text, image, videos, and recordings.

An example of an organization that relies on document 
information are universities. In a year they could accumulate 
tons of files and this may lead to loss of document, difficulties 
in tracking and managing documents, and time consuming in 
searching specific file.

The client, the Faculty of Medicine and Surgery of the 
Pontifical and Royal University of Santo Tomas existed for 
144 years already. They are said to be the Philippines’ oldest 
medical school. Currently they are having problem managing 
the documents going in and out of their office since they 
process their documents manually via pen and paper. Having 
this kind of process has many flaws. Papers do have a 
tendency of being lost. Pile of papers eats a lot of space in the 
office, which will then affect the efficiency of the people 
working around it.

One of the solutions that could aid their problems is the 
Document Management System (DMS). Document 
Management Systems (DMS), is the use of a computer system 
and software to store, manage and track electronic documents 
and electronic images of paper based information captured 
through the use of a document scanner.

II. REVIEW OF RELATED LITERATURES

A. Review of Related Literatures and Studies
Institutions greatly depend on documents since lots of files 

comes in and out of their organization. According to P.A. 
Emelia Akashah, R. Syamsul Rizal, Kamaruzaman Jusoff, and 
E. Christon [1], there are many issues in having the traditional 
document management. One of these is that papers may have 
the tendency of getting lost. Another issue is that these 
documents eat a lot space in the working area. This would 
then result to the organization getting another area for these 
documents. But as we remember, documents keep on coming 
inside the organization. It would be a nonstop adding of area 
for the storage of documents. 

The solution in those problems would be implementing an 
electronic document management system (EDMS). According 
to Yatin (2015)[2], an electronic document management 
system is typically referring to a computerized system that 
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facilitates the creation, capture, organization, storage, retrieval, 
manipulation and controlled circulation of documents in the 
electronic format. This system will help the organization 
retrieve their files easily.

Having an Electronic Document Management System has 
many advantages. In the current generation, most 
organizations implement a paperless system. An example of 
an organization that converts from traditional document 
management system to electronic document management 
system is the University of Miami. According to Hodder, V. 
(2011)[3], an estimated $50,000 of water damage to the 
records of the University of Miami has been caused by the 
hurricane. He stated that this lead the organization to find a 
way to improve their system and to create a backup of all their 
records. The solution they came up with is to implement an 
electronic document management system. Now then no longer 
have to avail a 400 square feet of space just for them to store 
all the document they have collected.  Like what was stated by 
P.A. Emalia Akashah[1] that in the traditional document 
management system, the organization experiences difficulties 
in tracking and searching for specific files, but when the 
University of Miami have implemented the electronic 
document management system, searching and tracking 
became easy because they no longer have to search row after 
row of vertical and horizontal cabinets for a specific file.

According to one article that we have gathered 
(www.computerweekly.com)[4], Price Waterhouse conducted 
a study that differentiates the efficiency of having a traditional 
and an electronic system. It took them 67 hours to find 15 
documents. The same search, using document management 
technology, found 20 documents in 4.5 seconds”.

According to the article of AIIM [5], Document 
management is a developed technology prior to the content 
management.  This kind of managements imposes controls 
and management capabilities to documents.

B. Review of Related Systems and Technologies
One existing system that is related to the proposed system 

is the Microsoft Sharepoint. According to Sy [6], Microsoft 
SharePoint is a business collaboration platform for the 
enterprise and the web. It allows individuals in an 
organization to easily create and manage their own 
collaborative web site. Junk (2013)[7], also stated that with 
SharePoint, business will be given a shared space for them to 
store their documents so that anyone that has access to the 
system can easily get all the files they need to do their task.

According to the site of mayan-edms.com [8], documents
can be sorted and be easily searched by just typing in a string 
of text. This function of the system is a huge impact on time 
saving. As stated above about the study undertaken by Price 
Waterhouse, that it takes personnel of an organization to 
search for several days just for them to gather 15 specific 
documents from 10,000 files. With this tracking system, 
document can be made available at any given time.

One document management system that is used by business 
is the PinPoint document management system. According to 
Brooks (2015) [9], a Business News Daily Senior Writer,
what makes PinPoint appealing to its clients is that PinPoint 
offers a cloud-based solution for its customers that prefers not 
to host the system on their own server. Because of this the 
business will no longer have the difficulties in maintaining, 
installing, and upgrading their server and system. 
Another factor why PinPoint is used by many businesses is 
that it is easy to use. The system has a very clean interface that 
allows its users to navigate the system easily. Lastly, PinPoint 
has the capability to conduct optical character recognition 
(OCR).

According to Brooks (2015) [10], there is an existing 
document management system named BlueDoc wherein the 
users the system has the capability of adding new categories 
of documents and assigning additional information for some 
purposed. Another existing similar system is the Doccept. 
This system has an audit trail and a function were notifications 
will appear once tasks are completed

III. METHODOLOGY

The agile approach is a software development approach 
based on values, principles, and core practices. The four 
values that a system analyst should have are communication, 
simplicity, feedback, and courage. The agile approach 
provides a clear understanding of the client’s vision since this 
approach has a high degree of collaboration with the client. 
This methodology requires the developers to provide updates 
to the client in order to revise any errors early and to add some 
features if there are any. This approach has a better quality 
assurance since the client can clearly see the progress of the 
system along with the developers.

Fig. 1 Stages of agile modelling development process

In the exploration phase, the proponents will conduct an 
interview on a potential client to gather information about the 
business’ processes and background to know in which 
particular process does the client is having a problem. After 
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having the problem identified, the proponent’s will gather data 
that can be used in the second phase, the planning phase.

The second phase is where the proponents must come up 
with a solution. In this phase, the proponents made use of the 
data gathered from the exploration stage to know the client’s 
needs and in developing system’s requirements that will give 
solutions to the client’s problems.

Knowing the system’s requirements and solutions to the 
client’s problem, the third phase is the iteration of the first 
release where the proponents must have already have an initial 
prototype of the system. The initial prototype will undergo 
evaluation by the client, where the client should test and have 
a feedback whether the prototype system is going to help 
client or not. The comments and reactions provided by the 
users will be used to analyze and redesign until the desired 
system is attained. After attaining the desired system, the 
proponents will be moving in the productionizing phase.

In the productionizing phase, the fully functional system 
will be implemented in the client.

In the maintenance phase, the proponents will ensure that 
the system implemented is updated by adding new features 
and making sure that the system is still running smoothly.

IV. DISCUSSION

Currently our client, University of Santo Tomas Faculty of 
Medicine and Surgery, is experiencing difficulties in 
managing their documents especially the Main Office of the 
faculty. The Faculty of Medicine and Surgery has twenty-four
(24) departments and the Main Office often distribute and 
gather documents to and from each department. Collecting 
and distributing documents from all these departments is 
difficulty manage and track the compliance of each 
Department Chair and/or Faculty Members. 

The proponents have suggested to create a web application 
exclusively for the Faculty of Medicine and Surgery that will 
help them organize and manage the document coming in and 
out of the main office. The said proposed system will not only 
manage the document but will also;

minimize the paper consumption of the Faculty of 
Medicine since the Faculty Members will on upload 
and send their documents online,
efficient communication to and from the different 
department of the Faculty of Medicine, 
monitoring the compliance and the timely submission 
of document to either the Department Chair or the 
Main Office,
providing a central repository where all documents 
will be stored, 
and to provide a report to be used for decision 
making of the office. 

With all this solution that the proponents came up to, will 
provide answers with the current problem of the Faculty of 
Medicine.

A. Existing Business Process
One of the main business process that the client would like 

to tackle is the sending memo to the different units of the 
Faculty of Medicine. The process of distributing memo to the 
different department (figure 2) are:

Fig. 2   Process map of existing process of memo distribution

1) The Faculty Secretary or Dean will create a memo. If 
the Faculty Secretary is the one who will create the 
memo, the Dean must affix his signature after 
reviewing the memo. Then he will give it to the 
office staff for distribution. 

2) The office staff will give the memo to the student 
assistant to distribute the memo to the secretary of 
the department who will receive the memo.

3) The Department Secretary will receive the memo. 
He/she will then forward it to the Department 
Chairperson for acknowledgement.

4) The Department Chairperson will give back the 
memo to the Department Secretary together with the 
memo and the receipt of acknowledgment.

5) The student assistant or messenger who delivered the 
entire memo to each department will submit the 
tracer or receipt of acknowledgement to the Faculty 
Secretary.

Another business process is the submission of documents to 
the Main Office of Faculty of Medicine and Surgery as shown 
in Figure 3.
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Fig. 3   Process map of existing process of document submission

1) If the Dean’s Office asked for documents from the 
faculty members stating the deadline to comply with 
the task is given. 

2) The faculty members will submit their documents to 
their corresponding Department Heads and the

3) Department Secretary will collect all documents 
submitted by each faculty members.

4) If the documents are not yet completed on deadline, 
the department secretary will follow up the faculty 
members who have not yet submitted their task.

5) After collecting all the documents, the secretary will 
then send the documents to the Dean’s Office and 
will 

6) Sign a tracer form that will be a proof that the 
department have submitted their required task.

B. Proposed Business Process
In the proposed business process of distribution of memo
(shown in figure 4), the process will start at the: 

1) Creation of memo.
2) If the faculty secretary is the one who create the 

memo, the faculty secretary will ask the approval of 
the dean.

3) After the approval of the Dean, the Faculty Secretary 
will send the memo through the use of the system to 
the addressee of the memo. 

4) The recipient of the memo will then have to tick a 
checkbox that will validate the receipt of memo.

5) A summary or list of the recipient of the memo will 
then be gather by the system and generate a report for 
the Faculty Secretary’s perusal.

Fig. 4   Process map of proposed process of memo distribution

The proposed business process of outgoing documents
(shown in figure 5), the process will start at the: 

1) The faculty members will have to upload the required 
document using the system.

2) After uploading and inputting the right category and 
details of the documents, they will send it to their 
respected Department Chairperson.

3) The Chairperson will then be receiving all the 
documents that will be store in a central repository 
that will be shared to the Faculty Secretary. 

4) If ever the faculty have not yet submitted the 
document at the date of the deadline. An automated 
notification will pop up to the specific faculty 
member to remind him/her that he/she have not yet 
accomplished his/her task. 

5) A generated report will be created for every time the 
Dean, Faculty Secretary, and Department Head send 
task to the faculty members.

Fig. 5   Process map of proposed process of submission of documents
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C. Comparison of the Existing and Proposed Business 
Process

Comparing the existing and proposed business process, the 
proposed business process is faster than the existing business 
process in a way that it eliminated an actor and certain 
processes. 

The proposed business process has eliminated some actors 
and one of this actor is the messenger. This messenger is the 
one who distributes the memos from the main office to the 
different departments. In the proposed business process, the 
messenger is no longer needed since the system will be the 
one to distribute these memos online. Another actor that will 
be eliminated is the department head secretary. The secretary 
will no longer receive and collect the documents since all 
documents will be stored and can be viewed by the 
recipient/user within the system.

Certain processes are eliminated in the existing business 
process. One of these is the manual distribution of memo. This 
process will be unnecessary because all business process will 
be done online. Similar with this are the printing of 
memos/documents, manual sending or delivering of 
memos/documents, and collecting the receipt of 
acknowledgement/compliance.

D. User Interface of the Proposed System

Fig. 6   Home page of Dean/Faculty Secretary account

The homepage contains all the departments that have an 
account in the system. The use of this is to sort all the 
documents that have been receive by the user. This home page 
is almost similar to the Department Chairs except it has the 
name of his/her Faculty Members.

Fig. 7 Send memo page

This page is where the Dean, Faculty Secretary, and 
Department Chair can send their memo to the different users. 
One function of this page is to auto-generate the ISO-codes of 
each memo being sent to monitor the distribution.

Fig. 8 Semestral compliance report page

This page shows the generated report for the semestral 
compliance of each department or faculty member. Color 
legends (ex. Red – Have not complied, Green – Complied, etc.)
are provided in this page.

Fig. 9 Calendar page

The calendar page is an extra feature of the system. User 
may add events that may be departmental for everyone within 
the Faculty of Medicine could see or personal. This feature is 
added so the Faculty of Medicine can manage their schedules.
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Fig. 10 Task and assignment page

This page will be used by the Dean, Faculty Secretary, and 
Department Chair to create task for their departments or 
faculty members. The assignment panel is where the user will 
upload their document to be submitted to the task manager.

V. RESULTS

The developed system or the proposed business process 
satisfied all the user or client’s requirements. Additional 
features were also functional. 

Based from the tests conducted by the proponents and the 
users of the system, results show that all the modules are 
working with some minor bugs. However, these bugs are due 
to some error in the programming part, the proponents have 
fixed these errors.  

There were five (5) users of the system namely the Dean, 
Faculty Secretary, Department Head, Faculty Members, and 
the Admin. Each user was given an account to test the system. 

The proponents have conducted a user-acceptance test 
wherein the different types of users are present. The 
proponents have given each user an evaluation sheet for them 
to check if the functions for each user are working properly.

Fig. 11 User-acceptance result

A. Business Process Improvements
The Faculty of Medicine and Surgery of the University of 

Santo Tomas will intend to change their process in handling 
documents with the use of the system. Handling of hardcopy 
documents will lessen because of the system. The system will 
make most of the internal documents into paperless. Since the 
Dean, Faculty Secretary, Department Head, and the Faculty 
members have their own accounts, giving of task will be done 
through the system. Communication between the people 
inside the Faculty will be easier especially for the main office 
of the Faculty of Medicine and Surgery.

The Dean and Faculty Secretary will no longer have to ask 
for a messenger to pass every memo to all the 24 department 
of the Faculty of Medicine and Surgery. Tracer of 
acknowledgement will also be disregarded since the system 
automatically creates its own list for every memo or letter sent. 
It is also the same for the compliance of task given. The 
faculty members who were given a tasks will no longer have 
to pass a physical copy of the files, what they just have to do 
is to upload the document in task tab using their account. With 
this process the Faculty of Medicine and Surgery will reduce 
the use of paper. Statistical reports are automatically created 
every time the user sent a task or memo. The basis of the 
created statistical report is in the number of memo sent or task 
sent and the number of acknowledgement or number of task 
complied. For example, a user which is a department head, 
received five (5) tasks from the Faculty Secretary and he/she 
only uploaded three (3) documents as his/her compliance. 
Then the system will generate a report that the compliance of 
the department head is only sixty percent (60%). This 
statistical report will be check by the Dean, Faculty Secretary, 
and Department Head in the end of every semester for
decision making purposes. The decision making is primarily 
on budgeting of each department as said by the client of the 
proponents.

In determining the timely submission of documents by the 
different units of the Faculty of Medicine and Surgery the 
system has a reporting tool wherein the status of compliance 
in each faculty members are shown.  The proponents made the 
status of compliance color coded for easier evaluation of the 
departments or faculty members. Below is the screenshot of 
the reporting tool.

Fig. 12 Compliance reporting tools 1
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Fig. 13 Compliance reporting tools 2

To prove that the system has provided the Faculty of 
Medicine and Surgery an efficient communication to and from 
the different units of the faculty, the proponents took a time 
sampling of the steps in the existing process and compared it 
to the cycle time in the proposed process. The table below 
shows the computation of average cycle time in the existing 
process and proposed.

TABLE I
AVERAGE CYCLE TIME OF THE EXISTING PROCESS FOR THE DISTRIBUTION OF 

MEMO

TABLE III
AVERAGE CYCLE TIME OF THE PROPOSED PROCESS FOR THE DISTRIBUTION 

OF MEMO

    =
 
 × 100%

=
13,479.6 10,081.24  

10,081.24  × 100%

Efficiency of the Proposed Process = 33.71%

With the comparison done by the proponents, it shows that 
the time to create, deliver, and acknowledging of memo can 
be done just within the day. However, in the table for the 
proposed we made a one week due date for the 
acknowledgement of memo. That is also the reason why there 
is a constant value in both of the tables. The creation of memo 
in the proposed is much faster because it will no longer be 
printed for each recipient. With the existing, it takes the 
Faculty of Medicine and Surgery almost a day in creating and 
delivering of memo and another one to two weeks in gathering 
the receipt of acknowledgment from all the recipients.

Another business process improvement the Faculty of 
Medicine will incur is the decrease in storage of documents. 
In the existing the Faculty of Medicine and Surgery uses 
cabinets and rooms allotted for document. This process is 
prone to misplacement of document and damaging of the 
physical copy. In the proposed process the documents 
uploaded in the system will be stored in a central repository 
which is the database of the system. The system is also 
capable of archiving to prevent loss of documents in case of 
system failure.

VI. CONCLUSION

Like what a Document Management System should be, 
MDMS can store and manage documents. MDMS is able to 
make the process inside the Faculty of Medicine and Surgery 
more efficient. 

Currently MDMS is up and running. Continuous 
maintenance should take place administered by the IT 
department. The proponents would like to recommend the 
future developers of the system to use Optical Character 
Reader (OCR). It is a technology wherein hardcopies or PDF 
files can be transformed into a text file. The OCR deciphers 
the characters in the scanned document which will then be 
used to create a digital copy. Another feature that the 
proponents would like to recommend is the electronic 
signature. It is best if the next developers could add this 
feature to make the business process of the Faculty of 
Medicine and Surgery become closer to a paperless system. If 
incase the electronic signature is to be included be advise the 
developers to create a more secure system. Security is one of 
the concerns of the proponent’s client when it comes to 
electronic signature. Adding new type of reporting tools or 
statistical reports is also recommended to have a more 
accurate decision making in the user side of the system. Lastly, 
the proponents would also like to recommend the future 
developer of the system to include external document received 
by the Faculty of Medicine and Surgery in the Document 
Management System.
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Abstract— Fires have become an environmental concern in 
recent years in the city of Manila, posing a threat to the entire 
community and the environment as well. The rate of which it 
has reached has become very alarming and needs immediate 
approach. The Manila Fire District is facing problems in their 
internal transactions between different sub-stations and lacks a 
centralized tool to send and generate their reports to the 
headquarters easily and in a timely manner. The study will 
provide an automated fire incidents management system to the 
Manila Fire District. The reports and data were gathered from 
the Manila Fire District and used as basis in formulating the 
requirements of the system. The system will serve as a 
centralized server in sending and generating reports of fire 
incidents and as a database for the Manila Fire District as well.
The study will also provide a chart and a summary based on the 
input data of each sub-station. Through this, the system can 
provide a map of all the fire incidents in the city of Manila 
through geo-mapping. Geo-mapping delivers a graphical 
representation of fire incidents and can help identify fire prone 
areas and its most common causes. This way, the Manila Fire 
District and affiliated government units and organizations could 
plan ahead, design risk-reduction measures, implement 
appropriate programs and lead awareness campaign to the 
community to help lessen fire incidents and mitigate its 
damages. The results of this study can also be coupled with 
temporal and spatial analysis for developing better strategies in 
curbing fire incidents.

Index Terms - fire incidents management, geo-mapping, fire 
incidents, government units, manila fire district, bureau of fire 
protection, temporal and spatial analysis

I. INTRODUCTION

Fire safety has always been a critical issue and concern 
in the Philippines. Manila city is home of hundreds of high-
rise buildings, constructed using a variety of flammable 
materials generating concern in fire safety. Fire incidents in 
the city of Manila are alarmingly increasing and needs 
immediate approach to reduce these incidents. According to 
the Bureau of Fire Protection (BFP) a total of 615 fire 
incidents in Metro Manila occurred in the first two months of 
2015. Of these incidents, 18 people were killed and 46 were 

injured, according to a report on GMA News TV's 
“Balitanghali” [1]. Fires are not only causing threat to the 
community and the environment, but also to the lives of 
civilians and firemen as well. For the period 2010-2013, the 
total number of fire casualties increased from 911 to 1,018 
according to Philippine Statistics Authority [2].

The proponents selected the Manila Fire District to be 
the beneficiary of this study because most of the parts of the 
study area, which is the city of Manila, are accessible making 
the gathering of the data needed easier. The Manila Fire 
District is consists of 14 sub-stations namely: Arroceros, 
Bacood, Gagalanging, Intramuros, Malacañang, Paco, 
Pandacan, Sampaloc, San Lazaro, San Nicolas, Sta. Ana, Sta. 
Mesa, Tanduay and Tondo. The proponents have conducted 
an interview on the Manila Fire District Headquarters officers 
to gain information and gather the necessary report 
documents and records of fire incidents. On the interview, the 
officers stated there are problems being encountered on their 
internal processes such as sending and generating reports 
between each sub-stations and the headquarters. The current 
system of the sub-stations in sending and generating reports 
are in Excel file formats and being sent to the headquarters 
manually and untimely. Retrieving data and records are 
difficult due to piles of printed documents. The headquarters 
lack the tool on analyzing their reports visually through 
charts and geographic representation of fire incidents and its 
causes to determine fire prone areas and patterns. These 
existing problems are time-consuming as well as full of 
deficiency for them as a government unit trusted on saving 
lives and properties.

In this study, the proponents aimed to integrate 
technology in the internal processes of the Manila Fire 
District. The sending and generating of reports are automated 
and online through the Fire Incidents Management System. 
The system serves as a database of fire incidents and can 
provide generation of reports in charts to know what common 
causes of fires mostly occur in an hourly, daily, monthly, 
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quarterly, or yearly basis. It also uses GIS technology that 
can provide a geographical mapping of fire incidents to know 
the fire prone areas and the concentration of fire incidents on 
an area of the city of Manila. To have a better visual analysis, 
the proponents used the icons of the cause of the fire for 
plotting for the Manila Fire District to better analyze most 
common causes on different areas of the city. The results of 
this study can also be complemented with temporal or spatial 
analysis or spatiotemporal analysis. It can also help the 
Manila Fire District and affiliated government units to plan 
ahead and as well as the community to be informed about the 
fire incidents and fire prone areas around them.  This way, 
fire incidents could be reduced and alleviate its damages and 
the number of casualties could lessen to help save lives of 
both civilians and firemen.

II. RELATED STUDIES

Fire Incidents continue to get more complex each year. 
Even as populations grow, new technologies are developed, 
and people find new ways to create emergency situations, fire
fighters and other responders are expected to turn chaos into 
order. [4]. Fires and fire-related casualties are relatively 
unstudied in the Philippines but are perceived to be a 
continual problem in agreement with [10]Although people 
can’t know exactly where or when the next event will occur, 
many incidents are quite predictable, meaning they can and 
should prepare for them. The process of incidents analysis is 
very important, since it allows the fire department to discover 
any weak points or problems that can affect their critical 
services. In accordance to [6] GIS could help the fire 
agencies to reduce the fire consequences, provide first 
responders with the best information to make optimized 
decisions to recover from fire quickly and make a temporal 
analysis. To enhance the identification of fire patterns based 
on time, presenting chart tools can be used to add value. [7].
A web-based GIS can play a key role as an efficient way to 
distribute the information to different users [5]. The [9]
recommend that fire departments should provide access to 
their data and fire calls so a value can be added to the 
historical data and pattern and causes can be revealed. 
Spatiotemporal analysis can also be done to show the 
interaction between space and time which can be 
complemented by GIS techniques for better visualization of 
fire patterns. In accordance to [7] this will help in planning 
and decision making. Based on [12] that no phenomenon has 
ever been controlled before it was completely understood. 
This concept is applicable to the prevention and control of 
fires. This fire prone area map can serve as the base 
information for developing a fire management system. In the 
study of [8] stated that the way that the human brain 
processes information, it is faster for people to grasp the 
meaning of many data points when they are displayed in 
charts and graphs rather than poring over piles of 
spreadsheets or reading pages and pages of reports.

III. RESEARCH METHODOLOGIES

Fig. 1 Research Framework

The research framework on how the study was 
conducted is shown in Fig. 1. All documents and information 
needed for the study were gathered from the Manila Fire 
District Headquarters. A questionnaire was provided and 
interview was also conducted to a representative for more 
detailed gathering of data. The documents and information 
gathered were reviewed and analyzed to come up with the 
important requirements in developing the system and its 
modules.

Once reviewed and analyzed, the proponents formulated 
the system requirements and appropriate modules. Based on 
the identified requirements, the system should serve as a 
database and a centralized tool for the Manila Fire District in 
sending and generating fire reports. Through the reports, the 
Manila Fire District can generate chart of the reports to come 
up with different variations of fire causes on different time 
variables to determine fire patterns across Manila.

The system will be using GIS technology as an 
additional feature to enable the Manila Fire District to have a 
graphical representation of fire incidents in Manila. The data 
from the reports are going to be useful in providing 
geographic data analysis. The study made use of the location 
included in the reports to get the location coordinates of the 
fire incidents to be plotted using Google Maps. Google Maps 
is a desktop web mapping service developed by Google. It 
offers satellite imagery, street maps, 360 panoramic street 
views, real-time traffic conditions and route planning [3]. 
With this, the Manila Fire District will have a visualization of 
fire incidents, fire patterns and prone areas, and determine its 
main causes.

IV. SYSTEM ARCHITECTURE

Fig. 2 System Architecture
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The system has 3 different roles, each has its own 
functionalities and levels of authorization. The District 
officer can only view the records list, create a survey to be 
sent to the headquarters for the headquarters officer to 
generate, and import excel file of reports of fire incidents to 
be stored and generated into the system. The Headquarters 
officer will be the one to generate the excel reports, generate 
the charts and generate the maps. The administrator is the 
only user allowed to edit the profile of the users such as 
changing authorization and approving registrations of 
officers. The administrator is also the only user that can both 
send and generate the reports. All transactions and reports are 
stored in the database.

V. SYSTEM FEATURES

The system is the Manila Fire Incidents Management 
System in the City of Manila through Geo-mapping. It is a 
web-based system that allows the Manila Fire District to send 
monthly reports and generate reports of fire incidents from 
different sub-stations to the headquarters. An additional
feature of the system is the geo-mapping of fire incidents in 
the city of manila with auto-generation of location 
coordinates known as longitude and latitude.

 

Fig. 3 Create Survey Module with auto-generation of 
longitude and latitude functionality

The Create Survey Module is shown in Fig. 3. The 
district officer can create the reports. One of the main 
features of this is the auto-generation of the location 
coordinates of a specific location, known as the longitude and 
latitude. It will be used for plotting of the location on the 
map. The address fields are where the location coordinates 
will be based.

 

Fig. 4 Generation of excel reports

Fig. 5.1 Monthly patterns of fire incidents per cause

Fig. 5.2 Daily pattern of fire per cause

Generation of excel reports is shown in Fig. 4. The 
system will also provide generation of charts based on 
filtered fields such as hourly, daily, monthly, and quarterly
bases on the selected year, yearly, per district or the different 
causes of fire. Fig. 5.1 shows the fires that occurred on a 
monthly basis and Fig. 5.2 shows the daily occurrence of 
fires in the year 2016.

Fig 6.1 Fires Due to Different Causes
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Fig. 6.2 Fires Due to Electrical Connection

Fig. 7 Heat Map showing Fire Concentration and 
Radius on Different Areas of Manila

The Mapping Module will be used to visually present 
fire incidents and fire prone areas based on time variables and 
its causes. Fig. 6.1 and 6.2 shows the icon used in plotting are
the cause of the fire to easily determine fire patterns and 
trends. Fig. 6.1 can suggest that there is a problem with the 
electrical connection due to the cause of two fire incidents on 
an area of Sta. Mesa. A heat map is also provided to 
determine fire concentration and radius of the fire incidents 
on an affected area shown in Fig. 7

VI. CONCLUSION AND RECOMMENDATION

The proposed system will help the Manila Fire District in 
fire prevention planning and fire response management, and 
in visualizing fire incidents in different areas in the city of 
Manila through geo-mapping. Geo-mapping technique 
provides an in-depth perception of geographic presentation of 
fire incidents, fire prone areas and other trends and patterns. 
Through this, the Manila Fire District can identify different 
patterns of fire incidents and its common causes to be able to 
come up with a conclusion on how to reduce cases and risks 
of fires in the city of Manila. This way, the Manila Fire 
District and affiliated government units and organizations 
could plan ahead, design risk-reduction measures, implement 
appropriate programs and lead awareness campaign to the 
community to help lessen fire incidents and mitigate its 
damages.

While this study offers a better visualization of fire 
patterns, GIS technology can also be used in different areas 
of research. Geo-mapping can offer temporal and spatial 
analyses since it gives fire patterns that could help reveal fire 
patterns occurring in high frequency at a certain period of 
time and show which areas are more likely to get fire 
incidents than the others.
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Abstract— This study seeks to develop a framework for Web 2.0 
learning environment based on qualitative data gathered from 
computer mediated communication (CMC). Prior to the CMC 
data gathering an a priori construct was conceptualized based on 
a review of literature in this study. The seed data source was 
from an initial study of the author on a framework on the use of 
blogs in the teaching learning process and was further validated
thru mediated blog discussions facilitated by the author. Two
mediated online blog interview transcripts resulting to 230 blog 
posts of participants where coded and used in this study. The 
approach looked into the CMC data gathering method and the 
method of generating theory from constant data comparison was 
used to analyse the literature articles leading towards an A priori
assumption. Basically the study findings show the objective of 
having a Web 2.0 based learning environment like Blogs is to 
have engaged learners. As such the study was able to determine 
nine emerging high level category themes namely: “Valuing”, 
“Executing”, “Hurdling”, “Reflecting”, “Empowering”, 
“Standardizing”, “Managing”, “Strategizing”, and the main 
theme “Engaging” that bound all the themes together into a 
framework. The emerged framework, represented as a living 
ecosystem, shall serve as a model for educational leaders in 
selecting and implementing methods that ensure synergy and 
collaboration among the various living themes in order to 
function and achieve the end goal of having engaged learners.

Keywords— Big data, Grounded theory, Information System, e-
Learning and Computer Mediated Communication.

I. INTRODUCTION

Web 2.0 is a personalized communicative form of the 
World Wide Web that allows active participation, connectivity, 
collaboration and sharing of knowledge and ideas among 
users [1]. The technology serves as a social networking 
service that focuses on building online communities of people 
who share interest and activities [2]. To date most popular 
types of Web 2.0 websites include online social networking 
(Facebook, Blogger), online social media (YouTube, Wiki’s), 
online social discussion (Twitter, Skype), and online activity 
management (Moodle, Google Docs).  Even though there are 
three variants of specialized services, one thing common is 
that Web 2.0 technologies has served as an effective tool for 
constructive collaboration. 

The root of its continuous success started in online social 
media. Online social media has changed the landscape on how 
information is shared and redefined the concept of free 
information. With content openly uploaded in the World Wide 
Web and having the online participants decide whether such 
information is relevant, led to the phenomenal continuous 
exponential increase of readily available information without 
any signs of stopping anytime soon. This breakthrough 
created a revolutionary virtual environment that enable social 
interaction from the traditional “one is to one” to “one is too 
many”. With features built into such technologies enable 
managing such feats as revolutionary and as easy as a simple 
click of a button. As such, constant none stop innovation has 
been introduced to play catch up on the users concerns in 
aiding to understand and analyse the flow of vast amount of 
information otherwise known as Big Data. 

Given the nature of the study, the main setting focused on 
Computer Mediated Communication (CMC) namely blogs 
and online video. The Internet is a network of computers that 
allows us to create networks of connection. Although we 
might consider the Internet merely a conduit for information 
transmission, the content and resultant social contexts of these 
networks and transmissions on its own are already fruitfully 
conceptualized as meaningful phenomena themselves [3].

As a context almost entirely comprised of text, the internet 
is an exciting location of social meaning and organization. An 
example of grounded theory research using CMC was done by 
Schneider [4]. This study analysed what it means to be a 
blogger in the field of training and development (eduBlogger), 
as well as the credibility of blogs intended for the training 
community. The specific research questions were posed from 
the insider’s perspective. The objective of this study was to 
attempt to paint a portrait of an eduBlogger and uncover areas 
for further research based on observed transcripts of 5 
bloggers and artefact analysis of each of their blogs over a 4-
month period, with the intention of identifying key 
phenomena. These findings were translated to common 
themes related to the eduBloggers’ motivations, writing style, 
community building and other general practices were 
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uncovered which validates also the approach of computer 
mediated communication as a relevant tool for data gathering.

At the end, adopting the Internet as a means of augmenting 
traditional studies required attention to the creative 
possibilities as well as to the foundations of qualitative inquiry, 
so that one’s decisions to use the Internet are both 
philosophically and methodologically sound [5].

II. THEORY GENERATION

The study started by revisiting the methodology and 
findings of Chua [6]. The initial A priori findings was the 
basis for two online blog topics mediated this time by the 
author to validate further the scope of the initial framework 
from blogs to Web 2.0 in general. The mediated discussion 
looked into where digitization in the classrooms will take us? 
And how teachers and classrooms change in this connected 
age? A total of 230 blog post was coded and analysed using 
the detailed flow process of Pandit’s [7] qualitative method. 
As seen in Fig. 1, unlike other grounded theory methods 
literature play a vital role as it connects to the premise of the 
A priori constructs and at the same time aids in the final 
theory generation. This was done as such to achieve an 
affirmative process in making sense of the data but not serve
as part of the data or the data itself.

Fig. 1: Interrelated Processes to Build Grounded Theory

Pandit [8] was clear to note that building grounded theory 
based on this approach also came with problems: one of which 
was the sheer volume and complexity of data generated online; 
uncontrollable long periods of behaviour uncertainty; and 
without established protocol to follow in setting a priori 
hypothesis through review of related literature, much of the 
first half of the study period required a good measure of faith 
and hope. As such a related study in devising a priori 
constructs based on a hybrid constant comparison model of 
Glaser & Strauss [9] combined with content analysis was used 
to factor in and analyse literature. This approached was used 
to augment the missing protocol for a priori hypothesis in Fig.
1. The hybrid constant comparison model is seen in Fig. 2.

Fig. 2: Conceptual Analysis and Constant Comparative Process [10]

The Resulting two methodology combined now becomes an 
emergent procedural framework for generation of the theory 
for “Web 2.0 Learning Environment” is presented in Figs. 3, 4, 
5, 6, and 7. The figures describe the systematic process 
operation of the grounded theory in this study.

Fig. 3: Procedural framework A (Research Design Phase)

Fig. 4: Procedural framework B (Data Collection Phase)

Fig. 5: Procedural framework C (Data Ordering Phase)
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Fig. 6: Procedural framework D (Data Analysis Phase)

Fig. 7: Procedural framework E (Literature Comparison Phase)

III. THE RESULTS

The concluding data analysis stage in theory development 
attempted to explain based on the mind map presented in Fig.
8 how the core categories have been developed. By drafting 
the interrelation of the data generated in Figs. 9-10, resulted to 
a figurative representation of the story line showing how 
concepts from a central thought branches out into more 
specific thought as such led to a sense of realization as what 
Tan [11] mentioned the “Aha” experience. This now served as 
the preliminary skeletal framework used in the analysis stage 
that led to generating the theory of “Framework for a Web 2.0 
Learning Environment.”

The journey of understanding following Pandit’s [12]
approach looked into the vast textual data from literature to 
CMC. This process generated an A priori concept leading 
towards the definition of the seed cluster category in grounded 
theory generation. From this seed then the resulting cluster 
category is used to do constant data comparison to evolve the 
clusters and eventually confirm data saturation. This then 
resulted to understanding the final big picture emerging from 
the accumulated CMC data.

Fig. 8: Resulting mind map for WEB 2.0 learning environment

Fig. 9: Resulting A priori category and cluster category network relation 
diagram
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Fig. 10: Resulting Category to Similar Property Network Relation 
Diagram

Repeating the whole process of backtracking and 
validations by going back to the starting point and redefining 
the final end point of the story line, a network relation 
diagram was used again to see the interrelation of the emerged 
data as leading to the framework shown in Fig. 11. Based 
from the complete network relation diagram of the whole 
study as seen in Figs. 8-10 and reapplying extant literature to 
validate and affirm patterns and behaviours, the resulting 
study presented a Web 2.0 learning environment as a system 
of complex but synergized processes. The illustration used an 
analogy of a living ecosystem. Combining the significant 
extant literature from Diffusion of Innovation Normal 
Frequency Curve by Rogers [13] and from the National 
Educational Technology Standards of ISTE with the nine 
emerging theme categories into a single framework using an 
ecosystem approach indicated the equal importance of each 
category and its role in the living system. 

The use of an ecosystem allow a representation of a living 
system that can evolve through time but also show its fragile 
nature that can be prone to breakdown if there is an imbalance. 
As such the framework indicated the layers of the living Web 
2.0 learning ecosystem having overlaps that complements 
each other. The overlaps behave like a Venn diagram that 
represents area unions and intersections of the category 
themes. Such intersections and unions provide a more specific 
role of each category in the framework. Unions or clusters 
encompassing each layer show a more close collaboration. 
Another intersection in the ecosystem is the typology of users 
which allows constant referencing of the two outer layers on 
the state of their learners. The additional bubble thoughts 
prescribed a more specific starting point and direction of 
approach from its corresponding source category in order for 
the ecosystem to nurture its main theme category “Engaging”.

In relation, a close loop connection based on double headed 
arrows allows direct interconnectivity to each category in the 
cluster. The close loop also gives the representation of the 
flexibility of natural ecosystems, wherein the close loop 
system allows two systems of either clockwise or counter
clockwise communication. Finally an interconnection between 
“Engaging” to “Web 2.0” as presented in the core layer 
defines “Engaging” as a borderless or endless quest to 
learning. This was based on the coded data which was 
consistent from the emerging characteristic that information is 
not limited within the organization; but in fact is readily and 
easily accessible across the whole world with Web 2.0.

Fig. 11: Framework for WEB 2.0 learning environment

The resulting data set that comprised the framework was 
then subjected to the matter of external validity in order to test 
its universality. Silverman [14] stated that “validity” is 
another word for “truth”. The objective of this study generally 
is to find the “truth” about understanding the process leading 
towards crafting a framework for Web 2.0 learning thru the 
use of CMC in the teaching learning process. As such the final 
data set underwent five strategies of validation namely: (1) 
Refutability principle, (2) Constant comparative method, (3) 
Comprehensive data treatment, (4) Searching for deviant cases, 
and (5) Making appropriate data tabulations. 

The validity process entail finding extant literatures to cross 
validate the occurrence of the themes and cross linking the 
extant literature findings if in fact align to or contradict each 
individual emerging theme. The identified extant literature 
findings are then subjected to further qualitative review in 
terms of the interrelation of the concluded findings.  The 
process cycle of returning to extant literature and back to the 
emergent data showed that the evolution of the data from the 
A priori to the emerging theme components is grounded 
independently. The final textual tabulations of the independent 
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findings as presented in each extant literature showed there is 
alignment to the emerged framework hence validates the 
themes relationship in the framework as presented in Fig. 11.

IV. CONCLUSIONS

Education has always been a great equalizer, but access to 
education does not make this happen. Even with access to 
education, measures that ensure our students are engaged such 
that they become lifelong learners are not generally in place. 
This study looked into a Web 2.0 trend schools are jumping 
into in the hope to engage learners. Common news and stories 
have been seen that talks about schools installing multimedia 
projectors in all of their classrooms, schools implementing full 
“Wifi” access across their campus, schools deploying and 
giving free “Tablets” and “e-books” to their students, and 
schools going to online learning. These are bold moves that 
are massive and expensive. This research presented a 
framework towards a Web 2.0 learning environment that 
enables schools (administrators, teachers, students) to come 
up with an integrative approach to introducing technology in 
education with the sole goal of achieving engaged learners. 
This framework comprising of nine themes (“Valuing”, 
‘Executing”, “Hurdling”, “Reflecting”, “Empowering”, 
“Standardizing”, “Managing”, “Strategizing”, and “Engaging”) 
will enable educational leaders to fully understand and assess 
their technology integration initiatives pertaining to the Web 
2.0 era. As such the framework provides educational leaders a 
theoretical understanding on how Web 2.0 inter relates to its 
environment and how it is closely knitted to its defined theme 
component. Having this knowledge, educational leaders can 
now map out their initiatives in both technology and approach 
as such at the end achieve a common emergent goal, which is 
ensuring learners are engaged. Especially with the onset of the 
ASEAN 2015 that opens doors towards internationalized 
workforce and marketplace. This has ushered an era when 
information is readily available worldwide and information 
creation is no longer exclusive to one person but is more 
participatory and mass based. The more so there is need for 
aligning educational policies to international standards, 
international content, and international environment using 
viable and economic approach that easily adhere to the masses 
based on Web 2.0. Having “Standardizing” being one of the 
emerging themes in the Web 2.0 theory would play a 
significant role in evolving educational system to engage 
learners and prepare the graduates or the workforce for 
ASEAN 2015.
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Abstract— Darknet is reachable but unused IP address space. 
Since legitimate hosts will generally have no reason to send 
packets to darknet, most of the packets seen in darknet are 
results of attacks, experiments or errors. Thus, darknet traffic 
analysis is a good candidate to understand the activities of 
attackers, worms, and infected hosts in the Internet. In this 
paper, we analyze darknet traffic by focusing on traffic stability. 
The concept of traffic stability is that the relative volume of 
dominant traffic components do not change drastically. We 
hypothesize that though the volume of darknet traffic is orders of
magnitude smaller than Internet traffic, the stability principle 
holds and that the instabilities in traffic indicate the occurrence 
of some events in darknet. We categorize packets in darknet 
based on values of the fields in the packet header and calculate 
the volume of dominant components. We analysed two datasets 
of darknet traffic and found several significant instabilities. We 
analysed the causes of the instabilities and characteristics of the 
corresponding packet categories. Some of the detected events 
could be correlated with known and recorded network events. 
The analysis results show that traffic stability is a useful concept 
even for darknet traffic analysis.

Keywords- Network security, darknet, traffic analysis, traffic 
stability

I. INTRODUCTION

With the growth in the number of Internet users and 
expanding scope of Internet applications, the number of 
security incidents in the Internet is also rapidly increasing. In 
one study, scan activity was 53.0%, website defacement 
15.8%, phishing activity 13.9%, malware attacks 3.2%, 
targeted attacks 1.6%, DoS/DDoS attacks 0.6%, and others 
12.0% [1]. Knowing and understanding the malicious 
activities and their mechanisms in the Internet is a challenge. 
Darknet traffic analysis is a good method to understand the 
activities of attackers, worms, and infected hosts. Darknet is
reachable but unused IP address space. Since legitimate hosts 
will generally have no reason to send packets to darknet, most 
of the packets seen in darknet are results of attacks, 
experiments or errors. According to reference [2], darknet is 
one of the best method to monitor packets sent by malicious 
software. Darknet is often proposed as a means to monitor 

anomalous, external traffic sources, and require large, 
contiguous blocks of unused IP addresses [3].

In this paper, we analyse darknet traffic from the viewpoint 
of traffic stability. The concept of traffic stability assumes that 
the relative volume of dominant traffic components do not 
change drastically. Hence, we categorize packets in darknet 
based on values of the fields in the packet header and 
calculate the volume of dominant components.  

We hypothesize that darknet traffic has the same stability 
characteristics as the normal (non-darknet) traffic. By 
observing the stability of darknet traffic, we will be able to 
detect events and analyze activities of attackers, worms, and 
infected hosts on an internet scale.

The remainder of the paper is organized as follows: in 
Section 2 we review related works. In Section 3 we describe 
our analysis of darknet traffic. In section 4, we present the 
results. Finally, in Section 5 we give the conclusion of our 
work and discuss future works.

II. RELATED WORKS

This section introduces works related to darknet traffic 
monitoring and analysis.

A. Darknet monitoring systems
Several organizations have deployed darknet monitoring

systems. 
1) JPCERT/CC - TSUBAME[4]

TSUBAME is an Internet threat monitoring system 
operated by Japan Computer Emergency Response Team 
Coordination Center (JPCERT/CC). A number of traffic 
sensors are deployed in various address blocks in the Asia-
Pacific region. They monitor the edge of xDSL lines and lines 
near Internet exchanges etc. 

JPCERT/CC analyzes TCP, UDP, and ICMP packets 
monitored by TSUBAME and periodically reports trends of 
scans in the Internet [5]. Moreover, the observed data used as 
a basis of JPCERT/CC’s activities viz. publishing alerts,
advisories, and security awareness document. 
2) NICT - nicter darknet[6]

The National Institute of Information and 
Communications Technology (NICT) in Japan operates a
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threat monitoring system called nicter. This system monitors 
darknet covering hundreds of thousand IP addresses. The 
monitoring results are utilized in the DAEDALUS Security[7]
alerting system.

3) CAIDA - Network telescope[8]
Network telescope is a darknet monitoring system operated 

by the Center for Applied Internet Data Analysis (CAIDA).
This is a passive traffic monitoring system built on globally 
routed, but lightly utilized /8 network that carries almost no 
legitimate e traffic because most IP address in this prefix are 
not assigned to any hosts. After disregarding traffic to the few 
hosts with assigned IP addresses, the remaining packets 
represent a continuous sample of anomalous unsolicited traffic. 
CAIDA makes available a number of dataset for researchers 
who wish to study data. It has been open to the public. The 
dataset on denial-of-service attack, backscatter, and Internet 
worms resulted in the following publications by external 
researchers [9] .

B. Darknet analysis
Darknet traffic analysis is carried out in order to 

understand the overall characteristics and trends in the internet.
A lot of work has been done using the traffic of different
darknet monitoring systems. Darknet use for deploying 
backscatter detectors, packet sniffers, or IDS boxes and 
provides overview of darknet implementation for collecting 
malicious activities in the Internet. The goals of darknet 
analysis are to increase awareness, and provide easy 
mitigation [10]. In their work, network telescope [11] provides 
the opportunity to view remote network security events such 
as various forms of flooding denial-of-service attacks, 
infection of hosts by Internet worms, and network scanning. 
In Darknet Monitoring on Real-Operated Networks [12], the
authors deployed two types of sensors, darknet sensors and 
honeypots, on real-operated network, captured darknet traffic,
conducted real darknet monitoring experiments and clarified
what kind of information could be obtained.

Darknets can produce vast quantities of multi-dimensional 
measurement data. The authors in [13] demonstrate a method
for building and operating darknet monitors which is simple 
and productive. Darknet traffic can be classified as infection 
attempts by worm, botnet, misconfigured application, 
backscatter from spoofed denial of service attacks, and 
network scanning problems. The authors in [14] focus on TCP 
sessions initiated by activities from botnets or worms in the 
Internet and propose a multi-dimensional malicious packet 
monitoring architecture for internet threat detection. Our study 
can detect and analyze network events on darknet traffic and 
developments of the darknet system for protection against 
threats that may arise in the future.

III. DARKNET TRAFFIC ANALYSIS METHOD BY FOCUSING ON
TRAFFIC STABILITY

This section describes the darknet analysis technique by 
focusing on stability of traffic.

A. Stability of traffic 

Internet traffic contains several groups. Each group is 
characterized by a unique packet type. The volume of a group
is the number of packets in the group. A group is dominant if 
it contributes more than some pre-specified threshold, Th%, of 
the total traffic seen at the traffic sensor. The concept of 
internet traffic stability is that the relative volume of dominant 
traffic components do not change drastically. We apply this 
idea to darknet traffic analysis. We categorize darknet traffic 
packets into groups based on values of the packet header
fields and calculate the volume of the groups. Changes in 
relative volume of groups, and the number of dominant groups
will indicate instability. We hypothesize that an instability is
caused by one or more events in the darknet. The concept of 
event detection by focusing on traffic stability is illustrated in 
Figure 1.

Figure 1: Event detection by focusing traffic stability 

     As shown in Figure 1, specific types of packets are 
persistently dominant in network traffic when traffic is stable. 
If some events occur, the number of packets, type of packets
and the number of packet types in dominant component will 
change. In the rest of this section, we explain the algorithm to 
judge traffic stability.

B. Calculating 
indicates the top groups, sorted by traffic volume,

which contribute to network traffic above a threshold. It is 
determined by the traffic percentage of that group. Figure 2
illustrates calculation method. In this figure, packets are 
categorized based on the destination port number in TCP and 
UDP header fields.

Figure 2: Calculation of TopN
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In Figure 2, represents -th packet group sorted in 
descending order by volume of the group. ( ) denotes the 
number of packets in ( ( ) ( ) ). ( ) , the 
occupancy of , is calculated by Eq. (1). is the number 
of packet groups for which ( ) is larger than a pre-defined 
threshold . In Figure 2, only ( ) and ( ) are larger 
than = 10%. Hence becomes 2. In the proposed 
method, we evaluate the traffic stability based on and 
detect events in darknet traffic by investigating packet 
groups.

( ) =
( )

( ) × 100% (1)

By calculating and focusing on , we can dynamically 
change the investigation target. Conventional methods often 
select the investigation target statically. Typically, 5 or 

10 groups of packets are selected. However, focusing on a
fixed number of packet groups sometimes leads to 
misunderstanding of events in traffic. For instance, when 

10 packet groups are focussed on, a scan of 11 or more 
ports will be detected but its characteristics will not be 
correctly understood. On the other hand, in the case of a 
DDoS attack against a single port, investigation of all 10
packet groups is not required. Focusing on groups is 
useful for efficiently selecting investigation target.

C. Evaluating Stability 
The proposed method evaluates stability of traffic on a 

daily basis by observing  groups of the day. Let 
denote value of a timeslot . Timeslot  is considered 
stable if  satisfies Eq.(2).

2 < < + 2 (2)
    

In this formula, and denotes an average and standard 
deviation of for the last  consecutive timeslots from 
the timeslot  respectively. If satisfies the condition 
below, traffic in timeslot is considered stable. 

IV. ANALYSIS RESULT

A. Dataset
In this research, we analyse two datasets: traffic data 

monitored at JPCERT/CC TSUBAME and traffic data 
monitored at a local darknet. In this section, we give an
overview of each dataset and then discuss the detected 
instabilities and their reason.

1) Dataset1: Tsubame
This dataset contains darknet traffic seen by the 

JPCERT/CC TSUBAME system over a period of 5 years 
(2010/1/1~2014/12/31). With 18,948,793 packets in the 
dataset the average number of packets/day is 10,365. Packets
are categorized according to the destination port in TCP/UDP 
header.
The contiguous data is split into slots of appropriate time
duration for stability analysis  is calculated for

values of 1.0 %, 0.75% and 0.5%. We show the variation of 
daily in Figure 3. The stability of each day was 
evaluated using 1-day slots =7. We found 76 unstable days 
(76 slots). 

Figure 3: Variation daily TopN (Dataset1)

2) Dataset 2: A local darknet 
This dataset contain s traffic seen over a period of 3

months (2015/12/13 ~ 2016/02/14) at a local darknet. With 
12,277,716 packets, the average number of packets/day is 
188,887. Packets are categorized according to the destination 
port in TCP/UDP header and is calculated for  
values of 1.0 %, 0.75% and 0.5%. The variation of daily  

is shown in Figure 4. The stability of each day is 
evaluated using 1-day slots and =7. We found 6 unstable 
days (6 slots).

Figure 4: Variation of daily TopN (Dataset2)

B. Case studies from Dataset1
In this subsection, we show several anomalous events 

detected by careful investigation of traffic data in 76 unstable 
days.

1) Case 1: Instability on 2013/03/06
There was instability on this day due to the sudden 

decrease in value. decreased to 3 from the range 
of 14 to 19 in  the previous 7 days. To explore the probable 
event that caused the instability we examine the traffic in the 
TopN groups in detail.
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Table I shows the number of source IP addresses, number 

of destination ports, number of packets to each destination 
port, and type of packet in groups. A large number of 
packets are sent to UDP port 2849 on a specific sensor during 
relatively short period. Figure 5 shows the number of packets 
per minute, sent to UDP port 2849. Those packets are sent 
from 233 hosts in a distributed manner. Therefore, we
conclude that the instability was due to a Distributed Denial of 
Service (DDoS) attacks. In DDoS attacks, many devices send 
a large number of packets all at once.

TABLE I

THE NUMBER OF PACKETS IN TOPN GROUPS OF 2013/03/06

Number of 
src hosts

Number of 
dst ports

Number of
pkts

Dst
port 

Type of 
pkts

233 1 229627 2849 UDP
4488 1 19341 6667 TCP SYN
1001 1 3349 3128 TCP SYN

Figure 5: Number of packets sent to UDP port 2849

2) Case 2: Instability on 2013/03/31
There was instability on this day due to the sudden 

decrease of to 3 from a range of 12 to 22 in the
previous 7 days. 

Table II shows the number of source IP addresses, number 
of destination ports, number of packets to each destination 
port, and type of packet, in  groups. A large number of 
packets are sent to UDP port 52290 during relatively short 
period. Figure 6 shows the number of packet per minute, sent 
to UDP port 52290.  Those packets are sent from specific host
but no specific service is defined on this port. Thus, we 
conclude that misconfiguration at source host is a probable 
cause of the instability.

TABLE II

THE NUMBER OF PACKETS IN TOPN GROUPS OF 2013/03/31

Number of 
src hosts

Number of 
dst ports

Number of
pkts

Dst
port 

Type of 
pkts

1 1 27079 52290 UDP
548 1 1101 445 TCP SYN

98 1 465 1433 TCP SYN

Figure 6: Number of packets sent to UDP port 52290

3) Case 3: Instability on 2013/10/30
There was instability on this day due to the sudden 

decrease of  value to 4 from a range of 12 to 18 in the
previous 7 days. 

Table III shows the number of source IP addresses, number 
of destination ports, number of packets to each destination 
port, and type of packet, in groups. A large number of 
packets are sent to UDP port 3391 on a specific sensor during 
relatively short period. Figure 7 shows the number of packets 
sent to UDP port 3391. UDP port 3391 is used for Remote 
Desktop Protocol (RDP) over Datagram Transport Layer 
Security (DTLS). Those packets are sent from a specific host. 
We conclude that the instability is caused by a
misconfiguration at source host or scanning for potential 
reflectors of RDP over DTLS for a reflection attack.

TABLE III

THE NUMBER OF PACKETS IN TOPN GROUPS OF 2013/10/30

Number of 
src hosts

Number of 
dst ports

Number of
pkts

Dst
port 

Type of 
pkts

1 1 21429 3391 UDP

542 1 1085 445 TCP SYN

79 1 491 1433 TCP SYN

109 1 276 22 TCP SYN

Figure 7: Number of packets sent to UDP port 3391

4) Case 4: Instability on 2014/01/02
There was instability on this day due to the sudden 

decrease of to 9 from a range of 13 to 19 in the 
previous 7 days. Table IV shows the number of source IP 
addresses, number of destination ports, number of packets to 
each destination port, and type of packets in the  groups.
A large number of packets are sent to UDP port 3395 on a 
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specific sensor during relatively short period. Figure 8 shows 
the number of packets sent to UDP 3395. UDP port 3395 is 
sometimes used for Remote Desktop Protocol (RDP) over 
Datagram Transport Layer Security (DTLS).

We also conclude that instability is caused by 
misconfiguration or scanning for a potential reflector of RDP 
over DTLS for a reflection attack.

TABLE IV

THE NUMBER OF PACKETS IN TOPN GROUPS OF 2014/01/02

Number 
of 

src hosts

Number 
of 

dst ports

Number 
of pkts

Dst 
port 

Type of 
pkts

1 1 7514 3395 UDP

402 1 824 445 TCP SYN

126 1 499 22 TCP SYN

75 1 389 1433 TCP SYN

86 1 286 80 TCP SYN

96 1 265 3389 TCP SYN

7 1 153 1234 TCP SYN/ACK

58 1 143 8080 TCP SYN

30 1 137 5900 TCP SYN

Figure 8: Number of packets sent to UDP port 3395

5) Case 5: Instability on 2014/06/02
There was instability on this day due to the sudden 

decrease of to 9 from a range of 11 to 16 in the 
previous 7 days. Figure 9 shows the number of packets sent to 
each destination port. A single host sends a large of packets
sent to UDP port 4614 on a specific sensor. We assume that
instability is caused by misconfiguration or scan activity to 
port 4614[15].

Figure 9: Number of packets to each destination port in groups

6) Case 6: Instability on 2014/06/16
This day is considered as instable due to sudden decrease 

of to 5 from a range of 12 to 17 in the previous 7 days.
Table V shows the number of source IP addresses, number of 
destination ports, number of packets to each destination port, 
and type of packet in  groups. Three hosts sent a large 
number of packets sent to UDP port 4614 on specific host 
during relatively short period. Figure 10 shows the number of 
packets sent from each source host. We consider that 
instability is cause by misconfiguration or scan attack.

TABLE V

THE NUMBER OF PACKETS IN TOPN GROUPS OF 2014/06/16

Number of 
src hosts

Number of 
dst ports

Number of
pkts Dst port Type of pkts

3 1 23092 4614 UDP

247 1 1207 22 TCP SYN

568 1 1173 445 TCP SYN

159 1 763 1433 TCP SYN

152 1 598 23 TCP SYN

Figure 10: Number of packets from each source host

7) Case 7: Instability on 2014/10/15
There was instability on this day due to the sudden 

decrease of to 9 from a range of 18 to 23 in the
previous 7 days. We conclude that the instability was likely 
due to misconfiguration of P2P software. Table VI shows the 
number of source IP addresses, number of destination ports,
number of packets to each destination port, and type of packet 
in groups. A large number of packets sent to UDP port 
12543 on specific host during relatively long period. Those 
packets are sent from 4445 hosts. JPCERT/CC also detected 
this suspicious activity and concluded that this is due to the 
misconfiguration of P2P software [16].

TABLE VI

THE NUMBER OF PACKETS IN TOPN GROUPS OF 2014/10/15

Number 
of 

src hosts

Number of dst
ports

Number 
of

pkts

Dst
port 

Type of 
pkts

4445 1 23747 12543 UDP
2 1 1716 65328 TCP SYN

507 1 1023 445 TCP SYN
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279 1 926 22 TCP SYN

1 1 852 50206 TCP SYN
162 1 700 1433 TCP SYN
229 1 667 23 TCP SYN

6 1 603 53 TCP SYN
145 1 454 80 TCP SYN

C. Case studies from Dataset2
We show two case studies from the second dataset.

1) Case 1: Instability on 2015/12/23
There was instability on this day due to the sudden 

decrease of to 6 from a range of 11 to 15 in the 
previous 7 days.

Figure 11 shows the number of packets sent to each 
destination port. A large number of packets are sent to UDP 
port 64157 and 64066 on a specific sensor for a relatively long 
period. These packets are sent from UDP port 53 of a specific
host. It is likely that this event is the result of backscatter from 
an attack against a specific DNS server.

Figure 11: Number of packets sent to destination port in groups

2) Case 2: Instability on 2016/01/01
There was instability on this day due to the sudden 

increase of to 21 from a range of 11 to 16 in the
previous 7 days. Table VII shows the number of source IP 
addresses, number of destination ports, number of packets to 
each destination port, and type of packet in groups. A
large number of packets sent to TCP port 23. However, we 
focus on number of packet sent to UDP port 64187 on specific 
host during relatively long period. Those packets are sent from
UDP port 53 on a specific host. It is considered that this event 
is backscatter of the attack against specific DNS server.

Moreover, several host sends UDP packets to several
ports during relatively short period. Thus, we assume that
some scan activity affected to the instability on this day.

Thus, we conclude that the instability was likely due to 
the combination of backscatter from an attack on a DNS 
server and a scan.

TABLE VII

THE NUMBER OF PACKETS IN TOPN GROUPS OF 2016/01/01

Number of 
src hosts

Number of 
dst ports

Number of
pkts

Dst 
port 

Type of 
pkts

3759 1 43438 23 TCP
1 1 33806 64187 UDP

5740 1 15586 445 TCP

35 1 11726 53413 UDP
273 1 6303 22 TCP
400 1 4098 80 TCP
205 1 3653 8000 TCP

1 1 3616 23387 UDP
1 1 3595 29630 UDP
1 1 3573 16635 UDP
1 1 3519 32516 UDP
1 1 3472 27998 UDP
1 1 3454 5919 UDP
1 1 3248 45703 UDP
1 1 3186 11252 UDP

540 1 2927 3389 TCP
19 1 2906 5060 UDP

265 1 2591 3306 TCP
300 1 2373 53 UDP

62 1 2324 123 UDP

V. CONCLUSIONS

In this paper, we have applied stability based traffic 
analysis to darknet traffic 

We have proposed that stability based traffic analysis can 
be used for event detection and categorization on on internet-
scale. The concept of traffic stability is that the relative 
volume of dominant traffic components does not change 
drastically. We have used real-life datasets for 
experimentation. We calculated groups and evaluated
stability of traffic on a daily basis by using of the day. 
The result of this analysis, we have found 76 unstable days in
traffic monitored at JPCERT/CC TSUBAME and 6 unstable 
days from traffic monitored at a local darknet system. Due to 
the time limitation, we have examined a part of the detected 
instabilities and traffic, and have shown that the instabilities 
are due to malicious events such as Denial-of-Service attacks, 
scans, backscatters etc.

We conclude that stability of traffic is a potential candidate 
to understand the activities of attackers in the Internet.  In 
future works, we plan to analyze stability of traffic using 
header fields other than destination port. 
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Abstract—From transportation to home and health care, In-
ternet of Things (IoT) has penetrated almost every sphere of
society. In the IoT concept, devices communicate autonomously
to provide services. A significant aspect of IoTs that makes it
stand apart from present day networked devices and applications
is a) the very large number of devices, produced by diverse
makers and used by an even more diverse group of users; b) the
applications residing and functioning in what were very private
sanctums of life e.g. the car, home and the people themselves.
Despite the fact that these devices require high level security,
there has not been enough discussion on the security aspects of
IoTs. In this paper, we propose a simple security model for IoT,
the societal model. The basic concept of the model is borrowed
from our human society. In the societal model, members play an
important role in maintaining the security for the group. An IoT
network mimics a society. IoT devices are members. Behavior
of each member generally follows the group’s norms. Abnormal
behavior evokes some reaction which includes rejection and/or
notification to appropriate authorities. This paper investigates
the requirements for realizing secure IoT networks based on the
societal model.

I. INTRODUCTION

From transportation to home and health care, Internet of
Things (IoT) has penetrated almost every sphere of society. In
the IoT concept, various devices such as sensors and actuators
possess computing capability and network connectivity. As a
result, these devices are accessible for monitoring, control and
information collection, via the literally ubiquitous network.
This integration of physical devices with cyber space, has
ushered in the concept of Cyber Physical Systems [1] wherein
physical devices and the underlying processes may be ubiqui-
tously accessed, monitored and controlled.
Cyber physical systems will bring in an entirely new gamut

of services and applications. At the consumer end, the follow-
ing applications and services will mature:

• driver-less cars by automatic control and braking mech-
anisms

• smart homes with automatically controlled electrical ap-
pliances

In the industry, automated systems to monitor and control
factory and plant processes will develop.
According to the forecast by Gartner, Inc. [2], processor

costs will continue the downward trend below $1 to the point
that connectivity will become a standard feature. They estimate
that usage of IoT devices will grow to the extent that 26 billion
units will be in use by 2020. McKinsey Global Institute [3]

state that “the IoT has a total potential economic impact of
$3.9 trillion to $11.1 trillion a year by 2025”.
The significant aspects of IoTs that makes them stand apart

from present day networked devices and applications are as
below.

• there will be a very large number of devices, produced by
diverse makers and used by an even more diverse group
of users.

• the applications will potentially reside and function in
what were very private sanctums of life e.g. the car, home
and the people themselves.

Thus, IoT devices and systems are expected to require high
level security. However, there has not been enough discussion
on the security aspects of IoTs.
In this paper, we propose a simple security model for

IoT, called societal model. The basic concept of the model
is borrowed from our human society. Human society has
a loose hierarchy with groups and subgroups. In one view
the smallest group would be a nuclear family. Other groups
would be the locality, school, ward, prefecture, state and so
on. In the societal model, members play an important role
in providing security to the group. An IoT network mimics a
group in human society. IoT devices are members. Behavior of
each member generally follows the group’s norms. Abnormal
behavior evokes some reaction which includes rejection and/or
notification to appropriate authorities. This paper investigates
the requirements for realizing secure IoT networks based on
the societal model.
The remainder of the paper is organized as follows. Current

status of IoT technologies and applications and its security
related challenges are surveyed in Sec. II. In Sec. III, we pro-
pose a simple security model, the societal model, for IoT. The
concept and requirements of the societal model are discussed
in this section. In Sec. IV we discuss the role of societal model
in IoT security and considerations in implementing the societal
model, followed by conclusions in Sec. V.

II. INTERNET OF THINGS AND ITS SECURITY ISSUES

A. Overview of Internet of Things

An IoT device can be modeled as a combination of the
following three components as shown in Fig. 1.
1) Physical Input and/or Output
2) Computing capability
3) Network connectivity

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

220



!"#$%&'()*!+$+,'-'&.

/0&1"23*!"((04&'5'&.

67.8'4+-*9($%& 67.8'4+-*:%&$%&

Fig. 1. Components of an IoT device

Some IoT devices have sensors which generate physical
data via sensing. This physical data forms the input for the
IoT devices. Some IoT devices provide output via actuators,
speakers, or LED lights. A tiny embedded computer provides
computing capability for IoT devices. Thanks to the computing
capability, input and output can be controlled and automated
by software. IoT devices may have one or more wired or
wireless network interfaces. The data input to the IoT may
be monitored remotely by accessing the device via a network
interface. In a similar manner the output from IoT device may
be controlled via a network interface.

A major difference between a conventional computing de-
vice and an IoT is the scope or purpose. Conventional com-
puting devices such as personal computers and smartphones
are general purpose computing devices. On the other hand,
IoT devices are dedicated purpose devices basically designed
for very specific functions such as measuring some data,
controlling mechanical devices etc.

IoT devices may be used in very private sanctums of life
e.g. in the car, inside the home and sometimes even inside the
human body. Various critical infrastructures such as smart grid
and energy plants are extensively deploying IoT devices for
wide area monitoring and control. Security and privacy issues
have become a major focus area for IoTs.

B. IoT Security

Various organizations have discussed IoT security issues
from various point of view. IEEE spectrum did a special
feature on IoT security in 2015 [4]. The Internet Society
(ISOC) published an overview document of IoTs [5]. Security
and privacy issues have been discussed in this document. Open
Web Application Security Projects (OWASP) enumerates top
10 IoT vulnerabilities [6].

Actual vulnerabilities of various IoT devices were discussed
in a survey by Hewlett Packard [7]. They analyzed various
IoT devices such as TVs, webcams, home thermostats, door
locks etc. Most devices used some form of cloud service. All
devices included mobile applications that can be used to access
or control the devices remotely. According to their survey,
the average number of vulnerabilities found per device was

significantly high. The devices were found vulnerable to a
wide range of attacks from Heartbleed to denial of service to
weak passwords to cross-site scripting.

In [8], the authors propose an IoT honeypot and sandbox
systems. They show that a significant number of IoT devices
are compromised and are targets of malware infection.

In recent years, many IoT related security incidents in both
industrial and consumer areas have been reported.

In the consumer area, various problems have been found
and reported for various vehicles made by several car vendors
[9]–[11]. IoT devices are utilized for wellness and health care.
In [12], the author discusses the theoretical attacks on network
connected insulin pumps and continuous glucose monitors.

In the industry area, there were attacks against important
infrastructures. In 2010, Stuxnet worms attacked Iran’s nuclear
development program [13]. During the end of 2015, parts
of Ukraine’s energy grid went down for some time. It is
believed that this incident was caused by cyber attacks using
the DarkEnergy worm [14].

III. SOCIETAL MODEL FOR SECURE IOT

A. Concept

The concept of the societal model is borrowed from our
human society. It has a loose hierarchy with groups and sub-
groups. The nuclear family, a locality, school, ward, prefecture,
state all are examples of groups. Security is taken care of to a
certain extent within the groups. To a large extent the security
mechanism seems to have held firm under diverse and even
unanticipated circumstances. Thus, common building blocks
of the security of our society will be useful for securing a
complex IoT system. In this section, we discuss the building
blocks of the societal model.

In the context of the societal model, we will assume that
the basic unit in the IoT network society is a family. Thus,
we would call this IoT network group a FAMINET (FAMIly
NETwork).

In human society an average family will have children and
adults. The membership of a family is well defined as is the
hierarchy. Children will be protected by and cared for by
adults (e.g., parents). The activities of children are limited and
supervised by adults. The family privacy is well maintained,
whereas within the family there is a degree of transparency
(openness) or lack of privacy. Trespassing the family boundary
is by default not allowed (by any member of the family).
Abnormal behavior of a member, or presence of an outsider
will be detected by a member who will raise an alarm of
some sort. The alarm or action will be of the form of a report
to an adult, seeking of external help, calling the emergency
assistance line etc.

Based on the essence of security in human society, the
concept for securing a IoT FAMINET is summarized in Fig. 2
In a IoT FAMINET, an enumeration of the members and
their behaviors forms a rule. If any deviation from the rule is
detected, a notification must be sent to appropriate authorities
like an emergency call in a human society.
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Fig. 2. Concept of the societal model

B. Network architecture

Similarly a family in human society, a FAMINET should
be composed of following two types of devices:
1) Child IoT (C-IoT) devices
2) Adult IoT (A-IoT) devices

C-IoT devices are usual IoT devices designed for a dedicated
purpose. A-IoT devices are devices that have enough resources
and can conduct additional tasks for protecting C-IoT devices.
C-IoT devices are not likely to have sufficient functions to
ensure security for the devices itself and for the group it
belongs to. Thus, like children in a human society, C-IoT
devices will be under supervision of advanced A-IoT devices.
A-IoT devices are further categorized into two types of

device, Parent1 IoT (P1-IoT) device and Parent2 IoT (P2-IoT)
device based on the role in a FAMINET.
Fig. 3 illustrates the fundamental image of our IoT

FAMINET in a smart home application. IoT FAMINET will
be located adjacent to the home network in a smart home and
connected to the Internet via the home network. A FAMINET
gateway is a P1-IoT device. A FAMINET controller is a P2-
IoT device and will take care of C-IoT devices.
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Fig. 3. Fundamental image of IoT FAMINET

In the next subsection, we will give a detailed discussion
on the roles of A-IoT devices and other requirements of the
societal model.

C. Requirements

P1-IoT and P2-IoT devices collaboratively work towards
realizing the following detailed features of the societal model.

• Strictly-defined members and behaviors
• Notification methods

• Partially connected network
Considering a family in human society, unknown members

never exist in the family. No ambiguity exists in the defi-
nition of members. Moreover, there are some disciplines or
customs about their behavior. Similarly, in the societal model,
unknown IoT devices never exist in a FAMINET and permitted
behaviors of each device should be strictly defined. An P2-
IoT device will have the responsibility to make this concept
possible.
In a human society, we make an emergency call to the

police if an emergency happens. Thus, notification is the
life line of the society. IoT FAMINET also should have
notification methods. C-IoT devices will send notifications to
A-IoT devices. A-IoT devices will send notifications to an
administrator.
Children are not allowed to talk with unknown people. Sim-

ilarly, C-IoT devices will not directly communicate with any
device outside the FAMINET. Only an P1-IoT device will have
the responsibility to communicate outside the domain. Direct
transaction between C-IoT devices and any device outside
the domain is prohibited. For protecting the FAMINET and
its members, an P1-IoT device must carefully investigate the
information which it receives in all respects. The information
will be sent to the destination only if the P1-IoT device decides
that the information is secure and reliable. The FAMINET
should be a partially connected to the externally network in
the sense that the default state is ’disconnected’. Only when
there is a requirement, the P1-IoT device of the FAMINET
will establish a connection.
In the rest of this subsection, the requirements are discussed

in detail.
1) Strict definition of members and its behaviors: Members

and allowed behaviors for each member must be strictly
defined. When a user starts to use a new device in her IoT
FAMINET, the user must register the device in the member
list. The user must also define the normal (allowed) behavior of
the device. For example, air conditioners are allowed to obtain
temperature information from temperature sensors because
air conditioners require room temperature information for
adjusting room temperature. Without such valid purpose, no
device is allowed to get temperature information from sensors.
These definitions work as rules in an IoT FAMINET domain.
Tables. I and II illustrate brief examples of member list and

behavior rules.

TABLE I
EXAMPLE OF MEMBER LIST

Address Device type Location
192.168.0.1 FAMINET Gateway Living room
192.168.0.2 Temperature Sensor Living room
192.168.0.3 Temperature Sensor Living room
192.168.0.4 Temperature Sensor Bed room
192.168.0.5 Light Living room
192.168.0.6 Light Bed room
192.168.0.7 Air conditioner Living room

: : :
192.168.0.254 FAMINET Controller Living room
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TABLE II
EXAMPLE OF BEHAVIOR LIST

From To Period Oper. InfoType Value
FAMINET
Con-
troller

Temp.
Sensor

00:00-
23:59

Get Temp. -

FAMINET
Con-
troller

Air con-
ditioner

00:00-
23:59

Set Temp. 20-28◦C

FAMINET
Con-
troller

Room
key

06:00-
21:00

Set StateLock False

Room
key

FAMINET
Con-
troller

00:00-
23:59

Notify StateLock True

2) FAMINET controller: IoT FAMINET requires a special
device to provide the following functions.

• Managing members and its behaviors rules
• Monitoring status of IoT devices
• Supporting information exchange between family mem-
bers

We would call this device a FAMINET controller.
A FAMINET controller should know about every member

and everything that happens in the FAMINET. It should also
enforce security policies in FAMINET on every member.
The controller raises an alarm if it finds unknown members,
abnormal status of members, and/or violation of some security
policy. In short, a FAMINET controller works like a parent in
a family.

3) FAMINET gateway: A gateway will be required to
interface between an IoT FAMINET and other networks. It
acts like a parent and protects family members.
A FAMINET should not always be connected to other net-

works for strict security purpose. For securing IoT FAMINET,
a gateway connecting other networks and IoT FAMINET es-
tablishes the connection only in case it is required. Otherwise,
IoT FAMINET is independent from other networks in order
to avoid unwanted data flow from outside the domain.
Moreover, no direct transaction between an IoT device in-

side the domain and any device outside the domain even when
the connection is established. Every communication between
IoT FAMINET and the outside world must be terminated at
the gateway. The gateway carefully investigates the contents
of the communication and sends it to the destination only if
the contents do not violate the rules in IoT FAMINET.

4) Notification scheme: Notification is the life line of a
society. Every IoT device must have a way to send notification
to the controller or an administrator when it detects illegal or
anomalous event. The notification method must fulfill the basic
security requirements: confidentiality, integrity, availability,
accountability, authenticity, and non-repudiation. For taking
quick action against detected events, notification requires some
levels of realtime-ness.

5) Scalabe information model: IoT devices are dedicated
purpose devices basically designed for very specific functions.
Thus different types of IoT devices will handle different types

of information. Hence, it is expected that a wide variety of
information is handled in IoT FAMINET. For example, an
IoT device with a thermometer will receive a request and
provide temperature information. Similarly, an IoT device
illuminometer will provide the intensity of illumination. A
smart key will provide the current status of key locks and
may accept a request for changing the status of key locks.
To handle various types of information, we need a unified

information model. The information model should also be
scalable and flexible.

6) Transparency of inside communication: Like a family
in real space, communication in an IoT FAMINET requires
some degrees of transparency.
At least, a FAMINET controller must be able to know

which IoT device is talking with who, in order to protect
IoT devices from communicating with unknown devices both
inside and outside the FAMINET domain. Transparency will
enable mutual surveillance. IoT devices can monitor each
other and send alarms to the controller when they detect any
violation of family rules.

IV. CONSIDERATIONS

A. The societal model’s role in IoT security

In [5] ISOC has outlined the security issues related to IoT
deployments as follows.

• Massive deployment
• Device homogeneity
• Relatively long lifetime
• Difficulties in upgrading
• Little real visibility
• Poor physical security
• Difficulty in noticing devices and in monitoring its oper-
ational status and/or activities

• Privately developed device
In [6] OWASP has enumerated the security vulnerabilities

observed in IoT devices.
• Insecure Web Interface
• Insufficient Authentication/Authorization
• Insecure Network Services
• Lack of Transport Encryption/Integrity Verification
• Privacy Concerns
• Insecure Cloud Interface
• Insecure Mobile Interface
• Insufficient Security Configurability
• Insecure Software/Firmware
• Poor Physical Security
In the following we discuss security related issues in the

context of our proposed societal model.
1) Massive deployment: IoT devices will be deployed on

a massive scale. The large number of deployed devices itself
makes security a challenging issue. That issue gets even more
complicated when these devices communicate with each other
and/or with the Internet in an unpredictable and dynamic
fashion.

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

223



 In the societal model, every device belongs to the domain
where its activities will be supervised and monitored. Each
device is allowed only predefined and limited behavior. Un-
predictable behavior will not be expected and when observed
will raise alarms.

2) Device homogeneity: Homogeneity magnifies the po-
tential impact of any single security vulnerability as several
similar devices will be deployed.

In the societal model since the devices are under super-
vision, an administrator of the domain can take appropriate
action for the vulnerable devices. This could include shutting
off the vulnerable devices.

3) Relatively long lifetime: Security mechanisms that were
adequate at deployment time might not be adequate for the
lifespan of the device as security threats continue to evolve.

The administrator of the concerned domain may decide to
deactivate the device as and when the security mechanisms
are found to be inadequate.

4) Difficulties in upgrading: Many IoT devices are inten-
tionally or unintentionally designed without any provisions
for firmware upgrade. In some cases the upgrade process is
cumbersome and/or impractical.

The administrator of the concerned domain may decide to
deactivate the device as and when the security mechanisms
are found to be inadequate.

5) Little real visibility: User has little or no real visibility
of the internal workings of the device or the precise data
streams they produce. A device might be performing unwanted
functions or collecting more data than the user intends.

In the societal model such devices will not be allowed in a
secure domain. The activities of the device within the domain
must be transparent and explicitly allowed.

6) Poor physical security: IoT devices are likely to be
deployed where physical security is difficult or impossible.
Attackers may have direct physical access to IoT devices.

In places where the physical security is a concern, the
administrator is expected to be responsible to ensure the
physical security and/or not deploy the device and/or declare
the domain insecure.

7) Difficulty in noticing devices and in monitoring its opera-
tional status and/or activities: A security breach might persist
for a long time before being noticed.

In the societal model, a primary requirement is that the pres-
ence of the device, its status and activities will be transparent
within the domain. And any unusual activity will be quickly
detected by other members (devices) or the supervisor.

8) Privately developed devices: Privately developed de-
vices may not apply industry best practice security standards.

Irrespective of the origin of the device, the domain rules of
the societal model are a primary requirement. Any device that
does not comply with the requirements will not be allowed as
a member of the domain, or the domain will be insecure.

9) Insecurity and insufficiency in various functions, inter-
faces, services: As OWASP has enumerated, there are many
concerns about insecurity and insufficiency in various aspects
of IoT devices and services. For example, an insecure web

interface enables attackers to perform account enumeration.
It may not have account lockout function and may allow
the use of weak password and credentials. Lack of transport
encryption may cause the leakage of personal information and
incur privacy issues.

In the societal model, every device should be investigated
before it is registered to a member list. Devices having
insecure functions/interfaces/services will not be allowed to
join the IoT FAMINET. A FAMINET controller will have a
responsibility for checking the security level of every child
(IoT device).

B. Authentication of members

Authentication of members is a basic requirement in the
societal model. Access control will be carried out based on
strict authentication of members. A non-member will not have
any access and/or presence in the IoT FAMINET.

In the societal model, the authentication will be based
on information that is cosmetic or superficial. For example,
network address-based authentication will not be sufficient as
it is well-known that network addresses are easily spoofed. In
human society authentication is much more than just matching
names.

In one scenario, it is envisaged that an IoT device will be
issued public and private key pair by the FAMINET controller
when the device is registered as a member (adopted into the
FAMINET). An IoT will authenticate itself to other members
of the FAMINET, using its private key. The FAMINET con-
troller will serve as CA (Certificate Authority) and guarantee
the validity of public keys. The FAMINET Controller is the
repository of trust in the FAMINET.

C. Scalable information model

For scalable and flexible operations, the naming of IoT
devices and their functions will be a critical issue. Various
naming schemes have been proposed and are used in the
Internet. Examples are domain names in DNS (Domain Name
System), URI (Uniform Resource Identifier), OID (Object
IDentifier) in SNMP (Simple Network Management Protocol).
This existing knowledge will be useful in designing the
information model and naming scheme for the societal model.

Moreover, it is required to investigate the applicability of
existing communication protocols to the societal model. In
IoT area, several light-weight protocols such as CoAP (Con-
strained Application Protocol) [15] and MQTT (MQ Telemetry
Transport) [16], are proposed. Information model and naming
schemes in these protocols should be evaluated in the context
of the societal model.

D. Notification scheme
Syslog [17] is a promising candidate for the notification

scheme. It is a light-weight protocol and has been widely
used from the early days of the Internet to convey event
notification messages. Despite syslog’s wide usage, due to
lack of standards, interoperability problems like inconsistency
in the format of syslog messages existed among implementa-
tions. However, through the activities of IETF syslog Working
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Group [18] from 2000 to 2010, various aspects of syslog have
been enhanced and standardized.
RFC 5424 [17] describes the standard format of syslog mes-

sages and the fundamental layered architecture of syslog pro-
tocol. On the basis of RFC 5424, some transport mappings for
the transmission of syslog messages were standardized. These
are the encryption and authentication of syslog messages using
Transport Layer Security (TLS) [19], the basic transport for
syslog messages over UDP/IPv4 or UDP/IPv6 [20], and the
secure connection-less transport of log messages using Data-
gram Transport Layer Security (DTLS) [21]. Signed syslog
[22] describes the signing of a syslog message for origin
authentication, message integrity and so on.
However, the management aspect of syslog continues to be

neglected. The standardization effort for syslog monitoring and
management has not progressed beyond the definition of tex-
tual conventions published as RFC 5427 [23] in 2009. Without
a standard framework for monitoring and management, little
can be said about the operations of the syslog system let
alone guarantee its reliability and availability. It means that
reliability and availability of IoT FAMINET depending on the
notification using syslog becomes doubtful.
Therefore, the management aspect of syslog must be dis-

cussed. Active development of management technology for
syslog is required.

E. Transaction between inside and outside of a FAMINET

Every transaction is mediated by an P1-IoT device Every
communication between inside and outside of a FAMINET
is terminated at the P1-IoT device. Then the P1-IoT device
checks the payload in a transaction if the transaction has per-
mission according to the rules in a FAMINET. Only permitted
transactions are handed over from the outside to the inside, and
vice versa. For example, no transaction should be allowed if
an originator cannot be authenticated. A request which may
incur depletion of resource in any IoT device in the FAMINET
must be filtered.

V. CONCLUSION

In this paper, we have discussed the security aspects of
Internet of Things (IoT) and proposed a new security model,
the societal model.
While IoTs are a promising technology with far reaching

applications and consequences in our daily life and industrial
activities, attention should be paid to problems arising out
of IoT technology. Most of the existing IoT devices are
dedicated-purpose, tiny, resource-limited, immature devices.
Conventional measures for security may not be appropriate
for IoT devices and their network.
The concept of the societal model is borrowed from our

human society. In the societal model, an IoT network is
considered as a family where every member knows the others.
IoT devices are considered as children in a family. Children
must be taken care of by other mature devices (adults).
We have presented the concept and requirements of the

societal model. We have discussed the role of the societal

model in IoT security and suggested means of implementing
the proposed model.
We believe that security management of IoTs based on the

societal model will make society safer.
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Abstract— This paper presents new paradigm on 
behaviours of decision making in E-commerce in Thailand 
through a perspective on game Theory and a chaos theory. 
As E-commerce is a multi-dimensional consideration, a 
single theory may not be sufficient for the overall 
perspective views in decision making. In this paper, game 
theory is suitable for decision making of E-commerce 
providers in order to set the strategy based on feedback 
information. However, chaos theory is suitable for 
describing customer decision making, especially the 
buying behaviors seems to be random in which the 
classical decision model cannot be described. The 
proposed new paradigm can be applicable for economics 
and managements in enterprise, especially business-to-
customer types of entrepreneurs.      
 
Keywords— Random Behaviours, Customer Decision Making, 
Game Theory, Chaos Theory. 

I. INTRODUCTION 
The advancement in web-based technologies has continuously 
supported the growth of E-commerce in Thailand. 
Particularly, automation and delegation technologies have 
considerable effects on the future of E-commerce. Nowadays, 
the software has fully made E-commerce possible, for 
instance, the consumers can be able to conduct automated 
searches and consider price comparisons. These technologies 
can even perform decision making on behalf of individuals, 
negotiating with other programs, and participating in online 
markets. The opportunities to utilize the internet for business 
and comparison shopping have been increased significantly by 
technologies. In summary, an automated E-commerce creates 
new economics value not only by making business processes 
easier, but also by opening up new possibilities for market 
interactions. 

According to the National Statistical Office (NSO) [1] of 
Thailand, information of percentage of E-commerce business 
by types of entrepreneurs has revealed in Figure 1. Most of E-
commerce businesses were entrepreneurs engaged in 
Business-to-Customer (B2C) with 79.7% and Business-to-
Business (B2B) with 19.3%. For those engaged in Business-
to-Government (B2G) without E-Government, it was only 

about 1.0%. In terms of types of business, Figure 2 shows the 
percentage of E-commerce businesses. Considering the large 
scale of E-commerce businesses, it showed that the groups of 
industry were mostly travel, hotel and resort (24.0%), next 
were fashion industry, accessories and jewelry (23.3%), were 
on computer, electronic, appliance, and internet (19.2%), were 
service business (7.0%), were office equipment (4.99%), 
followed by automotive industry and products (4.1%), and 
other (17.5%), respectively. 
 

Business to 
consumer 

(B2C), 
79.7% 

Business to 
Business 
(B2B), 
19.3% 

Business to 
Government 
(B2G), 1.0% 

Figure 1. Percentage of E-commerce Business by Types of Entrepreneurs. 
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24% 
4% 

5% 

7% 

19% Computer, Electronic Appliance
Fashion Accesspries
Travel, Hotel and Resort
Automotive industry and products
Office Equipment
Service Business
Others

Figure 2. Percentage of E-commerce Business by Types of Business. 
In comparison to global scale, the average income for E-
commerce of 20% comes from Asia and Pacific. In other 
word, this region has potentially shown a rapid growth of E-
commerce. Thailand has been recognized as the highest 
growth of E-commerce in South-East Asia. Based on the 
report in the year 2013 [1], the value of E-commerce in 
Thailand is 473.3 Million Dollars and it is expected to be 
approximately 700 Million Dollars in 2016. Such a growth in 
E-commerce is due to the capability of accessing to internet, 
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i.e. 33 million people in Thailand now. In addition, the 
important factor influencing the growth in E-commerce is the 
growth in smart phone market. In 2013, the growth rate of 
using smart phone is 132%, and 92% of Thai people always 
use the mobile phone. The statistics also indicates that 51% of 
Thai people make a business operation through E-commerce. 
Such numbers clearly explain that the impacts of E-commerce 
have aroused business developers to accelerate strategy for 
maximum benefits. 

 
Figure 3. The proposed new paradigm of 
combined game theory and chaos theory. 

According to such a rapid growth in E-commerce in 
Thailand, there is a significant need on a tool for decision 
making process for both E-commerce providers and customers. 
This paper therefore presents combined theories as a new 
paradigm for decision making. Game theory will be applied 
for enterprises, but the chaos theory will be applied for 
customers. A clear concept of this paper is to provide a new 
paradigm on E-commerce management theories from the 
viewpoints of both business providers and the consumers. 

II. LITERATURE REVIEWS 
On the one hand, game theory has extensively been studied 
for strategic decision making. In particular, the game theory is 
the mathematical models of conflict and cooperation between 
intelligent rational decision makers. Some papers relating 
game theory on decision making are as follows. Fernando 
Bernstein and et al. [2] has presented that consumers are 
generally better off with clicks-and-mortar retailers. If firms 
align with pure E-tailors to reach the online market, a 
prisoner’s dilemma-type equilibrium may arise. Daewon Sun 
and et al. [3] have studied the properties of the optimal format 
to sell a product through the internet. Elliot Anshelevich and 
et al. [4] proposed progresses in prove bounds on the prices of 
anarchy and stability. Jing Yu and Bin Xu [5] have proved a 
numeric simulation that their proposed formulas can perfectly 
well reflect the realistic practice of merger and acquisition.  

In addition, Yu Xiong [6] presented that both the dealer and 
the supply chain may benefit from the manufacturer’s 
encroachment. Ursula F. Ott [7] indicates that there is 
considerably more potential for its refinements to be related to 
topics of uncertainty and dynamics in strategic interactions in 
International business. Qihui Lu and Nan Liu [8] presented the 
numerical analysis of the supplier and the retailer which are 
worse off in the Nash game than in the Stackelberg games. 
Wooje Cho and et al. [9] showed that in the duopoly market, 

even when customers are uninformed about quality, an 
investment-equilibrium exists. Finally, Salma Karray and 
Simon Pierre Sigué [10] have studied the properties of a 
partnership between a complementary product and 
independent product which is optimal when the price effect of 
the complementary product is large. 

On the other hand, chaos theory is the study of dynamical 
system behaviours which are highly sensitive to initial 
conditions. Chaos theory has been applied for economics in 
variety of matters. Mouck [11] presented the capital markets 
research and real world complexity). Guégan [12] focused on 
the use of dynamical chaotic systems in economics and 
finance, and presented statistical tools which can be useful in 
practice to detect the existence of chaotic behaviour inside 
real data sets. Barbora Volná [13] presented the existence 
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Figure 4. A diagram showing the taxonomy of game theory that relates to E-

commerce system.  

 
Figure 5. the ranking of E-Commerce in Thailand by page visits in January 

2015[15]. 
of chaos in the plane R2 and its application in the 

fundamental macroeconomic equilibrium model called IS-LM 
model. In addition, Akio Matsumoto [14] has summarized in 
details regarding attractors, bifurcations and chaos, i.e. 
nonlinear phenomena in economics. As a result from 
considerations on both game theory and chaos theory, such 
two theories have strength in order to apply in E-commerce 
system as a new paradigm.. 

III. PROPOSED CONCEPTUAL MODEL 
 

Figure 3 depicts the proposed conceptual model as a new 
paradigm of combined game theory and chaos theory. The 
new scenario focuses on the application of game theory to 
enterprises and chaos theory to customer behaviors, 
respectively. With reference to Figure 3, game theory reveals 
that it is suitable for E-commerce providers in order to set the 
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strategy based on feedback information. However, the chaos 
theory is suitable for describing the customer decision 
making, especially the buying behaviors seems to be random 
in which the classical model cannot be described.   
A.  Proposed Game Theory for E-Commerce 

Providers 
Figure 4 demonstrates the diagram showing the partial 
taxonomy of game theory that relates to E-commerce system. 
Nowadays, there have been a number of E-commerce 
providers and therefore the game theory should focus on the 
game of strategy in which multi-person are involved. The 
commonly-known Prisoner's Dilemma (two-person) might not 
be suitable to be applied to the current situation of E-
commerce business as a number of providers have incredibly 
increased. This is due to the significant increase in smart 
phone markets and therefore people tend to purchase goods 
and services via mobile phone (M-Commerce), which is a 
novel existence in E-commerce markets. As for a concrete 
demonstration, Fig.5 shows the first five ranking of E-
Commerce in Thailand by page visits in January 2015 [15]. 
According to Fig.5, the value of E-commerce in Thailand has 
been increasing dramatically reflected by amount of money 
flows. The application of game theory in multi-person system 
should consider on cooperative and non-cooperative strategies 
among competitors. Comparisons on advantage and 
disadvantages are as follows.   
In terms of cooperative strategy, the customer base can be 
increased and therefore the channel for public relation can 
correspondingly be increased. The cooperative strategy helps 
support each other in terms of strength and weakness of each 
firm. Therefore, the brand is stronger and more creditable. In 
addition, the target of cooperative strategy in E-commerce 
system is clearer and hence no conflicts happen among 
competitors. Most importantly, cooperative strategy in E-
commerce significantly reduces the operation costs. 
For non-cooperative strategy, on the other hand, the operation 
and marketing strategy is deftness and flexible. Therefore, the 
decision making is faster, following the market trend. The 
enterprises can response to the real need of the target without 
any consideration from other companies. In addition, the firms 
can play the “price war” which can gain the maximum benefit 
for the own firm. In conclusion of game theory for E-
commerce in Thailand, it seems to be that the non-cooperative 
strategy is more suitable due to the Thai culture which has a 
low completion. Additionally, Thai people are still concern 
about the monopoly market due to social space which still 
exists in Thailand. 
B.  Proposed Chaos Theory for E-Commerce 

Customers 
Customer behaviour is generally defined as activities that 
people undertake when obtaining, consuming and disposing of 
products and services. The businesses around the world 
recognize the consumer that is no longer the king, but rather a 
partnership. In essence, analysis of customer behaviours helps 
firms to know directly the impact of bottom line profits. The 
Consumer Decision Process (CDP) model is therefore  

a roadmap of consumers’ minds that marketers and managers 
can use to help manage products, communications, and sale 
decisions. Typically, the one-time decision of a traditional 
model involves five-stage considerations, i.e. problem 
recognition, information search, alternative evaluation, 
purchase decision, and post-purchase behaviour. However, 
such a model is a one-time decision, which is contrast to the 
current situation where a number of E-commerce providers 
are available with high competition. 
This work therefore focuses on the random decision making 
of customers through the use of chaos theory. The chaos 
theory studies behaviours of dynamical systems which has 
high sensitivity on initial conditions. In other words, a 
response particularly referred to as the butterfly effect. Small 
differences in initial conditions results in dramatically 
diverging outcomes for such dynamical systems, rendering 
long-term prediction impossible in general. As for the sake of 
simplicity for understanding, the typical logistics map is 
demonstrated through the iteration Xn+1 =rXn(1-Xn) where r is 
a control parameter. Figure 6 shows the bifurcation diagram of 
the Logistics Map and the Positive Lyapunov Exponent, 
indicating chaotic state. There are three cases for 
consideration of customer decision making as follows; 
First, the stable state (a straight line) indicates the customers 
that really loyal to the brand. This group of customers will  
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decide to  buy products and services only the brand that they 
prefer. Therefore, it is relative hard to change their behaviors 
to buy form other companies. In order to gain benefits from 
this group, the cooperative strategy among enterprises would 
be an alternative to expand the customer base. 
Second, the period doubling state (Bifurcating) indicates the 
customers that are not really loyal to the brand. They might 
compare only some important factors such as prices and 
promotions. This group of customer should be realized by the 
enterprises as they are one of major groups that can be hold as 
a customer base. 
Last, the chaotic state indicated by the thick area represent the 
group of customers that truly random buy goods and services 
without any considerations on brand and prices. Emotions and 
Public Relations (PR) are important factor to arouse this group 
of customers without any reasons. The viral marketing also 
affects the customer decision making in a random way. This 
group of customer is relatively difficult to handle due to they 
have no specific target and not loyal to any brand. Figure7 
shows the examples of one customer who randomly buying 
products and services in different companies. It can be seen 
from Figure 7 that this customer buy 100 items with different 
companies modelled by the logistic map. It is apparent that 
most Thai people tend to have this kind of buying behaviours 
and it is chaotic behaviours. 

 

IV. CONCLUSIONS 
 

This paper has presented the novel paradigm on a decision 
making in E-commerce in Thailand using a game Theory for 
the E-commerce business developers and a chaos theory for 
customer decision making. As E-commerce is a multi-
dimensional consideration, a single theory may not be 
sufficient for the overall perspective views. For game theory, 
it is revealed that it is suitable for providers to set the strategy 
based on feedback information, which can be whether 
cooperative or non-cooperative strategies. However, the chaos 
theory is suitable for describing the customer decision 
making, especially the buying behaviours seems to be random 
in which the classical model of classical decision model 
cannot be described. Bifurcation diagram of the Logistics Map 
and the Positive Lyapunov Exponent were also demonstrated. 
The proposed new paradigm can be applicable for 
managements in enterprises, especially Business-to-Customer 
types of entrepreneurs.      
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ABSTRACT

GPS technology has now made its way into people’s 
daily lives—cell phones have personal navigation systems built in 
and getting around has been a lot easier than before. However in 
the currently fast-paced society, people don’t have the luxury to 
properly learn how GPS works; people expect to get what they 
want with the least effort used. The researcher proposed an 
approach to this problem by creating a mobile application that will 
greatly reduce the effort needed to use GPS navigation, with the 
use of voice commands. The method relies on the GPS navigation 
API provided by Google Maps and the speech recognition API 
from Google Now, to create an application that will run in mobile 
devices with GPS capabilities. The idea of the approach is to 
implement speech recognition to a GPS application, by using 
spoken keyword inputs to generate routes to landmarks, and to use 
the Philippine Taxi Fare formula to compute for the taxi fare
estimate needed to reach said landmark. The researchers tested 
and observed first-hand the application and its responses, although 
they utilized outside volunteers for certain tests, such as the voice 
accent test. Unexpected errors and problems were encountered 
during the testing period; however it is partially explained by the 
researchers.

Keywords
GPS Navigation, Speech Recognition, mobile application, taxi 
fare estimate, Philippine Taxi Fare formula, Google Maps

1. INTRODUCTION
1.1 Background of the study

Getting from one place to another but not knowing how 
to get there was a common problem commuters faced most of the 
time. However with the use of taxis, this problem was solved. The 
next problem taxi users faced was the amount of taxi fare they 
needed to pay after the ride; the rider must have prior knowledge 
about the distance to the destination in order to estimate the taxi 
fare, but this was not a privilege most commuters had so most 
people would just pay how much it said in the taxi meter. One 
way to find about the route from once place to another is by using 
a map or via GPS.

GPS is a satellite-based navigation system that engages 
a network of twenty-four to twenty-seven satellites orbiting the 
earth to provide triangulation and accurate navigational signals. A 
land-based antenna, or receiver, can track the information 
provided by the satellites to compute the receiver’s position 
accurately. GPS technology has now made its way into people’s
daily lives—our cell phones have personal navigation systems 
built in and getting around has been a lot easier than before. 

In the past few years, voice recognition technology has 
also become a must-have feature on many smartphones. Siri on 
iOS devices, Google Now on Android devices and speech 

commands on Windows Phones have brought this revolutionary 
technology to the masses. While this technology is changing the 
way people access information, it is just the beginning of the 
possibilities. 

The study aims to challenge the problems: “Is there any 
way to make GPS navigation more convenient and easier to use?”
and “Can it be used in order to estimate how much fare is needed 
to get to the destination via taxi?” The first problem could be 
partially solved by combining both voice recognition technology 
and GPS functions into a single mobile application. The user will 
no longer need to type lengthy strings of text to get from one 
place to another. By utilizing the voice recognition capabilities, 
the GPS can search for nearby locations using a single spoken 
keyword. The study will try to answer problems existent in the 
present condition.

1.2 Significance of the Study

The study would lead to applications that utilize speech 
recognition and GPS applications search for the shortest routes to 
generic landmarks. 

The study would also help in providing commuters the 
simple tools for searching and generating routes to generic 
landmarks, along with the estimated taxi fare. 

Additionally, the researchers of the study could benefit 
from this project through their exposure to the world of speech 
recognition and GPS applications. The challenge for computer 
scientists to improve the areas on these fields is invaluable; thus, 
the researchers are becoming a part of the progress of speech 
recognition and GPS applications.

Finally, for future researchers, it would expand the 
limited pool of resources regarding speech recognition and GPS 
applications. It would create a framework for them to start on, or 
reference on, in case they would also do a study on similar topics.

1.3 Scope and Limitations

1.3.1 Scope

The study covers application development for Android 
OSs. The study is about the integration of existing algorithms and 
methods in the creation of a simple GPS application that can 
search for nearby landmarks via speech keywords and taxi fare 
computations. The application will search for landmarks via 
spoken keywords. The application will return the top 5 nearest 
results of the search query. The application will also generate 
commute routes to listed landmarks; included with the route is the 
estimated taxi fare calculation. The Google Maps API will be 
used for the routing and mapping in the GPS application. The 
application will need internet access to load the map and for 
searching of queries. The study will include comparisons between 
the developed application and similar applications under the same 
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field of study, in order to formulate recommendations for future 
developments.

1.3.2 Limitations

The application cannot assure 100% accuracy on speech 
recognition; there are still some instances where the word can be 
misheard/misinterpreted by the application. The application needs 
internet access to search and generate routes. The application will 
be unable to search for specific destinations, only new starting 
locations. The application will be unable to discern if certain 
roads are one-way or closed off due to certain situations. The 
application will not be available for iOS for the meantime.

2. REVIEW OF RELATED LITERATURE
2.1 GPS Locator

In today’s fast changing world of Information and 
Communications technology, Internet and mobile phones are 
increasingly seen as essential requirements for everyday life. 
Global Positioning System: a global system of U.S. navigational 
satellites developed to provide precise positional and velocity data 
and global time synchronization for air, sea, and land travel.  It 
is an electronic system that uses these satellites to determine the p
osition of a vehicle, person, etc. [1]. Our ancestors must have 
suffered from hassle of getting lost in places they barely know, 
they learned to read the stars in the night sky and hardly drafted 
detailed maps. And in our modern age now we have GPS locator 
and setting it as a Voice-Activated app with taxi fare calculation 
saves a lot of time and energy.  

2.2 Voice Activation
Voice activation in an app is very productive in the 

sense of the technology improvement.  Voice or speech 
recognition is the ability of a machine or program to receive and 
interpret dictation, or to understand and carry out spoken 
commands [2]. Voice recognition is the Ability of an electronic 
security device to recognize the voice (which is unique as a 
fingerprint) of a particular person. In contrast, speech recognition 
is the ability to recognize spoken words only and not the 
individual voice characteristics [3]. 

2.3 Existing Algorithm for GPS Locator
A popular algorithm that could efficiently finds shortest 

paths in a graph, It can also be used to solve problems like 
network routing, where the goal is to find the shortest path for 
data packets to take through a switching network is called 
Dijkstra's algorithm [4]. 

An example can explain the basic idea of algorithm above and let 
users understand easily. The example will briefly explain each 
step that is taken and how the distance is calculated.

Consider the following example:

Figure1: Weighted-directed graph

The above weighted graph has 5 vertices from A to E. The value 
between the two vertices is known as the weight between two 
vertices. For example the weight between A and C is 1. Using the 
above graph the Dijkstra’s algorithm is used to determine the 
shortest path from the source A to the remaining vertices in the 
graph.

Step 1
sDist[A]=0, the initial value to the source itself; sDist[B]= , 
sDist[C]= , sDist[D]= , sDist[E]= , the nodes not 
processed yet.

Figure2: shortest path to vertices B, C from A

Step 2
Adj[A]={B,C}; computing the value of the adjacent vertices of 
the graph, sDist[B]=4; sDist[C]=1;

Figure3: Shortest path from B, D using C as intermediate vertex

Step 3
Computation from vertex C, Adj[C] = {B, D}; sDist[B] > 
sDist[C]+ EdgeCost[C,B], 4 > 1+2 (True), Therefore, sDist[B]=3; 
sDist[D]=3;
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Figure4: Shortest path to E using B as intermediate vertex

Step 4
Adj[B]={E}; sDist[E]=sDist[B]+EdgeCost[B,E]=3+3=6; 
Adj[D]={E}; sDist[E]=sDist[D]+EdgeCost[D,E]=3+3=6. This is 
same as the initial value that was computed so sDist[E] value is 
not changed.

Figure5: the path obtained using Dijkstra’s Algorithm

Step 5
Adj[E]=0; means there is no outgoing edges from E, and no more 
vertices, algorithm terminated. Hence the path is presented in 
figure5. [5]

2.4 Taxi Fare in Philippines

Most locals who ride the Taxi regularly within Metro 
Manila, Metro Cebu and Metro Davao are familiar with the 
standard Philippine Taxi rates. Most passengers even have 
historical records on how much meter will cost them from one 
point to another since we often go on certain places on a regular 
basis. But if you still have doubts about your taxi’s meter reading, 
here’s a quick table guide on how to compute your taxi fare within 
the Philippines.  [6]

The Philippine Standard Taxi Rate or Computation is as follows:

3. SYSTEM ARCHITECTURE
3.1 System Architecture

Figure 1 System Architecture
The application will accept inputs via voice recognition 

by clicking on the button search by landmarks wherein the user 
will choose to speak the following keywords such as church, 
store, hospital, grocery or supermarket, restaurant by clicking on 
the button speech located at the top left corner or by manually 
clicking the categories. After receiving the input from the user it 
will display the five nearest places based on the user’s input and 
once the user clicked a place in the results it displays the place’s 
information such as distance, route from point A to B and the total 
taxi fare it also includes the directions the user will take to reach 
the destination. There is also an option where a user can modify or 
edit the search results by clicking on the option button the user 
can edit the search radius, search top results, and taxi initial rate, 
taxi increase per km and the estimated traffic time in minutes.

3.2 Algorithm
3.2.1 Google Maps JavaScript API v3
Directions Service

You can calculate directions by using the 
DirectionsService object. This object communicates with the 
Google Maps API Directions Service which receives direction 
requests and returns computed results. Directions may specify 
orgins and destinations either as text strings or as LatLng values. 
Directions are displayed as a polyline drawing the route on a map.
Travel Modes

When you calculate directions, you need to specify 
which transportation mode to use. 
google.maps.TravelMode.DRIVING (Default) indicates standard 
driving directions using the road network.
Unit Systems

By default, directions are calculated and displayed using 
the unit system of the origin's country or region.
Rendering Directions

The DirectionsResult contains the result of the 
directions query, which you may either handle yourself, or pass to 
a DirectionsRenderer object, which can automatically handle 
displaying the result on a map.
Distance Matrix Service

Google's Distance Matrix service computes travel 
distance and journey duration between multiple origins and 
destinations using a given mode of travel.

Places Library
The functions in the Google Places JavaScript library 

enable your application to search for places contained within a 
defined area, such as the bounds of a map, or around a fixed point.

Flag Down Rate: P40.00
Distance Rate (per 300 meters): P3.50
Wait Time during stops and traffic jams (per 2 minutes): P3.50

FlagDownRate + DistanceRate + WaitTime = Total Fare
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The Google Places API offers an autocomplete feature which you 
can use to give your applications the type-ahead-search behavior 
of the Google Maps search field. When a user starts typing an 
address, autocomplete will fill in the rest.
Place Searches

Nearby Search returns a list of nearby places 
based on a user's location. 
Text Search returns a list of nearby places based on 
a search string.

Nearby Search Requests
A Nearby Search lets you search for places within a 

specified area by keyword or type. A Nearby Search must always 
include a location, which can be specified in one of two ways: a 
LatLngBounds. a circular area defined as the combination of the 
location property — specifying the center of the circle as a 
LatLng object — and a radius, measured in meters.
Text Search Requests

The Google Places Text Search service is a web service 
that returns information about a set of places based on a string.
The service responds with a list of places matching the text string
and any location bias that has been set. The search response will 
include a list of places. You can send a Place Details request for 
more information about any of the places in the response.
SpeechRecognizer

The implementation of this API is likely to stream audio 
to remote servers to perform speech recognition.
This class provides access to the speech recognition service. This 
service allows access to the speech recognizer.

3.3 System Development

Figure 2 Scrum Model
Scrum is an iterative and incremental agile software 

development framework for managing software projects and 
product or application development. Sprint refers to the daily 
meetings wherein each member will discuss the works to be done, 
how much time it will take to complete the work and how much 
of the work is likely to be done these will all be listed in the 
Product Backlog. After completing the Product Backlog the 
researchers will now select the item to be worked on and will be 
placed in the Sprint Backlog. At the end of each sprint a sprint 
review meeting will be held, during this meeting the researchers 
will discuss the accomplished works, and works that are not yet 
accomplished during the sprint. The process is repeated until all 
works that needs to be done are accomplished.

3.4 Testing

The testing focuses mainly on the performance and 
functionality of the application. A total of 6 test cases were 
formulated, ranging from: the accuracy of the estimated fare 
compared to the actual fare, the performance of the application 
when installed in different phone models, the performance of the 
different functions of the application, and others listed below.

Table 1 Voice Search Testing

The first test case, as shown at Table 1, is the Voice search 
testing. This test is to make sure that the voice search function of 
the application is working wherein it recognizes the keywords 
spoken by the user.

Table 2 Location Testing

Next, the second test case is to test if the application can locate the 
current location of the user using the device’s GPS, Wi-Fi or 
mobile networks.

Table 3 Voice Accent Testing

The third test case is voice accent testing, it is to test if the 
application can recognize different pronunciation or accents of the 
inputted keywords.

Table 4 Different Phone Model Functionality Testing

The fourth test case is to test the compatibility of the application 
in different phone models to determine if the application’s 
functionalities are working properly.

Sprint 

Backlog 
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Table 5 Search Radius Testing

The fifth test case is search radius testing it determines whether 
the application can search for locations within a certain radius or 
distance.

Table 6 Estimated Fare Testing

The last test case is to determine if the estimated taxi fare of the 
app is equal or close to the actual taxi fare.

4. RESULTS AND DISCUSSION
4.1 Data Gathering Results

The researchers tested and observed first-hand the 
application and its responses, although they utilized outside 
volunteers for certain tests, such as the voice accent test. The 
researchers rode multiple taxis and used different phone models 
for the estimated fare tests and phone functionality tests. After 
each test, the data was recorded and listed in tables.

Table 7 Voice Search Testing

Table 7 shows the results of testing the voice search function of 
the app using the given keywords; the results displayed are within 
a search radius of 0.5KM the default search radius of the app but 
can be edited by clicking the options button.

Table 8 Location Search Testing

Table 8 shows the result of testing the location tracker of the 
mobile device to locate the current location of the user. It displays 
the current location of the user.

Table 9 Voice Accent Testing

Table 9 shows the results of testing different pronunciation of the 
keywords; some of the keywords spoken by the user with different 
pronunciation are either recognized or not recognized resulting to 
a “No landmark with keyword found” response.

Table 10 Different Phone Functionality Testing

Table 10 shows the observations of testing the application on 
different mobile devices with varying OS versions. 

Table 11 Search Radius Testing

Table 11 shows the results of testing the search radius of the app, 
the search radius can be edited through the option button. The data 
shows the adjustments of the search radius from 0.5KM to 4KM 
the top five results are displayed from the nearest to farthest 
landmark.

Table 12 Taxi Fare Estimation

Table 12 shows the comparison between the estimated taxi fare 
and the actual fare. From what was observed, there was not much 
difference in the actual fares. Although, some cases show that 
there was a difference: the actual fare was either higher or lower 
than the estimated fare. Factors that led to the difference were also 
listed.

4.1.1 Unexpected errors during the tests

During the testing period, the researchers encountered 
unexpected problems during the activation of the application. 
Namely the problems were: the location of the user was not 
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displayed on the map, the routes and landmarks for the locations 
were not displayed on the map, the value for the estimated fare 
was displayed as ‘NaN’, and the slow loading time for the 
application. Although at some instances, the problems are 
resolved by restarting the application; the cause of the problems 
have not been discovered. The researchers speculate that there 
may have been an update in one of the APIs used, which may 
have caused the problems.

4.2 Discussion of Results

As seen in the data collected, the application performed 
ideally according to the expectations of the researchers. Tables 7 
to 11 showed whether the functions were working properly or not; 
while Table 12 shows the efficiency of the taxi fare by comparing 
the shown estimated fare with the actual fare recorded. 

Table 7 and 8 show that the Voice Search and Location 
Search functions are working properly: the application is 
responding to the Voice Keywords and is properly 
displaying/recording the starting location of the user.

Table 9 shows that there were two kinds of results from 
the test: some keywords spoken by the user were recognized and 
landmarks were displayed, however when spoken with a barely 
recognizable accent/pronunciation, the response “No Landmark 
with Keyword Found” is shown. 

Table 10 shows the general observations of the 
application running in different phones and OS versions. The 
general observation was that there was no major difference in 
performance. However, the readability of the text would vary on 
the size of the screen.

Table 11 shows data that was slightly different from 
what the researchers expected, although the application was still 
able to search for landmarks within the radius.

Table 12 shows the comparison between the estimated 
taxi fare and the actual fare. From what was observed, there was 
not a major difference in the estimated and actual fares. Although, 
some cases show that there was a difference: the actual fare was 
either higher or lower than the estimated fare. The difference in 
fare could be attributed to the factors affecting the taxi ride: such 
as the driver making detours to avoid congested roads, or the 
volume of traffic in the roads at the time of travel.

5. CONCLUSIONS AND 
RECOMMENDATIONS
5.1 Conclusions

The research paper explores the possibility of making a 
simpler and more convenient way of using GPS navigation in 
conjunction with estimating taxi fares for commuters. The 
researcher proposed a method of using Google Maps to create a 
mobile application. The method led to the development of a GPS 
Locator Mobile application that utilizes Google Maps in order to 
find the fastest routes and provide the estimated taxi fare amount 
for that route. 

In order to evaluate the performance of the application, 
the researchers formulated tests focusing mainly on the 
performance and functionality of the mobile application. The 
researchers tested and observed first-hand the application and its 
responses, although they utilized outside volunteers for certain 
tests, such as the voice accent test. The researchers rode multiple 
taxis and used different phone models for the estimated fare tests 
and phone functionality tests. After each test, the data was 
recorded and listed in tables. 

Based on the data recorded, the application performed 
mostly as the researchers expected, albeit with some unexpected 
results. The functions of the application such as the voice 
command and location detection performed without any major 
problems; the estimated taxi fare tests shown that there was no 
major difference between the estimated fare and the actual fare, 
although the actual fare may change due to outside factors 
affecting the distance and travel time of the taxi ride. When the 
application was installed in different android devices, the 
application’s interface was still the same on all of them, there was 
no noticeable difference. 

Although, the techniques and algorithms used in the 
development of the mobile application were sufficient to provide 
credibility to the idea, further research and adjustments could be 
made in order to make a better and more efficient application.

As an outcome of the study, the researchers were able to 
find a solution for the two problems stated in the background of 
the study: “Is there any way to make GPS navigation more 
convenient and easier to use?” and “Can it be used in order to 
estimate how much fare is needed to get to the destination via 
taxi?”, by creating a mobile GPS application that can search for 
nearby landmarks via speech keywords, and provide a taxi fare 
estimate.

5.2 Recommendations

Based on the errors and inadequacies encountered 
during the testing of the mobile application, the following are the 
recommendations of the researchers for future researchers:

1. Create or download and use offline maps for the 
application to use. Being limited to using online maps 
makes the application useless in devices that are unable 
to connect to the internet. Using offline maps solves that 
problem; however, the application may take more disk 
space when using offline maps as they are required to be 
stored on the same device.

2. Add more landmark keywords for the user to utilize. 
The application developed during the study had a 
limited number of options to choose from. By adding 
more keywords, more locations can be selected by the 
user. 

3. Use or create an alternate routing API aside from 
Google Maps API. Google Maps API relies heavily on 
internet connection to perform searches and route 
redirections. Additionally, the Google Maps API 
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version may update occasionally, which may cause 
problems when the code of the application is set to a 
specific version of the API. Having a standalone routing 
API may help solve the latter problem. 

4. Use or create a more efficient voice recognition aside 
from the API used in the study. Based on the data, there 
were some instances where the voice input was not 
recognized because the input was spoken in a different 
accent, which caused the input to be misheard by the 
application. 

5. Availability to other mobile Operating Systems. 
Currently, the mobile application developed is limited to 
running on Android Operating Systems. If the 
application was made available to other Operating 
Systems, more users would be able to use the 
application. However, the APIs used in the Android OS 
may or may not work when used in other mobile 
Operating Systems.
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ABSTRACT

Communication is an ever-changing field where people 
always create new ways to communicating to others. The 
development of informal language is a part of its evolution 
process. The Filipino language is full of these kinds of informal 
formats of informal languages such as Swardspeak, Jejenese, 
Shortcut, and many more. The research aims to develop a simple 
system that can translate these kinds of informal words into the 
standard formal language equivalent. To achieve the goal, the 
researchers utilized the TagSA system to aid for the translation of 
the text. The program contains a database of all the rules and 
translation of informal words to the standard formal word. The 
process will start by reading the input text and checking for the 
rules of translation to be reversed. Then it applies the TagSA 
algorithm to check for the processed data if it is sufficient. And 
finally, directly translates the processed data to its formal word 
equivalent. Each step is optional and is only applied if the 
program sees the need of executing it. The research will be 
beneficiary to adults, linguists and people who may not be 
familiar with some informal words so that they will be able to 
understand them.

Keywords
TagSA System, translation, Natural Language Processing, text 
translation, language, affixes

1. INTRODUCTION
1.1 Background of the study

The internet has become the most widely used 
communication medium in the present time. According to the 
survey conducted in the study entitled “Effectiveness of Social 
Media as a tool of communication and its potential for technology 
enabled connections: A micro-level Study” by Baruah (2012), 
From the 200 residents of Guwahati City, 125 respondents said 
that social media is indeed a major form of communication tool 
while 75 respondents have replied in negative. From this, it can be 
seen that many of the people use social media to communicate 
with each other. But sometimes communicating with each other 
can be a bit confusing if the sender of the message has his own 
way of delivering his messages.

There may come a time where a person sends a message 
to another person in a shortcut form, mainly vowels are cut off or 
some set of words are substituted by numbers or symbols, or in a 
form of a colloquial language, like jejemon or swardspeak, and
the recipient of the message may not be able to understand what 
the sender is saying, or maybe the recipient might come to a 

different interpretation of the message. Either way, both of the 
scenarios may cause confusion to the recipient and will in turn 
cause confusion to the sender too, thus making their conversation 
ineffective.

To minimize the confusion in the conversation, the 
researchers proposed a program that can effectively translate and 
interpret these informal messages into understandable text. The 
program will use a Tagalog Stemming System to simplify the 
informal text or word. If there are some words that cannot be 
identified, the program will just offer suggestions as to what the 
informal words mean. The program may also transform formal 
messages and make them informal as reference to the term code-
switching.

1.2 Significance of the Study

This study is developed because of the ever changing 
language of the Philippines which include the Swardspeak, 
Jejenese and street words. This study aims to transform informal 
languages such as Jejenese, Swardspeak, shortcut words and street 
words to a more formal language.  It also aims to ease the 
understanding of the informal languages and to lessen 
offensiveness to the reader. Not all persons are linguistically 
capable enough to understand all those informal languages so this 
study will really help those persons to be able to read it clearly. 

The study will be beneficiary to adults, linguists and 
people who may not be familiar with some informal words so that 
they will be able to understand them. The study will also benefit 
the future researchers because there will be a new application of 
the TagSA through translation of informal messages to formal 
messages. 

1.3 Scope and Limitations

The coverage of this study is to create a program that 
will transform informal messages to formal messages and from 
formal messages to informal messages. Natural language 
processing is used to achieve the translation of the texts that are 
inputted. The program will accept the informal messages directly 
in the program. The program will also include most of the 
informal words being used today, but not all because the language 
is ever-changing and the program may not be able to keep up with 
the progress. The program does not include the newly introduced 
variation of languages. Instead, if the program is unsure, it will 
present words as suggestions to identify the word that is going to 
be translated. Only Tagalog words are to be used for the program. 
The number of words and sentences to be translated will only be 
limited phrases and sentences. The program will be more on the 
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function and not so much on the design of the program, but it will 
not be ignored.

2. REVIEW OF RELATED LITERATURE
2.1 Social Media

According to Baruah (2012) from “Effectiveness of 
Social Media as a tool of communication and its potential for 
technology enabled connections: A micro-level study”, a survey 
was conducted among the residents of Guwahati city in the urban 
areas, Guwahati is the gateway of North-East India. The spurt in 
the growth of industries have truly made it a world class city. The 
total sample size was 200 which consisted of students, teachers, 
engineers, marketing professionals, businessmen etc. A careful 
analysis of the data reveals the following results- On being asked 
whether social media is a major form of communication tool, 125 
respondents said that social media is indeed a major form of 
communication tool while 75 respondents have replied in 
negative.

With this fact at hand, it can be safely stated that social 
media is a really big part of the lives of people because it helps 
them to communicate with other people at any time and any place, 
and has become the major form of communication tool. It can also 
be stated that the many or majority of the world’s population are 
using social media to communicate with their peers, colleagues, 
family, etc for doing business deals, performing transactions or 
maybe just for catching up with them. Social Media is a very 
useful for our communication and makes it easier for us to 
communicate to each other, making it an effective communication 
media.

2.2 Linguistics 
According to Poplack (2009) from the Department of 

Linguistic in University of Ottawa that Code-switching (CS) 
refers to the mixing, by bilinguals (or multilinguals), of two or 
more languages in discourse, often with no change of interlocutor 
or topic. Such mixing may take place at any level of linguistic 
structure, but its occurrence within the confines of a single 
sentence, constituent or even word, has attracted most linguistic 
attention. This article surveys the linguistic treatment of such  
intra-sentential switching.

In combining languages intra-sententially, various 
problems of incompatibility may arise. Other potential 
combinatorial difficulties involve mismatches in grammatical 
categories, subcategorization patterns, morphology, and idiomatic 
expressions. Systematic examination of the spontaneous speech of 
bilinguals resident in a wide range of communities suggests, 
however, that speakers generally manage to circumvent these 
difficulties. CS tends not to produce utterances that contain 
monolingually ungrammatical sentence fragments. Discovery of 
the mechanisms enabling such "grammatical" CS is the major goal 
of current research. Central questions include locating permissible 
switch sites and ascertaining the nature (hierarchical or linear, 
variable or categorical) of the constraints on switching.

This is related to the research because it discusses about 
code-switching. Code-switching occurs when a speaker alternates 
between two or more languages, or language varieties, in the 
context of a single conversation. 

According to Fuchs and Schwitter from the book 
Specifying Logic Programs in Controlled Natural Language 
(2005), writing specifications for computer programs is not easy 

since one has to take into account the disparate conceptual worlds 
of the application domain and of software development. To bridge 
this conceptual gap we propose controlled natural language as a 
declarative and application-specific specification language. 
Controlled natural language is a subset of natural language that 
can be accurately and efficiently processed by a computer, but is 
expressive enough to allow natural usage by non-specialists. 
Specifications in controlled natural language are automatically 
translated into Prolog clauses, hence become formal and 
executable. The translation uses a definite clause grammar (DCG) 
enhanced by feature structures. Inter-text references of the 
specification, e.g. anaphora, are resolved with the help of 
discourse representation theory (DRT). The generated Prolog 
clauses are added to a knowledge base. We have implemented a 
prototypical specification system that successfully processes the 
specification of a simple automated teller machine.

Based from Corpora in Translation Studies: An 
Overview and Some Suggestions for Future Research by Baker 
(1995), corpus-based research has become widely accepted as a 
factor in improving the performance of machine translation 
systems, and corpus-based terminology compilation is now the 
norm rather than the exception. Within translation studies proper, 
Lindquist (1984) has advocated the use of corpora for training 
translators, and Baker (1993a) has argued that theoretical research 
into the nature of translation will receive a powerful impetus from 
corpus-based studies. It is becoming increasingly important to 
take stock of what is happening on this front and to start working 
towards the development of an explicit and coherent methodology
for corpus-based research in the discipline. This paper discusses 
the current and potential use of corpora in translation studies, with 
particular reference to theoretical issues.

According to Seki and Kasami, T from their study, “A 
translation method from natural language specifications into 
formal specifications using contextual dependencies” (1993), a 
method of translating natural language specifications of 
communication protocols into algebraic specifications is 
presented. Such a natural language specification specifies action 
sequences performed by the protocol machine (program). Usually, 
a sentence implicitly specifies the state of the protocol machine in 
which the described actions should be performed. A method of 
analyzing the implicitly specified states of the protocol machine is 
proposed, taking the OSI session protocol specification as an 
example. 

According to the book “Multilingual Multicultural 
Development” by Scotton (2010), an issue regarding code 
switching discourse is the extent to which material from a donor 
language (the Embedded Language or EL) appearing in a 
recipient language (the Matrix Language or ML) shows internal 
differentiation. Working within a model of the structural 
constraints on codeswitching (the Matrix Language Frame 
Model), this paper argues that while some important differences 
do exist among the various forms of EL material appearing in 
codeswitching discourse, in general the forms arise from related 
processes. Therefore, any model of the structural aspects of 
codeswitching must provide a unified account for all EL material 
in codeswitching utterances.

2.3 TagSA System
According to an article by Bonus (2004), TagSA, a 

Tagalog Stemming Algorithm, was developed for all forms of 
Tagalog words. It can be used specifically for morphological 
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analysis to derive root words. In addition, it can also be applied to 
information retrieval (IR) to conflate different word fors to a 
common canonical form. It uses the principle of iterative affix 
removal and is context sensitive. The system implementation was 
tested and evaluated based on the counting of actual 
understemming and overstemming errors using a total of 6.382 
word variants derived from three sources (duplicates included). 
The resulting understemming error of less than 15% and 
overstemming error of less than 0.005% indicate a good 
performance of TagSA. A stemming algorithm is a computational 
procedure, which reduces all words with the same root to a 
common form, usually by stripping each words of its derivational 
and inflectional affixes. It is found useful in many areas in 
computational linguistics. 

Fig 2.1 Architectural design of TagSA
The rule tables contain a list of strings that the stemmer 

will remove and symbols that will either indicate changes in the 
word form or a stemming instruction. The prefix and suffix 
removal routines has its own rule table. Each line in the rule table 
is a stemming rule. The rules in the table are grouped in to 
sections identified through their initial section letter. The rules in 
the prefix removal routine are grouped into sections 
corresponding to the initial letter of the prefix, while the rules in 
the suffix removal routine are grouped into sections corresponding 
to the final letter of the suffix. An acceptability test is employed 
before any rule is applied, while phoneme change rules are 
implemented upon removal of an affix. Assimilatory conditions 
are tested in the prefix removal stage. After a rule has been 
applied, a dictionary lookup is executed to avoid overdoing a 
process, and then processing may be allowed to continue 
iteratively or may be terminated. 

2.4 Affixes

According to Merriam Wesbter Dictionary (2015) An 
affix is a letter or group of letters added to the beginning or end of 
a word to change its meaning: a prefix or suffix. An affix (in 
modern sense) is a morpheme that is attached to a word stem to
form a new word. Affixes may be derivational, like English -
nessand pre-, or inflectional, like English plural -s and past 
tense –ed. They are bound morphemes definition;
prefixes and suffixes may be separable affixes. Affixation is, thus, 
the linguistic process speakers use to form different words by 
adding morphemes (affixes) at the beginning (prefixation), the 
middle (infixation) or the end (suffixation) of words.Affixes are 
divided into plenty of categories, depending on their position with 
reference to the stem. Prefix and suffix are extremely common 

terms. Infix and circumfix are less so, as they are not important in 
European languages. The other terms are uncommon.

This is related to the research because the program uses 
the affixes to find out what translation is needed for the word or 
phrase.

2.5 Natural Language Processing

According to an article by Gobinda G. Chowdhury 
(2003) Natural Language Processing (NLP) is an area of research 
and application that explores how computers can be used to 
understand and manipulate natural language text or speech to do 
useful things. NLP researchers aim to gather knowledge on how 
human beings understand and use language so that appropriate 
tools and techniques can be developed to make computer systems 
understand and manipulate natural languages to perform the 
desired tasks. The foundations of NLP lie in a number of 
disciplines like computer and information sciences and linguistics. 
Applications of NLP include a number of fields of studies, such as 
machine translation, natural language text processing and 
summarization, user interfaces, multilingual and cross language 
information retrieval (CLIR), speech recognition, artificial 
intelligence and expert systems, and so on.

This is related to the research because the program is 
using the natural language processing which applies to the field of 
translation and linguistics.

2.6 Text Translation

According to the article About Translation by Peter 
Newmark (2005), Translation is concerned with moral and with 
factual truth. This truth can be effectively rendered only if it is 
grasped by the reader, and that is the purpose and the end of 
translation. The central element of translation discussion, whether 
theoretical or practical, is the typical, whether we discuss 
principles, examples, structures, occasions, readerships or texts. A 
tree is a tree is a tree in English, though in Spanish and French it 
may also and quite often be shaft. But just translation, like 
language, appears to be a rule-governed activity, so, as in 
language; this is not always the case. Language develops mainly 
by breaking the rules, by innovations. 

This is related to the research because this is the main 
subject matter of the program to translate informal words to 
formal words.

2.7 Jejenese

According to the paper Linguistic Innovations in the 
Jejemon Phenomenon by Sweet Cacha and Angelo Tubac (2010), 
Language changes constantly. The way we communicate to 
expres sour ideas and thoughts is evolving with time. At this 
modern era, people convey their message through different media 
and in different forms. Recent technological improvements pave 
the way for language innovation. One of which is the computer –
mediated communication. Many people in the online communities 
in the Philippines are experiencing the jejemon phenomena. 
According to theUrbanDictionary.com, a jejemon is someone who
has managed to subvert the English language to the point of 
incomprehensibility. It is a term to describe those individuals who 
have developed their own language and written text. As a result, 
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users (mostly the younger generation) of computer-mediated 
communication, particularly Facebook, have been influenced by 
the widespread use of these occurrences although there have been 
different responses to this kind of phenomenon. The jejemon 
phenomena have varying impact on the way users of Facebook 
interact with one another. It is the interest of the researchers to 
further understand this phenomenon since it has been printed in 
the national newspapers, reported in the national television 
network, and the Department of Education has expressed their 
disapproval to this phenomenon, however, this type of writing has 
been very popular to the younger generation. Thus, this study is 
conducted to examine the morphological transformations 
employed by the users of the jejemon phenomena and to describe 
the patterns depicted in these jejemon style of writings. The 
jejemon style of writing originated from short-handed typing 
through the short messaging service. The language of the 
Jejemons, called Jejenese is derived from English, Filipino and 
their code-switched variant Taglish. Their alphabet, Jejebet, uses 
the Roman alphabet, including the Arabic numerals and other 
special characters. Words are created by rearranged letters in a 
word, alternating capitalization, over-usage of the letters H, X or 
Z and mixture of numeric characters and our normal alphabet.

This is related to the research because this is one of the 
scope of the words that will be translated from informal message 
to formal message.

2.8 Swardspeak

According to a Jeorjanna M. Median on her thesis 
entitled Antas ng pagtanggap ng mga mag-aaral at mga propesor 
sa paggamit ng gay lingo (Level of acceptance of students and 
professors in using the gay lingo) (2010), Gay Lingo continues to 
gain popularity between boys and girls of different ages, places 
and communities. All the respondents are more comfortable in 
using gay lingo as a medium of talking with their friends because 
they can easily interpret and say what they want to say with 
emotions with regards to a sensitive topic. Although gay lingo is 
already popular in the modern world, it shows that it is not 
appropriate to use inside the office and other formal environment 
because the formality of the words are being deprived. It is also 
not suitable to use in the aspect of academics especially in talking 
private and important matters in school. Gay lingo is only fit to 
use during text messaging and or chatting through social 
networking sites because in this situation there is no need for the 
technical and formal aspect of communication. In conclusion, gay 
lingo is a medium which should be used depending on the 
situation, if the situation is purely academic it should not be used 
if the situation is happening in text messaging and conversing 
with friends through social networking sites then that is the proper 
time to use it.

According to an article by Danton Remoto entitled On 
Philippine Gay Lingo (2008), Gay language serves as a mediator 
in the universe of Philippine languages. This language comes 
from a carnival of sources, a bricollage. Third, that this language 
has been appropriated by the heterosexual mainstream. Since the 
1960s, Tagalog, the mother lode of Filipino, has metamorphosed 
into another variant called Taglish, or Tagalog English. Taglish 
has become the language of the educated elite and the middle 
class. One of its steady sources has been gay language, which has 
generated so many words and idioms that have been inserted in 
the mainstream of the everyday Taglish. In fact, since the 1970s, 

gay language has even become a mediator among the many 
languages spoken in the country. In a sense, it is like the mestizo, 
the fair-skinned progeny of the brown, Malay ancestors with the 
Spanish or American colonial masters. The mestizo speaks 
Taglish, a mélange of languages which, according to Dr. Vicente 
Rafael, "evokes yet collapses the colonial relationship. It is the 
most unstable, and thus the most malleable, of languages." it is a 
language forever advent, forever beginning, forever new. The gay 
words of the 1970s still exist, but they are continuously updated--
in the beauty parlors and offices, the universities and the streets, 
the media and boutiques.

According to the article Framing the Filipino Diaspora 
Gender; Sexuality, and the Politics of Criticism by Martin Joseph 
Ponce (2008), Swardspeak is defined as a secret language that 
came from the mixed language with the names Taglish and 
Englog. It is used by gay people in the Philippines. Swardspeak 
uses word from Tagalog, English, Spanish, 
Cebuano, Japanese, Sanskrit, and other languages. Names of 
Celebrities and trademark brands are also used. The propagation 
of this form of communication is unstoppable. Once the not-so-
secret language of homosexuals; gay lingo is no longer exclusive 
to gays much to our divas dismay. From its grassroots beginnings 
in obscure parlors around the city it has infiltrated the tri-media 
and is now being spoken or understood or both by every Juan, 
Juana, Nene and Boy in the Philippines.

This is related to the research because this is one of the 
scope of the words that will be translated from informal message 
to formal message.

3. SYSTEM ARCHITECTURE
3.1 System Architecture

System architecture is the conceptual model that defines 
the structure, behavior, and more views of a system. An
architecture description is a formal description and representation 
of a system, organized in a way that supports reasoning about 
the structures and behaviors of the system. System architecture 
can comprise system components, the externally visible properties 
of those components, the relationships (e.g. the behavior) between 
them. 

Formal to Shortcut Words

Fig 3.1.1 Formal to Shortcut Words
Fig 3.1.1 shows the process of formal words being 

transformed to Shortcut words. Shortcut words are words that 
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mostly omit the vowels of a word and just leave the consonants. 
This process of Formal to Shortcut words breaks down the word 
letter by letter. The program checks for the first letter if it is a 
vowel, if no, it retains the letter, if yes, then it goes to the next 
letter, then it checks if the next letter is a vowel; if no, remove the 
letter if yes, then it checks again if there is another vowel, and it 
retains the letter. And this process just repeats until the last letter.

Shortcut to Formal Words

In this process the words are broken down to letters. 
The program checks for the first letter, if it is a vowel, it will 
proceed to the next letter. If it is a consonant it retains the letter 
and adds a vowel. The program checks every combination of the 
vowel, if there is a match in the table of formal words then, it adds 
the matched word in a list and continues to try more 
combinations. This continues until all the words have been filled 
vowels. If there is no match in the table for the vowel inserted 
then that letter is skipped and it moves on to the next letter until 
all the letters are finished and the final word is displayed.

Formal to Jejenese

Table 3.1.1 Jejenese Rules
In this process Jejenese is about having fillers in 

between each or every other letter. The first process is the 
program gets the table “Jejenese Rules” (Table 3.1.1)  and puts it 
in a list for easier processing. Then it breaks down the word letter 
by letter. The program checks if there is a similar letter in the 
table, if yes, then it transforms it to that letter and adds a filler. 
The filler is always chosen at random. Then this process just 
repeats until the last letter.

Jejenese to Formal Words

In this process a Jejenese word is to be translated to 
formal. There are rules for this process which are found in table of 
Jejenese rules. This breaks down the words letter by letter. Once a 
word is to be translated the program checks for the first letter if 
there is a match in the table it then translates the letter to the 
formal form of the letter. The consecutive letters are also checked 
if they are fillers, if they are fillers then they are removed, then the 
program moves on to the next letter until all the letters are 
translated.

Formal to Street Words

Table 3.1.2 Street Words
In this process every word is translated based on the 

table of Street words in the database. The Table 3.1.2 Street 
Words is placed in a list for easier processing. If there are affixes 
attached to the word it is removed, so that the only word that will 
be left is the root word. Then, the word is directly translated based 
on the word from the table. If there is no match for the word in the 
table it is then retained. This repeats until the words are all 
finished. The affixes are brought back after translating all the 
words.

Street Words to Formal 

In this process the word is directly translated based from 
the table of Street words in the database. If there are affixes 
attached to the word it is removed, so that the only word that will 
be left is the root word. Then, the word is directly translated based 
on the word from the table. If there is no match for the word in the 
table it is then retained. This repeats until the words are all 
finished. The affixes are brought back after translating all the 
words.

Formal to Swardspeak

Table 3.1.3 Direct Translations
In this process every word is checked in the Table 3.1.3 

Direct Translations, shown above, if there is a match it will then 
translate it to that word. If there is no match, it applies the rules 
found in the Rules Table. If there are multiple matches in the 
database, it applies the first rule chronologically according to the 
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database. After that it checks for all the other words until the 
words are all finished.
Swardspeak to Formal 

In this process every word is checked in the table Direct 
translations if there is a match it is then translated into that word. 
If there is no match, it will check if the word applies a rule of 
swardspeak. If it applies a rule, it will reverse the replacement 
according to the rules. If it does not apply a rule, the word is 
retained. This process repeats until all the words are finished.

3.2 Algorithms and Systems

TagSA, a Tagalog Stemming Algorithm, was developed 
for all forms of Tagalog words. It can be used specifically for 
morphological analysis to derive root words. In addition, it can 
also be applied to information retrieval (IR) to conflate different 
word fors to a common canonical form. It uses the principle of 
iterative affix removal and is context sensitive. The system 
implementation was tested and evaluated based on the counting of 
actual understemming and overstemming errors using a total of 
6.382 word variants derived from three sources (duplicates 
included). The resulting understemming error of less than 15% 
and overstemming error of less than 0.005% indicate a good 
performance of TagSA.

3.3 Systems Development

Iterative and Incremental development is a combination 
of both iterative design or iterative method and incremental build 
model for development. 

Figure 3.3.1 Iterative Model

Figure 3.3.1 shows the Iterative Model. The Iterative 
Model process starts with a simple implementation of a subset of 
the software requirements and iteratively enhances the evolving 
versions until the full system is implemented. At each iteration, 
design modifications are made and new functional capabilities are 
added.

Figure 3.3.2 Incremental Model

Figure 3.3.2 shows the Incremental Model. In incremental 
development the whole requirement is divided into various builds. 
During each iteration, the development module goes through the 
requirements, design, implementation and testing phases. Each 

subsequent release of the module adds function to the previous 
release. The process continues till the complete system is ready as 
per the requirement.

The basic idea behind this method is to develop a system 
through repeated cycles (iterative) and in smaller portions at a 
time (incremental), allowing software developers to take 
advantage of what was learned during development of earlier 
parts or versions of the system. Learning comes from both the 
development and use of the system, where possible key steps in 
the process start with a simple implementation of a subset of the 
software requirements and iteratively enhance the evolving 
versions until the full system is implemented. The key to 
successful use of an iterative software development lifecycle is 
rigorous validation of requirements, and verification & testing of 
each version of the software against those requirements within 
each cycle of the model. As the software evolves through 
successive cycles, tests have to be repeated and extended to verify 
each version of the software. 

3.4 Statistical Tools

In this research we will be finding the percentage of 
error for each input. Finding the percentage of error is a basic and 
important data that can be used for determining the accuracy of 
the system. Another important tool is the use of Arithmetic Mean. 
The researchers used the Arithmetic Mean for the reason of 
finding out the result of the researcher’s survey questionnaire and 
software evaluation. This will help the researchers in figuring out 
which of the answers have displayed the highest percentage of 
answer in terms of the survey questionnaire and the software 
evaluation criterion.

4. RESULTS AND DISCUSSION

4.1 Data Gathering Results 

The researchers have tested the most common informal words that 
are being used in to this day. These informal words include 
Swardspeak, shortcut words, and Jejenese. Having gathered 5 of 
the most common phrases and word, the researchers used the 
program to test the accuracy of the words that are translated, the 
speed of translation, the efficiency and effectiveness of the 
system.

4.2 Discussion of Results

The performance of the Curative Tagalog Code-
switching linguistics program is fairly good based from the testing 
of the researchers of translation of the most common informal 
words phrases to formal phrases. Given that the Filipino language 
has many varied and ever changing, it would suggest that the 
words and phrases are not all translated completely. The testing 
phase of the system also showed that the translation of 2 or more 
sentences makes it hard for the system to process and to translate 
it. The accuracy is already acceptable, given it translates and 
suggests words that are possible for translation. However, the 
performance, and speed of the system, cannot be benchmarked, as 
there are no other references that are similar with the study to be 
referred to.
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4.3.1 Errors in Translation

The system relies on classifying the informal words 
such as Swardspeak, Jejenese and Shortcut words to determine 
which word is to be translated. In the system, if the word is found 
in the database of the system, then there would be a direct 
translation; else, the word would go through the process of TagSA 
system until it translates it to the final word. However, there are 
cases that the system fails to find the translation of the informal 
word which results to not translating word formally. If the 
translations of words or phrases are not found in the database of 
the system then it is retained and the system moves on to the next 
word until it finishes the phrase or the word.

The problems arise if the user inputs words or phrases 
that have no spaces or if some words are misspelled. If that 
happens the formation of the sentences may be jumbled and the 
result will messy. The translation of the informal words depends 
on the database of the system. If the system does not find the 
words then it is retained. This problem is dependent on the fact 
that language is ever changing and varied in many ways that is 
why the program may not include all of the update informal 
languages up to this date.

In order to solve this problem, the language should 
always be updated to the latest language of Swardspeak, Jejenese 
and shortcut words. But in reality that is not possible. The only 
possibility of having accurate and correct translations is 
translating most of the common words that are often seen in social 
media sites like Facebook and Twitter.

4.3.2 Errors in Word – Sense

Since the system relies mostly on direct translations, 
context-dependent words are not correctly classified. A word can 
mean two meanings at once based on the usage and pronunciation 
of the word. Given that the system translates the words directly, if 
found in the database, if the word translated is not the proper 
translation of that word, then the sense of the word/phrases is 
disregarded.

The factor of having less data on the database also 
affects the translation of the words, resulting to losing the 
meaning of the translation.

5. CONCLUSIONS AND 
RECOMMENDATIONS

5.1 Conclusions

The research paper explores the field of translation of 
different informal languages of the Philippines which includes 
languages such as Swardspeak, Jejenese and Shortcut words. To
minimize the confusion in the conversation, the researchers 
proposed a program that can effectively translate and interpret 
these informal messages into understandable text. The program 
will use a Tagalog Stemming System to simplify the informal text 
or word. If there are some words that cannot be identified, the 
program will just offer suggestions as to what the informal words 
mean. The program may also transform formal messages and 
make them informal as reference to the term code-switching.

The study shows that the proposed system is already 
acceptable because of the accuracy of the translation of the words. 
However, the performance, and speed of the system, cannot be 
benchmarked, as there are no other references that are similar with 
the study to be referred to. In reference to the speed of the system, 
the program finds difficulty in translating phrases that contain 6 or 
more words. The efficiency of the system is also acceptable 
because most of the informal words translated are translated to 
formal words.  

The researchers also encountered problems with 
accordance to the translations of the words and the sense of the 
translated words/phrases. The system mostly relies on the 
database of the system. If a word is not found in the database then 
it is retained. This problem is dependent on the fact that language 
is ever changing and varied in many ways that is why the program 
may not include all of the update informal languages up to this 
date.

Some words have two or more meanings for that 
translation based on the usage and pronunciation of the word. 
Given that it directly translates the word, then if the translation of 
the word is not the desired translation of the user then the sense of 
the Given that it directly translates the word, then if the translation 
of the word is not the desired translation of the user then the sense 
of the Given that it directly translates the word, then if the 
translation of the word is not the desired translation of the user 
then the sense of the word is disregarded.

The research used the Tagalog Stemming System in 
order to simplify the informal text or word. This is another 
process in regards to the direct translation of the word from the 
database. 

As a conclusion the researchers have achieved the following:
1. The researchers have explored on the field of natural 
language processing and translation. The researchers were able to 
utilize the Tagalog Stemming System to simplify words that are to 
be translated to further translation of the word. The researchers 
developed a program that transforms phrases & sentences that 
uses informal languages such as Jejenese, Swardspeak, shortcut 
words and transform it to formal words and vice versa.
2. The researchers are able to create a simple system that 
translates informal languages with the use of Tagalog Stemming 
Algorithm. The researchers were able to determine the accuracy 
of the system by testing the common varied words from the 
informal languages given. Based from that, the accuracy, 
efficiency and effectiveness of the system are accepted.

5.2 Recommendations

These are the recommendations of the researchers for 
the future researchers that will be undertaking the same field of 
natural language processing and translation of words:

1. Include more data in the database. Although, the 
language of Swardspeak, Jejenese and Shortcut words is varied 
and ever changing, the future researchers should include most of 
the words that were not included in this research. Most of the 
common words are frequently found in social media sites like 
Facebook and Twitter. 

2. The system may be installed in social media sites that 
are mostly using those informal words that might be confusing to 
people who are not habitually coordinated with that kind of 
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language. It will help the user of the system to understand better 
the informal languages that are being used in those social media 
sites.

3. The GUI of the system can be updated. The current GUI of the 
system is simple and plain. But it can be reorganized and 
restructured to be more attractive to the eyes of the users.
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ABSTRACT

The researchers have decided to create an 
application for the sole purpose of protecting once private 
information even as small as a basic text message. Using 
the Rivest Shamir Adleman algorithm (RSA). It is an 
algorithm used to encrypt and decrypt messages. It uses an 
asymmetric cryptography algorithm which means it has 2 
different keys. Algorithm involves a public key and a 
private key. The public key could be shared to anyone; it 
used to encrypt the message. Message encrypted using the 
public key can only be decrypted with the private key. The 
use of the RSA Algorithm is mainly used in banks for 
security purposes; the researchers have proposed and 
developed a program that would use the algorithm, 
combining it in a mobile messaging application in Android
and also using Google Cloud Messaging (GCM). Security, 
especially when it comes to phones is a problem. Private 
information is something one poses in their everyday lives, 
and people all over the world have tried to increases 
security but there are also those numbers of people that 
have tried stealing information to use for their personal 
gain. Security is almost slowly becoming impossible since 
the rapid improvement of technology. 

Keywords

Rivest Shamir Adleman algorithm (RSA), Cryptography, 
Assymetric Encryption, Android, Google Cloud Messaging 
(GCM), Security

1. INTRODUCTION

1.1 Background of the Study

With the cutting-edge computer technology and 
the existing capability of Internet telecommunications 
today, there are many possible ways of relaying a message 
to someone for something important, confidential or even 
just a simple conversation. However, security is one of the 
common problems in forwarding a message online, either 
through web or a mobile device. A study stated that “Out of 
the numerous people who are aware and using the World 
Wide Web, 40% of these people are still using unsafe 
browsing facility”.[1] It can be said that the Internet is one 
of the most public places to communicate; During this time 
when the Internet provides essential communication 
between tens of millions of people and is being 
increasingly used as a tool for commerce, security becomes
a tremendously important issue to deal with[2]; 
transmitting information to another is dangerous, especially 

if that information is something that is extremely 
confidential.

A way to secure ones messages is through 
encryption. To make sure that they do safe transactions 
every time, there must be some technology, which assures 
and safeties of usage. This is known to be Encryption. [1]
Encryption is the conversion of electronic data into another 
form using an algorithm, called ciphertext, which cannot be 
easily understood by anyone except the authorized parties. 
A ciphertext is the result of encryption performed 
on plaintext using an algorithm, called a cipher. 
Decryption, the inverse of encryption, is the process of 
turning ciphertext into readable plaintext. The primary 
purpose of encryption is to protect the confidentiality of 
digital data stored on computer systems or transmitted via 
the Internet or other computer networks.

1.2 Significance of the Study

This section will provide description on the 
various significances of the study given the three 
categories; users, programmers and future researchers. 
Nowadays, there are many ways to relay a message to 
someone for something important, confidential or even just 
a simple conversation. The proposed study will serve as 
one of the ways to deliver a message through an android 
device to another android device but is more secured. Users 
of android device who are sending messages online will be 
one of those who will benefit from the study. The 
application will take their message’s confidentiality to the 
next level. By using the application the user can now 
encrypt/decrypt his messages. Another target beneficiary of 
the study are the programmers and future researchers for 
the abstraction of the same topics as the study, related to 
Rivest Shamir Adleman algorithm, message encryption, 
mobile application, or other related studies, like cryptology, 
and threats concerns of  mobile internet safety.

1.3 Scope and Limitations

1.3.1 Scope

The coverage of this study is to implement the 
Rivest Shamir Adleman(RSA) algorithm in encrypting  a 
personal text message from a user of an android device to a 
receiver on another android device that is connected to the 
same network. The study involves developing a message 
encrypting application that is capable of receiving/sending 
a message and is able to transform that message from plain 
text to a cipher text using an asymmetric encryption. The 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

245



 

application should be installed on each of the android 
device to be able to use the program. All the users that is 
connected to the server is considered online and will be 
visible to all other users using the application.  

1.3.2 Limitations

The study is limited to user to user encryption; 
there will not be a group message encryption available in 
the study. The user cannot use the application without 
internet connection and must be connected to the same 
network. The mobile application is fully reliable to the 
speed of the internet connection and the server. The 
encryption can only work with all the letters and symbols 
that could be found on a regular keyboard but all symbols 
can be encrypted as well as emoticons.

2. REVIEW OF RELATED 
LITERATURE

2.1 Cryptography

Cryptography is basically the science that 
employs mathematical logic to keep the information secure. 
It enables someone to securely store sensitive information 
or transmit information securely through insecure networks 
to keep it from being hacked, masqueraded, or altered [3]. 
The purpose of Cryptography is the science of writing in 
secret code and is an ancient art; the first documented use 
of cryptography was written to date from circa 1900 B.C. 
when an Egyptian scribbled non-standard hieroglyphs in an 
inscription but people argued that Cryptography was 
invented during the time of war. Cryptography is necessary 
when communicating with anyone using the internet in case 
someone would intercept your messages.

When it comes to communication of any 
application to application, there are specific security 
requirements that need to be meant. They are 
Authentication, Privacy, Integrity, and Non-repudiation. 
Authentication is the process of providing your identity. 
Privacy is ensuring that no one could read the message 
except the person intended to receive it. Integrity is 
assuring the receiver that the message has not been changed 
or modified and Non-repudiation is a mechanism to prove 
that the source of message or composer of the message is 
legit [2]

The program “obfuscation” has been around for 
at least decades, but no one has ever developed a 
mathematical framework for the idea. Over the years 
commercial software companies have created different 
ways for garbling a computer program so that it will be 
harder to understand while still processing or doings its 
purpose but hackers have defeated every single attempt. At 
best, these obfuscators offer a “speed bump” said by Sahai, 
now a computer science professor at the University of 
California. A hacker would now take a few days to unlock 
the information of the software instead of just taking a few 
minutes.

Secure program obfuscation would be useful for 
many possible applications, such as protecting software 
patches, chips that read encrypted DVDs or even 
encrypting military equipment’s like drones. More 
futuristically, it would allow us people to create automated 
virtual agents that we could use to send out into the 
computing “cloud” to act on our behalf. Your valued 
information from credit card numbers, pass codes and 
password would be safe hidden inside that program.

Currently the program doesn’t exist. As Sahai 
pondered program obfuscation, however, he and other of 
his colleagues quickly realized that its potential far 
surpassed any specific application. If ever a program as 
obfuscator would ever be created, it could solve many of 
the problems that have been driven cryptography for the 
past years, problems about how to conduct secure 
interactions with people at, say, the other end of an internet 
connection, whom you may not know or even trust for that 
fact [4].

2.2 Asymmetric Encryption

Asymmetric cryptography or public-key 
cryptography is cryptography in which a pair of keys is 
used to encrypt and decrypt a message so that it arrives 
securely. Initially, a network user receives a public and 
private key pair from a certificate authority. Any other user 
who wants to send an encrypted message can get the 
intended recipient's public key from a public directory. 
They use this key to encrypt the message, and they send it 
to the recipient. When the recipient gets the message, they 
decrypt it with their private key, which no one else should 
have access to. [5]

An asymmetric algorithm, as outlined in the 
Diffie-Hellman paper, is a trap door or one-way function. 
Such a function is easy to perform in one direction, but 
difficult or impossible to reverse. For example, it is easy to 
compute the product of two given numbers, but it is 
computationally much harder to find the two factors given 
only their product. Given both the product and one of the 
factors, it is easy to compute the second factor, which 
demonstrates the fact that the hard direction of the 
computation can be made easy when access to some secret 
key is given. Public-key algorithms are based on
mathematical problems which currently admit no efficient 
solution that are inherent in certain integer 
factorization, discrete logarithm, and elliptic 
curve relationships. [6]

This allows for the exchanging of securely signed 
and one-to-one messages. The sender encrypts the message 
using the common algorithm and his own secret key. They 
then sign the result, encrypt it again (with their signature 
in cleartext) using the recipient's public key, and send it. 
The recipient decrypts the received message using their 
own secret key, identifies the sender from their now-
cleartext signature, and then decrypt the result using the 
sender's public key. This ensures the recipient that whoever 
composed the message had access to the sender's private 
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key, and that nobody tampered with the message or read it 
along the way. [5]

In symmetric cryptography, the same key is used for 
both encryption and decryption. This approach is simpler in 
dealing with each message, but less secure since the key 
must be communicated to and known at both sender and 
receiver locations.

That is why the researchers decided to use asymmetric 
encryption instead of symmetric encryption. Asymetric 
encryption is much harder to break rather than symtric 
because it has a private and a public key. 

2.3 Google Cloud Messaging

In order to connect the applications we will be using 
GCM in our Message encryption application. According to 
developer.android.com, Google Cloud Messaging (GCM) 
for Android is a service that allows you to send data from 
your server to your users' Android-powered device, and 
also to receive messages from devices on the same 
connection. The GCM service handles all aspects of 
queuing of messages and delivery to the target Android 
application running on the target device, and it is 
completely free.

According to Google, The service provides a simple, 
lightweight mechanism that servers can use to tell mobile 
applications to contact the server directly, to fetch updated 
application or user data. The service handles all aspects of 
queuing of messages and delivery to the target application 
running on the target device. The free service has the 
ability to send a lightweight message informing the
Android application of new data to be fetched from the 
server. Larger messages can be sent with up to 4 KB of 
payload data. Each notification message size is limited to 
1024 bytes. [7]

Applications on an Android device don’t need to be 
running to receive messages. The system will wake up the 
application via a mechanism called Intent Broadcast when 
the message arrives, as long as the application is set up with 
the proper broadcast receiver and permissions. GCM does 
not provide any built-in user interface or other handling for 
message data. Instead, it simply passes raw message data 
received straight to the application, which has full control 
of how to handle it. For example, the application might post 
a notification, display a custom user interface, or silently 
sync data.

2.4 Java Programming Language

Java Programming Language is a general-purpose 
computer programming language that is concurrent, class-
based, object-oriented, and specifically designed to have as 
few implementation dependencies as possible. It is also 
intended to let application developers "write once, run 
anywhere", meaning that code that runs on one platform 
does not need to be recompiled to run on another. Java 

applications are typicallycompiledtobyte-code that can run 
on any Java virtual machine regardless of computer 
architecture. Java is, as of 2014, one of the most popular 
programming languages in use, particularly for client-
server web applications, with a reported 9 million 
developers

Java was originally developed by James Gosling at Sun 
Microsystems which has since merged into Oracle 
Corporation and released in 1995 as a core component of 
Sun Microsystems' Java platform. The language derives 
much of its syntax from C and C++, but it has fewer low-
level facilities than either of them. Sun Microsystems 
released the first public implementation as Java 1.0 in 
1995. The language was initially called Oak after an oak 
tree that stood outside Gosling's office. Later the project 
went by the name Green and was finally renamed Java, 
from Java coffee that is said to be consumed in large 
quantities by the language's creators.Gosling designed Java 
with a C/C++-style syntax that system and application 
programmers would find familiar. [8]

2.5 Rivest Shamir Adleman Algorithm

RSA is an algorithm used to encrypt and decrypt 
messages. It uses an asymmetric cryptography algorithm 
which means it has 2 different keys. RSA was announce 
publicly in 1978 and stands for Ron Rives, Adi Shamir and 
Leonard Adleman.  The algorithm involves a public key 
and a private key. The public key could be shared to 
anyone; it used to encrypt the message. Message encrypted 
using the public key can only be decrypted with the private 
key [9]. The algorithm can be used for both public key 
encryption and for digital signatures. Its security is based 
on the difficulty of factoring the large integers. 

3. SYSTEM ARCHITECTURE

3.1 System Architecture

The researchers will be using Android Studio and java 
programming language for making the system. It includes 
features like Live Layout: WYSIWYG Editor, Live 
Coding, Real-Time App Rendering, rich layout editor that 
allows users to drag-and-drop UI components, option to 
preview layouts on multiple screen configurations and 
other tools for mobile development.

Figure 1 System Architecture

Generally, the primary part of the Message 
Encryption Application will be assembled inside the 
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Android Studio integrated development environment 
including but not limited to; Graphical User Interface, 
overall design, buttons, text and images that will be used or 
be implemented in the Application. The RSA algorithm 
will be used for message encryption of the application, it 
includes the generation of the public key and private key 
for the sender and recipient. Most Android apps need to 
save data, even if only to save information about the app 
state during onPause() so the user's progress is not lost. 
Most non-trivial apps also need to save user settings, and 
some apps must manage large amounts of information in 
files and databases. For this we will use internal storage for 
saving data. This introduces the principal data storage 
options in Android, including; saving key-value pairs of 
simple data types in a Shared Preferences file.

3.2 Algorithm

3.2.1 RSA

The Rivest-Shamir-Adleman (RSA) algorithm is 
one of the most popular and secure public-key encryption 
methods. The algorithm capitalizes on the fact that there is 
no efficient way to factor very large (100-200 digit) 
numbers. RSA is a cryptosystem for public-key encryption, 
and is widely used for securing sensitive data, particularly 
when being sent over an insecure network such as 
the Internet.

As stated in the book by Rivest, R.L., Shamir, A., 
and Adleman, L. (February 1978), entitled “A Method for 
Obtaining Digital Signatures and Public-Key 
Cryptosystems", Communications of the ACM, Vol 21, No. 
2 using an encryption key (e, n), the algorithm is as 
follows:

1. Represent the message as an integer between 0 
and (n-1). Large messages can be broken up into 
a number of blocks. Each block would then be 
represented by an integer in the same range.

2. Encrypt the message by raising it to the eth
power modulo n. The result is a ciphertext 
message C.

3. To decrypt ciphertext message C, raise it to 
another power d modulo n

The encryption key (e, n) is made public. The 
decryption key (d, n) is kept private by the user. Rivest, 
Shamir, and Adleman provide efficient algorithms for each 
required operation. 

How to Determine Appropriate Values for e, d,
and n

1. Choose two very large (100+ digit) prime 
numbers. Denote these numbers as p and q.

2. Set n equal to p * q.

3. Choose any large integer, d, such that GCD(d,
((p-1) * (q-1))) = 1

4. Find e such that e * d = 1 (mod ((p-1) * (q-1)))

The question of how secure is a communication 
using RSA is secure still remains. In line with the statement 
on the website courses.cs.vt.edu entitled “Cryptography: 
RSA algorithm”, it is said that Cryptographic methods 
cannot be proven secure. Instead, the only test is to see if 
someone can figure out how to decipher a message without 
having direct knowledge of the decryption key. The RSA 
method's security rests on the fact that it is extremely 
difficult to factor very large numbers. If 100 digit numbers 
are used for p and q, the resulting n will be approximately 
200 digits. The fastest known factoring algorithm would 
take far too long for an attacker to ever break the code. 
Other methods for determining d without factoring n are 
equally as difficult. Any cryptographic technique which can 
resist a concerted attack is regarded as secure. At this point 
in time, the RSA algorithm is considered secure.

The encryption using the public key generated by 
the RSA algorithm is as follows. Let’s say you want to send 
the message “BAD CHEF” and encrypt it using the public 
keys 5, 14 and assuming that you still don’t know the 
private keys that will be used to decrypt it.

3.2.2 Encryption Process

Public Key: 5, 14
Private Key: 11, 14

(1)The first step to do this is to convert the letters 
into numbers (A is to 1, B is to 2, C is to 3….).

B     A    D     C     H     E    F        Original Text
2      1     4      3      8      5      6      Equivalent number

(2)The second step is to raise the converted text 
to the power of 5.

B      A   D       C       H       E       F        Original Text
2       1        4        3         8         5        6 Equivalent 
number
32     1    1024    243   32768   3125  7776   raise to the 
power of 5

(3)The third step is to get the %14.

B      A       D       C       H       E       F       Original Text
2       1       4        3        8        5      6       Equivalent 
number
32     1    1024   243   32768   3125   7776    raise to the 
power of 5
4      1          2           5           8           3          6         
%14, and the encrypted Text

3.2.3 Decryption Process

Now, for the decryption process we need to use 
the private key which is 11, 14.
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(1)The first step is to get the encrypted message 
and raise it to the power of 11

Public Key: 5, 14
Private Key: 11, 14

4        1         2         5           8         3        6  encrypted 
text
4194304     1         2048     48828125      177147     
8589934592    362797056 raised to 11

(2)The second step is to get the %14.

4        1          2          5           8          3         6     
encrypted text
4194304     1         2048     48828125      177147     
8589934592    362797056 raised to 11
2         1         4            3            8            5         6         
%14

(3)After getting the %14, you can now covert it 
to its original text.

4        1         2         5         8          3        6 encrypted 
text
4194304     1         2048     48828125     177147     
8589934592    362797056 raised to 11
2          1          4           3             8          5      6        
%14

B           A            D             C               H                E            
F       

Decrypted Text

Note that the private key and public key that is 
given on the example is for explaining purposes only. The 
public and private keys on the LAF chat application 
consists of very large numbers for higher security. 

3.3 Data Collection Methodology

Survey Questionnaire 
A survey would be used by the researchers to 

give to random individuals for them to gather 
information on how much big is the population that 
would play or use their software. It is when a person 
or a group would have different individuals answer 
different questions that would provide information to 
the group about their certain product or project, in this 
case, a study entitled “LAF CHAT: A Message 
Encrypting Application Utilizing Rsa Algorithm For 
Android-Based Mobile Device.”

Software Evaluation
Software evaluation is a type of assessment that 

looks to determine if the software is the best possible 
fit for the client. The idea is look at the resources and 
tools given by the software that it either currently in 
use or is being tested as a possible addition to 
programs used by the client.

3.4 System Development

Iterative method

It is developed to overcome the weaknesses of 
the waterfall model. It starts with an initial planning and 
ends with deployment with the cyclic interactions in 
between. The basic idea behind this method is to develop a 
system through repeated cycles. 

Figure 2 Iterative Method

Input Decrypted Output Match? 
A Chip on Your 
Shoulder. 

A Chip on Your 
Shoulder. YES 

An Arm and a Leg. An Arm and a Leg. YES 
Fisherman's friends. Fisherman's friends. YES 
Back to the Future. Back to the Future. YES 
A Million ways to Die IN 
the WEST. 

A Million ways to Die IN 
the WEST. YES 

"This is it!" "This is it!" YES 
Get to the point, leaving 
out all of the 
unnecessary details. 

Get to the point, leaving 
out all of the 
unnecessary details. YES 

Remember KIDS! Remember KIDS! YES 
!@#$%^&*() !@#$%^&*() YES 
_+ _+ YES 
[ ] \ ; ' , . / [ ] \ ; ' , . / YES 
{ } | : " < > ? { } | : " < > ? YES 
>ghgd >ghgd YES 
:) :D ;) ;D :3 ;3 :) :D ;) ;D :3 ;3 YES 
Emoticons blank NO 
<3 blank NO 
<> blank NO 
</3 blank NO 
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On the first phase, the researchers were to 
identify the system requirements os the application to be 
developed. Specifically, the following were to be 
identified: What version of android phones will be able to 
use the product? What specific algorithm should the 
researchers use to fully guarantee the security of the 
system? What methods are to be used? Then follows the 
software requirements and the analysis of the data gathered. 
From that the researchers came up with the program design. 
The researchers will use the Google Cloud Messaging and 
the Android studio for coding/programming the mobile 
message encrypting application. The good thing about this 
method is that once the researchers ended a phase and 
started another one is that one could always go back and do 
it twice, unlike the waterfall model. 

4. Results and Discussions

4.1 Testing Encryption and 
Decryption

Table 1 Sample Input and Output

Table 1 shows the sample input and output of the 
application. The researchers did not include samples of 
encrypted text input for the reason that each and every user 
of the application have their own unique private and public 
key which means that each will have different results in the 
ciphertext.

The application will only be able to encrypt and 
decrypt successfully if the text is less than or equal to 64 
characters, this is because the KeyPairGenerator is only 
512 bit long. We can use longer KeyPair and make the 
system more secure and allow for longer messages but will 
sacrifice on longer time for decrypting the message.

As you can see in the bottom part of the table, 
that some output after decryption is blank. What happens 
here is that it can encrypt the data and send it to the 
recipient but when decryption is applied on the part of the 
recipient’s device, it is read to be blank and displays 
nothing. Emoticons built into the phone is not supported 
also.

4.2 Time Consumed

Table 2 Time for the message to be delivered

Time to Complete 
(ms) Internet Speed 
3242ms 2.95Mbps down | 1.04Mbps up 
3676ms 2.95Mbps down | 1.04Mbps up 
1025ms 2.95Mbps down | 1.04Mbps up 
1054ms 2.95Mbps down | 1.04Mbps up 
484ms 2.95Mbps down | 1.04Mbps up 
710ms 2.95Mbps down | 1.04Mbps up 
632ms 2.95Mbps down | 1.04Mbps up 
1060ms 2.95Mbps down | 1.04Mbps up 

571ms 2.95Mbps down | 1.04Mbps up 
1229ms 2.95Mbps down | 1.04Mbps up 
1349ms 2.95Mbps down | 1.04Mbps up 
609ms 2.95Mbps down | 1.04Mbps up 
1060ms 2.95Mbps down | 1.04Mbps up 
6501ms 2.95Mbps down | 1.04Mbps up 
N/A N/A 
1273ms 2.95Mbps down | 1.04Mbps up 
3791ms 2.95Mbps down | 1.04Mbps up 
1242ms 2.95Mbps down | 1.04Mbps up 

Table 2 shows the time consumed for the 
message from the sender to be delivered to the recipient. 
We included the speed of the internet that we are using to
serve as a baseline. Because having different speeds affect 
the time needed for the data to be sent. We can see from the 
table that our fastest message is delivered in 0.484sec and 
the slowest was 6.501sec. 

The researchers included the internet speed 
because it affects the time of completion process in 
addition to how many characters are used. But as you can 
see the slowest was still running the same as others internet 
speed. This can be due to the phone’s Wi-Fi capability and 
obstructions that results in weak signal or just plain signal 
loss.

5. CONCLUSIONS AND

RECOMMENDATIONS

5.1 Conclusions

The research paper tackles about the possibility 
of using RSA algorithm as a security measure for a 
messaging application for Android OS.  The researchers 
used Google cloud messaging for a path way for users to 
interact with their messages, programmed using java; the 
researchers have created a message encryption application 
utilizing RSA algorithm. The applications would allow its 
users to message different people while having RSA 
algorithm as their number 1 source of security since it will 
encrypt the user’s message and only the receiver would 
have the capability to decrypt the encrypted message. 

As a conclusion the researchers have achieved the 
following

1.) The researchers have successfully implemented 
the RSA algorithm in a mobile application and 
use it as the main tool for security for 
communication via messaging. RSA is usually 
used for pins usually found in ATMs and the 
researchers successfully made use of RSA as 
encryption tool for longer number of characters 
then its purpose for shorten number of characters 
such as pins.
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2.) The researchers created an application that could 
send and receive encrypted messages and 
decrypted by the receiver. The message would be 
encrypted with use of algorithm and passed 
through the Google cloud, then would be 
delivered to the designated receiver.

3.) The researchers were able to add more security 
to the application. The researchers were able to 
add security questions and pin number security 
for added security of the application itself since 
the message is still accessible via the phone but 
to add more security the researchers placed more 
security measure to assure the user that even if 
the phone is stolen, their information would be 
secured. 

5.2 Recommendations

Based from the different errors and limitations 
that the researchers have encountered, the researchers 
recommend that:

1.) For future use of the creating a messaging 
application that the future developers would 
consider using a faster possible internet 
since the transaction of messages depends 
on how fast the internet connection is.

2.) The future developers would also consider 
using a different path way other then 
Google’s Cloud Messaging since the 
researchers have this during its pre release 
and was given permission to test Google’s 
product. Since it was pre release it is 
possible that it might not be available to use 
o could require paying for the use of Google 
cloud messaging.

3.) Improve the interface for possible new users 
since people have different understandings
and it might not be easy for new users to 
understand the interface of the application.

4.) Adding face recognition for a possible 
security measure since it’s a more reliable 
when it comes to security. It would require 
the user’s exact facial features and it would 
be impossible for anyone to gain access or 
by pass the security  

5.) Add also Finger print scanning as another 
source of security since face recognition 
now a day aren’t that advance yet and don’t 
deliver amazing results. Finger print 
scanning is currently advancing and getting 
good result. It is used as one of the main 
security of current smartphones.
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Abstract— The purpose of this research is to develop a 3D map 
signal strength surveying system for cellular mobile phone. 
Currently, the traditional cellular signal surveying is generally 
done by walking or driving while carrying the measurement 
device which greatly limited the surveying area. The survey in this 
research uses new method, by using a 250mm quadcopter with an 
application-installed mobile phone, so it can easily measure the 
signal strength. The application on the mobile phone is used to 
measure the signal strength, latitude/longitude coordinate and 
timestamp, send it to the server via cellular network in real-time, 
and also store it into local database. The quadcopter also has a 
barometer and GPS (global positioning system) installed. This 
information can be accessed by GCS (ground control station) via 
radio link. This system uses information from both mobile phone 
and GCS, display it in form of 3D signal strength map that will 
benefit for quality of service of cellular mobile networks. 

 
Keywords— signal strength, 3D survey, cellular, urban cellular, 
signal strength surveying 

I. INTRODUCTION 
It is an undeniable fact that communication is essential for 

human. The cellular network is one of the primary methods of 
communication. The quality of cellular network service is 
determined by the cellular signal strength. So the cellular 
service providers need to gather the data about signal strength 
constantly to maintain the quality of service. One of the 
methods to gather the data about signal strength is the 3D signal 
propagation simulation. To make the signal propagation data 
more reliable, site surveying is also important. Because site 
surveying can also detect the weak signal area in the actual 
environment.  

There is a demonstration of the traditional site surveying in 
the research named “Mobile Real-Time Information System for 
Snow Fighter Supervisors - System Design & Test” [5]. This 
research clearly shows the limitation of site surveying. The 
surveying is done by carrying a measurement device and 
driving or walking to the designated position [1], which means 
measurement by human cannot measure the signal strength in 
the aerial space between the buildings. If there is a way to 
carrying a measurement device more freely. The surveying 
between buildings is going to be easier than traditional way.  

Aerial surveying is going to make the planning for signal 
coverage area more practical, and also enhance the service 
quality and enable new services such as using drone via cellular 
network and provide more reliable network to support IoT 
(internet of things) technology. Some IoT devices and drones 
usually stay in the air and need a reliable network to maintain 
the connection. Which means live streaming or video 
broadcasting from drone is more reliable and also fundamental 
for many more technologies in the future. 

The research named “Aerial Sensing and Characterization of 
Three-Dimensional RF Fields” [6] proposed the method of 
aerial surveying by drone. The limitation of this research is the 
surveying which can measure one radio frequency at the time 
which can be selected. But the new model of mobile phone 
enables the usage of different radio frequency simultaneously 
so our research used the signal strength measured by mobile 
phone instead. 

From the mentioned problems and limitations above, this 
research presents a problem-solving method by using a 250mm 
quadcopter, mounted with an application-installed mobile 
phone, to survey the signal strength in the air, and send a set of 
data in a specific interval back to the server. A set of data 
consists of signal strength in dBm and bars, signal technology 
type, latitude, longitude, altitude and GPS variance rate. This 
information can be processed into a three dimensional (3D) 
signal strength map, and use this map for signal quality 
improvement planning. 

II. AERIAL CELLULAR SIGNAL SURVEYING BY QUADCOPTER 
The aerial surveying is done by attaching the smartphone 

with the quadcopter and fly in the specific route and altitude 
and send a set of data to the server with a specific interval. The 
smartphone which is attached with quadcopter must installed 
with an application for sending data to the server. The 
smartphone also need to contain 3 following features, the first 
one is the cellular signal strength measurement, the second is 
the fine positioning such as GPS, and the third is the Internet 
access. Next is the server, which is used to collect the sets of 
data from the smartphone and also has a webpage for input data 
monitoring. The last is the quadcopter used to carry the 
smartphone. 
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Fig. 1 Measuring signal strength at 10 meters above the ground and controlling 
with LOS and FPV at Thai-Nichi Institute of Technology, Bangkok, Thailand 
 

 
 

Fig. 2 The quadcopter with the smartphone 
 

 
 

Fig. 3 The quadcopter controlling by using FPV 
 

In this aerial surveying prototype, we used LOS (line of 
sight) and FPV (first person view) to control the quadcopter for 
safety purpose. The aerial surveying prototype controlling by 
using LOS and FPV is showed in Fig. 1. 
 
A. Tools Specifications 
 250mm quadcopter with CC3D revolution flight 

controller. The quadcopter also includes ESC (electronic 
speed controller), RC (radio controller) receiver, FPV 
video transmitter and a camera. The quadcopter also need 
to have the capability to carry a smartphone. The 
quadcopter and the smartphone are showed in Fig. 2 and 
the FPV in action is showed in Fig. 3. 

 Android smartphone with the ability to locate the fine 
position. The smartphone also needs to install the 
application and has the internet access. 

 
 

Fig. 4 Web-based server data monitor page 

 
 

Fig. 5 The aerial surveying route 
 
 The server with the data-receiver software installed. 
 Monitoring tool, a device that has an internet access and 

supports the interactive website to monitor the data on the 
server. The data monitoring page is showed in Fig. 4. 

 
B. Planning 

The aerial surveying route is selected by the population and 
potential obstacles in the area on the period of surveying.  We 
avoid to fly the quadcopter over the crowd and we also avoid 
to go near the building or personal asset for safety purpose. The 
distance between each route should have at least 10 meters to 
make the waypoint distinguishable. The aerial surveying 
prototype fly at 2.5 meters, 3.5 meters, 5 meters, 10 meters and 
15 meters altitude in each route. The aerial surveying route is 
showed in Fig. 5. 
 
C. Preparation 
For the prototype system there are 7 steps. 
 Specify the area, route and altitude. 
 Prepare the quadcopter, a controller and a measurement 

smartphone. 
 Check the status of the server. 
 Attach a measurement smartphone to the quadcopter. 
 Control the quadcopter to fly along the planed route and 

record the altitude according to flight controller. The 
altitude also used to refer to the record number or the 
record timestamp. 

 Filter the data get from the previous step for plotting 
graphs. We filtered the data because the smartphone starts 
collecting data before the quadcopter starts the flight. 
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Fig. 6 Single Altitude Scatter Graphs with average signal strength in 
dBm at the 10 meters altitude and 15 meters altitude. 
 
We also replace the altitude values from GPS with the 
altitude values from GCS.  

 After filtered data in previous step. This step use that data 
to create the 3D colored scatter graph and 3D surface 
graph by using MATLAB. 
 

After the aerial surveying, we produce the 3D graph. Start 
by fetching the data from the server and filter them. Because 
we need to start the application on smartphone before the 
quadcopter start the flight. Even after took off, the quadcopter 
still needs some time to reach the planned altitude. Sometimes 
the quadcopter is stray from the route because of the gust. There 
is another problem about mobile GPS measurement [2] which 
has less precision compared to the altitude measurement from 
the barometer which is included with the  
 

flight controller [3]. The flight controller we used is the 
CC3D revolution model which has the built-in altitude 
measurement equipment. We got the altitude value from the 
flight controller through the ground control station. So we 
replace altitude value from GPS with the altitude value from 
the flight controller.   

 
 

Fig. 7 Multi Altitude Scatter Graph of the Aerial Surveying 

 

III. CELLULAR SIGNAL MEASUREMENT RESULT 
In the last step, we split the filtered data into 2 sets. The first 

one is the original set of data. The another one is the set of data 
which is calculated by average the value with the nearby cell. 
The original data is used to plot the 3D scatter graph. And the 
calculated data is used to plot the 3D surface graph. Both of the 
graph use the same color scale which contains 152 colors.  

 
The scatter graph is divided by the display into 2 types 
 Single altitude scatter graph showed the positions of the 

collected data by using latitude, longitude to plot the 
points on the graph. This graph preset with a specific 
altitude. The signal strength is showed by using z-axis and 
colors, the color range is showed on the right side of the 
graph. Single altitude scatter graphs with average signal 
strength divided by altitude is showed in Fig. 6.  

 Multi altitude scatter graph showed the positions of the 
collected data by using latitude, longitude and altitude to 
plot the points on the graph. The signal strength is showed 
by using colors, the color range is showed on the right side 
of the graph. From the color range, green color represent 
high signal strength and red color represent weak signal 
strength as shown is Fig. 7. 

 
The surface graph is also divided by the display into 2 types 
 Single altitude surface graph showed the positions of the 

collected data by using latitude, longitude to plot the 
points on the graph. This graph preset with a specific 
altitude. The signal strength is showed by using z-axis and 
colors, the color range is showed on the right side of the 
graph. The graphs are showed in Fig. 8. 

 Multi altitude surface graph showed the positions of the 
collected data by using latitude, longitude and altitude to 
plot the points on the graph. The signal strength is showed 
by using colors, the color range is showed on the right side 
of the graph. The graph is showed in Fig. 9. 
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Fig. 8 Single Altitude Surface Graphs with average signal strength in dBm 
divided by altitude 

 
Fig. 6 shows signal strength at the 10 meters altitude. At the 

same altitude the measured signal strength changed constantly 
because of fading channel in the urban area.  

Fig. 7 shows the signal strength at multi altitude for 
analyzing the signal strength in the area. This graph also shows 
the scattering of the ununiformed signal strength. 

The result of the aerial surveying shows that the higher 
altitude has better average signal strength which is showed in 
Fig. 8. At the 15 meters altitude has the signal strength of -
72.8148 dBm and the 2.5 meters altitude has the signal strength 
of -86.2941 dBm. 

From the prototype of aerial surveying system, there is a flaw 
which is about maintaining the drone course. It’s an inevitable 
problem because we manually control the quadcopter for safety 
purpose. And there is an another problem with the altitude 
which we need to replace its value manually. The drone with 
greater safety measure such as DJI Phantom 4 [4] is going to 
make the aerial surveying much more convenient because it has 
an auto-pilot feature that can fly to the waypoint with steady 
speed and also avoid obstacles automatically.  

 
Fig. 9 Multi Altitude Surface Graph of the Aerial Surveying 

IV. CONCLUSIONS 
This paper developed a 3D map signal strength surveying 

system for cellular mobile phone in urban area by using the 
quadcopter. This paper proposes the aerial surveying system. 
The result of the surveying is satisfying. We got the 3D graphs 
as we planned, and this aerial surveying can be used to verify 
and adjust the cellular network to improve the network 
performance. The improvement of cellular network also 
increases the capability to support the smartphone and the IoT. 
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Abstract— We developed B-Map -- a management system for 
community bus operation. The community bus is a type of public 
transportation operated by municipality in underpopulated areas 
where running buses is unprofitable. However, it is generally 
difficult for the municipality to allocate sufficient human 
resources for community bus operation. B-Map has several 
functions for the operation, such as counting the number of 
passengers, recording the actual arrival times at bus stops, 
displaying the current bus location on the map, and sending 
emergency notification. B-Map alleviates the burden on the staff 
in charge of community bus operation. Moreover, B-Map is cost-
efficient because the system consists of commercially available 
tablets and a minimum server. It is expected that B-Map will
contribute to long-term operation of community bus services.

Keywords— system development, operation management, 
community bus, municipality, underpopulated area

I. INTRODUCTION

We developed B-Map 1 -- a management system for 
community bus operation for City Office of Uwajima, which 
is a city of Ehime Prefecture. This project was carried out as a 
part of Project Based Learning (PBL) in Advanced Course for 
Information and Communication Technology Specialists,
Graduate School of Science and Engineering, Ehime 
University.

The system we developed can be operated in local
governments. The staff and budget for operating community 
bus is limited in countryside because the government takes no 
account of the profit for the convenience of residents. In 
Uwajima, as a measure of inconvenient public transportation,
the municipality operates several lines, which were abandoned 
by private companies because of negative earnings.

1 B-Map http://pblict.city.uwajima.ehime.jp/b-map/

B-Map features supporting drivers to count the number of 
passengers, recording the actual arrival times at bus stops, 
displaying the current bus location on the map, and sending 
emergency notification. These functions not only alleviate the 
burden on the staff in charge of operation, but also enhance 
the convenience of residents.

The cost of introducing the B-Map system is acceptable for 
the municipality because it comprises several tablets for the 
drivers and a server for storing data and providing web 
applications.

II. BACKGROUND

In Uwajima, the municipality offers community bus service 
for four areas: Betto, Yoshida, Mima, and Tsushima. For 
Betto, Yoshida, and Mima, private taxi companies conduct the 
community bus service and the municipality subvents them.
The community bus service for Tsushima is directly 
conducted by the municipality. We aimed at supporting the 
community bus service for Tsushima.

The number of buses for the community bus service is 
small. In some lines in Tsushima, the community bus runs 
only once a day. The users have a strong desire to get the 
information concerning the community bus such as the current 
location in order not to miss the bus. Without B-Map, it is 
difficult for the staff in the city office to answer an inquiry 
with regard to the current location of a community bus by a 
resident.

Moreover, it is required for bus drivers to write daily 
operation reports usually in the form of papers. Drivers count 
incoming and outgoing passengers at each bus stop, and write
the reports after finishing the operation. Drivers might make a 
mistake in counting and writing.
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We aimed at resolving the above-mentioned issues by
developing an effective system.

III. SYSTEM OF COMMUNITY BUS OPERATION “B-MAP”

A. System
B-Map mainly comprises Android 2 tablets for recording 

operation information, and a server for storing data and 
providing web applications (Fig. 1). In recent years, such 
system architecture is universal for obtaining the position of a
bus since mobile devices have become more convenient. [1]

Fig. 1 System of B-Map

1) Tablet: Drivers use the installed App for recording and 
sending operation data, and sending emergency
notification.

2) Server: The server provides Application Programing 
Interface (API) for keeping and obtaining operation 
data. Web applications for residents and the 
administrators are also provided by this server.

3) Resident’s device: Residents can use the service of B-
Map on their PC or mobile web browser.

4) Administrator’s device: The administrator can access 
the admin page on a PC browser.

B. Function of Tablet application
The tablet application has three pages: Select Line Page, 

Count Passenger Page, and Confirm Page. Moreover, the 
application features the following functions.

1) Obtaining line information: At the Line Information 
Page (Fig. 2), the application automatically obtains
names of the line, names of the driver, and the number 
of operation from the server.

2 Android is a trademark of Google Inc.

Fig. 2 Line Information Page

(1) Date, (2) Line, (3) Direction, (4) Service, (5) Driver, (6) Car number,
(7) Resend non-transmitted data,(8) Transit to the Count Passenger Page

2) Counting the number of passengers: At the Count
Passenger Page (Fig. 3), the driver can input the 
number of incoming and outgoing passengers. The 
application provides intuitive User Interface (UI), such 
as plus and minus buttons. If operation data exists on 
the server, the application sets the data as initial values.
In addition, the driver can notice its mistakes because 
the number of people on the bus is displayed in this 
page.

Fig. 3 Count Passenger Page

(1) Back to Select Line Page, (2) Send emergency notification, (3) 
Transit to the Confirm Page, (4) Incoming passengers at, (6) bus stop, (5) 
Outgoing passengers at, (6) bus stop, (6) Bus stop, (7) Plus count, (8) The 
number of passenger, (9) Minus count, (10) The number of person on the 
bus

3) Tallying collected bill: At the Confirm page (Fig. 4),
collected bill is displayed according to recorded 
operation data.
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Fig. 4 Confirm Page

(1) Back to Count Passenger Page, (2) Send emergency notification, (3) 
Send operation data, (4) Bill summary

4) Sending bus location: After selecting the line, the 
application sends the current bus location to the server 
every 3 seconds by using Global Positioning System 
(GPS) function with the tablet.

5) Sending emergency notification: In a state of 
emergency of the bus, the driver can send a notification 
to the server. If the server receives the notification, an 
e-mail alert is sent to registered addresses.

6) Sending recorded data: The application can send 
recorded data to the server. This function eliminates
the need to write daily operation reports in the form of 
papers.

7) Saving non-transmitted data: If a connection to the 
server fails in sending the recorded data, the 
application saves the data into the tablet’s storage.
With this function, the driver can proceed to the next 
service even if non-transmitted data exists. Non-
transmitted data can be sent when an operation is 
ceased.

C. Function of Resident Web Application
Residents can find out the states of the bus with access to 

B-Map website (Fig. 5).

Fig. 5 B-Map web site (Map data © 2015 Google, ZENRIN)
(1) Announcement text area, (2) Bus current location

1) Displaying the current bus location: The current bus 
location is plotted on a Google Map3 with a bus icon.

2) Indicating state of emergency: If the server receives 
an emergency notification, the bus icon changes to the 
“SOS” icon (Fig. 6) on the map.

Fig. 6 SOS icon

3) Displaying announcement: Announcement edited by 
the administrator is printed on the website. With this 
function, residents can check the state of the bus 
without inquiring at the city office.

D. Function of Administrator Web Application
The administrator can access to operation data, edit the 

announcement text, and use some functions on the admin page.

1) Browsing the number of passengers: The 
administrator can check the number of passengers per 
service on the admin page (Fig. 7), and download as a
Comma-Separated Values (CSV) file. With this 
function, the administrator can commit the data to 
papers without posting to the ledger.

3 Google Map is a trademark of Google Inc.
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Fig. 7 Number of Passengers (daily, each line)

(1) Line, (2) Driver and car number, (3) Incoming and outgoing passenger

2) Browsing operated route: The administrator can check 
the log of bus path for each line per day on the browser.

3) Browsing actual arrival times: The administrator can 
check the actual arrival time at bus stops on the admin 
page (Fig. 8).

Fig. 8 Actual arrival times

4) Editing announcement text:  The administrator can edit 
announcement text printed in the resident’s page.

5) Clearing the state of emergency:  The administrator
can neutralize the “SOS” icon on the map.

IV. EVALUATIONS

A. Impact
With the introduction of B-Map, the client can get the 

following benefits.

The number of inquiries is expected to decrease since 
residents can check the state of the bus on the website.
If residents call the city office, office staff can give an 
accurate bus location. Therefore, the service becomes
more convenient.
The time of paperwork can decrease through 
digitization of recording with the tablet application. 
The number of erroneously recordings is also 
expected to decrease.
To fix a problem, staff can get off to quick start since 
the driver can notify city office about emergency. In 
addition, the operation date such as the log of bus path 
might help troubleshooting.

B. Cost
In the case of Uwajima City, the system was set up with 

commercially available Android tablets, mobile Wi-Fi routers,
and a minimum cloud server (Table 1). Residents and the 
administrator can use the web application with daily use PC.

These device’s and service’s price are standard in Japan, 
and the scale of cost is smaller than the scale of vehicle value. 

TABLE 1
SYSTEM DEVICES IN THE CASE OF UWAJIMA CITY

Devices Price
Android Tablet Approximately 50,000 yen
Mobile Wi-Fi Router
(including cellular 
subscriptions)

Approximately 2,000 yen / 
month

Cloud server Approximately 1000 yen / 
month

V. FUTURE ISSUES

If community bus users are limited, operation of count 
passengers can be automated by identifying individuals with 
Bluetooth tags.

In addition, since bus companies are required by law to 
check driver’s health and breath alcohol in Japan, the tablet 
application might automate these operations.

VI. CONCLUSION

In this development, we built the system of community bus 
operation using tablets and web applications. This system can 
be operationalized at local municipality that has limited 
human resources and budget for community bus operation. 
This service automates many operations. Furthermore, since 
introduction of the system is achievable with commercially 
available tablets and a minimum server, it is not heavy burden 
for municipality.
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Abstract -- The study determined the relationship of e-campus technology 
strategy such as process automation, cloud computing, on-line promotion, and 
greening information technology and e-campus technology performance of 
Arellano University (AU). The paper studies the role of technology 
applications and a university’s technology strategy on the effectiveness and 
efficiency of e-campus technology.  Moreover, the research output is to 
propose e-campus technology for innovative resource management based on 
the analysis of e-campus technology strategy and performance of AU. The 
concept involves management of organizational resources for effective and 
efficient e-campus technology performance. The study used descriptive 
research design and employed the five (5) branches of AU as respondents. 
The groups of respondents consist of graduating IT students, IT professors, 
and IT staff with 161 sample size of the study. The research used descriptive 
statistics in analyzing e-campus technology strategy and performance. 
Moreover, inferential statistics such as t-test was used to determine significant 
relationship between e-campus technology strategy and performance. The 
result reveals that process automation strategy is statistically significant to e-
campus performance and other strategies are not. Thus, it is apt to recommend 
the proposed e-campus technology for innovative resource management of 
AU to acquire, develop, maintain, and utilize e-campus strategy for effective 
and efficient e-campus technology performance.

Keywords: e-Campus Technology, e-Campus Technology Strategy, e-Campus 
Technology Performance, e-Campus Innovative Resource Management

I. INTRODUCTION

The e-Campus Technology strategy is an application of multistream 
management of Information Technology used by the educational institutions 
to produce competitive graduates and provide quality services to its clientele. 
The emphasis of multistream management is on multiple forms of well-being 
for multiple stakeholders (Dyck & Neubert, 2012) [1]. The e-campus 
technology applications in the study consist of information systems, web 
services, learning software, system security, digital media, computer 
laboratory, hardware brand name, technology gadgets, internet connection, 
hardware processor, and software technology.  The independent variables of 
the study include the e-campus technology strategies such as process 
automation, cloud computing, on-line promotions, and greening IT. However, 
in order to utilize e-campus technology and enhance the quality of overall 
university education, it is therefore important to determine the e-campus 
technology performance. The e-campus technology performance is measured 
in terms of effectiveness and efficiency as the dependent variable of the study. 
The e-campus technology effectiveness and efficiency is rooted to the e-
campus technology resource management to attain organizational goals and 
objectives. The rationale of this study is to promote Arellano University 
campuses climate receptive to new technologies, progress the efficiency and 
effectiveness of e-campus technology to students, faculty, and staff. This 
research is aligned to the Arellano University Vision-Mission in order to 
attain the University goals and objectives. 

The study provides information on the most frequently used e-
campus technology and the analysis of e-campus technology strategy for 
Arellano University. The output of the study may also be used as a valuable 
tool in enhancing the e-campus technology strategy and performance for 
innovative resource management of higher education institutions. The topic is 
a trend in an education industry and it is important for the future. The study
will also help the school/university board of directors, school administrators, 
IT director/head, dean/ program chair of IT, IT faculty, IT students, 
researchers, and the stake holders as a whole to make their decisions that fits 
best in the field of information technology that will make educational 
institutions profitable and produce globally competitive IT graduates.

A. Conceptual Framework

According to Asgarkhani (2005) [2], the most of the shortcomings 
(as they concern the effectiveness of e-Service) can be resolved by improving 
the technology infrastructure and access to e-Technologies. Technology
usually enhances communication between faculty and students. It provides
students with educational experiences which they could not otherwise 
experience. The information and communication technologies are tools for 
manipulating ideas and images and for communicating effectively with other 
people. These are precisely the functions performed by higher education 
(Alvarez & Barone1996) [3].

Independent Variables                         Dependent Variables

Of Technology

FIG.1. THE RESEARCH PARADIGM SHOWING THE RELATIONSHIP 
OF E-CAMPUS TECHNOLOGY STRATEGY AND PERFORMANCE

However, the research paradigm showing the relationship model 
between the e-campus technology strategy and performance for innovative 
resource management of Arellano University. The available e-campus 
technology applications and e-campus technology strategies (process 
automation, cloud computing, on-line promotion, and greening information 
technology) are considered independent variables of the study. While the e-
campus technology performance determined dependent variables of the study 
measured in terms of effectiveness and efficiency. Moreover, factors that 
affect the effectiveness and efficiency is considered in the model based on 
type of the courses, objectives of technology usage, and students themselves 
too. The research is a trend in an education industry, has potential to improve 
performance of technology usage in an education environment, and it is 
important for the future. Thus, the output of the study could be a valuable tool 
for higher education institutions to progress e-campus technology strategy and 

e-Campus Technology 
Performance

1. Effectiveness
2. Efficiency

Factors of e-Campus Technology 
1. Types of the Courses
2. Objectives of Technology Usage
3. Students

e-Campus Technology Applications

e-Campus Technology Strategy
1.  Process Automation
2.  Cloud Computing
3.  On-line Promotion
4.  Greening IT
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 performance to make the schools and their students competitive in the 
business world.  

The following are the variables and key terms operationally 
defined in the context of the study:
Cloud Computing. It refers to cloud-based services to meet the broad need of 
the university on quality storage and virtual servers available over the internet.
e-Campus Technology Applications. It refers to IT applications on 
information system, web services, e-learning software, IT system security, 
digital media, computer laboratory, IT hardware brand name, technology 
gadgets, internet connection, IT hardware processor, and software technology.
e-Campus Technology Performance. It refers to evaluation of e-campus 
technology in terms effectiveness and efficiency
e-Campus Technology Strategy. It refers to the strategy on process 
automation, cloud computing, on-line promotion, and greening information 
technology.
Effectiveness. It refers to performance management in doing the right things 
on e-campus internal competencies, resources and time behavior. It entails 
promptly achieving a stated organizational objective.
Efficiency. It refers to performance management in doing things right on e-
campus internal competencies, resources and time behavior. It entails 
balancing the amount of resources used to achieve an objective against what 
was actually accomplished.
Greening Information Technology. It refers to IT strategy on sustaining and 
preserving our environment and addressing issues related to global ecosystem.  
Innovative Resource Management. It refers to management of 
organizational resources such as man, money, materials, machinery, market, 
and methods.
On-Line Promotion. It refers to IT strategy in the use of online advertising of 
the university.
Process Automation. It refers to IT strategy in delivering service quality of e-
campus technology applications.

B. Statement of the Problem

This study aims to determine the e-campus technology strategy and 
performance for innovative resource management of Arellano University.

Specifically, the study sought to answer the following questions:
1. What are the available e-campus technology applications of 

Arellano University?
2. What are the e-campus technology strategies of Arellano 

University in terms of:
a. Process Automation
b. Cloud Computing
c. On-line Promotion
d. Greening IT

3. What is the e-campus technology  performance of Arellano 
University in terms of:

a. effectiveness 
b. efficiency 

4. Is there a significant relationship between the e-campus technology 
performance and the following e-campus technology strategy of 
Arellano University;

a. Process Automation
b. Cloud Computing
c. On-line Promotion
d. Greening Information Technology

5. What e-campus technology innovative resource management can 
be proposed to Arellano University?

C. Hypothesis

There is no significant relationship between e-campus technology 
strategy (Process Automation, Cloud Computing, On-line Promotion, and 
Greening Information Technology) and e-campus technology performance 
(effectiveness and efficiency) of Arellano University.

D. Scope and Limitations of the Study

The study is limited on the following independent variables for e-
campus technology: available e-campus technology applications and e-
campus technology strategy measured in terms of process automation, cloud
computing, on-line promotion, and greening information technology. And the 
dependent variable of the study is limited to e-campus technology 
performance in terms of effectiveness and efficiency.

There are five (5) branches of Arellano University with 
computer/IT courses included in the study such as AU-Legarda, AU-Malabon, 
AU-Mandaluyong, AU-Pasay, and AU-Pasig. The respondents comprise of IT 
staff/head, IT/computer faculty, and 4th year IT/computer students which 
consist of one hundred sixty-one (161) sample size of the study. The study 
conducted from January 2015 to October 2015.

E. Review of Related Literature and Studies

As often happens in organizations, recognition of a need precedes 
the ability to put it into place. IT leaders are now making significant strides in 
articulating IT strategy and linking it more effectively with business strategy.
Deciding how to make the trade-offs between the different types of IT work is 
the essence of effective strategy. Unfortunately, few businesses do this very 
well (Burgelman, R., and Doz, Y., 2001) [4].  .

Moreover, effective strategy development is becoming vital for 
today’s organizations. As the impact of IT has grown in organizations, IT 
strategy is finally getting the attention it deserves in business. Nevertheless, 
most organizations are still in the very early stages of learning how to develop 
an effective IT strategy and synchronize it with an overall business strategy. 
Getting the balance right between the many different ways IT can be used to 
affect a business is a constant challenge for today’s leaders. While there is, as 
yet, no well-developed IT strategy development process, there appears to be 
general agreement on certain critical success factors and the key elements 
involved. Over time, these will likely be refined and better-integrated with 
overall business strategy development. Those who learn to do this well 
without locking the enterprise into inflexible technical solutions are likely to 
win big in today’s rapidly-evolving business environment (Smith, H.A., 
Mckeen, J.D., & Singh, S., 2007) [5]..

Furthermore, Yazdani, B.O., Kord,B., & Taroghi, M. (2011) [6]. 
explain that as the effective utilization of information technology (IT) 
becomes recognized as a core competency, benchmarking is increasingly
important to chief information officers (CIOs) to react successfully to the 
moves of competitors, CIOs need to know how effective these competitors are 
in implementing IT–enabled process changes or new internet–enabled 
business models.

Organizations spend enormous sum of money on IT to compete in 
today’s fast-paced business environment. Some organizations spend up to 50 
percent of their total expenditures on IT. To justify these expenditures, an 
organization must measure the payoff of these investments, their impact on 
business performance, and the overall business value gained. Efficiency and 
effectiveness metrics are two primary types of IT metrics. Efficiency IT 
metrics measure the performance management of the IT system itself such as 
throughput, speed, and availability. Effectiveness IT metrics measure the 
impact IT has on business process and activities including customer 
satisfaction, conversion rates, and sell-through increases. Peter Drucker offers 
a helpful distinction between efficiency and effectiveness. Drucker states that 
managers “Do things right” and/or “Do the right things.” Doing things right 
addresses efficiency—getting the most from each resource. Doing the right 
things addresses effectiveness—setting the right goals and objectives and 
ensuring they are accomplished.  Efficiency focuses on the extent to which an 
organization is using its resources in an optimal way, while effectiveness 
focuses on how well an organization is achieving its goals and objectives. The 
two-efficiency and effectiveness- are definitely interrelated. However, success 
in one area does not necessarily imply success in the other (Baltzan, P.and 
Philips, A., 2011) [7]..

New developments in information technologies are radically 
transforming process automation. Today’s automation systems already have 
footprints that extend into cyberspace beyond the control system per se and 
into physical space beyond the plant perimeter (e.g., wireless signals). A 
sophisticated, multifaceted approach is recommended, and will, with 
appropriate extensions, be essential as economics and performance 
considerations drive us toward even more open and globally connected 
architectures (Samad, T., McLaughlinP., Lu, J., 2007) [8]..

Cloud computing utilities are delivered to users in a number of 
ways. They can be private, public, community based, or a hybrid of the three. 
The private cloud remains on the inside of the organization while the public 
cloud is made available to the general public (Mell, P. & Grance, T., 2009) 
[9]. Along with the National Institute of Standards and Technology (NIST), 
cloud computing is a model for enabling convenient, on-demand network 
access to a shared pool of configurable computing resources (e.g. networks, 
servers, storage, applications, and services) that can be rapidly provisioned 
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and released with minimal management effort or service provider interaction 
(Mell, P. & Grance, T., 2009) [9]..

According to Roberts, ML (2011) [10], the advent of the internet 
has altered the business landscape with astounding speed and power. In that 
changed terrain, the role of marketing has also undergone dramatic upheaval. 
Customers, both consumer and business, have access to voluminous amounts 
of information and many competitive offerings. Their expectations in terms of 
both product quality and customer services are high. The number of choices 
available to customers is very great, as is their ability to acquire information 
and change suppliers. Marketers must meet ever-increasing expectations, 
master a new medium, and drive costs down in order to offer competitive 
prices—all at the same time. Marketers engage in a variety of activities to 
accomplish their goals. These fall into the basic categories of customer 
acquisition, conversion, retention, and building customer value.

Electronic Commerce encompasses all electronically conducted 
business activities, operations, and transaction processing. With the 
development of electronic commerce in the Internet, companies have changed 
the way they connect to and deal with their customers and partners. 
Businesses now could overcome the space and time barriers and are capable 
of serving customers electronically and intelligently. In the promotion patterns 
model, by segmenting the market, customer behaviors of three categories can 
be analyzed by utilizing data mining techniques and statistical analysis to 
generate personalized candidate promotion products. Finally, multiple 
evaluation indicators are used and adjusted to rank and obtain the final 
personalized promotion products. With the promotion products based on 
customers' past frequent purchase patterns, it has the potential to increase the 
success rate of promotion, customer satisfaction, and loyalty. In this paper, a 
prototype system was developed to illustrate how the proposed on-line 
personalized promotion decision support system works in electronic 
commerce and a simplified case of performance analysis was conducted for 
evaluation (Changchien S.W., Lee,CF, & Hsu, YJ, 2004) [11].

An understanding of basic environmental problems and 
technological solutions, such those detailed in Greening through IT, should be 
part of the acumen of any policymaker. The magnitude of the problems faced 
coupled with one’s seeming inability to improve the situation can induce 
helplessness (Tomlinson, B., 2010) [12].

According to Velte, T, Velte, A.,& Elsenpeter, R.C. (2009) [13],
green IT explains how to adopt a business-driven green initiative and provides 
a detailed implementation plan. You will find strategies for reducing power 
needs, procuring energy from alternative sources, utilizing virtualization 
technologies, and managing sustainable development. Keep your IT 
department and your organization in the green--both environmentally and 
financially--with help from this comprehensive guide: work within current 
global initiatives and standards for e-waste; minimize power usage and use 
alternative cooling methods in your datacenter; transition your office into a 
paperless environment; equip your organization with green hardware;  
implement efficient datacenter design in terms of energy consumption, 
cooling, server configuration, consolidation, cabling, redundancy, and more;  
virtualized servers and storage using the latest technologies from VMware, 
Microsoft, Compellent, Incipient, and others; measure existing datacenter 
efficiency using current metrics, and track progress with Business Intelligence 
tools; Establish a green supply chain; explore the Software as a Service (SaaS) 
model, and manage ongoing compliance and sustainable growth.

The literature and studies cited have greatly enhanced the 
conceptualization of the study. Likewise, the literature enabled the researcher 
to realize that e-campus technology has high impact in education and industry. 
The studies noted the insights that management of e-campus technology 
applications and strategies used by the educational institution produces 
competitive graduates and provide quality services to its clientele.

II. METHODOLOGY

The study was answered through descriptive research design as the 
paper describes the present factual condition on the e-campus technology 
strategy and performance for innovative resource management of Arellano 
University. The five branches of Arellano University except the Law School 
were included in the study that offered information technology education 
(ITE) programs. The research used Slovin’s formula to compute sample size 
of the study, which consists of one hundred sixty-one (161) respondents and 
distributed accordingly to 129 respondents for 4th-year computer/IT students, 
24 respondents for IT faculty, and 8 respondents for IT administrator/staff. 

The study employed non-probability purposive sampling in the 
selection of the respondents who are considered to be the most knowledgeable 
to give the needed information in IT field of expertise. In the distribution of 
questionnaires, the study used non-probability convenience sampling 
techniques. This means that questionnaires were distributed to the available 
respondents for an ease of data gathering. The research used a self-made 
questionnaire to elicit answer to specific problems of the study. The survey 
questionnaire is composed of five parts. Part one includes the category of 
respondents, part two consists of available e-campus technology applications, 
part three pertains to analysis of e-campus technology strategy, and part four 
comprises the analysis of e-campus technology performance of Arellano 
University.

In order to establish the content validity of the instruments, a draft 
of questionnaire was constructed and floated to three information technology 
managers and seven computer/IT professors from the different Arellano 
University branches. Comments and suggestions were considered for further 
improvement before the instrument was actually distributed to the 
respondents. The research questionnaires were distributed to the respondents 
and made follow-up to retrieve the filled-up survey questionnaires. Also, 
through personal visitations from the different respondent’s branches, the 
distribution and the retrieval of questionnaires were done for consolidation 
and interpretation.

The statistical results for descriptive and inferential statistics were 
computed for data analysis.  The data gathered from the respondents were 
recorded, classified, tabulated, presented, analyzed, and interpreted.
Descriptive statistics used weighted mean, frequency counts and percentage in 
analyzing the e-campus technology strategy and e-campus technology 
performance of Arellano University. However, inferential statistics such as t-
test was used to determine the significant effect among variables of the study.

III. RESULTS AND DISCUSSIONS

The presentation of data is organized following the sequence of stated of 
the problems:

Group of Respondents

Majority of the respondents are 4th year computer/IT students 
consisting of 106 out of 161 respondents or about 66 percent. There are 40 
computer/IT faculty respondents or about 25 percent, and 15 IT staff/head or 
about 9 percent. They are all knowledgeable in e-campus technology 
applications of the five branches in Arellano University.

1. Available e-Campus System Applications
The study resulted to multiple responses of the respondents in 

identifying available e-campus technology of Arellano University. And the 
following are the most commonly used available e-campus technology 
applications as rated by the respondents:

a. Information System: enrolment system, student grading system
b. Web Services: e-groups/facebook, school website, e-mail
c. Learning Software: SAP accounting software, e-books (i-ready, 

diagnostic exam for 
Nursing), folio software

d. System Security: anti-virus software
e. Digital Media: digital graphics animation , digital photography, 

and digital music and audio production, 
f. Computer Laboratory: local area network (LAN), wireless 

network, stand alone
g. Hardware Brand Name: HP, Apple Macintosh, Lenovo, ASUS, 

IBM
h. Technology Gadgets: desktop, flat screen, LCD projector
i. Internet Connection: WIFI, cable internet, DSL
j. Hardware Processor: dual core, core 2 duo
k. Software Technology: windows XP,  iMAX OS X, windows 7, 

Open office, Unix, Windows/excel etc., adobe premiere, Microsoft 
office 2010,  C,C++,C#, JCreator, My SQL

2. Analysis of e-Campus Technology Strategies
The e-campus technology strategies are measured in terms of 

process automation, cloud computing, on-line promotion, and greening IT. 
The e-campus technology strategies are rated using a five point scale, one 
being the lowest and five the highest.  Such category uses “always”, “often”, 
“occasionally”, “seldom”, and “never” labels.
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 TABLE 1. SUMMARY OF E-CAMPUS TECHNOLOGY STRATEGY

Description N Mean Interpretation Rank
Process 
Automation 161 2.91 Occasionally 3
Cloud Computing 161 2.79 Occasionally 4
On-Line 
Promotion 161 3.08 Occasionally 2
Greening IT 161 3.09 Occasionally 1
e-Campus 
Technology    
Strategies (Mean) 161 2.97 Occasionally

Table 1 affirms the summary results of e-campus technology 
strategy rated by the respondents as “occasionally” with an average mean 
score of 2.97. The analysis of e-campus technology strategy reveals the 
highest to lowest results as follows: ranked first is greening information 
technology (3.09/occasionally), followed by on-line promotion 
(3.08/occasionally), process automation (2.91/occasionally), and cloud 
computing (2.79/occasionally).

In process automation strategy, respondents rated high on 
delivering consistent service quality of e-campus technology applications. 
However, respondents rated low on implementing software that automates IT 
processes to ensure that IT system run smoothly, maximizing the use of 
software applications to meet increasing service demand, and resolving 
systematic e-campus operational issues that repeatedly cause unplanned 
downtime.

In cloud computing strategy, respondents rated high on providing 
the best possible e-campus services and extending IT existing capabilities. 
However, respondents rated low on ensuring the quality cloud-based services 
performance with varying degrees of security or compliance, and creating an 
exceptional cloud services to meet the broad needs of the university.

In on-line promotion strategy, respondents rated high on the 
flexibility and better delivery of marketing messages to attract customers, and 
securing confidentiality of information, privacy and anonymity of users . 
However, respondents rated low on the dynamic use and wide reach of online 
promotion of services over the internet, and the well execution of the plan for 
on-line promotions for specific and target audience.

In greening IT strategy, respondents rated high on consuming the 
precise amount of energy through minimizing electricity consumption. 
However, respondents rated low on improving waste management program on 
electronic waste, and enhancing stakeholders the value of greening 
information technology.

3.  Analysis of e-Campus Technology Performance
The e-campus technology performance is measured in terms of 

effectiveness and efficiency. The e-campus technology performance are rated 
using a five point scale, one being the lowest and five the highest.  Such 
category uses “exceptional performance”, “very satisfactory performance”, 
“adequate performance”, “improvement needed”, and “unsatisfactory 
performance” labels.

TABLE 2. SUMMARY OF E-CAMPUS TECHNOLOGY 
PERFORMANCE

Description N Mean Interpretation Rank

Effectiveness 161 2.90
Adequate 

Performance 2

Efficiency 161 2.82
Adequate 

Performance 1
e-Campus Technology 
Performance (Mean) 161 2.86

Adequate 
Performance

Table 2 confirms the summary results of e-campus technology 
performance rated by the respondents as “adequate performance” with an 
average means score of 2.86. The analysis of e-campus technology 
performance reveals the highest, which is effectiveness rated as adequate 
performance with a mean score of 2.90, followed by efficiency rated as 
adequate performance with a mean score of 2.82. 

In effectiveness of the e-campus technology performance, 
respondents rated high on effective delivery of e-campus technology services, 
and involvement of academic community in decision-making to solve IT 
problems. However, respondents rated low on conducting computer audit for 
accuracy of data vis-a- vis manual report, improving the level of users’ 
satisfaction, development of e-campus technology strategy, and management 
support on IT development cost thru allocation of IT budget.

In efficiency of the e-campus technology performance, 
respondents rated high on reducing resource use and energy consumption, and 
providing smart control system in utilizing e-campus technology. However, 
respondents rated low on increasing e-campus technology operational 
efficiency, providing access to information concerning services and the 
democratic process, introducing workflow management system to increase 
process efficiency, and delivering consistent e-campus quality services.

4.  Relationship Between e-campus technology Strategy and 
Performance

a. Process Automation Strategy and e-Campus Technology 
Performance 

The computed value of 3.792 is greater than the critical value of 
3.182 at 0.05 level of significant. Hence, the alternative hypothesis was 
accepted. This shows that there is significant relationship in the process 
automation strategy and e-campus technology performance in the five 
branches of Arellano University. This means that an increase in process 
automation strategy improves e-campus technology performance. Any 
positive change and increase in the process automation strategy is positively 
related to e-campus technology performance in the Arellano University.

b. Cloud Computing Strategy and e-Campus Technology 
Performance 

The significant relationship was not found between cloud 
computing strategy and e-campus technology performance since the computed 
t of 0.076 is less than the critical value of 3.182 at 0.05 level of significant. 
Thus, the decision was to accept the null hypothesis. This no relationship 
might be attributed to the observation that the e-campus technology strategy 
on cloud computing per branch may not be fully utilized in the Arellano 
University.

c. On-Line Promotion Strategy and e-Campus Technology 
Performance 

Since the computed t of 1.146 is less than the critical value of 
3.182. Thus, null hypothesis was accepted. This means there is no significant 
relationship between on-line promotion strategy and e-campus technology 
performance. This no relationship might be attributed to the observation that 
the e-campus technology strategy on on-line promotion per branch may not be 
effectively employed in the Arellano University.

d. Greening IT and e-Campus Technology Performance 
The computed t of 0.010 is less than the critical value of 3.182 at 

0.05 level of significant. Therefore, the null hypothesis was accepted. This 
means that there is no significant relationship between greening information 
technology strategy and e-campus technology performance. This no 
relationship might be attributed to the observation that the e-campus 
technology strategy on greening information technology per branch may not 
be properly integrated in the Arellano University.

5.  proposed e-campus technology Strategy and Performance 
for Innovative Resource Management

The proposed innovative e-campus technology resource 
management discusses ways on managing organizational resources to achieve 
organizational goals of the business. Accordingly, the ultimate goal of 
business is to maximize profit and reduce cost. That means managers’ 
performance should be effective and efficient. Organizational resources 
include man (human resources management), money (financial management), 
machinery (technology management), market (marketing management), 
material (purchasing/supply chain management), method (strategic 
management), and other resources (risks, stress, change management, etc.). 
These organizational resources should be properly managed for revitalize e-
campus technology operations. However, the organizational resource 
management is limited only to e-campus technology functions. Such e-campus 
technology functions include development of strategic IT plan, maximize the 
IT investment, manage the IT workforce, conduct IT risk assessment, 
maintain a high-quality systems development process, and others. 
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FIGURE.2
PROPOSED E-CAMPUS TECHNOLOGY STRATEGY AND 

PERFORMANCE FOR INNOVATIVE RESOURCE MANAGEMENT

In addition, e-campus technology strategies under investigations 
include process automation, cloud computing, on-line promotion, and 
greening IT. And these strategies are linked to organizational resources and 
the outcomes are possible ways on managing information technology. This 
research is aligned to the Arellano University Vision (A model institution of 
learning where relevant knowledge is acquired and skills are developed in 
response to the needs of global community) & mission (to provide equitable 
access to learning through relevant, innovative, industry sensitive-
environment conscious academic programs and services) in order to attain the 
University goals and objectives. The rationale of this study is to promote 
Arellano University campuses climate receptive to new technologies, progress 
the efficiency and effectiveness of e-campus technology to students, faculty, 
and staff.

TABLE 3. PROPOSED E-CAMPUS TECHNOLOGY INNOVATIVE
RESOURCE MANAGEMENT

e-Campus 
Technology 
Innovative Resource 
Management

Flow/Matrix

1. E-campus System Proposed E-campus Technology Main  
System Flow

2. E-campus 
Technology 
Applications

Available Technology Applications

3. E-campus 
Technology 
Strategies

.1  Process Automation
- Collaborative 

Systems(Knowledge 
management, Content 
Management, Decision 
Support Systems)

- Enterprise Resource 
Planning 

3.2  Cloud Computing
- Business Process as a Service 

(BPaaS)
- Software as a Service (SaaS)
- Platform as a Service (PaaS)
- Infrastructure as a Service 

(Iaas)
3.3  On-Line Promotion

- Internet  Web Marketing 
Strategies

- Success Factors, Efficient, 
Services, Development 
Process of website and 
Internet of Things (IoT)

- Proposed AU Website 
Content

- Campaign management 
systems

- Contact Management 
systems

- Opportunity Management 
systems

3.4  Greening IT
- Green Data Technologies 
- Eco-friendly data center with 

proper recycling habits
- Customizing innovative power 

cooling with no impact on
Environment

Cutting energy costs
4. E-Campus 

Technology 
Governance

4.1  Managing (E-campus Technology 
Guidelines)
4.2  Policy (Important Policy Areas for E-
campus Technology function)
4.5  Audit/Control (Controlling/Continuing 
function)

5. E-campus 
Technology 
Performance

5.1 Effectiveness
Usability (Technology Usage)
Customer Satisfaction (Students)
Conversion Rates
Financial

5.2 Efficiency
Throughput
Transaction Speed
System Availability
Information Accuracy
Web Traffic
Response Time

6. E-campus 
Technology 
for Managing 
Organizational   
Resources

(Organizational Resources: Man, Money, 
Machinery, Materials, Market, Methods)

The ultimate goal of business organization is to maximize profit 
and reduce costs that the performance of a manager should be effective and 
efficient to achieve its goal.  And the manager should know how to manage 
resources.  In business organizational resources it includes man, money, 
materials, machineries, market, methods and other resources.  The 
management usually innovate organizational resources through acquiring, 
developing, maintaining, utilizing resources for organizations 
competitiveness.  Thus, table 3 illustrates the proposed e-campus technology 
for innovative resource management.

Available e-Campus Technology
(Information System, Web Services, Learning Software, System 
Security, Digital Media, Computer Laboratory, Hardware Brand 
Name, Technology Gadgets, Internet Connection, Hardware 
Processor): 

Factors of e-Campus Technology 
(Types of the Courses, Objectives of Technology Usage, Students)

Innovative Resource Management
(e-campus system,  applications,  strategies,  performance,  
governance, and managing organizational resources)

e-Campus Technology Performance
(Effective and Efficient)

e-Campus Technology Strategies
(Process Automation, Cloud Computing, On-Line Promotion, 
Greening IT)
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 CONCLUSIONS

Based on the findings of the study, the following conclusions are 
drawn:

1. The most commonly used available e-campus system applications 
are as follows: enrolment system, student grading system, e-
groups/facebook, SAP accounting software, folio software; anti-
virus software, digital graphics animation , local area network 
(LAN), wireless network, stand alone, Apple Macintosh, desktop, 
flat screen, LCD projector, WIFI,  dual core, windows XP,  iMAX 
OS, Open office, Unix, Windows, C,C++,C#, My SQL.

2. The summary of e-campus technology strategy reveals the highest 
to lowest results as follows: ranked first is greening information 
technology, followed by on-line promotion, process automation, 
and cloud computing. Moreover, in process automation strategy, 
respondents rated high on delivering consistent service quality of 
e-campus technology applications. However, respondents rated 
low on implementing software that automates IT processes to 
ensure that IT system run smoothly, maximizing the use of 
software applications to meet increasing service demand, and 
resolving systematic e-campus operational issues that repeatedly 
cause unplanned downtime. While, in cloud computing strategy, 
respondents rated high on providing the best possible e-campus 
services and extending IT existing capabilities. However, 
respondents rated low on ensuring the quality cloud-based services 
performance with varying degrees of security or compliance, and 
creating an exceptional cloud services to meet the broad needs of 
the university. Whereas, in on-line promotion strategy, 
respondents rated high on the flexibility and better delivery of 
marketing messages to attract customers, and securing 
confidentiality of information, privacy and anonymity of users . 
However, respondents rated low on the dynamic use and wide 
reach of online promotion of services over the internet, and the 
well execution of the plan for on-line promotions for specific and 
target audience. And in greening IT strategy, respondents rated 
high on consuming the precise amount of energy through 
minimizing electricity consumption. However, respondents rated 
low on improving waste management program on electronic waste, 
and enhancing stakeholders the value of greening information 
technology.

3. The summary results of e-campus technology performance got an 
adequate performance with which effectiveness as the highest 
followed by efficiency. Moreover, in effectiveness of the e-campus 
technology performance, respondents rated high on effective 
delivery of e-campus technology services, and involvement of 
academic community in decision-making to solve IT problems. 
However, respondents rated low on conducting computer audit for 
accuracy of data vis-a- vis manual report, improving the level of 
users’ satisfaction, development of e-campus technology strategy, 
and management support on IT development cost thru allocation of 
IT budget. Whereas, in efficiency of the e-campus technology 
performance, respondents rated high on reducing resource use and 
energy consumption, and providing smart control system in 
utilizing e-campus technology. However, respondents rated low on 
increasing e-campus technology operational efficiency, providing 
access to information concerning services and the democratic 
process, introducing workflow management system to increase 
process efficiency, and delivering consistent e-campus quality
services.

4. Among the e-campus technology strategy, only the process 
automation reveals that there is statistically significant relationship 
to e-campus technology performance with at least 95% confidence 
level. This means that an increase in process automation strategy 
improves e-campus technology performance. Any positive change 
and increase in the process automation strategy is positively related 
to e-campus technology performance in the Arellano University. 
However, e-campus technology strategy such as cloud computing, 
on-line promotion, and greening IT, the significant relationship 
were not found between e-campus technology performances at 
0.05 level of significant. These no relationship might be attributed 
to the observation that the e-campus technology strategy should be
fully utilized in the University.

5. The study highlighted the role of technology applications and a
university’s strategy on the effectiveness and efficiency of e-
campus technology. Also, the proposal model for innovative 
resource management  through acquiring, developing, maintaining, 
utilizing resources for organizations competitiveness.  

RECOMMENDATIONS

In light of the foregoing summary of findings and conclusions, the 
following recommendations are offered:

In light of the foregoing summary of findings and conclusions, the 
following recommendations are offered:

1. It is strongly recommended to utilize and maximize the use of 
available e-campus technology applications. That the constant use 
of available e-campus technology progresses the IT performance of 
the university.

2. Regarding process automation strategy, it is deemed necessary to 
use and implement software that automates IT processes to ensure 
that IT system run smoothly, maximize the use of software 
applications to meet increasing service demand, and resolve 
systematic e-campus operational issues and concerns that 
repeatedly cause unplanned downtime.

As regards to cloud computing strategy, it is imperative to ensure 
the quality cloud-based services performance with varying degrees
of security or compliance, and creating an exceptional cloud 
services to meet the broad needs of the university. 

In on-line promotion strategy, it is essential the dynamic use and 
wide reach of online promotion of services over the internet, and 
the well execution of the plan for on-line promotions for specific 
and target audience.

And in greening IT strategy, it is noteworthy to boost waste 
management program on electronic waste, and enhancing 
stakeholders the value of greening information technology.

3. In advancing performance management on effectiveness of e-
campus technology, it suggests to conduct computer audit for 
accuracy of data vis-a- vis manual report, to improve the level of 
users’ satisfaction, development of e-campus technology strategy, 
and management support on IT development cost thru allocation of 
IT budget. While, performance on efficiency suggests that it is 
vital to increase the use of e-campus technology so that to provide 
access to information concerning services and the democratic 
process, to introduce workflow management system to increase 
process efficiency, and to deliver consistent e-campus quality 
services. However, factors that affect the effectiveness and 
efficiency may be considered based on type of the course, 
objective of technology usage, and students themselves too.

4. It is to recommend strengthening the use of IT resources and the e-
campus technology strategy on process automation. This may 
positively affect the enhancement of e-campus technology 
performance of the University. However, full utilization on e-
campus technology strategy on cloud computing, on-line 
promotion, and greening IT may also contribute to the 
development of performance management. That the constant use of 
e-campus technology strategy improves the performance 
management in terms of effectiveness and efficiency.

5. With the new era comes innovation and cutting-edge technologies, 
it is highly recommended to consider the proposed e-campus 
technology strategy and performance for innovative resource 
management.

6. Similar investigation on the use of e-campus technology strategy 
and e-campus performance in colleges and university is 
recommended.
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Abstract—The large amount of computerized data 
in business has been steadily increasing over the 
years.  Data extraction using data analytics and 
visualization have been widely used to discover 
information knowledge from various areas. This 
paper analysed data with statistic tools and visual 
analysis to extract and gather information from 
registration system in order to; 
1. Understand students and predict an academic 
performance condition.  
2. Compare a knowledge’s result from statistic tools 
with graphical output from visualization software. 
Registration data was obtained from department of 
academic affair of Thai-Nichi Institute of 
Technology from year 2007-2015. In this study, we 
only focused on IT student’s data that contains 
1,822 rows. Based on the applied techniques that we 
have developed, we found that academic 
performance (GPA) of TNI’s IT students have 
lower average GPAs and not different result from 
their previous level (High school). In addition, data 
analytic and visual analysis can help a university to 
evaluate their teaching performance, gain insight 
into their students, discover knowledge and make 
evidence-based for future educational planning 
decisions. Moreover, Data visualization allows an 
organization to make better business decisions 
from allows insights into a big data.   
   

 Keywords—Data analytic, Visual Analysis, 
regression analysis, academic performance, 
institutional strategic plan 

 

I. INTRODUCTION 
In the business world today, the enterprises’ data is 

recorded in a digital format.  This data is increasing at 
an incredible rate.  Data size also becomes too big and 
complex to analyse.  Several organizations have a very 
big data in their storage; however, they do not use this 
data for understanding their customer, employees, 
operations as well as stakeholders. It is not only 
enterprises who are now facing this problem, 
universities also need to learn what they are operating 
within their business, analyse their educational 
process, react to students’ academic performance, and 
make decision that will help manage to produce a good 
output to an industry.  

Every semester, universities collect massive 
amounts of data internally and externally as they 
interact with students.   
Thai-Nichi Institute of Technology (TNI) is one of 
private university in Thailand that is using the student 
registration system from starting operation for course 
registration and a central part of the educational 
administration system for undergraduate and graduate 
students. Since 2007, TNI’s registration system has 
stored student’s profiles both demographic 
characteristics and grade point average value for a 
course, created many transaction files and 
accumulated data for almost 10,000 rows including 
student’s profile and grade. This system is just used for 
enabling student to register online and supporting all 
stakeholders for normal administrative function. 
Despite the fact that there are a lot of questions within 
university’s operations, for example, do we deliver a 
proper student to industry, how do we recruit more 
students next semester, our curriculums are suit with 
today business.  

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

268



For a very high competitive in educational 
business, if TNI stop doing self-analysis for business 
planning and developing its educational services, TNI 
may face a problem in the near future. Thus, data 
analytics and virtualization can transform raw fact and 
numeric into strategic insights that deliver the 
understanding of TNI’s business and use it to solve 
specific and complex educational problems on reliable 
information, not gut-instinct. Moreover, it can equip 
TNI to make fact-based decisions across value chain to 
increase overall performance, differentiation and 
profitable growth. 

Thus, this study aims to find out new opportunities 
and knowledge from data analytic and visualization 
for developing TNI’s curriculum, understanding 
students and findings ideas for institutional strategic 
planner to support their forecasting and resource 
planning from data analytics and visualization.  
In addition, this study contributes to the area of a 
research study in the field of academic analytics and 
related to the field of educational data mining and 
learning analytics. [1] 
 

II. THEORETICAL BACKGROUND AND FRAMEWORK 
A. Approaches to institutional strategic plan 

Data analysis is a tool for helping 
organizations to understand their customers, business 
activity in order to use for marketing planning, self-
analysing and forecasting what might happen in the 
future. The use of data analysis is also used to 
categorize profile and describe the demographic of 
customers for understanding what happened to current 
business situation. [2]   

According to steadily increasing of the large 
amount of computerized data in business as well as in 
educational sector over the years, data extraction using 
data analytics and visualization have been widely used 
to discover information knowledge from various areas. 
[3]   This paper used data analytics with statistical 
software and visualization techniques to extract and 
gather information from registration system in order to 
understand students, TNI’s business and predict 
academic performance condition information. 
In addition, the increasing of university in Thailand 
has reached 155 institutions (Government = 83, private 
= 72) [4], Thai population birth rate has been decreasing 
in opposite.  From the report of National Statistical 
Office Thailand (2015) [5], young population is largely 
decline from 27.9 percent in1995 to 23.0 percent in 
2005. As the result, this changing of the age structure 

would affect to educational business in term of finding 
new students, strengthen teaching system and 
curriculum preparation to attract parents.  As summary, 
TNI needs to do data analytic to cope this issue. 
 

B. Data Analytics  
According to Martin (as cited in Grant et al., 2010) 

[6], data analysis is a process to collect, organize, 
validate and classify of the entities, attributes ad 
relationship to understand an information that exist.  
Sherman [7] also noted that data analytic is a data 
designing techniques that help businesses reporting, 
analytics, predictive modelling, and decision-making. 
In addition, from the academic analytics [8], they 
propose the data analytic engine that consists of five 
steps: capture, report, predict, act, and refine. To turn 
data into “actionable” information, a guideline from 
previous studies have been reviewed, and applied 
those techniques to be a new analytic process flow as 
shown in figure 1.  
 

 
Fig. 1 Analytic process flow (by author) 
 

The first is an activity to collect and/or retrieve 
data, results, context and other transactions. It is 
important to understand the structure or logical 
concept of data, and the type of information that gather 
from application/system. The second task is to organize 
data in ways that make them easier to work with for 
example in this study we prepare them in Microsoft 
Excel and use Microsoft Access to create linkage with 
each data file. 
The second step is an activity to transform data that 
was collected in forms other than numbers, and turned 
into quantitative data for analysis.  For instance, 
qualitative data such as family status, birthplace will 
be changed into numbers, by assigning number to 
quantitative value. 

The third step is the process of data validation to 
ensuring that a study’s data are clean, correct and 
computable.  Although the data of this research came 
from TNI’s registration system, some data input by 
students were unable to use for statistical computation 
and files were separated and not in one piece.   This 

Collect Organize Validate 
Classify/ 

Predictive Action 
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study used "validation rules" to check for correctness, 
meaningfulness and used Microsoft Access to join file 
and do a data type checks. In addition, we used cross-
system consistency checks to compares data from 
different files to ensure it is consistent. Moreover, we 
transformed data to a common format to be compared.    
Then, we analyse these data by classification and 
predictive techniques using data visualization and 
statistical computation with regression analysis. 
 

C. Relationship modelling with Regression analysis 
Many scholars apply multiple regression models for 
the final stage of data analysis.    One of benefits of 
regression analysis is, for instance, it can predict the 
expected GPAs based on combinations of variables as 
they may be configured in the backgrounds of 
individuals (e.g., parents, habits, and birthplace).        In 
this study of GPAs, a regression model can tell the 
strength of the factors in predicting academic success, 
predict factors that affecting the differences among 
students.   In addition, one of the advantages of 
multiple regression models is that they allow 
researcher to document the influence of independent 
variables on GPAs and consider the relationship 
between them to suggest about theories that posit 
innate differences in abilities to succeed in university. 
[9], [10], [11]   In the case of this study, after we clean 
and validate the data, we can use multiple factors to be 
a regression model to identify the factors that are most 
responsible for academic success as shown in figure 2.  
 

 
Fig. 2 Regression analysis model (by author) 
 

D. Data Visualization Analysis 
Data analytics with visual analysis have been widely 
used to discover information knowledge from various 
areas. Visualization techniques is a key tool for today 
business that help management in clearly 
understanding the complicated data and support 
decision making. [12], [13], [14]    Visual analysis also 

provides a new way to explore large data sets to “detect 
the unexpected” [15]   
Among several analytics tools, data visualization helps 
different users to explore and make sense of their data.   
Adding visual analytics to decision-making process is 
also helping uncover insights buried in data. In 
addition, comparing to others tools, analytics 
visualization helps organization quickly recognize 
outliers that may affect service quality or customer 
churn. Some of statistical analysis such as descriptive 
and correlation will not be able to give obvious 
information, but visual analytics support a capability 
that can explain the relationships between variables 
with graphical technologies provides an understanding 
of geospatial data. [15], [16]   
Thus, from the theory background and problems 
statements, this study applied the two major of 
analytics deployment which are regression analysis 
and data visual analysis for discovering a knowledge 
that affects to student performance and monitoring a 
related background that engages to student learning. 
 

III. RESEARCH METHODOLOGY  
A. Data collection 

The registration data was obtained from 
department of academic affair of Thai-Nichi Institute 
of Technology from year 2007-2015. In this study, we 
only focused on IT student’s data and the total number 
of students in the study was 1,822 rows. The data types 
that were selected are students’ demographic, 
academic ability (GPA), historic students and family 
background. We use Microsoft Excel and Microsoft 
Access to organize the data for analytic and 
visualization process. 
 

B. Data Structure 

 
Fig. 3 Data Structure of TNI’s registration data 
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The data that obtained from TNI’s registration are 
separately in different file structure. Thus we organized 
data   using MS Access to suit this study’s specific 
purposes as shown in figure 3. 
 
C. Measurement 

The analysis of data in this study was applied the 
five steps of academic analytics [8]   which are capture, 
report, predict, act, and refine and designed new 
analytic process flow to provide useful insights into 
the learning process of students’ data. (As shown in 
Figure 1) In addition, the extraction of data also used 
both descriptive and inferential statistics(using SPSS) 
that is a regression analysis to analyse and predict the 
large dataset and compare a result with graphic data 
from visualization software.(Rapid Miner Studio Basic 
and Micro Soft Excel) 

 
IV. EMPIRICAL STUDY 

A. Descriptive Statistics 
Table I: Result from Univariate Statistics 

N = 490 GPA Entry 
GPA 

Mean 2.84 2.96 
Standard Deviation .459 .421 
Other Factors   
Average number of Brothers and Sisters 2.13 
Average Family Income 437,309.78 

*N= 490  (after cleansing data, select only completed student) 
 
Table II: Crosstab of no of student and GPA by year 
(N=1,774- all IT student’s status) 

Year <2.00 2.00-2.50 2.60-3.0 3.00 and 
above 

2007 4 12.1% 10 30.3% 10 30.3% 9 27.3% 
2008 22 18.0% 30 24.6% 33 27.0% 37 30.3% 
2009 27 15.8% 33 19.3% 62 36.3% 49 28.7% 
2010 54 24.2% 61 27.4% 63 28.3% 45 20.2% 
2011 65 25.5% 60 23.5% 76 29.8% 54 21.2% 
2012 85 39.4% 50 23.1% 37 17.1% 44 20.4% 
2013 59 27.2% 62 28.6% 46 21.2% 50 23.0% 
2014 102 35.7% 62 21.7% 58 20.3% 64 22.4% 
2015 98 39.0% 57 22.7% 53 21.1% 43 17.1% 
Total 516 29.1% 425 24.0% 438 24.7% 395 22.3% 
 
 

 

 

 

Table III: Frequency Table –Student by Region 
Year BKK Central 

(exclude 
BKK) 

N S NE E W 

2007 15 5 1 1 8 1 1 
2008 83 11 3 6 9 4 5 
2009 127 22 2 8 6 4 1 
2010 159 28 3 13 10 7 2 
2011 186 25 7 8 15 6 8 
2012 145 37 2 4 18 7 2 
2013 151 40 2 11 4 4 5 
2014 183 46 3 14 12 20 7 
2015 152 52 9 8 3 10 9 
Total 1,201 266 32 73 85 63 40 
BKK: Bangkok N: North, S: South, NE: North East, E: East, W: West 
 
Table IV: Frequency Table –Student by Region (%) 

Year BKK Central 
(exclude 
BKK) 

N S NE E W 

2007 45.5% 15.2% 3.0% 3.0% 24.2% 3.0% 3% 
2008 68.0% 9.0% 2.5% 4.9% 7.4% 3.3% 4% 
2009 74.3% 12.9% 1.2% 4.7% 3.5% 2.3% 1% 
2010 71.3% 12.6% 1.3% 5.8% 4.5% 3.1% 1% 
2011 72.9% 9.8% 2.7% 3.1% 5.9% 2.4% 3% 
2012 67.1% 17.1% 0.9% 1.9% 8.3% 3.2% 1% 
2013 69.6% 18.4% 0.9% 5.1% 1.8% 1.8% 2% 
2014 64.0% 16.1% 1.0% 4.9% 4.2% 7.0% 2% 
2015 63.3% 20.7% 3.6% 3.2% 1.2% 4.0% 4% 
Total 68.1% 15.0% 1.8% 4.1% 4.8% 3.6% 2% 

BKK: Bangkok N: North, S: South, NE: North East, E: East, W: West 
 

A crosstab table 2 and 3 simply present the 
absolute frequency broken down by categories of 
number of students with GPA and categories of 
number of students with regions that they are from 
respectively. It is also possible to find percentages in 
these types of tables as shown in table 3. 
These tables let us know how many times a particular 
category occurs. Table 1 and Table 2 show that most of 
IT students fall into the average GPA with lower than 
2.00 and between 2.00 and 2.50. In addition, table 3 and 
4 show that most of IT students are from Bangkok area 
with 68.1% from all. Moreover, table 1 presents average 
number of brothers and sisters equals 2.08 and average 
family income equals 415,925.61 
 

B. Use Regression Analysis to Determine Validity of 
Relationships 

In this study, we also used regression analysis to 
determine of the relationship between variables to 
shows what the value of Y (GPA) would be if X 
(independent variables) were changed.  In this case, we 
want to identify the factors that are most responsible 
for academic performance (GPA).  
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Table V:  Summary output by regression analysis 
Regression Statistics 
Multiple R .580 
R Square .336 
Adjust R Square .325 
Standard Error .375 
Observations 490 

 
Table VI:  Output by regression analysis 

Predictor Coef Std.Err
or 

T Sig. 

constant -41.030 32.868 -1.248 .213 
Entry GPA .639 .044 14.390 .000 
Academic Year .016 .013 1.247 .213 
Enter Channel -.007 .011 -.631 .529 
Region  .000 .011 -.062 .950 
High 
School/Vocational 

 .129 .026 4.965 .000 

Family status .020 .043 .460 .646 
Number of 
Brothers/Sisters 

.005 .043 .460 .646 

(Durbin-Watson = 1.915 between 1.5- 2.5 no Autocorrelation) 

From table 5 and 6, the regression equation 
comprising the explanatory variables is  
 

GPA = -41.030 + .639 Entry GPA + .016 Academic Year 
+ (-007) Enter Channel + .000 Region + .129 High 
School/Vocational + -.037 High School/Vocational + 
.020 Family status + .005 Number of Brothers/Sisters 

 
This analysis reveals that GPA of TNI IT Students 

depends on previous academic performance. The t-
ratio for Entry GPA is highly significant. The 
conclusion to be drawn is that there is evidence of a 
relationship between GPA and previous academic 
result, the others factors such as home and community 
environment (region where students are from) and 
quality of family have generally lower effected to 
students’ academic performance at TNI. 
 
C. Data Visualization Analysis 

This study also used visualization analysis to 
present the data with graphical format. At the 
conclusion, we want to conduct an experiment the two 
way of analysis how statistic or graphical tools give a 
decision quality.  
 

 
Fig.4 Number of Students by Information Technology Faculty’s 
Program 
 

The bar chart shown in Figure 4 shows number of 
students by information technology faculty’s Program 
(IT). It reveals that the biggest proportion of this 
faculty’s program is IT with total 895.  
The trend line also implies that total number of IT 
students for all majors at TNI has been slightly 
increasing recently.  

 
Fig.5 Channel of Student Recruitment 
 

Figure 5 shows that most of students entered to 
TNI’s IT faculty by the channel of direct admission 
with 1,313 students and by quota with 195 students 
respectively. 
 

 
Fig.6 Student by Regions 
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Figure 6 shows that most of students entered to 
TNI’s IT faculty are from Bangkok area and city not 
far from Bangkok with number 1,208 and 266 
respectively. 
 

 
Fig.7 Scatter of Entry GPA 
 

The scatter plot in figure 7 shows entry GPA of 
each student from 2008 – 2015. The green density of 
plot describes that most of GPA are between 2.00 and 
2.90 and this picture reveals that TNI has recruited a 
not high academic performance student from high 
school. 
 

 
Fig.8 Scatter of Graduated GPA 
 

The scatter plot in figure 8 shows GPA of 
graduated students from 2008 – 2015. The green 
density of plot describes that most of GPA are between 
2.00 and 2.80 and this picture reveals that students 

graduated with a not high academic performance and 
quite close to their previous result from high school.   
 

V. DISCUSSION AND FUTURE WORK  
Registration systems has accumulated amounts of 

data every semester.  Without a good data analytic and 
visualization analysis, this data should be worthless. 
There are many tools for being applied to help make 
sense of this data.  In this study, we proposed two tools: 
statistical analysis and visualize analytics to help us 
thrive in strategic teaching plan. 

From output in previous section, we can 
summarize that: 

1. The outputs from two tools gave the same result 
in different format and perspective. However, each 
tools provide the result with different information.  

2. Descriptive analytics is used to summarize 
collection of information that tell us what happened 
from past to present. It provides simple summaries that 
is still difficult to apply it for decision-making. 

3. Predictive analytics is the next step up in this 
study with regression analysis.  This technique is 
learning techniques to study recent and historical data, 
that allowing us for predicting about the future. 
However, the weak point is that the prediction is based 
on significant that still not precisely understanding and 
predictive analytics are probabilistic in nature; it can 
just only tell us what might occur in the near future. 
According to Hirsch et al., with implications of the 
cognitive fit model, from those computation 
techniques, the one who uses that information needs to 
translate a numbering format to a form for more 
precisely understanding.   For easy to solve the 
problems, we should visualize data with graphs as 
depicted in figure 1 to 5. [15]     

In addition, the most distinctions between statistics 
analytics and visualize analytic, visualized graph can 
deliver knowledge and communicate to receiver easier 
than number system. 

Finally, from author’s opinion from this 
experiential research, if we are plan about the future 
scenarios with various intersections of decision, we 
have to combine the two tools to explore the new 
future scenario visual and to explore data to “detect the 
unexpected” as recommended in table 7: 
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Table VII:  Why to choose analytic tool (By Author) 
  Statistical technique  

Descriptive Inferential Visual 
Analytic 

Ease of Use 
    

Ease of 
communication    

  
Visual  
Analytic 

    
  

Tell What 
Happen 

    
  

Prediction   
   

Business User 
focus     

 

REFERENCES 
 [1] I. Ognjanovic, D. Gasevic, and S. Dawson, “Using institutional 
data to predict student course selections in higher education,” The 
Internet and Higher Education, vol. 29, pp. 49 – 62, 2016. 
doi:http://dx.doi.org/10.1016/j.iheduc.2015.12.002 

[2] A. Scarisbrick�Hauser, “Data analysis and profiling,” Direct 
Marketing: An International Journal, vol. 1, no. 2, pp. 114–116, 
2007. doi:10.1108/17505930710756860 

[3] C. Vialardi, J.P.  Chue, G. Alvarado, B. Vinatea, J. Estrella, and A. 
Ortigosa, 2011. A data mining approach to guide students through 
the enrollment process based on academic performance. User 
Modeling and User-Adapted Interaction, 21(1-2), pp. 217–248, 2011. 
doi:http://dx.doi.org/10.1007/s11257-011-9098-4 

[4] Office of Higher Education Commission (HEC). (2016, Mar 1).  
University in Thailand, [Online] Available:  
http://www.mua.go.th/university.html    

[5] National Statistical Office of Thailand. (2016, Mar 5).  Thailand 
Population, [Online] Available:  www. nso.go.th 

[6] K. Grant, R. Hackney, and D. Edgar.  “Strategic Information 
Systems Management” , 1st Edition. 57.  Cengage Learning EMEA 
2010. 

[7] R. Sherman, “Chapter 15 - Advanced Analytics,” in Business 
Intelligence Guidebook, R. Sherman, Ed. Boston: Morgan 
Kaufmann, 2015, pp. 375 – 402. 

[8] J. Campbell, P. DeBlois, and D. Oblinger, (2016, Mar 5).  
Academic analytics: A new tool for a new 

era. Educause Review, 41(4), 40–57, [Online] Available: 
https://net.educause.edu/ir/library/pdf/PUB6101.pdf    

[9] J. A. Oldmeadow, S. Quinn, and R. Kowert, “Attachment style, 
social skills, and Facebook use amongst adults,” Computers in 

Human Behavior, vol. 29, no. 3, pp. 1142 – 1149, 2013. 
doi:http://dx.doi.org/10.1016/j.chb.2012.10.006 

[10] M. Michikyan, K. Subrahmanyam, and J. Dennis, “Facebook use 
and academic performance among college students: A mixed-
methods study with a multi-ethnic sample,” Computers in Human 
Behavior, vol. 45, pp. 265 – 272, 2015. 
doi:http://dx.doi.org/10.1016/j.chb.2014.12.033 

[11] S. Ainin, M. M. Naqshbandi, S. Moghavvemi, and N. I. Jaafar, 
“Facebook usage, socialization and academic performance,” 
Computers & Education, vol. 83, pp. 64 – 73, 2015. 
doi:http://dx.doi.org/10.1016/j.compedu.2014.12.018 

[10] K. Platts and K. H. Tan, “Strategy visualisation: knowing, 
understanding, and formulating,” Management Decision, vol. 42, 
no. 5, pp. 667–676, 2004.  doi:10.1108/00251740410538505 

[11] C.-H. Kao, J. Nakano, S.-H. Shieh, Y.-J. Tien, H.-M. Wu, C. Yang, 
and C. Chen, “Exploratory data analysis of interval-valued symbolic 
data with matrix visualization,” Computational Statistics & Data 
Analysis, vol. 79, pp. 14 – 29, 2014. 
doi:http://dx.doi.org/10.1016/j.csda.2014.04.012  

[12] R. Ashman and A. Patterson, “Seeing the big picture in services 
marketing research: infographics, SEM and data visualisation,” 
Journal of Services Marketing, vol. 29, no. 6/7, pp. 613–621, 2015. 
doi:http://dx.doi.org/10.1016/j.compedu.2014.12.018 

[13] V. L. Lemieux, B. Gormly, and L. Rowledge, “Meeting Big Data 
challenges with visual analytics: The role of records management,” 
Records Management Journal, vol. 24, no. 2, pp. 122–141, 2014. doi: 
http://dx.doi.org/10.1108/RMJ-01-2014-0009 

[14] A. A. Ganah, “The Use of Computer Visualisation in 
Communicating Constructability Information in UK,” Journal of 
Engineering, Design and Technology, vol. 1, no. 2, pp. 151–167, 
2003. doi: http://dx.doi.org/10.1108/eb060895 

[15] B. Hirsch, A. Seubert, and M. Sohn, “Visualisation of data in 
management accounting reports: How supplementary graphs 
improve every-day management judgments,” Journal of Applied 
Accounting Research, vol. 16, no. 2, pp. 221–239, 2015.  

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

274



Collecting Data of SNS User Behavior to Detect 
Symptoms of Excessive Usage:  

Technique for Retrieving SNS Data 
Ploypailin Intapong#1, Tiranee Achalakul*2, Michiko Ohkura#3 

1Graduate School of Engineering and Science, Shibaura Institute of Technology 
#3-7-5 Toyosu, Koto-ku, Tokyo 135-8545 Japan 

nb15508@shibaura-it.ac.jp 
2Department of Computer Engineering, King Mongkut’s University of Technology Thonburi 

*126 Pracha-Uthit Rd., Bangmot, Thung-Khru, Bangkok 10140 Thailand 
tiranee@cpe.kmutt.ac.th 

3College of Engineering, Shibaura Institute of Technology 
ohkura@sic.shibaura-it.ac.jp 

 
Abstract—Social networking sites (SNSs) have become widely 
used and their usage continues to increase. People use SNSs to 
connect with friends and family. Many businesses also use them 
as a marketing tool. Nevertheless, many studies have warned 
about the negative consequences of excessive SNS usage, 
including the potential of addictive behavior. Therefore, 
detecting the symptoms of excessive SNS usage is necessary. Data 
collection is an important first step for analyzing the SNS usage 
behavior. We designed a data collection application by 
employing questionnaire to gather user experiences and APIs to 
retrieve SNS data. We also designed questionnaire and 
experimentally evaluated it. The results showed that they have an 
appropriate usability as an instrument for gathering data. In this 
article, we introduce the techniques for obtaining data from 
SNSs. Each SNS provides different API for extracting data from 
their sites. At the beginning, we focus on Twitter and Facebook. 
These data collection techniques will be utilized in implementing 
the application. Unfortunately, these methods are limited. Thus, 
we will collect more data from Internet service providers (ISPs). 
The obtained data from our application will be applied to detect 
symptoms of excessive use of SNSs and develop prevention 
strategies. 
 
Keywords— Social Networking Sites, SNS, User Behavior, Social 
Network Addiction 

I. INTRODUCTION 
Digital technology plays an important role in daily life. 

Mobile and Social Networking Sites (SNSs) are the next wave 
of the digital revolution. SNSs have become a popular type of 
communication where groups of people virtually meet and 
interact with others with similar interests.  

In 2015, the use of SNSs dramatically rose 12% from 1.9 
billion to 2.1 billion active users, an astonishing total that 
equals almost 30% of the world’s population [1]. People use 
SNSs for many activities and purposes, including checking 
messages and comments and playing games. Many businesses 
also use them as tools to enhance a better relational experience 
with their employees and customers [2]. However, some 

people spend too much time on SNSs and use them in ways 
that are becoming excessive and/or addictive.  

The excessive use of SNSs can cause emotional, relational, 
health-related, and performance problems, especially the risk 
of addiction. Similarly, there are the effects of SNSs on 
workspace productivity. For these reasons, we should 
understand how people interact with them. Collecting data is 
an important first step for analyzing the individual usage 
behaviors of SNSs. 

In previous study, we designed a data collection application 
by employing self-report questionnaire to gather user 
experiences of SNSs and APIs to retrieve SNS data. We also 
designed questionnaire and experimentally evaluated it [3]. In 
this article, we introduce the techniques for retrieving data 
from SNSs by focusing on Twitter and Facebook. 
Unfortunately, retrieving SNS data using APIs has some 
limitations. Thus, alternative methods: for example, tracing 
network traffic or deploying a monitoring application might 
be employed in future research to get all of the aspects of SNS 
usage behavior.  

We will analyze the obtained data from the application to 
clarify the relationships and characteristics of SNS usage. We 
will also use our analysis results for detecting the symptoms 
of excessive SNS use and developing strategies for preventing 
it in the next step of this research. 

II. LITERATURE REVIEW 

A. Social Networking Sites 
Social networking sites are virtual communities where 

groups of people with similar interests can create individual 
public profiles and interact with others [4]. However, 
researchers define and describe them in different ways. 
Ellison [5] argued that “Terminology varied widely with the 
interchangeable use of ‘social networking sites’, ‘online social 
networks’ or even simply, ‘social network’ to refer to a 
diffuse – and sometimes improbable – range of sites and 
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services.” Ellison [6] defined social network sites as “web-
based services that allow individuals to (1) construct a public 
or semi-public profile within a bounded system, (2) articulate 
a list of other users with whom they share a connection, and (3) 
view and traverse their list of connections and those made by 
others within the system.” According to Burke [7], “social 
networking is all about engagement – creating relationships, 
communicating with your readers, building your following 
and connecting with your online audience.” Wikipedia [8] 
defines social networking services or sites as platforms that 
allow people with common interests, activities, backgrounds, 
or real-life connections to create social relations. However, 
researchers may use the different words that refer to SNSs. 
Ellison and Boyd [5] suggested that “Terminology varied 
widely with the interchangeable use of ‘social networking 
sites’, ‘online social networks’ or even simply, ‘social 
network’ to refer to a diffuse – and sometimes improbable – 
range of sites and services.” Ellison and Boyd [5] argued that 
the term Social Network Sites is the most accurate because it 
emphasizes the role of networks, unlike previous online 
interaction spaces. 

The first social network site, launched in 1997, was 
SixDegrees.com, which allowed people to connect with others 
and send messages [6]. The next wave of SNSs included 
Friendster, which was launched in 2002. While other SNSs 
were designed to facilitate meetings between strangers with 
similar interests, Friendster helped friends of friends meet [6]. 
In 2004, Facebook was established on a college network and 
expanded worldwide [4]. Currently, it is the most successful 
SNS, followed by Twitter and Google+ [1], [4]. 

Due to shifts in technology, some features have improved 
SNS user experiences: integration of SNSs with other tools 
and sites by Application Programming Interfaces (APIs, a 
form of third-party integration) and using SNS credentials for 
site authentication (single sign-on: SSO). SNSs provided 
several features to update profiles easily, such as status 
updates for Facebook and tweets for twitter. SNSs also began 
to support media sharing, including posting photographs and 
videos and access by mobile phones and tablets [5]. 

B. Negative Consequences of Excessive SNSs Usage 
Many studies have suggested that excessive SNS usage 

leads to various negative consequences. According to Kuss 
and Griffiths [4], excessive SNS usage causes relationship 
problems and impacts academic and work performances. For 
instance, people who spend excessive time on SNSs appeared 
less involved in their real life communities and Facebook 
users had lower grades than students who did not use it 
because they were easily distracted and exercised poor time 
management. J. Al-Menayes et al. [9] concluded that Kuwaiti 
university students who spend too much time on SNSs had 
lower grades. In Thailand, many teenagers suffer from the 
negative effects of excessive SNS usage, such as a lack of 
sleep, reduced academic performance, inappropriate manners, 
negative emotional expressions, impairment of family and 
social functions, and mental health problems [10]. Excessive 
SNS usage delays bedtimes and reduces sleep quality [11]. 

 

C. SNS Addiction 
Researchers have identified that the excessive use of 

technologies might become addictive behavior [4]. The 
following are the six core components of addiction from a 
biopsychosocial perspective: (1) mood modification: 
engagement that modifies/changes emotional states, (2) 
salience: prominent use, (3) tolerance:  increased amounts of 
time spent, (4) withdrawal symptoms: experiencing 
unpleasantness when use is restricted, (5) conflict: relationship 
problems with family and friends because of usage, and (6) 
relapse: failure to avoid use [10], [11]. The excessive use of 
SNSs has also been described as a behavioral addiction [9], 
[12]. 

Young [15], [16] identified five different types of internet 
addiction: computer addiction, information overload, net 
compulsions, cyber-sexual addiction, and cyber-relation 
addition. SNSs fall into a cyber-relationship addiction [4]. 
SNS addiction can also be a specific internet addiction or a 
sub-category [17]. Kuss and Griffiths [4] claimed that the 
symptoms of SNS addiction resemble the symptoms of other 
addictions. 

According to the review of Griffiths et al. [14], the increase 
in amount of SNS usage drew many researchers to be 
interested in SNS addiction. Griffiths et al. [14] classified 
such studies into four types: “(1) self-perception studies of 
social networking addiction, (2) studies of social networking 
addiction utilizing a social networking addiction scale, (3) 
studies examining the relationship between social networking 
and other online addictions and (4) studies examining social 
networking addiction and interpersonal relationships.” 

D. Existing Data Collection Methods 
Since SNSs have become so popular, many researchers 

have sought to understand user behavior in them by collecting 
the data of SNS usage behavior. Many types of data and 
collection methods exist. Abdesslem, et al. [18] summarized 
the methods for collecting data from SNSs and users as 
following: 

1)  Self-report Data:  A common methodology to gather 
self-report data is to directly ask users about their experiences 
through questionnaires. Most researchers have employed this 
method in their studies for various purposes. J. Al-Menayes et 
al. [9] examined the dimensions of social media addiction and 
their correlates by collecting data through a self-administered 
questionnaires from 1,327 college students in Kuwait. Burke 
et al. [19] collected data from 1,193 participants using survey-
based method to analyze the relationship between social well-
being and SNS activity. Geisel et al. [20] used an online 
survey to explore the characteristics of SNS gamers. 
Sagioglou and Greitemeyer [21] investigated the relation 
between Facebook activity and users’ emotional state by 
collecting data through an online survey. Self-report 
measurement can gather difficult to obtain or expensive data 
as well as saving time. It can also be implemented on large 
samples as web questionnaire systems [11].  However, 
research in human behavior areas argued that self-report 
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measures are inaccurate when compared to actual behavior 
[15], [18]. 

2)  SNS Measurement:  The most common way to directly 
retrieve data from SNSs is to use the application programming 
interfaces (APIs) provided by SNSs. For instance, Facebook 
provides Graph API as the primary way to get data in and out 
of its platform [16], and Twitter provides REST API to read 
and write its data [22]. Alfantoukh and Durresi [23] 
demonstrated different techniques on collecting stock data 
from Twitter by API. Consolo and Pertillo [24] developed the 
framework for collecting information from online social 
networks using public APIs. They sampled Twitter user 
profiles of one million Italian and downloaded 2,000 pictures 
from Flickr as a test-set for experimenting with source camera 
identification algorithms. However, some of the data available 
on SNSs cannot be collected through APIs. 

Some studies employ automated script that automatically 
scans and crawls content from websites using HTTP 
requests/responses [25]. Similarly, other researchers collect 
data through a social network aggregator [25], [26], which 
organizes and maintains the data of multiple social network 
accounts under a single username. User activities from one 
site are automatically synchronized to all other sites. 
Benevenuto and Rodrigues [25] collected data from a social 
network aggregator website to investigate the impact of 
friends on the behavior of user of social networks, to 
understand content distribution patterns across multiple online 
social networks and to build a social network workload 
generator. Shahrak and Mohammadi [27] collected data of 
Middle East users from Facebook, Instagram, Twitter, and 
LinkedIn from a social network aggregator website to 
examine the effects of online social networks on interactions 
in e-commerce and tendency to use this channel. 

Other researchers collect data by tracing network traffic 
from internet service providers (ISPs). All internet activities 
are recorded as log data by ISPs [18]. Schneider et al. [28] 
traced network traffic with tens of thousands of users from 
different ISPs to study usage of online social networks. 

3)  Application Deployment:  Deploying a monitoring 
application is another way of obtaining SNS user behavior. 
Monitoring applications record and log the operations and 
activities of users while they are using computers or 
smartphones. The monitored data can be stored on local 
computer and cloud services. Junco [15] used computer-
logging method for collecting data from 49 survey participants 
to compare actual and self-reported measures of Facebook use. 
Abdesslem et al. [18] praised this method because it provides 
flexibility and privacy for data access. Unfortunately, it has 
some limitations. Researchers need to install applications on 
user devices to manually get data from them. Even though 
some cloud-based applications exist, most are commercial and 
limit the number of monitoring devices. 

 
 
 

III. THE DESIGN OF DATA COLLECTION APPLICATION 

A. Conceptual Design 
Collecting data from different sources further improves 

data analysis. In our design, we collect data for analysis from 
self-report questionnaires, SNS data, and ISP logs. In addition, 
alternative methods might be employed in future research. Fig. 
1 shows our conceptual design for collecting data. 

 

 
Fig. 1 Conceptual design for collecting data for analysis 

Self-report questionnaires are generally used for gathering 
user experiences. Even self-report data might be inaccurate 
when compared to actual behavior, this method remains very 
useful for gathering data that is not available by other methods. 
Also, SNS data are retrieved using APIs provided by each 
SNS, even though some data available on SNSs might not be 
collected by APIs. Since self-report data might be inaccurate 
and SNS APIs are insufficient to capture all activities, 
alternative methods: for example, tracing network traffic 
between users and SNSs might be employed to improve data 
analysis. At the beginning, we will trace the network traffic 
data from the computer center of the Shibaura Institute of 
Technology (SIT) in Japan. 

B. Application Design 
Our data collection application, which is a web-based 

application designed for aggregating data for analysis from 
questionnaires and SNSs, has two parts: questionnaire and 
quizzes. Fig. 2 shows an overview of this application that can 
also be called client-server architecture.  

1)  Questionnaire:  Self-report questionnaires are used for 
gathering the user experiences of SNSs. We designed them for 
gathering personal information, SNS usage information, and 
SNS addictive behavior. We also experimentally validated 
their content and usability. The results showed that they 
provide appropriate usability as an instrument for gathering 
data [3]. 

2)  Quizzes:  Quizzes are small games that ask questions, 
for example “What words do you use most often on 
Facebook?” Users do the quizzes and get results, which are 
retrieved from SNSs. Quizzes engage and motivate users for 
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retrieving data from SNSs and query data through APIs 
provided by SNSs. Each SNS provides different APIs. At the 
beginning, we retrieved SNS data from Twitter and Facebook. 

 
Fig. 2 Overview of data collection application 

IV. TECHNIQUE FOR RETRIEVING SNS DATA 
Many types of data and collection methods exist. As 

mentioned, there is an Application Programming Interface 
(API) provided by each SNS for accessing their data. The 
common procedures are installing their corresponding 
libraries, obtaining the authorization and extracting data.  

There are various SNSs, which provide access to their data. 
However, each SNS provides different APIs. In this article, 
we focus on Twitter and Facebook.  

A. Twitter 
Twitter is a microblogging service that allows users to 

publish 140-character messages called “tweets” [24]. A tweet 
can contain links and multimedia contents, such as a photo or 
a video. Users can “reply” to a tweet or to another user and 
“retweet” a tweet published by other users. Users also can 
“like” or “favorite” any tweet. Moreover, users may decide to 
“follow” other users to see tweets published by followed users. 
Similarly, users may be followed by other users. 

1)  Twitter APIs:  Twitter provides two APIs [22] for 
accessing its data: REST API and Streaming API. The 
Streaming API is designed for long-running requests, 
capturing everything from a continuous stream of data in real 
time. REST API is designed to take a number of requests to 
perform a number of tasks and taking smaller samples of 
streams. In our case, we chose the REST API since real-time 
APIs are not necessary. 

The REST API identifies Twitter applications and users 
using OAuth authentication and uses an HTTP-based 
communication interface. This API provides two operations: 
read and write for accessing Twitter data and responses data in 
JSON formation [22].  

2)  Development of Twitter Quiz: Twitter quiz is a small 
game that ask a question and process the result from retrieved 
Twitter data. The procedures for developing Twitter quiz are: 

(1) Create Twitter account 
(2) Create an application 
(3) Request for authentication 
(4) Get Twitter data 
(5) Store data 
 
The developers should have a Twitter account in order to 

use Twitter libraries. Once the developers sign in, they are 
able to create an application. Developers fill in application 
details and obtain OAuth settings that consists of consumer 
key and consumer secret. 

In order to request for authentication, the application must 
obtain access tokens on behalf of a Twitter user and authorize 
all HTTP requests. Basically, most developers use Twitter 
libraries to work with the detail of OAuth authentication. In 
our case, we use Twitter library for PHP platform. The 
authentication process is illustrated in Fig. 3 

Before starting the Twitter quiz, users have to accept the 
terms of agreement and be verified by Twitter. Users’ 
browsers are redirected to the Twitter page and back to our 
application after authentication is completed. We collected the 
following Twitter activity data by REST API: 

 Tweets 
 Retweets 
 Replies 
 Favorites or likes 

We can get the action time of each activity except 
favorites/likes. Moreover, we collected Twitter user profiles 
for the following background of Twitter usage: 

 Number of following 
 Number of friends or followers 
 Number of tweets (posts) 
 Number of favorite or like action 
 Date of joining Twitter 

Then, we map above data as Twitter data model and store 
in our database. Our Twitter data models are: 

 TwitterUserProfile: Collection of Twitter user objects. 
 Tweet: Collection of tweets, retweets and replies objects. 

Each Tweet object associates with TwitterUserProfile 
object. 

 FavoriteTweet: Collection of favorite or like objects. 
Each FavoriteTweet object associates with 
TwitterUserProfile object 

3)  Limitations of retrieving Twitter data 
Even Twitter provides API to access its data, API is 

insufficient to capture all Twitter activities, especially reading 
activities. The following are the limitation of the REST API: 

 We cannot get the action times of favorites/likes. We 
can access only the created time of parent tweet that 
users do favorite/like. 

 Twitter does not allow request operation with a 
combination of date period and specific user condition. 
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 Twitter limits the maximum number of request 
operation to 15 requests per window. If an application 
reaches this limit, it has to wait for the next time 
window. 

 Return data are limited to 200 records per request and 
up to 3,200 records. 

 

B. Facebook 
Facebook is an online social networking site that allows 

registered users to create profiles, add other users as “friends”, 
and publish messages called “post”. A post can contain a text, 
a photo or a video. Users can “comment” and “reply” to a post. 
Users can also “like” any post or “share” a post published by 
other users. Moreover, users may “create” or “join” interest 
groups and “create” or “follow” interest pages.  

Facebook launched platform for third-party developer to 
create applications and services that access Facebook data 
[16]. The Facebook platform is made up of several high-level 
components such as application programming interfaces 
(APIs), software development kits (SDKs), social plugins, 
mobile platform, etc. 

1)  Facebook APIs:  Facebook provides APIs [16] for 
accessing its data for various purposes. Graph API is the 
primary way to access data on Facebook based on HTTP. This 

API has multiple versions. In our implementation, we used 
Graph API version 2.5, which is the latest version published in 
2015. 

Graph API is HTTP based. Most requests require an access 
token, which is “an opaque string that identifies a user, app or 
page” [16], generally obtained in the OAuth authentication 
process. 

2)  Development of Facebook Quiz:  Facebook quiz is a 
small game as Twitter quiz. The procedures for developing 
Facebook quiz are: 

(1) Create Facebook account 
(2) Create an application 
(3) Request for authentication 
(4) Get Facebook data 
(5) Store data 
 
The developer should have a Facebook account and register 

as Facebook developer. Once the developer sign in, they are 
able to create an application. Developers set up and fill in 
application detail then obtain a unique app ID and app secret. 

To request for authentication, the application must obtain 
access tokens on behalf of a Facebook user and authorize all 
HTTP requests. Developers need to specify types of 
permission for accessing data such as user posts, birthday, 
email, etc. Facebook provides SDK to work with the details of 

Fig. 3 Communication with Twitter by REST API 
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OAuth authentication. In our case, we used PHP SDK, which 
is a rich set of server-side functionality. The authentication 
process is shown in Fig. 4. 

Before starting the Facebook quiz, users have to accept the 
terms of agreement and be verified by Facebook. When 
authentication is completed, we collect Facebook activity data 
by Graph API, which we can only get in the following the 
user feed (user profile page): 

 Posts 
 Comments 
 Likes 

We can get the action time of each activity except likes. 
Additionally, we collected Facebook user profiles for the 
personal information. The following data are available by 
Graph API with specific data permissions: 

 Number of friends 
 Gender 
 Birthday 
 Location/hometown 

Then, we map above data as Facebook data model and store 
in our database. Our Facebook data models are: 

 FacebookUserProfile: Collection of Facebook user 
objects. 

 FacebookPost: Collection of post objects.  
 FacebookComment: Collection of comment objects.  
 FacebookLike: Collection of like objects. 

Each FacebookPost, FacebookComment and FacebookLike 
object associates with FacebookUserProfile object. 

 

3)  Limitations of retrieving Facebook data: 
Some data available on Facebook cannot be collected 

through Graph API especially reading activities. The 
following are the limitations of Facebook Graph API: 

 Activity data are available only on the user feeds on the 
profile page since API versions after 2.0 do not support 
Facebook Query Language (FQL). 

 We cannot get the action time of likes. 
 The latest APIs do not support the new reaction: love, 

haha, wow, sad, and angry. 
 Facebook continue to update the versions of their APIs. 

Developers should migrate their application with new 
updates, or otherwise some commands will work 
incorrectly or maybe not at all. 

V. DISCUSSION 
Our research aims to study user behavior and clarify the 

characteristic of SNS usage to detect symptoms of excessive 
SNS usage. Data collection is an important first step to 
understand how people interact with SNSs. Fig. 5 illustrates 
our procedures for studying SNS user behavior. 

In our previous study [3], we designed a data collection 
application for aggregating data from questionnaires and 
SNSs, which is the first procedure in Fig. 5. We also designed 
self-report questionnaires and experimentally evaluated them. 
Our results showed that they have an appropriate usability as a 
tool for gathering data. 

 
 

Fig. 4 Communication with Facebook by Graph API 
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Fig. 5 Procedures for studying SNS user behavior 

In this article, we designed the techniques for retrieving 
data from Twitter and Facebook using their APIs, which is the 
second procedure in Fig. 5. We classified the obtained data 
into two groups: activity data and user data. Activity data can 
represent type of interaction and frequency of usage between 
users and SNSs. User data from Twitter and Facebook 
represent different information. While, Twitter user data 
provide the usage background, Facebook user data give the 
personal information.    

In the next procedure, the self-report questionnaire from 
previous study and these data collection techniques will be 
utilized in developing the data collection application [29].  

Nevertheless, retrieving SNS data using APIs has some 
limitations. SNS APIs are insufficient to capture all SNS 
activities, especially reading activities. Thus, alternative 
methods will be employed in the future to improve data 
analysis.  

Finally, we will use our application to collect data for 
analysis in our further research. 

Additionally, privacy concerns should be considered in our 
development. Users should be notified about the obtained data. 
Thus, we should provide privacy policy information and terms 
of use and requested users to accept the terms of agreement 
before the data collection process.  

VI. CONCLUSIONS 
Collecting data is an important first step for analyzing SNS 

user behavior. Many types of data and collection methods 
exist. We designed a data collection application by employing 
questionnaire to gather user experiences and APIs to retrieve 
SNS data. In this article, we introduced the techniques for 
retrieving data from Twitter and Facebook by their APIs.  

Even though APIs have benefits to directly collect data 
from SNSs, they also have limitations. Some data available on 
SNSs cannot be collected through APIs. They are insufficient 
to capture all SNS activities, especially reading activity. Thus, 
alternative methods will be employed in future research to 
improve data analysis. 

These data collection techniques will be utilized in 
implementing the data collection application. The obtained 
data from our application will be applied to detect symptoms 

of excessive use of SNSs and develop prevention strategies in 
the next step of this research.  
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Abstract— Kansei value has been considered as one of the 
important factors in the manufacturing in Japan. Kawaii, 
which is a positive adjective that has such positive meaning 
as cute or lovable, becomes more important as a kansei 
value. Currently, there are researches that evaluate kawaii 
feeling by employing various biological signals. However, 
the eye tracking has not been conducted in detail yet. 
Therefore, we employed it in our research to find the 
relationship between kawaii feeling and eye movement. 
Previously, we performed an experiment on the preferences 
of kawaii illustrations by selecting one of the six kawaii 
illustrations. However, we could not perform detailed 
analysis due to the complexity of eye movement and the 
calibration-free data. Therefore, we improved the 
experiment method by randomly showing only two 
illustrations at a time selected from the six. From the 
analyzed result, we clarify the relationship between kawaii 
feeling and eye movement. 
 
Keywords— Kansei value, Kawaii, Feeling, Eye tracking, Fixation 

I. INTRODUCTION 
 Kansei engineering is a consumer-oriented methodology for 
product development. It has been considered as the important 
part in a broad range of the manufacturing in Japan for more 
than twenty years. It was defined as “the translating technology 
of a consumer’s feeling (Kansei) and image for a product into 
the physical design elements” [1]. Kansei value that has been 
added to the product can improve the ordinary products to have 
an economic value. According to the benefit of kansei value, 
the Japanese Ministry of Economy, Trade and Industry (METI) 
proposed it as a new value axis which is the fourth most 
important characteristic of industrial products after function, 
credibility, and cost in 2007 [2]. The examples of kansei value 
toward the products that have been widely applied such as 
enjoyment, coolness, user friendliness, and kawaii. 
 In this research, we focused on the study of kawaii. Kawaii 
is a Japanese word that has such positive meanings as cute, 
lovable, and charming [3]. It has an important role in the 
worldwide success of many products such as Hello Kitty and 
Pokemon [4, 5]. Especially in such Asian countries as Thailand, 

the interest level to kawaii fashion is high as surveyed by METI 
in 2010 [6]. According to this success, kawaii is considered as 
a key factor for the product design and development in the 
future. 
 The researches have been conducted to explore such kawaii 
attributes to design kawaii products as shapes, colors, sizes, 
texture and tactile sensation [3]. Furthermore, the researches on 
kawaii feeling evoked by those kawaii attributes have been 
studied in a systematic way in which the biological signals were 
employed such as heart beats and brain waves [7]. However, 
using eye tracking to study on kawaii feeling has not been 
conducted in detail yet. Eye tracking has been widely used in 
various research fields including emotion, human-computer 
interaction, and product development. Those researches 
revealed that the eye tracking can be used to recognize the 
emotional states and the preferences of human. For example, 
the design of such daily-life products as wristwatch and mobile 
phone were evaluated by using eye tracking to explore the 
product components that attract user’s attention [8, 9]. 
Therefore, eye tracking is considered to be the effective 
biological signal that can be used to evaluate the mental states 
or implicit needs of people. 
 In our research, we employed eye tracking to evaluate the 
kawaii feeling. The objective was to find the relationship 
between kawaii feeling and eye movement. Previously, we 
performed an experiment on the preferences of kawaii 
illustration which recorded the eye tracking while the 
participants were choosing one of the six kawaii illustrations on 
a display [10]. The result clarified the differences between the 
most preferred and the most kawaii illustrations and the 
differences in preferences between genders. However, the eye 
tracking result recorded from the calibration-free eye tracking 
device was not accurate enough for the detailed analysis to 
clarify the relation between kawaii feeling and eye movement. 
The reason was the six illustrations were shown at the same 
time which caused the complexity of the eye movement. 

To solve the problem of the previous experiment, we 
improved the experiment method by showing only two 
illustrations at a time randomly selected from the six. The two 
illustrations were enlarged from the previous experiment to 
show the details more clearly. Also, all of the participants were 
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I. INTRODUCTION 
 Kansei engineering is a consumer-oriented methodology for 
product development. It has been considered as the important 
part in a broad range of the manufacturing in Japan for more 
than twenty years. It was defined as “the translating technology 
of a consumer’s feeling (Kansei) and image for a product into 
the physical design elements” [1]. Kansei value that has been 
added to the product can improve the ordinary products to have 
an economic value. According to the benefit of kansei value, 
the Japanese Ministry of Economy, Trade and Industry (METI) 
proposed it as a new value axis which is the fourth most 
important characteristic of industrial products after function, 
credibility, and cost in 2007 [2]. The examples of kansei value 
toward the products that have been widely applied such as 
enjoyment, coolness, user friendliness, and kawaii. 
 In this research, we focused on the study of kawaii. Kawaii 
is a Japanese word that has such positive meanings as cute, 
lovable, and charming [3]. It has an important role in the 
worldwide success of many products such as Hello Kitty and 
Pokemon [4, 5]. Especially in such Asian countries as Thailand, 

the interest level to kawaii fashion is high as surveyed by METI 
in 2010 [6]. According to this success, kawaii is considered as 
a key factor for the product design and development in the 
future. 
 The researches have been conducted to explore such kawaii 
attributes to design kawaii products as shapes, colors, sizes, 
texture and tactile sensation [3]. Furthermore, the researches on 
kawaii feeling evoked by those kawaii attributes have been 
studied in a systematic way in which the biological signals were 
employed such as heart beats and brain waves [7]. However, 
using eye tracking to study on kawaii feeling has not been 
conducted in detail yet. Eye tracking has been widely used in 
various research fields including emotion, human-computer 
interaction, and product development. Those researches 
revealed that the eye tracking can be used to recognize the 
emotional states and the preferences of human. For example, 
the design of such daily-life products as wristwatch and mobile 
phone were evaluated by using eye tracking to explore the 
product components that attract user’s attention [8, 9]. 
Therefore, eye tracking is considered to be the effective 
biological signal that can be used to evaluate the mental states 
or implicit needs of people. 
 In our research, we employed eye tracking to evaluate the 
kawaii feeling. The objective was to find the relationship 
between kawaii feeling and eye movement. Previously, we 
performed an experiment on the preferences of kawaii 
illustration which recorded the eye tracking while the 
participants were choosing one of the six kawaii illustrations on 
a display [10]. The result clarified the differences between the 
most preferred and the most kawaii illustrations and the 
differences in preferences between genders. However, the eye 
tracking result recorded from the calibration-free eye tracking 
device was not accurate enough for the detailed analysis to 
clarify the relation between kawaii feeling and eye movement. 
The reason was the six illustrations were shown at the same 
time which caused the complexity of the eye movement. 

To solve the problem of the previous experiment, we 
improved the experiment method by showing only two 
illustrations at a time randomly selected from the six. The two 
illustrations were enlarged from the previous experiment to 
show the details more clearly. Also, all of the participants were 
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asked to calibrate their eyes before starting the evaluation of the 
illustrations. Then they were asked to choose one of the two 
illustrations on the display and their eye tracking was recording 
during the process. For the last part, they were asked to answer 
the questionnaire on their opinions about the reason of choosing 
the illustrations, the most kawaii and the most preferred 
illustrations. From the experimental results, we analyzed the 
eye tracking data, cumulative kawaii scores, and the 
questionnaire results. This paper describes our experiment to 
clarify the relationship between kawaii feeling and eye 
movement. 

II. EXPERIMENTAL METHOD 

A. Web Questionnaire System 
A web questionnaire system was modified from the system 

used for the evaluation of kawaii ribbons [11]. The system used 
six illustrations, No.1 to No.6 as shown in Fig. 1, as visual 
stimuli. They were originally drawn to eliminate the preference 
bias that may occur in the illustrations of well-known or 
previously-known cartoon characters. 

The six illustrations were displayed in pairs. Thus, the total 
number of compared pairs was 30 pairs. Since the participants 
of this research were only Japanese, the content of the system 
was all described in Japanese language. The structure of the 
system is described as follows: 

(1) Top page: Explanation of the questionnaire 
(2) Selection of participant’s general demographic 

information: Gender and age. 
(3) Explanation of selection of illustrations: The 

illustrations were displayed in pairs for 5 seconds. 
Selection of more-kawaii illustrations should be 
performed by using keyboard’s left or right arrow key. 

(4) Selection of illustrations: The illustrations were 
displayed and selected for 30 pairs in random order for 
each participant. An example of screenshot of this page 
is shown in Fig. 2. 

(5) Questionnaire: Three questions based on participant’s 
opinion were asked including the reason for selecting the 
illustrations (free description), the most kawaii 
illustration, and the most preferred illustration. 
 

After the participants submitted the questionnaire, the system 
showed the final page to inform that the questionnaire was 
finished. The results of the selection of illustrations and 
questionnaire were saved to the database. 

B. Experimental Setup and Procedures 
 Figure 3 shows the experimental setup. The web 
questionnaire was accessed from the eye tracking system 
through a web browser, i.e. Google Chrome, in which its 
system was running on a separated PC due to the limited 
resource. The eye tracking system employed EyeTech TM3 
non-intrusive eye tracker (EyeTech Digital Systems, Inc.) and 
QG-PLUS software (DITECT Co., Ltd.) to record the eye 
movement and display the eye tracking data. A 19-inch LCD 
monitor with a resolution of 1280x1024 pixels was used in this 
experiment. 

 The experimental procedures were as follows: 
(1) Participants sat on the chair in front of the PC. 
(2) Participants read the explanation sheet. 
(3) Experimenter performed the eye calibration of the 

participants. 
(4) Experimenter showed the web questionnaire and started 

recording the eye tracking. 
(5) Participant selected the illustrations for 30 times. 
(6) Participant answered the questionnaire. 
(7) Experimenter stopped recording the eye tracking. 

 
 

#1 
 

#2 
 

#3 

   
 

#4 
 

#5 
 

#6 

   
 

Fig. 1 The illustrations 

 

 
Fig. 2 Example of page for the selection of illustrations 

 

 
Fig. 3 Experimental Setup 
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III. EXPERIMENTAL RESULTS 

A. Participants 
 The experiment was performed with 38 volunteer 
participants (14 males in their 20’s, 10 females in their 20’s, 
and 14 females in 65 years old or more). However, only 21 eye 
tracking data (7 males in their 20’s, 8 females in their 20’s, and 
6 females in 65 years old or more) were successfully collected 
due to the failure of eye calibration or eye tracking during the 
process. 

B. Results of Cumulative Data 
 The cumulative results were collected from 38 participants. The 
result of the selection of illustration includes the cumulative kawaii 
scores. The result of questionnaire includes the reason for selecting 
the illustration, the number of participants who selected the most 
kawaii illustrations, and the number of participants who selected 
the most preferred illustrations. From these results, the cumulative 
data were used to rank the illustrations. Ranking based on 
cumulative kawaii scores, number of participants for the selected 
most kawaii illustrations, and number of participants for the 
selected most preferred illustrations were shown in Tables I, II, and 
III respectively. 
 From the analysis of results, the first and last ranking 

tendencies between the kawaii scores (Table I) and the selected 
most kawaii illustrations (Table II) were similar. In addition, 
the first ranking tendencies of the selected most preferred 
illustration (Table III) were the same for all three participant 
groups which were the illustration #4. 

Next, we analyzed the reasons of choosing the illustrations 
collected from the questionnaire. Most reasons were specified 
on the eye size, face shape, and hairstyle. In addition, the 
overall reasons were given that the participants considered from 
the atmosphere and selected by intuition. Other reasons 
mentioned about the color, gesture, costume, facial expression, 
and the baby shape of the illustrations. 

TABLE I 
RANKING BASED ON KAWAII SCORES 

Group Ranking of Illustration <Kawaii score> 
1st 2nd 3rd 4th 5th 6th 

Male 
20’s 

#3 
<90> 

#2 
<79> 

#4 
<73> 

#6 
<63> 

#5 
<59> 

#1 
<56> 

Female 
20’s 

#2 
<69> 

#4 
<60> 

#1 
<51> 

#3,#6 
<41>  #5 

<38> 
Female
 >= 65 

#1 
<99> 

#3 
<77> 

#6 
<69> 

#2 
<67> 

#4 
<63> 

#5 
<45> 

TABLE II 
RANKING BASED ON SELECTED MOST KAWAII ILLUSTRATIONS 

Group 
Ranking of Illustration  

<Number of participants> 
1st 2nd 3rd 4th 5th 6th 

Male 
20’s 

#3,#4 
<4>  #6  

<3> 
#2  

<2> 
#5  

<1> 
#1  

<0> 
Female 
20’s 

#2  
<4> 

#3,#6 
<2>  #4,#5 

<1>  #1  
<0> 

Female
 >= 65 

#1  
<4> 

#3,#6 
<3>  #2,#4 

<2>  #5  
<0> 

TABLE III 
RANKING BASED ON SELECTED MOST PREFERRED ILLUSTRATIONS 

Group 
Ranking of Illustration  

<Number of participants> 
1st 2nd 3rd 4th 5th 6th 

Male 
20’s 

#4  
<5> 

#3  
<3> 

#2,#5,#6  
<2>   #1  

<0> 
Female 
20’s 

#4  
<5> 

#2  
<4> 

#6  
<1> 

#1,#3,#5  
<0>   

Female
 >= 65 

#4  
<6> 

#3  
<3> 

#1,#2 
<2>  #6  

<1> 
#5  

<0> 
 

 
Fig. 4 Example of AOIs 

C. Results of Eye Tracking Data 
 Based on the rankings of cumulative results, we recalculated 
and ranked them from only 21 participants whose eye tracking 
data were successfully recorded in order to use them with the 
analysis of eye tracking data.  
 To analyze the eye tracking data, we employed “fixation” and 
“Area of Interest (AOI)”. The fixation was defined as the state 
of the eye when it remains still or looks at the same spots over 
a period of time (threshold). The value of threshold was set to 
be initial value at 0 ms. The AOI was defined as the area used 
to include or exclude certain areas from analysis. For the 
analysis of this experiment, we defined two AOIs for left-side 
illustration and right-side illustration as shown in Fig. 4. The 
AOIs were created as ellipse based on the illustration with the 
largest width and height (#4). Then all of the other illustrations 
applied the same shape and size so that the area for analysis of 
all illustrations were balanced. 

We analyzed eye tracking data by employing five eye 
tracking metrics for this experiment. The results of each eye 
tracking metric were described in the following sections. 

1) Total duration in AOI (Sum of durations of all fixations 
that hit in AOI): We analyzed the total duration in AOI with 
two factors which are the participant groups and the illustration 
groups from the cumulative results including highest kawaii 
score, lowest kawaii score, most selected kawaii, and most 
selected preferred illustrations. The total duration in AOI 
among illustration groups were analyzed for both all 
participants and grouped participants. Paired t-test was run to 
determine whether there was a statistically significant mean 
difference between the total duration in AOI among four groups 
of illustrations. The result showed that there was a significant 
difference in the total duration in AOI between the illustration 
with highest kawaii score and that of lowest kawaii score 
(p<0.05) for females in their 20’s. For other illustration groups 
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and other participant groups, there were no significant 
differences in total duration. The result of the average total 
duration in AOI is illustrated in Fig. 5. 

2) Total number of fixations (Sum of all fixations that hit in 
AOI in which the fixation threshold is 200 ms): We analyzed the 
total number of fixations with two factors which are the 
participant groups and the illustration groups. The statistical 
analysis was performed with the same method as the one for total 
duration in AOI in 1). The result of all participants from paired t-
test showed that there was a significant difference in the total 
number of fixations between highest kawaii score and lowest 
kawaii score (p<0.05) and between most selected kawaii and 
lowest kawaii score (p<0.05), as illustrated in Fig. 6. Furthermore, 
the result of grouped participants from paired t-test showed that 
there was a significant difference in the total number of fixations 
between most selected kawaii and lowest kawaii score (p<0.05) 
and between most selected preferred and lowest kawaii score 
(p<0.05) for females in their 20’s. For other groups of 
illustrations and other participant groups, there were no 
significant differences in the total number of fixations. The result 
of average total number of fixations is illustrated in Fig. 7. 

3) Number of transitions between AOIs (Sum of times that 
the eye moves between AOIs for each pair of illustrations. The 
movement of one fixation in an AOI to another fixation in the 
other AOI is counted as a transition): We analyzed number of 
transitions between the two AOIs for all participants and each 
participant group. As we considered the illustrations pair by 
pair, the difference of kawaii scores between each pair of them 
were calculated from the cumulative data and used for this 
analysis. A Pearson product-moment correlation was run to 
determine the relationship between the number of transitions 
and the difference of kawaii scores. The scatter plot between 
these two variables, as illustrated in Fig. 8, shows that they had 
a linear relationship with negative correlation. The result 
showed that there was a negative correlation between the 
number of transitions and the difference of kawaii scores, 
which was statistically significant (p<0.05).  
 Furthermore, we analyzed this index for each participant group. 
The results showed similar tendencies as in the result of all 
participants for both males in their 20’s and females in 65 years old 
or more that there was a negative correlation between the number 
of transitions and the difference of kawaii scores with statistical 
significance (p<0.10). The result of females in their 20’s did not 
show the statistically different for the correlation. However, it also 
had a similar tendency as in other participant groups that was a 
negative linear relationship between the number of transitions and 
the difference of kawaii scores. 

4) Number of matching between the last-eye-position 
illustrations and the selected illustration: We collected and 
analyzed the number of matched and unmatched for each pair 
of illustrations between the last- eye-position illustrations and 
the selected illustration from the cumulative data.  Paired t-test 
was run to determine whether there was a statistically 
significant mean difference between the number of matched 
and unmatched for each participant group. The result from each 
participant group showed that there was significant difference 

in number of matching between the last-eye-position 
illustrations and the selected illustration (p<0.01). The results 
were illustrated in Fig. 9.  

 

 
Fig. 5 Total duration in AOI vs. illustration groups of females in their 20’s 

 

 
Fig. 6 Total number of fixations vs. illustration groups of all participants 

 

 
Fig. 7 Total number of fixations vs. illustration groups and participant groups 

of females in their 20’s 

5) Number of first fixation for each focused area: Sum of fixations 
that firstly hit in each focused area in AOI: To collect the number of 
first fixation, we needed to define the focused areas that participants 
tended to look at a first glance. Since all of the illustrations composed 
of the human structure, we defined the focused areas in three groups; 
head, body, and others. We measured and calculate the ratio of head-
to-body for all illustrations using head height and body height. Also, 
we listed the objects for other areas which included small-sized 
unanimated objects that surrounded the head and body. The structure 
information of the six illustrations was shown in Table IV. The head-
to-body ratio showed that there were varieties of head and body sizes. 
Also, there are various objects in other areas. 

We analyzed the number of first fixation by using two-factor 
ANOVA between focused areas and participant groups for each 
illustration. The result showed that there was significant 
difference (p<0.01) among focused areas for all illustrations. 
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Furthermore, we performed low-level analysis by using the 
percentage of number of first fixations as shown in Fig. 10. The 
result showed that the head area tended to have highest 
percentage of number of first fixations. In addition, the graph 
showed the tendency between genders that the numbers of first 
fixations on body areas were larger in female participants in 
comparison to male participants. 

During this experiment, we had faced with some problems 
which might cause the difficulty to collect and analyze the eye 
tracking data as listed below: 
 The same illustrations displayed on the same position 

during two continuous pairs. 
 The participants do not have default eye position before 

they started seeing each pair of illustrations. 
 Some participants used mouse instead of keyboard during 

the selection of illustrations which might cause slower eye 
movement and more cognitive workload on hand-eye 
interaction. 

 Ceiling light and sunlight had the effect to the device which 
made it failed to calibrate or track the eye movement. 

IV. DISCUSSION 
From the analysis of rankings based on cumulative results, 

they showed the similarity of the first and last ranking 
tendencies between the results of cumulative kawaii scores and 
selected most kawaii illustrations. In addition, the first ranking 
tendencies of selected preferred illustrations were similar for all 
participant groups. 
 The analysis of eye tracking included five eye tracking 
metrics. The analyzed results were as follows: 

 Total duration in AOI of females in their 20’s showed 
significant difference between illustrations with highest 
and lowest kawaii scores. It showed that females in their 
20’s tended to look longer on the kawaii illustrations, 
while other participant groups showed average attention 
to all illustration groups. 

 Total number of fixations of all participants showed 
significant difference between the illustrations with 
highest kawaii scores and selected kawaii illustrations 
versus the illustrations with lowest kawaii scores. The 
illustrations with highest kawaii scores and selected 
kawaii illustrations had larger number of fixations. 

 Total number of fixations of females in their 20’s 
showed significant difference between selected kawaii 
illustration and illustration with lowest kawaii score, and 
between selected preferred illustration and illustration 
with lowest kawaii score. It showed that females in their 
20’s tended to look more frequently on the kawaii and 
preferred illustrations. 

 Number of transitions between AOIs versus the 
difference of kawaii scores had a significantly negative 
correlation for all participants, males in their 20’s, and 
females in 65 or more. For females in their 20’s, the 
result also showed negative tendencies which were 
similar to other participant groups.  

TABLE IV 
RANKING BASED ON KAWAII SCORES 

Illustration 
No. 

Head 
Height 
(Pixels) 

Body 
Height 
(Pixels) 

Head-
to-body 
Ratio 

Others 

1 155 187 0.829 Stars 
2 74 209 0.354 Wing, Bird 
3 88 207 0.425 Bear, Pillow 
4 105 244 0.430 Tea pot, Tea cup 
5 119 199 0.598 Rope 
6 155 180 0.861 Luggage, Lollipop 

 
 

 
Fig. 8 Number of transitions between AOIs and difference of kawaii scores of 

all participants 

 

 
Fig. 9 Number of matching between last-eye-position and selected illustration 

 

 
Fig. 10 Percentage of number of first fixations 

0

2

4

6

8

10

12

0 1 2 3 4 5 6 7 8 9
N

um
be

r o
f t

ra
ns

iti
on

s 
(ti

m
es

)
Difference of kawaii score

0

5

10

15

Match Unmatch Match Unmatch Match Unmatch

Male 20's Female 20's Female >= 65

N
um

be
r o

f M
at

ch
in

g

0%

20%

40%

60%

80%

100%

M F FO M F FO M F FO M F FO M F FO M F FO

#1 #2 #3 #4 #5 #6

N
um

be
r o

f F
irs

t F
ix

at
io

n 
(%

)

Illustration No.

Head Body Others

** ** ** ** p<0.01 

M = Male 20’s 
F = Female 20’s 
FO = Female 65 or 
more 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

287



 
 Number of matching between the last-fixation 

illustrations and the selected illustration showed that 
there was significant difference in number of matching 
between them for all participant groups. The larger 
number of matching showed that the participants tended 
to look lastly at the illustrations they selected. 

 Number of first fixation for each focused area showed 
a significant difference that the head areas were fixated 
more than other areas for all participant groups. The 
structure of the illustrations showed that they had 
various sizes of head and body. Even though the head 
was large or small, this area was firstly fixate the most 
which showed that the participants tended to look firstly 
at the heads in regardless to their sizes. The result was 
corresponding to the reason for selecting the illustrations 
that the eye size, face shape, and hairstyle were 
considered the most. Additionally, there was a tendency 
that the females also firstly fixated at the body in 
addition to head which showed that they had more 
various focused areas than males. 
 

Due to some problems during the experiment, the eye 
tracking of some participants could not be recorded which may 
cause the result from eye tracking data and cumulative data to 
be different. In order to solve the problems, the web 
questionnaire system and control the lighting environment 
during the experiment should be improved. 

V. CONCLUSION 
 This article introduces our improved experiment from our 
previous study [10] on the study of kawaii feeling by using eye 
tracking. We performed the experiment by using the web 
questionnaire system along with the eye tracking system. The 
recorded eye tracking data was used to clarify the relationship 
between kawaii feeling and eye movement.  
 We obtained the results that the females in their 20’s tended 
to look longer and more frequently on the kawaii and preferred 
illustrations. Moreover, all participants tended to take longer 
time to compare the pairs when their kawaiiness were similar. 
In addition, all participants tended to look lastly at the 
illustration they selected. Finally, all participants tended to 
focus on the head area at the first time they look at the 
illustrations. 

For future work, we will improve the experiment based on 
the problems of the web questionnaire system and the lighting 
environment. More number of eye tracking data will be 
collected and used for the detailed analysis of between kawaii 
feeling and eye movement. 
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Abstract— Autonomic service level agreement (SLA) research 
area nowadays is introducing concept for quality of service (QoS) 
that meets service consumer’s requirements. The service 
consumer is able to choose multiple QoS levels or negotiate QoS 
and cost with service providers while execution. Thus, it increase 
more opportunity for both a service consumer which is performs 
as a service composer and a service provider to manage their own 
service efficiently. This paper designs the extended QoS service 
description by introducing a selected SLA template with multiple 
levels and the QoS of each level can be varied in specific time. 
Finally, we simulate results by employing the Genetic Algorithm 
to compose web services according to user’s SLA constraints to 
show efficient SLA management which the composer performs as 
a service provider. 
 
Keywords— service composition, QoS, SLA, QoS model, service 
level management 

I. INTRODUCTION 
In Service-oriented Architecture (SOA) environment, 

Quality of Service (QoS) is reflected to the service consumer 
satisfaction.  Moreover Service Level Agreement (SLA) is a 
kind of electronic contract between a service provider and a 
service consumer to provide a service with a certain quality at 
a fixed point of time [2].  A different set of concrete web 
services may operate at different QoS measures. So we have to 
select an appropriate set of concrete web services that 
guarantees the fulfilment of a given SLA [5].  An SLA is in a 
management layer which is expressed on a high level between 
two partners [1].  Although SLA have been using for a long 
time.  SLA has been still an early stage of SLA auto 
management research area on SOA. 

D. Jianmin and Z. Zhou [2] has introduced an automatic SLA 
management life cycle including in web service composition 
environment.  An automatic SLA management needs a QoS 
model in machine readable way to understand in both a service 
provider and a service consumer in order to offer and request 
SLA with certain QoS and price for automatically negotiating 
and establishing an SLA contract.   Moreover F. Wagner and et. 
al [4] has been introduced a novel of QoS model to concern 
possible dependencies on a time of execution or on an input 
data supplied to the service.  These are the reasons why we 
should extend more complex QoS description to support the 
negotiation for a certain price and quality in the automatic web 
service composition manner to increase more flexibility of 
pricing model for a service like an online movie service. 

This paper proposes a conceptual QoS model which supports 
dependency on a time of execution, then employs the Genetic 
Algorithm from [5] called E3-MOGA.  Thus, we can compose 
web services in a way of multiple levels of SLA named 
“Platinum”, “Gold”, “Silver”, respectively by the higher quality 
and cost.  Finally we show the performance improvement that 
attracts the service consumer to select a new style of QoS 
Model. 

II. SERVICE COMPOSITION 
To comply a dependency of an execution time for simulation 

evaluation, we have selected a web service composition 
workflow for an online movie compression service.  This 
service has pricing model for days of the week, derived from a 
sales promotion model from Sunday through Saturday, which 
assume that Friday and Weekend tend to have a high number 
of customers watching an online movie service.  On the other 
hand in weekdays tend to have a lower number of customers. 
 

 
Fig. 1  An online movie compression service workflow [4] 

 
Fig. 1 shows a workflow which is composed of 4 different 

abstract services named “retrieve file”, “compress audio”, 
“compress video”, “merge files”.  Moreover, there are multiple 
service instances in the same function for some aforementioned 
services to be processed simultaneously. 

III. QOS MODEL 
A relationship between QoS and SLA is an aggregation from 

overall web service composition’s QoS of each concrete service.  
In a QoS service description, a set of selected concrete web 
services is provided as one of an SLA level by overall QoS.  In 
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addition, a proposing QoS service description for multiple 
specific time, therefore, a set of selected concrete web services 
is able to vary in a specific time.  Moreover, QoS in the 
conventional service description is able to transform into 
another kind of a management technique, for example, Key 
Performance Indicators (KPIs) [9].  The main equality between 
SLA and KPIs are service level objective (SLO) which is a QoS 
term of quality together with probability.  Therefore, the QoS 
model needs an extension to describe more complex quality 
metric like probability, indiscrete value and differentiate levels 
of quality to make QoS be able to vary in a specific time.  In 
the other hand, SLO will be described at a higher description 
part in next step which to be guaranteed in term of an SLA 
obligation between a service consumer and a service provider.  
From all of the problems above, we employ an existing SLA 
description model from [10] to flexibly describe a quality value 
to solve them.  Finally, Fig. 2 is a conceptual model which 
enables an automatic web service composition.  And also 
allows the dependency on a time of execution. 

 

 
Fig. 2  Conceptual model to enable a dependency on a time of execution 

 
QoS property describes a quality dimension such as 

throughput, latency and cost.  QoS template or service 
parameter represents a quality related to a metric for a particular 
state in a given time period.  For example, cost of operation is 
90 US dollar (a metric) between 00:00 and 23:59 on Saturday.  
A metric is a specification either how value is measured from a 
source by defining a measurement directive or how a metric is 
computed as defined in function.  The function may also takes 
other Metrics and other input into account.  For example, a 
resource metric measures operation cost is defined in 
measurement directive.  A composite metric like “average 
number of invocations in a minute interval” is defined by the 
calculated average from a function specifying time series of 
reading of the resource metric together with invocations count 
from a measurement directive. 

IV. MULTI-OBJECTIVE SLA OPTIMIZATION 
Instead of aggregating the QoS values into a single unity 

value.  E3-MOGA [5] is a multi-objective optimization a 
dominate relation which is a partial-ordering on the web service 
selections.  Given an “individual” is a solution of web service 
composition represented by a gene set which is composed of 3 
SLA level parts named “Platinum”, “Gold” and “Silver”.  Each 
SLA level is a combination of genes which are dedicated for 
certain abstract services in composition workflow and also 
instance(s) of each concrete service.  Fig. 3 shows an example 
of a gene set which is the one of an SLA level.  Therefore, an 
individual is a sequence of 3 following gene sets for each SLA 
level. 

 

 
Fig. 3  An SLA level within an individual example 

 
Fig. 4 is a pseudo code of E3-MOGA which is maintain a set 

of individuals with higher fitness values, and then evolve their 
genes across generations through the use of genetic operation. 
(i.e., cross over and mutation) [5]. 

 

 
Fig. 4  E-MOGA’s pseudo code [5] 
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TABLE I 
VARIABLES AND FUNCTIONS IN E3-MOGA [5] 

gmax Maximum number of generations 
µ Population size 

pg A set of individuals {pk|1 ≤ k ≤ µ} in elite 
population at g-th generation 

p[i] i-th gene of individual p, (0 ≤ i ≤ n) 

Qg A set of offspring that is generated at g-th 
generation 

Sort(P) A function sorting P based on Fitness(pk) 

RWSelection(P) A function performing a roulette wheel 
selection on P based on Fitness(pk) 

Fitness(Pk) A function returning DRanking(pk) / 
Density(pk) 

DRanking (Pk) A function returning pk’s domination rank 
Density (Pk) A function returning the density of pk 

Mutation (Pk) A function randomly changing one of pk’s 
genes 

 
To evaluate a fitness value for genetic operation, firstly, 

domination rank, indicates the excellence of an individual in the 
objective space.  Let a set of objective values (QoS values from 
throughput, latency and cost) of an individual i be 𝑜����⃗  = �𝑜�������������⃗ , 
𝑜������������⃗ � = �𝑜���

�,� , …, 𝑜���
�,� , …, 𝑜���

�,� , …, 𝑜���
�,� � where 𝑜�������������⃗  and 

𝑜���
�  are sets of objective values to be maximized and 

minimized respectively.  An individual i is said to dominate an 
individual j if both of the following conditions are true (1) {∀ 
�𝑜���

�,� , 𝑜���
�,� �   𝑜���

�,�  ≥ 𝑜���
�,� � and {∀  �𝑜���

�,� , 𝑜���
�,� �  | 𝑜���

�,�  ≤ 
𝑜���
�,� �, all of QoS for each gene in i are better or equal to all of 

QoS for each gene in j, and (2) {∃  �𝑜���
�,� , 𝑜���

�,� �  | 𝑜���
�,�  > 

𝑜���
�,� � or {∃ �𝑜���

�,� , 𝑜���
�,� � | 𝑜���

�,�  < 𝑜���
�,� �, at least one of QoS 

for each gene in i is better than QoS for each gene in j. 
Secondly, constraint-dominate considers constraint of 

objectives with a degree of violation.  For example a constraint 
specifies throughput must be over 40,000 byte per second.  
When an individual cannot satisfy a constraint, the individual 
is said to be infeasible.  An individual i is said to constraint-
dominate an individual j if any the following conditions are true 
(1) An individual i is feasible and individual j is not, (2) both i 
and j are feasible and i dominates j with respect to their 
objective values, (3) both i and j are infeasible but i dominates 
j with respect to their constraint violations, which is the less 
violations one. 

Thirdly, to evaluate dominate rank for each individual, count 
a number of the constraint-dominate compare to each other for 
every individuals in particular generation.  Next, arrange a 
number of constraint-dominate in ascending order.  The 
domination rank is calculated by µ - ndomi (a number of 
constraint-dominate above).  Therefore, an individual which 
has a lower number of constraint-dominate to other individuals 
will have a higher domination rank. 

Last step, a density indicates the diversity of individuals in 
the objective space.  The objective space is divided into certain 
size of K-dimensional cells (K is the number of objectives).  
The number of individuals in each cell is defined as the density 
of the cell, and the density of an individual is equal to the 
density of the cell where is the individual is located.  Therefore, 

individuals with lower densities will obtain a higher fitness to 
improve the density of individuals. 

V. SIMULATION EVALUATION 
We apply a simulation environment to evaluate performance 

improvement of the proposed QoS model.  First, we have to 
create both of the conventional and the proposed QoS service 
description.  The conventional QoS values is selected from 
service description in [5] by obtaining QoS values from the 
highest probability.  And the proposed QoS values, Cost values 
are derived from a sales promotion model for each days of the 
week.  Fig. 5 shows cost percent rates which to be used to 
convert the conventional cost to create the proposed QoS 
service description.  On the other hand, throughput and latency 
are remain the same. 

 

 
Fig. 5  Cost percent rate derived from the conventional 

 
Hence, the proposed cost values on Sunday are higher than 

the conventional by 110 percent according to a cost percent rate 
above, cost values on Monday are lower than the conventional 
by 80 percent and so on. 

A. Simulation Configurations 
Composition constraints for multiple SLA levels offered to 

a service consumer have to be created.  A service provider 
either specifies every constraint values clearly or leaves some 
wildcard for an automatic composition to freely select web 
services within a total cost to cover the budget. 

 
TABLE II 

COMPOSITION CONSTRAINTS 

Service 
Level 

Constraint 
Throughput 

(B/s) 
Latency 

(ms) 
Cost 
(US) 

Total 
Cost 

Platinum 40,000 550  
2,000 Gold 6,000 450  

Silver 2,000  250 

 

Table II is constraints for simulation evaluation in every 
composition simulation.  A Platinum level is the most 
expensive and also the highest quality for a service consumer.  
Where throughput is a QoS attribute which is to be maximized, 
in contrast, latency and cost are to be minimized. 

For genetic algorithm parameters, the maximum number of 
generations was set to 500 and 100 for the population size 
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B. Simulation Results 

The results are divided into 2 groups (1) aggregated QoS (2) 
selected concrete web services compare between the 
conventional and the proposed QoS model.  The aggregated 
QoS shows quality on weekdays tend to gain the higher 
performance. 

 

 
Fig. 6  Selected throughput from the proposed QoS model 

 
Fig. 7  Selected latency from the proposed QoS Model 

 

 
Fig. 8  Selected cost from the proposed QoS model 

 
By assumption that quality on Friday is a selection of the 

conventional service description.  Selections on weekdays tend 
to be higher than weekend.  In contrast, on weekend tends to be 
lower.  These selections are applied to all service levels even 
on some day in Gold and Silver are not obviously separate the 
quality level like in Platinum. 

The selected concrete web services compare between the 
conventional and the proposed QoS model, Selections of the 
conventional tend to lower than the proposed.  Result in Table 
III lists numbers of selected concrete web services from Sunday 
through Saturday for every service levels. 

In a Gold level shows equal number of selection.  The other 
levels show numbers of the proposed QoS model service 

selection is higher than the conventional one. Especially in a 
Silver level. 

 

 
Fig. 9  Selected concrete web services for Platinum level 

 

 
Fig. 10  Selected concrete web services for Gold level 

 

 
Fig. 11  Selected concrete web services for Silver level 

 
Fig. 9-11 show some of selections not obviously select only 

the proposed QoS model.  But overall of the selections tend to 
select the proposed QoS model. 

VI. CONCLUSIONS 
This paper designs QoS model for web service description 

to conform a trend of the automatic SLA management research.  
Furthermore the model is used for describe QoS variation in a 
specific time. The simulation’s results show the performance 
improvement on the sales promotion time.  Moreover, service 
descriptions which are using the proposed QoS model are likely 
to be selected more than using the conventional one.  Hence, 
the proposed QoS model absolutely attracts a service consumer 
to select a particular service if it is exploiting a sales promotion 
pricing model and also tend to gain higher performance or even 
reduce cost for an automatic web service composition.
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TABLE IIII 
SELECTED CONCRETE WEB SERVICES COMPARED BETWEEN THE CONVENTIONAL AND THE PROPOSED QOS MODEL 

Service 
Level 

Sunday Monday Tuesday Wednesday Thursday Friday Saturday Total Select 
Proposed C. P. C. P. C. P. C. P. C. P. C. P. C. P. C. P. 

Platinum 4 4 3 5 3 5 5 3 3 5 4 4 4 4 22 26 +4 
Gold 4 4 4 4 4 4 6 2 3 5 3 5 3 5 24 24 - 
Silver 3 5 3 5 3 5 3 5 1 7 2 6 3 5 15 33 +18 
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Abstract—This paper presents a method for estimating aspect 
rating in reviews. Aspects are evaluated using evaluative words. 
The overall rating of reviews is used to estimate the rating of 
aspects. We assume that reviews with words expressing high 
evaluation possess high overall rating. We estimate evaluative 
words for each category because some of these words express 
different meanings in different categories. We determine the 
score of an aspect from the rating of evaluative words. The 
approach is validated by estimating the values of aspects by using 
reviews collected from kakau.com and comparing them with the 
original aspect ratings. Results indicate that the proposed
approach can estimate aspect rating in certain cases.

Keywords—Opinion Extraction, Review Mining, Sentiment 
Analysis, Aspect Extraction, Latent Rating Analysis

I. INTRODUCTION

Currently, users refer to online review sites or comparison 
shopping websites when they consider buying something. In 
some comparison sites, overall and aspect ratings are 
displayed. Aspects are attributes for evaluating products, such 
as design, graphic, and usage. Fig. 1 shows an example of a 
review. The product name is written in boldface (Camera A)
on the top part, and the product category is written with an 
underline (Digital Camera). The number of big black star 
expresses the overall rating. Aspect ratings are expressed with 
the number of small black stars. Review texts are added to the 
right side of the space where aspect ratings are displayed. A
user can easily compare products by using aspect ratings. In 
some cases, no aspect ratings are available for users. As such,
the user attempts to know the reputation of the product based 
on review texts. However, determining a desired opinion from 
the Internet tends to be difficult.

Fig. 1. Example of a review.

Aspect-evaluation studies are proposed from the 
background. Methods focused on aspect and evaluative words
are proposed to extract the reputation of aspects. Evaluative 

words, such as “good” or “bad,” indicate the quality of aspect. 
A technique using overall rating of reviews is proposed to 
estimate aspect ratings and evaluative words. However, some 
words have different usage by category. For example, “A hot 
new book” seems like a favorable comment, but “CPU 
becomes too hot” seems to be a negative one. Hence, some 
evaluative words that express favorable meanings may also be 
used to express negative sentiments. Such rating cannot be 
defined with consistency. 

In this paper, we propose a method for estimating aspect 
rating from reviews. We assume that favorable words that 
appear in reviews indicate high overall ratings. We set the rate 
of an evaluative word to the overall rating, in which the word 
appears the most frequently. We also use category 
characteristics. Category is used in review sites to classify 
products, such as cameras, smart devices, and games. We 
assume that some evaluative words express different 
meanings in different categories. We estimate the value of 
evaluative words by each category. Finally, we determine the
aspect ratings from evaluative words. To evaluate the 
proposed method, we conduct experiments and evaluate 
aspects in reviews collected from various websites.

II. RELATED WORK
Methods for estimating the polarity of a document

are studied to analyze an opinion written in the document [1, 
2]. Multiple opinions may appear in a document. Therefore, 
approaches in judging polarities from a sentence are proposed
[3, 4]. Furthermore, in some documents, one sentence 
evaluates plural aspects, or plural sentences evaluate an 
aspect. As such, aspect extraction and evaluation are 
suggested to estimate the polarity or rating of an aspect.

Kobayashi et al. [5] proposed an approach for aspect 
extraction focused on subject, aspect, and value. Subject is a 
product or service. Value is expressed through evaluative 
words. Opinion is deemed to contain three elements, namely, 
subject, aspect, and value. Consider the example, “The design 
of product is excellent;” “product” is the subject, “design” is 
the aspect, and “excellent” expresses the value. Opinions are 
collected as a triplet <Subject, Aspect, Value> by using co-
occurrence patterns. The seed dictionaries of aspect and value
are set. When a sentence is applied to a pattern, a candidate
aspect is then extracted. If the candidate is not included in the 
dictionary, then the candidate is added.
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nouns
(b) (a)+adverbs

Evaluative Word Rating
(a) frequency

(b) expectation value
(c) harmonic mean of 

probability of (a) and (b)
(d) harmonic mean of 
estimated (a) and (b)

Arjun et al. [6] extracted and classified aspects from a 
sentence through semi-supervised learning. Tao et al. [7] 
proposed aspect extraction using two semi-supervised topic 
models.

Samuel et al. [8] suggested an approach that uses evaluative 
words when polarity was added beforehand to judge the 
polarity of the aspects. In this approach, unsupervised learning
is used to extract sentences that evaluate aspects. Furthermore, 
the co-occurrence degrees of the same polarity of words are 
assumed as high. The polarity of evaluative words is judged 
based on co-occurrence degree with the word that the polarity 
touched. The polarity of aspects is estimated based on the 
polarity of the evaluative word.

Fu et al. [9] calculated the similarity of evaluation words by 
using a word net and performed polarity classification of 
aspects.

Hongning et al. [10] proposed an aspect rating method by
calculating the weight of an evaluative word that appeared in 
the reviews of the hotels and estimated the ratings of aspects. 
The approach can be classified into two stages. On the first 
stage, sentences are identified to evaluate an aspect and an
aspect is expressed using plural words. For example, the 
aspect called “the design” may be expressed through words,
such as “form,” “size,” and “color.” A word is extracted to 
express an aspect by using bootstrap method. Four seed words 
are set for seven aspects, and bootstrap method is applied to 
every sentence to identify sentences that evaluate aspects. On 
the second stage, aspect evaluation is performed. According to 
Hongning, the overall rating of a review is the total of the 
weighted value of a rating of aspects. Furthermore, the rating 
of an aspect is assumed as the sum of the ratings of evaluative 
words. Based on this hypothesis, the ratings of evaluative 
words and aspects are estimated.

Jianxing et al. [11] considered the overall rating as the sum 
of the rating of aspects and performed aspect rating.

Some evaluative words are unsuitable for uniquely defining
the rating. In this paper, we propose a method to estimate the 
rating of aspects by using category characteristics.

III. ASPECT EVALUATION

In this paper, we determine a score of an aspect from the 
rating of an evaluative word. Aspect is expressed by words,
such as “design,” “graphic,” and “usage.” We assume that 
some words express an aspect. For example, “looks” and 
“appearance” may express the same aspect. In this paper, we 
propose methods wherein aspect word extraction is performed 
beforehand.

Fig. 2 shows the proposed method. First, we perform 
dependency structure analysis to clarify the relationships 
between words and their described aspects. Second, we 
identify evaluative words. Third, we estimate the rating of 
evaluative words based on the overall rating and category 
characteristics. We assume that some evaluative words 
express different meanings in different categories. Finally, we 
determine a rating of aspects from the evaluative words. For 
each step, we can apply several approaches (Fig. 2).

Fig. 2. Process of aspect evaluation.

A. Dependency Structure Analysis
We perform dependency structure analysis [12] to clarify 

the relationships between words and their described aspects.
For example, in the sentence “The design is cool,” “cool” 
modifies “design.” We perform the division of the sentence in 
the following rules for every lines.

1)  Divide the line from the head of the line to the point 
that a period appeared as one sentence

2)  Connect the next line when a comma appears in the end 
of the line

3)  Divide the entire line as one sentence when a comma 
does not appear in the end of the line

We assume that evaluative words directly modifying 
aspects are useful. However, in some cases, we could not 
estimate the aspect ratings by using directly modifying words. 
We propose two approaches to extract evaluative words 
modifying aspects.

1)  Consider only directly modifying words

2)  Consider indirectly modifying words

B. Evaluative Word Identification
We identify the specific parts of speech as evaluative words 

in review texts. We assume that evaluative words are 
adjectives, nouns, and adverbs. However, some adverbs that 
express favorable reputation could not be determined. In some 
cases, adverbs are unsuitable for estimating ratings. We
propose two patterns of the part of speech to identify 
evaluation word.

1)  Adjectives, Nouns 

2)  Adjectives, Nouns, Adverbs

C. Evaluative Word Rating
We estimate the ratings of evaluative words by using the 

overall ratings of reviews. We assume that evaluative words 
have different meanings in different categories. We estimate 
the ratings by each category. The overall rating is an integer 
from 1 to 5. We propose four approaches to estimate the 
ratings of evaluative words.

1)  Appearance Frequency: We assume that in reviews with
high overall rating, favorable words appear frequently. In each 
category, we set the rate of evaluative words to the overall 
rating, in which the evaluative word appears the most 
frequently. The score of evaluative word is defined as 
follows:

=  (1)
is the overall rating of reviews. is an evaluative 

word. is the number of reviews, in which appears; and 
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the overall rating is . is the number of reviews, in which 
the overall rating is .

2)  Expectation Value: We assume that a favorable word 
appears in high overall rating reviews. In each category, we 
set the rate of evaluative words to the expectation value of the 
overall rating, in which the evaluative word appears. The 
score of is defined as follows:

= , (2)

, is the number of occurrences, wherein appears in the 
reviews, in which the overall rating is . is the number of 
occurrence of .

3)  Expectation Value of Harmonic Mean of Probability: In 
some cases, , calculated with 2) increases as 
increases. If is extremely high, then , increases even if 
appearance frequency of is low. In such cases,
approximates . To minimize the influence of the number of 
reviews, we use the expectation value of harmonic mean of 

and , . The score of is defined as follows:

= 2 , / ( + , )       (3)

4)  Harmonic Mean of Estimated Value of 1) and 2): In 
some cases, becomes near to which is big. To reduce 
the influence of the number of reviews, we use harmonic 
mean of and . The score of is defined as follows:

= 2 /( + ) (4)

D. Aspect Rating
We extract evaluative words for evaluating aspect in 

review . We calculate the mean value of evaluative words 
as a score of an aspect. is defined as follows:

=
| |

     (5)
is the set of evaluative word , which evaluates . is 

the rating of .

IV. EXPERIMENTS

A. Data Sets
We use reviews collected from kakaku.com [13]. This 

website is a Japanese comparison shopping website. We 
collected 6,021 reviews on July 15, 2015. Reviews are written 
for 2,041 products and are classified into 30 categories. About 
4,599 users wrote the reviews. The number of reviews by each 
overall rating is shown in Table 1. The number of reviews and 
average lines of each category are shown in Fig. 3. We use the
morphological analyzer by MeCab [14] and dependency 
structure analyzer by Cabocha [15] for dependency structure 
analysis.

In section 3, we propose two approaches for dependency 
structure analysis, two for evaluative word identification, and 
four for evaluative word rating. We use 16 combined 
approaches for experiments. We estimate the ratings of 
aspect in every review and compared it with the ratings that 
users touched. The contents and number of aspects are

different by category. In addition, we use aspect words set by 
hands.

We use correlation, average, and variance of absolute error 
of estimated ratings and original ratings to provide the 
performance index. We calculate these indices by combining
approaches and categories. A p value less than 0.05 was 
considered statistically significant.

TABLE I
THE NUMBER OF REVIEWS BY EACH OVERALL RATING

Overall Rating The Number of Reviews
1 265
2 238
3 580
4 1891
5 3047

Fig. 3. Number of reviews and average lines of each category.

B. Performance of Aspect Evaluation Focused on Approach

1)  Experiment Result of each Approach
Correlations of each approach are shown in Fig. 4. The 

averages of absolute error are shown in Fig. 5. Variances of 
absolute error are shown in Fig. 6. The red point in Figs. 4, 5,
and 6 shows the mean value. The numbers of evaluative 
words by overall ratings are shown in Table 2, in which r is 
the overall rating of evaluative words. A1 shows the 
performance when we considered only the directly modifying 
words for dependency structure analysis. A2 considers
indirectly modifying words. B1 shows the performance when 
we used adjectives and nouns as evaluative words. By contrast, 
B2 uses adjectives, nouns, and adverbs. C1 shows the 
performance when appearance frequency is used for rating of
evaluative words. C2 uses expectation value, C3 uses
expectation value of harmonic mean of probability, and C4 
uses harmonic mean of the estimated value.

0

5

10

15

20

25

30

0

100

200

300

400

500

600

700

A
nd

ro
id

A
pp

lic
at

io
ns

au
C

el
lp

ho
ne

s
B

lu
et

oo
th

Sp
ea

ke
rs

C
PU

s
C

PU
C

oo
le

rs
do

co
m

oC
el

lp
ho

ne
s

D
V

D
B

lu
e-

ra
yS

of
tw

ar
es

M
P3

Pl
ay

er
s

C
om

pu
te

rC
as

es
C

om
pu

te
rS

pe
ak

er
s

So
ftB

an
kC

el
lp

ho
ne

s
In

te
rn

al
So

lid
St

at
eD

riv
es

W
IL

LC
O

M
Ph

on
es

O
ut

do
or

Su
pp

lie
s

To
ys

A
ut

om
ot

iv
eS

up
pl

ie
s

K
ey

bo
rd

s
G

am
eM

ac
hi

ne
s

Sm
ar

tp
ho

ne
s

 T
ab

le
tT

er
m

in
al

s
D

ig
ita

lC
am

er
as

N
ot

eb
oo

kC
om

pu
te

rs
H

ar
dd

is
kC

as
es

B
ui

lt-
in

 h
ar

d 
di

sk
M

ot
or

bi
ke

s
V

ie
oc

ar
ds

Pr
in

te
rs

H
ea

ds
et

s
M

ou
se

s
Ex

te
rn

al
H

ar
di

sk

A
ve

ra
ge

 o
f n

um
be

r o
f l

in
es

N
um

be
r o

f R
ev

ie
w

s 

Nuber of Reviews Average of line number of lines

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

296



Fig. 4. Correlation of each approach.

Fig. 5. Average of absolute error of each approach

Fig. 6. Variance of absolute error of each approach

TABLE II
THE NUMBER OF EVALUATIVE WORDS BY EACH APPROACHES AND OVERALL 

RATING

Overall 
Rating

Approach
A1 A2

C1 C2 C3 C4 C1 C2 C3 C4
0 r 1 0 0 9 0 0 0 15 0
1 r 2 1097 301 760 464 1668 454 1181 688
2 r 3 942 441 1647 1017 1445 677 2487 1610
3 r 4 1522 1955 2532 2855 2250 2977 3613 4187
4 r 5 2331 5366 3115 3727 3530 7826 4638 5449

r 5 2784 2784 2784 2784 4266 4266 4266 4266

A1 shows a higher maximum of the correlation than A2, 
and the minimum is small. A2 shows a higher mean value of 
the correlation. A1 exhibits higher absolute error average and 
the maximum of the absolute error dispersion. A2 presents a 
high mean value.

The maximum correlation of B1 is higher than that of B2, 
and the minimum is small. The mean of B2 is high. Absolute 
error average and the maximum of the absolute error 
dispersion of B1 are high. The mean of B2 is also high.

C1 shows the maximum of the correlation compared with 
other approaches, and the minimum is the smallest. The 
absolute error average and the absolute error dispersion are 
the highest. In addition, the number of evaluative words that
estimated less than 2 and more than 1 is higher than that in 
other approaches. Few words are rated more than 4.

C2 shows the smallest correlation mean among all other 
approaches. Many evaluation words are estimated to be more 
than 4.

C3 and C4 show the smallest maximum of the correlation, 
but the minimum and mean values are high. Conversely, the 
average and maximum of the absolute error dispersion are low.
In addition, estimated evaluative words are higher than that of 
other approaches that estimated less than 4 and more than 2

2)  Discussion
First, we consider the dependency structure analysis.

Evaluative words that modify aspects directly are more useful
but present many errors. When an evaluative word modifies a
different word, it is effective in revising the rating of the 
evaluative word by using the rating of a word modifying it.

Next, we consider identifying the evaluative words.
Adverbs are deemed useless for evaluative word rating. We
assume that adverbs emphasize evaluative words. The 
precision of estimation improves by using adverbs for rating
the revision of the evaluative words.

Then, we consider evaluative word rating. The approach 
using appearance frequency chooses the highest one in the 
case that the probability of the plural overall rating is almost 
the same. The approach using appearance probability, on the 
other hand, is considered to easily cause errors. When we 
estimate the rating, dividing reviews into positive (overall 
rating 1~2) and negative set (overall rating 4~5) and judging 
the polarity of evaluative words are considered effective. Then, 
we calculate the rating of evaluative words from the 
appearance frequency of each overall rating afterwards.

The approach using expectation value shows the evaluative
words with highly estimated rating. Based on the reviews we
collected, those with minimal influence have low overall 
ratings. When we use expectation, we need to calculate the 
rating with the same number of reviews by every overall 
rating, but reviews may be not collected in some categories.
We assume that calculating the rating by using the review of 
similar category is effective.

The approach using harmonic mean is used to reduce the 
influence of the number of reviews of every overall rating.
However, the maximum correlation is low. As such, the 
approach is less effective compared with other approaches.
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C. Performance of Aspect Evaluation focused on Category

1)  Experiment Result of each Category
Correlations of each category are shown in Fig. 7. The 

printer shows the highest in terms of the maximum value of 
correlation, which is 0.747. CPUs, hard disk cases, internal 
hard disks, and headsets show more than 0.5 in maximum.
Toys, video cards, and CPU coolers show small value in 
maximum correlation. The category is lower than 0.5 with 
toys, video cards, and keyboards in the minimum of the 
correlation. Au cell-phones, docomo cell-phones, and 
bluetooth speakers exhibit the highest correlation mean. Toys,
video cards, and CPU present a small mean correlation.

The averages of absolute error are shown in Fig. 8. MP3 
player, outdoor supplies, and motorbikes show the highest 
value in the average of absolute error. The category, SSD, 
WILLCOM Phones, and CPU coolers have a small value.
Outdoor supplies, motorbikes, and MP3 players show the 
highest mean absolute error. Docomo cell-phone, SSD, and
WILLCOM Phones have small values.

Fig. 7. Correlation of each Category

Fig. 8. Average of absolute error of each Category

2)  Discussion
The printer has the highest maximum coefficient of 

correlation. The number of reviews on printers came in second 
with 372 reviews, as shown in Table 4. The category wherein 
the maximum coefficient of correlation is considered big 

(WILLCOM Phones, au cell-phones, and docomo cell-
phones) has more than 200 reviews. Categories with such 
number of reviews can be considered to have a coefficient of 
correlation with the estimated value and a user set that 
becomes higher. 

Car supplies have a large number of reviews, but its
coefficient of correlation is not so high. The range of products
included in the car supplies is wide. For example, car 
navigation systems, car seats, and audio systems are included.
Therefore, the evaluation that the evaluative word expressed is 
not constant. Thus, we cannot attach a proper evaluation.

The toy has low correlation by all approaches. The average 
number of line of reviews with toys is 6.581, which is the 
second lowest value. In addition, DVD and Blu-ray soft wares
have the fourth smallest mean correlation and contains the 
least number of the average of linage. Few evaluative words
in the review have few lines, and the precision of the aspect 
rating is considered low. In addition, the range of products
included in the toys is also wide and includes figure dolls, 
education toys, and board games. Therefore, the correlation is 
extremely low.

V. CONCLUSIONS

In this paper, we propose a method for evaluating aspects in 
reviews by using overall rating and category characteristics.
Aspects are attributes that evaluate products and are described 
by evaluative words. Methods for aspects and evaluative 
words rating by using overall rating of reviews are proposed. 
However, some evaluative words have different meanings in 
different categories. Such a rating of a word could not be 
defined with consistency. To solve this problem, we estimated
the rating of evaluative words by each category. To evaluate 
this method, we conducted experiments. We estimated the 
ratings of aspects in the reviews collected from kakaku.com 
and compared them with the original aspect ratings. 

Evaluative words that modify aspects directly are more 
useful. Adverbs modifying adjectives and nouns are not useful 
for evaluative word rating. The approach using appearance 
frequency had the highest in the correlation, but many errors 
also occurred. The approach using expectation value showed 
the smallest mean of correlation than in other approaches. The 
approach using harmonic mean showed the smallest value in 
maximum correlation, but the value of the minimum and the 
mean were large.

When we focus on categories, the correlation is high in the 
category with much number of reviews, and a coefficient of 
correlation was low as for the linage few categories of the 
review upon accumulation. In addition, a coefficient of 
correlation lowers when the width of the product included in 
the category is wide.

As a future task, we need to revise the rating of evaluative 
words by using adverbs. We assumed that adverbs are used to 
emphasizing evaluative words. In addition, in this paper, we 
did not perform aspect extraction. We need to extract aspects 
automatically.
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Abstract— Most of the hospital doesn’t have an exchange 
information system which made the process in treatment delay. 
This paper aim to design a cloud storage system for hospital by 
storing a patient information in the center cloud storage. The 
system divided into three modules, The first module is an input 
module which receive a patient information then store in the 
hospital database. The second module is a centralized module 
which move a patient information to the center cloud storage. 
The third module is an access module which provide a Web 
Service to access to a patient information on the center cloud 
storage. Combine with the evaluation of our implementation 
shown that this framework reached 82 percent of satisfaction. So 
the possibility of this paper is to improve the hospital service and 
help the doctor to reduce the time for diagnosis. 
 
Keywords— Hospital information system, Cloud computing, 
Exchange system, Center storage 

I. INTRODUCTION 
Nowadays hospital services is still be one of the essence 

that impact to Thai society For example Emergency case 
happen to physical or mental. All treatment have to operate 
from the expertise from hospital. 

From the case that many people that used service from 
Hospital that occur a lot of document Nowadays, Information 
of people that used service in hospital will change from keep 
in documents to file that also occur problem. Patient who used 
service of one hospital, his profile will kept in data. 

For example name, age, resume, drug allergy etc. When the 
patients change to use service to other Hospitals, they have to 
give a time to get new information that all about our aspects to 
study and concern. 

In term of developing information system for hospital must 
use practical of EMR[1] (Electronic Medical Record) that 
collect the patient that both have already admission and have 
not admission yet that all will collect in Computer file (that all 
scan and kept). Today EMR file bring to assess the efficiency 
of information system in hospital. 

In our research, We used web service to develop for the 
doctors to go through the system and find basic information of 
patients in database by used model MVC[3]as basic. Website 
made by HTML[4] and CSS[5] in term of Front end .In term 

of Backend, Used PHP[6] for develop SDLC[7],In term of 
Database, We will use term of Cloud Computing[8] that can 
collect Amount of data. 

From Research, The Information System for Management 
Heart Center ICD [9] using Association Rule Mining 
Technique: Case Study Kasemrad Prachachuen Hospital, they 
develop framework for analyze distant time in term of 
complicated Disease by using Data mining by doing it to be 
Window application. 

And Research, Project Planning for Pharmacy Management 
Information System Case Study: Bangkok Hospital [10] , they 
planning to develop a system for Pharmacy Management  for 
get EMR level 4 that have to focused time , Budget include 
Steps in processing and assess. 

From all studied, Our Group bring a framework to develop 
information system exchange information of patient from 
hospital through hospital by using Web Service Technology 
and  Cloud Computing to implement to get the standard of 
EMR. 

II. RELATED THEORY 
The theory that related to this research, are as follows. 

A. PHP 
PHP [11] is a server-side scripting language designed for 

web development but also used as a general-purpose 
programming language. Originally created by Rasmus Lerdorf 
in 1994, the PHP reference implementation is now produced 
by The PHP Group. PHP originally stood for Personal Home 
Page, but it now stands for the recursive backronym PHP: 
Hypertext Preprocessor. 

PHP code may be embedded into HTML code, or it can be 
used in combination with various web template systems, web 
content management system and web frameworks. PHP code 
is usually processed by a PHP interpreter implemented as a 
module in the web server or as a Common Gateway Interface 
(CGI) executable. The web server combines the results of the 
interpreted and executed PHP code, which may be any type of 
data, including images, with the generated web page. PHP 
code may also be executed with a command-line interface 
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(CLI) and can be used to implement standalone graphical 
applications. 

The standard PHP interpreter, powered by the Zend Engine, 
is free software released under the PHP License. PHP has 
been widely ported and can be deployed on most web servers 
on almost every operating system and platform, free of charge. 

The PHP language evolved without a written formal 
specification or standard until 2014, leaving the canonical 
PHP interpreter as a de facto standard. Since 2014 work has 
been ongoing to create a formal PHP specification. 

B. Web Service 
Web services [12] are client and server applications that 

communicate over the World Wide Web’s (WWW) 
HyperText Transfer Protocol (HTTP). As described by the 
World Wide Web Consortium (W3C), web services provide a 
standard means of interoperating between software 
applications running on a variety of platforms and frameworks. 
Web services are characterized by their great interoperability 
and extensibility, as well as their machine-processable 
descriptions, thanks to the use of XML. Web services can be 
combined in a loosely coupled way to achieve complex 
operations. Programs providing simple services can interact 
with each other to deliver sophisticated added-value services. 

C. EMR 
An electronic medical record (EMR) [13] is a digital 

version of the traditional paper-based medical record for an 
individual. The EMR represents a medical record within a 
single facility, such as a doctor's office or a clinic. 

There are a number of different types of digitized health 
records that contain most of the same types of information. A 
personal health record (PHR), for example, is health-related 
documentation maintained by the individual to which it 
pertains. An electronic health record (EHR) is an official 
health record for an individual that is shared among multiple 
facilities and agencies. There are government incentives in 
many countries to standardize EHRs and ensure that every 
citizen has one. 

D. Cloud Computing 
Cloud computing [14] is a type of computing that relies on 

sharing computing resources rather than having local servers 
or personal devices to handle applications. Cloud computing 
is comparable to grid computing, a type of computing where 
unused processing cycles of all computers in a network are 
harnesses to solve problems too intensive for any stand-alone 
machine. 

In cloud computing, the word cloud (also phrased as "the 
cloud") is used as a metaphor for "the Internet," so the phrase 
cloud computing means "a type of Internet-based computing," 
where different services — such as servers, storage and 
applications — are delivered to an organization's computers 
and devices through the Internet. 

How Cloud Computing Works 
The goal of cloud computing is to apply traditional 

supercomputing, or high-performance computing power, 
normally used by military and research facilities, to perform 

tens of trillions of computations per second, in consumer-
oriented applications such as financial portfolios, to deliver 
personalized information, to provide data storage or to power 
large, immersive online computer games. 

To do this, cloud computing uses networks of large groups 
of servers typically running low-cost consumer PC technology 
with specialized connections to spread data-processing chores 
across them. This shared IT infrastructure contains large pools 
of systems that are linked together. Often, virtualization 
techniques are used to maximize the power of cloud 
computing. 

E. MVC 
The Model-View-Controller (MVC) [15] design pattern 

assigns objects in an application one of three roles: model, 
view, or controller. The pattern defines not only the roles 
objects play in the application, it defines the way objects 
communicate with each other. Each of the three types of 
objects is separated from the others by abstract boundaries and 
communicates with objects of the other types across those 
boundaries. The collection of objects of a certain MVC type in 
an application is sometimes referred to as a layer—for 
example, model layer. 

MVC is central to a good design for a Cocoa application. 
The benefits of adopting this pattern are numerous. Many 
objects in these applications tend to be more reusable, and 
their interfaces tend to be better defined. Applications having 
an MVC design are also more easily extensible than other 
applications. Moreover, many Cocoa technologies and 
architectures are based on MVC and require that your custom 
objects play one of the MVC roles. 

 
Fig. 1 MVC framework 

F. SDLC 
SDLC [16] is a process followed for a software project, 

within a software organization. It consists of a detailed plan 
describing how to develop, maintain, replace and alter or 
enhance specific software. The life cycle defines a 
methodology for improving the quality of software and the 
overall development process. 

The following figure is a graphical representation of the 
various stages of a typical SDLC. 
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Fig. 2 SDLC life cycle 

 
 

III. MODEL 
This section will show you the model of our system 

including Framework, ER Diagram, DFD Diagram and 
Flowchart. 

A. Conceptual Framework 
The Framework of this system show the process of our 

system by collecting patient information from many hospitals 
database and store in one central database on cloud services.  

 
Fig. 3 The conceptual framework of the system 

From fig. 1 you can see it begin with patient use a service 
of the hospital then the hospital record their personal and 
treatment information in the hospital database. So if we can 
collaborate with other hospital then we can share our 
treatment information and keep them in the central cloud 
database. 

B. ER Diagram 
An ER Diagram of our system has divided into six main 

entities which shown in fig. 4 that describe our framework 
process more understanding. Patient use the service of the 

hospital so the “service_info” entity is link between them and 
collect information of service using from patients. Patient 
receives a treatment from doctor and the information are kept 
in the database. This database is a central database not the 
database from hospital. So the doctor can access through the 
database by website and “Website_visited_info” entity will 
collect the information of website using from doctors. 

 
Fig. 4 ER Diagram of the system 

C. DFD Diagram 
This DFD Diagram is a level 2 DFD Diagram that show a 

detail of the main process of our system. 
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Fig. 5 DFD Diagram Level 2 of the system 

From fig. 3 you can see the process of collecting data is 
begin by receive the data from hospital and then store in the 
data store which separate the patient information and 
treatment information from each other to prevent the 
confusion from management. Then the retrieve process is 
getting data from the data store. 

D. Flowchart 
This flowchart has divided into 2 flowcharts. The first one 

is an input flowchart, which shown an order of process to 
input the data into database. The second one is an output 
flowchart, which shown an order of process to retrieve the 
data from database. 

 
Fig. 6 An input flowchart of the system 

The input process begins with hospital record the data from 
patients then we separate the patient information and 
treatment information by using condition statement. When the 
data has been recorded, the system will ask for more data. If 
the answer is no, it’ll end the process. 

 
 

Fig. 7 An output flowchart of the system 

The output process begins with the doctor enter to the 
system to view the information. Then we use a condition 
statement to ask which information the doctors want to view. 
When the doctors get the information they want, the system 
will ask for more view. If the answer is no, it’ll end the 
process. 

IV. IMPLEMENTATION 
This section show the implementation of our system by 

using make up data that create from mySQL code and put it 
on the local server. The way to access this information is by 
using PHP code. We begin with create a login page for 
doctors before they can search for information this login page 
show in fig 8. 

 
Fig. 8 A login page of the system 

When the doctors enter their username and password the 
system will check from the database and if it’s correct then it 
will bring you to the search page. 
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Fig. 9 A search page of the system when the information not found 

From fig. 9 the doctors can select the type of searching by 
first name, last name, age or hospital and then they fill in the 
data for searching. If there is no data they’re searching for it’ll 
show that no searching found. 

 
Fig. 10 A search page of the system when the information is shown 

 If the system found the data from searching, it’ll show the 
data to doctors. This is a prototype of our website for 
searching information but the main target is the collection of 
data from many hospital and store it into central database 
which need a lot of collaboration from the hospital to 
gathering all data and make it usable. 

V. EVALUATION 
We have provided a questionnaire to 17 peoples, which are 

the student of Information Technology faculty, and get the 
average score shown in the table 1. 

TABLE I 
SUMMARIZE OF EVALUATION 

No. Topic 𝑿� 
1 The system can be usable effectively 4 
2 Convenient for user 4 
3 Easy to use 4.2 
4 System security 3.9 
5 The system works efficiency 4.1 
6 Font and colour are suitable for actual use 4.1 
7 Appropriate screen design 4.1 
8 All function are clearly and meaningful 4.2 
9 Easy to understand how the system works 4 
10 How much advantage does the system provided 4.4 

 Summary 4.1 

From the Table, Almost People get satisfaction with system 
but not ok in some part like security system, in this part; 
People give a low score point. From the interviewer give 
recommendation to go through system with ID and password 
that also concern in term of data theft. System should have 
more security more. 

VI. CONCLUSIONS 
From doing this system, we have found an advantage and 

disadvantage of our system. For example, the information of 
people that come through this service, if someone bring the 
data to use in negative ways it will cause bad impacts and 
have an affects to all people who get involve in that data but 
from the evaluation of our implementation shown that this 
framework has 82 percent of satisfaction. However, 
Information from Hospital to Hospital is hard to corporate that 
made the system that our group initiate take time to succeed. 
In the future, Our Group will study more in term of security 
policy to create the confident to Hospital and patients in term 
of disclosure information to develop system beyond the future. 
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Abstract— Due to the rapid expansion of Mobile Device, 
which connected through wireless network. The replacing 
of Internet Protocol version 4(IPv4) to Internet Protocol 
version 6(IPv6). This study has an aim to compare data loss 
rate, transmission delay, and throughput over a wireless 
network. The first step is identifying wireless networking 
standard in IEEE 802.11ac. The second step is upload 
example large file on IPV4 with wireless security protocols 
test. The third step is an upload example multimedia file 
on IPV6 with wiles security protocols test. The fourth step 
is analyzing the performance of the IPV4, IPV6 on the 
wireless network. The last step is providing result. The 
result is the IPV4 network is more stable over IPV6. 

 
Keywords— Wireless Network , IPv4 , IPv6 , Wireless Security 
Protocols 

I. INTRODUCTION 
Nowadays, the internet has become very important for 

human life. The internet has used as well-known and It has 
more devised to connect the internet than before. And the each 
devised has to connect with the number of IP Addresses. 
Presently, we are using IPv4 and will be changing from IPv4 
system to IPv6 system for supporting the devised to connect to 
the network. IPv4 can support the devised only number 232 but 
it is not enough for today to connect into the internet. IPv6 can 
support with devising up to number 2128 so It can help to 
support many devised.  

If it is working more and It is preparing to improve for 
changing IPv6, It is therefore necessary to study the 
performance of IPv6 the network for comparing with IPv4.           
In the current trial show the efficiency for analyzing of Delay 
(Round Trip time), Packet Lose and Throughput into 
IEEE802.11ac network. Using encryption by WEP, WPA              
and WPA2. In the case that does not have the background 
traffic to get the best comparison with Delay (round Trip 
time), Packet Loss and Throughput. The result of researching 
give us the experiment the concern with A study on 
performance IPv4, IPv6 and dual stack networks with QoS 
enabled, It showed that the efficiency work of IPv4 is better 
than IPv6 and Dual Stacks. However, the researcher makes 
the experiment for A Study on Performance of IPv4 and IPv6 
on Wifeless Network (IEEE 802.11ac) with Wireless Security 
protocols (WEP, WPA and WPA2) to measure the happening 
of delay, packet loss and Throughput. The results can be 
applied to the design and use within the enterprise to achieve 
maximum efficiency. 

II. RELATED LITERATURE 

A. Previous Work  

1) A Study on Performance of IPv4, IPv6 and Dual-
Stacks Networks with QoS Enabled 

The behaviour of the Internet uses a variety of results in 
the use of the Internet more to the number of the Internet 
Protocol are likely to be in the near future.  The Investigator              
is the research that test compares the performance that test to 
compare the performance test the data by the value of the 
performance in 3 is packet loss, delay and throughput by the 
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packet loss and delay is calculated from the results of the ping. 
To compare the packet loss from the trial found that while the 
network has a FTP load as the background traffic in the packet 
loss.  When you make the case of packet loss much less.  The 
part that does not have a background traffic rate of packet loss 
almost will not occur without that will do or do not make Qos. 
To compare the delay that does not have the background of 
the traffic network that do and do not make the QoS average 
delay, at least equal the section that has the background traffic 
found that the network that does not make the QoS is the 
average delay high but in the QoS setting delay is evenly.                
To compare the throughput does not have a background traffic 
in the network has a high rate of similar with background 
traffic. The Network IPV4, IPV6, and dual stack that does not 
have the QoS values will be throughput much less.                         
A summary of the results of the test the performance of the 
network IPv4, IPv6, and dual stack that is made and does not 
make the QoS.  It was found that the overall network IPV6 
high-stability than IPV4 Networks and dual stacks. 

2) A Performance Comparison of Wireless 
Communication Over Standard 802.11n and WPA2 

     WPA2 encryption for the most popular in the current on 
the wireless network that the popularity on the standard IPv4, 
the current Internet access the DVD player 4. Start to find that 
the number of the IPv4 will be used to is not sufficient to the 
use of the internet in the future if occurred. This means that 
you will not be able to connect to the network device to the 
internet up again. This research summary for IPv4and IPv6, 
IPv4, and more effective IPv6 both the Operating System and 
the size of the most throughput will increase the size of the 
packet. Enable WPA2, the results of throughput, less than for 
both the IPv4 and IPv6 on Windows 7 and the Linux Ubuntu 
Operating System both 32-bit and 64-bit. Turn off the WPA2 
encryption can be concluded that the increase of the rate of 
delays to both the IPV4and IPV6 Security System WPA2 will 
increase the amount of data sent and negatively impact the 
performance of the TCP throughput and round trip time on 
802.11 n wireless LAN. 

B. Wireless Network (IEEE 802.11ac) 
   802.11ac, the emerging standard from the IEEE, is like the 
movie The Godfather Part II. It takes something great and 
makes it even better. 802.11ac is a faster and more scalable 
version of 802.11n. It couples the freedom of wireless with the 
capabilities of Gigabit Ethernet. 

C. IPV4 

The Internet Protocol version 4 (IPv4) is a protocol for use 
in packet-switched Link Layer networks.  IPv4 provides an 
addressing capability of approximately 4.3 billion addresses. 

D. IPV6 
The Internet Protocol version 6 (IPv6) is more advanced 

and has better features compared to IPv4.  It has the capability 
to provide an infinite number of addresses.  It is replacing 
IPv4 to accommodate the growing number of networks 
worldwide and help solve the IP address exhaustion problem.        

E. Wireless Security Protocols 
1) Wireless Encryption Protocol (WEP) 

         Wired Equivalent Privacy (WEP) is a security 
mechanism for Wireless LAN. It was introduced in September 
1999 as part of the IEEE 802.11 security standard. The 
purpose of Wired Equivalent Privacy (WEP) was to provide 
security comparable to that of wired networks. RC4 stream 
cipher is used by WEP to provide confidentiality and CRC-32 
for data integrity. The standard specified for WEP provides 
support for 40 bit key only, but nonstandard extensions have 
been provided by various vendors which provide support for 
key length of 128 and 256 bits as well.A 24 bit value known 
as initialization vector is also used by WEP for initialization 
of the cryptographic key stream. 

 
2) Wi-Fi Protected Access (WPA) 

In order to overcome the flaws of WEP, Wi-Fi 
Protected Access (WPA) was introduced in 2003 by the 
Wi-Fi (Wireless Fidelity) alliance. WPA implements the 
majority of the IEEE 802.11i standard, thus it is an 
intermediate solution. WPA was intended to address the 
WEP cryptographic problems without requiring new 
hardware. WPA provides the following security features. 

 
3) WI-FI PROTECTED ACCESS 2 (WPA2) 

         WPA2 completely implements IEEE 802.11i standard 
and is an enhancement over WPA. The significant 
development was the introduction of Counter Mode with 
Cipher block Chaining Message Authentication Code 
Protocol(CCMP) which uses block cipher Advanced 
Encryption Standard(AES) for data encryption, but stream 
cipher TKIP is available for backward compatibility with 
existing WAP hardware. WPA2 authentication also has two 
modes: Pre-Shared Key and Enterprise similar to WPA. 
WPA2 key generation is achieved by 4-way handshake for 
deriving Pairwise Transient Key(PTK) and Group Transient 
Key(GTK) and Group Key handshake for Group Transient 
Key renewal or host disassociation. 

F. JPerf 
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JPerf is a simple framework for writing and running 
automated performance and scalability tests. When have bad 
network performance and frequent interruptions are often 
because of an insufficient network infrastructure. Undersized 
or old network hardware, a wrong configuration or maybe 
hardware faults can be a bad influence for the performance in 
a network and make the work on the PC more difficult. Long 
waiting periods and even data loss are the consequences. With 
the application JPerf is possible to measure the information 
flow-rate (the bandwidth) in a network and to determine the 
specific weak point. 

III. CONCEPTUAL FRAMEWORK 
The trial will test all six patterns by defining experimental 

IPv4 and IPv6 using encryption, WEP, WPA and WPA2 , as 
well as performance in the Delay (Round Trip Time), Packet 
Lose and Throughput testing Delay and Packet Lose uses . 
Packet size 64 Bytes and 16,000 Bytes, And also to measure 
the performance of IPv4 and IPv6 Packet size Packet small or 
large. 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Fig. 1  Conceptual Framework 

IV. IMPLEMENTATION 

 
 

 

 

 

 

 
Fig. 2  IPV4 Performance Test 

 

 
 

 

 

 

 

 

Fig. 3  Example of an image with acceptable resolution 

The experiment has connected to a laptop with the 
network by log-in with password by WEP, WPA and WPA2. 
This is used for testing the efficiency of the network 
IEEE802.11ac by IPv4  (Picture 2)  and IPv6 (picture 3)  In the 
case of delay (round tip time), packet loss and throughput by 
log-in with a password, those 3 types can use the key that have 
maximum 10 characters that have to be same with all 3 types. 
The experiment is connected by connecting with layer 2 which 
can use to experiment by using the Ping to send to Packet in 
the space/side 64 bytes and 16,000 bytes for finding the Delay 
(round trip time) and Packet Loss.  For throughput, the 
experiment is used by Jperf Program to find Maximum 
Throughput that will get from the connecting by IPv4 and 
IPv6. 

V. RESULTS 
 

TABLE I 
Wireless Security Protocols Delay Test 

 
Wireless Security 

Protocols 
Delay 

64 Bytes 16000 Bytes 
IPv4 WEP 1 ms 10 ms 
IPv6 WEP 3.45 ms 13.47 ms 
IPv4 WPA 5.2 ms 5.8 ms 
IPv6 WPA 3.55 ms 7.28 ms 

IPv4 WPA2 5.4 ms 5.6 ms 
IPv6 WPA2 3.32 ms 7.23 ms 

 
TABLE II 

Wireless Security Protocols Packet Loss Test 
 

Wireless Security 
Protocols 

Packet Loss 

64 Bytes 16,000 Bytes 
IPv4 WEP 0.20% 0.68% 
IPv6 WEP 3.20% 6.40% 
IPv4 WPA 1.38% 0.44% 
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IPv6 WPA 1.80% 2.00% 

IPv4 WPA2 1.46% 2.20% 
IPv6 WPA2 1.20% 4.80% 

    
TABLE III 

Wireless Security Protocols Throughput Test 
 

Wireless Security Protocols Throughput 

IPv4 WEP 21.70 Mbps 
IPv6 WEP 19.40 Mbps 
IPv4 WPA 119.00 Mbps 
IPv6 WPA 113.80 Mbps 

IPv4 WPA2 118.00 Mbps 
IPv6 WPA2 115.20 Mbps 

 
The results, we can know that the delay and packet loss 

happen in IPv4.  And it will increase the delay and packet loss 
when we changed password of log-in from WEP to be WPA 
and WPA2, But IPv6 show that all 3 typed of log-in thru 
password, the delay will get approximated to 3.45, 3.55 and 
3.32 of the followed. For throughput, IPv4 will give 
throughput better than IPv6 but not much. In the delay and 
packet loss will be increased by the packet of sending and 
receiving the information. From the table 1 and table 2 showed 
that the side/space of 64 bytes of the packet will get delayed. 
And packet is smaller than the space/side of 16,000 bytes of 
the packet. 

VI. CONCLUSIONS 
Referring to our testing, we had found the Delay and 

Packet loss. Throughput for sending and receiving information 
in the network by IEEE802.11ac We found from IPv4 is the 
lesser than IPv6 in all types of micro packet and macro packet. 
And the types that have to get through password (Encryption) 
WEP, WPA and WPA2. It had the effect of delay and packet 
loss in the network. Referring to the table, we can see that the 
type of log-in with a password of WEP, it is the smallest to 
make an effect of delay and packet loss. And Log-in with a 
password of WPA2, is the most making delay and packet loss 
of throughput. In table for IPv4 and IPv6 that get very less 
because the log in with a password by WEP can connect to 
only the technology IEE802.11a. For throughput of log in 
with a password by WPA and WPA2 will have Throughput in 
the same level. IPv4 will have throughput more than IPv6. 
And the side/space of Packet that will be suitable for making 
the smallest effective of delay and Packet Loss, is sending and 
receiving the information by the side/space of micro packet 
will help to make a less an effect of delay and packet loss than 

using the side of the macro packet to send and receive 
information. The result is the IPV4 network is more stable 
over IPV6. 
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Abstract— This research aims to propose conception framework 
of recommendation system for course selection. The research was 
using data mining technique to search for pattern of group of 
course (Require subject standard student) that is not suite for 
low performance student, the result of finding will be used to 
introduce the second year students for enrolling the required 
subject of the Faculty of Information Technology (IT) at  Thai-
Nichi Institute of Technology (TNI). We have analysed the data 
set from 2007 to 2016 of TNI’s registration system, by selecting 
data from the second year students only.  After processing the 
available student data in each case, classification techniques can 
be applied. The expectation of this research is to reduce the 
number of students being dropped out from the second year. The 
conception framework was evaluated by 5 experts all are from 
data analytic and education management area. The result is 3.97 
of 5 which imply that the conceptual framework is acceptable.  
 
Keywords— Data mining, Classification, conceptual framework, 
education, required course,   

I. INTRODUCTION 
According to information from registration system (REG) 

Thai-Nichi Institute of Technology (TNI) has been recruiting 
1,821 students for faculty of information technology from 
2008 to 2015. The information reveals that the graduated 
student is just 43%. In addition, from table 2, most of dropped 
out students exit the school at first semester of every year after 
they gain academic result from previous semester. 
TABLE. 1 SUCCESS AND DROP OUT OF IT STUDENT FROM REGISTRATION 
SYSTEM 

Year IT Student Dropped out Success 
2008 33 8 25 
2009 122 23 99 
2010 171 31 140 
2011 223 63 157 
2012 255 71 161 
2013 216 84 8 
2014 217 57 - 
2015 286 83 - 
2016 251 32 - 

 
From table 1, the result show that the success rate of 

student from 8 years of operation the trend of students 
dropped out has been increasing to 27% from 2008 to 2015. 
For the example in 2008 from all Information Technology (IT) 
student is 33 students and dropped out 8 students. 

 
TABLE. 2 DROP OUT OF IT STUDENT FROM REGISTRATION SYSTEM 

Year Semester Dropped Out 

2008 1 8 
2 0 

2009 1 23 
2 0 

2010 1 30 
2 1 

2011 1 59 
2 4 

2012 1 70 
2 1 

2013 1 82 
2 2 

2014 1 57 
2 0 

2015 1 82 
2 1 

2016 1 32 
2 0 

Grand Total 452 

 
From table 2, the result show that the biggest dropped out is 
year 2013 in and 2015 in first semester. If we compare these 
data with dropped out data in year 2008 to 2009, this 
information gives an awareness to our academic system that 
we have to look back to search for problem and solution for 
helping student. 
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Fig. 1 Dropped out bar chart (2007-2014) 

From figure 1, the result show that trend of dropping has 
been increasing steadily from year 2007 to 2014  

Thus, this research used data mining technique to discover 
knowledge from registration system. The study aim to provide 
conceptual model for develop recommendation system. This 
system will provide function to help student in study planning 
both new entry and current student.  

II. LITERATURE REVIEW 

A. Data Mining 
Data mining or Knowledge Discovery and Data (KDD) is 

the process of extraction of implicit and interesting patterns 
from large data to find out difference perspectives and 
summarize for business used [1]. Data mining is a tool in 
which several business apply a paradigms convergent for 
example decision tree construction, rule induction, artificial 
neural networks, instance-based learning, bayesian learning, 
logic programming and statistical algorithms to increase 
revenue, cuts costs, or both by transform its information from 
mining to visualized data [2]. 

B. Data Mining Process Model 

 
Fig. 2 CRISP-DM Reference Model [3] 

CRISP-DM (Cross-Industry Standard Process for Data 
Mining) is a data mining standard process to organizing the 
data consist of six phases: First, Business understanding, data 

understanding, data preparation, modelling, evaluation, and 
deployment [3]. They are shown in Figure 2. 

1)  Business understanding 
The first phase for data mining starts from understanding 

the business objective and requirement, then converts this 
objective into data mining problem. Moreover the project has 
to setup a mining goal and producing the project schedule.  

2)  Data understanding 
The second is data understanding, we collect and precede 

all activities in the project in order to understand with data, 
identify data quality and get familiar with data structure. 
Moreover, in this step we have to validate data and prove of 
no quality data. 

3)  Data preparation 
The third step is data preparation, we prepare final data set 

from raw data to be a structured data. This step are including 
the preparation of include table, record, and attribute selection 
as well as data cleansing. 

4)  Modelling 
The forth step is data modelling, we choose and algorithm 

of data mining techniques for example  Decision tree, k-means, 
Support vector machines, Naive Bayes, KNN etc. 

5)  Evaluation 
The fifth step is evaluation, we choose data mining 

technique, we have to check and review the model’s 
construction whether the selected technique align with project 
objective. Moreover, project leader have to design how to 
present the data mining result and determine the next step of 
project. 

6)  Deployment 
The sixth step is the last step that project leader transform 

the mining data and model to be able to present to business 
data preprocessing [4]. Moreover, this final step is the process 
of apply the result to decision making tools for solving an 
operation’s problem.  

C. Issues Regarding to Data Cleansing 

 
Fig. 3 Data Cleansing Model 
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1)  Import Data 
The first step is importing data that involve the process of 

retrieving data from external sources. 
2)  Merge Data Sets 

The second step is merged data set form several source to 
one dataset for connect and prepare data for analysing. 

3)  Rebuild Missing Data 
Missing data values cause problems during the 

classification process. The third step is rebuild missing data by 
using the data mining tools to replace the missing data form 
all dataset. In this research we use the rapidminer tool to 
automate replace all missing values with a single global 
constant.  

4)  Standardize Data 
The forth step is a part of ensuring data quality after replace 

values with a single constant. The purpose of data 
standardization is to make data consistent. Consistent is 
ensuring that the output is reliable and data can be identified 
using common format. 

5)  Normalize Data 
The fifth step is process to remove the redundant data in 

attributes. It may affect the duplicating data in the database 
and creating the additional table. 

6)  De-Duplicate 
The sixth step is process to remove duplicate data in table.  

7)  Verify and Enrich 
The seventh step is process of verify and enrich by addition 

of more information that gives a more complete picture of 
people contained in the database. 

8)  Export Data 
Exporting data is the process of extracting data from 

database into some user-specified format. 

D. Classification 
Data mining technique has several algorithms as mention 

above; classification is one of data mining technique that 
maps data into predefined classes. For this technique we have 
to prepare labelled training data as a supervised learning data 
set to be rule for classifying data into predetermined classes. 

 

 
 

Fig. 4 The example of classification algorithm 

A classification rule uses decision tree as an algorithm, it is 
a set of conditioned node that is a hierarchical structure where 
each node set a test condition on an attribute value, each 
branch show an outcome of the test data, and tree leaves show 
class distributions.  

We use C4.5 to be our model, it is improved from ID3 
algorithm and reduce the disadvantage of ID3. We use C4.5 to 
generate a tree rule to be a statistical classifier [5]. 

E. Data mining research 
The predicted student performance system are used all of 

this attributes such as gender, marks scored in the board 
examinations of classes X and XII, marks and rank in entrance 
examinations and results in first year of the previous batch of 
students. The prediction results are approximately 75% of 
enrolled students by employing ID3 and C4.5 classification 
algorithms. This result is described in an article by Kalpesh 
Adhatrao et al [6]. 

Cristo´bal Romero use C4.5 to predict the final mark by 
denote a test on number of quizzes passed in Moodle. They 
found if use this technique to classification student detect in 
time, it will reduce learning problems [2]. 

F. Course selection 
This research divides the courses into 3 groups, namely the 

required courses, fundamental courses and linguistics courses 
with respect to Faculty of Information Technology 
curriculums.  There are three difference curriculums for 
undergraduate student. Each curriculum uses 3 alphabets to 
denote the course groups. The required courses lead firstly 
with INT, BIS. Secondly, the fundamental courses are MSC. 
Lastly, ENL and JPN are linguistics courses.  
 Information Technology (IT) consists of INT, MSC, ITE, 

ENL and JPN. 
 Multimedia Technology (MT) consists of INT, MSC, 

MTE, ITE, ENL and JPN. 
 Business Information Technology (BI) consists of BIS, 

INT, MSC, ITE, ENL and JPN. 

G. Grading and GPAX Scale 
Amirah Mohamed Shahiri and all proposed that cumulative 

grade point average (CGPA) and internal assessment are the 
best attributes to predict the student performance [7]. 

This research categories the grade course to 6 level such as 
A grade acquire 4 point, B+ grade will acquire 3.5 point, B 
grade will acquire 3 point, C+ will acquire 2.5 point, C will 
acquire 2 point, D+ will acquire 1.5 point, D grade will 
acquire 1 point, F grade will acquire 0 point and Withdraw (W) 
will acquire W label the we not use to calculate the GPAX. 
They are shown in Table 3. 
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TABLE. 3 GRADING SCALE 

Grade Point 
A 4 

B+ 3.5 
B 3 

C+ 2.5 
C 2 

D+ 1.5 
D 1 
F 0 
W W 

 
In addition, we categories the accumulative grade point 

average (GPAX) to 3 level such GPAX between 0.00-1.50 = 
Retried, GPAX between 1.51-1.99 = Probation, GPAX 2.00-
4.00= Pass. They are shown in Table 3. 

TABLE. 4 GRADING OF THE ACCUMULATIVE GRADE POINT AVERAGE 

GPAX Level 
0.00-1.50 Retried 
1.51-1.99 Probation 
2.00-4.00 Pass 

III. METHODOLOGY 
This research applies two methodologies that are systematic 

review and data preparation. 

A. Systematic review 
This task is a method for finding an existing research in 

order to support our conception framework. From our research 
question, we identify research question that is we want to 
understand a data mining technique to search for pattern of 
group of course (Require subject standard student) that is not 
suite for low performance student the result of finding will 
used to in order to introduce the second year students for 
enrolling the required subject.  

Therefore, our research questions proposed in this study are: 
•Q1: What are the data mining techniques used in 

predicting drop out students? 
•Q2: What are the important attributes used in predicting 

drop out students? 

B. Search Strategy for Literature 
This research uses search term as following; student AND 

data mining AND performance OR education OR data mining 
technique OR procedure AND educational data mining.  

C. Technology used 

1)  Rapidminer 
Rapidminer is a data mining tool which most likely to drag-

drop software. Block diagram seem to resemble the sequential 
processes. Each block is called operator [8]. There are four 
stages in a pre-process system as shown in Fig. 4. To begin 
with, the retrieving data operator gets data from Excel. Data is 
manually selected by some attributes and pivoted in the 
second and the third operators, respectively. Last but not least, 
data is filtered out only the interested attributed.  

 

 
Fig. 4 Overview of the process used in the running example. 

We have used Rapidminer to generate decision trees of ID3 
and C4.5 algorithms cause this program support the large 
student data from registration system.   

2)  WEKA 
This research reviews a WEKA data mining tool that is 

developed by New Zealand government in 1993 [9]. Weka 
includes tools for data pre-processing, classification, 
clustering, association rules, and visualization. 

3)  HTML and CSS 
This research reviews web frontend language is HTML 

(Hypertext Markup Language.) and CSS (Cascading Style 
Sheet). HTML is a markup language for describe web 
documents, allows images or objects to be includes and we 
can create the interactive forms. CSS is used to define styles 
with in web pages, including the design, layout in display for 
support the different devices and screen sizes [10]. 

4)  PHP 
This research reviews PHP (Hypertext Pre-processor) 

languages. We use PHP language to develop predictive 
system in future work. PHP is a server-side scripting language 
designed for web development but also used as a general-
purpose programming language [11]. 

5)  MySQL 
This research reviews MySQL to connecting with PHP 

language. MySQL is the Relational database management 
system (RDBMS), distributed and developed by Oracle [12].  
We use MySQL to store data from rule base analysis function. 

IV. CONCEPTUAL FRAMEWORK 
 

 
Fig. 3 Framework for mining the past to reduce dropped out student 
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This research started from systematic review and then we 

imported the student dataset from registration system to the 
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data mining software, Rapidminer, to analyse the data by 
classification procedure. 
2)  Data Checking 

The correctness of data is evaluated in this procedure. For 
example, number of student in registration system, search the 
missing data, registration status and academic records.  

This is procedural of checking the accuracy of the data by 
comparing the data obtained from the export from registration 
system to student information currently available, such as the 
number of  number of IT students , number of IT student 
graduation. 
3)   Data Cleansing 

 Data cleaning procedure aims at removing the noise, 
correcting inconsistencies, and filling in missing values in the 
data. The process of evaluating attribute is highly important 
especially for datasets obtained from collecting data on their 
own. Datasets collected and processed normally still contain a 
lot of missing data, which it is even overfitted. Therefore, we 
need a step to overcome it. The lost data can be handled by 
replacing an empty range of values using the mean for 
numerical attributes. 

In this procedure, data is manually categorised in 6 
attributes which might be effect to the relationship between 
the resisted subject and the grade result. Attributes consist of 
STUDENTCODE, COURSECODE, GRADE, GPAX, 
ACADEMICYEAR and SEMESTER. They are shown in 
Table 3. 

TABLE.  � ATTRIBUTES USED BY EACH STUDENT. 

Attributed Name Field Type Description 

STUDENTCODE Polynomial Identification number of 
the student 

COUSECODE Polynomial Identification number of 
the course 

GRADE Numeric The grade of each 
course. 

GPAX Numeric The accumulative grade 
point average. 

ACADEMICYEAR Integer The year of academic 
semester. 

SEMESTER Integer The semester. 
 

4)  Classify  and Algorithm Analysis  
This procedure is the process of selecting the Data mining 

algorithm used to determine the relationship of the data. This 
research used by the group of Classification techniques for 
classified the pattern between the courses registration and the 
result of grade form student data and store rule base into 
database.  

5)  Rule Base Analysis 
This procedure is the results of Algorithm Analysis 

analyzed and defined as a condition in the IF, Then, Else 
condition of course enrollment of students. To be used in the 
development of the procedure. 

6)  Recommendation 
The conceptual framework and data mining technique will 

be apply for recommendation web system development. 
Moreover, we will use system for student consult to improve 
academic performance. 

V. EVALUATION 
The conception framework was evaluated by 5 experts who 

were previously been publishing and experiencing in data 
mining technique and educational and training business.  

This framework was evaluated by 5 expert have these 
standard evaluate. 4.01-5.00: Most appropriate, 3.01-4.00: 
Average appropriate, 2.01-3.00: Fair appropriate, 1.01-2.00: 
less appropriate, 0.00-1.00: Poor appropriate for this 
Framework.    

In addition, the experts gave suggestion as following; 

1)  For data preparation phase, they recommend to use 
Rapidminer for data preparing and data cleansing. 

2)  They recommend WEKA as a tool for data mining. 

3)   Software development, they recommend to develop on 
mobile platform for students usage. 

By Evaluation from five experts evaluated framework 
appropriate which result as below. 

TABLE.  � EVALUATION APPROPRIATE FOR FRAMEWORK FUNCTION 

Evaluate Details  Mean S.D. Level 
1.  Appropriate of  Data 
Classification 

3.80 0.45 High 

2.  Appropriate of  Data Checking 4.00 0.71 High 
3.  Appropriate of  Data Cleansing  3.60 0.55 High 
4.  Appropriate of  Classify and 
Algorithm Analysis 

3.80 0.45 High 

5.  Appropriate of  Rule Base 
Analysis 

4.20 0.45 High 

6.  Appropriate of  
Recommendation 

4.40 0.89 High 

 
 Table 4. Show that result of appropriate for framework 

evaluated from professional in high appropriate level at mean 
3.97. This research model most appropriate is Appropriate of 
Recommendation procedure at level Very high and mean 4.40 
and poor appropriate is Data Classification procedure at level 
high and mean 3.80.  

VI. CONCLUSIONS 

This research presented framework to develop the 
recommend system for student. This research also pass though 
evaluate from 5 experts which Framework evaluate result has 
mean at 3.80/5 (S.D. = 0.61) show that this framework have 
appropriate to develop the recommendation system form 
mining the past to reduce dropped out the second year student: 
Suggestion for required courses. As future work, we plan to 
develop the recommendation system for advising the student 
enrolling. 
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Abstract— In Thailand, bus is one of the public transport 
choices which have lots of customer every day. But most of the 
time bus does not arrive on time. The objective of this paper is to 
design and develop an application for tracking a position of a 
bus, which can help passengers to make decisions. There are 
three parts of this system. First, the position of the bus will be 
sent to a server by GPS on smartphone via cellular network 
every 20 seconds. Second, the server will gather data from the 
GPS and calculate the average speed of the bus within 20 
minutes. The last part, the application which operates on 
Android can be used to check the position of the bus by making a 
mark on Google Maps, and calculating the estimated time of the 
bus arrival to the passenger's' position. The last step is to present 
the synthetic framework to users for appropriate evaluation. The 
result from users are very appropriate with the average score 
equal to 7.9/10 (S.D. = 1.22) 
 
Keywords— Bus Tracking, GPS, Cellular Network, Android, 
Smartphone, Haversine Formula, Google Maps API 

I. INTRODUCTION 
Time is a valuable asset and usually is the most important 

factor to decide which transport is suitable. Bus is a public 
transportation option which is cheap in price and eliminate 
sparking problems. But the arrival time is unpredictable and 
information about its location is not distributed among 
passengers. So it’s easy to make a wrong decision due to lack 
of information. 

GPS technology is a technology which can be found in 
everyday life. Usually it is used for tracking position and 
direction of cars, boats, planes and many other things. When 
the location is known, navigation system is an adaptation of 
GPS technology. Nowadays, smartphones are affordable and 
still embedded with a GPS receiver which also supports 
connection to the internet via cellular network. 

In the past, Thongchai Kaewkiriya [1] proposed a 
framework of Controlling and Tracking Vehicles Using 
Mobile GPS Based on GPRS/3G Networking. Which limited 
location data distribution only for vehicle’s owner. 

Wichet Darakai [2] has made a software which processes 
geographic coordinates into position on a map and made 
comparisons with other software. The self-made software only 
has a little dislocation. The only limitation of this software is 
its input method which used SMS via GSM network. This 
method is not suited with vehicles tracking which needs to 
send coordinates constantly and active for a long time on daily 
basis. 

Surachet & Settha [3] proposed Tracking and Time-
Estimating System for Electric Vehicle via Smart Phone over 
3G Network. This system also applied Fuzzy Logic to reduce 
data transmission rate. The restriction of this system is its only 
bound to campus area.  

David Breed [4] proposed human monitoring systems using 
a mobile device such as cellular phone or PDA. The device 
requires at least one kind of sensor to gather surrounding data, 
such as signal strength, and send it to a control centre. The 
tracked human doesn’t need to have any interaction with the 
device. This system can track the device by using embedded 
GPS or DGPS receiver. This system can also use other sensors 
that are provided with the device such as a microphone to 
enable voice recognition features. However, this system did 
not use voice recognition to recognize human voices but used 
to compare with specific patterns, such as an accident’s sound 
patterns. If voice recognition can match incoming sound with 
specific patterns, the device will send predefined signals to 
control centre to report about accidents near the device holder. 
The only limitations of this paper are patterns of sound which 
use a lots of resource, depending on how much patterns are 
used to compare with incoming sound. 

Alan J. Dabbiere [5] proposed methodology and tools for 
utilizing a GPS tracking system when gathering additional 
data such as activities and working patterns of employees of a 
warehouse. This is done by collecting data of geographic 
coordinates, height and time. The collected data is used for 
making a statistic of a specific activity to reduce wasting time 
and help to evaluate an employee’s salary depending on 
difficulty of an activity. Restriction of this method is unable to 
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tracking warehouse’s tools usage so activity tracking might 
not be reliable. 

Chaiyaporn Khemapatapan [6] proposed to have a car’s 
position tracking and route tracing system by satellite signal. 
This paper objective is to create a prototype for a real-time car 
tracking device that has temporary memory in case of 
transmission is not available for a moment. The device will 
send predefine data along with geographic coordinates when 
data transmission networks such as GPRS is available. In 
additional of temporary memory, this system also supports 
connection with a database for each car. The database purpose 
is to analyse and evaluate routes of logistic. The prototype 
device also come in cheap price. Each device cost about 110 
$US. The limitation of this device is the transmission delay 
when used in urban areas, and also have a dislocation for five 
meters. 

With the papers mentioned above as references. This paper 
objective is to propose system which used Android application 
for tracking public transport such as buses and distribute 
location of buses to passenger via 3G network. This system 
also provides average speed of buses from last 20 minutes. 
With buses’ location and speed information the passengers 
can manage their traveling more efficiently. 

II. BACKGROUND 

A. GPS [7] 
GPS or Global Positioning System is a system used for 

identifying geological coordinates of GPS receivers. GPS 
receiver needs to receive satellite signals from at least 4 
satellite. After receiving satellite signal, the GPS receiver can 
calculate positions and return values such as latitude and 
longitude. These returned values can apply for navigation 
systems. Direction and speed data can be uses to estimate 
arrival time. 

 
Fig. 1 GPS Receiver receive 4 satellite signal 

B. Smartphone [8] 
The smartphone is a type of mobile phone which comes 

with operating systems such as Android, iOS, Tizen, 
BlackBerry and Windows Phone. All of the mentioned 
operating systems are a combination between personal 
computers and mobile phones. Smartphone usually include 
GPS navigation units and support internet connections. The 
smartphones used in this paper have three requirements. 

1.GPS or DGPS must be available. 2.Internet connection via 
3G network. 3.It is an Android Smartphone. 

C. Haversine Formula [9] 
This is a formula used to calculate distance between two 

point on earth by using latitude and longitude. 

 

Fig. 2 Haversine Formula  

Variable d is distant in km. 
Variable r is earth’s radius in km (Average is 6,371 km). 
Variable Φ1, Φ2 are first and second latitude. 
Variable λ1, λ2 are first and second longitude. 

D. API [10] 
API or Application Program Interface is used to create 

software applications. API controls software components to 
work in a specific way and are also used to make a Graphic 
User Interface(GUI). API controls interaction between the 
application and operating system. Operating system’s 
developer usually distributes their OS API for application 
developers to create application on their OS. An OS can have 
multiple API sets depend on hardware. 

E. Google Maps [11] 
Google Maps is one of google services for developer. This 

service provides map data and is supported by many platforms 
such as webpages and smartphones. 

 

 
Fig. 3 Google Maps’ browser interface 

F. 3G/UMTS [12] 
UMTS or Universal Mobile Telephone System is one of the 

3G (Third Generation) standards. UMTS is developed under 
IMT-2000 framework by ITU. This standard required a 
minimum speed of 384 Kbit/s and UMTS use 850, 900, 1800, 
1900 and 2100 MHz frequency as transmission medium, so 
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UMTS is better than 2G in transmission quantity which means 
better image and voice data. 

 
Fig. 4 Process Diagram of UMTS [13] consist of RNC (Radio Network 
Controller), SGSN (The Serving GPRS Support Node), GGSN (The Gateway 
GPRS Support Node), PEP (Performance-Enhancing Proxy) 

G. Android Studio [14] 
Android Studio is an application development tool by using 

IDE (Integrated Development Environment) which is 
officially provided by Google. Android Studio is based on 
IntelliJ IDEA which is another Java IDE development tool, 
but has different features such as a flexible system 
development and drag and drop interface.  

 
Fig. 5 Basic processes of application developing 

III. METHODOLOGY 

A. Design of Framework 
The framework of bus tracking system by smartphone via 

3G network consist of 4 fundamental parts. The first is bus 
attached with android smartphone. The second is a 3G 
network provider in Thailand such as AIS, DTAC, True, etc. 
The third is a server used for store buses position and 
timestamp on database. Fourth is an android application which 
uses data from server to create marks on Google Maps which 
represent bus positions. 

As mentioned in figure 6 on the next page this framework 
divided into four parts. 

The first part is a tracker side. A tracker side needs to 
install an android smartphone on the buses. The smartphone 
must have a GPS receiver and can return geographic 
coordinator of itself correctly and support data transfer via 3G 
networks. The set of data sent from smartphones consist of 
latitude, longitude, timestamp and bus id. This data has an 
update interval of 20 seconds.   

The second part is method to connect tracker smartphone to 
the internet for data transfer from first to third part. The 
solution is access to internet via 3G network provided by 
service provider. To send data through 3G networks, a SIM 
Card is required. This prototype used a prepaid voice SIM 
Card. 

The third part is the server which stores every data from the 
first part in form of a database and sends desired data to the 
passenger application. 

The last part is the passenger side application. The user 
needs to enter the desired bus number to filter data from 
servers, then use the data received from server to mark the bus 
position on Google Maps. This application has a five seconds 
refresh rate while the application is active. 

B. Scenario 
Attach tracker side smartphone to a bus and set the bus ID 

manually. Format for bus ID is first digit for bus type, such as 
standard bus or air conditioned bus. Next 3 digits is bus’s line 
number. And last 3 digits is number that can specific the bus 
from same line number. After finished tracker ID setting,  
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Fig. 6 Bus tracking by using smartphone via 3G network framework 

 
next is check the internet connection. If smartphone can 
connect to internet without any problem, activate the 
application. Tracker application will send current latitude, 
longitude and bus ID to server immediately and send again 
every 20 seconds. Then select desired bus number on client 
application. The client application will fetch geographic 
coordinate which match with user input from server. The 
client application will query all positions up to sixty-one 
positions for each bus to calculate the average speed from the 
last 20 minutes and display along with the bus’s position mark 
on Google Maps. 

C. Tracker Application Flowchart 

 
Fig. 7 Tracker Application Flowchart 

 
Figure 7 is a flowchart after the tracker application has 

entered bus ID. After setting the application status to active, 
the application reads the geographic coordinator and sends the 
latitude, longitude and bus ID immediately. Then it starts the 
timer to update the bus’s position every 20 seconds. The 
application stops tracking when status is set to inactive. 

D. Client Application Flowchart 

 
Fig. 8 Client Application Flowchart 

Figure 8 is a flowchart of the client application. Similar to 
the tracker application, the client application starts working 
when the status is active. Then user select a desired bus 
number to filter the bus data and fetch the specific bus number 
from the server. The client application fetches two records of 
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data from the server for each bus. Then start timer for fetching 
bus data every five seconds. Application stops updating when 
closed. 

E. System Context Diagram 

 
Fig. 9 Bus Tracking System Context Diagram 

Figure 9 is a context diagram of a prototype system. It 
shows client or customer activity is not directly relating to 
tracker application. Client application used entered number to 
filter for desired bus. The client application also acts as a SQL 
interpreter to send a query string to fetch desired data from the 
server. The client application uses fetched data to make marks 
on Google Maps to represent the bus’s location and calculates 
the average speed for each bus. The tracker application 
interprets geographic coordination and bus’s ID to SQL and 
send data to server every 20 seconds for each tracker. 

IV. INTERFACE 

A. The tracker side application 

 
Fig. 10 The tracker side application 

The tracker application interface shows bus id, current 
latitude, current longitude and application status which is 
active in figure 10. In the prototype version the user need to 

enter bus id and need to change the tracker application 
manually. 

B. The server 

 
Fig. 11 Data samples on the servers 

Figure 11 is an interface for developer which fetch all data 
from the database to check the data flow from trackers. 

C. The client side application 

 
Fig. 12 The client side application 

Figure 12 is the client application interface after user input 
desired bus number. The application fetch records from the 
database according to user’s input. Figure 12 interface shows 
estimation of fastest bus arrival time. The application also 
shows bus position on the map. 
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V. EVALUATION 

TABLE I 
APPLICATION’S EVALUATION RESULT 

No. Details x̄ S.D. 
1 Client application is easy to use 8.0 1.18 
2 Estimate arrival time accuracy is satisfying 8.3 1.27 
3 Client application interface is easy to read 7.7 1.19 
4 Accuracy of tracker application 7.6 1.02 
5 System reliability 8.0 1.41 
6 Easy to implement 8.0 1.26 

Total 7.9 1.22 
The evaluation is done by demonstration the system 

processes to user and gives a questionnaire according to the 
table 1. The questionnaire is based on scales of 10. The table 1 
also shows that the estimate arrival time is very satisfying 
(x̄=8.3), while the accuracy of tracker application gains the 
lowest average score (x̄=7.6), which means this prototype 
needs more of fine tuning on the tracker application. 

VI. CONCLUSIONS 
The objective of this paper was to design and develop an 

android application for tracking the position of a bus, which 
can help passengers to make decisions. The system consists of 
3 parts. The first part is tracker part which is tracker 
applications that send location for each bus to the server. The 
second part is the server which stores data from tracker 
applications. The last part is client application which fetch 
data from the server according to bus id that input by the user. 
The client application also calculates the average speed and 
estimation of arrival time of the fastest bus according to user’s 
position. According to user evaluation, the result of evaluation 
is very appropriate with the total average score of 7.9/10 
(S.D.=1.22) 

The limitations of this paper are the calculations, such as 
client application calculate the distant between bus and user in 

straight line along the earth’s surface which can contradict 
with the actual road. Another major flaw is the client 
application don’t actually calculate on the bus’s route which 
means user need prior knowledge about that bus to make more 
precise decisions. 

Benefit of this paper is application developers can adapt 
this framework for public transportation with more fine tuning 
to appropriate with specific transport. 
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Abstract — This research aims to design a framework and an 
application to control the switches of electricity through the 
internet and control by the application on the Android 
smartphone. This research aims to design a framework between 
the application and the raspberry pi equipment, and to protect 
the forgetfulness of turning on and off the switches by use the 
application. The important of this research is to decrease the 
expenses; the extravagance of electricity and also the need of 
people who use this technology for their houses. This research is 
based on the IoT (Internet of Things) concept. These concepts 
can divide into 5 modules: (1) Input module for entering the 
command, (2) Sever module for receiving and sending the data, 
(3) Distribute module for the internet connection, (4) Control 
module for controlling the electrical equipment and (5) Output 
module is the equipment which is used to control the operation. 
The prototype system shows the relationship between the 
modules and also shows the function of each module. After we 
implement the prototype system with the light’s switch. The 
result is satisfying. 
 
Keywords— IoT, light, internet, switch, control, easy 

I. PREFACE 
In the present, the internet become a part of our life since 

the internet was founded in the past. The internet was founded 
by the United States in 1969 by the military organizations 
from United States name’s “U.S. Defense Department.” The 
internet is a huge network of computers. It’s worked by 
connected many computers together from around the world. 
The internet can be used for communication and exchange the 
data around the world. The internet is a source of many 
benefits such as the education, it can be the information 
resource even the academic information or contact with other 
universities to search for the information, the information can 
take many forms such as pictures, sound or video. In the 
business and commercial uses, it can support the buying 
decisions such as trading through the internet by the buyers 
can find the information via the internet to made a purchase 
decision. Now, the internet is used over the world and the 

mobile phone or Smartphone was a part of the internet. The 
Smartphone and tablet can connect to the internet so both of 
them are capable to control electrical system that has internet 
connection. From the example of this concept is called IoT or 
Internet of Things. IoT is an internet technology for connect 
devices and tools such as mobile phone, car, refrigerator, 
television to the internet. The equipment can connect and 
communicate through the internet. In the future, the consumer 
will familiar with the technology that allows them to control 
things from their houses and office or anywhere. For example, 
control the temperature inside the house, turn on and off the 
switch or control the coffee machine. IoT can control any 
equipment from anywhere if it has the internet connection. 
The indirect effect from wasting the energy can accelerate the 
global warming problem because there is the electricity 
production by burning charcoal. So everyone needs to realize 
that wasting energy can lead to other crucial problems.  

So this research aims to solve this issue by designing a 
framework for control the electrical equipment through the 
internet. The objective of this research was to design and 
develop a framework to control the electrical system through 
the internet and controlling the performance of equipment. 
The important of this research is to saving energy, reducing 
the use of electricity, reducing the expenses in family and 
decrease the risk of disasters inside the house by controlling 
the operation of equipment such as checking the switch. This 
research adapts the IoT’s concept with the prototype to 
monitoring equipment regardless of distant or time. This 
research used the raspberry pi equipment in the work. The 
raspberry pi equipment is a mini – board computer that can 
connect to the monitor, keyboard and mouse. So we chose 
raspberry pi to implement to an electronic prototype.  

Rungroj Sanguanwatthana[1] presented about bringing 
raspberry pi equipment to connect with the equipment by 
using WIFI but didn’t use to control the equipment through 
the internet. 
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Pawich Wattanawanichakorn[2] presented about bringing 

raspberry pi equipment for control electrical system in the 
building through the web – application but this research only 
used in local area network not the internet. 

Suriya Kunlesa and Phuwanay Chaiyasing[3] presented 
about using raspberry pi equipment to control the lighting 
through the internet but didn’t control by Smartphone. 

II. RELATED THEORY 
This research design and develop a framework to help the 

controlling of electrical system through the internet. This 
research has eight related theories. 

A. Relay 
Relay [4] is an electronic equipment for a circuit switch, 

use the electromagnet with functionality similar to the 
solenoid and relays use for a variety of circuit. Relays and 
contactor are divided into 2 types. 

1) Relay is used for electric power controlling and has a 
bigger size than a regular relay. 

2) Relay control is used for control a regular circuit 
with low electric power. 

B. Electrical usage label 
The electrical usage of the equipment is showed on the 

label which is sticked to the electrical equipment. 

C. Internet 
The Internet [5] is a huge computer network which cover 

the world scale by using the computers language called 
“Protocol” so the users can communicate in many ways. 

D. Protocol TCP/IP 
Protocol (TCP/IP) [6] is the set of internet protocol. 

Protocol is the standard of the internet system for connect 
each other and exchange the information so it is one of the 
communication standard which is used by the computers. 

E. Web – Application 
Web – Application [7] is the program to apply with 

browser through the computer system by the internet. 

F. Wireless connection 
Wireless connection [8] is the technology for connect to the 

devices by using radio waves connecting by access point. The 
standard IEEE 802.11 was used for connect to the network. 

G. The standard IEEE 802.11 
The standard IEEE 802.11 [9] is the standard of wireless 

connections called IEEE (institute of electrical and electronics 
engineers). IEEE developed a standard to connect the wireless 
connection together. 

H. Wireless Access Point 
Wireless Access Point [10] or AP is the computer network 

equipment which allows the wireless device to connect to the 
wireless network by using the technologies of wireless. The 

Access Point is connected to the router by cable so this device 
could be separate or be a part of the router. 

This research was used Python, PHP and HTML language. 
Python [11] is a programming language which is platform 
independent. The advantages of Python are 

1.) Support the idea of Object Oriented 
2.) It is an open source language. 
3.) Python is supported by many operating systems. 
4.) Has the Library that supports artificial intelligence 
5.) Automatic memory management 

 
The web site design used HTML language and PHP. 

HTML language was used for writing website and PHP was 
used for transferring the data to the platform. PHP is one of 
the computer language, called “scripting language”. This 
language can save multiple commands in a single file, called 
“script”, which can reduce the unnecessary process from the 
computer. The advantages of HTML language and PHP are 

1) Open source 
2) PHP is compiled on the sever 
3) Fast and efficacy 
4) Used efficiently with the alphabet data  

III. OPERATIONS 
This section is about the processes and the board of 

raspberry pi as shown by the following processes. 
The processes the system through the internet has 4 steps as 

shown by figure 1. 

 
Fig. 1. Processes of the working system 

 

A. The processes of the system  
1) Open the application on Android, the application will 

connect to the server, after that the application will 
send the command to the server. 

2) All data will be sent through the internet by 
smartphone, the smartphone need to connect to the 
internet all the time to send the command to the server. 
Also the server need to connect to the internet all the 
time. 

3) All the commands were sent through the internet by 
smartphone then the board of raspberry pi will convert 
the commands to turn on or turn off the light. 

4) When receive the commands, the controller works 
according to the commands 

B. Framework design 
The framework is divided into 4 modules; each module has 

a particular work of the modules. The framework’s detail is 
showed in figure 2. 
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Fig. 2. Display of framework design 

Modules design 
1) Module 1 is the input module. It was the module that 

working on the client side. Which is used for receiving 
all the input commands through the application or web 
application. This module collects all of the commands 
and send to Module 2 

2) Module 2 is the distribute module. It was used to 
connect the client application and the module 3. 

3) Module 3 is the control module. It was used for control 
the electrical equipment by following the commands 
from client through the internet. 

4) Module 4 is the output module. It was used to show the 
result when receiving the commands from the previous 
module. One of a common command is the command 
to turn on the switch, then the switch will go on. 

C. Program design 
The part of designing has 3 parts; first part was the part of 

raspberry pi that used for controlling the switch of the light 
bulbs, second part was the Android application that is used for 
controlling through the smartphone and the last part was the 
web application that is used for controlling electrical switches 
through the web browser as shown in figure 3. 

 
Fig. 3. The example of working design of raspberry pi and application 

 

 

 

The application and web application is connected to the 
raspberry pi as shown in the figure 4. 

 
Fig. 4. The flowchart of application 

The design of application is based on a tool that support 
IoT which called Domoticz. The Domoticz can support many 
tasks such as turning the switch on or off. Domoticz is an 
open source that enable the devices controlling through the 
internet; it has a lot of ability such as controlling the switch, 
setting the device to work, measuring the temperature and 
checking the weather and also has the application on 
smartphone. The Domotics advantage is multi-platform 
support. 

D. Equipment design 
The equipment design uses the equipment as the following. 
1) The board of raspberry pi 
2) Relay 2 channel2 
3) light bulb 
4) socket 

As shown in figure 5 and figure 6. 
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Fig. 5. Overview of the light bulb with raspberry pi 

 
Fig. 6. Overview of the light bulb with raspberry

IV.  PROCESS OF USING APPLICATION 
This section is about implementation and result. 
A. Process of using web application via web browser has 

2 parts. 
1) Process of controlling the equipment’s status to 

active is done by clicking on the lamp picture, 
then the light will turn on as shown in figure 7. 

2) Process of controlling the equipment’s status to 
inactive is done by clicking on the lamp picture 
again then it will show pop-up as shown in figure 
8. 

 
 
 

 

 
Fig. 7. The page of web browser that show the working status 
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Fig. 8. Show the working status when turn off the light

B. Using the prototype system via smartphone has 2 steps. 
1) Ordering the switch to turn on via the smartphone. 

After open the program, it will show the name of the 
equipment and equipment’s status as shown figure 9. 

 
Fig. 9. Overview of the light bulb with raspberry pi 

 

2) Process of controlling the equipment to turn off 
through the smartphone is done by chooses the 
equipment to turn off as shown in figure 10. 

 

 
Fig. 10. Status of work in program when off light 
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C. The display of equipment 
When receive the command, the equipment will turn on as 

showed in figure 11. 

 
Fig. 11. The show out put 

V. MEASUREMENT AND ASSESSMENT 
The measurement and assessment of framework for this 

research has 2 parts, easy to use and working properly. The 
result of evaluation is showed in table 1. 

TABLE I 
APPLICATION’S EVALUATION RESULT 

No. Subject 
 

S.D 

1. Application installation process is 
easy to understand and appropriate. 

4.5 0.50 

2. User interface is easy to understand. 4.6 0.48 
3. The system is easy to use and 

understand. 
4.6 0.48 

4. The application has a modern design. 4.4 0.66 
5. The application is working properly. 4.1 0.70 
6. The speed of loading commands. 4.2 0.60 
7. The fonts are appropriately picked. 4.6 0.48 
8. The font colour and background were 

appropriate. 
4.5 0.50 

9. The font size was appropriate 
according to the screen. 

4.5 0.67 

10. Overall satisfaction of the website. 4.6 0.48 
11. The accuracy to access each menu of 

applications and website. 
4.6 0.48 

12. The precision of ordering to turn 
on/off the light. 

4.4 0.48 

total 4.46 0.5425 
 

Criterion  
4.51 – 5.00 Excellent 
3.51 – 4.50 Good 
2.51 – 3.50 Satisfying 
1.51 – 2.50 Fair 
1.00 – 1.50 Needs Improvement 
 
 
 
 
 
 

According to the result  
The average  4.46 
Standard deviation 0.5425 
Which means  Good level 
 

VI. CONCLUSIONS 
This research designed the framework that can control the 

electrical equipment in the house through the internet by using 
IoT concept, to reduce the expenses in the house and reduce 
the expense when forget to turn on/off the electrical 
equipment. In the future we plan to develop a device that 
capable of using on different platform and develop a new 
application interface for elder. In summary, from the 
assessment of the 10 people. We got 4.46 average score out of 
5 and this average was on the good level. The client also 
satisfies with the prototype.  
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Abstract— Nowadays cross-platform application development 
have limited interaction with server-side that limit application 
function and affect the user experience. This paper aims to 
design a framework for Phone Gap to improve a server-side 
interaction for mobile application. The framework was divided 
into three sections. Section one is an input section which consists 
of HTML, CSS, JavaScript and PHP code. Section two is a 
process section that contains application builder and server-side 
interaction link creator. The last section is an output section 
which is a mobile application that can interact with the server-
side. The possibility of this framework is to help Phone Gap 
create better cross-platform mobile application and increase user 
satisfaction. The evaluation consists of 3 parts, evaluation for 
accuracy of process, evaluation for displaying output and 
evaluation for user satisfaction. The average score of evaluation 
for accuracy of process is 3.99/5, The average score of evaluation 
for displaying output is 4.04/5, The average score of evaluation 
for user satisfaction is 3.97/5. 
 
Keywords— Cross-Platform Application, Phone Gap, Mobile 
Development, Server Interaction   

I. INTRODUCTION 

Nowadays, the popularity of mobile phone has been 
increasing very fast since one device has a lot of function such 
as telephone, camera, text messaging, social media, game etc. 
which challenge the developer to satisfy user’s demand. In 
particular, mobile competition currently divided into two 
sections, hardware and software. This is the problems that 
we're facing today because if the company lacks technical 
employees it will be a disadvantage for business. 

Today, mobile phones are divided into many platforms 
such as iOS [1], Android [2], Windows Phone [3] and 
Blackberry [4]. The development of these application are 
based on the programming language, for example, the 
development of iOS applications are based on Objective-C[5], 
the development of Android applications are based on Java 

which causes the redundancy of development and launching 
delay due to platform support. Not including web 
development that based on HTML [6], CSS [7] or JavaScript 
[8] which are an alternative way to develop for mobile devices 
and can be use on many platforms. 

From the problems we have mentioned above, the cross-
platform have been occur to help a developer to respond to 
user demand, each tool has its different advantage and 
disadvantage. So the developers have to decide which tools 
they will use to develop an application from customer 
requirement. One of the most popular tools is Phone Gap, the 
cross-platform tools that help you develop the application only 
once and can be generate into all mobile platform. 

From the research "Cross Platform App [9]", they have 
summarized that cross-platform application has poorer 
performance than a native application. Furthermore, in the 
research "Comparison of cross-platform mobile development 
tools [10]", they compared four cross-platform tools: Rhodes, 
Phone Gap, DragonRad and MoSync and found out that each 
tool has a specific advantage and disadvantage depend on the 
programming language, resource, function of an application. 
And the last one is the research "Survey, comparison, and 
evaluation of cross-platform mobile application development 
tools [11]" they compared a performance of Phone Gap and 
Phone Gap with additional tools which are Sencha Touch and 
JQuery Mobile. The results showed that the more additional 
tools, the more resource is used but it’s worth to put more 
effort and resource to satisfy user demand. 

II. RELATED THEORY 
There is a lot of theory that associated with this research as 

follows. 

A. The C programming language 
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The C language [13] is the computer languages, first used 

for the development of Unix Operating System (Unix 
operating system instead of the Assembly language is that a 
low level can be done in the system hardware is fast, but the 
weakness of the language the application, the assembly is the 
hassle of the program is unique and different in each of the 
Dennis the cheese, (Dennis Ritchie) has developed a new 
language this up for the beginning of the year 1970 by 
consolidating the highlight of each Features when integrated 
into the language level is low. The name that the language in 
the CD-ROM. 

B. Hypertext mark-up language (HTML) 
The HTML language [14] the primary language that is 

used to write a web page by using the tag in the display 
indicates the text that are connected through this destination 
(hyperlink) mark-up language is the language used to tag in 
the set the display of all the things that is displayed on the web 
page so the HTML is the language that is used  in the tag to 
set the display Web pages that are linked to each other in 
hyperspace through the hyperlink. 

C. Objective-C 
As objective-C program language of an object and there is 

also treasure the reflection by the first start the language the 
project transaction - PC developed from the language PC by 
still features of the language PC all of just add the system 
sends the message (messaging) with perfect language only 
objective-C runtime currently the project transaction - PC 
there are other features More Information from the 
development of the language the project transaction - PC 2.0 
by the company the apples. 

D. CSS language (cascading style) 
The CSS Language [14] is the language that is used as a 

part of the display format of the HTML document with the 
CSS. Define the rule in the specify a format (or "style") of the 
content in the document, the colour of the text of the 
background colour of the character and the message that the 
format or style is the principle of separate content HTML 
documents from the command that is used in the display 
format is set to the layout of the display the document does 
not depend on the content of the document to make it easier to 
align the display format of the results of the HTML 
documents, especially in the case where there is a change in 
the document content often or want to control the display 
format of the HTML document has the characteristics of a 
consistent throughout all the pages of the document within the 
same website. 

E. Java language (java programming language) 
Java language [12] is a programming language object 

developed by James algorithm, engineers and other people at 
the Company Micro Systems this language is intended to be 
used instead of the language  plus C++ by a format that more 
information, similar to the language of an object it (objective-
c) but this language is called the language oak (oak), which is 
the name of a great oak near the operation of the James the 

monkeys and then later change the name "a" which is the 
name of the coffee instead of the highlights of the java 
language on the author can use the principles of object-
oriented programming to develop their programs with java. 

Java language as the language for writing the programs 
that support the program the object ( OOP: object-oriented 
programming a written program is created within the class, so 
the class is the gourmet email (method) behaviour or 
(behaviour) that has a status (state) and description id (identity) 
(behaviour) behaviour. 

F. Operating system, IOS, iPhone OS 
The Operating System (IOS) [2] is the Operating System 

for the smartphone (smartphone) of Apples by default 
developed for use in the phone iPhone and has developed to 
use for the iPod touch and the iPad by the operating system 
can be connected to the plantation green for access to the 
Applications to more than 300,000 which has a download to 
more than five billion times the apples has developed an 
update for iPhone, iPad and iPod touch through the system the 
iTunes program is free for mac and PC using the music on 
your computer and organize and sync every and store the 
entertainment on your PC, on your iPod touch, iPhone and 
iPad with every for you in all of time. 

G. The Android operating system 
Android is an Operating System [1] for portable devices 

such as mobile phones, tablets, and computer netbooks run on 
the Linux kernel to begin to develop by the company an 
Android and then the company Android is purchased by 
google and Android apps to develop later be developed on 
behalf of the open handset alliance via google, developers can 
edit the code with the language Java and control your device 
via the Java libraries. Google developed the Android is known 
to the public on November 5, 2007 by Google announced the 
establishment of the open handset alliance group company 
hardware, software and communications 48 of working 
together to develop an open standard for mobile device the 
copyright of the code Android apps will be used in the 
appearance of the free software the first phone that can be 
used to the operating system android is HTC dream. 

III. PROCESS 
Process of this research divided into 5 parts as follow. 

A.  Step of operation 
In this research we used SDLC theory to manage the 

development of our framework efficiency.  
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Fig. 1 Steps of operation for developing framework 

B. Method of operation 
 Study and gather all information of Phone Gap 
 Study all process of Phone Gap from the input section 

to output application. 
 Check for limitation of old framework. 
 Design new framework 
 Implement and monitor the new framework 
 Evaluate the new framework 
 Summarize and create document 

C. Conceptual Framework 

 
Fig. 2 Framework for Phone Gap 

From fig 3.2 describe our framework for Phone Gap as 
follow.  

 Phone Gap is an input module that receive HTML, CSS, 
PHP file from user and build into application. 

 Plugins are an additional tool for Phone Gap such as 
Accelerometer, Camera, Media, Storage, etc. 

 PhoneGap:Build is a tools that convert an application 
from Phone Gap into mobile platform. 

 At the same time our system will create a server bridge 
that user can access. 

 
The input of our framework include HTML, CSS, 

JavaScript, PHP or XML file, after that Phone Gap will build 
a connection to server and integrate all file into application 
then Phone Gap send an application to PhoneGap:Build to 

convert into specific mobile platform. The result of this 
process is an application that can access to server.  
D. Class Diagram 

In the part we have shown our class diagram for this 
framework. 

 
Fig. 3 Class diagram for this framework 

Class Diagram has divided into 5 sections as follow 
 Input Code are the input section, it will receive input 

file such as HTML, CSS and PHP by link with Phone 
Gap class due to Input Code will sending all code to 
Phone Gap. 

 Phone Gap is receive file from Input Code and integrate 
them into a prototype application and then sending to 
PhoneGap:Build. 

 Phone Gap Plugins are an additional tool for Phone Gap 
to build more function into application including 
camera, map, notification, etc. 

 PhoneGap:Build is receive a prototype application from 
Phone Gap and convert into specific mobile platform. 

 Mobile Phone is an output application on the specific 
mobile platform which created by PhoneGap:Build. 

E. Flow Chart 
In the part we show you a step of process from the start to 

finish by flowchart 
The process begin with developer input file into Phone Gap 

then Phone Gap with integrate them into application and send 
to PhoneGap:Build to select an output platform by using 
conditional statement to decide which platform they have to 
convert into, in this flowchart we use two conditional 
statements, and after the result of this conversion will be an 
application for specific mobile platform which is shown in fig 
3.4. 
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Fig. 4 Flowchart of this framework 

F. Implementation 
In this scenario we use Phone Gap and xampp to simulate 

our framework implementation. First, we input a HTML and 
CSS code to Phone Gap’s Project which shown in figure 5. 

 
Fig. 5 First page of an application 

This first page contains only HTML and CSS code. Then, 
we use xampp to connect a HTML page to PHP code which 
show in figure 2 as a login section. 

 
Fig. 6 Login page of an application 

Finally, leave it all to PHP code to identify username and 
password from database to bring user to the next page. 

From this implement it show an output of our framework as 
an application that can connect to database or server by using 
a global PHP code. 

IV. EVALUATION 
The Evaluation of this framework divided into 3 part 

evaluation for accuracy of process, evaluation for displaying 
output and evaluation for user satisfaction. 

TABLE I 
EVALUATION FOR ACCURACY OF PROCESS 

Article Topic 𝑿� S.D 
1 Capability of application 3.9 0.77 
2 The ease of access in Application 4 0.78 
3 Stability of application in every platform 4 0.87 
4 Application doesn't have any problem 

while accessing 3.7 0.72 

5 Connection to server 4.3 0.73 
6 Application are suitable for actual work 4.1 0.91 
7 Application works effectively 3.9 0.77 
 Summary 3.99 0.79 

 
The result shown that the system still have a problem with 

access to application. 
TABLE III 

EVALUATION FOR DISPLAYING OUTPUT 

Article Topic 𝑿� S.D 
1 The amount of data are reasonable 4 0.67 
2 All function are clearly and meaningful 4.1 0.66 
3 Appropriate screen design 4.2 0.80 
4 Font and colour are suitable for actual 

use 3.9 0.91 
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5 Easy to understand how the system 
works 4 0.78 

 Summary 4.04 0.76 
 
The result shown that the display of screen design can 

response to user really well and easy to understand how 
application work. 

TABLE IIIII 
EVALUATION FOR USER SATISFACTION 

Article Topic 𝑿� S.D 
1 Application speed 4.1 0.66 
2 System created an appropriate 

recommendation menu 4 0.78 

3 Time for installation 4.1 0.73 
4 Time for studying the application 4.1 0.77 
5 Application doesn't have any problem 

while using 3.5 0.75 

6 No problem from user and server 3.9 0.86 
7 All data have been recorded correctly 

after work 4.1 0.82 

 Summary 3.97 0.77 
 
The result of this evaluation shown that some function still 

have a problem that can't satisfy user requirement which lead 
us to the improvement of both display and usage. 

V. CONCLUSIONS 
In this research we proposed framework that can provide 

cross-platform applications development on Phone Gap which 
can communicate with server directly, didn't go through the 
extensions tools. We have shown basic operation and data 
flow of this framework that used to create a simulate 
application that can connect through database and display the 
data. We have evaluated a simulation of out framework that 
shown in early section, for an accuracy of process has 3.99, 
displaying output has 4.04 and for user satisfaction has 3.97, 

which are very high but still have to improve some function. 
However, the real implementation still required to studied 
further. 
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Abstract— Market research is an important process for 
business to know the customer needs. In Thailand, people 
usually apply social media as a communication channel to 
review their interested products or services. They provide 
their opinions which are useful for market research and 
business development. This paper presents an adoption of 
social media monitoring tools for business and market 
research. Social media monitoring tools are explained in terms 
of features and functions to use for market research. Some 
monitoring tools are explained in various important functions. 
The experiments are performed based on the information from 
the users who have applied the social media monitoring tools 
for their works. We compared the usage of tools between two 
organizations. The result showed that there are some common 
features to support the business and market research. 
However, some different factors are also analyzed. Therefore, 
an adoption of social media monitoring tools is very important 
to support the market research in the current business. 

Keywords— Technology Adoption, Social Media, Monitoring 
Tool, Business, Market Research

I. INTRODUCTION

Currently, internet has an important role in daily life. There 
are many useful applications on internet. In addition, 
communication channels are increasing via internet. Business 
and industrial organizations are interested in the customers’ 
opinions on internet especially social media. Thus, social 
media is a powerful tool for online communication channel.

 In business, marketing is an important issue. Market 
research was introduced many years ago [1]. The role of 
marketing has changed is various aspects due to the rapid 
changes of technology including the internet. Marketing 
research is important in strategic decision making and 
acquiring the information about customers, products and 
marketplace. Moreover, the future of marketing was discussed 
in various aspects [2]. Social media is one of power tools for 
marketing. An adoption of cloud computing is explained as an 
empirical study of customer preferences [3]. We apply the 
multi-method approach to evaluate the social media 

monitoring tools. Social media marketing is discussed in four 
main themes of research studies including virtual brand 
communities, consumers, attitudes and motives [4]. Social 
media marketing is adopted as a new communication tools 
and offers unique opportunities for marketing research. The 
balanced picture of the current state of social media marketing 
is explained [5]. This is useful to analyze the related area of 
social media monitoring. There are many social media which 
is useful for market research such as facebook, line, google+, 
instagram, twitter and web forums.

 Fig. 1 Social media analyticsjourney. 

Market research tools are segmented in four stages 
including passing tools, timeless tools, transitional tools and 
emerging technologies.Social media is one of many aspects in 
the transitional tools which are important for research 
segmentation.Thus, we use social media as a tool for market 
research. Social media analytics journey consists of data 
recording, trend monitoring, sentiment analysis, cause 
analysis and customer relationship management as presented 
in Fig. 1. In this paper, we present an adoption of social media 
monitoring tools for research purposes especially in business 
and market research. Social media analytics will be explained 
in the next section. Research methodology and experimental 
results are explained in section 3 and 4. The final section is 
the conclusion. 

II. SOCIAL MEDIA MONITORING

There are several monitoring tools which are useful in 
business and market research. However, we select some social 
media monitoring tools which are applied for market research 
in business and education as a case study. The examples of 
social media monitoring tools are presented in Fig. 2. 
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Fig. 2 The examples of social media monitoring tools. 

Social media is a very powerful communication channel. 
The trust of your audience is important to recommend 
products or services to friends. Facebook, Twitter, and other 
platforms are necessary to create engagement. Social media 
monitoring tools can help for social media marketing efforts 
and identify the areas of improvement. Currently, there are 
many social media monitoring tools such as Social Mention, 
Mention, Talkwalker, Topsy, PinAlerts and S-Sense which are 
applied for business. 

In this paper, some monitoring tools are explained to use 
for business and market research. The features and 
characteristics of these monitoring tools are demonstrated in 
this section. 

A. Social Mention 

There are many useful social media monitoring tools. One 
of the powerful monitoring tools is a social mention. Social 
mention isa monitoring tool for brand mentions and 
interactions in visual format. This can find your brand’s 
strength, the passion of the posting, the sentiment and the 
reach. The top keywords, users, hash tags and sources are 
presented as well. Social mention is an excellent way to 
search for people who are talking about your brand. This is a 
free online service. Social mention can be used easily by 
typing in the name and click search to see the links to your 
mentions. The results are sorted by timeframe. We can search 
the keyword and examine the result as presented in Fig. 3.

Fig. 3 Social  mention monitoring tool. 

B. Mention 

Mention is a tool which is similar to Google Alerts. This 
tool can send emails to notify when a keyword you specified 
was detected online. It is possible to monitor millions of 
sources in real time and support several languages. We can 
apply an online search or receive a daily email from the 
related mentioned messages. This is a useful tool which can 
export the data in the format of CSV to share with others. 
Mention monitoring tool is presented in Fig. 4. 

Fig. 4 Mention monitoring tool. 

C. Talkwalker 

Another monitoring tool is Talkwalker which an alert is set 
up from keyword. We can resize the returned data by result 
type, language, frequency and quantity. This tool can give the 
brand mentions and the sources where these mentions occur. 
There are some advantages of this tool including the 
performance of brand mention, the engagement levels, 
influencers talking about your brand both of website and 
social media, sentiment analysis, tag cloud and demographic 
data such as location. There is a world map tracking to know 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

333



 
the location of conversations and present the pie charts on 
every location to indicate the sentiment in each country. 
Talkwalker is another free service to alert the brand mentions 
as presented in Fig. 5. 

Fig. 5 Talkwalker monitoring tool. 

D. Topsy 

Topsy is a search engine to monitor brand mentions across 
the web. This tool measures sentiment and provides analytics 
which the database is in real time. The results can be sorted by 
links, tweets, photos, videos or influencers. This is useful for a 
large volume of content. Social search can be sorted by 
timeframe and sentiment score. It provides a comprehensive 
data which focus on influencers and top conversations.

E. PinAlerts 

PinAlerts is an additional function from a traditional brand 
moinitoring platform in Pinterest alert system. It monitors 
links to pins from your website and notifies when someone 
pins from your site via email. This tool can jump into 
conversation with people on Pinterest who shared your pins 
and develop relationships with them. It is helpful to monitor 
your brand online. Thus, you can engage when appropriate 
and respond when necessary.  

F. S-Sense 

S-Sense is one of monitoring tool which provides the 
function of sentiment analysis which is useful to monitor the 
customers’ opinion from social media [6]. S-Sense is 
implemented by NECTEC as demonstrated in Fig. 6. It
consists of four analysis modules. Language usage analysis 
classifies each text based on two aspects, the use of obscene 
and informal languages. Detecting obscenity is useful since 
many texts with strongly negative sentiment could sometimes 
contain obscene language. Intention analysis classifies each 
text into four classes: announcement, request, question and 
sentiment.

Sentiment analysis from S-Sense is developed which 
focuses on intention and sentiment analysis. Four different 
intentions (announcement, request, question and sentiment) 
were analyzed and two sentiments (positive and negative) 

were classified [7]. This social media information is obtained 
from Twitter and a famous webboard in Thailand.

Fig. 6 S-Sense monitoring for sentiment analysis.  

These tools can save the time and make monitoring easy. 
Some tools are notification systems that allow you to act when 
you see alerts. Some tools have a real-time search component. 
A combination of these tools will support you stay on top of 
the conversations and become part of your social community. 

III. RESEARCH METHODOLOGY AND EXPERIMENTS

The objective of this work is to explore the functions where 
the use of social media monitoring tools is necessary and 
understand whether the tools available in the market could 
satisfy requirements and expectation of business and 
education users. We ran a case study research to achieve the 
goal following an exploratory approach. The work is meant to 
be exploratory as factors influencing and conditioning the 
usage of the tools are not clearly recognized. Primary sources 
of data were collected through in-depth interviews with 
managers of a marketing department working in retail industry 
and education. The cases, interview procedures, and analysis 
method are explained in this section.

We compare case studies including users from business and 
education who is in the marketing field. Conditions and 
outcomes of adopting social media monitoring tools at two 
organizations were investigated. Both organizations locate in 
Thailand, and prefer to remain anonymous. The first company 
operate in retail industry and the second is an educational 
institute.  

The information is collected from business and education 
managers in the company. We conducted an interview from 
both organizations. The information was summarized for 
several hours. Social media monitoring tool is implemented 
for business and market research. The visualization is 
customized for practical usage. We can summarize the 
experiments from the interview about the functions that is 
necessary for the business as follows. 

The information from social media is analysed to see the 
online participation in market share of retail business as 
shown in Fig. 7. This figure can present the customers’ 
opinions in the viewpoint of comments on social media. If we 
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know that there are many comments about the products or 
services so we can concentrate to develop the business. 

Fig. 7 Social monitoring for online market share in retail business. 

The visualization of tags cloud is demonstrated in Fig. 8. 
The frequency of words which is occurred from the comments 
in social media is shown as tags cloud. The bigger word has 
more important. Online mentions are presented during 
different timeframe from several retail companies. We can see 
the movement of each business during different timeframe. 
Moreover, the sentiment of each comment is classified into 
four groups including gain, neutral, need and pain following 
business need. The experiments were conducted using the 
keywords in retail business and the visualization is presented 
in fields of business trend, sentiment and tags cloud.  

Fig. 8 The visualization of tags cloud in retail business. 

The monitoring tool features are used by users in business 
and education field. There are some similar features including 
the statistics, market share comparison and sentiment analysis. 
However, there are some different factors between business 
and education such as budget investment and technology 
impact because the business part can use the budget for 
technology testing. If it is benefit for the business then we can 
apply this tool for social media monitoring and delivery the 
results to other departments such as public relation and 
organization communication in the company. Therefore, the 
suitable tools should be adopted for different applications. 

Finally, the comparison of monitoring tool usage is 
presented in Table 1. We compared the factors including need, 

budget, benefit, technology and feature between the users in 
business and education. The need from business side to use 
monitoring tool is higher than education because they use the 
tools to run the business and react the result immediately. 
Business section can invest the budget on the tool more than 
the education. The education usually uses the trial version for 
testing. The business has the benefit directly for investment on 
the monitoring tool. Moreover, the business needs the 
customized tools and more features than the education.     

TABLE I 
THE COMPARISON OF MONITORING TOOL USAGE

Factors Business Education 
Need High Low 

Budget Invest Trial 
Benefit Full Some 

Technology Customize Enough 
Feature More Less 

IV. CONCLUSIONS

In this paper, an adoption of social media monitoring tools 
for business and marketing research is presented. Social media 
monitoring tools are explained in terms of their features and 
useful functions. The experiment is collected from users in 
two groups including business and education field. Social 
monitoring tool is evaluated based on user experience 
including functionality, reliability, usability, efficiency, 
maintainability and portability. The results are demonstrated 
in terms of dashboard visualization. The experiment 
demonstrated that the requirements of each user have the 
common features such as web statistics, sentiment analysis 
and topic classification in order to support the business and 
marketing research. This recommendation is benefit for users 
in different organizations. 
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Abstract— The purpose of this research is to design and develop 
the framework for creating website based on modular, to simplify 
and accelerate the website creation process. The problem is, when 
we need to create a new website, we cannot copy the code partially 
from old projects because it will cause compatibility issues, so we 
have developed this framework to solve the problem, and we got a 
satisfied evaluation result from client with average score of 4.672/5 
(S.D = 0.7841). We use techniques such as Object-Oriented 
Programming, Class Autoloading and providing generic-use 
classes such as authentication and authorization. The Framework 
is divided into three parts. 1)  The “Input” part is used for collect 
the desired add-on modules and content. 2) The “Framework” 
part is used for managing information to create a website. 3) The 
“Output” part is the completed website that can be transferred to 
web server. When you want to create a project, you develop your 
own modules into the framework, put the website content into it, 
and finally, your website is now created. Because of this 
framework, developers can freely separate the project into parts 
and modules, and easily update the project, including modules 
reusing from an old project to create another project without any 
compatibility issues. 
 
Keywords— modular, website, PHP, programming, framework 

I. PREFACE 
In the PHP website development, we normally leave old 

projects unmanaged. When we develop more and more projects 
to a point, we will see that much of code is not a newly written 
code, but it is copied from the old one in the old project, from 
part of a file or even the whole file. This working method is 
risky, the more code in the work, the more risk of bugs that are 
hard to identify and fix. This research is purposed to solve this 
problem by modularizing a PHP web application project into 
parts, so the project can be modified, edited, repaired, updated 
or applied easily. 

One of solutions available is the Google Sites [1], an online 
web page creation tool with hosting service. The usage of this 
service is simple, but not flexible. Users can just bring their 
own content to the Google Sites and instantly get a ready-to-

use web site. The downside of this service is the flexibility, the 
Google Sites do not have enough flexibility for specific-use 
website creation. Users cannot edit their own pages directly in 
HTML, but the HTML code are checked and modified when a 
page is saved. From these limitation, this solution works 
averagely on generic-use website project, but almost nothing 
works for a specific-use website project. Another solution is the 
use of Content Management System (CMS) such as WordPress 
[2], Drupal [3] and Joomla [4]. CMS is a website that has been 
developed for general usage. It can be added with user-written 
add-on modules. It can also be customized with themes, and 
manipulate content via easy-to-use web interface. This method 
works greatly on generic-use website project, but not specific-
use website project. Another solution is a modular web 
framework in [5] that written in JSP [6]. This research presents 
a solution by automating some of the generic website 
components such as page generation and SQL generation. This 
method works on most website projects. But it is not reasonable 
to integrate the software automation into the framework, 
because it reduces the simplicity of the framework, and it will 
lead to security issues in the future. Another solution available 
is the extensible modular academic website framework in [7]. 
It was developed specifically for academic website project. 
This solution only works for academic website. 

From the problems and limitation above, this research 
presents a solution that more flexible, extensible, and simple 
comparing to software mentioned above. This solution uses 
PHP Object-Oriented Programming that can be used to 
modularize a program into parts, and develop it into a set of 
PHP script as a program. This program provides generic-use 
classes as a core module, then simplify its usage by using class 
autoloader and view loader. Each of modules that developed for 
this framework can be developed as an independent module, 
and use it for multiple project. 

II. THEORY 
A. PHP Language 
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PHP or PHP: HyperText Preprocessor (original name: 
Personal Home Page) written up in C Language by Rasmus 
Lerdorf in 1994 and develop by merging interpreter into PHP 
version 2.0 in 1995 named PHP/FI and then PHP Core is rebuilt 
by Zeev Suraski and Andi Gutmans to be PHP/FI 2 in 1997 and 
renamed to PHP: HyperText Preprocessor 

PHP Language is Server-Side Scripting Language; the script 
is fully executed before sending to client. PHP syntax is mostly 
similar to C language because PHP is developed by C language. 
PHP language must be written under “<?php” and end up with 
‘?>’. It’s appropriate for website programming by writing this 
language along HTML under .php file type. This language’s 
interpreter works with the web server for sending output to 
client. 

B. PHP Object-Oriented Programming 
In Object-Oriented Programming, a program is divided into 

many classes in the form of an object. A clock is an example of 
an object that has data and method included. It involves current 
time, time zone and methods to set and read the time and time 
zone. When an object is brought to use, it will create an instance 
for that class, similar to using a prototype to manufacture a real 
one. Furthermore, a class have an ability to hide its data and 
method, and also inherit attributes from another class. For 
example, clocks have attributes that are inherited from 
WithLocation’s class that can specify locations such as X/Y 
coordinates, this class also have an attribute to keep a location 
along with method to write location data. In conclusion, clock 
class can keep and write location data as well as WithLocation 
class by not losing any attributes that clock has. Encapsulation, 
calculator class have a field to collect data that appear on 
screen, this class also have method that involves pressing the 
button on calculator along with method to calculate data, the 
method “calculate” is set to private and “press the button “=”” 
is set to public. In this case, if the method “press the button “=”” 
is signaled, this method may call the method “calculate”. This 
case can be done because the called method is in the same class 
as “press the button” method, but if other cases that have other 
objects attempting to call the “calculate” method which set its 
constraint to private, it can’t be done because it’s in a different 
class. 

In Object-Oriented Programming on PHP, PHP is a language 
that made for developing web application, so php execution is 
difference from standard application as follows. 

 PHP execute a script occasionally and does not wait for 
client to input data. 

 PHP have many entry point because it’s a web 
application 

So, Writing Object-Oriented on PHP doesn’t use a main 
method as an entry point of the program. In PHP, it’s using a 
procedural PHP script as an entry point. 

For example, user calling for a file that located at 
/blog_view.php. This file maybe calling BlogEngine class from 
/engine/BlogEngine.class.php and DBengine from 
/engine/DBengine.class.php to use for calling data into blog, 
but if user calling /blog_post.php this file maybe calling the 
same class that it can write data in blog too. 

1) Advantage of using Object-Oriented Programming 
 The program is easy to modularize 
 Reduces code duplication 
 Reduce debugging time 
 Can work with Model-View-Controller (MVC) that 

make program more independent 

2) Disadvantage of using Object-Oriented Programming 
 Program performance maybe drop down, because of 

more process from OOP 
 Use more memory because it’s using many object 

instance 
C. Network Connection with Client-Server Model 

Network connection normally uses the point-to-point 
communication with a stack of protocol. Every message sent 
through the internet has header which contains metadata of its 
payload such as source and destination. The data sent with a 
protocol contain a payload which is a message of the upper 
protocol in protocol stack. When this communication method 
works with a routing system, it will be a logical point-to-point 
communication which can communicate to each other 
independently. 

 Network Connection with Client-Server method. It’s cause 
by demand of making network connection more benefit, Make 
it in service. Example: Information Services and others by 
using computer connected with network connection and 
standby ready for outside that calling server. And when it has 
users, allow them to connect the server we are calling them 
Client with these connection guidelines will make users has 
conveniently to use services. Only connected to network 
connection that can contact your service provider, you can use 
service immediately. 

D. The design phase by using SDLC processes 

 
Fig. 1  SDLC Processes 

 
The Software Development Life Cycle (SDLC) is a 

processes for software development. These processes include 5 
steps cycle as shown in Fig. 1, each step are used for modular 
website framework creation as follows. 
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 Requirement analysis is used when a website 
development problem is found. 

 Design is used when requirements is to be designed into 
core system concept. 

 Implementation is the coding process in modular website 
framework creation. 

 Testing is a process that we send a developed framework 
to people that have knowledge to create website using 
PHP 

 Evolution is the maintenance phase of SDLC, this 
includes software update and upgrade of the framework, 
and everything that can improves the framework quality. 

III. MODEL 

 
Fig. 2  Modular Website Framework Model 

This model which is shown in Fig. 2 has 3 modules include 
 “Input” part is the part of website that are developed by 

user. This part includes 2 elements as follows. 1) Add-on 
modules, these usually a backend logical of the website 
developed with PHP, or website frontend design code 
developed using HTML. 2) Content, this is the content 
of the website that website developer wants to be added. 

 “Core Module” part is the core logical backend of the 
framework; this part is used for add-on modules loading 
or management. 

 “Result” part is the completed website that is ready to be             
transferred to the production web server. 

The add-on modules and content from first part of the model 
will have included in the second part, then the second part will 
be the third part of the model that ready to be transferred to the 
production server. The procedures for creating a website using 
this framework has 7 steps as follows. 

 Prepare website design concept, content, and features. 
 Bring the features and design concept from previous step 

to develop into add-on modules. 
 Place developed modules into the framework. 
 Configure the core module, including website default 

module. 
 Test the developed website and debug. 
 The finished add-on modules can be used on another 

project. 
 Bring the website content prepared in 1st step into 

website. 
These 7 steps can be used with website creation. E.g. develop 

a web blog. The first step, a development starting with a first 
post, design concept, and functionality that this blog can be 
added with a new post, and the posted content also can be 
altered or removed. The second step is the development of add-
on modules such as the blog management module, blog view 
module. The third step is performed by move developed add-
on modules into the framework. The forth step is the 
configuration of the core module such as database connection 
credentials and default module such as blog view module. The 
fifth step is performed by testing the developed web blog and 
debug it. The sixth step is the add-on module such as blog 
management engine can be copied entirely for using with 
another project. The last step is the finalization by post the 
prepared first post into web blog. 

IV. PROCESS DESCRIPTION 
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Fig. 3  Modular Website Framework System Structure 

 

 
Fig. 4  Modular Website Framework System Class Diagram 

 
 

As shown in Fig. 3 and Fig. 4, Framework structure includes 
system part (1) and user part (2). For system part has two 
elements, one is Main Loader and two is Core Module. Main 
Loader function act as entrance of visitors. Core Module 
function act as main method of Framework has 2 detail, The 
necessary work part and choice work part. Necessary work part 
has 3 classes include BaseConfiguration, ClassFinder and 
MWF_ViewLoader used to store Framework setting, searching 
and automatic class calling, website calling. In this user part is 
include module works that user created (Example: Website 
login Page). Modules must have module_config.php in it to 
config part in module. 

A. Class Relations 
This system contains six main system classes in two groups 

of usage: required and expansion classes. The required classes 
are: BaseConfiguration, ClassFinder, and MWF_ViewLoader, 
expansion classes are: DBengine, AuthenticationEngine, and 
AuthorizationEngine. When the project is completely 
developed and assembled, there are two primary groups of 
class: main system class and user-defined class, as shown in 
Fig. 4. 

Six main class in system is design for ease of class managing 
also ease of software update, that will cause relation in class as 
follows, note that in the implementation of modular website 
framework, all of classes shown in Fig. 4 can be called by user’s 
script. 

 ClassFinder functions as its name “ClassFinder”, this 
class finding all file in all class and all system, this class 
requires BaseConfiguration class to run common setting 
that user wrote. 

 MWF_ViewLoader function as same as ClassFinder but 
MWF_ViewLoader function is only finding website 
page that visitor calling for, this class requires 
BaseConfiguration class to run common setting that user 
wrote too. 

 DBengine function as database connection engine, make 
that database is not against any. So that user can set 
config with less of code changing, this class requires 
BaseConfiguration class to run common setting that user 
wrote too. 

 AuthenticationEngine class is to help identification of 
visitors, by collected data using database as DBengine 
defined. By this class are collected only username and 
password, make this class flexibility and can create a 
complete separate authentication system easily, this class 
requires DBengine to work. 

 AuthorizationEngine class is an authorization system as 
groups, permissions, and authorization list. This class is 
not depending on AuthenticationEngine, and this class 
includes none of process interruption, but use the return 
value (TRUE / FALSE) instead for flexibility of usage, 
so this class can be easily used for authorization system. 

As shown in the following Fig. 5, Framework operation is 
start from user login to website and will redirect to index.php, 
index.php is main system. After that, index.php will call Class 
Autoloader and ClassFinder for searching location of class file. 
And Calling ViewLoader to load structure of websites, by start 
loading module and view that user is requests first. If 
ViewLoader doesn’t find any it will show exception. And then 
when script in view that is called work successfully, it will 
show result back to user. 
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Fig. 5  Main Flow of Framework 

 

V. DEMO 

 
Fig. 6  Blog Demo – Main Page 

 
Fig. 7  Shop Demo – Main Page 

 
The web blog demo in Fig. 6 and online shop demo in Fig. 7 

shows that both demos are based on the same template, but 
different functionality. The authentication and permission 
(authorization) of both demos are based on the same 
AuthenticationEngine and AuthorizationEngine class on the 
core modules. The website menu on the top of page is the same 
too, from user-defined header module. And lastly, the page 
style is the same because of the same CSS design as a module. 

The above demos show that the framework can simplify the 
website creation processes, by using generic-use classes for 
developing specific-use modules, and module reusing that 
won’t cause any issue. 

VI. EVALUATION 
TABLE I 

EVALUATION RESULT 

List 5 4 3 2 1 x̄ S.D. 
Ease of 
Programming 

36 8 3 2 1 4.52 0.9311 

Time Efficiency 40 6 2 1 1 4.66 0.8234 
Simpleness of 
Programming 

43 4 2 1 0 4.78 0.6158 

Cleanness of 
Code 

42 6 1 0 1 4.76 0.6869 

Overall 
Programming 
Efficiency 

39 7 2 1 1 4.64 0.8271 

Summary 200 31 10 5 4 4.672 0.7841 
 

As shown in table 1. This framework has been evaluated by 
50 people, 42 of them are male, and the remains are female. 
The occupation of these people, 14 are teacher, 30 are student, 
the remains are the others. These people have programming 
knowledge as follows. 

 45 have knowledge in PHP language, 5 don’t. 
 38 have knowledge in SQL language, 12 don’t. 
 48 have knowledge in HTML language, 2 don’t 
 All of them have knowledge in OOP Programming 

From these people, we have got an average satisfaction of 
4.672 out of 5, with standard deviation of 0.7841. 
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VII. CONCLUSION 
This research was purposed to develop a framework which 

can simplify the website creation processes, so we developed 
the framework for this, and we got a satisfied evaluation result 
from client with average score of 4.672/5 (S.D = 0.7841). 

This framework can actually simplify the website creation 
process. A website can actually modularized, such as login 
page module, user information management module and 
website core design module. An independent module or a 
dependent set of modules can be copied from a project to 
another. But, the framework cannot completely solve the 
problems. Some of the limitation of this framework are 1) 
Module Dependency, 2) Duplicate Class Name between 
different modules and 3) Brand-dependent Database Query 
String. So, according to the limitation, the next work is going 
has more flexibility, but keep the simplicity while reducing 
these limitation, and make the framework more flexible and 
simple. 
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Abstract— In these days, more people tend to study in a 
master’s degree, but they don’t know which university suit 
with them. This paper aims to develop a decision support 
system for the university selection. The prototype is done by 
using the data mining concept with the decision tree technique 
to analyze the decision factors. This research consists of two 
parts. First of all, surveying the decision factors by using 
questionnaire, second is applying a decision tree technique 
(ID3) to select the university which match with the user's 
criteria. The decision factors are analyzed from 300 copies of 
questionnaire which are filled by students from Information 
Technology faculty of Thai-Nichi Institute of Technology. The 
accuracy of prediction is 71.58% which is acceptable. 

Keyword – Data mining, Decision support system, 
Decision tree, ID3  

I. INTRODUCTION 
 

The institute which student chose to enroll can prove to be 
crucial to the education of the candidate. The suitable 
institute is an important factor to improve the capacity of 
the candidate. We think that institute analysis should be 
done to support the decision on the institute selection. This 
research aims to develop a decision support system for the 
selection study of graduate level of institute in Thailand by 
using data mining. 

A. Buainn and S. Prakancharoen [1] proposed the 
research about using the statistical learning memorize math 
to support the decision making. The advantage of adopting 
the principles of mathematics, such as statistics is the 
accuracy improvement in the calculation of the average and 
median of the decision support system. The disadvantage is 
difficulty of calculation because there are many factors 
involved.  

C. Utamamunee and P. Praneedpolgrang [2] 
proposed the Model for Online Autonomous Decision 
Support Systems for Managing the Study Plan of Students 
in Higher Education. The model was validated by using K-
fold cross validation method on the best result of the 
Bayesian belief network technique and the deteriorate of 
multiple regression analysis. This research’s result shows 
the prediction accuracy is at the 91.35% and the coefficient 
of determination is at the 89.5%. 

R. López De Mántaras [3] proposed a research by 
related a decision tree (ID3) to calculate the data result. a 
very disadvantage of this measure is that it is biased 
towards selecting attributes with many values. The ID3 is 
well known for using in a data mining for decision support 
system. This research proposes a new ID3-like algorithm. 
They have also shown the relation between distance and 
Quinlan's Gain criterion by reformulating Quinlan's Gain in 
terms of measures of information on partitions. Such a 
relationship provides an interesting interpretation of 
Quinlan's normalized Gain as a similarity relation. 

The research is divided into two phases: The first 
partis surveying to find the factors that affectsthe decision. 
The second part is to use the theory of decision tree model 
for forecasting by using Weka program to analyse the data 
pattern. 

 

II. RELATED THEORY 

A. Data mining 
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Data Mining [4] is a technique which is used to discover 
patterns of relation from the enormous amount of data. 
Data mining can do by applying algorithms from statistics, 
Machine learning and pattern recognition, or in other 
words. Data mining is the process which is used to find 
patterns and relationships hidden in the data set.  

The knowledge gained from data mining has many forms. 

-Law relationship (Association rule). 

The relationship of an event or object. Occurring 
simultaneously An example of the application of rules 
linking data analysis, such as the sale of goods. By 
collecting data from the system at the point of sale (POS) 
or online stores. Then consider that buyers often purchased 
together, as if the people who buy video cassette tapes tend 
to buy too. Stores may also be used to store the two closer 
together. To increase sales or it may be that the person 
buying the book and usually buy the book, you can bring 
this knowledge to guide those who are going to buy a book. 

-Classification information (Data classification). 

If you appear to indicate the type of object properties of 
objects, such as the relationship between the body of the 
disease. Using patient data and diagnostic medical stored. 
To help diagnose the patient. Or medical research Business 
use of the property for the debt or bad debt. To consider 
and approve the loan. 

-Data clustering 

Share data with similar characteristics into groups. The 
group of patients with the same disease as the symptoms. 
To be useful in analyzing the causes of the disease. Based 
on patients with similar symptoms. 

-Visualization 

Graphics generation can offer a wealth of information in its 
entirety, instead of driving a lot of the information 
presented. We may find that conceals itself when the data 
set visualization. 

B. Decision tree 

Decision tree [5] is to classify datasets imported in each 
case, each node of the decision tree is a variable of a data 
set. For example, to decide whether to play or not, it is a 
variable to consider in the scenery: wind, humidity, 
temperature, etc., and a variable as a result of the tree is to 
decide whether to play or not. Each variant will have its 

own value. Such as variable scenery. It may be raining or 
sunny, the decision whether to play, it may not be the right 
decision as to predict the types of trees. It starts from the 
root node The test parameters of Baptism Then the 
branches of a tree configuration. To go to the next node. 
This test is done to find the leaf node, which shows the 
results predicted. 

Decision trees are predicted to play a sport or not. By 
considering the weather that day. The subject of the type 
predicted Features include three variables, namely scenery, 
humidity and winds, so if the date is displayed as a feature 
vector as sunny weather, high humidity to predict whether 
or not a sport. It starts from the root node The test variable 
"weather", which is equal to the "sunshine" is to test the 
parameters "humidity" to make a decision .  

Creating decision trees to create the look from top to 
bottom (top-down) is the first look at the features that 
makes the most sense to bring a Root Node and then 
branches into subsidiaries until Node Leaf Node. 

ID3 is used to divide the group in order to create an eye 
through the landscape, the trees, the best idea of ID3 trying 
to break categorization information (Classifier) the best on 
the basis of the theory Information Gain and try to reduce 
the number of times. decisions to a minimum So in 
choosing Features (Attribute) for the decision of each Node 
is trying to choose the features to Highest Information 
Gain. As showed in Fig. 1. 

 

        

 

 

 

 

 
 
 
 

Fig 1. Example of tree 
 

Since the data mixed with a diverse group. The standard 
measure of the Attribute Gain Gain standard which is 
calculated by using the knowledge of the theory of the 
Information Gain This information is based on the 
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probability of data. Gain can be expressed in the following 
equation. 

G𝒂𝒊𝒏(𝑨) = 𝑰𝒏𝒇𝒐(𝑫)− 𝑰𝒏𝒇𝒐𝑨(𝑫) 

 

You can find Info(D) from this equation. 

𝑰𝒏𝒇𝒐(𝑫) = −�𝒑𝒊
𝒎

𝒊=𝟏
𝐥𝐨𝐠𝟐(𝒑𝒊) 

pi is the probability that the database is in Group D, which 
is Ci | Ci, D | / | D |. 

m is the number of different groups, all of that data set. 

Ci is the number i, where i is between 1 and m. 

|Ci,D| is the amount of data in the database that is in 
Group Ci. 

|D| is the amount of data in the database D. 

 
You can find 𝐼𝑛𝑓𝑜𝐴(𝐷) from above equation 
 

𝑰𝒏𝒇𝒐𝑨(𝑫) = �
�𝑫𝒋�
|𝑫|

𝒗

𝒋=𝟏
× 𝑰𝒏𝒇𝒐(𝑫𝒋) 

v isthe amount of possible attribute. 

|D| is the amount of data in the database D. 

|Dj| is the amount of data in a database D. 

C. Weka 
Weka [6] is program which developed on java language 
base. It can run on many system and continue to other 
programs. Weka is tool which use to do data mining to 
compile though and algorithms. The Weka user interface is 
showed in Fig 2. Algorithms can work by 2 ways. The first 
way is work by tools which have algorithms or pick from 
an extra tools and tools which have functions to work with 
data such as  
Pre-Processing , Classification , Regression , Clustering , 
Association rules , Selection, and Visualization. 

 

Fig 2. Weka Program 

 

III. PROCESS 

 

 

 
 
 
 
 
 
 
 
 

Fig.3 Model of the prototype 
 

Fig 3. is shown 4 parts of the model which is described as 
follows. 
 
A. Data Gathering 
Data gathering is to gather supporting factors to determine 
the education institution by using questionnaires which are 
filled by 300 TNI students. 
 
B. Data Transformation 
Bring all the factors from questionnaires and put the data 
into the Microsoft excel and save as .csv file. 
 
C. Data Mining 
Finding form of data by the decision tree technique by 
using a program Weka 3.6 to analyst data by classification 
J48 form. 
 

Data 
Transformation 
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Fig 4. Forecasting model 
Legend 
A  Government  institute in Bangkok 
B  Government  institute outside Bangkok 
C  Private institute in Bangkok 
D  Private institute outside Bangkok 
 
 
D. Implementation 
Bringing data which are from the data mining and making 
the forecasting model. 
 
From Fig 4. The most important factor that decides which 
is the suitable institute is the salary. If the salary is more 
than 8,000 baht, it goes to Government institute outside 
Bangkok. In the other way, it decide by which major 
people are interested in. Then, the environment of the place 
and the greatness of institute are crucial factors. After that, 
the convenient in journey and living also affect the 
decision.  

IV. EVALUATION 
TABLE I 

Evaluation Summary 
Article Topic 𝑿� S.D 
1 The accuracy of prediction 2.5 0.78 
2 Easy to understand 3.2 0.76 
3 Questions are reasonable 2.8 0.74 
4 The number of questions 4.1 0.81 
5 The suitability of theory 3.7 0.73 
6 The implementation of the model  2.2 0.82 
7 The system is useful 3.6 0.77 
 Summary 3.2 0.77 
 
The result shown that the system works moderately. But, 
the accuracy and the implementation of the prediction 
model are not good enough. 

V. CONCLUSION 
 
This paper proposed a decision support system for the 
Selection study of Graduate level of Institute in Thailand. 
We analyzed the decision factors using the data mining 
concept with the decision tree technique(ID3) using Weka 
to analyse the data collected from the questionnaire. From 
the result, salary is the most important factor to decide 
which is the most suitable institute. The accuracy of 
prediction is 71.58%. However, the data that we collected 
was not enough to forecast the accurate result.  

In the next research, it should have more data and 
more proper factors to forecast more accurate value and try 
another data mining concept that may be more suitable for 
the decision support system and should be more useful 
dependent factors such as which major suits for you. 
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Abstract— The objective of this research paper is to present                  
a design model and create a program combining data from field 
survey of coffee shops nearby the city rail-based transportation 
stations with online questionnaires for example cafés customers 
by using decision tree analysis from WEKA to help business 
newcomers wants to open their own coffee shop in Bangkok. 
Concept model consists of six processes. (1) Design the program 
and the research team had separated into three groups, for 
survey the nearest coffee shop that nearby BTS, MRT and ARL 
stations. (2) The data collection for four weeks, coffee shop and 
selecting the sample group were that all the customers who 
transportation, including BTS, MRT and ARL.(3) The 
questionnaire and data programming were used as a research 
instrument for this study. (4) Design questionnaire to survey, the 
powerful tools provided by Google Doc for the online version of 
the questionnaire. (5) Programming the information system with 
PHP matching analyzed a coffee shop database with WEKA with 
the population survey database. (6) Analysis Process and 
Matching Related data. The percentage of precision for 
recommendation is 82.46%. 

 
Keywords— Coffee shops , Data Mining , Decision Tree 

I.  INTRODUCTION  
 Nowadays the coffee shop market has shown a significant 
potential growth as seen from a gradually increasing number 
of coffee stores from both the existing players and those who 
are new to the sector to serve the newer consumer behavior 
trend which is focusing on fast and convenient services[1]. 

 Kasikorn Research Center [2] had expected the growth 
opportunities in coffee business sectors as the coffee 
consumption rate is still low (130-150 cups/year), this 
indicates the higher competition in coffee franchises in 
Thailand. The entrepreneur had to face with challenging 
market as price changing initiated by a competitor, creating 
effective advertising and selecting a profitable location. Site 
suitability is the most important endeavor a business owner 
can invest in and it determines the future of a business. 

  However, the trend of coffee drinking in Bangkok is 
becoming popular and has expanded. Thai consumers not only 

always interested in new products and features ,but also have 
been familiar with famous leading international franchise 
coffee brand such as "Starbucks". The coming of "Starbucks" 
has also created the new culture of coffee shop to be “Coffee 
Shop Third Place”[3] which allows customers to sit as long as 
they want. The term “Third Place” is the concept of 
community building to refer to social surrounding separate 
from the two usual social environments of home and 
workplace[4]. 

 Likewise, the coffee shop that along with city rail-base 
transportation system has strategic importance. The shop 
location that within walking distance from a convenient public 
transportation could increase sales volume of passenger flow 
and also develop sustainable competitive advantage. 

  The paper is structured as follows: Section two the 
literature reviews; section three defines data collection method 
and research approach; section four discusses the results and 
modal café-location information system and finally, section 
five conclusions and further work.  
 

II. LITERATURE REVIEW 
 A. Coffee and the nation economic 

On the production side, coffee is one of a major income 
earners in Thailand. Robusta coffee is grown mainly the south 
and Arabica coffee is mainly grown in the highlands in the 
north. Thai coffee producers are one of the top of the world in 
2014 [5]. The country is ranked third among the coffee 
producing countries of Asia [6]. Varri Sodprasert, president of 
the Thai Coffee Association, said;  Thailand has high potential 
to grow as the regional centre for coffee, given the quality of 
Thai-grown coffee, production processes and the favourable 
geographical location [7]. 
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 B. Café Market in Thailand  

BeanScene magazine article "Unravelling Thailand’s 
coffee culture", Australia, identified that in the last decade 
Thailand’s coffee culture has become popular. Especially in 
Bangkok, as the most worth visiting for coffee, cafés are 
popping up in various places. One of the major locations is 
alongside the transport system and shopping centers. Malls 
such as Siam Paragon, which is connected to the sky train 
station Siam, are filled with richly themed cafés. On the 
lower-end of the market, coffee carts are everywhere[8]. 

 C. The type of café/coffee shop 

In the early stages, startup costs require careful planning to 
achieve success in retail coffee business. There are various 
types of franchise plans created by coffee companies 
according to their business plan and budget. However, the 
café/coffee shop business investment type can be categorized 
in 5 main forms, as follows:  

1) Stand – Alone This coffee shop is a medium-sized to 
large-sized. Shop has an independent building and its own 
area. 

2) Shop coffee shop is a medium-sized to large-sized 
coffee shop occupies an area inside the building, shopping 
mall, Plaza etc.  

3) Corner  A medium-sized coffee shop. This type of cafe 
provides a small amount of seats. 

4) Kiosk A small-sized coffee shop occupies an area of 
approximately 3 meters with no seat. 

5) Cart A small-sized coffee shops and moved to any 
convenient location, easy to access the market at all levels[9] 

 

 D. Bangkok Residence Walking Behavior 

From a survey, as part of the "GoodWalk" campaign, of 
1,111 respondents conducted by Urban Design and 
Development Center (UddC) found that a Bangkok resident 
spends 9.97 minutes a day walking, or 800m. The study also 
found that using the Rail-Based Transportation Systems 
people to walk 500m more than usual.[10] 

 

E. Public Transportation Systems  

Bangkok and vicinities Rail-Based Transportation Systems 
in year 2015 consis of 

 Bangkok Mass Transit System(BTS)[11] 

The sky train system with 2 routes: Sukumvit Route, with 
22 operating stations from Mo Chit Station to Bearing Station 
and Silom Route with 13 operating stations from the National 
Stadium station to Bang Wa 

 Mass Rapid Transit System(MRT)[12] 

The underground system with 18 stations from Bang Sue 
station to Hua Lumpong station  

 Airport Rail Link(ARL)[13] 

The Skytrain system with 8 stations connected with the 
BTS Phaya Thai station to Suvarnabumi Airport Station 

III. RESEARCH METHODOLGY 
This chapter is about the methodology of this study. It 

comprises of conceptual structures, present the result, survey 
transportation flow and a correct sample questionnaire flow. 
 

A. Conceptual Model  
 
  
 

Fig. 1 Overall Concept Structures 
 

Module 1 Overall Concept Structure 
1) Design the program (figure 2, 3, 4) and the research 

team had separated into three groups, for the survey the 
nearest coffee shop that nearby BTS, MRT and ARL stations 
(In a radius of 500 meters). 

2) The data collection for four weeks (two weekdays per 
week), coffee shop and selecting the sample group were that 
all the customers who transportation, including BTS, MRT 
and ARL. 

3) The questionnaire and data programming were used as 
a research instrument for this study 

4) Design questionnaire for the survey, the powerful tools 
provided by Google Doc for the online version of the 
questionnaire. 

5) Programming the information system with PHP 
matching analyzed a coffee shop database with WEKA with 
population survey database 

6) Analysis Process and Matching Related data.  

Module 2 Survey  
Throughout this research, two different types of data 

sources are used; 

1) Coffee shop data 
The unique selling point of coffee shop and different 

locations of transportation presented diversified characteristics 
of coffee shops. The transportation survey consisted of  
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the questions about station name, location (indoor, shopping 
mall or outdoor), type of coffee shop (original or franchise), 
coffee shops details (stand-alone, shop, corner or kiosk), 
coffee’s price, facilities in coffee shops. 

2) Samples data  
The purposes in selecting the sample group were that all 

the customers who transportation, including BTS, MRT and 
ARL. Moreover, all these customers must drink coffee and 
travel by the city Rail-Based Transportation Systems.   

The first part of the online questionnaire consisted of the 
questions about personal background of the customers 
comprising five issues: gender, age, occupation, salary and 
education. 

The second part of the online questionnaire consisted of 
the questions about Customers’ satisfaction level towards 
about coffee shops details and type of coffee shop. 

The third part of the online questionnaire was related to 
customers’ satisfaction based on the Marketing strategy 
comprising four elements: product, price, place, and 
promotion. 
 

Module 3 Coffee shop data 
Primary data 46 sets consist of the BTS had twenty-three 

stations on its two lines, the MRT has eighteen operational 
stations and Airport Rail Link is now providing passenger 
with eight stations. 
 

Module 4 Samples data  
The research analysis is based on qualified 1050 

questionnaires that were collected online from people who 
usually drink coffee and travel by the city Rail-Based 
Transportation Systems.  
 

Module 5 Analysis Process Matching Related data  
Development of rules using WEKA 3.6 

 
Module 6 Programming and Present the Result  

1) Program Input Design1 Show needed information from 
the user ,include location and shop style. 

        
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Program Input Design1 
 

2) Program Input Design2 The user chooses their location 
and shop style. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Program Input Design2 
 

3) Program Result Design Show the results of program 
processing. 
 

 
 
 
 
 
 
 
 
 

 
 

 
Fig. 4 Program Result Design 

 
B. Flowchart Model 
This Flowcharts, figure5-6, presents the way to collect 

data.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5 Survey transportation flow 
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Fig. 6  A collect sample online questionnaire flow 

IV. RESULT AND THE PROGRAM 
A. Survey Result 
1) Field survey about coffee shops nearby the city rail-

based transportation: BTS, MRT, ARL: from overall 54 
stations have 316 coffee shops with 10 stations which have no 
coffee shop at all. 

2) Online questionnaire for example of cafés customers: 
from over all 1053 results got 962 usable results, from 542 
men ,384 women from various professions such as student, 
officer, government officer, medical personal, business owner, 
freelancer and unemployed. 
 

 

 

 

 

 

 

 

 

 

 

B. Rule-Base Classifier 
 

TABLE I 
example rule from rules base 90 rules 

 

  

C. Information System Program  
1) Home page Frist pages from the program that show 

needed information from the user.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7 Home page 
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 2) Result page Show results from processing for user 
decision to open a coffee shop. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Result page 

V. FURTHER STUDIES  
 The suggestion for further study is how making the best 
way for choosing detail of coffee shop to build or decorate by 
café’s owner to increase the number of customers. In the 
process of our study only shown about location, Café style, 
Competitor, Price and Customer details that dose not include 
any other physical characteristics of a feature store; This able 
to show how to design café and create loyal customers. 
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Abstract—Analysis the risk of diabetes. Data mining techniques is 
used to analyze the relationship factor in diabetes management system 
to convenience diabetic user. Preference will be screened. Analysis of 
patient data with Naïve Bayes is best method to analysis with 85.38% 
accuracy, this approach helps develop a system that screens patients 
with diabetes.

Keywords— Diabetes, the risk of developing diabetes, Naïve Bayes.

I. INTRODUCTION

Diabetes is a disease where people are very sick. It is one of 
the ten diseases that threaten people in Thailand. It can be found 
at any age and patients are more likely to have increased
chances every year.  Diabetes is caused by many factors such as 
lifestyle habits, exercise, eating, etc.

The system is developed to analyze the risk of diabetes. The 
factors contribute to the risk of diabetes and analyze data using 
data mining techniques to discover an effective model.

II. MATERIALS AND METHODS

The risk of diabetes analysis used the data mining techniques 
as a part of web application. Identify and analyze the data using 
the theory of Bayes (Naïve Bayes) to analyze the factors that 
contribute to the risk of diabetes, including educational research 
that has similarities to aid in this research.

A. Diabetes 

Diabetes is caused by a malfunction of the body which 
under-produce hormone called insulin. This results in high blood 
sugar levels. Diabetes is a condition caused due to the body 
cannot use glucose properly typically sugar. Lack of insulin 
causes inability of sugar to enter body cells for energy. People, 
who have diabetes, cannot use glucose efficiently. As a result, 
blood sugar levels rise. In the long term, this will result in the 
destruction of blood vessels. If not treated properly, it may lead 
to severe complications state[5][8].

Diabetes can be divided into two types.

Type1 diabetes that is caused by body’s immune cells which 
makes pancreas stops making insulin. Very few patients with 
type1 diabetes need be treated by insulin injection. For long-
term, blood sugar control and if it is serious the retention of 
ketone compounds. The substance is toxic to the nervous 
system, causing unconsciousness and even death.

Type 2 diabetes is the most common diabetes. The exact cause 
is still unknown, but there are sections on genetics. This 
condition is associated with overweight and lacks of exercise. 
The patient's cells still make insulin and function properly. But 
due to insulin resistance the cells that make insulin are destroyed 
gradually.

Symptoms of diabetes are the feeling of needing to urinate 
more often, unintentional weight loss, exhaustion and fatigue,
slowly numb pain in hands and feet, tiredness, blurred vision, 
and blurry look.

For a diabetic diet:

1. Five groups by food choices that are taking into 
account. The estimated energy content of food is 55-
60% of Carbohydrate (starch), 15-20% of protein 
(meat), and 25% of fat.

2. Those who are overweight should reduce the amount of 
food intake.

3. Eating fiber helps to excrete.
4. Avoid fussy eating and not eating on time.
5. Try eating in volume uniformly in all the meals.

B. Data mining 

Data mining is moderate and retrieval of knowledge from large 
information movement. Data mining is an important step in the 
knowledge discovery in databases (KDD). It brings a lot of 
information for analysis and retrieval of knowledge. Important 
or hidden information can be used to make decision.

C. Naïve Bayes
It is a technique that uses probability theory as Bayes' rule to 

find that the assumptions are likely to be most accurate. Using 
previous knowledge including probability assumptions for the 
previous with information such as the probability and
assumptions for the observed one to find the best hypothesis

Bayesian learning, the new samples acquired was adjusted 
distributions which have the effect of increasing or decreasing 
the probability and learning to make a change. This model is 
being adapted to the new instance, by integrating with existing 
knowledge. The goal of the class is to predict a probability 
sample is used most of all assumptions [7][9].

D. Decision Tree
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The classification into different groups using attributes of the 
decision tree to distinguish them from learning and keeping in 
mind that one of the features that distinguishes a schedule. Each 
of the properties and information are very important little 
different. This is useful, allowing users to analyze information 
and make decisions more accurately.

E. Neural Network
The idea is to run a virtual computer, the human brain. The 
principle that a computer neuron is composed of Input and 
Output by simulating the Input each with a Weight determines 
the weight of Input by neuron, each unit is charged Threshold 
determines the total weight of the Input must be a lot less. 
Output can be sent to one neuron to the other. To bring each
neuron units to work together

F. Related research

Kittisak’s research topic is the initial health screening using 
data mining techniques. It offers an analysis of survey data using 
1,071 records of state public health data from Buriram’s citizen.
Divided the study into two issues is for studying the relationship 
of various diseases. Using association rule, studying the initial 
health screening of people is divided into groups and normal-
risk patient group, using classification, bringing the results to 
develop a basic health screening. The results showed the 
relationship of the disease.Algorithm FP Growth gives better 
answer than algorithm apriori and studying of the initial 
screening of public health. The algorithm partial rules have 
more accuracy than algorithm decision tree. The accuracy is
88.60%. The memorial is 89.20%.And the cast is 88.80%. When
experts determine the cut off, only 42 rules left. Regulations are 
applied to create an automated system for screening healthy 
individuals [10].

Somphob et al. research topics data for the classification of 
diabetes in the country. It presents an overview of the data by 
adding features from the history examination to remember the 
type of data used by Naïve Bayes’s algorithm, Logistic 
Regression, J48, Bagging, and SVMs. Information conducted a 
medical examination during the year from 2004 to 2010 and by 

43,523 people in the industry. The results of a health checklist,
which are useful for people with diabetes, are the classification 
of urinal analysis and comprising the features of urinary protein 
and glucose in urine. Performance Evaluation Model 
classification created by the algorithm of Naïve Bayes, Logistic 
Regression, J48, Bagging, SVMs. There was no difference in the 
classification of people with diabetes. Temporal data model 
creation feature is very useful for the classification of diabetes. 
Temporal data model but the features that it offers are common 
and can be applied to other information. Look at data latency 
inherent in information such as weather forecasts, information 
on diagnosis, forecast data, and the failure of the business [2].

Chatitporn et al. research in develop predictive models of 
disease complications in diabetics using mining techniques.

Cases of Pathumthanee hospital conduct research on the history 
of the treatment of 17,043 diabetic patients. The data is used in 
the modeling, forecasting conditions, complications of other 
diseases. The relationship between the data a priori algorithm 
and FP Growth Algorithm is that the analysis of data correlation 
complications of diabetes, diabetic patients after using analysis 
of correlation rules (Association Rule)with apriori algorithm and 
FP Growth Algorithm. These two algorithms have similar 
reliability [11].

Kittim et al. research for risk factor analysis of diabetes 
mellitus. The research presents the analysis of risk factors for 
diabetes by using artificial neural network two ways are Back-
propagation Neutral Network (BPNN), Radial Basis Function
Network (RFBN), and Naïve Bayes’s theory. Using two sets of 
information, first set which is age, sex, body mass index, blood 
pressure, history of diabetes, parents information. Second set is 
age-sex BMI, blood pressure, history of diabetes, parents, 
siblings, and the perimeter of waist [1].

Radha proposed that Comparison of performance of data 
mining algorithms and the main goal of medical data mining 
algorithm is to get best algorithms from five classification 
techniques ( C 4.5,SVM, K-NN, PLR, and BLR) are applied to 
predict the diabetes disease in patients[12].

Pham used the Pima Indian diabetes (PID) dataset for testing 
classification algorithms. This dataset consists of records 
describing 786 female patients of Pima Indian heritage which 
are at least 21 years old living near Phoenix, Arizona, USA.
They proposed a new approach, called the Homogeneity-Based 
Algorithm (or HBA), to optimally control the over fitting and 
overgeneralization behaviors of classification on this dataset
[13].Research from various, the above researchers looked at the 
processes, methods, and tools to analysis and determines the 
factors that contribute to the risk of diabetes. By the analysis of 
research data, a similar application and comparison tools to find 
the right information in the study.

III. THE PROPOSE METHODS

A. Analysis and design of the system consists 

1. Creating a web application for individuals who have 
the need to be screened for diabetes.

2. Creating a web application for caregivers to record and 
analyze data for more information. 

3. Modeling analysis by various factors and the theory 
created by Naïve Bayes.

4. The database used in the system design.

B. Preparation information 

Data preparation for data analysis and analytical methods was
appropriate to note the factors that contribute to the risk of 
diabetes. The diabetes patient’s data collection had several parts.
The questionnaire information was divided into six parts.
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1. Profile
2. Data of family
3. Data of food and drink
4. Data of exercise
5. Data of sleep
6. Data of drink and smoke

This research used data from the 390instances have the 35
factors by segmenting answer all 13 groups are:

1. The group of 30 instances with diabetes type 1 and has
no complication.

2. The group of 30 instances with diabetes type 1 and has 
eyes complications.

3. The group of 30 instances with diabetes type 1 and has 
kidney complications.

4. The group of 30 instances with diabetes type 1 and has 
neurological complications.

5. The group of 30 instances with diabetes type 1 and has 
cardiovascular complications.

6. The group of 30 instances with diabetes type 1 and has 
stroke complications.

7. The group of 30 instances with diabetes type 2and has 
no complication.

8. The group of 30 instances with diabetes type 2 and has 
eyes complications.

9. The group of 30 instances with diabetes type 2 and has 
kidney complications.

10. The group of 30 instances with diabetes type 2and has 
neurological complications.

11. The group of 30 instances with diabetes type 2and has 
cardiovascular complications.

12. The group of 30 instances with diabetes type 2and has 
stroke complications.

13. The group of 30 instances with non-diabetic kits.

C. Research Methods

The research analyzed the risk of diabetes and the data 
recorded by people with diabetes and the general public that use
questionnaires. These factors are used to calculate the 
probability.

TABLE I USER PROFILE

No Variable Factor
1 Sex Sex
2 Age Age
3 Weight Weight
4 Height Height
5 BMI Body Mass Index
6 Waistline Waist line
7 Status Status
8 Education Education
9 Job Career

10 Blood Blood pressure
11 Congenital Pre-diabetic condition
12 Hormones Hormone therapy

TABLE II Family Information 

No Variable Factor
1 Family People with diabetes in the 

family
2 Who family Who diabetes

TABLE III HAVING MEAL 

No Variable Factor
1 Tasteless Fresh taste
2 Sweet Sweet taste
3 Salty Salty taste
4 Sour Sour taste
5 Meat & 

Western food
Red meat or Western food

6 Cake & Ice 
cream

Cake and ice cream

7 Milk & Butter Butter milk
8 Soft drink & 

Juice
Soft drinks and juices

9 Honey & 
Sugar

Honey brown

10 Preserve Preserves
11 Crispy treats Snack
12 Sweet & 

Candy
Candy and candy 
connection

13 Food 5 
Category

5 groups of food

TABLE IV Work Our Data 

No Variable Factor
1 Exercise Exercise
2 Type of exercise Type of exercise

TABLE V INFORMATION RELAXATION

No Variable Factor
1 Time of sleep Leisure time

TABLE VI INFORMATION FOR DRINK AND SMOKE 

No Variable Factor
1 Time of sleep Leisure time
2 Drink alcohol Drink alcohol
3 Time to drink a 

alcohol
Time to drink

4 Smoking Alcohols
5 Volume of smoking Smoking
6 Time to smoking The volume of 

smoke
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Data preparation analysis, the risk of diabetes.

Algorithms using decision analysis system and 
classification decisions.

An effective way to help decide which data to analyze 
the risk of diabetes.

Algorithms that can be created by applying a risk factor 
for diabetes to the user system.

Test Algorithms with information on the factors for 
diabetes.

Results Algorithms navigation system factors in the risk 
of developing diabetes.

Fig.1 The research analyzed the risk of diabetes

Fig. 1 shows process of the research analyzed the risk of 
diabetes by using data mining technology and select Naïve 
Bayes use analysis in the system. To create the data model 
100% will be divided into two groups: 70% of all data used to 
training set for modeling and 30% of the rest of the data used to
testing set.

IV. RESULTS

Researchers have developed a model using weka, a software 
package developed by the Java program consists of sub-
modules, for the data analysis, data management, easy-to-find 
models of different ways. In this study, researchers wanted to 
analyze the risk of diabetes, so we choose a model with a theory 
of how to determine the Naïve Bayes. These factors are not 
intended to collect data and learned the 390 instances. The third 
model from the analysis such J48, Neural Network, and Naïve 
Bayes. Navies Bayes is the most common technique that is used 
in data mining. It gives maximum accuracy of 85.38% in 
diabetes patients as shown in Table 7.

TABLE VII THE MEAN ABSOLUTE ERROR FROM 3 TECHNIQUES

Algorithms Correctl
y(%)

Mean 
Absolute 

Error

Root mean 
squared 

error
J48 78.2051 0.039 0.171

Neural Network 83.1026 0.0272 0.1343
Naïve Bayes 85.3846 0.0285 0.1334

Fig.2  MODEL FROM NAÏVE BAYES

The sample models from Naïve Bayes is as follows:

X = Sex: Female, Age: 71-80 years old, Weight: 61-70 kg, Height: 156-160 cm, 
BMI: 23-27.5, Waistline: >=80 cm, Status: Married, Education: Primary, Job: 
Farmer, Blood: HIGH, Congenital: Have, Hormones: No, Family: Yes, Who of 
family: Father and mother, Tasteless: No, Sweet: Yes, Salty: No, Sour: No,
Meat& Western Food: Yes, Cake &Ice cream: No, Milk & Butter: No, Soft 
drink & juice: No, Honey& Sugar: No, Preserve: No, Crispy Treats: No, Sweet 
& Candy: Yes, Food 5 Category: No, Exercise: Yes, Type of Exercise: Walk, 
Time of sleep: High, Drink a alcohol: Yes, Times to drink a alcohol: Two,
Smoking: No, Volume of smoke per day: No, and Time to smoking: No

(1)

  N    P(X | TarGet) = P( X1| Target) * … *P(Xn| TarGet) (2)
The calculation is as follows:
P (y, 1, (4) | X)
=0.04*0.85*0.14*0.16*0.29*0.36*0.53*0.79*0.32*0.13*0.92*0
.31*0.92*0.19*0.85*0.92*0.77*0.62*0.92*0.92*0.54*0.77*0.6
2*0.92*0.69*0.54*0.31*0.77*0.15*0.86*0.85*0.19*0.69*0.56*
0.56
= 2* 10-12

P (y, 2, (4)) = 1.3* 10-16

P (y, 1, (0)) = 7.9 * 10-17

P (y, 2, (0)) =1.9* 10-16

P (y, 1, (1)) = 0
P (y, 1, (5)) = 1.2 * 10-16

P (y, 2, (5)) = 8.3* 10-18

P (y, 2, (3)) = 3.3* 10-22

P (y, 2, (1)) = 8* 10-20

P (y, 1, (2)) = 1.1* 10-21

P (y, 2, (2)) = 3.6* 10-20

P(n) = 1.2* 10-19

P (y, 1, (3)) = 2.2* 10-19

The Naïve Bayes theory is to find the probability that the 
opportunity will arise, for example, the answer is the probability 
that the event itself to see that most of the answers. The charges 
stemmed from the introduction of the probability multiplied by a 
factor of 35 to determine the most appropriate. So the 
probability of X is [y, 1, (4)] that represents a risk to diabetes 
type1 and vulnerable to the eyes complications of disease.

The system had process flow, as shown in Fig. 3. And had 
admin screen for input data, as shown in Fig. 4. The system had 
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two user types were admin and user that want to screening of 
diabetes risk 

Fig.3 The process in System

Fig.4 Risk of Diabetes Analysis System

V. CONCLUSION

The results of this research that develop by the use of 
computer and information technology are used in the 
presentation and to analysis to assess the risk of diabetes. The 
study will be an application; a tool that helps to analyze the 
factors. It contributes to the risk of diabetes to study the 
relationship of the factors, which will help reduce the incidence
of diabetes in Thailand. The system displays the results of the
analysis, the risk of diabetes, diabetes complications, and
guidelines for self-defense. The performance measurement 
system is to measure the average absolute error. It can be 
concluded that the system can analyze the risk of diabetes is root 
mean squared error which is equal to 0.1334 and the 
measurement accuracy of the prediction, which holds 85.3846% 
efficiency is very predictable. It helps to analyze the risk of 
diabetes by using a more accurate method of predicting that 
Naïve Bayes analysis be most effective.

REFEENCES
[1] K. Wisang,“Risk Factor Analysis of Diabetes Mellitus Diagnosis”, The 

5th National Conference on Computing and Information 
Technology(NCCIT2009) , 2009

[2] S. Patomnop, ”Temporal Data and Diabetes Classification in Thailand.”, 
JOURNAL OF INFORMATION SCIENCE AND TECHNOLOGY , 
VOL 4 , ISSUE 1 ,JAN-JUN 2013

[3] P. Repalli,”Prediction on Diabetes Using Data mining Approach”, 
Oklahoma State University, 2011

[4] N. Photjiraporn ,”Clinical Support System of Aortic Aneurysm using Data 
Mining: Case Study of Endovascular surgery”, The Eleventh National 
Conference on Computing and Information Technology(NCCIT2015),
2015

[5] National Center for Chronic Disease Prevention and Health Promotion.
National Diabetes Fact Sheet.
[Online].vailable:http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2 011.pdf, 
2011

[6] H. N. A. Pham and E. Triantaphyllou. “Prediction of Diabetes by 
Employing a New Data Mining Approach Which Balance Fitting and 
Generalization”, Computer and Information Science,2008, 131:11-26.

[7] G. Parthiban, A. Rajesh, and S. K. Srivatsa,”Diagnosis of Heart Disease 
for Diabetic Patients using Naïve Bayes Method”,.International Journal of 
Computer Applications. 24, 7-11,2011.

[8] Diabetes. The development model for promoting holistic health of 
diabetic patients in the community is considered Pur Rivas. 
ResearchIntact. Bangkok Thonburi University, 2010.

[9] Learning Bayes. Chapter 7 learning Bayes. Teaching Academic Data 
Version 1.0.

[10] K.Sumaman, “Basic Health Screening by Using Data mining 
Techniques”, Thematic Paper Submitted in Partial Fulfillment of the 
requirements for the degree of master of science in Web Engineering 
Faculty of Information technology, Dhurakij Punbit University,2012

[11] C. Saimro , V. Jaroenpuntaruk and W. Pornpatcharapong, “The 
Development of Predictive Model for Complications of Disease In 
Diabetic Patients Using Data Mining Techniques : A Case of Pathum
Thani Hospital”, The 4th STOU Graduate Research Conference,2013

[12] P. Radha, B. Srinivasan , “Predicting Diabetes by cosequencing the 
various Data Mining Classification Techniques”, IJISET - International 
Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 6, 
August 2014.

[13] H. N. A. Pham and E. Triantaphyllou, “Prediction of Diabetes by 
Employing a New Data Mining Approach Which Balances Fitting and 
Generalization”, 3TComputer and Information Science2T3T Volume 131 of the
series 0T2T 0T3TStudies in Computational Intelligence0T3T 0T1Tpp 11-
261T,2008 ,springerlink.com

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

355



 
Analysis of Cancer Risk System Using Decision 

Tree

Supaporn Bundasak, Kruewan  Neatpana, Jirapan Jittayanun
Computer Science and Information Technology Department, Faculty of Science at Sri Racha,

Kasetsart University Sriracha Campus: 
199 M.6 , Sriracha, Chonburi, Thailand

jumbundasak@hotmail.com, kruewan2350@gmail.com, znorei@live.com

Abstract—This research proposed to study the relationship 
of cancer risk factors, such as smoking behavior, drinking 
alcohol and food consumption. The total number of obtained 
data from answering the questionnaire is 1,030 set using data 
mining technique finding pattern and a relationship hidden in 
the data set. This research used data classification technique by 
decision tree and neural network. The result of experiment 
showed that decision tree forecasting better than neural 
network. The correctly, mean absolute error and root mean 
squared error are 85.6338%, 0.1672 and 0.3524 respectively. 
The result of experiment that we can use the models from 
reliability research are used to create the rules for create the 
cancer risk analysis system that allow people to analyze risk 
cancer with oneself.

Keywords— Cancer, Data mining, Risk analysis, Decision Tree.

I. INTRODUCTION

Cancer is a disease which is characterized by the 
uncontrolled cell division. And these cells have the ability to 
spread to other tissues in part by methods such as the one 
growing directly into nearby tissues or migration of cells to 
distant locations, etc. The disorganized growth of these cells 
can be caused by environmental factors or caused by genetic 
transfer by mutation of the DNA within the cell to destroy 
the gene and which determines the function of cells then cell 
movement and the normal control of cell division.

At present, Thailand has a population cancer rates 
increased steadily in the past. The main cause of cancers 
come from environmental factors accounted for 90-95% and 
is due to heredity accounted for 5%, which means that 
environmental factors, lifestyle factors. Economic factors 
and behaviors such as smoking, drinking alcohol and 
inhaling tobacco smoke, eating and obesity , lack of exercise, 
infections, radiation and chemical exposure, stress, 
hormones and environmental pollutants, etc., from the cancer 
registry data. The Cancer Hospital Chonburi province 
Statistics showed that the top five male cancers include lung 
cancer, colon and rectal cancer, liver cancer, oral cavity. 
Esophageal cancer and statistics of the top five female 

cancers include breast cancer, cervical cancer, lung cancer, 
ovarian cancer ship.

II. MATERIALS AND METHODS

A. Cancer

Cancer is a disease caused from abnormal of cells in various 
organs of the body at abnormal growth There was a lump has 
spread to nearby organs or spread to other parts of the body 
via the blood system or the lymphatic system. Data from 
Hospital-Based Cancer Registry Annual Report 2012 of the 
National Cancer Institute presented the type of cancer can be 
categorized as Liver Cancer is the most common cancer in 
the population of Thailand and the cause of liver cancer from 
hepatitis B infection, chronic hepatitis C virus infection,
drinking alcohol and fatty liver disease. Lung Cancer is the 
second most common cancer in the male secondary liver 
cancer. Which are difficult to detect in the initially and has a
high mortality rate Cause of lung cancer from smoking,
exposure to carcinogens and genetic. Breast Cancer is the 
most common cancer in women ages 45-50 years, cause of 
breast cancer not known but risk factors that cause of breast 
cancer by genetics and a first child after age 30 years or long 
period of menstruation, the use female hormones for obesity, 
drinking alcohol and several factors. Cervical Cancer is the 
second most common cause of cervical cancer in women 
from virus HPV (Human Papilloma Virus) infection types 16 
and 18, have sex starting young, have multiple partners, 
immunocompromised and smoking. Colorectal Cancer is 
found in both male and female. Most are found in middle-
aged people aged 40 years and over cause of colorectal 
cancer not known but risk factor that causes colorectal 
cancer from environmental, food and genetic. Lymphoma 
Cancer the cause of lymphoma cancer by a type of white 
blood cell type lymphocytes there is increasing numbers and 
abnormal growth lymph nodes growing faster than normal. 
Often found in the lymph nodes at neck, armpit and groin 
cause lymphoma by HIV infection, some bacterial infection,
have low immunity and genetic. Prostate Cancer is the most 
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common cancer in men. Often found in the elderly the cause 
of prostate cancer not known but risk factors that cause of
prostate cancer by age, race and fatty foods from genetically
engineered animals and genetic. Esophageal Cancer is found 
in both male and female. Most are found in the age range 55-
65 years, but found in males than females about 3-4 times
but risk factors that cause of esophageal cancer from 
drinking alcohol, smoking, the lack of certain nutrients and 
GERD. Pancreatic Cancer is the most common cancer in 
males than females, about four times. Most are found in the 
age range 40-70 years, the cause of pancreatic cancer not 
known but risk factors that cause of pancreatic cancer from 
smoking and diabetes.CCA and Gallbladder Cancer is found 
in both male and female. The CCA was found in females 
than males. However, gallbladder cancer was found in males 
than females. The cause of gallbladder cancers and CCA by
gallstones in the gallbladder, liver fluke and carcinogens 
such as nitrosamines is substances in food. Stomach Cancer 
is the most common cancer in males than females in the age 
range 40 years and over, the cause of stomach cancer from 
eating the wrong foods, Helicobacter Pylori infection, 
smoking, drinking alcohol, aspirin and genetics [11].

B. Data Mining

Data mining as a discipline of artificial intelligence in the 
search form and relationships hidden in large datasets
recognition in the statistical analysis of machine learning and 
mathematics and a discipline of artificial intelligence in the 
search form and relationships hidden in large datasets that 
recognition in the statistical analysis of machine learning and
mathematics [1].

Data Understanding
The datasets used for analysis and modeling have 1,030

records in one record have 78 variables in order of
understand the behavior of all the variables used in the 
analysis. In conclusion, a person have risk to develop cancer 
or not from the calculation of the sub-variables to collect 
data from respondents has segmented the respondents into 
two groups, the first group is cancer patients from Chonburi 
Cancer Hospital province Chonburi and the second group is 
common people not cancer patients. the data collected an 
interesting fact after analyzing the data found the cancer 
patients of datasets is 43.38% and 56.62% is common 
person.

Cancer patients in the age range 31-35 is equal to 9.74%
.Cancer patients aged 36-40 is equal to 6.49%.
Cancer patients in the age range 41-45 is equal to 3.25%.
Cancer patients in the age range 46-50 is equal to 
20.78%.
Cancer patients in the age range 51-55 is equal to 
21.43%.
Cancer patients in the age range 56-60 is equal to 
23.38%.

Cancer patients in the age range 61-65 is equal to 7.14%.
Cancer patients in the age range 66-70 is equal to 5.19%.
Cancer patients in the age range 71-75 is equal to 2.60%.
Techniques and algorithms used in data mining used 

decision tree is a type of data structure is hierarchical by
classification into different groups using attribute of data in 
order to distinguish it from decision tree learning and 
keeping in mind that any of the properties that determine 
discrimination and the individual properties of the data is 
very important little different. This is useful, allowing users 
to analyze information and make decisions more accurately.
Learning outcomes of the decision tree is displayed in a tree, 
these include:

1) Internal node is the property of the data which falls 
on any node. This feature will take a decision whether to go 
in any direction. By the beginning of the nodes within the 
tree is called the root node.

2)Branch is the property of the nodes within that 
branch out. The node within the branch is equal to the 
number of nodes within the property value.

3) Leaf node is collection of data as a result of 
discrimination. 

Creating decision trees will find a basket from top-down 
greedy search start by selecting the best features to create a 
root node when data discrimination by the properties of the 
root node root and find the best features of past 
discrimination that information to create a child node of the 
root node, then the next and to create a child node of a tree 
and each of its branches until the information through the 
separation is in the same group or the amount of data 
through a split in the other branch is less than a 
predetermined value[8].

C. Weka

Weka is software is knowledge Analysis developed since 
1997 by the Waikato New Zealand University. The software 
is freeware which is under the control of the GPL License 
was developed on the basis of the Java language by focusing 
on the use of machine learning and data mining has sub-
modules for use in data management. And a display screen 
in the Graphic User Interface (GUI)[2].

D. Related Research

Kittisak presents research proposed a method for 2012 
health condition survey analysis of people from Buriram 
province, Thailand. The total number of obtained data from 
this survey is 1,071 records. A data mining technique was 
applied to the set of data. This study aims at finding a 
relationship between health conditions and diseases using 
Association Rule and developing a model of basic health 
screening to classify people as a normal group, a risk group, 
or a sick group using classification techniques. The result of 
this research will be applied to develop an automatic health 
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 screening system. This system could help an expert to 
perform health condition analysis risk. The result of 
experiment showed that FP Growth provided an appropriate 
solution comparing with Apriori for a task of finding a 
relationship between health conditions and diseases. For a 
task of basis health screening, Partial Rules algorithm 
outperformed Decision Tree. The precision and recall are 
88.60% and 89.20% respectively and the F-measure is
88.80%. A group of experts were invited to examine the 
obtained rules. Some inappropriate attributes and rules were 
eliminated. The final outcome was 44 rules and these rules
were embedded into the automatic health screening system 
that allows people to examine their health condition by 
themselves [7].

Rakthin studies predict the risk of lung cancer by using 
the theory of data mining to create a group of patients. And 
predict the risk of lung cancer. The group will help make 
them aware of the risk factors that cause lung cancer. Then, 
the risk factors were analyzed. Forecast patients with 
decision tree C4.5 model using the patient information 
Mahasarakham Hospital. In August to December 2009,data 
analysis of 2,215 people divided into two groups: patients 
with lung cancer and 118 people without the disease, lung 
cancer and 2,097 people have measured the performance of 
the forecasting accuracy and the memorial the results of the 
research showed factors that affect the risk of lung cancer is 
the most genetic history. The risk was 34.59 times that of 
people without the genetic history is a minor risk factor for 
smoking history, history of alcohol and age respectively 
prediction for the accuracy that 0.796 , Recall is 0.5 and the 
precision value of the classification of the average is 
96.8387[10].

Sumonpitch study proposes an applying Multi-Layer 
Perceptron and Back-Propagation Learning Algorithm use
the patient information from the Office of Disease 
Prevention and Control 7 of Ubon Ratchathani of 450 people 
divided into two groups: patients with tuberculosis of 225 
people and patients with symptoms similar to tuberculosis, 
225 people in the attribute to describe the characteristics of 
the patient and determine node input of artificial neural 
network model used the set features all 34 features the 
characteristic symptoms of the disease. The results showed 
that the simulated neural network that has a precision 
81.11%, which is the output of the model is to help patients 
decide to see a doctor to get treatment before death or 
contacts to others [9].

Several techniques, including Artificial Neural Networks 
(ANs), Bayesian Networks (BNs), Support Vector Machines 
(SVMs) and Decision Trees (DTs) have been broadly 
applied in cancer research for the development of predictive 
models, consequential in efficient and accurate decision 
making [12]. The cancer prediction system based on data 
mining estimates the risk of the breast, skin, and lung 
cancers and this system was analyzed by using weka system 
for predicted results with patient’s prior medical information

by using decision tree algorithms J48 and ID3. The J48 
algorithm gives maximum accuracy on training data [13].

III. RESEARCH METHODOLOGY

A. Analysis and design of the system 

1. Creating a Web Application for use. To inquire risk 
behaviors that causes cancer.
2. Creating a Web Application for administrators to add, 
delete, edit, Search data for risk analysis in cancers.
3. The data modeling, forecasting and risk factors and risk
behaviors. The cancer was analyzed to create a decision tree.
4. The database used in the system design.
Data of analysis were divided into eight parts.

1. Information Discussion
2. Occupational and Environmental
3. Health History
4. Drugs
5. Dietary habits
6. Smoking Behavior
7. Alcohol drinking
8. History and sexual behavior
The system is divided into two study groups are at risk to 

develop cancer of any kind and the second group is a group 
that is not vulnerable to cancer. We have used this method to 
create a decision tree in the forecast for answers to the new 
data series to come.

B. Preparation Information

Data preparing for analysis and selection of appropriate 
analytical methods by using the information below:

TABLE I.DATA USED IN THE ANALYSIS

Heading 
level Variable Listing information

1 Profile User profile
2 Alcohol Alcohol History
3 Cigarette Smoking history
4 Narcotic History of drug use
5 Medicine Medical history
6 Food having meal
7 Disease Disease
8 Symptom symptom
9 Exercise exercise
10 Chemical Exposure to radiation or 

chemicals
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C. How the operation of the system

The processes of the analysis of cancer risk that shown in 
Fig. 1.
.

Fig.1. How to develop a system to analyze the risk of cancer.

D. Model development

The model was developed using weka, data mining software 
is developed based on the Java language can execute a 
variety of operating systems and can further develop the 
program. It is a tool that works in the field of data mining 
algorithm many concepts. The algorithm can be run directly 
from the tool kit with two-way algorithm to or opt for the 
algorithm has been written into the program as an additional 
tool kit. A toolkit contains functions for working with data 
and modeling by creating a decision tree by adopting various 
risk factors and learned to model that received the model. In 
this paper, we have investigated two data mining techniques: 
the back-propagated neural network and the decision tree
algorithms. As can be seen in Table 2, neural network and
decision tree have comparable performances.

TABLE II COMPARISON OF DECISION TREE AND NEURAL 
NETWORK TECHNIQUES 

Algorithms Correctly 
(%)

Mean 
Absolute 

Error

Root Mean 
Squared Error

Decision tree 85.63 0.1672 0.3524

Neural Network 45.35 0.5013 0.5017

E. Analysis of data model

Data collection from hospitals using a questionnaire 
consisting of 1,030 instances and set the data into two 
groups, the first group is any kind of cancer patient and the 
second group is person not have cancer. The information 
from the questionnaires were keyed into excel and save the 
CSV (MS-DOS) file to create a data model by using weka 
and the test is used to test the model. Cross-Validation Folds 
10, which was tested by dividing the data into 10 groups, 
each round will bring the number nine group study (Training 
Set) and the rest of the group test (Testing Set) will repeat 
the number 10 laps to change the test for all groups.

F. Decision Tree Model
Fig. 2 shows Data model presenting analysis of cancer 

risk developing. The test will see the data modeling correctly 
classified instances representing 85.6338% and 14.3662%, 
representing incorrectly classified instances. The prediction
for the precision is 0.856 and recall is equal to 0.856, The F-
Measure is equal to 0.856.

Fig.2. Flow diagram of decision tree algorithm of analysis of cancer risk

Model from decision tree algorithm can analysis of 
cancer risk discovered 36 rules for predict. The rules of data 
modeling analysis risk of people is not disease cancer shows 
an example following.

Rule1 if (STD = no) and (first sexual = no) and (family = no) 
and (cigarette/year = least) and (contraceptive = yes) 
then cancer

Rule2 if (STD = no) and (first sexual = no) and (family = no) 
and (cigarette/year = least) and (contraceptive = no) 
and (constipation = no) and (alcohol/year = least) and 
(chewing gum = yes) then cancer

Rule3 if (STD = no) and (first sexual = no) and (family = no) 
and (cigarette/year = least) and (contraceptive = no) 
and (constipation = no) and (alcohol/year = least) and 
(chewing gum = no) then normal

Fig. 3 shows Data model presenting analysis of cancer
risk in males. The test data modeling shows the idea 
correctly classified Instances 82.2513% and 17.9487%, 
representing a value incorrectly classified instances. The 
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 prediction for the precision is 0.821 and recall is equal to
0.819, The F-Measure is equal to 0.817. Model from 
decision tree algorithm can analysis of cancer risk in males
discovered 19 rules for predict. The rules of data modeling 
risk analysis to develop cancer in males shows an example 
following.
. 
Rule1 if (family = no) and (chewing gum = yes) then head 

and neck cancer
Rule2 if (family = no) and (chewing gum = no) and 

(cigarette/day = low) and (bean = usually) then 
colorectal cancer

Rule3 if (family = no) and (chewing gum = no) and 
(cigarette/day = medium) and (fruit = rarely) then 
lung cancer

Fig.3. Data model presenting analysis of cancer risk in males.

Fig. 4 shows data modeling and risk analysis cancers in 
females. The test data modeling shows the idea correctly 
classified instances 78.6667% and 21.3333%, representing a 
value incorrectly classified instances. The prediction for the 
Precision is 0.787 and recall is equal to 0.792, The F-
Measure is equal to 0.780.

Fig.4. Data model presenting analysis of cancer risk in females.

Model from decision tree algorithm can analysis of 
cancer risk in females discovered 23 rules for predict. The 
rules of data modeling risk analysis to develop cancer in 
females shows an example following.

Rule1 if (free sex = no) and (chewing gum = yes) then head 
and neck cancer

Rule2 if (free sex = no) and (chewing gum = no) and (family 
= no) and (cigarette/day = low) and (bean = usually) 
then colorectal cancer

Rule3 if (free sex = no) and (chewing gum = no) and (family 
= no) and (cigarette/day = low) and (bean = often) 
then head and neck cancer

IV. THE RESULTS.

A. Results Development

Application has been divided into two groups, user 
groups, administrators and users working on the system and 
analysis the risk of cancer that it had many process, as shown 
in Fig. 5. The system develop base on Web Application that 
had screen of system for example, see Fig 6, 7, 8

Fig.5. Flow Diagram of the Overall Analysis of Cancer Risk System.
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Fig.6. Login a system screen.

Fig.7 The process of collected data for analysis of cancer risk

Fig.8 Cancer Prediction with decision tree.

B. The performance measurement system to determine the 
Mean Absolute Error(MAE) from the test model of the 
decision tree results in Table 3

TABLE IIII. THE AVERAGE OVERALL MARGIN ERROR OF 
MODEL TESTING DECISION TREE.

Model Method
Correlation 
coefficient

Mean 
Absolute 

Error

Root 
mean 

squared 
error

1 C4.5 0.85 0.16 0.35
2 C4.5 0.82 0.11 0.27
3 C4.5 0.78 0.10 0.27
Note:

Model 1 Data modeling is the risk analysis in cancer.
Model 2: Data modeling is the risk of cancer in males.
Model 3: Data modeling is the risk of cancer in females.

V. CONCLUSIONS AND RECOMMENDATIONS

The analysis of cancer risk system developed by using 
decision tree algorithm and the system analyzes the risk of 
cancer to help reduce the incidence of cancer in the 
population of Thailand to diminish and to study the 
correlation between the incidences of cancer of the risks 
using various analysis techniques to classify information to 
help in the solution, which will help in the analysis of 
whether a person is at risk of developing cancer. It also lets 
guests access to analyze the risk of cancer is much more 
information to be displayed in the form of web application 
functionality. Data mining based cancer prediction system is
used to predict the cancer risks and helps the people to know 
their cancer risk. It predicts six specific cancer risks. 
Specifically, Cancer prediction system estimates the risk of 
head and neck, liver, prostate, cervical, colorectal and lung 
cancers by examining a number of user-provided genetic and
non-genetic factors. This system is validated by comparing 
its predicted results with the patient’s data. The performance 
measurement system to measure the average absolute error
and it can be concluded that the risk of cancers close to the 
truth. Is a measure of deviation of the actual value is equal to 
0.16, which is considered low. The system is very effective 
in prediction. Barriers, the collected data will be analyzed 
the risk of the cancer requires a long period of time over 
which data can be analyzed the risk of cancer. Preparing data 
for risk analysis in cancers and behavioral risk factors, we 
need a comprehensive data collection the data can be 
analyzed the risk of cancer. Suggestions for future 
development, considering the variable may change the result 
in the selection of variables that are important factors that 
cause cancer and prediction selected method has better 
performance used in the modeling to analyze the risk of 
cancer.
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Abstract— The research project developed the Integrated 
Educational Management Tool (IEMT) for Adamson University.  
Its main objective is to provide integrated system for academic 
processes which aid the institutions faculty for having more 
effective and efficient in conducting examination and giving of 
student grades, redundancy of data and efforts, accessibility and 
reliability of information in terms of examination and grades. Its 
features are composed of two academic main modules and sub-
modules namely: examination management module that 
facilitates creation of examination, collections of examination 
answers, auto marking and submission of scores to the electronic 
class record and produce printable reports; student grading 
system that provides electronic class record and seat plan; 
faculty loading of subjects; has student enrolment; content 
management of web site; information banking of employee and 
student information; and management of different user accounts 
that provides privileges. The system was built using various open 
source technologies such as PHP, HTML, CSS, XAMMP, 
JavaScript and MYSQL for database. The developed system was 
tested based on the academic standards of Adamson University.  
The system was rated “Excellent” with a mean average of 4.77 by 
the respondents under with the Information Technology and 
Management department, which proves that the system can be a 
useful tool for educational institutions academic processes.

Keywords— Content Management System, e-Class Record, 
Exam Auto Marking, Examination Management System,
Information Banking, and Integrated Educational Management, 
Student Grading System.

I. INTRODUCTION

The implication of technology in education nowadays 
leads the educational institutions to become more effective, 
efficient, accessible, and reliable especially the roles in 
teaching – assessment process. Diversity of assessment 
approaches and systems have been proposed over the past 
years [1]. As information technology keeps on moving, the 
integration of assessment and student performance records 
have been transformed from traditional paper and pencil to 
computerized and web based format.

Accordingly, test questionnaires for quizzes, major exams, 
and other forms of assessment are ideally meant to be readily 
available for instructional use in a school. This efficiently 
enhances teachers’ time and effort to be favourably available 
for other value added areas for their overall productivity.

Furthermore, this practice is more to be on a personal level 
of a teacher rather than institutional. Meaning, there is no 
scheme in an institutional level to preserve test questionnaires 

that can be retrieved later for its purpose. In addition, most of 
the teachers prepared exams, quizzes, even seatwork, or 
assessment materials in which similar tasks are being repeated 
over and over again, thus duplication of efforts.

Additionally, no teachers are alike, same is true with their 
created examination manuscripts, some could be easier and 
others may be the hardest experience they could ever have. 
Even a bright student could get a lower grade under a tough 
exam as compared to an average student taking easier exams. 
This could be unfair for students under different teachers 
handling them. That is why they have created 
departmentalized exams to standardize exams at an 
institutional level. Likewise, preparation for such this, takes 
tedious coordination and effort among teachers to take place. 
So it has been practiced to select only few subjects to be under 
such scheme, and those faculties do this only for major exams. 
If faculty and administration can bring this scheme further 
down up to quizzes or even seatwork, this would make the 
class instruction for every student to be truly standardized and 
fair.

Moreover, production of exam manuscripts has never been 
cheaper. Whereas, there are computer laboratories that can be 
made available for this purpose, this is an opportunity to go 
green with the environment. Teachers can make use of these 
facilities as the efficient venue for student assessment. This 
would also help eliminate the most tedious part of giving tests, 
which are checking and recording. In manual process, it is 
highly subjected to human error, intentional or unintentional.

Furthermore, educational institution also would only hope 
for the best for their students in terms of academics and their 
overall well-being. Nevertheless, along the way, students have 
many obstacles to overcome in order to achieve optimal 
academic performance. Different types of stress, such as 
social activities, psychological and etc., will pose threat to 
student’s academic performance. That is why the guidance 
office is in place which handles very well such aspects to help 
students go back with their track positively.  Furthermore, in 
university setting, it’s hard to tell which student suffers from 
these various obstacles in their life that affect their academic 
performances. One key indicator would be the student grade 
as he/she progresses.

Moreover, in most cases, referring to these records – grades 
that both students and guidance office look upon to evaluate, 
these are already the final grades or maybe periodic grades 
occasionally. These final or periodic grades are still being 
built around out of the student’s class performances such as 

(IEMT) 
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quizzes, seatwork, exams and etc.. Additionally, if students 
and guidance office keeps track his/her performance down to 
its detail, there would be a very good chance for improvement 
before having his final grade. Having these data 
systematically available to students and these data streamlined 
for guidance and counselling requirements, it would be a very 
good indicator for guidance and counselling to keep students 
in efficient action.

With the underlying situation, the “Integrated Educational 
Management Tool (IEMT) for Adamson University” has 
come its way as a solution.  The IEMT is a generic web based 
system that integrates academic – based tasks particularly in 
terms of examination and class record which are commonly 
conducted in an educational institution that helps educators 
work easier and more enjoyable.

This study provides solution to the following problems, 
namely: (1) how available the class record and test materials 
when in need? (2) how much time does a teacher would spend 
for preparing exam materials, checking and recording exam 
results? (3) does the time-frame for examination preparation 
in contrast to its test delivery has something to do with the 
quality of its content, (4) how frequently does a teacher 
prepares and/or update similar examination materials for same 
subject? (5) what will happen to the old questionnaires? (6)  
are there any practice tests being provided to the students? (7) 
are teachers collaborating with fellow teacher to synchronize 
their subject teachings which would reflect in its examination 
questionnaires? (8) how does a student monitor his/her 
examination, attendance, and other class performances? and (9) 
how much is the costs for generating test manuscripts and 
class records.

A. Conceptual Framework 
No more than Internet-based technologies have been 

already become a significant part of many services that can be 
found in many different aspects in the society. Replicating this 
with any tasks/procedures in a school would only promote 
efficiencies in various perspectives.

Moreover, conceptual framework presented as shown in 
fig. 1 shows the different stages of the process involved to 
achieve the objectives of the study.

Assessment materials for giving quizzes, exams, and the 
likes, are the primary data of the systems application. 
Different teachers under the same subject would have 
collaboration with each other, regarding the most appropriate 
questionnaires that they could give in a uniform and standard 
set. This test questions are efficiently stored electronically and 
can be retrieved for the next batch, which save the duplication 
of efforts for test preparation.  Additionally, these test items 
can be changed or updated easily. Moreover the examination 
questions can be selected to be activated during test.

Furthermore, the system designs particularly the eClass 
record was customized and fitted with the institution’s 
requirements (for high effectiveness and efficiency to adapt to 
this implementation.) 

The examination deliveries are in the form of either 
manual or computerized. By taking advantage of the use of 

computer laboratories, which are not commonly being used 
during major exams, it could facilitate for this purpose. 
Administration could save tremendous resources with this 
setting.  Results and recording would be automated. For some 
subjects, not having a computerized classroom, still its manual 
process would do the same, but the contents of its exam 
materials were already generated from a standardized set of 
test materials that have undergone collaboration and review, 
for fair and effective assessment.

Generation of different type of sets for exam becomes 
easier.  From a number of questions on a test bank, the faculty 
could choose, how many items there are in the test, and the 
system randomly selects active questions until the required 
numbers of items are filled up. This process could have
different sets of test.

Examination construction has rules according to 
academician, especially specializing Education. This system 
would follow the said rules such as alphabetically arranged 
items for multiple choices, shortest phrase to longest phrase 
and etc.

Examination results were printed automatically on the 
bottom part of the computerized exam. This provides 
feedback at once to the student taking the exam.  It generates 
histogram of taken tests to review student performances.  The 
teacher has an option, if the results will go automatically to 
the class record.

Teachers can analyse item per item, how effective the 
questions and/or the overall assessment they have given.

Fig. 1 Conceptual Framework of Integrated Educational Management Tool of 
Adamson University
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II. RELATED LITERATURE

According to Paul Monroe, “Educational management is a 
comprehensive effort dealing with the educational practices. It 
deals with educational institutions - right from the schools and 
colleges to the secretariat. It is concerned with both human 
and material resources [2].

Moreover, Sir Graham Balfour cited that, "the purpose of 
educational management is to enable the right pupils to 
receive the right education from the right teachers, at a cost 
within the means of the state, which will enable pupils to 
profit by their learning" [3].

Information system plays a very important role in the 
institution of the higher education nowadays.  As stated by 
Gulbahar (2008), educational institutions around the world are 
reconsidering and restructuring the way in which they are 
preparing to use information technology to enhance more in 
terms of efficiency, accessibility, reliability and accuracy in 
their academic – based tasks [4]. Furthermore, as solutions for 
efficiency, and competitiveness in terms of academic activities, 
many educational institutions nowadays adopted and used 
information system, but less of them have the means to 
accommodate and flexible to the growth of their institutional 
needs which change the organizational structure, policy, 
regulations, and change the technology itself (Suwardi and 
Permatasari, 2007) [5].

According to Hua and Herstein (2003), in no hesitations, 
the education contributes to the advancement and enrichment 
towards cultural, social and economic development in all 
societies by providing individuals with the means to improve 
their health, skills, knowledge, and capacity for productive 
work.  Many years of research have provided clear evidence 
that education is a key factor for growth and development [6].

According to Rashad (2008), the growth of the Internet, and 
in particular the World Wide Web, is already influencing the 
way science is taught and will undoubtedly do so to greater 
extent in the future.  In areas of education it offers a medium 
that has the potential to be more responsive to students. 

In the past decades, a variety of assessment approaches and 
systems have been proposed.  And as information technology 
keeps improving, numerous of them have been transformed 
from traditional paper – and – pencil to computerized and web 
– based format in recent years. It is urgent to develop an 
automatic grading system which can grade the operating 
questions as well as the objective ones.  

Moreover, Web – Based Examination system could be used 
via Internet or intranet for managing student examination.  
The Web –based assessment is widely used to support 
students in learning and help them to achieve their learning 
goal.  Furthermore, application of examination management 
systems includes assessment of learning process itself (Rashad, 
et. al. 2008) [7].

Also, Yuan (2003) proposed a multi-layer based exam 
system based on Microsoft DCOM technology.  The system 
was not reliable enough and it uses a specific copyrighted 
technology instead of open source technology.  The system 
was designed specifically for computer science students and
was not designed for general students [8].

Furthermore, Jelica (2001) also proposed a system that is 
expected to evaluate student`s knowledge in a massive 
examination  that also provides an efficient means of 
generating and scoring tests with multiple choices answers [9].

Additionally, Jordi (2001) also presented a study that used 
wireless technology for a trade – off solution between 
examination security and flexibility [10].

Furthermore, Chien Lin (2003) designed a prototype 
automatic quiz generation system for a given English text to 
test learner comprehension of text content and English skills.  
After the emergence of modern technologies in the field of 
Information Technologies, virtual learning has attained a new 
form.  The way of announcing exams grades is important 
topic in e-learning.  For announcing exams grades on the web, 
various methods have been proposed [11]. In his paper Shirale 
–Shahreza (2008) introduced three new methods for 
announcing the grades of some courses at the some Iranian 
universities are provided [12].  Rashad, et. al. (2002) stated 
that secure electronic exams are one of the most difficult 
challenges.  The relevance of the examination process for any 
academic institution implies that different security 
mechanisms must be applied in order to preserve some 
security properties during different examination pages.  

According to Suzanne Pitner, accurate education records 
don’t happen by accident. The teacher must plan and set up a 
system that will be easy to follow and that will track grades as 
well as the many paper records that must be kept on file. 
These papers include parent communications, notes, student 
work examples, records, seating charts, informal evaluations, 
and behavior records [13].

Grading system is an integral part of the various tasks that 
need to be done by every faculty member on a regular basis.  
As cited by Rosas (2005), grades are one of the major realities 
of higher education. They are used for merit scholarships.  
Employers use grade points to hire the most capable job 
candidates.  Academic merit as evidenced by high grades is 
extolled and praised by civic leaders.  By not using grades to 
differentiate students from each other, teachers fail to provide 
vital information to corporate recruiters [14].

One of the companies who produced this kind of system is 
the MySchool, a Web Based School Management Software 
which makes the teachers` life easier, by simplifying the 
collection and production of grades reports.  The system gives 
teachers online access to all their resource allowing them to 
submit their contributions at their own time from home, 
school or anywhere with internet access [15].

The attendance system is one of the most important data 
within the class records of the teacher. According to 
Richardson, L. (2010) this data is based around tracking 
student absences. In addition, the attendance record contains 
namely: the date and the period of absence; student number of 
the student; the reason for the absence; the subject-section of a 
subject for subject based attendance; a late field to track 
minutes late (little used) [16].

As cited by Mustafa, M. et al. (2011) who developed an E-
Kehadiran, a Malaysian model for controlling and monitoring 
student’s absence misconduct via online. According to the 
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researcher, the problem of school absenteeism is a 
phenomenon of student’s misbehaviour that is becoming 
increase among pupils (primary) and students (higher 
institution) [17].

According to the Attendance Policy of Adventist University 
of the Philippines (2012), no student can absent 
himself/herself from a large number of classes without losing 
significantly from the learning opportunity available to 
him/her [18].

Furthermore, evaluation is a systematic determination of 
merit, worth, and significance of something or someone using 
criteria against a set of standards.  It is often used to 
characterize and apprise subjects of interest in a wide range of 
enterprise, including the education and other services as cited 
by Capariño et al. (2009). She also stressed out that there are 
professional groups who will assert the quality and firmness 
of the evaluation process according to the level of the topic 
interest [19].

III. PROPOSED SYSTEM

This research study used both descriptive and software 
developmental methods of research.  As stated by Ariola 
(2006) descriptive method attempts to analyse interpret and 
report the present status of a subject matter [20].  According to 
Carlderon and Gonzales (2014) this method defined by best in 
the following way as: “it describes and interprets what it is. It 
is concerned with conditions of relationships that exists; 
practices that prevail; beliefs, processes that are going on; 
effects that are being felt, or trends that are developing”.  Also, 
descriptive research reveals problems or abnormal conditions 
so that remedial measures may be instituted (Calderon et. al. 
2014) [21].

On the other hand, developmental method of research was 
a creative development of a model or system based on a 
systematic determination of the present situation or system 
and the goals sought as cited by Santelices (2014) [22].
Moreover, based on the study of Knight, Steinbach and Kellen, 
in the field of information technology, this kind of research 
method refers to the framework that was used to structure, 
plan, and control the process of developing information 
system [23].

In employing a descriptive method in this research, the 
researcher came up with the description of the status of 
Adamson University in terms of examination and student 
grading system. This gave the researcher into a deeper 
understanding, analysis, interpretation of the present nature, 
prevailing conditions of how a faculty and the institution 
behaves or functions in the present situation. As a result of 
using the said research method, the researcher developed an 
information system that can be used as a tool for Adamson 
University in terms of examinations.  The researcher also 
developed a student grading system processes that provides 
benefits both for the administration side and the faculty who 
were involved on the said processes.

Furthermore, the applications of developmental method of 
research in this study were applied by the researcher during 

the careful planning, designing, and actual development of the 
sought information system as proposed.

In the gathering of data, the researcher used and applied 
the Purposive and Pure random sampling techniques.  In 
purposive technique, the researcher selected the Information 
Technology and Management (IT&M) Department in 
Adamson University based on the purposes and variables of 
the study.   Furthermore, the pure random sampling technique 
applied where in everyone in the Information Technology and 
Management Department has an equal chance of being
included as respondents of the study.

The researcher randomly selected from the department 
coordinator and faculty members.  These respondents were the 
eleven (11) faculty members and one (1) department 
coordinator. The system was presented to the respondents by 
an actual presentation and demonstration of the whole 
functions of the system. The presentation likewise was 
conducted for the respondents to evaluate the quality of the 
system by rating it based from the criteria reflected on the 
evaluation form. The functions and processes of the software 
were also discussed during the presentation to ensure that the 
respondents could evaluate the system properly.  Suggestions 
and recommendations from the respondents were properly 
noted for the improvement of the system. In addition, the 
primary goal of the evaluation form was to test the 
performance of the system in user`s view.

Moreover, the evaluation form helped the researcher came 
up with concrete data on the level and degree of evidences 
towards the realization of the study.

Before implementation and deployment of the developed 
system take place, the researcher has to ensure the accuracy of 
the program meeting the expected functionality, reliability, 
usability, efficiency, portability, content, design, technology 
used and the originality of the system as required. For this 
reasons, the researcher prepared evaluation form to evaluate 
the whole system, to ensure that all features of the system 
functions perform according to required specifications. Based 
from the evaluators’ comments and suggestions, the 
researcher corrected errors and formulated feature 
enhancement of the system.

The evaluation form was composed of five (5) criteria.  
This criteria used were defined by the International 
Organization for Standardization (ISO) 9126.  The ISO 9126 
is a quality model standard for both software development and 
software evaluation.  The five criteria used were the system 
functionality, efficiency, usability, reliability, and portability.

TABLE I
LIKERT`S SCALE

Scale Equivalent Mean Rating Scale

5 Excellent 4.50 – 5.00
4 Very Good 3.50 – 4.49
3 Good 2.50 – 3.49
2 Fair 1.50 – 2.49
1 Poor 1.00 – 1.49
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The Likert`s scale shown in table 1 above were used in the 
software evaluation, its equivalent interpretation and mean 
score rating which was designed to capture ranges probability 
after averaging the scores.

Furthermore, this study used the descriptive statistics in 
interpretation and analysis of data collected.  This includes the 
frequencies and weighted means. Simple frequency count was 
applied in tallying responses while weighted mean was 
utilized to determine the average response for every criteria 
description.  Also, weighted average mean for each of the five 
criteria were also computed by adding all the weighted means 
divided by the total number of descriptions for every criteria.  
Lastly, an overall weighted mean was calculated to get the 
overall quality characteristics of the system perceived by their 
respondents.

A. System Design
In any software development process, design methodology 

was employed first in order to come up with effective and 
desirable results.  In order to achieve the goal of having an 
effective and desirable system, current systems should be 
explored and evaluated first.

Fig. 2 Context Data Flow Diagram of Existing System

The Existing Context Diagram shown in Fig. 2 deals about 
the entities involved and the input / output flow of information 
into and from the academic processes as a whole. It focused 
on the processes where this study was concerning with such as 
grading processes, provision of tests, loading of subjects to a 
faculty, and student’s admission and enlistment. 

This context data flow diagram showed the typical 
academic processes that an educational institution has. It was 
determined by the researcher through observations in its long 
experienced in the field of teaching from various institutions, 
that the following entities and flow of information were 
identified. 

The researcher conducted the study for enhancing the 
following areas such as student performance evaluation, 
recording and computation of grades. It was also imperative to 
include how Students started to be admitted by providing their 
information to the school (student information), and be 
enlisted (selected subject schedule) in a class; how a subject 
was being offered (semester subject offering) by the Registrar 
during enrolment, and how additional subject sections 
(new/additional subject opening) may be requested by a 

Chairperson to be opened; and how a Chairperson gave a 
teaching load assignment (teaching assignment) to a Faculty 
(teaching load). Including these areas for the study, were 
greatly enhanced the capabilities of the proposed system.

Fig. 3 Context Data Flow Diagram of Integrated Educational Management 
Tool for Adamson University

Fig. 3 shows the Context Flow Diagram of Integrated 
Educational Management Tool for Adamson University. In 
the said figure, there were several changes in the information 
that flows in and out of the system from the entities as the 
existing. Since that several information were made available 
online (LAN-based and/or internet), some of the 
data/information have also changed. In contrast to the 
existing system; several automated processes were included to 
enhance the existing processes. Included among them were 
the following:

(a) Examination Management System has been included to 
assist the Student Performance Evaluation. These were used 
for storing and retrieving test materials electronically, thus 
eliminating repeated tasks for the faculty in tests/ examination 
preparations. It also allowed for a computerized test for 
students providing significant advantages for the school, it 
creates a paper-less testing, thus saving paper and printing 
costs, and eliminates the time and effort for checking. The 
score results can be exported to the grading system for 
automatic recording of student’s performance.  All tests were 
entered electronically in the system even if computerized 
testing is not possible, the saved questionnaires can be 
retrieved easily for printing, and use it the conventional way.

(b) eClass Record (Student Grading System) eased the 
burden of the faculty in class record keeping, and grades 
computation. Unlike other conventional automated grading 
system, this one, records all class performances including 
quizzes, seatworks, attendance, and others, thus providing the 
faculty an electronic class record. These records were 
extracted to automatically generate the necessary grading 
sheets as required by the chairperson.  And also the student 
grades in detailed were viewable thru online.

(c) Curriculum Management used for the creation of the 
curriculum of the courses offered by each department of an 
institution by which the Chairperson and the Dean approved 
that newly created curriculum.

(d) Syllabus Management was connected to the Curriculum 
Management.  These was used when the Teacher create / 
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update subject syllabi which was assigned to them by the 
Chairperson.  The created syllabus by the faculty and 
approved by the chairperson and the dean were visible by both 
students and faculty.

The database of the proposed system shall be implemented 
to manage all of the necessary data and information that the 
whole academic processes were using. A single repository of 
data provides several advantages as opposed to the multiple 
data store of the existing system. It eliminates data 
redundancy and data discrepancy. Data and information were 
easily available to an intended user. Academic processes were 
very interrelated processes, and it was the systems integration 
of these several processes can help the institution achieve a 
higher level of efficiency and effectiveness in data processing.

Fig. 3.a Context Data Flow Diagram of the Examination Management 
Module

Fig. 3.b Context Data Flow Diagram of the Syllabus Management Module

Fig. 3.c Context Data Flow Diagram of the Student Grading Management 
Module

Fig. 3.d Context Data Flow Diagram of the Curriculum Management Module

B. System Development Process Model
The software development process used in this study is 

prototyping. This software development methodology 
“addresses the inability of many users to specify their 
information needs, and the difficulty of systems analysts to 
understand the user’s environment, by providing the user with 
a tentative system for experimental purposes at the earliest 
possible time”  as stated by Janson and Smith (1985) [24]. In 
addition, this method was suitable for online system, where 
web interfaces have a very high amount of interaction with 
end users.

Fig. 4 Prototyping Software Development Model of IEMT for Adamson 
University

IV. RESULTS AND DISCUSSION

The Integrated Educational Management Tool (IEMT) for 
Adamson University is composed of different users such as 
administrator, faculty, chairperson, and students.

For the administrator, it is the only account that can create, 
edit, view, and delete users` account of the institution`s 
employees and students.  They are capable of giving 
privileges to the different employees and students during the 
creation of their user accounts.  Moreover, for the meantime, 
he/she is also capable of managing the main page of the 
system which is composed of articles, main display, and 
column one, column two and column three and importantly 
he/she is capable for all other features of the system but did 
not include for the task of the chairperson and faculty.  The 
administrator cannot completely view the user accounts of the 
employees and students and have no capability to view, delete, 
and edit the works done by the other users of this system such 
as the faculty, chairperson, students.

Furthermore, the faculty account has three privileges such 
as Student / E – Class Record Management, Examination / 
Test Management, and Syllabus Management assigned by the 
chairperson or administrator. The faculty is provided full 
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capabilities to manage and control the operation of the three 
main modules of the IEMT System as mentioned above.  
Additionally, the faculty can edit the username and password 
of their user account created by the administrator as well as 
they can create and edit a course syllabus depending on what 
their chairperson assigned them to do. The faculty cannot edit 
the E – Class Record of the previous semesters.  The faculty 
also cannot view the class records of other faculty and the 
shared examinations from other faculty cannot be edited.

As for the chairperson, they have specific tasks and 
privileges (Chairperson_Tasks) assigned as chairperson of the 
department.  The chairperson has the same privilege with the 
faculty since chairperson has academic task and teaching load.  
In this system, the chairperson can have one or two user 
accounts with specific privileges such as chairperson and as 
faculty. As a faculty, he/she has full privileges with E-
Learning Management, Examination / Test Management and 
E-Class Record.  Also he / she have full privilege with 
Chairperson Tasks.  The chairperson of the department is the 
only one who can create a new curriculum, and can edit the 
created curriculum of the courses offered by that department.  
Additionally, the chairperson of the department is the only one 
who can assigned faculty to create a course syllabus, approves 
the created syllabus assigned to the faculty, who can activate
the syllabus to be viewable by the other users of the system 
particularly the faculty and students.  Also, the chairperson 
can assign one syllabus to multiple faculty members.

For students`, their capability in this system is to fully view 
their subject grades for currently enrolled subjects and old 
subjects that are already taken by the students. They can take 
examinations as activated and created by their teachers in their 
specific subjects enrolled.  Additionally, they can also view 
and print the results of their exams taken.  Viewing of 
curriculum and subject syllabus is also available for them.  In 
addition, the student can send and receive messages to their 
classmates individually.

A.  Project Evaluation
There were two ways used to evaluate the capabilities of 

the project, these are the actual testing and the evaluation 
process.

The actual testing involves two ways: (1) the testing during 
the development of the system using a standalone computer 
set as web server and the testing of the system uploaded to the 
internet via webhosting processes; (2) the testing has been 
done both local area network and uploaded to the internet via 
web host which all the functionality, processes and 
performance are to test if the system`s performance 
conformed as what the desired output should be.

Part of the actual testing is the demonstration of the project 
to the respondents. The features, capabilities, and limitations 
of the system were explained to make sure that it was 
evaluated accordingly. The evaluation form was distributed to 
the Faculty and Department Coordinator of Information 
Technology and Management Department of Adamson 
University as the respondents of the study with the total of 
twelve respondents in all. 

Furthermore, the respondents were composed of eleven 
IT&M Faculty and one Department Coordinator.  
Respondents were able to accomplish the evaluation form 
based from the actual processes of the system.  Below are the 
figures of evaluation ratings of each criterion and their 
corresponding interpretations.
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Fig. 5 Evaluation Results of Functionality Indicator

Fig. 5 shows the responses of the respondents in terms of 
the systems functionality.  Based from the results presented in 
the given figure, item 2 and 9 got the highest weighted mean 
of 5.00 and items 8, 11, 13, 14, 15 and 16 got the second to 
the highest weighted mean of 4.92.  Furthermore, the items 
that got the 3rd to the highest weighted mean of 4.83 are items 
7 and 10, the 4th to the highest weighted mean of 4.75 are 
items 4and 12, and the 5th to the highest got the weighted
mean of 4.67 is item 1. Moreover, the second that got the 
lowest weighted mean of 4.58 are items 3 and 6 and the item 
that got the lowest weighted mean of 4.50 is item 5 which 
mean that the system features for the exam questionnaire 
coordination with the other faculty who has the same subjects 
must be restudied and needs more planning by the researcher.
The overall weighted mean average of this criterion is 4.81 
with an equivalent mark of “Excellent” which means that the 
functionality of the developed system successfully attained 
and conform the objectives of the study. 

1. Accuracy of information / data.
2. Availability of eClass Record.
3. Availability of test materials.
4. Capability of auto checking of examination and auto recording of test 

results per student and per class.
5. Exam questionnaire coordination with other faculty who have the same 

subjects.
6. Maintains information / records for future references.
7. Availability of students class performance monitoring.
8. Capability of the system to generates exam manuscript and class records 

for printing purposes.
9. Capability of the system to generates multiple types of examination.
10. Faster in generating (create, update, activate, deactivate, shared) 

examination.
11. Faster response in generating data (updating data entry, computations of 

grades, generation of seat plan and attendance of students) in eClass 
record.

12. Provides security and user level access features.
13. Class record from other faculty cannot be seen and modified by other 

faculty.
14. Shared questionnaires from other faculty with the same subject can be 

viewable and activated by other faculty but cannot be modified.
15. Questions that are not shared are not viewable with other faculty.
16. Student monitored their own records and not allowed to view other 

students records in both examinations data and class performances.
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Fig. 6 Evaluation Results of Reliability Indicator

Fig. 6 presents the responses results from the respondents 
of this study in terms of the systems reliability.  From the 
given figure, the data shows that item 2 got the highest 
weighted mean of 4.83, followed by item 3 with weighted 
mean of 4.67 and item 1 got the lowest weighted mean of 
4.50.  Furthermore, the average of all weighted mean for 
reliability of the system is 4.67 with the equivalent mark of 
“Excellent” which shows that the developed system delivered 
the desired and expected output based from the objectives and 
goals of the study.

0

1

2

3

4

5

1st 2nd 3rd 4th 5th 6th

Usability sub - indicators.

Usability

Fig. 7 Evaluation Results of Usability Indicator

Fig. 7 displays the rating results from the respondents of 
this study in terms of the systems usability. As data presented 
in the given figure, it shows that the item 2 got the highest 
weighted mean of 4.92 and the rest of the items have the same 
weighted mean of 4.83 with the same total number of 
frequency rated by 5 and 4 by the respondents. Furthermore, 
the overall weighted mean average for the usability criterion 
of the system is 4.85 with the equivalent mark of “Excellent” 
which proved that the developed system is easy to learn and 
understand, adoptable and very easy to operate by the users.
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Fig. 8 Evaluation Results of Efficiency Indicator

Fig. 8 shows the rating responses results from the 
respondents of this study for the developed systems’ 
efficiency.  As data shown in the figure, the item that has a 
highest weighted mean of 4.92 is item 2 and the lowest is item 
1 with weighted mean of 4.75.  Respondents find that the 
responses of loading of web pages of the system is not so fast, 
which means that the developed system needs to put in a 
better web server and effective for utilization.  Nevertheless, 
the overall weighted mean average in terms of efficiency of 
the developed system is 4.84 with the equivalent mark of 
“Excellent” which shows that the developed system 
conformed the needs of the users.
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Fig. 9 Evaluation Results of Portability Indicator

Fig. 9 displays the rating responses from the respondents 
for the portability criterion of the developed system.  At the 
given figure above, the data displayed shows that items 2 and 
4 got the highest weighted mean of 4.75 with the excellent 
equivalent rate which means that the developed system is 
accessible in any places its either within the premises of 
Adamson University or in any other places outside without 
compatibility issues in most common and well known web 
browser commonly used by most individuals.  In addition, 

1. Procedures include no errors.
2. Certain procedure level is maintained even when trouble occurs.
3. Normal operations are restored readily when failures occurs.

1. The applications contents are easy to understand by the users.
2. The features of the application are easy to learned and adoptable 

by the users.
3. The application can be applied and used by the users in a fully 

automated process in terms of examination and class records.
4. Allowing easy operation management

a. Procedures are easy to process.
b. Reports are easy to produce.

5. Application designs are attractive.
6. User – friendly interface.

1. Providing responses from procedures (in seconds).
2. Allowing effective resource utilization.

1. The developed system can be accessed via capable mobile 
devices (tablets), desktop computer, laptop, and netbook.

2. The developed system can be accessible by the users via 
internet or intranet network connection.

3. System application needs not to be installed in user`s devices.
4. Application is multiple web browsers compatible.
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item 3 got the second highest weighted mean of 4.67, item 1 
got the lowest weighted mean of 4.50 in terms of the systems 
accessibility for mobile (tablet, smartphone), desktop 
computer, laptop, and netbook which mean that the systems` 
accessibility depends in the users devices internet connection 
capability. The overall weighted mean average for this 
criterion is 4.87with an equivalent mark of “Excellent” which 
means that the developed system complied the portability 
issues based from the study`s goal and objectives.

In addition, the evaluation instrument used for this 
developed system was based from the ISO 9126 software 
quality evaluation. The results of the evaluation resulted to the 
satisfaction from the respondents rated the project with the 
mark of “Excellent”, with an overall mean score of 4.77. 
Among the 5 components of the criteria, usability ranked first 
with the mean score of 4.85, efficiency ranked second, 
functionality was third, reliability and portability was ranked 
as fourth with the mean score of 4.67 as shown in fig. 10.

Fig. 10 Evaluation Results of All indicators

V. CONCLUSION AND RECOMMENDATION

On the basis of the evaluation conducted on the 
performance capability of system, the Integrated Educational 
Management Tool (IEMT) for Adamson University is a web 
based system that was assessed by the respondents as 
remarkable and was developed according to the planned 
design and specifications.  The different components namely: 
the examination management system module, curriculum and 
syllabus management, student grading system, uploading of 
faculty loading, student and employee information 
management, online student to student coordination, and 
website content management module did not encounter any 
major and minor issues upon the demonstration with the 
selected respondents. The demonstration conducted and 
presented ran smoothly as the respondents easily learned and 
progressively adopted with the system. 

A.  Conclusions
The following conclusions were derived based on the 

concerns stated in the statement of the problem of the study 
and results of the evaluation conducted: (1) that the 

“Integrated Educational Management Tool (IEMT) for 
Adamson University”, a web – based integrated system was 
designed according to specifications for Adamson University 
with the following features that will address the stated 
problems of the study such as: (a) has capability to assign, 
create, edit, delete, open examinations for students 
individually or per class, and serves as examinations bank; (b) 
the examination management module are capable for creating, 
editing, deleting, deactivating different types of examination 
such as enumeration, identification, true or false and multiple 
choice; (c) with flexible and user – friendly electronic class 
records interface where the examination scores of the students 
coming from the examination module automatically recorded, 
has an alphabetically arranged seat plan that can be rearranged 
if necessary, and importantly, the students` data at the 
electronic class record are viewable individually; (d) the 
available electronic class records data of the faculty can be 
easily modified (insert, edit, update, delete for class records 
contents); (e) faster responses in the examination management 
module for the capability of auto checking the current 
examinations taken by the students, provides instant exam 
scores and results summary of the given examination, and 
exams results can be automatically or manually recorded to 
the electronic class record available in the system; (f) the 
examination management system can generates randomized 
questionnaires for computerized examination, and multi – set 
examination with answer keys for manual or traditional way 
of examination given to the students; (g) availability of 
questionnaires to review for quality purposes and reused it for 
another examination; (h) the previous questionnaires are 
stored in the system which are ready for retrieval and can be 
used as a reviewer or practice tests being provided to the 
students; (i) faculty with the same subjects can shared their 
created questionnaires, and shared faculty can only view and 
activate it but cannot edit or modify it; (j) has a user – friendly 
interface for the students to monitor or view their only own
examination results summary and class performances 
(attendance, quizzes, major exams results, projects and more);
(k) has a curriculum and syllabus ready to be viewed by the 
students in their own account; (l) has user – friendly interfaces 
to create and edit syllabus as assigned by the chairperson per 
faculty within the created curriculum; (m) availability of 
online electronic class records, and exam manuscript for 
computerized examination provided and taken by the students 
that result to costless for administration in providing usual 
class records and dissemination of examination; (n) has sub –
system for the loading faculty loads, student admission, 
recording of employee`s records and user account 
management; (o) has a curriculum and syllabus management 
modules where the chairperson manage the curriculum and 
syllabus to be activated and created by assigned faculties; (p)
the system provides content management for the website 
where entries can be easily modified; and (q) accurate report 
generations of periodic grades sheets, semestral grades sheets, 
student grade reports, test manuscript, attendance report, and 
test results; (2) That the system was constructed under with 
the open source programming language, database, and other 
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open source technology used in developing websites for cost 
consideration during the implementation of the system; (3) 
That the performance of the system was rated “Excellent” 
based from the evaluation prepared and adopted from the ISO 
9126 software quality standards that yielded an overall mean 
rating of 4.77 with excellent descriptive evaluation.

B.  Recommendations
Integrated Educational Management Tool (IEMT) for 

Adamson University is a web – based system that needs to be 
updated, monitored and maintained. To be able to satisfy the 
importance of the study, based on the foregoing conclusions, 
the following recommendations are formulated namely: (a) 
that the institution must designate a person that will manage 
the system for the updates of the information’s, backup the 
database regularly as required when the system is 
implemented and used, system monitoring and maintained the 
system; (b) that the system must be uploaded to a web hosting 
sites capable of faster response to the users; (c) that 
Examination Management System`s way of scoring must be 
based from the given rubrics procedure provided by the 
faculty; (c) that future modification for improvement of the 
sub – module process for faculty loading, student and 
management information management can be considered to 
increase capabilities and features of the academic integration;
(d) that web page and its contents must be responsive to the 
resolution of the different mobile devices as what many users 
have nowadays; (e) that future study and integration of table 
of specification and item analysis of the given examinations 
taken by the students for exam / questionnaires quality 
purposes; (f) that coordination by the departments who will 
adopt and use the system to the Information Technology 
Center of Adamson University are very much needed for more 
system users convenient; and (g) that tracking of users’ 
activities in the system must available for security purposes. 
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Abstract—The present work aims to develop a karaoke 
mobile application using open source technology. The query by 
humming (QbH) is used in generating sound in tone on how you 
sing a song in common way. The audio and lyrics synchronization 
details the timekeeping which requires the coordination of events 
to operate a system and identify the songs through humming the 
portion of lyrics of the song and searches in the music database 
information. The findings of this study shows that voice 
recognition algorithms can be used to enhance the accuracy, 
reliability and performance of the game application.  

Keywords—voice recognition; humming; lyrics; karaoke; 

I.  INTRODUCTION  

The mobile application is developed in an open source 
platform that introduces music and karaoke based features for 
users. Mobile karaoke application is intended for people who 
have strong interests in karaoke music and related activities. 
The application is based on the popular Japanese music 
culture, karaoke as medium to recognize humming and lyrical 
voice recognition algorithms. Also, voice recognition is used 
to capture and interpret humming of lyrics by the users. Thus, 
the mobile based karaoke application is suitable for users who 
have learning interests in understanding voice recognition 
through humming lyrics. 

II. LITERATURE REVIEW 
A mobile karaoke application using query by humming 

based lyrics and audio synchronized algorithm for an open 
source platform has been researched for years to achieve an 
effective alternative way of understating voice patterns and 
examine voice recognition algorithms.  

Mobile karaoke application has been used to deliver music 
over the wireless internet from a music distributor to an 
interactive karaoke based applications [1]. In another study, a 
mobile based application is used by selecting a song and the 
user must sang their selected song. In the screen of the mobile 
phone appear the synchronized lyrics which are highlighted to 
follow the audio [2].  The acoustic query, which is typically a 
few notes whistled, hummed or sung by the user (presently 
restricted to the syllable “ta” for reasons explained later), is 
processed to detect its melody line. The database is searched 
to find those songs that best match the query. The system 
returns a ranked set of matching melodies, which can be used 
to retrieve the desired original soundtrack. The major 
algorithmic modules, therefore, are the extraction of a melody 
representation from the query (and also the database songs at 
the time of creating the database), and the melodic similarity 
distance computation [3]. 

These systems use melody information in the user’s 
singing voice. In these systems, the lyrics sung by the voice 
are not taken into consideration. It attempts to develop an MIR 
system that uses melody and lyrics information in the user’s 
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singing voice. The outline of the MIR system using lyrics and 
melody information. First of all, lyrics and melody are 
acquired from the user’s song input. Then the system retrieves 
the musical piece by using one of the recognized lyrics and 
melodies [4]. Finally, the two results are integrated into the 
retrieval result. Because it performs the retrieval by using both 
the lyrics and melody, the accuracy of retrieval is expected to 
be better than using only the melody. It has been trying to 
research lyrics recognition from the user’s singing voice as a 
first step towards the realization of this system. The lyrics 
recognition technique used in several well-known works is 
simply a large vocabulary continuous speech recognition 
(LVCSR) technique, based on an HMM acoustic model and a 
trigram language mode [5].     

It uses algorithms such as in the score-PCM scenario. The 
researchers obtain a so-called sync file which allows accessing 
the available context-based information for each time interval 
of a particular piece of audio. Both the FPDB and sync files 
are stored on the server. At runtime, it assume that a user is 
equipped with a client application which consists of an 
extended audio player. The user selects a particular audio 
piece for playback, which then undergoes a local fingerprint 
extraction at the current playback position. The extracted 
fingerprint is transmitted to the server, which then tries to 
identify the audio piece and present playback position. If 
successful, the server retrieves the context-based information 
from the sync file that is available for the current playback 
position. Using a suitable communication Protocol, the 
information is then transferred to the client. During playback, 
the client displays the information synchronously with the 
acoustic signal [6]. 

III. RESEARCH OBJECTIVE 
To develop a karaoke application that can run an open 

source platform and use humming system through the mobile 
phone speaker. Also, create a mobile based karaoke 
application that applies the lyrics and audio elements in voice 
recognition algorithms in various external environments. The 
succeeding section presents the system architecture, the 
diagrammatic presentation of the applications and discussions.  

IV. SYSTEM ARCHITECTURE 
 

Figure 1.0 show the structured analysis and design 
methods. The user interacts with the mobile phone and the 
users open the application. The user can choose the option, the 
select a preferred song based from the available songs in the 
mobile application. After playing the song, the server sends 
the notification to the user that shows their score, and the user 
can send invitation to other users in their contact lists and join 
the game play. 

 
 

 
Figure 1.0 Process Flow of the Mobile Karaoke Application 
 

A. Simulation of Algorithm 
The Query by Humming is a method to allow a user to find 

a song by humming part of the tune. No musical training is 
needed. Users hum into the mobile has voice recognition, the 
computer records the hum and extracts certain features 
corresponding to the melody and rhythm characteristics, and it 
then compares the features to the characteristics of the songs 
in the database. Moreover, it returns a ranked list of the songs 
or song segments most similar to the humming. The goal is to 
build a reliable and efficient large-scale system that collects 
thousands of songs and responds in seconds. Query by 
humming is an interaction concept in which the identity of a 
song has to be revealed fast and orderly from a given sung 
input using a large database of known melodies. In short, it 
tries to detect the pitches in a sung melody and compares these 
pitches with symbolic representations of the known melodies. 
Melodies that are similar to the sung pitches are retrieved. 
Approximate pattern matching in the comparison melody 
process compensates for the errors in the sung melody by 
using classical dynamic programming. 

The musical query is hummed or entered, then processed – 
in some cases transcribed into notes. Other musical 
characteristics are pitch interval which is the “distance 
between two pitches, measured by the half-steps between them 
and duration which are “how long a note lasts”  Duration is 
connoted in music through the use of note lengths.  All these 
characteristics can be converted into some diagram and used 
to be a representation of a musical recording. The processed 
query is then “matched” against a database and the melodies 
contained in the database that is most similar are the result. 
The two search engines are based on slightly different 
methods of capturing input which is called “Query-by-
Humming” (QBH). 
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Figure 2.0 Screenshot of Query by Humming processing in 

Vocal Search 
 

B. Vocal Search 
VocalSearch is a QbH system chosen in this study for its 

relative simplicity in design and user interface, as well as its 
performance record. VocalSearch contains a database 
comprised of MIDI format songs and has themes from songs as 
a starting point for each search. As with other indexed systems, 
this allows for shorter query processing time. Each song has a 
theme from the verse and a theme from the chorus. To match 
the sung query with songs in the database, VocalSearch uses a 
probabilistic string alignment algorithm to transcribe the query 
into musical notation and compare it to some themes in the 
database. The theme that is determined to be the most similar 
will be chosen as the best match. VocalSearch has a built-in 
mechanism for calculating error probability. The system is 
“trained” on a set of sung melodies for each song in the 
database. Integrating the errors in these sung melodies helps to 
train the system on how to take into account potential future 
errors. Sung melodies are transcribed into musical notation and 
are recorded against the original pieces to build an error 
probability model. 

 

 
 

Figure 3.0 The Mobile Music System 
 
As mentioned earlier, the Mobile Music Semantic Indexing 

and Content-Based Retrieval (M–MUSICS) system have taken 
MIR technology to the next level, in creating a prototype for 
QbH searching that can be used via a cell phone. As mobile 
phones are now often used to access the Internet, information 
retrieval systems must adapt accordingly to stay on the cutting 
edge of search technology and deliver efficient and convenient 
services to their users. They identified a niche in searching and 
cell phone technology and developed their system 
accordingly. Like the phone itself is not able to process QbH 
requests, the information is sent to the client’s mobile server 
for processing. Mobile Music provides a user-friendly 
interface to enable searching in a wireless environment. Built 
on “client–server architecture”, the client side is responsible 
for interacting with the user, through a friendly interface, and 
the server side is responsible for the back-end computation 
and processing of the query. Users can enter a query not only 
by using Query by Humming but also by using other search 
modes known as query by example (QBE) and query by 
musical notation (QBMN).When a user enters a query, it is 
then transcribed into a musical notation string expressed in 
symbols. The first step involves scanning of an index for a 
possible match. If this fails, the database is then searched. A 
list of ranked results is returned to the user’s phone via the 
MOBILE MUSICS server. If none of the results are 
satisfactory, the user has the option of selecting feedback, 
which uses an algorithm to re–formulate the query and try 
again for the right match. This process can be repeated for the 
correct piece of music is found. 
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Figure 4.0 IP Address Screen 
 
Figure 4.0 shows the field in which users can enter the 

server name. To know the server name, the users need to click 
start and type CMD in the box below. It appears the command 
prompt then type IP-config to know the server name because 
the IP address is used as the server name. After clicking 
continue button, it proceeds in the main screen of the mobile 
application. 

 

 
Figure 5.0 Main Screen 

 
In figure 5.0, several buttons with different functions for 

this application is presented. The start button appears in the 
field in which the user should enter their user’s name to 
continue the application running. The scores button to view 
the latest and other scores. The instructions button is used to 
detail the game play and other related components. The 
volume button to set the audio of the song. The credits button 
is used to display the developers of the mobile application.   

 

 
Figure 6.0 Menu of the Start Button 

 
Figure 6.0 shows the view of the several buttons with 

different functions after clicking the start button: The click to 
hum button has a function to start humming the song. It takes 
10 seconds to hum. The search title and search categories 
button to search the title and categories of the song. 

 

 
 

Figure 7.0 Menu of the Search Categories 
 
Figure 7.0 shows the different categories without doing 

humming or searching by title. The categories have its list of 
songs depending on its menu either rock, pop or ballad. 

 

 
Figure 8.0 Screen in Karaoke Application 

 
In this figure it shows how this karaoke application works. 

The instruction contains the available song in search 
categories, actual screen and fit of the mobile application and 
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viewing of the game scores and results. Also, credits are 
presented before the start of any game including the name of 
developer of the mobile application. 

V. DISCUSSION 
In this work, the researchers aim to develop a mobile 

karaoke based application using voice recognition algorithms. 
The finding shows that the mobile application is acceptable to 
the users through a software acceptability rating survey 
presented in Table 1. This paper used ISO-9126 software 
evaluation criteria to guide in the determining the acceptability 
rating of the end users. Also, the present work uses Likert’s 
scale with equivalent interpretations as follows: 5 – Excellent, 
4 – Very Acceptable, 3- Acceptable, 2-Unacceptable, and 1-
Very Unacceptable. The survey is gathered from 50 
participants with ages 10-20.    

 
Table 1. End-User software evaluation 

 
Criteria Rating 
Functionality 4.23 
Reliability 4.10 
Portability 4.25 
Maintainability 4.18 
Usability 4.55 
Efficiency 4.63 
Mean 4.32 

 
Table 1. shows the mean rating of 4.32 (Very Acceptable) 
based from the software evaluation of the participants. In 
terms of Functionality, the game receives mark of 4.23 (Very 
Acceptable), likewise, Reliability criterion receives a rating of 
4.10 (Very Acceptable). Also, the Portability has the lowest 
mark of 4.25 (Very Acceptable). While Maintainability 
received a mark of 4.18 (Very Acceptable), however, 
Usability, receives a rating of 4.55 (Excellent). Lastly, the 
Efficiency criterion receives a mark of 4.63 (Excellent) in the 
software evaluation. Thus, the application has been highly 
acceptable to the users based on the ISO-9126 survey 
evaluation criteria. 
 

VI. CONCLUSIONS 
The study has implemented the lyrics, and audio 

synchronized algorithm in karaoke application as the user sing 

a song regarding each category. Specifically, this study aims 
to create a system that would help users in choosing a song 
which fits their ability to sing. The present study proves that it 
voice recognition algorithms can be used to improve the 
reliability and accuracy of humming though synchronized 
activities. The features and experimental coding applications 
have increased understanding of working in an open source 
platform.  The software development kit exactly simulates an 
open source system and hence the developers have a full 
environment to test and simulate Android applications. 
JavaKar has achieved these objectives; wherein its songs are 
coming from the popular foreign artists and trending songs by 
category. It has also enhanced the ability to sing through the 
use of lyrics and audio synchronized algorithm implementing 
new application play technique by utilizing the mobile phone 
speaker in searching a song. From all the data that have 
gathered in surveys and evaluation questionnaires, the system 
has very acceptable rating. A total mean of 4.32 rating 
indicates that the application performed very well and met the 
user’s expectations in the mobile game application.  
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Abstract— Speech2Spell: A Voice-Enabled Spell-Out Game 
Using Voice Recognition Algorithm using Android platform is a 
mobile game using voice recognition. Voice recognition are used 
in security reasons to protect or secure ones property, some are 
used in voice command machines like televisions, lights, air 
conditioners and other appliances even in small devices help the 
users in asking directions and many other things that you didn’t 
know it can be done by voice recognition. The game speech2spell 
is a voice recognition game that simply recognizes all single word 
that is being spoken by the user, the game is played only by a 
single player; also the game must be played at a quiet 
environment or user can also use their headphone to limit the 
noise that has been absorb or heard by the mobile. The game can 
help users to improve their knowledge in speaking the right 
word. The game has a custom mode setting for the user. On 
custom mode game, the user can take a picture on the object and 
can be used in game system. The captured images taken from the 
custom mode is only exclusive at the custom mode. The game also 
has classic mode, it has a default images that flash on the screen 
of the mobile for the user can guess what the system shows.   

Keywords—voice enabled; voice recognition; mobile game;  

I.  INTRODUCTION (HEADING 1) 
Technology had emerged as a powerful tool in life. In early 

days, books, newspapers and magazines are the only sources 
of information but now because of the advent of the 
technology, can quickly browse it on the Internet. These 
devices offer not only as a gaming platform but also with 
numerous features its users could acquire, like for instance the 
capability to connect to the World Wide Web, and play videos 

and music. Search engines were full- developed for the user to 
use efficiently it. From a keyword- based query, it was 
produced by an input voice- based query. Accuracy in search 
engines became an issue because of the methods used for 
input voice segmentation and input voice matching process in 
the voice of entry and the list of words on the web. 
Sometimes, the retrieved word(s) are not relevant to the 
word(s) query and input voice must be clear and must be 
pronounced in right English language way and a good accent 
of the word(s). Most of the search engines were conducted in 
desktop PCs or laptops.  Smart Mobile devices were rarely 
used as a medium of calling texting for the relevant web pages 
of the queries. Nowadays, mobile devices play a significant 
role in our daily life. It is very much handy and easy to use. A 
search engine in mobile devices could help people in 
searching for the relevant web pages to their query anytime 
and anywhere as long as you are connected to the Internet.      

The Speech2Spell: A Voice-Enabled Spell-Out Game 
Using Voice Recognition Algorithm using Android platform 
involves the use of additional devices like headphones as well 
as microphones for the enhancement of game play. Intended 
users are kids and kids at heart. In addition, to that, it can be 
used for educational purposes for the students to enhance their 
skills in vocabulary. 

II. EASE OF USE 
According to Ze-Jing Chuang and Chung-Hsien Wu et al. 

in their study entitled “Multi-Modal Emotion Recognition 
from Speech and Text “they are stated that the emotion 
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recognition from speech signals and textual content. In the 
analysis of speech signals, thirty-three acoustic features are 
extracted from the speech input. After Principle Component 
Analysis (PCA) is performed, 14 principle components are 
selected for discriminative representation. In this 
representation, each principle component is the combination 
of the 33 original acoustic features and forms a feature 
subspace. Support Vector Machines (SVMs) are adopted to 
classify the emotional states. In text analysis, all emotional 
keywords and emotion modification words are manually 
defined. The emotion intensity levels of emotional keywords 
and emotion modification words are estimated based on a 
collected emotion corpus. The final emotional state is 
determined based on the emotion outputs from the acoustic 
and textual analyses. 

The study of Bijl et al in their study entitled " Apparatus 
for converting speech to text" shows that the speech to text 
conversion system which comprises a plurality of user 
terminals for recording speeches, at least, one automatic 
speech recognition processor to generate text from recorded 
speeches, and communication links to return corresponding 
documents to respective users. At least one automatic speech 
recognition processor improves recognition accuracy using 
data from the recorded speeches and the relevant texts, the 
data being selected dependent upon subject matter area. 

Based on the study of Rabiner et al. entitled “Fundamentals 
of Speech Recognition” Their study shows that the mobile 
telephone was having speech recognition and speech synthesis 
functionality. The telephone has a memory for storing a set of 
speech recognition templates corresponding to a set of 
relevant spoken commands and a transducer for converting a 
spoken command into an electrical signal. Signal processing 
means provided for analyzing a converted spoken command 
together with templates stored in the memory to identify 
whether or not the converted spoken commands corresponds 
to one of the sets of spoken commands. The phone user can 
select to download, into the phone's memory and a set of 
templates for a chosen language, from a control station via the 
wireless transmission channel.  

A method of operating a mobile communication device 
having speech recognition functionally and comprising a 
memory for storing a set of speech recognition templates, each 
template corresponding to a human language, transcoder 
means for converting a command spoken by a user into an 
electrical signal, and signal processing means for analyzing a 
converted spoken 

Control together with templates stored in memory to 
identify whether or not the converted spoken command 
corresponds with one of said set of spoken commands, the 
method comprising the step of receiving from a central station 
via a wireless transmission channel set of speech recognition 
templates and storing the received set of templates in the 
memory of the device.  

According to Imre Varga and Imre Kiss entitled "Speech 
Recognition in Mobile Phones". Their study aimed to propose 
a speech input implemented in voice user interface (voice UI) 
plays a significant role in enhancing the usability of small 

portable devices, such as mobile phones. In these methods 
more traditional ways of interaction (e.g. keyboard and 
display) are limited by small size, battery life and cost. Speech 
is considered as a natural way of interaction for man-machine 
interfaces. After decades of research and development, voice 
UIs are becoming widely deployed and accepted in 
commercial applications. It is expected that the global 
proliferation of embedded devices will further strengthen this 
trend in the coming years. A core technology enabler of voice 
UIs is automatic speech recognition (ASR). Example 
applications in mobile phones relying on embedded ASR are 
name dialing, phonebook search, command-and-control and 
more recently large vocabulary dictation. In the mobile 
context, several technological challenges have to be overcome 
concerning ambient noise in the environment, constraints of 
available hardware platforms and cost limitations, and the 
necessity for extensive language coverage. Also, mobile ASR 
systems need to achieve a virtually perfect performance level 
for user acceptance. This chapter reviews the application of 
embedded ASR in mobile phones, and describes specific 
issues related to language development, noise robustness and 
embedded implementation and platforms. Several practical 
solutions are presented throughout the chapter with supporting 
experimental results. However, the proposed study of speech 
recognition in mobile phones is related in our proposed study 
but there are some problems with functionality are not primary 
to mobile phones originally. 

Based on the gathered related studies, the researchers have 
come up with the idea of developing Speech2Spell: A Voice-
Enabled Spell-Out Game Using Voice Recognition Algorithm 
using Android platform. With the studies mentioned, the 
researchers agreed that they can use and apply the voice 
recognition, spell out a game in the mobile phones. 

 

III. PREPARE YOUR PAPER BEFORE STYLING 
The objective of the researchers is to develop a mobile 

game application implementing the voice recognition 
algorithm using the mobile phone. The study aims 
specifically: to develop a mobile game application that 
recognized voice from the user using voice recognition; to 
apply the capabilities of mobile phones as a medium of Game 
engines using speech recognition; to use captured image of a 
camera- equipped mobile phones as an item in-game by 
providing an image selection from the match. 

IV. SYTEM ARCHITECTURE 
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Figure1. System Architecture 
 

Figure 1 shows the connectivity of Internet Connection. 
Since the system is Web base, it is a must to ensure that the 
mobile phone has the capability of connecting to Mobile Web. 
The Mobile Web refers to the Internet-Connected 
Applications. At present, wireless connectivity became a 
powerful tool in different conditions. 

The second stage is the entering the game mode selection. 
When the user picks the classic game, it will first show a quick 
reminder on how to play; having a play button will bring you 
to the game simulation. On game screen show an image and 
timer also a speak button, all images are randomly 
demonstrated by the match. When the game starts the timer 
will automatically countdown, for the user will hurry to guess 
what image is being shown by the application, it will be ended 
after 25 seconds. When the user picks the custom mode, just 
like the classic mode it shows a quick reminder on how to play 
the game, it has the play button to start the game mode. At the 
page, shows you selections the view image and take the 
picture, at the view image button it will bring you to the 
gallery of phone memory then you can pick a picture to use it 
in the game. The take picture button it allows you to get access 
to the mobile camera to take an image on a chosen item and 
bring it to the game. The next stage is the voice matching 
when the user taps the speak button, and then user guesses the 
image showed by the application. The Input word given by the 
user converts into the file and send it to the Google server; the 
Google server will send back to the mobile all the related 
words. Then the game database will query and matched the 
word in the required shown image. When the input voice or 
word is correct, it will give a score and then brings the user to 
the next image. The game will continue loop and randomly 
shows the images until the user game over. At the end of the 

game, it will show you the total score that he/she gets from the 
game.  

  

 
 

Figure 2. Voice Recognition  
 

Figure 2 shows the design of the application with the use 
of speech to spell application. In this illustration, you can see 
the graphical user interface (GUI) of the application. The 
researchers applied the voice recognition algorithm suitable 
for the proposed application.  It shows how the mobile gets the 
input voice of the user and process to be recognized by the 
application. 

 
 

 
 

Figure 3. Speech2Spell Main Interface and Options 
 

Figure 3 shows the main screen of the proposed 
application. It has three buttons: the start the Help and Exit 
buttons. The user chooses on what they want to do. The user 
can select start, help or exit as the user navigate the menu 
selections, for the user have an option on what to do. The 
Custom interface shows a variety of browse and the play 
button. This page lets the user browse for the image from the 
memory of the mobile phone and rename the image to use in a 
game. The database of the custom mode is different to the 
classic style. In custom mode, the user can select all the 
images that he/she want to put in the game. In naming image, 
the user must set the right spelling so that the picture can be 
identified in a game. The Browse button will allow the user to 
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pick an image from the memory of the phone. After the user 
picks the image, the image must be named, for the system will 
know what image has been choose by the user. In calling the 
image must be in a correct spelling and must be the simple 
word of text because the words are limited to the Google 
server.   

 

 
Figure 4. Game engines using speech recognition. 

Figure 4 shows on how the mobile game application is 
simulated and being done with the voice recognition. This 
application shows random images for the user to guess on and 
also, a timer to limit and to gives a thrill of the of the, it also 
gives points for every correct answer on the game, and the 
most important recognize the input voice of the user.  

 
 

Figure 5. Capturing Image 
 

Figure 5 shows the browsing mode of the game and how 
the users pick the image from the memory of the phone and 
uses it to the game. The application shows all the images from 

the memory, after picking an image the user have to name it 
and be used in the game. 

V. CONCLUSIONS 
The study suggests a mobile game application that 

recognized the voice from the user.  Using recognized intent 
of the Android OS, it recognized the input word given by the 
user and also using of the internet needed by the proposed 
system. The system sends the data from the input voice of the 
user in change the input voice into a file then send to Google 
sever; Google sever will send back all the possible verified 
words. The system will query from our database all the data 
given by the Google server. The capabilities of mobile phones 
as a medium of game engines. The proposed application 
successfully made a game module that gives a selection of 
game setting or game mode for the user to choose whether the 
“Classic” or the “Custom” game. Also, it shows help menu for 
the user. It has a countdown timer to limit the game play. It 
shows random images that needed to the game application. 
Capturing of an image using camera- equipped mobile phones 
as an item in a game. Another objective of the game that the 
user uses, the images from the mobile phone memory, to be 
able to use in the game. At the game mode selection, the user 
chooses the custom mode having a button the user browse all. 
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Abstract -- The study involves governance in community space that includes 
activities at a local government unit (LGU) in Cavite. The research purpose is 
to align IT governance (ITG) practices to good governance principles (GGP) 
implementation of LGUs in Cavite for proper IT decision making process.
The study used descriptive research design and utilized the entire population 
of sixty one (61) respondents for the twenty three (23) LGUs in Cavite. An
adopted questionnaire was used to elicit answer from IT officer and IT staff in 
the LGUs-IT Department. The ITG practices and GGP implementation in the 
LGUs in Cavite is positively related and has a moderate to high coefficient. 
This means that an increase in ITG practices enhance GGP implementation in 
the LGUs IT Department in Cavite. However for proper IT decision making, 
the LGUs in Cavite in implementing the good governance principles should 
enhance and give more emphasis for those with low coefficient such as 
principles of effectiveness and efficiency, transparency, responsiveness,
equity, and accountability.

Keywords -- IT Governance Practices, Good 
Governance Principles Implementation, Strategic Alignment, IT 
Decision Making Process, LGUs in Cavite,

I. INTRODUCTION

The study involves IT governance in the LGUs-IT Department in 
Cavite. This research supports the concept of IT governance (ITG) in the areas 
of strategic alignment. The ITG focuses on structures, processes, and 
relational mechanisms practices. The study aims to analyze the positive 
correlation of ITG practices to good governance principles (GGP). The idea is 
to strategically align GGP into ITG practices of LGUs in Cavite for the IT 
decision making process.

The mission of the provincial government of Cavite in the general public 
services stated that “Good Governance is Good Politics". Thus, the province 
of Cavite would like to institute a new paradigm in governance on the basis of 
accountability, transparency, effectiveness, efficiency, leadership capability,
sound judgment and congenial working environment, and implement Strategic 
Approach to Policy Governance (www.cavite.gov.ph) [1] .This study would 
initially help the government of Cavite in instituting a model paradigm in 
good governance. 

The research adopted theory on Control Objectives for Information and 
Related Technology (COBIT) developed byInformation Systems Audit and 
Control Association (ISACA) [2], and Good Governance Principles (GGP) 
developed by United Nations Development Programmed (UNDP) [3] as the 
variables of the study.

COBIT is the comprehensive IT governance framework that addresses 
every aspect of IT and integrates the entire main global IT standard (2012, 
ISACA/COBIT5) [4] .The goal of the COBIT framework is to provide a 
common language for business executives to communicate with each other 
about goals, objectives and results. The original version, published in 1996, 
focused largely on auditing. The latest version, published in 2013, emphasizes 

the value that IT governance can provide to a organizations' success 
(searchsecurity.techtarget.com/definition/COBIT) [5].

The United Nations Development Program (UNDP) (“Governance and 
Sustainable Human Development, 1997”) [3] enunciates a set of principles. 
And these UNDP–based principles have a claim to universal recognition 
(Graham,2003). And the following are the Five Good Governance Principles 
(GGP): (1) Legitimacy and Voice (Participation, Consensus orientation), (2) 
Direction (Strategic vision), (3) Performance (Responsiveness, Effectiveness 
and efficiency), (4) Accountability (Accountability, Transparency), (5) 
Fairness (Equity, Rule of Law) 
(http://unpan1.un.org/intradoc/groups/public/documents/UNPAN/UNPAN011
842.pdf) [6].

However, as UNDP noted that the weak governance may lead to more 
government regulation but not always. And there are many government 
regulations. The main problem is not regulations but the ability or desire to 
enforce them. And this justifies the reason for conducting this research.

A. Conceptual Framework

The variables under investigation are based on the theory of Control 
Objectives for Information and Related Technology (COBIT) developed by 
Information Systems Audit and Control Association (ISACA) [2] , and Good 
Governance Principles (GGP) developed by United Nations Development 
Programmed (UNDP) [3] .COBIT supports IT Governance by creating a 
framework that covers the following five areas: strategic alignment, value 
delivery, resource management, risk management, and performance 
measurement. And one of the areas used in the study involves on strategic 
alignment. That is aligning ITG practices to GGP implementation of the 
LGUs in Cavite.

The concept of the study is anchored on the paper on Enhancing IT 
governance practices: A model and case study of an organization's efforts by 
Paul L. Bowena, May-Yin Decca Cheung b, Fiona H. Rohdeb, 2007 [7]. This 
employed the Peterson’s IT Governance Model considered as the independent 
variables of the study. Peterson establishes a framework that establishes that 
IT Governance must be implemented according to a set of structures, 
processes and relational mechanisms. Structures are the formation of 
committees and their responsibilities; processes refer to planning and control 
functions for IT decision making process; finally, relational mechanisms make 
clear the need for the IT functions such as leadership, job design and 
communication. Moreover, UNDP enumerated the Good Governance 
Principles such as accountability, transparency, responsiveness, effectiveness 
and efficiency, equity, rule of law, participation, consensus orientation, and 
strategic vision are considered dependent variables of the study.
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Independent Variables                 Dependent Variables

FIG. 1.  THE RESEARCH PARADIGM SHOWING THE 
RELATIONSHIP OF IT GOVERNANCE AND

GOOD GOVERNANCE PRINCIPLE

Moreover, the conceptual paradigm on ITG practices of LGUs in 
Cavite shows the relationship where in ITG structures, processes, and 
relational mechanisms are positive correlated to GGP implementation. Thus, 
the output of the study could be a valuable tool for developing new paradigm 
in governance on the basis of implementing Strategic Approach to Policy 
Governance in the LGUs in Cavite.

B. Statement of the Problem

This study analyzed the coefficient of correlation of ITG practices 
to GGP implementation of LGUs in Cavite.

Specifically, the study sought to answer the following questions:

1. What are the IT governance practices of the LGUs in Cavite in 
terms of IT governance structures, IT governance processes, and 
IT governance relational mechanisms?

2. What are the good governance principles implementations in the 
IT department of LGUs in Cavite?

3. Is there a significant relationship between IT governance practices 
to good governance principles implementation of the LGUs in 
Cavite?  

C. Hypothesis

Ho: There is no significant relationship between IT governance 
practices (IT governance structures, IT governance processes, IT governance 
relational mechanisms) to good governance principles implementation 
(accountability, transparency, responsiveness, effectiveness efficiency, equity, 
rule of law, participation, consensus orientation, strategic vision) of the LGUs 
in Cavite.

II. LITERATURE REVIEW

As explained from the study of Bowena, Cheung, and Rohdeb 
(2007) [7] (and included cited authors from his study), IT governance has a 
direct impact on how IT is managed within an organization (Sohal and
Fitzpatrick, 2002). Although numerous authors discuss IT governance, 
developing a clear and commonly accepted definition has presented a 
challenge to the information systems control and audit community 
(Broadbent, 2003; Van Grembergen et al., 2004). IT governance definitions
cover a spectrum from an emphasis on structure through to a focus on process. 
Accordingly, their paper views IT governance as the IT related decision 
making structure and methodologies implemented to plan, organize, and 
control IT activities. IT governance structure involves the existence of 
responsible functions for making IT decisions, such as steering committees 
(Van Grembergen et al., 2004). Staffed by both business and IT executives, 
the IT steering committee should be the primary governing body for ongoing 
IT operations and initiatives of the organization, including IT investment 
projects (Maizlish andHandler, 2005). The IT steering committee is 
responsible for translating business and strategic goals into actionable plans 
(Standards Australia, 2005). Successful IT governance requires effective 
communication 

among all parties based on constructive relationships (Johnson and Lederer, 
2005), a common language, and a shared commitment to IT policies and 
Procedures (ITGI,2002a). IT governance processes involve the 
implementation of IT management techniques and procedures in compliance 
with established IT strategies and policies. In particular, IT investment 
processes involve the identification, acquisition, implementation, and ongoing 
operation and maintenance activities of IT applications. As a continuous 
process, effective IT governance provides transparent IT decision making, 
clear accountabilities, and acceptable and actionable IT measurements. That 
is, effective IT governance enables business and IT executives to integrate 
business and IT decisions, implement IT solutions, and monitor IT
effectiveness (Ribbers et al., 2002; Broadbent, 2003; Weill and Ross, 2004; 
Kearns and Sabherwal, 2006/07).

From the study on IT Governance Structures, Processes and
Relational Mechanisms Achieving IT/Business Alignment in a Major Belgian 
Financial Group by Steven De Haes and Grembergen [8], explains IT
governance is one of these concepts that suddenly emerged and became an 
important issue inthe information technology area. This paper wants to 
contribute to that part of the IT governance body of knowledge, by describing 
how an organization can implement IT governance, using a mixture of 
processes, structures and relational mechanisms, and by analyzing how these 
practices are used at a major Belgian financial group.

From the study on COBIT as a Tool for IT Governance: between
Auditing and IT Governance by Juan-Ignacio Rouyet-Ruiz [9] states that
Cobit is establishing itself as an effective tool to set up IT Governance that 
will help IT departments convert themselves into technological partners of 
businesses. When analyzing the suitability of Cobit for IT Governance we 
must be aware of its origins in auditing, and of its strengths and weaknesses
resulting from such an origin. In this article we analyze Cobit’s strengths and 
weaknesses as a framework for IT Governance, using as a reference another 
IT Governance model, that of Peterson. The three Peterson’s IT Governance 
Model establishes a framework that indicates what aspects must be taken into 
account to implement IT Governance, leaving to the choice of each company 
exactly how to implement it. In search of a performance framework, this 
author establishes that IT Governance must be implemented according to a set 
of structures, processes and relational mechanisms.

Cobit was developed by the Information Systems Audit and
Control Association (ISACA), through the IT Governance Institute (ITGI), as 
a management auditing mechanism for IT departments, and over time has 
become a standard for IT Governance. The Cobit acronym stands for Control 
Objectives for Information and Related Technology, which indicates the way 
Cobit should be considered: as a system that facilitates IT management 
controls. According to ITGI, Cobit supports IT Governance by creating a 
framework that covers the following five areas: strategic alignment, value 
delivery, resource management, and risk management and performance 
measurement. To that end, it establishes four courses of action: focused on the
business, directed towards processes, based on controls and guided by metrics. 
The main idea of Cobit is to make available a series of processes that will help 
manage and control the IT function resources, and make sure the business 
receives the information it needs to achieve its objectives.

With regards to IT governance implementation on principle of 
good governance, the purpose of the study is to contribute to new theory 
building in the IT governance domain of knowledge by means of providing 
guidance on how IT governance can be effectively implemented. It is defined 
that Good Governance is a process whereby societies or organizations make 
their important decisions, determine whom they involve in the process and 
how they render account. 

Defining the principles of good governance is difficult and 
controversial. The United Nations Development Program (UNDP 
“Governance and Sustainable Human Development, 1997”) [3] enunciates a
set of principles that, with slight variations, appear in much of the literature. 
There is strong evidence that these UNDP – based principles have a claim to 
universal recognition. In grouping them under five broad themes, we 
recognize that these principles often overlap or are conflicting at some point 
that they play out in practice according to the actual social context, that 
applying such principles is complex, and that they are all about not only the 
results of power but how well it is exercised.

Good Governance Principles
1.  Accountability  
2.  Transparency
3.  Responsiveness 
4.  Effectiveness and   

Efficiency 
5.  Equity 
6.  Rule of Law 
7.  Participation 
8.  Consensus Orientation 
9.  Strategic Vision

IT Governance Practices
1.   IT Governance 
Structure (Committees) 
2.   IT Governance Processes 
(Planning and Control) 
3.   IT Governance Relational 
Mechanisms
(Leadership, Job Design, 
Communication)
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 The Five Good Governance Principles developed by United 
Nations Development Programmed (UNDP) [3] are the following:

1. Legitimacyand Voice
Participation – all men and women should have a voice in decision-making, 
either directly or through legitimate intermediate institutions that represent 
their intention. Such broad participation is built on freedom of association and 
speech, as well as capacities to participate constructively.
Consensus orientation – good governance mediates differing interests to 
reach a broad consensus on what is in the best interest of the group and, where 
possible, on policies and procedures. 
2. Direction 
Strategic vision – leaders and the public have a broad and long-term 
perspective on good governance and human development, along with a sense 
of what is needed for such development. There is also an understanding of the 
historical, cultural and social complexities in which that perspective is 
grounded. 
3. Performance 
Responsiveness – institutions and processes try to serve all stakeholders.
Effectiveness and efficiency – processes and institutions produce results that 
meet needs while making the best use of resources. 
4. Accountability
Accountability – decision-makers in government, the private sector and civil 
society organizations are accountable to the public, as well as to institutional 
stakeholders. This accountability differs depending on the organizations and 
whether the decision is internal or external.
Transparency – transparency is built on the free flow of information. 
Processes, institutions and information are directly accessible to those 
concerned with them, and enough information is provided to understand and 
monitor them. 
5. Fairness 
Equity – all men and women have opportunities to improve or maintain their 
wellbeing.
Rule of Law – legal frameworks should be fair and enforced impartially, 
particularly the laws on human rights. 

“Governance” opens new intellectual space. It provides a concept 
that allows us to discuss the role of government in coping with public issues 
and the contribution that other players may make. It opens one’s mind to the 
possibility that groups in society other than government (e.g. ‘communities’ or 
the ‘voluntary sector’) may have to play a stronger role in addressing 
problems.

The central conclusion is that a universal set of principles for 
defining good governance can be fashioned and that the strength of their 
universality rests to a large extent on the body of international human rights 
and laws. In addition, these principles can be usefully applied to help deal 
with current governance challenges. When they are applied it becomes 
apparent that there are no absolutes; that principles often conflict; that the 
‘devil is in the detail’; that context matters. Finally, the nature of governance –
both the means and the ends – needs to be understood. Only then does it make 
sense to elaborate the principles in order to create a meaningful analytical 
tool.

However, as UNDP noted that the weak governance may lead to 
more government regulation but not always. And there are many government 
regulations. The main problem is not regulations but the ability or desire to 
enforce them. And this justifies the reason for conducting this research.

III. METHODOLOGY

The study used descriptive research design. Research study utilized 
the total/entire population of 61 respondents for the 23 LGUs in Cavite. The 
respondents include nineteen (19) IT officer and forty-two (42) IT staff from 
the LGUs-IT Department (with an average of 4 personnel per department).To 
get accurate information, judgment sampling method is employed. That 
means, respondents are most knowledgeable in conceptual and technical skills 
in the field of information technology. Through the help of the DILG 
Provincial Director, Allan V. Benitez, the Provincial IT Officer, Camille 
Lauren V. Del Rosario, and together with my students in Business Ethics, 
Social responsibility and Good Governance, the questionnaires were 
distributed and retrieved.

LIST OF LGUs in the PROVINCE OF CAVITE [1]
(6-Cities and 17-Municipalities = 23 LGUs in Cavite)

District I District V District VII
1.Cavite City  8. Carmona           15. Tagaytay City
2. Noveleta   9. Silang                  16. Alfonso
3. Kawit       10. Gen. Mariano 17. Gen. Emilio                                    
4. Rosario                Alvarez          Aguinaldo   

District II District VI 18. Indang 
5. Bacoor City 11. Amadeo   19. Magallanes 

District III 12. Gen. Trias   20. Maragondon 
6. City of Imus 13. Tanza              21. Mendez

District IV 14. Trece Martirez City 22. Naic 
7. City of Dasmariñas 23. Ternate

The study adopted the contents on IT Governance Practices-
Questionnaire from the on-line published ISI journal on An Exploratory Study 
into IT Governance Implementation and its Impact on IT Alignment by 
DeHaes and VanGrembergen [8]. Also, content on good governance 
principles-questionnaire was also adopted through UNDP [3]. For statistical 
report, descriptive statistics were used such as weighted mean, frequency 
counts, and percentage in analyzing the IT governance and good governance 
principles in the LGUs in Cavite. However, inferential statistics include 
Pearson correlation was used to determine the relationship among the 
variables of the study. 

IV. RESULTS AND DISCUSSIONS

The presentation of data is organized following the sequence of 
stated of the problems:

Category of Respondents

Out of 23 LGUs in Cavite, the actual LGUs participated consist of 
18 because the other 5 LGUs do not have IT department. Majority of the 
respondents are the IT staff consisting of 42 or about 68.85 percent. However, 
there are 19 IT officer or about 31.15 percent. They are all knowledgeable in 
IT governance practices.

1. Analysis of IT Governance Practices

The IT governance practices of the LGUs in Cavite are measured 
in terms of IT governance structures, IT governance processes, and IT 
governance relational mechanisms. These are the independent variables of the 
study that are rated by the respondents using a five point scale from one being 
the lowest to five being the highest.  Such category uses “always”, “often”, 
“occasionally”, “seldom”, and “never” labels.

TABLE 1. IT GOVERNANCE STRUCTURE

Description N Mean Interpretation Rank
1.  IT strategy committee 61 3.8033 Often 5
2.  IT expertise 61 3.7541 Often 7
3.  (IT) audit committee 60 3.7000 Often 9
4.  CIO reporting to CEO 60 3.9667 Often 2
5.  IT steering committee 60 3.4500 Occasionally 10
6.  IT governance 

function / officer.
60 3.8167

Often 4
7.  IT project steering 

committee. 
60 3.8000

Often 6
8.  IT security steering 

committee. 
59 3.8814

Often 3
9.  Architecture steering 

committee.  
60 3.7333

Often 8
10.  Integration of 
governance/ alignment 
tasks

61 4.2787

Often 1
IT GOVERNANCE
STRUCTURES

61 3.8373
Often

Valid N (listwise) 59
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Table 1 shows the IT governance practices in terms of structure. The 
summary of IT governance structure is rated as “often” with an average mean 
of 3.8373. The table reveals the results and ranking of IT governance practices 
in terms of structures as follows: 1. (ITGS-10) Integration of 
governance/alignment tasks in roles & responsibilities; 2. (ITGS-4) CIO 
reporting to CEO and/or COO; 3. (ITGS-8) IT security steering committee; 4. 
(ITGS-6) IT governance function / officer; 5. (ITGS-1) IT strategy committee
at level of board of directors; 6. (ITGS-7) IT project steering committee; 7. 
(ITGS-2) IT expertise at level of board of directors; 8. (ITGS-9) Architecture 
steering committee; 9. (ITGS-3) (IT) audit committee at level of board of 
director, and 10. (ITGS-5)  IT steering committee.

TABLE 2. IT GOVERNANCE PROCESSES

Description N Mean Interpretation Rank
11.  Strategic information 
systems planning. 

60 3.9000
Often 5

12.  IT performance 
measurement 

60 3.8833
Often 6

13.  Portfolio management 59 3.9492 Often 2
14.  Charge back 
arrangements

60 3.7500
Often 8

15.  Service level 
agreements.

60 3.7333
Often 9

16.  IT governance 
framework COBIT. 

60 3.7000
Often 10

17.  IT governance 
assurance 

59 3.7797
Often 7

18.   Project governance / 
management 

60 4.0500
Often 1

19.   IT budget control and 
reporting.   

61 3.9016
Often 3.5

20.   Benefits management 
and reporting. 

61 3.9016
Often 3.5

IT GOVERNANCE 
PROCESSES

61 3.8632
Often

Valid N (listwise) 58

Table 2illustrates the IT governance practices in terms of processes. 
The summary of IT governance processes is rated as “often” with an average 
mean of 3.8632.The table reveals the results and ranking of IT governance 
practices in terms of structures as follows: 1. (ITGP-18) Project governance / 
management methodologies; 2. (ITGP-13) Portfolio management; 3.5 (ITGP-
19) IT budget control and reporting; 3.5 (ITGP-20) Benefits management and 
reporting; 5. (ITGP-11) Strategic information systems planning; 6. (ITGP-12) 
IT performance measurement; 7. (ITGP-17) IT governance assurance and self-
assessment; 8. (ITGP-14) Charge back arrangements; 9. (ITGP-15) Service 
level agreements and 10. (ITGP-16) IT governance framework COBIT. 

TABLE 3. IT GOVERNANCE RELATIONAL MECHANISM

N Mean Interpretation Rank
21.   Job-rotation.  60 3.5500 Often 8.5
22.   Co-location. 61 3.7377 Often 6
23.   Cross-training.  60 3.5500 Often 8.5
24.   Knowledge 
management Systems

60 3.7833
Often 5

25.   Business/IT 
account management.  

59 3.5085
Often 10

26.   Executive giving 
the good example. 

60 3.8833
Often 3.5

27.   Informal meetings 60 3.6167 Often 7
28.   IT leadership. 60 3.9500 Often 1
29.   Corporate internal 
communication 

60 3.9167
Often 2

30.   IT governance 
awareness 

60 3.8833
Often 3.5

IT GOVERNANCE 
RELATIONAL 
MECHANISMS

61 3.7484

Often
Valid N (listwise) 59

Table 3 describes the IT governance practices in terms of relational 
mechanisms. The summary of IT governance relational mechanisms is rated 
as “often” with an average mean of 3.7484. The table reveals the results and 
ranking of IT governance structures as follows: 1. (ITGRM-28) IT leadership; 
2. (ITGRM-29) Corporate internal communication addressing IT on a regular 
basis; 3.5 (ITGRM-30) IT governance awareness campaigns; 5. (ITGRM-24) 
Knowledge management (on IT governance); 6. (ITGRM-22) Co-location; 7. 
(ITGRM-27) Informal meetings between business and IT executive/ senior 
management; 8.5 (ITGRM-21) Job-rotation; 8.5 (ITGRM-23) Cross-training, 
and 10. (ITGRM-25) Business/IT account management.

TABLE 4. SUMMARY OF IT GOVERNANCE PRACTICES

Description N Mean Interpretation Rank
IT Governance 
Structures 61 3.8373 Often 2
IT Governance 
Processes 61 3.8632 Often 1
IT Governance 
Relational 
mechanisms 61 3.7484 Often 3

IT Governance 
Practices (Ave. 

Mean) 61 3.8373 Often

Table 4 affirms the summary of IT governance practices rated as 
“often” with an average mean of 3.8163. The table reveals the highest IT 
governance practices, which is IT governance processes rated as “often” with 
a mean score of 3.8632. It is followed by IT governance structures rated as 
“often” with a mean score of 3.8373, and IT governance relational 
mechanisms rated as “often” with a mean score of 3.7484.  

2.  Analysis of Implementation of Good Governance 
Principles

The good governance principles employed in the IT department of 
LGUs in Caviteis measured in terms of accountability, transparency, 
responsiveness, effectiveness & efficiency, equity, rule of law, participation, 
consensus orientation, and strategic vision. The dependent variables are rated
using a five point scale from one being the lowest to five being the highest.  
Such category makes use of exceptional, very satisfactory, adequate, 
improvement needed, not yet implemented labels.

TABLE 5. PRINCIPLES OF GOOD GOVERNANCE

N Mean Interpretation Rank
1. Being Accountable 60 4.1333 Often 1
2. Transparency: 60 3.9167 Often 4
3. Responsive: 60 4.0667 Often 2
4. Effective and Efficient:  59 4.0339 Often 3
5. Equitable and Inclusive:  60 3.7500 Often 8
6. Following the Rules: 60 3.8667 Often 6
7. Participatory:     60 3.7667 Often 7
8. Consensus Oriented:        60 3.7000 Often 9
9. Strategic Vision:   60 3.9000 Often 5
PRINCIPLES OF GOOD 
GOVERNANCE

60 3.9039
Often

Valid N (listwise) 59

Table 5 describes the implementation of good governance principles. The 
summary of good governance principles is rated as “often” with an average 
mean of 3.9039. The table reveals the results and ranking of good governance 
principles as follows: 1. (GGP-1) Being Accountable; 2. (GGP-3) Responsive; 
3. (GGP-4) Effective and Efficient; 4. (GGP-2) Transparency; 5. (GGP-9) 
Strategic vision; 6. (GGP-6) Following the Rules; 7. (GGP-7)Participatory; 8. 
(GGP-5) Equitable and Inclusive, and 9. (GGP-8) Consensus Oriented.
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 3. Significant Relationship between IT Governance 
Practices to Good Governance Principles of the LGUs in 
Cavite

Using the Pearson correlation, the IT governance practices are 
compared against good governance principles to determine the significant 
relationship among the variables of the study.

TABLE 6. PEARSON CORRELATION OF IT GOVERNANCE TO GOOD 
GOVERNANCE PRINCIPLES

Principles of Pearson Sig. 

Good Governance Correlation (2-tailed) N Findings

IT Gov. Structures 0.661 0 60 Sig.

IT Gov. Processes 0.700 0 60 Sig.
IT Gov. Related 
Mechanisms 0.674 0 60 Sig.

The table 9 explains the Pearson correlation of IT governance 
practices (ITGP) to good governance practices (GGP). The test statistics from 
all items in the table on the GGP, the computed P-value is less than to the 
0.050 significance level. This means that the test statistics falls in the critical 
region, so we conclude that there is sufficient evidence to support the claim of 
linear correlation between ITGP and GGP. 

However, only the GGP on effective and efficient does not 
conclude that there is a linear correlation because the P-value of 0.097 is 
greater than the 0.050 significance level. And all the rest of the variables are
significant.

Moreover, ITGP and GGP implementation in the LGUs in Cavite 
is positively related and have a moderate to high coefficient. This means that 
as ITGP increases, the GGP implementation also increases. Any positive 
change and increase in ITGP is positively related to GGP implementation in 
the LGUs in Cavite. Which means as one increases (IT governance practices), 
the other also increases (good governance principles). This reveals that the 
magnitude and direction of relationship of the values corresponds a positive 
relationship.

TABLE 7. RANKING OF PEARSON CORRELATION OF IT 
GOVERNANCE TO GOOD GOV. PRINCIPLES

GGV ITGS ITGP ITGRM Rank

1. Accountability 6 3.5 6 5

2. Transparency 8 7 8 8
3. Responsiveness 7 8 7 7
4. Effectiveness& 
Efficiency 9 9 9 9
5. Equity 5 6 5 6
6. Rule of Law 2 5 4 4
7. Participation 3.5 2 3 2.5
8. Consensus 
Orientation 3.5 3.5 2 2.5

9. Strategic Vision 1 1 1 1

Table 10 reveals the ranking of relationship of ITGP to GGP from 
highest to lowest: (1)Strategic Vision-Leaders and the public have a broad 
and long-term perspective on good governance and human development; 
(2.5)Consensus Orientation-Different interests and viewpoints need to be 
mediated to reach a broad consensus on what is the best interest of the whole 
organisation; (2.5)Participation-All the member of the organisation, both 
men and women need to be involved in the development process; (4)Rule of 
Law- There must be a fair legal framework that is enforced impartially 
protecting human rights and rights of minorities;(5)Accountability- Everyone 
in the organisation must be answerable to every actions, decisions and 
behaviour; (6)Equity- A society’s well being depends on ensuring that all its 
members feel that they have a stake in it and do not feel excluded from the 
mainstream of society; (7)Responsiveness- Members of the organisation must 
try to serve stakeholders within a reasonable timeframe; (8)Transparency-
Information must be made available to the organisation for clarity on decision 

making, (9)Effective and Efficient- Processes need to produce result that 
meets the need of the organisation and company while making the best use of 
resources

CONCLUSIONS

Based on the findings of the study, the following conclusions are 
drawn:

1. The analysis of respondents on IT governance structures rated high on 
practices such as (ITGS-10) Integration of governance tasks of IT people in 
roles & responsibilities, followed by (ITGS-4) Chief Information Officer has a 
direct reporting line to the Chief Executive Officer, and (ITGS-8) IT security 
steering committee focusing on IT related risks and security Issues. 
2. The analysis of respondents on IT governance processes rated high on 
practices such as (ITGP-18) management processes and methodologies to 
govern and manage IT projects, followed by (ITGP-13) prioritization process 
for IT investments and projects, (ITGP-19) processes to control and report 
upon budgets of IT, and (ITGP-20) processes to monitor the planned business 
benefits during and after implementation of the IT investments/projects.
3. The analysis of respondents on IT governance relational mechanisms rated 
high on practices such as (ITGRM-28) IT leadership to articulate a vision for 
IT role in the company and ensure that this vision is clearly understood by 
managers throughout the organization; followed by (ITGRM-29) corporate 
internal communication addressing IT issues on a regular basis, (ITGRM-26) 
executive / senior management giving the good example and IT management 
acting as “partners”, and (ITGRM-30) IT governance awareness campaigns to 
explain to business and IT people the need for IT governance. 
4. The analysis of respondents on implementation of good governance 
principles rated high on (GGP-1) Accountability that everyone in the
organisation must be answerable to every actions, decisions and behaviour, 
followed by (GGP-3) responsiveness that members of the organisation must 
try to serve stakeholders within a reasonable timeframe, (GGP-4) effective 
and efficient to produce result that meets the need of the organisation and 
company while making the best use of resources, (GGP-2) transparency of 
information must be made available to the organisation for clarity on decision 
making, and (GGP-9) strategic vision that leaders and the public have a broad 
and long-term perspective on good governance and human development, 
along with a sense of what is needed for such development.
5. The test statistics of Pearson correlation of IT governance structures (ITGS) 
and IT governance related mechanisms (ITGRM) to good governance 
principles (GGP) falls in the critical region, so we conclude that there is 
sufficient evidence to support the claim of linear correlation between ITGS 
and ITGRM to GGP. However the ITGS and ITGRM to effective and 
efficiency-GGP, we do not conclude that there is a linear correlation because 
the P-value of 0.097 is greater than the 0.050 significance level.
6. Only the test statistics of Pearson correlation of IT governance processes 
(ITGP) to GGP concludes that there is sufficient evidence to support the claim 
of linear correlation. 

RECOMMENDATIONS

In light of the foregoing summary of findings and conclusions, the 
following recommendations are offered:
1. IT governance structures needs to improve practices on (ITGS-5) IT
steering committee at executive or senior management level responsible for 
determining priorities in IT investments, (ITGS-3) audit committee at level of 
board of directors over viewing (IT) assurance activities, and (ITGS-9) 
architecture steering committee to provide architectural guidelines and advises 
on the use of IT applications.
2. IT governance processes needs to progress practices on (ITGP-16) COBIT 
based on IT   governance and control framework, (ITGP-15) formal 
agreements between business and IT about IT development projects or IT 
operations, and (ITGP-14) methodology to charge back IT costs to business 
units, to enable an understanding of the total cost of ownership.
3. IT governance relational mechanisms needs to develop practices on 
(ITGRM-25) bridging the gap between business and IT by means of account 
managers who act as in-between, (ITGRM-21) Job-rotation that IT staff 
working in the business units and business people working in IT, and 
(ITGRM-23) cross-training business people about IT and/or training IT people 
about business.
4. The LGUs in Cavite in implementing the good governance principles 
should enhance and give more emphasis for those with low coefficient such 
effectiveness and efficiency (processes need to produce while making the 
best use of resources), transparency (information must be made available to 
the organization for clarity on decision making), Responsiveness (members of 
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the organization must try to serve stakeholders  within a reasonable 
timeframe), equity (ensuring that all its members feel that they have a stake in 
it and do not feel  excluded from the mainstream of society), and 
accountability (everyone in the organization must be answerable to every 
actions, decisions, and behavior)..
5. Similar investigation on the use of information technology governance and 
good governance principle in public andprivate organizations is 
recommended.
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ABSTRACT- Today the carbon content in the atmosphere 
is predominantly increasing due to green house gas 
emission and deforestation etc. Forest plays a key role in 
absorbing carbon dioxide from atmosphere and stores in 
form of wood biomass which contains nearly 70-80% of 
global carbon. Spatial distribution of biomass cannot be 
obtained by inventory techniques so the application of 
remote sensing in biomass assessment is introduced to 
solve the problem. Both optical (LANDSAT-8) and 
synthetic aperture radar (ALOS-2) remote sensing data 
are used for above ground biomass (AGB) assessment. 
Biomass that stores in branch and stem of tree can be 
called as above ground biomass. 20 ground sample plots of 
30m*30m utilized for biomass calculation from allometric 
equations. Optical remote sensing calculates the biomass 
based on the spectral indices of SAVI and RVI by 
regression analysis (R²=0.813). Synthetic aperture radar is 
an emerging technique uses high frequency wavelengths 
for biomass estimation. HV back scattering shows good 
relation (R²=0.74) with field calculated biomass compared 
to HH (R²=0.43) utilizes for biomass model generation by 
linear regression analysis. Combination of both optical 
spectral indices (SAVI, RVI) and HV SAR back scattering 
increases the plantation biomass accuracy to (R²=0.859) 
compared to optical (R²=0.788) and SAR (R²=0.742). 

Keywords – above ground biomass, Spectral indices, 
Backscattering, LANDSAT, ALOS-2 

I.INTRODUCTION 

Every year an average of 9.9 billon metric tons of carbon is 
releasing into atmosphere. It causes lot of threats to the global 
environment. The carbon emission increased due to increase 
usage of fossil fuels, forest deforestation etc. Forest acts as a 
carbon sequestration because it stores lot of carbon in the form 
of biomass. Due to increase in anthropogenic activities like 

land cover change, burning lots of fossil fuel and deforestation 
there is a need to produce accurate biomass for future forest 
ecosystem management M.Lucas 2012 [1]. 30% of earth land 
that means 4 billion hectares is occupied by forest. For 
example according to Kyoto protocol [2] a forest is defined as 
an area of land having 0.5-1 hectares and crown cover greater 
than 10-30%. Biomass is the weight (or) mass of its living 
plant tissue generally expressed in metric ton. It is the organic 
matter present in the environment. Generally Biomass can be 
obtained in two forms 1. Raw biomass from different sources 
like agricultural, forestry, agricultural crops, municipal waste 
and animal dropping 2.secondary biomass obtained from 
primary biomass includes paper, cotton, natural rubber, card 
board etc. Energy released from biomass when it is burnt it 
converted into fuels called biomass energy. Biomass provides 
renewable energy that improves the economy, environment 
and energy source. Renewable energy is eco friendly and 
provides less harm to the environment. Traditional inventory 
method is most accurate method for biomass estimation but it 
consumes lot of time, cost and labor. The spatial distribution 
of biomass in huge large cannot be calculated by inventory 
technique. So In order to solve this problem remote sensing 
techniques are utilized for biomass estimation. Due to 
deforestation lot of carbon content is releasing in to the 
atmosphere and create threads to the global environment. In 
general the accurate land cover change mapping is needed for 
finding the deforestation areas and also helps to monitor the 
biomass changes with time. Therefore it is important to 
estimate the biomass content in the environment. The 
application of remote sensing data becomes the primary 
source for biomass estimation easy and quickly for a large 
area. The remote sensing data consists of both optical and 
SAR data. Previous studies estimate the biomass by using the 
vegetation indices of the optical sensor data like (LANDSAT 
[3], SPOT [4], MODIS [5]) images. Optical remote sensing 
has an ability to estimate the above ground biomass because 
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the spectral response in optical sensor data is related to the 
interaction between the vegetation cover and sun radiance. 
The biomass is estimated by determining the correlation 
between the spectral response and the ground data obtained 
from the field plots. To remove the variability caused by 
canopy geometry, sun view angle on biomass estimation a 
relationship was developed between the vegetation indices 
and forest biophysical parameters. It has a potential benefits in 
biomass estimation ranging from medium to large scales. 
High spatial resolution data like IKONOS [6] and 
WORLDVIEW-2 [7] provides the accurate biomass at local 
scales. For regional scales a large volume of data like 
LANDSAT which is medium spatial resolution data is used. 
At national and global scales coarse spatial resolution data 
like MODIS have been found useful for biomass estimation. 
Optical remote sensing calculates the biomass from the 
spectral indices. It is successful in estimating forest biomass 
but it is not used in the regions of cloud cover. The limitation 
may be overcome by the use radar data which provides 
additional capability of cloud free images. Different bands P, 
L, S, C, K, X are used in SAR data. Out of all bands both P 
and L has higher wavelengths and scattered by trunks and 
branches of trees so they mostly used for biomass estimation. 
By SAR data biomass over a large area is calculated from the 
backscattering value. Previous studies calculate the biomass 
from SAR data (ALOS PALSAR-1[8], RADARSAT [9] [10], 
TERRASAR-X [11], ENVISAT [12], ALOS-2[13]). 
Compared to all SAR data ALOS PALSAR is most 
commonly used because it has higher wavelength L band that 
penetrates more through the canopy of trees and produce high 
accuracy biomass .Higher wavelengths and cross polarization 
(HV&VH) of SAR data shows good results in biomass 
estimation. Application of multi frequency SAR data [14] 
increases the saturation effect and accuracy of biomass 
estimation. Dual polarization-L band (HH&HV) is most 
commonly used for tropical forest biomass estimation [15]. 
Different regression models are applied to generate biomass 
prediction model by correlating both ground data and 
backscatter value of SAR data. Interferometric is an emerging 
SAR technique and application of polarimetric [16] with 
interferometric increases the biomass estimation. The 
combination of optical remote sensing with SAR data 
increases the accuracy level of biomass [17]. Therefore by 
application of different optical and SAR techniques in 
biomass estimation leads to understand the forest ecosystem 
management. The objective of this study is 1. Land cover map 
of study area from landsat-8 2. Biomass model generation by 
regression analysis of optical spectral indices and filed 
calculated biomass 3.Biomass map from SAR data. 4. 

Biomass map from combined optical and SAR remote sensing 
data. 

II. STUDY AREA 

The study area is located in Mueang Surat Thani which is 
capital district of Surat Thani province Thailand and 
geographically located on western shore of the gulf of 
Thailand. The geographical area of Mueang Surat Thani is 
233.8 sq km and spatial co-ordinates lies between 90 43' 
24.08'' N   980 58' 48.06 ''E and 8016'44.65'' N   990 16' 43.79'' 
E. The Mueang Surat Thani flourishes with lands of fertile 
soil, good rainfall and balanced climatic conditions.Tapi and 
Phum Daung are the major rivers in this area. The Study area 
is selected with 9 Tombons of Mueang surat Thani district 
because this research is mainly focused on the estimation of 
biomass from plantations so the occurrence of plantation area 
in these regions is more. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Represents boundary map of study area 

 

III. DATA COLLECTION 

A. Field data 

In this study for designing of sample plots the remote sensing 
image is considered because the biomass results are obtained 
from both field measurements and satellite image. From 
optical image LANDSAT 8 the pixel size is 30m*30m so in 
this study, 30m*30m size of 20 square plots are utilized for 
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collecting the field data of DBH (Diameter at Breast height of 
tree) and height of tree for each tree in sample plot. 

B. Satellite data 

Now a day’s satellite image plays a key role for solving 
problems because we can acquire majority of useful 
information from it. The accuracy of the results mainly 
depends on the quality of input data. In this research 
LANDSAT 8 optical sensor data of spatial resolution 30m 
available on October 2015 is downloaded freely from USGS 
website for biomass assessment. Fine beam dual polarization 
(HH&HV) of October 2015 ALOS-2 image with pixel spacing 
of 6.25m and an incident angle of 38.8o is downloaded from 
JAXA website. 

IV. METHODOLOGY 

A. Biomass from optical sensor data 

Raw satellite data cannot be used directly for land cover 
classification  so intially it has to be processed by ERDAS 
softwrae image and transformed its co-ordinates to WGS 84 
47N.  

 

Figure 2 Represents Land cover map of study area 

 

Both Geometric and atmsospheric corrections are applied to 
acquire accurate reflectance values which helps to improve the 
classification accuracy. Maximum likehood classification 
technique is applied to satellite imagery which produce overall 
classification accuracy of 91.13%. Forest has high land 
coverage (83.94sq km) fallowed by urban land (33.89 sq km), 
oil palm (26.92 sq km),water(13.94 sq km), coconut (6.35 sq 
km) and mixed plantation (5.17 sq km).Similarly mango, 
lemon and rose apple shows less area coverage of (0.03-0.07 
sq km). Different allometric equations are applied for DBH 
and height of tree for calculating biomass of oil plam, 
mango,coconut and mixed plantations. Compared to all values 
of field calculated biomass only oil palm plantations shows 
high biomass values ranging from 140-219 (tons/ha). Spectral 
indices of Optical sensor data is widely used for the biomass 
asssessment. Four different spectral indices(NDVI,SAVI,RVI 
and EVI) are calculated form LANDSAT data and compare 
with the biomass calculated from field data to genrate biomass 
regression model. SAVI(R²=0.711), RVI(R²=0.79) and 
EVI(R²=0.74) shows good relation with field calculated 
biomass compared to NDVI (R²=0.64). Biomass model of 
SAVI and RVI (R²=0.81) provides good accuracy compared 
to EVI and SAVI (R²=0.75). 

AGB= -238.341+353.062*SAVI+19.491*RVI   (R² =0.813) 

 

Figure 3 Represents biomass map from LANDSAT data 
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B. Biomass from SAR data 

The application of Synthetic radar aperture data is a Promising 
Technique which uses high frequency wavelengths to estimate 
above ground biomass. Initially SAR data has to be process by 
both terrain correction and radiometric calibration for 
calculating backscattering values. To reduce noise reduction 
in SAR images mean adaptive filtering is applied. In order to 
compare SAR backscattering values with field calculated 
biomass values the pixel spacing is to resample to 30m. Linear 
regression analysis is used to develop biomass model by 
comparing backscattering values and field biomass. HV 
backscattering (R²=0.77) shows good relation with field 
biomass compared to HH (R²=0.4). Finally accurate biomass 
map is produced with HV backscattering as best fit model. 

AGB= 679.326+35.307*σ◦ [dB] HH (R² =0.775) 

Figure 4 Represents biomass map from SAR data 

C. Biomass from combined optical and SAR data 

Both spectral indices and backscattering values are utilized for 
new biomass model generation. Multi linear regression is used 
to develop biomass model by comparing both spectral indices 
(SAVI, RVI) and HV backscattering values with field 
calculated biomass. Accurate biomass equation is produced 

with SAVI, RVI and HV SAR backscattering as best fit model 
(R²=0.87) applied to total study area. 

AGB= 101.819+17.866* σ◦ [dB] HV+442.344*SAVI 
+9.113*RVI (R²=0.870) 

 

Figure 5 Represents biomass map from combined SAR and LANDSAT data 

V. RESULTS 

Accuracy assessment for all biomass models has to be 
checked with 20 field sample plots. Biomass map generated 
from spectral indices shows good accuracy (R²=0.788) with 
RMSE of 26.054(t/ha). SAR backscattering biomass map 
accuracy was not higher (R²=0.74) than spectral regression 
map. Combination of both optical (spectral indices) and SAR 
(HV backscattering) increases biomass accuracy to (R²=0.859) 
with RMSE of 21.20(t/ha) compared to regression models of 
optical and SAR data. 

TABLE I 
ACCURACY RESULTS 

S.NO DATA R² RMSE 
1 Optical 0.788 26.054(t/ha) 

2 SAR 0.742 28.736(t/ha) 

3 combined 0.859 21.207(t/ha) 
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VI. CONCLUSION 

The overall accuracy of classified map indicates different land 
features on map shows 91.13% accuarte with the original land 
features on the ground. Biomass map developed from Spectral 
indices of both SAVI and RVI shows good accuracy 
compared to NDVI and EVI spectral indices. Only HV 
backscattering (R²=0.77) of ALOS-2 shows good relation with 
the field biomass compared to HH backscattering (R²=0.4). 
Application of combined optical and SAR data provides high 
accurate biomass map (R²=0.859) which leads to 
implementation of different techniques in biomass research. 
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Abstract— Dawei is one of the newly emerging Special 

Economic Zones in Myanmar where rapid socio-environmental 
changes are caused along with constructions of ports and road 
links. Evaluation of local impacts associated with such socio-
environmental changes from a person trip perspective is very 
important. Ways of obtaining trip data can be shifted from 
conventional questionnaire survey to GPS survey by loggers and 
mobile phones in future; however, bridging two data is necessary 
to trace trip behaviour in time-series. The objectives of this 
paper are to: (a) convert and visualize questionnaire-based 
person trip data, (b) compare the questionnaire and GPS data 
sets associated with trip parameters, and (c) assess trip changes 
in 2005, 2010 and 2015. Totally, 345 individual respondents were 
selected through random stratification to assess one-day trip 
using a questionnaire and GPS survey for each. Conversion of 
non-spatial trip information from questionnaires was conducted 
by using GIS. The results show that differences of two data sets 
in the number of trips, distance and duration are 25.3%, 34.9% 
and 38.0%, respectively. Trip distance was yearly increased. The 
study concluded that questionnaire data can be associated with 
GPS data and its visualization helps understanding underlying 
tendencies behind the paper-based information. 
 
Keywords— Person trip, Questionnaire survey, GPS-Logger, 
Myanmar, GIS 

I. INTRODUCTION 
The economic transition from an isolated country to opening 

up to the global economy is creating opportunities to develop 
a high potential for economic growth for Myanmar. Since 
establishment of the Dawei Project in 2008, industries, 
business and infrastructure have been developed to create 
local employment opportunities and ultimately to support 
national economic growth. The project includes development 
of the Dawei deep seaport, an industrial estate and highway 
road and rail links to Thailand. Especially, the industrial zones 
consist of five zones such as heavy, medium, light industry 
and a combination of these, with a total area of 250 km2 [1]. 
These zones are set as a Special Economic Zones (SEZ), 
which can be defined as a specific geographical regions with 
liberal economic laws providing special incentives for 

investors such as tax exemption or reduction [2]. The Dawei 
SEZ is expected to be the pivotal hub for better connectivity 
and logistics among the surrounding regions.  

In developing countries, socio-economic factors determine 
local life styles, including trip behaviour. Thus, evaluation of 
local impacts associated with socio-economic factors from a 
person trip perspective is very important and Southeast Asia is 
not an exception. However, even though person trips are 
known to be affected by factors such as increased investment 
and improved infrastructure, changes in trip patterns cannot be 
traced, mainly because of the absence of established methods, 
the lack of secondary data and its unreliability. Traditional 
ways to collect and analyse a person trip data largely depend 
on conventional questionnaire surveys; while GPS survey by 
logger and mobile phone has been also available along with 
the development of information and telecommunication 
technology. Those two data can be handled separately in 
different field of studies such as social science and 
engineering; however, bridging questionnaire survey data to 
GPS survey data and visualizing such trips data in time-series 
can be a very helpful tool to assess the diverse individual 
impacts resulting from rural socio-economic changes. 
Therefore, the objectives of this study are to: (a) convert and 
visualize questionnaire survey person trip data, (b) compare 
the questionnaire and GPS data sets associated with trip 
parameters such as the number of trip, trip distance and trip 
duration and (c) assess trip changes in 2005, 2010 and 2015 
associated with social parameters such as sex and age. The 
research is expected to contribute to the conversion and 
visualization of questionnaire survey data and bridge it with 
quantitative measurements in order to trace dynamic 
individual trip behaviour by social attributes, in time-series.  

II. DATA 
In this study, two datasets were utilized. First, a 

questionnaire-based person trip was prepared. A field survey 
was conducted with the questionnaire and a GPS device to 
obtain information both for a personal profile and one-day trip 
as well as the house location. Second, 38 GPS loggers were 
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distributed to sample respondents, two days before conducting 
the questionnaire survey and trip data was validated by the 
GPS log data. 345 individual data sets were collected from the 
questionnaire and GPS survey and trip behaviour in 2005, 
2010 and 2015 was analysed.  

 

A. Study Area 
Villages in the SEZ mainly depend on agricultural activities 

such as plantation and paddy cultivation; however, the project 
development has led to the reconstruction of villagers’ trip 
patterns after the project establishment due to the creation of 
employment opportunities and development of roads 
infrastructure. The study purposively selected rural villages 
dependent on agriculture and located near the Italia–Thai 
Development Public Company (ITD) camp, which is the 
initial contractor with the Myanmar government for the Dawei 
Project (Fig. 1).  

 

 
Fig. 1 SEZ IN DAWEI 

 

B. Field Survey Data 
A field survey was conducted with a questionnaire and a 

GPS in 2015 in order to collect information for person trip 
behaviour and personal profiles. Stratified random sampling 
by sex and age was employed to understand trip 
characteristics and 345 individual data were collected. Non-
spatial personal attributes such as age, sex, marital status, 
education level, household status, occupation and monthly 
household income were collected through a pre-tested 
questionnaire conducted earlier in 2014. Spatial information 
such as trip origin, destination, direction, distance, mode and 
duration in 2005, 2010 and 2015 was also collected. The study 
also employed formal and informal interviews with key 
informants such as village heads, using checklists. The data 
collection also involved direct field observation. The local 
language was used for communication with local people, 
assisted by a translator.  

 

C. GPS Logger Data 

Wearable GPS devices such as “i-gotU USB Travel & 
Sports Logger – GT-600” were used to log trips and validate 
the data obtained from the questionnaires. This device is 
lightweight (37g) and small (44 x 41.5 x 14 mm) with an 
automatic motion detector [3] which can be worn on the waist 
or clipped to clothes. The device recorded 24-hour trips with a 
5-second interval using the motion detection mode. A 
maximum of 38 devices were distributed at one time to a total 
of 345 respondents aged 16 years plus. Both questionnaire and 
GPS log data are available from the 345 samples. The samples 
comprise age groups: 16-20 (16.9%), 21-30 (16.0%), 31-40  
(16.6%), 31-50 (18.1%), 51-60 (19.3%), and above 61 years 
(13.0%). 

III. METHODOLOGY 

A. Overall Methodology 

The following Fig.2 is the overall methodology employed in 
this study. The methodology focused on four major steps in 
order to achieve the main objective of extracting rapid socio-
environmental changes. First, questionnaire-based, non-spatial 
one-day trip data with the respondents’ house location 
collected by the GPS device was manually converted to 
spatiotemporal data. Second, trip parameters such as stay 
points, moving segments, number of trip, trip distance and trip 
duration were extracted both from the questionnaire and the 
GPS data. Third, the questionnaire person trip data for 2015 
was validated using the GPS logger data, based on the 
selected parameters such as number of trip, trip distance and 
trip duration. Fourth, the trip behaviour in 2005, 2010 and 
2015 was analysed based on socio-economic parameters of the 
respondents. 

 

 
Fig. 2 OVERALL METHODOLOGY 

 

B.  Process of Questionnaire Survey Data 

1) Extraction of Trip Data from the Questionnaires: 
Details of person trip obtained through interviews are 
ambiguous and its changes are also not clear. In order to 
obtain a clearer picture of local people’s trip behaviour, trip 
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information such as trip origin, destination, direction, distance, 
and duration in 2005, 2010 and 2015 were collected. This 
information was converted to spatiotemporal information by 
utilizing Geographic Information Systems (GIS) and 
visualized in a movie format. The destination is determined 
using the original house location data recorded by the GPS 
device, distance and direction. All spatiotemporal data are 
listed in a timeline and saved in a comma-separated values 
(csv) format. Simultaneously, non-spatial attributes such as 
age, sex, marital status, education level, household status, 
occupation and household income, were also integrated with 
the file.  

 
2) Extraction of Moving Segments from the Questionnaire 

Data: The total number of trip, the total trip distance and trip 
duration were manually extracted from the questionnaires and 
listed in excel format. In this study, a single trip is defined 
from a staring from a location to a destination, such as from 
home to a workplace. 

C. Process of GPS Logger Data 
1) Stay Point Extraction from the GPS Logger Data: After 

the trip data had been obtained with GPS loggers, 
spatiotemporal data such as time, latitude and longitude were 
extracted from the devices. The break up of the trip segment 
was acquired to find the stay points. In this study, stay point 
extraction with outlier detection and removal technique 
utilized by [4] were employed using the following Eq. (1): 

Distance (pstart, pend) < D threh and TimeDiff (pstart, pend) > Tthreh                                                                          

(1) 
Where the parameters D

threh
, considerable maximum 

distance as a stay point, and T
threh

, minimum time spending at 
a same place, are adjustable. In this study, a stay point is 
detected if T

threh 
> 20 minutes and D

threh 
<= 300 metres. Based 

on the calculation, stay points are extracted and are listed by 
start-time, end-time, duration, distance in metres, average 
speed in kilometres/hour and the total number of stay points. 
Additionally outlier detection and noise removal technique 
were applied by using standard deviation (!).  
 
2) Moving segment extraction from the GPS data: Once the 
stay points are extracted from the GPS data, the moving 
segments can be extracted. The extracted parameters in this 
study is total trip distance per trip in metre, duration per trip in 
minutes, starting time, ending time, average speed 
kilometres/hour and total points. These parameters are 
calculated for a single trip by utilizing Java language. For data 
reliability, duration < 1 minute and total point < 5 were 
excluded from the list. The selected parameters from the GPS 
data were summarized by utilizing the PostgreSQL.  

D.  Comparison of Two Data Sets 
After processing the data, the following Eq. (2) was 

employed to calculate differences in the number of one-day 
trip, trip distance and trip duration between the two data sets. 

Relative Change (x, y) = | |/ Max (x, y)*100                        (2) 
 

Where x is the data from the questionnaire and y is the data 
from the GPS loggers. Accordingly, changes in these 
parameters in 2005, 2010 and 2015 were calculated. In this 
process, trips made out of villages such as in Yangon and 
Thailand, and unfixed trips such as daily employment at 
various places within or outside the villages, were excluded. 

E. Analysis of Person Trip Behaviour  

The trip distance was analysed by social parameters such as 
sex and age. Furthermore, the increase rates of 2005-2010 and 
2010-2015 by the parameters were compared. 

IV. RESULT AND DISCUSSION 
A. Conversion and Visualization of Questionnaire Data 

For visualization of person trip data from the questionnaire, 
the converted data was visualized together with GPS log data 
(Fig.3). Person trip can be also displayed according to 
attributes (Fig. 4). This visualization of person trip provides 
more useful trip characteristics such as trip distance, number 
of trips and trip duration by parameters than text-based 
information obtained from questionnaires. Illustrative 
visualization is easy to understand and more information can 
be obtained for a better understanding of the underlying 
tendency behind the data [5]. 
 

 
Fig. 3 COMPARISON OF QUESTIONNAIRE AND GPS DATA 
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Fig. 4 COMPARISON OF VISUALIZED QUESTIONNAIRE  

AND GPS DATA 
 
B. Comparison of Two Data Sets 

To validate the questionnaire survey data, the average 
differences between two data sets were calculated. This 
reveals a total of 543 trips, with a total 1,936.3 km trip 
distance and 7,457.0 minutes of trip duration from the 
questionnaire while data from the GPS loggers shows a total 
of 403 trips, 2,302.0 km trip distance and 7403.6 minutes of 
trip duration. The result shows the average differences 
between the two data sets as 25.3% (A), 34.9% (B) and 38.0%, 
respectively (Table I). 
 

TABLE I 
AVERAGE DIFFERENCE OF TWO DATA SETS 

 
Both human and data processing errors are found to have 

significantly impacted the average differences within each of 
the above three parameters. Human error from questionnaires, 
for example, involves under-reporting of short trips and exact 
trip routes. Because villagers did not report stays of more than 
20 minutes on the way to a destination, this introduced errors 
in analysing GPS log data. Additionally, errors during the data 
processing of GPS logs data are largely caused because of 
short trips of less than 300 metres, and short stays of more 
than 20 minutes. However, the level of error allows us to 
utilize the trip data in 2015, 2010 and 2005 obtained from the 
questionnaire survey. 
 

C. Change in Person Trip 
    Trends of parameters in 2005, 2010 and 2015 were 
compared and the results of yearly change are described in 
Table II. The results show that row (A) does not show much 
difference over a period of 10 years. Row (B) increases yearly 
and the changes are 1.9 (2005-2010), 2.1 (2010-2015) and 4.1 
(2005-2015) times. Row (C) increased in 2010; however, in 
2015, it again decreased to a duration similar to 2005. Based 
on the trend of (A), (B) and (C), it can be said that the main 

change in trip behaviour is the increase of the trip distance and 
this can result from the change in trip mode such as walking, 
travelling by motorbike, car or other modes. It can be 
confirmed that as the trip distance increases, the trip mode 
also changes. Indeed, the motorbike mode increased 5.9 times 
from 2005 (9.2 %) to 2015 (54.0 %). 
 

TABLE II 
AVERAGE NUMBER OF PERSON TRIP, TRIP DISTANCE AND TRIP 

DURATION BY YEAR 

 
D. Change in Trip Behaviour by Sex and Age 

Sex and age are the important parameters for assessing trip 
tendencies. The trip distances in 2005, 2010 and 2015 were 
compared with respect to sex and age (Table III & Table V). 
The male trip distance during 2005-2010 and 2010-2015 
increased by 3.6 and 1.7 times and that of females by 3.3 and 
2.9 times, respectively for the age group (A). The notable 
increase in the female trip distance during 2010-2015 is due to 
occupational changes from being a student to working in 
agriculture, non-agriculture and other activities. Furthermore, 
some females travel to a city university, so making the search 
for higher education is one of the main driving factors for this 
age group. While in age group (B), the male rate during 2005-
2010 and 2010-2015, increases by 1.2 and 1.9 times, 
respectively and that of females by 1.5 and 4.9 times, 
respectively. The higher rate of increase for females during 
2010-2015 is a result of their engagement in project-related 
employment, including as office staff and as laboratory 
workers at the project camp, travelling by motorbike to the 
workplace. On the other hand, for age group (C), the male rate 
during 2005-2010 and 2010-2015 increases by 3.0 and 1.3 
times, respectively and that of females by 0.5 and 3.7 times, 
respectively. The lower increase for males during 2010-2015 
compared to females, is probably due to non-significant 
changes in occupation for males. Furthermore, the higher 
increase for females during 2010-2015 is probably the result 
of increased trips to the city for business work. This tendency 
in age group (C) can be also found in age group (D), showing 
increases of 3.3 (2005-2010) and 1.2 (2010-2015) times for 
males and of 1.2 (2005-2010) and 2.8 (2010-2015) times for 
females. For age group (E), the rate during 2005-2010 and 
2010-2015 increase by 1.5 and 3.0 times, respectively while 
that of females increase by 1.3 and 0.4 times, respectively. 
The notable increase in male rates during 2010-2015 is the 
result of increased engagement in non-agricultural activities, 
such as driving car taxis. Indeed due to business expansion, 
one male bought a car and own taxi driving service. The 
decreased trip distance for females during 2010-2015 is the 
result of non-significant changes in occupation and trip mode. 
For age group (F), the male rates during 2005-2010 and 2010-
2015 increased by 3.0 and 1.4 times, respectively while that of 

 Average differences (%) 
(A) No. of Person Trip 25.3 
(B) Trip Distance 34.9 
(C) Trip Time 38.0 

 2005 2010 2015 

(A) No. of Person Trip 2.3 2.1 3.0 
(B) Trip Distance (km) 2.3 4.1 9.2 
(C) Trip Duration (minutes) 40.6 58.4 46.0 
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females increased by 1.7 and 1.6 times, respectively. The 
increases in the male trip distances during 2005-2010 can be 
the result of increased use of motorbike mode without 
significant changes in occupation. While there is no 
significant change for females due to non-significant changes 
in occupation and trip mode for them. 

Based on the findings of this study, it can be said that 
occupation and trip modes are significant factors influencing 
the trip behaviour of the villagers. Especially, there is 
significant increased engagement in 2015 in project-related 
occupations by females in the age group (B) and in non-
agricultural activities by females in the age group (C) 
combined with a significant increase in use of motorbike 
mode of travel to work. This is consistent with the findings of 
[6] in rural periphery Chennai, India where employment 
opportunities and accessibility to work places play an 
important roll to determine trip behaviour, increased working 
opportunities especially among working age women results in 
increased of travel distance. 

 
Table III 

AVERAGE TRIP DISTANCES BY SEX AND AGE GROUP 

Note: M stands for male and F stands for female 
                          Unit is km 
 

Table V 
 INCREASE RATE OF TRIP DISTANCE 

Note: M stands for male and F stands for female 
 

V. CONCLUSION 
The establishment of Dawai project is the significant key 

factor which reconstruct trip patterns of local people. 
Development of information and telecommunication 
technology and increased distribution of GPS equipped 
mobile phones may provide an alternative way to collect a 
large volume of trip information in future. However, bridging 

conventional survey and GPS data and visualizing them are 
necessary to trace trip behaviour and access local impact in 
time-series. In this study, questionnaire survey trip data were 
converted to spatiotemporal information and visualized. 
Comparison of questionnaire and GPS data sets was 
conducted to find out reliability of questionnaire data. The 
average difference between the two data sets in the average 
number of person trips, trip distance and trip duration were 
25.3%, 34.9% and 38.0%, respectively. Furthermore, 
examination of 2005-2015 trends with respect to sex and age, 
found large increases in motorbike-based trip distance for 
working age females employed either with the project or in 
non-agricultural activities. Thus, visualizing questionnaire 
survey person trip data helps to trace past trip behaviour, and 
the visualized trip data can be associated with GPS data. 
Furthermore, such assessment with respect to social 
parameters in time-series will improve understanding of the 
dynamic individual impacts. 
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Age 
2005 2010 2015 

M F M F M F 
(A) 16-20 1.2 1.2 4.3 4.0 7.3 11.6 
(B) 21-30 4.8 1.1 5.9 1.7 11.1 8.3 
(C) 31-40 3.0 2.2 8.9 1.1 11.9 4.1 
(D) 41-50 3.4 2.2 11.1 2.7 13.4 7.5 
(E) 51-60 4.0 3.1 6.1 4.1 18.3 1.7 
(F) 61< 1.4 0.9 4.2 1.5 5.7 1.6 

Average 2.8 1.8 6.5 2.8 11.6 6.8 

 2005/2010 2010/2015 
Age M F M F 

(A) 16-20 3.6 3.3 1.7 2.9 

(B) 21-30 1.2 1.5 1.9 4.9 

(C) 31-40 3.0 0.5 1.3 3.7 

(D) 41-50 3.3 1.2 1.2 2.8 
(E) 51-60 1.5 1.3 3.0 0.4 

(F) 61< 3.0 1.7 1.4 1.1 
Average 2.6 1.6 1.7 2.6 
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Abstract— Internet of Things (IoT) has become a hot topic for 
its ability to change the world. Physical objects, including human 
beings, can be equipped with sensors that measure physical 
characteristics of the surrounding environment, such as the 
location, temperature, and moving activities. Low-power 
networking technologies, the cost of these technologies has come 
down drastically in recent years, allow the objects to share the 
information with other objects across networks and cloud 
computing service. In this paper, we propose a system for 
location mapping and activity tracking by using beacon 
technologies. The system is dedicated for tracking human 
activities, and suitable for countryside area rather than urban 
area. First of all, we implemented the system using the general 
beacon technologies, such as iBeaconTM, based on Bluetooth Low 
Energy function. Then, we introduce other wireless 
communication devices, such as Wi-Fi and communication 
bands, in order to improve the precision of tracking and 
RAS(Reliability, Availability, Serviceability) of system, and to 
reduce the system(devices and stations) cost and security risks. 
The prototype system has now been installed on private server. 
We are going to implement this service on public cloud 
computing service in order to analyze large actual data easily.

Keywords— Internet of things, watching system, human traking

I. BACKGROUND

Sakata City, Tsuruoka National College of Technology, 
Captain Yamagata Co., Ltd. (Captain Yamagata) and NTT East 
Yamagata Branch (NTT East) have been practiced "Sakata 
aged wonderer with dementia Safety Net Project" as "Sakata 
Mimamori-kun." It was carried out a demonstration experiment 
of community participation-type watch support system using 
state-of-the-art ICT. 

According to the "Survey of dementia prevalence in Japan", 
the prevalence of the more than 65-year-old dementia 15%, 
dementia elderly number across the country is estimated to 
amount to about 4.62 million people. Out of the house it has 
also increasingly become the case without knowing the 
whereabouts while "wandering". The missing person by 
dementia in 2014 fiscal year in excess of about 10,000 people, 
429 of whom are found in a state of death, wandering elderly 
with dementia has become a major issue.

Aging of residents in Sakata has progressed, dementia 
wandering measures are a pressing issue. Sakata City in 
cooperation with local residents up to now, has been working 

to watch activities by training and social welfare council of 
dementia supporters. Compared with the whole country is 
progressing is aging, because of the strengthening and 
efficiency of efforts, to take advantage of ICT. Devise the 
securing of early detection and the family of the peace of mind
of the wanderer go further aim was also considered necessary.
For wanderer searching system utilizing ICT, is already a 
variety of services and tools development, has been provided, 
operation, cost, many challenges in terms of expenses, etc., it is 
at present and has not yet been in widespread use.

In order to solve these problems, in this experiment was 
developed and operational testing of the watching system. It is 
working with industry-university public-private partnerships as 
follows: 

(1) Development of the system is Captain Yamagata and 
Tsuruoka National College of Technology,

(2) Construction of secure communication is NTT East,

(3) Management structure is Sakata City, Sakata City Social 
Welfare Council, and Sakata residents.

II. PROJECT OVERVIEW

In order to build a watch model was the use of ICT in this 
demonstration, aims to challenge elimination of conventional 
models, and has implemented system development, the 
operation by the industry-university public-private partnership 
the following as a concept of effort. In order to solve these 
problems, in this experiment was developed and operates the 
test system watching the original five concepts below.

(1) The prestige of the dementia senior citizen and a right are 
defended.

(2) The family's mental which is being nursed plans for 
reduction in physical burden.

(3) Plan for prevention before anything happens and early 
detection of an aged wonderer as well as plan for 
reduction in search activity.

(4) Of the system building cost and the practical use cost, that 
it becomes cheaper, we plan for administrator's operation 
reduction.

(5) Plan for building of the watch system that dementia’s 
family, polity and a local resident became united. 
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(a) BLE Device

(b) IoT Gateway

Fig. 2 System Devices

Experiment was conducted under the following overview
(shown in Fig. 1), the system will work well, mail delivery as 
required it was confirmed that was reliably performed.

(1) Implementation period: June 4 - July 31, 2015

(2) Implementation Region: Yawata area, Sakata City

(3) Implementing entity: Sakata City and Sakata City Council 
of Social Welfare

(4) Implementation system: monitors and their families are 12
pairs, and number of IoT gateways is 11 places

Fig. 1 System Overview

III. TRACKING SYSTEM OVERVIEW

When the aged wanderer who put on a small transmitter 
(BLE terminal) go out, a main system is the system that the 
fixation degree can specify the area where a wanderer with 
dementia is here by collecting the information which are 
sensed movement routes in the receiver installed in the area 
(IoT gateway). Watch of a wanderer is achieved in e-mailing 
the information collected again to the family according to the 
delivery condition, for notifying, grasping wanderings of the 
aged dementia timely and contributing to missing person's 
prevention before anything happens and early detection. The 
collected information is performed notified by e-mail to family 
members, depending on the delivery conditions, it is intended 
to realize the watch of aged people with dementia.

A small transmitter that was adopted in the present system 
(BLE terminal shown in Fig. 2) is a small (about 500 Yen coin) 

and light weight (about 10g), Power (one button type cell 
battery), further, less noticeable pendant and it is connected to 
reduce the user's burden and reluctance by the or badge type. In 
addition, receiver (IoT gateway shown in Fig. 2) is also small 
(about matchbox), consumption of power (one Watt, Power 
cost is one Yen/day), and mainly is used for the “Hikari-Station 
(Wi-Fi station from NTT)” residents in use in “Flet’s Hikari
(High-speed fiber-optic communication network from NTT)”
to this connection thereby suppressing the cost of 

communication by allowed to use the optical line.
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Fig.3 Total Count of Detection and Sending Message per Day

Fig. 4 Detection Count of Every User per Day
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IV. EVALUATION OF THE SYSTEM

A. Results of Experiment
The operation of the system, the following effects are 

obtained. The part of the results in this experiment are shown 
in Fig. 3 and fig. 4.

(1) The BLE terminal carrying persons and their families put to 
use (carrying of BLE terminal and receive email messages, 
etc.) Less resistance feeling that, also, for reliable 
operation could be confirmed, BLE terminal carrying 
person (aged dementia) is now able to go out alone. By 
that, BLE terminal carrier’s mental burden of aged person 

with dementia and family are reduced

(2) Family and is, it is possible to receive BLE terminal 
carrying person the information of the passing point of 
person with dementia by e-mail in a timely manner, it is 
possible to obtain a sense of security as well as to prevent 
missing

(3) BLE terminal carried person even when person with 
dementia went missing, it is possible to shorten the time it 
takes to discover the information recorded in the server.

(4) In addition, co-workers in the IoT gateway installation
(Hikari-station user, 11 places) burden of is not, it has 
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been confirmed once again there is no increase in 
communication costs.

(5) In addition, the use of existing technologies in the system 
construction, it is possible to promote the use of existing 
infrastructure in the operation (optical line of residents in 
use), it has become a new mechanism of industry-
university public-private cooperation that achieves cost 
containment in its both sides.

B. Evaluation and Inprovement
ICT utilization of such sensors and the communication line 

in order to realize a watch to the surface and efficiently is 
essential. For a device such as a transmitter-receiver employs 
an inexpensive as compared to the equipment of the GPS or the 
like have been mainly used in a conventional type. In addition, 
although the conventional system is where the newly 
established communications link to a receiver, in this system 
inhibits communication costs by utilizing the optical line 
residents is used for the light stations, etc. in use, we have 
realized the suppression of operational costs to be a problem in 
business continuity.

Moreover, even in non-system surface in the Sakata is 
working to "Sakata aged wanderer with dementia safety
network business", in cooperation with the police, and has 
established a system that can find and protection at an early 
stage even when it is gone missing. The movement has also 
expanded to apply a voice when we saw the elderly people 
with dementia such as in daily life by the cooperation of the 
residents, we are promoting the business watch the entire city 
while mutually linked and complementary with the system. 
Overall, we can say that there is a high business continuity 
model.

Also, the communication line to be connected to the 
receiver, since the residents are utilizing optical line used in 
Hikari- stations, etc. in use, significantly inhibited costs and 
operating expenses to prepare a new communication line. In 
addition, upon installation of the receiver, not the Hikari-
station with optical line installed only in shops, at general 
household is also possible to utilize the optical line in use, and 
to recruit many receivers installed collaborators in it is possible 
to realize a system watch higher and a high and ICT use of 
precision.

V. CONCLUSION 

Wandering measures for aged people with dementia is not a 
problem that only Sakata has, because it is an issue that has 
local governments in Japan, compared to low cost introduction 
to the conventional type, the system that can be operational to 
many local governments and can be expected.

About this demonstration, newspaper reports 15 times 
(including national newspaper three times), TV broadcasting 
seven times, and social interest is high, and even there is a 
query from a plurality of local governments and organizations, 
through the externally exposure safe and secure town 
development. It was also able to contribute to the appeal of 

Sakata. Also by the efforts in academia public-private 
partnerships, we were also able to contribute to the fostering of 
unity of Sakata.

The suppression of the dementia progresses, there is a 
theory that it is necessary to activate the brain by free action. 
This demonstration in addition to the early detection of missing 
persons of prevention and missing persons, has also 
contributed to inhibit the progression of dementia by free 
action without limiting the daily life of aged people with 
dementia. Also, by aged dementia to go out, it has helped to 
reduce the mental burden of the family to watch at home.

By this system to change the subject to watch a variety of 
watch can be applied to services versatile system. challenges 
that local government has, for example, "children watch," and 
"entry management" applications are also possible to like. It 
can be said that the economic efficiency is high since it is 
possible to use a single system for multiple purposes. Further, 
by addressing in many municipalities rather than one 
municipality efforts continue, it becomes possible efficient 
watch a wide area.
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Abstract—Marketers around the globe are certain of location-
based advertising which is the most exciting mobile marketing 
for 2016, according to a recent Internet Advertising Bureau 
(IAB) UK [1] study cited by digital marketing stats round-up. 
Location-based advertising technology can help the customers 
understand the classified ads, location–based advertising web 
forums and customer’s behavior.  On the other hand this 
technology develops a new approach to individual 
advertisements-oriented websites design and implementation. 
Moreover the technology can also be beneficial to the classified 
ads websites niche market research, particularly in order to 
understand the main competitive characteristics and current 
market situation. The research outcomes can provide 
recommendations on how to evaluate and increase the 
performance or access time of the location-based advertising 
technology compare to traditional classified ads technology. For 
the purpose of the performance evaluation, the LoadComplete 
framework [2] based on Selenium Web-Driver API is employed. 
Performance metrics are then collected using WAPT simulation 
[3]. Location-based advertising achieves better results by 
reducing item-search time to half compare to the legacy ads. It 
helps to save network bandwidth as well as beneficial to a faster-
improving mobile marketing turn-around time. 

Keywords—location-based advertising; mobile marketing; 
performance evaluation; WAPT simulation; LoadComplete 
framework. 

I.  INTRODUCTION  
The study of location-based advertising technology can, 

from one side, help us understand the classified ads/ location-
based advertising web boards customer’s/user’s behavior and 
from other side, to develop a new approach to individual 
advertisements-oriented  websites (location-based) design and 
technologies. Location-based services are set to be a national 
strategic plan as described in [4]. Query execution over 
location-based services has been optimized for the execution 
using data mining theory [5]. Customer behavior analysis in 
Internet marketing using GPS-based mobile applications had 
been investigated as written in [6]. Customer analytics in [6] 
have adopted GPS-based applications into their accounts, 
which are different perspective from location-based ads on the 

website. The study of location-based orientation somehow can 
also be beneficial in the classified ads websites niche market 
understanding, particularly in understanding of the main 
competitive characteristics and current market situation 
overview. Moreover, the research can provide 
recommendations on how to evaluate and increase the 
performance and access time of the location-based advertising 
technology as well as traditional classified ads technology. The 
research can also be useful for understanding the technical 
difficulties which can probably be faced by the developer 
teams during the similar projects developing, particularly in 
applying the modern frameworks technologies. The 
assumptions and results of simulations can be useful for future 
researches on the similar and related topics as well. 
Furthermore, researcher proposes that the location-based 
individual-oriented advertisements technology can be a 
community-forming factor, as it will increase the amount of 
personal contacts within particular location. If the model of 
location-based individual advertising can prove its potential 
and can be successful on market, it can form a basis for another 
study related to that. The user behavior for location-based 
social media can be found in [7]. 

 The current situation on the existing advertising websites 
and mobile projects leads the researcher to make this study and 
apply the new approach to the market:  location-based 
advertising website. Currently, the main players on the 
worldwide individual advertisements-oriented web-boards 
market, such as http://craiglist.org, 
https://www.classifiedads.com/ and http://ebay.com are using 
the classified ads/auction approach as a method of individual 
advertisement on web-sites. Also, there are a lot of local 
projects such as (for Thailand): 
http://www.bangkokpost.com/classifieds/,http://classifieds.thai
visa.com/, http://www.bahtsold.com/, etc., using the same 
approach.  Moreover, we can mention about the local social-
networks groups (such as Facebook groups, twitter groups, 
etc.) created for the individual users advertisements placement. 
However, these groups are also non-location-based search 
methods. 

The researcher proposes that current approach to the 
technology of the individual advertisements placement has an 
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existing lack of time-efficiency for the location-oriented search 
needs of those web-boards projects users. It is suggested that 
the location-based individual advertising system can help fulfill 
this lack. As the foundation for the location-based individual 
user search process, Google maps API is proposed.  

II. LOCATION-BASED ADVERTISING 
As the concept of location-based individual-oriented 

advertising web-service is new, not much scientific/market 
research has been done covering this topic, but a short 
overview on those, can still be provided. There are a number of 
existing academic researches and market-analyzing articles 
describing the abstract possibility and possible implementation 
of the location-based advertising for smart devices i.e. 
smartphones, tablet pc, etc. Thereby, to support this study and 
to get deeper understanding of the concept of location-based 
advertising, the researcher wants to start from the mobile-
devices based implementations researches. The analytical 
media articles, such as [8] and many others gives a better 
understanding  about the possible benefits the private & non-
private companies and organizations can get from mobile 
location-based advertising. The study of location-aware content 
[9] analyzed that a possible implementation of the method 
providing a location-based advertising for mobile devices is 
comprising of receiving content and metadata associated with 
the content from the mobile device, the metadata comprising a 
geographical identification of the content; and sending 
location-based information to the mobile device based on the 
geographical identification of the content. The study and 
method  described in [10] which is implementing a method for 
automatically notifying a user of an offer, the method 
comprising: analyzing the first electronic message contains 
information related to the offer, automatically determining a 
description of the offer from the first electronic message; 
automatically determining a geographic location associated 
with the offer; automatically sending a second electronic 
message to the user, which is contains at least a portion of the 
description of the offer. However, the concept of location-
based individual advertisements working as a website, which 
was implemented by the researcher and available for public 
access [11], seems not to be covered by the previous academic 
researches or industry-related media. 

III. WAPT SIMULATION 
As the methodological framework for tests and simulations, 

WAPT [3] has been chosen.  According to it, following 
activities list was executed: 

A. Identify Test Environment  
For the purpose of the performance testing and data 
evaluation, the researcher chooses a “LoadComplete” testing 
framework [2] which is based on Selenium Web-Driver API 
as the test environment. 

B. Identify Performance Acceptance Criteria 
Following by the main criteria of this research, the scenario’s 
execution result’s ‘Errors Count’ parameter value = 0 is 

identified as the only one significantly required performance 
acceptance criteria. 

C. Plan and Design Tests 
As the technical performance evaluation, the following tests 
were configured and executed: 
 

scenario 1. Location-based search (search for 
advertisements related to particular location). 

scenario 2. Particular existed item search. 
scenario 3. Area search (search for advertisements in 

wider range. i.e. district). 
scenario 4. Individual advertisement publishing 

 
As the location-based advertisements oriented model is 

new for the individual advertisement market and doesn’t have 
a known implementation as a web-service, the researcher 
created a web-service, implementing a model of location-
based individual-oriented classified advertisements. The 
created web-service is available at [11]. To create this web-
service, a researcher used “Spring MVC” framework for 
building the back-end side of the service and “Spring 
Security” for its security/authentication service, “AngularJS” 
framework for the front-end interface creation. The researcher 
suggests comparing the created service to the current big 
players on the local market of Thailand’s online individual 
advertisements. http://bangkok.craiglist.org and 
http://bathsold.com was chosen for the comparison. 

 
 

The following abbreviations will be used in future: 
website a. http://plimpa.com 
website b. http://bangkok.craiglist.org 
website c. http://bathsold.com 

 
 

 
 
The following testing scenarios was configured and 

executed to perform each of the tests: 
 
 

Website: Testing 
scenario: 

Testing scenario algorithm: 

website a Scenario 
1. 

1. Open http://plimpa.com main 
page 

2. Navigate to /map page 
3. Zoom to the random existing 

location 
4. Examine the list of the items 

bounded to randomly chosen 
location 

Scenario 
2. 

1. Open http://plimpa.com main 
page 

2. Navigate to /map page 
3. Zoom to the random existing 

location 
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4. Open ‘search around’ modal 

dialog 
5. Form the request with the random 

existing item’s name 
6. Examine the search results 

Scenario 
3. 

1. Open http://plimpa.com main 
page 

2. Navigate to /map page 
3. Zoom to the random existing 

location 
4. Open ‘search around’ modal 

dialog 
5. Form the request with the random 

existing item’s name 
6. Examine the search results 

Scenario 
4. 

1. Open http://plimpa.com main 
page 

2. Navigate to /login page 
3. Fill the login form with the 

existing account data and submit 
the login request 

4. Navigate to /map page 
5. Chose random location on the 

map and open the advertisement 
publishing modal window 

6. Fill the advertisement information 
and submit the request to publish 
an advertisement. 

 
website b Scenario 

1. 
1. Open http://bangkok.craiglist.org 

main page 
2. Navigate random existing 

category page 
3. Form the search request 

containing random existing 
location name 

4. Examine the list of the items 
resulted from search 

 
Scenario 

2. 
1. Open http://bangkok.craiglist.org 

main page 
2. Form the request with the random 

existing item’s name 
3. Examine the search results 
 

Scenario 
3. 

1. Open http://bangkok.craiglist.org 
main page 

2. Form the request with the random 
existing item’s name 

3. Form the request with the random 
existing item’s name and region 
parameter 

4. Specify the random existing 
district in the search request and 
submit it. 

5. Examine the search results 
 

Scenario 
4. 

1. Open http://bangkok.craiglist.org 
main page 

2. Navigate to login page 
3. Fill the login form with the 

existing account data and submit 
the login request 

4. Navigate to advertisement 
posting page 

5. Choose and submit the random 
advertisement posting type 

6. Choose and submit the random 
advertisement posting category 

7. Fill the advertisement data such 
as title, description, and price. 

8. Submit the advertisement 
request 

 
website c Scenario 

1. 
1. Open http://bathsold.com main 

page 
2. Select the random category name 

and region name (i.e. ‘Bangkok’) 
3. Form the search request 

containing random existing item 
name 

4. Form the search request 
containing random district name 

5. Examine the resulting list. 
Scenario 

2. 
1. Open http://bathsold.com main 

page 
2. Form the search request 

containing random existing item 
name 

3. Examine the search results 
Scenario 

3. 
1. Open http://bathsold.com main 

page 
2. Form and submit the search 

request containing random 
existing item name and random 
category name 

3. Form and submit the search 
request parameters specifying the 
random existing region name and 
the random existing district’s 
name. 

4. Examine the search results 
Scenario 

4. 
1. Open http://bathsold.com main 

page 
2. Navigate to login page 
3. Fill the login form with the 

existing account data and submit 
the login request 

4. Navigate to advertisement 
posting page 

5. Choose and submit the random 
advertisement posting type 

6. Choose and submit the random 
advertisement posting category 
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7. Fill the advertisement data such 
as title, description, and price 

8. Submit the advertisement 
request 

 
 

D. Configure Test Environment 
Following testing environment configuration has been used for 
the testing scenarios execution: 
Hardware:  

 Intel(R) Core(TM) i7-2600 CPU @ 3.40GHz (8 
CPUs), ~3.4GHz 

 Memory: 8192MB RAM 
 NVIDIA GeForce GTX 560 
 60GB SSD drive 

Software: 
 Windows 7 Ultimate 64-bit  
 “LoadComplete 4” software as the Selenium-Web 

Driver based testing environment. 

E. Implement Test Design 
The researcher ensured that the test environment is correctly 
configured for metrics collection. Any active virus-scanning 
on load-generating machines during testing is turned off to 
minimize the likelihood of unintentionally skewing results 
data. Simple usage scenarios were executed firstly to validate 
the Web server. The problems and performance bottlenecks 
which were identified during simple usage scenarios 
executions were identified and fixed. 

F. Execute Tests 
All the test scenarios mentioned above were executed 
successfully and the tests results data has been stored in the 
format supported by the test environment software (Win 7 OS, 
LoadComplete 4), which became available for analytical 
purposes afterwards. 

G. Analyze, Report, and Retest 
The following data is resulted from the executed tests: 
 
Scenario 1: 
 

 
Website A. 
 

 
Website B. 

 

 
Website C. 

 

Scenario 2: 
 

 
Website A. 

 

 
Website B. 
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Website C. 

 
Scenario 3: 
 

 
Website A. 

 

 
Website B. 
 

 
Website C. 
 
 
 
 
 

Scenario 4: 

 
Website A. 
 

 
Website B. 
 

 
Website C. 
 

IV. RESULTS AND ANALYSIS 
 

All the test scenarios were executed using the single user 
actions emulation mode. As the Key factors for the results 
comparison, the researcher decided to use “average scenario 
completion time”. The following table represents a comparison 
between the testing scenarios executions results for each of the 
individual-oriented advertisements web services. 

Based on the data which is presented in the performance 
evaluation comparison table (Table 1), in this research results 
are divided into 2 groups:  

1. location-based individual-oriented advertisement service 
(http://plimpa.com) 

2. non-location-based individual-oriented advertisement 
service (http://bangkok.craiglist.org, http://bathsold.com) 
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After this, the comparison between location-based 
individual-oriented advertisement service and non-location-
based individual-oriented advertisement service has been 
made. 

 

TABLE I.  AVERAGE WEB-SERVICE’S SCENARIO COMPLETION TIME (SECONDS)  

SCENARIO 

 

WEB- 
SERVICE 

LOCATION-
BASED 

SEARCH 

PARTICULAR 
EXISTED 
ITEM 
SEARCH 

AREA 
SEARCH 

INDIVIDUAL 
ADVERTISE
MENT 
PUBLISHING 

PLIMPA.COM 17.13 32.59 32.59 107.07 

BANGKOK. 

CRAIGLIST.ORG 35.72 12.53 17.19 263.49 

 

BATHSOLD.COM 64.02 35.54 45.70 194.27 

 

 

TABLE II.  AVERAGE WEB-SERVICE’S CATEGORIES SCENARIO 
COMPLETION TIME (SECONDS) 

SCENARIO 

 

WEB- 
SERVICE 

LOCATION-
BASED 

SEARCH 

PARTICULAR 
EXISTED 
ITEM 
SEARCH 

AREA 
SEARCH 

INDIVIDUAL 
ADVERTISE
MENT 
PUBLISHING 

LOCATION-
BASED 

17.13 32.59 32.59 107.07 

NON-
LOCATION-

BASED 49.87 24.03 31.44 228.88 

 

V. CONCLUSION 
From the data represented in Table 2, the researcher defined 

following conclusions: 

• Location–based individual-oriented advertisement 
online services are providing significantly (65.6%) faster 
location-based search efficiency than the traditional ones 

• Location–based individual-oriented advertisement 
online services are performing similar results for the purposes 
of particular existed item search (8.6%) slower. 

• Location–based individual-oriented advertisement 
online services and the traditional ones are having almost the 
same results for the area search scenario execution 

• Location–based individual-oriented advertisement 
online services are shown significantly faster performance of 

the Individual advertisement publishing (53.2%) faster. For this 
particular result, the researcher has to mention that based on the 
researcher’s subjective expertise knowledge and experience in 
research subject, the data may be different for this performance 
index, as if it were more Location–based individual-oriented 
advertisement online services and the traditional ones to test, 
because this index significantly depends on the particular 
project’s posting algorithms and the load/performance 
optimization. 

As the result of this research article on performance 
evaluation of location-based individual-oriented advertisement 
board, the researcher suggests, that the concept of location-
based individual-oriented advertisement board has been proven 
from the side of its performance viability, especially for the 
case of location-based search purposes. The researcher also 
continues this study by implementing the model to the current 
market of the individual-oriented advertisement boards. 

The concept of location-based individual-oriented 
advertisement board can also be a base for further studies of its 
performance evaluation and optimization, marketing and 
technological implementations. The researcher suggests that 
different technological implementations of the model may 
increase the key performance of location-based search. Also, 
the researcher suggests that the product and its marketing 
strategies implementations may be significantly different 
applying to different countries local markets. 
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Abstract— This paper aims to propose conception framework to 
use as a tools for guidance and counselling programme in order 
to assist students in year 3 and year 4 on elective courses 
selecting. This study uses data mining technique to discover 
knowledge from TNI’s registration system, by select only the 
data from 2007 to 2015 of the Faculty of Information 
Technology. This study is to contribute to an improvement of 
quality of TNI's information technology students in selecting the
appropriate major according to their profile and in their course 
registering. The expectation of this research is to increase the 
GPA point average of students and to improve four-year 
graduation rates. The conception framework was evaluated by 5 
experts (all are Ph.D.). The result is 3.68/4 which implies that the 
conceptual framework is acceptable.

Keywords— data mining, educational research, classification, 
academic performance, 4MAT Model

I. INTRODUCTION

Even though Thai-Nichi Institute of Technology (TNI)
receive a high recognition from Thai industry, the 
computation of registration data shows that the average GPA 
of IT student is 2.27 only.

TABLE I
THE AVERAGE GPA OF IT STUDENT OF TNI BY ACADEMIC YEAR

Academic 
Year BI IT MT

Average 
GPA

2007 2.65 2.65

2008 2.53 2.53

2009 2.70 2.44 2.82 2.45

2010 2.01 2.52 2.61 2.41

2011 2.52 2.01 2.53 2.31

2012 2.23 2.03 2.24 2.16

2013 2.25 2.22 2.36 2.29

2014 2.08 1.98 2.42 2.17

2015 1.88 1.86 2.53 2.12

0.00

0.50

1.00

1.50

2.00

2.50

3.00

2007 2008 2009 2010 2011 2012 2013 2014 2015

BI IT MT Average GPA Linear (IT)

Fig. 1 A graph of the average GPA of IT student of TNI by Academic year

From figure 1, the information also reveals that the 
academic performances of IT students have been decreasing 
slightly from starting year of operation. The first year GPA
equals 2.65, year 2012 equals 2.16, from this data makes alerts 
to us to find out what wrong to our teaching system or 
students study’s planning.

Today the main factor that employers consider for 
recruiting a new staff is academic achievement.[1] Especially, 
TNI is a private university, students graduated here need more 
higher GPA in order to complete with well-known university. 
Therefore, lecturers at TNI have to find out the solutions for 
helping students to obtain a higher grade for fulfil the 
employer’s demand

Thus, this paper aims to develop a conceptual model for 
creating pattern of study planning to student. The study 
planning in this paper means the pattern in selecting the 
appropriate group of elective course for each semester
according to their profile and in their course registering.

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

408



II. LITERATURE REVIEW

A. Data mining
Data mining is the process of finding for knowledge to 

apply its perspectives and use to solve business problem.[2]
For university business, business problems are for example 
teaching quality, students’ performance, student recruiting and 
students’ registration planning. This tool also uses to discover 
unknown information that is hidden behind the raw data. For 
example, it can be a set of classifications rules generated from 
the data collected on TNI’s registration system. The result can 
be used for counselling in appropriated elective course 
selecting.

In general, data mining tasks has two major categories: 
predictive modelling or supervised learning and descriptive
modelling or unsupervised learning. Moreover, data mining 
algorithm consist of six common classes [3], 1) Anomaly 
detection (Outlier/Change/Deviation), 2) Association rule 
learning (Dependency modelling), 3) Clustering, 4) 
Classification, 5) Regression and 6) Summarization.

Fig. 2 Data mining process of knowledge discovery. [4]

Data mining has various steps to discover the knowledge 
from the raw data.

1)  Data integration: all the data are combined from 
different sources such as multiple database, data cubes or flat 
files, into a coherent data store.

2)  Data selection: select the useful data from the first step 
for data mining.

3)  Data cleaning: there may be some errors, missing 
values, noisy or inconsistent data containing in the selected 
data need to be removed

4)  Data transformation: the cleaned data are transformed 
or consolidated into appropriated forms for data mining.

5)  Data mining: apply data mining techniques to the data 
for data patterns extracting.

6)  Pattern evaluation: to identify knowledge patterns, it is 
a step to evaluate the knowledge pattern in order to discover 
the interesting patterns.

7)  Knowledge representation: to transform the mine 
knowledge for easy understanding to user with visualization 
technique.

B. Proper time for registering with guidance.
Generally, student performances refer to the ability of 

students in studying and it is measured by GPA. GPA stands 
for Grade Point Average. It is a standard measurement of 
academic achievement. TNI applies GPA system by giving a 
certain number of "credits" depending on the content of the 
course and normally each course contains a load of three units 
(approximately three hours of lecture and six hours of 
homework per week for each semester). Moreover, TNI 
grading scale is using A, B+, B, C+, C, D+, D, F. Each grade 
is assigned a number of grade points. An A grade receives 4 
points, a B+=3.5, a B=3, a C+=2.5, a C=2, a D+=1.5, a D=1, 
and an F=0.

Mushtaq and Khan stated in their research that 
communication, learning facilities, proper guidance and 
family stress are the factors that affect the student 
performance. [5] Some other researchers, for example, the 
first one, Njeri studied about factors affected to academic 
performance, in her research, she tested several factors such as 
cooperation and dedication among teachers, involvement of 
guidance and counselling, determination and dedication,
support of parents, availability of facilities and resources and
discipline. She found that Guidance and counselling 
programme has a positive impact on the academic 
performance of students. [6] The second one, Noble (2006) 
found that the guidance from parents was indirectly related to 
academic achievement, thus, in this study we want to prove 
the guidance from teacher counsellors whether it influences 
their composite scores. [7]

C. Mathematics related subject.
From two studies by Purpura et al., [8] and Yilmaz et al., [9] 

indicated that there is a relationship between general language 
and mathematical skill, they suggest that language art skills 
supports in learning mathematics by providing a skill of 
questioning, presentation for analysing and representing the 
given mathematics problem. Moreover, they said that the 
students are good at language arts are able to communicate 
what they think mathematically and what they have learned 
better than other students. In summary, we want to find out 
the relationship between students who are good at languages 
courses and mathematics related course.
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Fig. 3 4MAT Model: The four learners style. [11]

D. 4MAT
The 4MAT Model [10] is the way people learning,

perceiving and processing.

1)  Perceiving: the ways to understand new things from 
combining an experience and conceptualization.

2)  Processing: the ways people reflect and action after 
perceiving a new things. Reflection is the action people 
transform information from perceiving by structuring, 
ordering and intellectualizing. Action is the ways of applying 
the perceiving of information resulting in testing, doing and 
manipulating.

From 4MAT Model describes the types of learning style

1)  Style one: the imaginative learning
Imaginative learners like to understand the new things by 

themselves with imaginative thinking. They integrate new 
things with their experience, learning from listening and 
sharing ideas. They believe in their own experience. Their key 
question is WHY?

2)  Style two: the analytic learning
Analytic learners like to create the theories from the new 

things by integrating their observation into what they know. 
They want to know the experts’ thinking and understand in 
details. Their key question is WHAT?

3)  Style three: the common sense learning
Common sense learners like to practice. They learn by 

testing theories and apply with their common sense. They are 
problem solver, skill-oriented people and need to know how 
things work and solve problem by work on real problem. 
Their key question is HOW?

4)  Style four: the dynamic learning
Dynamic learners like to learn by trial and error, integrating 

experience and application with risky. They are enthusiastic
about new things, adaptable and flexibility. Their key question 
is IF?

III. METHODS

The methodology of this study applies two procedures.

A. Analysis procedure
This procedure is including literature reviews which consist 

of data mining technique and three factors affected to 
academic performance, proper time for registering, 
mathematics related and skill competency (4MAT).

B. Data set analysis

1)  Approaching to data problem:

This step we understand the problem definition from 
university operation that four-year graduation rates is quite 
low. Data derived from TNI’s registration system, by select 
only the data from 2007 to 2015 of the Faculty of Information 
Technology. After we focus on problem it becomes clear that 
we can apply data mining technique to answer questions.

2)  Test method

2.1) Is the data good? We check data to reduce data that 
incorporate with our problem and thrown away some data that 
mismatch our condition for example we select the data only 
third and fourth year student and thrown away the less of data 
set. We delete uncompleted, missing and redundant data for 
example the student ID, student status, grade point, etc.

2.2) What is the relationship between attributes data?
This step we look at relationship between one data attribute 
and another data attribute. We also do some basic acceptance 
test for checking the correction of relationship for further 
analysis.

From the two methodologies, we drew the model to 
propose in this study as next section.

IV. CONCEPTUAL FRAMEWORK

After applying two methods, analysis procedures and data 
set analysis, we would like to propose conceptual model as 
shown in figure 4.

A. Literature reviews
Searching published papers for example, management and 

business, business education and humanities and social 
sciences to find out the factors affecting student performance. 
In this paper we using search term from three factors, proper 
time for registration, mathematics related subject and skill 
competency.
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Fig. 4  Conceptual framework to classify the relationship of elective courses 
and academic performance with data mining

B. Data mining
In this model we propose five major activities
1) Extract data from TNI’s registration system and 

transform and load onto MS Excel.
2) Store and manage data in relational database 

management system (RDBMS) using MS Access and
cleaning data by using filtering MS Excel.

3) Consult data mining with experts to confirm a proper 
algorithm.

4) From interviewing with experts, we propose to use 
WEKA and Rapidminer for analyzing the data.

5) We plan to propose the group of elective course to 
teacher counselors.

From data selection process, we propose the attributes for 
data mining process as shown in table II

TABLE III
THE ATTRIBUTES FOR DATA MINING PROCESS 

Attributed Name Description
STUDENTCODE Student's identification number 
COURSEGROUP The group set classify by 4MAT
COUSECODE Subject code from TNI sysetem
ACADEMICYEAR Academic year that student enrolled the course
SEMESTER Semester that student enrolled the course
GRADE Student's grade from the course
GRADELEVEL Criteria to classify level of study

V. CONCLUSIONS

This research focused in providing conception framework 
for understanding the relation between course grades and 
elective course enrolment from TNI’s registration data 
through the usage past record on students’ academic 
performance.

Moreover, the supported factor was employed for
classified subject into group imagination learners, analytic 
learners, common sense learners and dynamic learners.

Based on our model, this study showed how it could benefit 
through its predictions by providing insights on students’ 
academic performance. The advantages of using the model 
will also have linked to all the stages of education counselling.

Several ideas were written in this study for future research. 
First, the model may be enriched with other factors for 
courses grouping. Second, the data from registration system 
may be analysed the other factors affected to student 
performance

Finally, the result of this study may be used to develop the 
supporting system for teacher counsellor.
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Abstract— Person trips and transportation mode surveys could 
be in multiple formats, such as telephone interviews and 
questionnaires. These data collecting methods rely on manual 
labeling of data after a survey, and thus, it requires more 
manpower, time and budget. However, the information 
technology has introduced advanced data collecting methods 
such as a mobile phone or a data logger device that can easily 
record travel time and location data of people. This information 
plays an essential role in transportation surveying. GPS data can 
be used to find many features involved in travelling, but those 
data need to be processed to find transportation modes used 
before further analysis. The main objective of this study is to 
detect transportation modes used in Bangkok using GPS logger 
data. Since the transportation modes in Bangkok are unique and 
various, there are many problems, such as traffic condition and 
complexity of the transportation network systems. Therefore, it 
is not very simple to determine transportation modes. GIS data is 
used to help detecting transportation modes that have specific 
routes and stations. Random Forest classifier is used for 
transportation modes detection. Modes considered in this study 
are walking, 2-wheel vehicles, 4-wheel vehicles, bus, skytrain, 
subway and boat. Moreover, activities of people in a week were 
focused on. Such activities include stationary and modes 
transferring points. The transportation modes could be 
automatically detected using our algorithms. This method can be 
applied for other person trip data collected from a mobile phone 
that can collect huge number of dataset, and the output data can 
be used for further analysis in transportation surveying and 
other related topics.  
 
Keywords— GPS logger, GIS, Transportation modes detection, 
Random Forest, Bangkok Transportation  

I. INTRODUCTION 
In Bangkok, there are many types of transportation systems 

available, for example, Fig. 1. Traveling in Bangkok could be 
different from other cities. Bangkok has local transportation 
modes such as boat and tuk tuk. Many offices and department 
stores are located in the central of Bangkok. This makes the 
rate of people travel in and out of Bangkok high in each day. 
Thus, the problem with traffic congestion has been around for 
a while and very hard to deal with since the government 
agencies, that deal with this problem, still lack the information 
about “people movement”. This information can be used to 

analyze to improve or adjust the transportation systems in 
Bangkok to satisfy the needs of people. 

To collect information on person trips and transportation 
modes, it can be done using several ways. Fortunately, the 
advanced data collecting devices (e.g. mobile phone or data 
logger device) have been introduced. These devices can 
automatically record travel time and location data of people 
without them having to record the data manually. GPS data 
can be used to find features involved in traveling, but the data 
needs to be processed prior to further analysis. The 
information on the transportation modes used by people can 
reflect the lifestyles of people as well. However, it is not 
feasible to have every user manually tagging the 
corresponding transportation modes to their GPS tracks. Two 
obvious reasons are:  

1) Users do not directly achieve benefits from labeling their 
trips, and, 2) It is not really convenient for people to record 
the exact time that they change modes of transportation [1]. 
From pre-field experiment, the people in the study group do 
not feel comfortable to use their phones to record data, but 
GPS logger can record data for a longer period of time than 
mobile phones. GPS logger can last up to 4-5 days after a full 
charging.  

Since GPS logger devices cannot detect the transportation 
modes used automatically, it needs a calculation method to 
find transportation modes. Moreover, GIS data can be used to 
improve accuracy of detection algorithm for modes in 
Bangkok that have specific routes and stations.  

 

 
Fig. 1 Transportation networks in Bangkok 
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II. OBJECTIVES 

The main objectives of this work are based on 3 followings:  
¥ The first objective is to find suitable procedure for 

data collection and manipulation of GPS logger, 
questionnaire and GIS data. Since this work requires 
data from many sources, the suitable way, to collect 
and manipulate data, has to be designed in order to 
reduce the time used and further work.   

¥ The second objective is to detect transportation 
modes in Bangkok using GPS logger and GIS data. 
Classification features and algorithms are adapted to 
match with transportation in Bangkok.   

 The third objective is to analyze the detected 
transportation modes using grid and overlay technique, and 
create moving objects visualization.  

III. RELATED WORKS 
The approach to automatically identify users’ transportation 

modes in [8] has three parts which are “change point-based 
segmentation method”, “inference model”, and “graph-based 
post-processing algorithm”. The GPS trajectories are 
partitioned into segments of different transportation modes. 
Then, a set of features, such as direction change rate, velocity 
change rate, and stop rate, is identified and input to the 
inference model to classify the segments of different modes. 
These features are not affected by differing traffic conditions. 
Finally, the graph- based post-processing algorithm is 
conducted. This algorithm considers the commonsense 
constraints of the real world and users’ behaviors based on 
locations in a probabilistic manner. From the results, at least 
71 % prediction accuracy is achieved.  

In [5], a user’s transportation modes are identified based on 
the GPS sensor on the user’s mobile phone and transportation 
network data. The transportation network data includes real 
time bus locations, spatial rail and spatial bus stop data. By 
having the transportation network data, the motorized 
transportation modes can be identified with much higher 
accuracy than without having the transportation network data. 
From this paper, five different inference models including 
Bayesian Net, Decision Tree, Random Forest, Naïve Bayesian 
and Multilayer Perceptron were used to test. Among all five 
mentioned inference models, Random Forest performed best 
with over 93% precision and recall accuracy in the 
experiments conducted.  

In [7], an approach to reconstruct user’s trip information 
from low-data-rate GPS data from a mobile phone has been 
proposed. There are four steps in the approach, which are 
“stay point extraction with outlier detection and removal”, 
“trip segmentation based on change point detection”, 
“transportation mode extraction using inference model” and 
“segment merging”. During the “stay point extraction”, outlier 
detection method is used to detect outliers and combine them 
as stay points. For “trip segmentation based on change point 
detection”, some extra features, such as velocity change rate 
and point in train, are considered to assist the segmentation of 
non-walk segments that contain multiple modes. Spatial 
features including spatial train network and spatial road 

network are employed to improve the transportation modes 
inferring. After adding the spatial train network and spatial 
road network, the results achieved show 87.8% and 84% 
accuracy for precision and recall, respectively. Random Forest 
classifier with Bootstrap Aggregating is used for classifying 
transportation modes. From the results, this approach could 
reach over 87.8% accuracy for inferring transportation modes 
and 97.76% for just train mode alone.  

IV. MODES OF TRANSPORTATION IN BANGKOK 
There are several transportation systems currently operating 

in the city of Bangkok (see more in Fig. 2). Although 
Bangkok’s canals had served as the major transportation mode 
in the past, the land traffic has surpassed them in terms of 
importance. There are also older public transportation systems 
still operating in the city. Such older transportation systems 
include extensive bus networks and boat services on the 
Chaophraya River and Saen Saeb canal. Unfortunately, in the 
present days, Bangkok’s public transportation systems cannot 
fully satisfy the lifestyles of the majority of its people in terms 
of quality and safety. Many people in Bangkok would still 
prefer to use their private vehicles over other public 
transportation modes. This is probably one of the very main 
reasons that limits the income of the public transportation 
systems and makes it harder to improve the service [6].  

 

 
Fig. 2 The examples of modes of transportation in Bangkok 
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The algorithm and classification features used in previous 
works are different. It depends on their data rate of GPS 
recording, device used, characteristics of transportation modes 
to detect and transport network data available. For example, [5] 
used real time bus location that, in Bangkok, is not available. 
For Bangkok, there are traffic conditions and various kinds of 
modes that can affect the results.  

Considering some features, such as velocity and 
acceleration, might not be enough to infer the transportation 
modes in Bangkok since traffic condition could get really bad 
that inferring each transportation modes is almost impossible 
to be accurate. Modes, with the same characteristics and no 
available data to be used for detection, should be combined 
into the same group. Using GIS data to help infer the 
transportation modes make the results more accurate. 
Moreover, from previous reviewed researches, using Random 
Forest classifier to infer the transportation modes produces 
more accurate results than using other classifiers. Segment 
merging technique also helps reduce uncertain segments and 
traffic problems related in the detection step that affect 
accuracy when separating walk and other modes. Thus, it is 
used in this work for transportation modes detection step.  

V. METHODOLOGY 

 
Fig. 3 Overall workflow of methodology 

 
For the methodology (Fig. 3), it is divided into three main 

parts:  
1) Dataset Collection and Manipulation: data is collected 

from GPS logger, questionnaire survey papers and GIS data. 
After all the needed data has been collected, it is processed to 
be used in the other parts.  

2) Transportation Modes Detection: the detection methods 
include stay point extraction, walk and non-walk segmentation, 
and transportation modes detection using Random Forest 
classifier and training data from the study group of volunteers.  

3) Visualization and Analysis: after the transportation 
modes used have been determined, the information is then 
visualized and analyzed to find mode-transferring points and 
main transportation modes used in Bangkok.  

VI.   DATASET COLLECTION AND MANIPULATION 
For person trip data, there are 80 volunteers in total from 4 

universities. Each university has 20 volunteers. The volunteers 
who tended to use various types of transportation modes were 
preferred so the variety of data on the transportation modes 
could be achieved. The volunteers came from 4 universities, 
including Kasetsart University, Chulalongkorn University, 
Srinakharinwirot University and King’s Mongkut Institute of 
Technology Ladkrabang. All of these universities are located 
in Bangkok but in different areas. The local transportation 
modes for the students from these universities are different. 

A. GPS Logger Data 
The device that is used to collect data is “GPS logger igotu 

GT-600” from Mobile Action, shown in Fig. 4. This device 
can set the time to record, has motion detection, and is water 
resistant. This device is selected because it is easy to carry 
around. From the field experiment, it could operate for about a 
week without charging while recording data every 5 seconds.  

This experiment uses 5-second time interval to record the 
data. Motion detection on the devices has been turned on to 
reduce number of records when people have no movement, 
and the buttons on the devices have been locked to prevent 
anyone from causing any problem to the devices. The period 
for collecting data from each volunteer is one week.  

B. Questionnaire Survey Papers 
The volunteers recorded their person trip in the given 

questionnaire survey papers while they are having the GPS 
loggers. The complete ones must complete details of the 
starting and ending time of each trip, modes used, origin and 
destination. The transportation modes used and the 
corresponding times are recorded. This information is used to 
improve the accuracy of inferring and create training dataset.  

C. GIS Data 
Transportation network data is achieved from the related 

government agencies and downloaded from the BMA GIS 
Center’s website, which provides free GIS data. Digitizing is 
performed for GIS data that are not available (e.g. MRT 
entrances, platform area of the sky train and bus stop). In Fig. 
5-6, the examples of the transportation modes with specific 
routes and stations are shown.  

D. GPS Logger Data Manipulation 
After importing data from the GPS logger devices, it is 

noticed that each volunteer’s data consists of many parts. So, 
they need to be combined. Java and PostgreSQL database is 

 
Fig. 4 igotu GT-600 GPS logger devices 
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used to develop a program to combine the parts, and add or 
delete as desired. The example of GPS data processed is 
shown in Fig. 7, only timestamp and location data are 
extracted.  

 

 
Fig. 5 Entrances of Lat Phrao MRT station 

 

 
Fig. 6 Routes and piers of boat services in Bangkok 

 

 
Fig. 7 GPS data included ID of users and new timestamp format 

 
After the calculation and inspection, the error sources are 

duplicated records and jumping GPS points. From the 
calculated data below (Fig. 8), there are some points that 
should not exist because they would require velocity, 
acceleration or distance that a vehicle cannot achieve. Those 
points are detected as noise data (Fig. 9), then noise-removing 
algorithm is applied in this step.  

 

 
Fig. 8 Maximum velocity (m/s) of each user from GPS collected data 

 

 
Fig. 9 Jumping GPS points (in the box) 

E. Questionnaire Data Manipulation 
The questionnaire survey papers of 1- week person trip data 

are imported into CSV format. One record of trip data 
includes starting time, ending time, origin, destination and 
modes used. These data are prepared and collected in database 
to create training data in further step.  

F. GIS Data Manipulation 
In this part, GIS data of routes and stations are used to find 

suitable buffering distance of each data to create buffering 
area. Since GPS data might contain errors, spatial features are 
used to help increase the accuracy of finding GPS points on 
the particular routes and stations. Moreover, all GIS data are 
changed projection into EPSG: 4326 same as GPS data.  

 

  
Fig. 10 Bufferd GIS data 

VII. TRANSPORTATION MODES DETECTION 

A. Stay Point Extraction  
The area with the cluster of GPS data (Fig. 11) is 

determined to identify if the user “stay for a while”. The rest 
will be “move”. Only moving part will be further analyzed. 
The method that is used to identify them is stay point 
extraction technique [7]. Stay points are extracted by using 
“minimum time” (tmin) and “maximum distance” (dmax) as 
criteria. Values selected to be thresholds in this work are 
tmin=15 minutes and dmax = 200 meters. So, if there are a 
GPS points hit thresholds (tmin>=15 and dmax<= 200), those 
points are detected as stay, then only move segments are 
further analyzed.  

 

 
Fig. 11 Clustering of GPS points 
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B. Walk and Non-Walk Segmentation 
Walk segments are analyzed to separate walk and non-walk 

segments. In this part, velocity (v) and acceleration (a) are 
used as 2 criteria. When v=2 m/s and a=0.6 m/s, It got high 
recall with the best precision. Then, only non-walk segment 
are used in the next step for transportation modes detection. 
Moreover, to avoid GPS signal losing and missing segments 
when people getting in sky train or subway, walk segments 
are used to perform within function with sky train platform 
and subway entrances data. If there are time gaps between two 
walk segments hitting thresholds and those walk segments are 
along with sky train platform or subway entrances, the 
velocities, at the ending point of first segment and starting 
point of current segment, are checked again to avoid some 
cases, such as people walking on BTS-skywalk or just cross 
the road using MRT entrances. If those segments are accepted, 
they are merged into one non-walk segment.  

C. Classification Features 
To detect transportation modes in Bangkok, suitable 

classification features are required. Considering just some 
features, such as basic features, might not be enough to infer 
the transportation modes in Bangkok. Using advanced features, 
such as Stop Rate and Heading Change Rate (Fig. 12) and GIS 
data, to help infer the transportation modes will make the 
results more accurate.  

 

 
Fig. 12 Heading change between walking and driving in the same distance 

[8] 
 
Since some of the transportation systems in Bangkok have 

similar routes, such as a boat route with a bridge above (Fig. 
13). If any movement on the water area is considered as a boat, 
the accuracy achieved could be very low since there are many 
bridges for land vehicles to cross the rivers. Thus, Stop Rate at 
Piers of a segment is used to separate boat and others. The 
vehicles travel on the roads under the BTS railway could also 
be considered as BTS mistakenly (Fig. 14). So, this work 
introduced “the percentage of stop rate at stations” as new 
spatial features. Sky train stops only at its stations (Fig. 15), 
but vehicles travel along the sky train lines might stop at other 
parts such as intersection. This characteristic can be used to 
identify the modes.  

There are differences in the driving behaviors between 
motorbike users and car users. For example, motorbike riders 
always zip in and zip out through traffic around Bangkok so 
the angle of heading of that segment can change more than 
using cars [8]. For a bus, people who taking a bus are likely to 
stop more times than driving, so stop rate can be another 
possible feature, but during peak hour, this feature cannot be 
used. Thus, the possible feature that can extract bus from 
another is stop rate at bus stop of that segment.  

 

 
Fig. 13 

(Left) Boat segments on Chao Phraya River 
(Right) Vehicles on the road segments 

 

 
Fig. 14 Complexity of transportation networks between boat, sky train 

 and modes on the road. 
 

 
Fig. 15 Cluster of GPS points along the BTS line 

 
The classification features used in this work are shown in 

Table 1. Features ranking is also performed to help in features 
selection.  

Below are the examples of equation to calculate 
classification features. 

 
HCR = P(hcr)/Dist                               (1) 

 
Where P(hcr) is the number of GPS points in a segment 

which a user changes his/her heading direction exceed a 
certain threshold.  

 
SR = P(sr)/Dist                                  (2)  

 
Where P(sr) is the number of GPS points in a segment 

which velocity is smaller than a certain threshold.  
 

 PiT = P(pit)/Total point in a segment               (3)  
 
Where P(pit) is the number of GPS points in a segment 

which belong in a particular sky train line.  
 

PiST = P(pist)/P(sr)                             (4)  
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Where P(pist) is the number of P(sr) within sky train 

platforms.  
TABLE 1 

CLASSIFICAITON FEATURES 

Basic Features 
Dist Total distance of a segment 
MaxV The maximal velocity of a segment 
MaxAc The maximal acceleration of a segment 
AvgV The average velocity of a segment 
Time Travel time of a segment 
Point Total point of a segment 

Advanced Features 
SR Stop rate of a segment  
HCR Heading Change Rate of a segment  

Spatial Features 
PiT Percentage of point in sky train line  
PiW Percentage of point in River and Canal 
PiSW Percentage of point in subway entrances 
PiST Percentage of stop rate in sky train platforms  
PiP Percentage of stop rate at piers 
PiB Percentage of stop rate at bus stops 

D. Transportation Modes Classification Model  

 
Fig. 16 Workflow of modes detection  

 
Random Forest is used for transportation modes detection. 

Dataset and features combination that obtain the best result of 
precision and recall are selected to be training data. All 
remaining GPS data are calculated to find classification 
features based on segment to be used as test data in Random 
Forest model.  

 For the training data, the data from questionnaire 
survey papers are used to find threshold and create training 
data for learning state of Random Forest model. In this work, 
out of all the data, about 30% of them are acceptable and used 
as training data. 

 

E. Segment Merging  
In this part, the probability of the transportation is analyzed. 

For example, in a short distance, it is unlikely that a user will 
use many transportation modes. This part of data needs to be 
corrected. Moreover, a walk segment is analyzed. If it is in 
between two transportation modes (Fig. 17), it is a possible 
walk segment. If it is in between same transportation mode, it 
should be merged to that mode because the velocity of the 
mode could be decreased due to the traffic condition. 

 

 
Fig. 17 Certain and uncertain walk segments 

F. Performance Evaluation  
Precision and recall are the measures used in evaluating 

model. K-fold Cross Validation is a method of assessing the 
accuracy and validity of the model. 

VIII. VISUALIZATION AND ANALYSIS 
To visualize the results, labeling data by modes in integer 

makes it easier to visualize the data on GIS softwares and 
other applications (e.g. QGIS and Mobmap). It also reduces 
the size of the data. Mobmap application is used to create 
moving points visualization. Detected mode data is used as the 
input file (Fig. 18). Each mode is identified by different colors. 
Then, it is generated to moving GPS points, separated by 
user’s ID, sorted by timestamp and colors varying when its 
modes are changed. 

For Grid and Overlay Analysis, detected transportation 
modes data are used to perform spatial joining with grid 
covered Bangkok areas. 

 

 
Fig. 18 Examples of modes detected data and its new modes labeling 

 
From the data, information such as “modes transferring 

point” which is a point that people change their transportation 
mode can be found. In Fig. 18, the record which value=1 in 
transfer column, it is collected in modes transferring points. In 
addition, each grid might contain several modes used, so 
major modes can be found by finding the highest percentage 
of modes used. The data in this work is spatio-temporal GPS 
data, so the structures of grid are created based on hour of a 
day (Fig. 19) for further analysis and visualization. 
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Fig. 19 Grid structures 

 
For the implementation, PostgreSQL with PostGIS 

extension is used as database to collect and manage spatial 
and non-spatial data. Java language is used to develop 
program for calculation and modes detection. For Random 
Forest classifier, Java-ML library is used to develop the model. 
Finally, QGIS, Mobmap and CartoDB are used for 
visualization. Moreover, those are available for working in a 
cross platform. 

IX. RESULTS AND DISCUSSION 
Comparing to questionnaire surveys, GPS devices can 

automatically record time and location of person trip, whereas 
using questionnaire surveys, people must report their trips 
manually. In Fig. 20, the information about active periods 
from GPS is shown. However, without processing and 
analysis, questionnaire data can provide more information 
than raw GPS data. 

 

 
Fig. 20 Number of GPS records for each hour 

 
After manipulation and stay point extraction, the process of 

GPS noise removing makes the GPS data usable for analysis. 
From the results shown in Fig. 21, starting and ending time of 
each stay segment are defined. The collections of stay points 
are used to calculate for its centroid location. This information 
can be used for further analysis about mining activities of 
people.  

There are various modes on the road in Bangkok such as 
private car, bus, taxi, van, motorbike and etc. In this work, 
modes on the road detected are divided into 2-wheel vehicles, 
4-wheel vehicles and bus, due to same characteristics. 2 
wheels; include bike and motorbike. 4 wheels; include car, 
taxi, van, tuk tuk, minibus and etc. 

 
Fig. 21 Examples of stay points detected 

 
For transportation modes detection, results are shown in the 

figures below.  In Fig. 22, it shows modes detected of 1-day 
person trip data after segment merging is applied. GPS points 
are separated into several segments and categorized by modes 
used. For sky train and bus, percentages obtained are lower 
than other modes due to traffic conditions and complex 
transportation networks in Bangkok. The overall model 
precision is 87.17 % and 87.83 % for recall, by using spatial 
features together (Table 2). 

 

 
Fig. 22 The example of modes detected data 

 

 
Fig. 23 Modes detected data of several person trips 

  
For the analysis part, transportation modes detected data 

and vector grids are processed to find major modes used. In 
Fig. 24, the results obtained show that boat is only found in 
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TABLE 2 
COMPARISON THE PERFORMANCES OF TRANSPORTATION MODES DETECTION MODELS 

 
 

 
Fig. 24 The example of grid data (100 m.) that contain boat  

as the major mode 
 

 
Fig. 25 Modes transferring points in Bangkok 

 

 
Fig. 26 People’s movement from raw GPS data 

 

Saen Saeb Canal and some parts of Chao Phraya River around 
the inner Bangkok, which is correct. For modes transferring 
points (Fig. 25), grids that have rapid transit show a lot of 
modes transferring points. The darker color grids cover areas 
such as Mo Chit, Sam Yan, Lat Phrao, Victory Monument and 
Phaya Thai, that are commercial zone and people can transfer 
to many other modes.  

From Fig. 26, it shows screen capture of user’s movement’s 
GPS points generated from Mob map. From Fig. 27, it shows 
people flow in different colors imply different modes of 
transportation from transportation modes detected data. This 
kind of visualization is useful for studying about mobility of 
people. 

 

 
Fig. 27 Estimated transportation modes used 

X. CONCLUSIONS AND FUTURE WORKS 

A. Conclusions 
For the transportation modes detection, conducting the 

“stay point extraction” help reduce the number of data to be 
analyzed further. Random Forest classifier and classification 
features can detect transportation modes used in Bangkok. 
Using spatial features along with other features gives higher 
precision and recall than using other features alone. The 
process of segment merging helps reduce uncertain segments, 
such as the difficulty determining between walking and facing 
traffic congestion on the road, to make the person trip more 
complete. The raw dataset in this work are only timestamp 
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and location that are minimum requirement of GPS log data, 
so the algorithms and features in this work can be applied for 
GPS data from other sources such as a mobile phone.  

Other interesting features that could help detect other 
modes (e.g. vans or taxis) are parking area, van terminals, 
locations of getting on/off a car and probability of the modes 
transferring. Moreover, to detect modes like buses and 
motorcycles, traffic information, intersection locations, and 
real time bus locations, can help increase the accuracy of the 
detection, if those data are available. 

Data collected from the 80 volunteers seem to be 
insufficient for analysis when comparing to how large the 
population in Bangkok is. The volunteers’s travel data are 
limited to just around the universities and their houses, shown 
in Fig. 28.  

 

 
Fig. 28 Distribution of the person trips data collected from the GPS logger 
 
 These data obtained could be useful for many other 

works, such as observing people’s traveling demand, planning 
the expansion of the transportation network, studying people 
movement when certain events occur, and etc. If this 
information has been collected and managed, the planning of 
urban and transportation systems could be easier and more 
suitable. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

B. Future Works 
1) To collect GPS data to analyze the transportation modes 

used by people in Bangkok, there should be larger group of 
people to be studied. The data might be collected from mobile 
phones. 

2) The process of noise removing cannot remove the entire 
noise data. More advanced method might have to be adopted. 

3) To detect some local transportation modes (e.g. bus, 
private car and taxi), other classification features, more 
precise GIS data and more complicated techniques (e.g. using 
traffic data or pattern of the taxi drivers) should be used. 

4) Some data is lost due to the loss of GPS signal and 
motion detection function; the lost part of the data should be 
interpolated to fill out the missing part. 
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Abstract— This research is aimed to study and to 
recommend some practical types of additional welfares that 
influence on the engagement of employees to the organizations. 
Among 526 employees as samples selected from all levels starting
from operators, supervisors, middle manager and executive, 
working in the private manufacturers located in Bangkok and its 
vicinities. 

The result revealed the most positive-influenced welfare 
to the engagement of employees to the organization was a kind of 
welfare related on strengthening their future such as pension, 
long-service awards, share-holder allocation for staff’s stability. 
Reversely, the saving welfare showed its negative impact to the 
engagement to the organization such as the saving cooperative, 
life-saving fund that those manufacturers might not have or 
might give their low priority for this welfare. The 
recommendations are each manufacturer should set up and 
promote a beneficial welfare policy for employee’s future and 
stability as well as providing all information about launching of a 
saving welfare that will benefit all employees.

Keywords—Welfare, Employees, Organization, Engagement, 
Additional welfare excluding from the designated law
 

1. INTRODUCTION
Employee  is the most valuable resource in the 

organization’s management system because each individual 
plays a key role in each process of the business 
administration.  Thus, the investment on personnel 
development and welfare becomes a vital mission of each 
organization’s growth continuum. Welfare is a key factor for 
consideration among a variety of factors that effects to each 
individual’s decision-making of continuing their jobs or 
shifting to join with a new organization. Providing welfare of 
each organization can be varied as it depended on their 
economic condition and situation, also different policy on 
human resources management. These differences can provide 
both advantages and disadvantages on recruitment for 
qualified and capable employee following to the organization 
requirement. Employee’s engagement to their organizations is 
an individual’s mental condition relating to their organization 

and influencing on their operational effort and devotion 
according to their duties for efficiency. Their reactions will 
reflect their relationship to the organization. 

Additional welfare excluding from the 
designated law is an extra-voluntary welfare that each 
corporate has provided for their employee as an incentive. 
Each organization has allocated a lot of budgets for this 
incentive without evidence-proved studies that those incentive 
budgets were utilized effectively as related to levels of 
satisfaction and loyalty to the organization among employee.  
Consequently, a correlative study between additional welfare 
excluding from the designated law and employee’s 
engagement to their organizations will help the corporate 
executives and human resources department making their 
considerations on human resources management for the 
optimum benefits from proper welfare allocation     among 
their employee.  

Objectives:
1. To study the types of additional welfare 

excluding from the designated law.
2. To study the behavior of employee’s 

engagement to their organization 
3. To conclude the suitable types of additional 

welfare excluding from the designated law 
influenced on employee’s engagement to 
their organization.

Scope of the study:

This research aimed to study on the types setting of 
additional welfare excluding from the designated law that 
influenced on the employee’s engagement to the organization.  

The research population were 526 all-level 
employees and staff consisted of operators, supervisors, 
middle-leveled manager and high-leveled executives working 
in different-sized (small-medium-large) private organization 
located in Bangkok and its vicinities, collected by the 
convenience sampling. 
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Conceptual Framework 

Key Factors 
1. Independent factors are the types of additional 

welfare excluding from the designated law such as (1) the 
personal development welfare, (2) income-supporting welfare, 
(3) employee’s money-saving welfare, (4) employee’s family 
development welfare, (5) future stability welfare and (6) 
recreational and health welfare.

2. Dependent factors are behaviors of employee’s 
engagement to the organization such as (1) Say as (their) 
positive-speaking about the organization with clients, family 
members and acquaintances (2) Stay as (their) positive-
willingness to be good member and (3) Strive as (their) best 
effort on duty for achievement .

2. LITERATURE REVIEWS
2.1 Welfare
Labor Protection Act B.E. 1998 [1] on Clause 96 

defines the definition of welfare as any actions conducted by 
employers, labor unions (for employees) or the government 
units with purposes of promoting better living both physical 
and mental health, having safety in occupational health as well 
as having a progress in career path and a security in living 
both employees and their families, will be included in the 
welfare of each corporate. Approaching and developing for 
the types of welfare setting under the missions can be divided 
into two kinds of welfare as; 

- Labor welfare following to the designated law.
- Additional labor welfare excluding from 

designated law.  

2.2 Additional welfare excluding from designated law
is still be in process that the government officials have to visit 
the corporates for introducing and making them know about 
the type of these additional ones.  If any corporates are ready 
to provide those additional ones for their employees as 
another choice, then the corporates could conduct into these 
following major categories. 

1. Employee development welfare such as 
educational programs both within and after their working 
hours, setting up a unique school inside the factory, 
occupational training both inside and outside their workplace, 
and setting up a reading corner or even a library.  

2. Income-supporting welfare such as setting up a 
co-operative shop for employees, incentive cash for any major 
social activities among employees for their marriage, 
ordination or the cremation ceremony,  providing uniforms, 
dormitory, transport bus, setting up an additional incentives 
for those hard-working staffs.    

3. Employee’s money-saving welfare such as the 
money-saving cooperative and the provident fund

4. Employee’s family development welfare such as 
setting up a child care unit, healthcare incentive for 
employee’s family members, educational incentive for 
employee’s children and providing a group insurance for all 
employees’ life insurance.

5. Future stability welfare such as pension, long-
service awards, share-holder allocation, cremation fund, 
housing loan. 

6. Recreational and health welfare such as providing 
a sight-seeing tour, Sport Day competition, staff’s annual 
party and providing knowledge about self-healthcare.

2.3 Employee’s engagement to the organization.
Hewitt  Associates (2015) [5] described about three 

behaviors of the employee’s engagement characters to their 
organization as shown into (1) Say as their positive-speaking 
about the organization with clients, family members and 
acquaintances, also even explains or clarifies about any 
possible unclear details if anybody misunderstand the firm. (2) 
Stay as their positive-willingness to be a good member of the 
organization and (3) Strive as their best effort on duty and full 
supports for business achievement of the organization.

3. RESEARCH METHODOLYGY

This study is a quantitative research with its 
methodology in exploratory research with the proposed 
objectives, sampling target population, data collecting among 
all-level of employees and staffs in private organization with 
questionnaires, and then analyzing and concluding for any 
correlation with proposed objectives.    

The types of 
additional welfare 
excluding from the 
designated law

- Employee 
development

- Income-
supporting 

- Employee’s 
money-saving 

- Employee’s 
family 
development 

- Future stability 
- Recreation and 

health 

The behavior of employee’s
engagement  to the 
organization

- Say: through their positive 
speech about the corporate 
with clients, family 
members and 
acquaintances.

- Stay: through their 
willingness to be a good 
member of the corporate.

- Strive: through their best 
effort on duty for 
corporate achievement.

Types of Additional Welfare 
excluding from Designated Law 
Influence on the Engagement of 
Employees to the Organization
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Data collecting by questionnaires was conducted 
among all-level of employees and staffs from operators, 
supervisors, middle-level managers and high-level executives 
working in different scales of private organization located in 
Bangkok and the vicinities. 

Step 1: The researcher had studied a variety of 
research methodologies for setting up the conceptual 
framework as followed; 

(1) Study all-related principals, concepts, theories, and 
other research studies about the additional welfare excluding 
from the designated law influenced on the engagement of 
employees to their organization 

(2) Study all-related principals, concepts, theories, and 
other research studies about the types of additional welfare 
excluding from the designated law influenced on the 
engagement of employees to the organization.  Then the 
researcher summarized all secondary data to create a 
conceptual framework that would include all types of the 
additional welfare excluding from the designated law 
influenced on the engagement of employees to their 
organization for developing a structured questionnaire.  

Step 2: Analytical study on all types of the 
additional welfare excluding from the designated law 
influenced on the engagement of employees to their 
organization by compiling all step 1 data through six 
components on additional welfare excluding from the 
designated law (30 questions) and other three components on 
their engagement to the organization (18 questions) to develop 
all 48 questions for a structured questionnaire with five-level 
Likert Scale. Then, all 48 questions were tested for IOC 
(Index of Item Objective Consistency) as all of them got over 
0.56 points. Later, those 48 questions were also tested for 
attitude among 30 target group members who were all-level of 
employees and staffs from operators, supervisors, middle-
level managers and high-level executives working in different 
scales of private organization located in Bangkok only as all 
30 copies were completely filled up and returned to the 
researcher that represented for 100 percent of completion. 
Afterwards, all 48 questions were analyzed for reliability 
following to the Cronbach’s method as getting a significance 
of 0.960. The next following step was a confirmatory factor 
analysis or CFA for confirming the key factors derived from 
this process. Also having more processes of factor loading, 
standard deviation or SD, Coefficient of Linear Regression 
Coefficient 2R and Correlation Coefficient.   

Step 3: Analytical study on all employees’ 
engagement behaviors to the organization as this step 
concerned on any reflective behaviors of employee’s 
engagement to the organization with the weighing factors 

analysis ( ) focused on standard deviation’s importance of 
each observed factors following to the component prototype 
of employee’s engagement to the organization. 

Step 4: Path analysis study on additional welfare 
excluding from designated law influence on the engagement 
of employees to the organization as this step used the 
technical analysis of correlation coefficient between each type 
of additional welfare influenced on the employee’s 
engagement to the organization. 

4. RESEARCH RESULTS

4.1 General information of interviewee: Most of 
interviewees were female as 57.4 percent of the total with the 
majority of 26.30 percent in the age-range of 21-29 years old, 
and the next following of 24.78 percent in the age-range of 50 
years old and up. Half of them (50 percent) had their bachelor 
degree and work experience of 1-5 years (39.5 percent), also 
having their service years in the present organization of 1-5
years (57.4 percent) as most of them were working as 
operators (24.9 percent).

 

Figure1: Re-model of Path analysis on additional welfare excluding from 
designated law influence on the engagement of employees to the organization 
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Table 1: Analysis on variables influences in Path analysis model between the 
additional welfare excluding  from  designated law and the engagement of 
employees to the organization. 

Causes Influence Effects
SAY STAY STRIVE

KNO TE 0.128* (0.041) 0.182** 
(0.043)

0.183** 
(0.046)

IE - - -
DE 0.128* (0.041) 0.182** 

(0.043)
0.183** 
(0.046)

INT TE 0.132*(0.042) 0.051 (0.044) 0.014
(0.047)

IE - - -
DE 0.132*(0.042) 0.051 (0.044) 0.014

(0.047)
SAV TE -0.102 (0.038) -0.116

(0.039)
-0.223** 
(0.042)

IE - - -
DE -0.102 (0.038) -0.116

(0.039)
-0.223** 
(0.042)

BAL TE 0.041 (0.045) 0.019 (0.046) -0.035
(0.050)

IE - - -
DE 0.041 (0.045) 0.019 (0.046) -0.035

(0.050)
SUS TE 0.396** (0.048) 0.282** 

(0.050) 
0.465** 
(0.053)

IE - - -
DE 0.396** (0.048) 0.282** 

(0.050) 
0.465** 
(0.053)

REC TE 0.186** (0.042) 0.190** 
(0.044)

0.094
(0.047)

IE - - -
DE 0.186** (0.042) 0.190** 

(0.044)
0.094

(0.047)

2R 0.502 0.310 0.268
Remarks: DE = Direct Effect, IE = Indirect Effect, TE = Total Effect 

-value < 2.576), 
** with statistical significance at 0.01 (t-

4.2 Analysis on variables influence in Path analysis 
model between types of additional welfare excluding from 
designated law and the employee’s engagement to the 
organization: All influences of linear correlation between 
types of additional welfare excluding from designated law; 
such as employee development, income-supporting, saving 
promotion, employee’s family development, future security, 
and recreational and health issues and the employee’s 
engagement to the organization on positive actions and 
approaches through their say, stay and strive. About the 
details of this analysis, the researcher presented the correlative 
figures among each variable as this following; 

1. Employee development show edits direct positive 
influence on the employee’s engagement to the organization 
through “say, stay and strive” with statistical significance at 
0.05 and 0.01 as their coefficient values are 0.128, 0.182, and 
0.183, respectively. 

2. Income supporting showed its direct positive 
influence on the employee’s engagement to the organization 
through “say” with statistical significance at 0.05 with the 
coefficient value of 0.132. However, this variable did not 
show any influences on the employee’s engagement to the 
organization through “stay and strive” with statistical 

significance at 0.05 and 0.01 with the coefficient values of 
0.051 and 0.14, respectively.

3. Employee’s money-saving did not show any 
positive influences on the employee’s engagement to the 
organization through “say and stay” with statistical 
significance at 0.05 with the coefficient values of -0.102 and -
0.116. But this variable showed a negative influence on the 
employee’s engagement to the organization through “strive” 
with statistical significance at 0.01 with the coefficient value 
of -0.223. 

4. Employee’s family development did not show any 
influences on the employee’s engagement to the organization 
through “say, stay and strive” with statistical significance at 
0.05 with the coefficient values of 0.041, 0.019 and -0.035, 
respectively.   

5. Future stability showed its direct positive influence 
on the employee’s engagement to the organization through 
“say, stay and strive” with statistical significance at 0.05 and 
0.01 as their coefficient values are 0.396, 0.282, and 0.465, 
respectively.     

6. Recreation and health showed its direct positive 
influence on the employee’s engagement to the organization 
through “say and stay” and strive” with statistical significance 
at 0.05 and 0.01 as their coefficient values are 0.186 and 
0.190, respectively. However, this variable did not show any 
influence on the employee’s engagement to the organization 
through “strive” with statistical significance with the 
coefficient values of 0.094.

5. CONCLUSION AND RECOMMENDATION
 5.1 A component of personal development welfare 
had the positive influence to the employee’s engagement to 
the organization such as their positive speech to clients, family 
members and acquaintances about the organization about their 
willingness to be a good organization member and putting the 
best effort on their duties for the achievement. The personal 
development welfare might be derived from the employee’s 
future security needs that presented a direct influence to the 
employee’s engagement to the organization. Both executives 
and human resources division should have their full concern 
on personal development policy with promoting and providing 
knowledge, skill and attitude for the readiness of all 
employees’ work operations and preparation for career path in 
the next step. 
 5.2 A component of income-supporting welfare had 
the positive influence to the employee’s engagement to the 
organization. About positive speech to clients, family 
members and acquaintances about the organization, most 
employees assumed that this welfare was just a payment 
relating to the corporate profits or incentive to their attendance 
not their monthly salary. This welfare did not influence on 
other aspects as the first one. However, all organizations 
should maintain and prioritize on providing income-
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supporting welfare with proper socio-economic situation and 
the organization portfolio.
 5.3 A component of employee saving promotion 
welfare negative influence on their engagement to the 
organization. This kind of welfare could provide its negative 
impact to the engagement to the organization derived from the 
employee’s wage or salary as the amount of money was spent 
for their daily life, but it was not for saving. Even though, 
many organization may have their provident fund for 
employees but they did not manage their fund efficiently for 
investment or did not clarify about the benefits of joining the 
provident fund to their employees with adequate information. 
Another negative influence was those employees would get 
their provident funds only when they were retired or resigned 
from the organization. Consequently, many employees had 
their interest in provident fund much less than other welfares 
along their operating years. Until they would like to quit a job 
or they were in the retirement age, then they would pay 
attention on their provident fund again.   

5.4 A component of employee’s family support 
welfare also negative influence on engagement to the 
organization. From this study, most target group were 
individuals working and residing in Bangkok and its 
vicinities. Many of them worked in the private sector that why 
they got least employee’s family support welfare. 
Consequently, this welfare did not provide any influence to 
the engagement of employee to the organization among this 
research population. Furthermore, there was an important 
remark about the low life-balance between working life and 
family or private life of each employee working and residing 
in Bangkok and its vicinities derived from the heavy traffic 
congestion. Many of them had to spend longer hours on both 
working and transporting than those employees who worked 
in the upcountry gaining more private time for themselves and 
their families. If any corporate could adjust their working 
hours for flexibility and matching with the working 
environment in Bangkok and the vicinities such as some 
positions could occasionally work at home or out-of-the-
office, then this adjustment would provide better balance for 
those employees and their families. 

 

5.5 A component of future stability welfare showed 
its positive influence on three keynotes of “say, stay and 
strive”  The future stability welfare could present its 
maximum linear correlation with the employee’s engagement 
to the organization as each employee would set their high 
priority on future career skills and stability if the corporate 
had their clear policy through developing a career path 
planning with proper stability for their employees. Thus, the 

employee’s confidence in their corporate would tie all of them 
with their sacrifice and continuous development for the 
sustainable achievement. 

5.6 A component of recreational and health welfare 
showed its positive influence to the employee’s engagement to 
the organization through “say and stay”. At present, there are 
many organization have initiated to transform their structure 
with an innovative policy of “Happy Workplace”. This launch 
also created new workplace atmosphere with flexible working 
schedule, proper-setting working environment to facilitate all 
employees living. This interesting policy has become popular 
and clearly given “strive” for employee’s engagement to their 
organization. 

 

Recommendations
1. Executives and human resources division of each 

corporate should bring these research findings for their 
consideration about improving policy for additional welfare 
by legitimate or self-willingness of the organization to match 
with their employees needs that will make a variety of positive 
outcomes through their good relationship and best attempt to 
make a sustainable achievement for the organization. 

2. All results on employee’s engagement behavior were 
correlated to each another. Most executives would like their 
employees having a positive engagement to the organization 
such as loyalty by working efficiently for a long period with 
best effort and willingness to develop for organization’s 
sustainable growth. Thus, the executives should concern on 
the type of the additional welfare excluding to the designated 
law influenced on the employee’s engagement to the 
organization and apply the suitable type of additional welfare 
from this study for consideration with other factors in human 
resources management to improve and develop the 
organization sustainably.  
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Abstract— This study measured financial literacy of  under 
graduate students in Business Japanese Program (BJ) at Thai-
Nichi Institute of Technology(TNI) which comprised of financial 
knowledge, financial attitude and financial behaviour, aiming to 
point out weak areas that need to improve . Also examined 
financial literacy of each student characteristic group in order to 
concentrate on provide appropriate education to the weaker. The 
researcher found that financial literacy level of the students was 
moderate. Also the result of positive relationship between 
financial behavior, attitude and behavior from regression 
analysis provided the implication that by enhancing financial 
knowledge and financial attitude through appropriate education 
could result in better financial behavior. Finally, suggestions 
were made to teachers for working on leveling up students’ 
financial literacy, especially students who have low academic 
performance, live separately with parents, and pertain to 
insufficient financial status.  
 
Keywords— financial literacy, financial knowledge, financial 
attitude, financial behaviour, weak area, improvement, education 
 

I. INTRODUCTION 
Financial literacy is an abstract concept whose meaning 

combines financial knowledge, financial attitude, and 
financial behaviour which are necessary for a person to make 
sound financial decision. A financially literate person 
possesses skills in planning, spending, and saving money 
which nowadays is an essential tool for everyday life. 
Developing a good level of financial literacy would prevent 
him/her from falling into financial distress.  

A nation, whose population pertains to a high level of 
financial literacy have high level of discipline in managing 
financial activities which will lead to sustainability of the 
nation’s economy [6]. Moreover, changing demography 
toward aged society and shrinking a welfare system in many 
countries encourage governments to particularly concern 
about the efficiency of young people who are “future of the 
nation” in managing their personal finance. As a result, many 
nation governments have started measuring and developing 
strategies and policies to improve its citizen’s level of 
financial literacy, particularly focus on young generations. [2]. 

A lack of financial literacy among students causes 
them to make wrong financial decisions and finally leads to 
financial distress which is one of the major causes of stress 
and university drop out. Therefore, the researcher, as a 
Finance subject teacher in Faculty of Business Administration 
of  Thai-Nichi Institute of Technology (TNI), curious about 
the level of financial literacy of TNI students. As a result, 
conducted this research for the following objectives : 

1.) Firstly, to measure level of financial literacy, 
including financial knowledge, financial attitude 
and financial behaviour, of TNI’s BJ students.  

2.) Secondly, to study differences of financial 
literacy in each characteristic group (such as 
gender, education level, parent’s occupation, 
income) to be able to identify the weak group for 
appropriately focus on enhancing their financial 
literacy. 

3.) Thirdly, to study whether financial knowledge 
and financial attitude have influence on financial 
behaviour. 

4.) Finally, to propose appropriate suggestion to 
improve students’ financial literacy level. 
 

II. LITERATURE REVIEW 
 Citizen’s financial literacy became one of the 
important issues that developed and emerging countries 
increasingly concern over the past decade. This is because 
financial services become more diverse and sophisticate due 
to rapid change in economic circumstance. Therefore, to be 
immunized from making wrong financial decisions, a person 
needs to be financially educated. This could in turn result in 
positive effects on economic and financial stability of a nation.  
 
Financial literacy Surveys 
 Australia and New Zealand Banking group (ANZ) 
made an interview survey with Australian people in 2014 by 
using several behavioural indicators to measure financial 
literacy in five separate components including keeping track 
of finances, planning ahead, choosing financial products, 
staying informed and financial control. The framework of the 
survey points out influencing factors that effected financial 
literacy including financial knowledge and numeracy, their 
financial attitudes, their socio-demographic and household 
characteristics.[6] 
 Standard&Poor’s Ratings Services conducted an 
interview with more than 15,000 adults in more than 140 
countries testing on their knowledge of four basic financial 
concepts, namely numeracy, interest compounding, inflation, 
and risk diversification. A person who could answer 3 out of 
four above mentioned concepts is defined as financially 
literate.  The result showed that only 33 percent of adults 
worldwide are financially literate, of which Thailand was 
stated at 27 percent. Women, the poor, and lower educated are 
more likely to suffer from gaps in financial knowledge.[5]  
               A number of countries have been taking an approach 
to measuring financial literacy under the guideline of the 
Organization for Economic Co-operational and Development 
(OECD). The Bank of Thailand (BOT) had conducted a 
national financial literacy survey four times in the year 2002, 
2006, 2010, and lately in year 2013, also plans to continually 
conduct the survey every three years. The objective of this 
survey is to measure level of financial literacy of Thai citizen 
and find out the influencing factors. Therefore, BOT will be 
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able to firstly, set up  a strategic plan, under dynamic financial 
environment, to promote appropriate and up to date financial 
knowledge for Thai people. Secondly, level up financial 
literacy of Thai people. Thirdly, utilize acquired data for 
policy making such as promoting appropriate accessible to 
financial services. 

The recent BOT’s survey in 2013 was a continuation 
of previous survey in 2010. The survey was conducted in line 
with the OECD’s in order to be comparable with those of 
other nations. It measured a financial literature level in three 
components, namely (1) financial knowledge, (2) financial 
attitude, and (3) financial behaviour. The results found the 
level of financial literacy of Thai people was averaged at 
58.8%, which was below the average score at 62.3% of 16 
countries that participated in the OECD survey. Especially, 
students, low-income people, and farmers were the three 
groups that had low financial literacy score. Also more than 
half of Thai people were unable to answer on compound 
interest calculation, deposit protection policy, and time value 
of money. The survey indicated that an income and education 
level had the highest influence on the financial literacy level. 
And there were positive relationships between financial 
knowledge, attitude and behaviour. As a result, BOT 
considered enhancement of financial education as a national 
policy goal, aiming to improve financial behaviour of the 
citizen, which would help sustain wellbeing of Thai people [1]. 

Hypothesis  
 
 The researcher made the following Hypothesis in this 
study. 

H1: Male students has financial literacy level 
different from female (Gender) 

H2: Students in different major have different 
financial literacy level. (Major of study) 

H3: Students in different year of study have different 
financial literacy level.  (Academic year) 

H4: Students who obtained different academic 
performance have different financial literacy level. (GPA) 

H5: Students who get different monthly allowance 
have different financial literacy level.  (Monthly allowance)  

H6: Students with different financial status have   
different financial literacy level.  (Financial status) 

H7:  Students of different parent occupation have 
different financial literacy level. (Parent occupation] 

 H8: Students who live with parent have financial 
literacy level different from students who live separately with 
parent.(Living with parent) 

H9: Students who have education loan burden have 
financial literacy level different from others. (Education loan 
burden). 

H10 : Financial knowledge positively influence 
financial behaviour. 

H11 : Financial attitude positively influence financial 
behaviour. 

 
 

III. METHODOLOGY 
 
Population  
 The population was undergraduate students of 
business schools  in Thailand. The researcher selected 
students who were studying in 1st-4th year in TNI’s Business 
Japanese program (BJ) in the 2015 academic year as sample 
group for the study. Total sample size was 567 students. By 
applying convenient sampling method, the researcher got 
response from 457 students accounted for 80.5% of total 
sample group.  
 
Questionnaire 

Questionnaire was utilized as a tool to collect data 
and was created based on the review of relevant literatures. 
The questionnaire comprised of four parts. The first part 
contained questions about personal information including 
gender, major of study, year of study, GPA, Business Finance 
(BUS-204) grade, monthly allowance, financial status, 
parent’s occupation, education loan burden. The second part 
was 5 multiple choices and 5 true/false questions asking 
financial knowledge in 8 topics including division, time value 
of money, interest calculation, compound interest, risk and 
risk diversification, inflation, credit bureau, deposit protection 
policy. The third and fourth parts were close-ended questions 
measured in a four-point Likert scale. The third parts contains 
19 questions asking whether the student have good discipline 
in four groups of financial behaviours namely planning, 
spending, saving, investing, checking &controlling, and 
solving financial needs. The forth part contained a question 
asking financial attitude toward saving.  
 The content validity was done on the questionnaire 
by 3 TNI’s senior researchers. The Cronbach’s alpha 
coefficient of the key constructs exceeds the threshold value 
of 0.7 (Nunnally, 1978) and the results of the exploratory 
factor analysis show that cross loading  items were eliminated 
and other measurement items were consistent with the 
construct validity. Then the questionnaires were distributed to 
the students and collected in class room by lecturers during 
December, 2015. 
 
Analysis 
 The researcher utilized the Statistical Package of 
Social Science (SPSS) for Windows for statistic analysing. 
The descriptive statistics were applied to measure financial 
knowledge, financial attitude and financial behaviour’s mean 
scores of students, and then compare mean scores of different 
characteristic group according to hypothesis (H1-H9). To test 
the hypothesis, t-test and an one way ANOVA was employed 
to determine whether there is statistically significant 
differences in mean score at 95% confidence level (p value <= 
0.05).  

To test H10 and H11 hypothesis, the multiple 
regression analysis was employed to determine degree of 
relationship of financial knowledge and financial attitude as 
independent variables with financial behaviour as dependent 
variable. 
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Research Framework      

      
General Findings 

There were 457 students answered the questionnaires 
accounted for 80.59% of total population. The demographic 
characteristics of the respondents and results are showed in 
Table 1 

 
Table 1 : The results of the descriptive statistics 

 
 

Measuring of financial literacy 
 
Financial knowledge  

The survey result indicated that financial knowledge level of 
BJ students was moderate at average score of 6.19 out of 10 
(61.90%). Students who study finance as major showed the 
highest financial knowledge mean score at 7.43 and students 
who failed in business finance subject (BUS-204) showed the 
lowest mean score at 5.20.  In particular, students made 
mistake answers in the time value of money, interest rate 
calculation, compounded interest and deposit protection 
policy.  

 
Financial attitude 
The students were asked whether they have positive 

attitude toward saving for the future needs rather than 
spending now. The result showed fair scores at 2.80 out 
of4.00. Students who have low academic performance tend to 
have low mean score in financial attitude.  

 
Financial behaviour 
The survey result indicated that BJ students had 

moderate discipline in financial behaviour with mean score 
2.77 out of 4.00. Moreover, students who obtained low 
academic performance (GPA) tend to have low financial 
behaviour score. 

The result showed that students had 2.31 mean score 
in financial planning, 2.95 mean score in spending, 2.96 mean 
score in saving, 2.93 mean score in investing, 2.74 mean score 
in checking & controlling, and 3.08 score in solving financial 
needs. 

The areas that students showed weak financial 
behaviours score were in (1) Financial planning whose mean 
score was at 2.31, particularly on conducting daily accounting 
record on his/her income and expense whose mean score was 
at 1.72, and setting long term goal whose mean score was at 
2.19.  (2) Active saving whose mean score was at 2.56. 

Behaviours of less concern were in (1) Spending 
whose mean score was 2.95, of which result showing high 
scores in  making  informed decision and compare 
information before purchase, but moderate score in making  
list of items to purchase before shopping and follow the list (2) 
Investing whose mean score was at 2.93 by which student 
compared risk vs. return  in making investment decision, 
however had moderate score in diversify investment, probably 
because the students have small amount of money available 
for  invest. (3) Solving financial needs whose mean scores 
was at 3.08 by which the students tend to either cut spending 
or find part time job rather than borrowing to meet his/her 
financial needs. 
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Table 2 : The results of  Financial Behaviour 

Question on Financial 
Behaviour Mean 

Std. 
Deviation   

b1 I plan how to spend 
money ahead  

3.01 .84 
  

b2 I know how much saving 
I will have in the next 10 
year 

2.19 .97 

Planning 
b3 I make daily accounting 
record on my income and 
spending 

1.72 .91 

2.31 
b4 I purchase goods on 
promotion sales even though 
I do not really need it 
(reverse question) 

2.83 .94 

  
b5 I compare price and 
quality before purchase 

3.23 .83 
  

b6 I make list of goods to 
purchase before shopping 
and follow the list 

2.57 .89 

Spending 
b7 I pay monthly expense in 
time 

3.19 .84 
2.95 

b8 I save money at least 10% 
of my income 

2.73 .93 
  

b9 When I get extra income, 
I will bring to for saving  

2.87 .93 
Saving 

b10 In the month that I need 
to spend more, I will not 
save  

2.09 .93 

2.56 
b11 I compare return before 
making investment 

3.11 .83 
  

b12 I prepare risk before 
making investment 

3.12 .86 
Investing 

b13 I diversify risk by 
investing in different 
products 

2.55 .94 

2.93 
b14 I check my  deposit 
account balance  

3.21 .87 
  

b15 I have saving more than 
6 times of my expenses 

2.33 .93 
Checking 

b16 I can control my cash 
flow and save money 
according to the plan 

2.67 .82 

2.74 
b17 If I have not enough 
money, I will borrow 
(reverse question) 

3.34 .87 

Solving 
b18 If I have not enough 
money, I will cut my 
spending 

3.30 .76 

Financial needs 
b19 If I have not enough 
money, I will find part time 
job for extra income 

2.58 1.03 

3.08 
 

Testing the Hypothesis 
The statistic result of the t-test and ANOVA analysis 

for the hypothesis testing on financial literacy level in 3 areas; 
financial knowledge, financial behaviour and financial attitude 
are showed in table 3.6-1 to 3.6-3.  

 
 

 
Financial knowledge 
For financial knowledge H1 and H2 were supported, 

which could imply that students in characteristic group 
classified by gender and major of study statistically differ in 
financial knowledge at significant level. On average male 
students got higher financial knowledge level that female. 
Students in finance major got the highest level of financial 
knowledge whereas students in marketing major got the 
lowest level of financial knowledge.  

The result also showed that students in characteristic 
groups classified by academic year, GPA, monthly allowance, 
financial status, parent occupation, live with parent, education 
loan burden did not show significant differences in financial 
knowledge level. 

  
Financial attitude 
By running T-test and ANOVA to find which 

characteristic groups showed significant difference in 
financial attitude at 95% confidence level, researcher found 
that H4, H6 and H8 were supported and could imply that (1) 
Students who obtained good academic performance tend to 
have higher attitude score than others. (2) Students who 
pertain to sufficient financial status showed higher attitude 
score than the others, (3) Students who live with parent 
showed higher attitude score than who live separately from 
parent at significant level.   
 

Financial behaviour 
 For financial behaviour H1, H6 and H7 were 

supported. Students in characteristic groups classified by 
gender, financial status and living with parents statistically 
differ in financial behavior at significant level. On average, 
male students had higher level of financial behavior than 
female. Students who pertain to sufficient financial status had 
higher financial behavior level than other groups.  

Students who live with parent tend to have higher 
financial behaviour score than the one who live separately 
with parent at significant level. This could be implied that 
household plays important roles in supporting student’s good 
financial behaviour. 
 The result did not show significant differences in 
financial behaviour among students in characteristic groups 
classified by major of study, academic year, GPA, monthly 
allowance, financial status, and parent occupation and 
education loan burden.  

The researcher found that even though on average, 
students in finance major had higher financial knowledge, 
their financial behaviour did not significantly differ from non 
finance major students. Therefore besides teaching academic 
knowledge, teachers should pay more attentions applying 
practical teaching technique and inside/outside class room 
activities to embed discipline to students in managing his/her 
personal finance. 
 
 

 

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

432



 
Table 3.6-1 :  Financial knowledge 

    t/F value P-value 
H1 (Gender)  t-test 2.56 0.011* 

H2 (Major of study) ANOVA 10.442 0.000* 
H3 (Academic year) ANOVA 0.613 0.607 
H4 (GPA) ANOVA 1.708 0.131 
H5 (Monthly allowance) ANOVA 1.742 0.177 
H6 (Financial status) ANOVA 2.489 0.084 
H7 (Parent occupation) ANOVA 1.283 0.263 
H8 (Living with parents)  t-test -0.746 0.456 
H9 (Education loan burden) t-test 0.3 0.584 
 
Table 3.6-3 :  Financial attitude 

    t/F value P-value 
H1 (Gender) t-test 0.034 0.473 
H2 (Major of study) ANOVA 0.249 0.910 
H3 (Academic year) ANOVA 1.587 0.192 
H4 (GPA) ANOVA 2.331 0.042* 

H5 (Monthly allowance) ANOVA 0.573 0.365 
H6 (Financial status) ANOVA 9.161 0.000* 
H7 (Parent occupation) ANOVA 2.048 0.058 
H8 (Living with parents)  t-test 3.809 0.049* 
H9 (Education loan burden) t-test 0.072 0.789 
 
Table 3.6-2 :  Financial behaviour 

    t/F value P-value 
H1  (Gender)  t-test 2.423 0.016* 

H2 (Major of study) ANOVA 1.605 0.172 
H3 (Academic year) ANOVA 1.308 0.768 
H4 (GPA) ANOVA 1.428 0.213 
H5 (Monthly allowance) ANOVA 2.131 0.120 
H6 (Financial status) ANOVA 34.176 0.000* 

H7 (Parent occupation) ANOVA 1.958 0.070 
H8 (Living with parents)  t-test 2.866 0.004* 
H9 (Education loan burden) t-test 1.209 0.227 
*significant level p value <= 0.05 
 
Regression analysis 
 Multiple regressions were employed to study whether 

financial knowledge and financial attitude (independent 
variables) had relationship with financial behaviour 
(dependent variable). The result supported H10 and H11 
meaning that both financial knowledge and financial attitude 
have positive influence on financial behaviour. The researcher 
found that financial knowledge and financial attitude were 
statistically significant in predicting financial behaviour by 
having positive relationship with financial behaviour at 
coefficient of 0.27 and 0.173, respectively. Also financial 
knowledge and attitude could explain 18.7% of financial 
behaviour (r2 = 0.187).  The positive relationship between 
financial knowledge, attitude and behaviour is in line with 

BOT’s 2013 survey result of Thailand’s financial literacy. 
(BOT, 2013).  

The researcher could imply from the survey results 
that students who pertain to good finance knowledge and has 
positive attitude toward saving tend to have good discipline in 
handling his/her personal finance. Moreover, financial 
behaviour of the students could be enhanced by levelling up 
his/her financial knowledge. 
   

ANOVAb 

Model 
Sum of 
Squares df 

Mean 
Square F Sig. 

 
Knowledge 
Attitude 
 

10.233 2 5.117 52.149 .000a 
44.546 454 .098     
54.779 456       

a. Predictors: (Constant), financial knowledge, financial attitude 
b. Dependent Variable: financial behaviour 

      Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B 
Std. 

Error Beta 
 
Knowledge 
Attitude 

1.849 .079   23.504 .000 
.027 .010 .114 2.689 .007 
.173 .018 .408 9.625 .000 

a. Dependent Variable: financial behaviour 
 

IV. CONCLUSIONS 
 

The researcher found that financial literacy of TNI’s 
BJ students was at moderate level. Moreover, positive 
relationship between financial knowledge, financial attitude 
and financial behaviour implied that by promoting financial 
knowledge and financial attitude through appropriate 
education curriculum covering key areas that financially 
literate person ought to know including income & money 
management, spending & credit, and saving & investment, 
could enhance financial behaviour of the students.  

The researcher suggests teachers to concentrate on 
improving the identified weak areas of the students as follows: 

    
1.) The weak points in financial knowledge were in 

time value of money and compound interest calculation. 
Therefore, teachers should emphasis more on these concepts 
and reiterate for confirming the students’ understanding. Also 
add more related exercises applying case study in real life. 
Moreover, students should be encouraged to follow the news 
for updating his/her financial knowledge by reading financial 
news paper, magazine or listening to the radio news etc. 

 
2.) The weak areas in financial behavior were 

planning and active saving. Therefore, teachers should help 
students realize the important of setting goal on saving and 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

433



 
record his/her income and daily expenses. TNI financial 
club could play supportive role by arranging special 
seminars, workshops or creative activities to enhance 
students’ discipline in managing his/her personal finance. 

 
3.) Teachers should pay attention on risky groups 

namely,  students who have low academic performance ,  
live separately with parents , pertain to insufficient financial 
status, and students who have education loan burden by 
finding measures to encourage his/her  involvements  and 
actively participate in the activities aiming  to improve 
his/her individual financial  literacy mentioned in suggestion 
number 2 above.    
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Abstract
The study aims to investigate factors that 

affect Thailand industrial sectors’ potential 
development and innovation. The samples were 
automotive industrial sector, electrical appliances 
and electronics industrial sector, and food industrial 
sector. Systematic Random Sampling was used to 
select the samples. The samples included 370 
companies. The research instrument was a 5-point 
rating scale questionnaire. The data were analyzed 
for their descriptive analysis and factor analysis with 
the statistic program.

The results revealed that the factors that 
affected the potential development and innovation of 
Thailand industrial sectors the most was the 
production process development. The second 
effective factor was the marketing.  

From the factor analysis, there were 7 factors 
that affected the potential and innovation
development of Thailand industrial sectors. Those 
were; 1) production process development consisting 
of 11 indicators; 2) company’s supporting policy 
consisting of 11 indicators; 3) government’s 
supporting policy consisting of 8 indicators; 4) 
personnel development consisting of 11 indicators; 
5) technology transfer consisting of 6 indicators; 6) 
material quality consisting of 5 indicators; and 7) 
need for product development consisting of 4 
indicators.  

In addition, the results also revealed that 
operation that aimed to develop potential and 
innovation of Thailand industrial sectors needed to 
operate the whole system. The main focus should be 
on production process development which needed to 
have all supports from inside and outside. The inside 
referred to the company’s own policy while the 
outside referred to the government supporting 
policy.  With this way, the industrial companies 
could be able to continuously develop their potential 
and innovation.  

Keywords: Innovation, potential development,
innovation development, Thailand industries

Background
From the research in 2014 on the study of 

factors affecting the development of potential and 
innovation of Thailand’s industrial sector, the result 
from factor analysis revealed six main factors. The 
six factors included: 1) the development of 
production processes, 2) company’s support policy, 
3) government’s support policy, 4) personnel’s 
training, 5) technology transfer, and 6) materials’ 
quality. These factors affected the creation of 
companies’ innovation. Indeed, companies needed 
an innovation that could help in development of 
production process in order to reduce the production 
cost and stay in market competition. The creation of 
innovation also needed supports from companies on 
budgets, time, and tools. Companies, themselves, 
also needed supports from the government to create 
and develop innovations. [2] conducted a study on 
relationship between marketing innovation and 
competitive advantage of agricultural products 
business in Thailand. She found that entrepreneurs 
in Thailand should pay more attention on various 
kinds of innovation creation including technology,
scientific research, and effective management so that 
they could be able to understand customers’ 
expectation on products and services. It would help 
companies become a market leader for product and 
service creation. The companies could have 
advantages over other companies in the same 
market. 

In order to gain deeper insight, the researchers 
had decided to collect more data on these six factors 
by covering three main industries of Thailand 
including automotive industry focusing on auto-parts 
industry, electrical appliances and electronics 
industries, especially the appliance and electronics 
parts, and food industry.
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The report from [11] indicated that these three 

main industries were very important to Thailand. 
Automotive and auto-parts industries were highly 
important to Thailand. Raw materials and auto-parts 
were used in Thailand and needed a large amount of 
labor force. Thailand had its reputation as 
automotive production base with high quality labors 
and high production potential. Thailand’s 
automotive industry has been grown continuously. 
However, the major investment in this industry was 
from foreign investors.

Thailand also has high potential in producing 
electrical appliances and electronics parts. Electrical 
appliances and electronics industries had the highest 
export value in Thailand, around 947.8 billion baht 
in 2007. The export value responded to one of 
Thailand policies in promoting an industrial level 
from value-added. These types of industries were the 
industries that Thailand had high potential in 
creating value-added by developing operation 
systems from manufacturing till creating its own 
brand in the future.

Food industry was also an industry that had 
high product value, high numbers of firms, and high 
numbers of labors. It provided a large number of 
advantages to Thailand; however, the export value 
for food industry was still in an average level. This 
might relate to the proportion of value-added of food 
industry that was also in an average level. In fact, 
food industry had been paid high attention from the 
world class because of the rising numbers of world 
population which would lead to food shortage in the 
future. Besides, eating behavior, nowadays, had 
been changed to be more concern on healthy eating 
(The Office of Industrial Economics, 2011).

Therefore, the researchers were interested in 
conducting a study to survey opinions and needs of 
Thailand industries towards the development of 
potential and innovation in order to find some 
directions to develop potential and innovation for 
Thailand industries.

Objective
To survey opinions and needs of Thailand 

industries towards potential and innovation 
development

Concepts of Potential and Innovation 
Development

National Innovation Agency under Ministry of 
Science and Technology, Thailand (n.d) defines 

innovation as a new creation built from applying 
knowledge and creative ideas that are useful to 
economy and society (para. 1). [3] states that
innovation is the use of new thoughts or behaviors 
created in an organization. Innovations could be new 
products, new services, or new technologies which
are the production of the sudden change or gradual 
change in an organization. 

[5] define innovation as a result of the use of 
knowledge in a new market and/or the knowledge of 
new technology for product development. From [8]

view , innovation is the applying knowledge to 
practice in order to create new products or new 
processes.

From the mentioned definitions of innovation, 
the researchers define the meaning of innovation in 
this study that is a new creation built from applying 
knowledge and creative ideas that happen inside 
organization. It could be a new product, new service, 
or new technology created from a sudden change or 
a gradual change in practice in order to create a new 
product or new process that is useful to economy 
and society.

[7] identifies 7 types of innovations in his 
study:

1) Product Innovation: is a developed product 
or a new product created for commercial purposes.  
To create product innovation, research and product 
development are needed to be done continuously so 
that a company could be able to offer a good quality 
product to their customers. Development of product 
functions and features are two main factors. To 
design a product, a company needs to be aware of 
customers’ advantages from using the products. 
There are 2 kinds of product innovation that are: 1) 
tangible product or goods and 2) intangible product 
or service.

2) Process Innovation: is the changes of 
production processes or service systems. It could be 
done by developing processes to be more effective. 
Knowledge of technology, processes, and various 
kinds of related techniques are needed. Besides, 
applying concepts, methods, or new processes,
which could affect production processes and 
operation to be more effective, are also important 
factors for process innovation.

3) Management Innovation: To create 
management innovation, organizations need the 
management knowledge to improve their 
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organizational structure. Management innovation is 
the management that includes workers in 
management. Therefore, new ideas and creations 
could be able to respond to customers’ needs and 
increase organizations’ incomes and profits.

4) Service Innovation: is involved with new 
service systems coming from new creation or 
improvement of the old service systems such as 
service feature development or the use of technology 
in service systems.

5) Business Model Innovation: is involved 
with the changes of the way to do business that 
could create value-added to products.

6) Marketing Innovation: is the development 
of a new market that aims to develop methods of 
product and package design as well as promotion or 
product pricing.

7) Organizational Innovation: is a creation of 
changes in business structure, operation, formats, 
marketing processes, and forms of business. This 
innovation focuses on increasing potential in 
organizing and management of an organization. 
Thus, the knowledge of management to improve the 
inside management of an organization is essential.

[9] concludes the steps of innovation 
development in his article that innovation 
development techniques begin with building or 
developing. It means creating a new innovation or 
developing the old one. Then those innovations need 
to be used by the main targets in order to test the 
innovations’ quality. The final step is to evaluate 
the innovations by asking the users for comments 
and satisfactions of the innovation. The result of 
innovation evaluation would be confirmed by using 
measurement and evaluation instruments.

Research Methodology  
This study was a survey research by using 

questionnaire to collect data. The sampling group 
was three types of industries in Thailand including 
auto-parts industry, electrical appliances and 
electronics industry, and food industry. The 
sampling group was located in three regions of 
Thailand consisting of central, eastern and Bangkok 
regions. Systematic random sampling was used to 
collect the data. After calculation, the total number 
of samples was 367.39; therefore, the researchers 
decided to collect the data of at least 370 companies 
from three types of industries.

The questionnaire was validated and revised 
before used. 529 sets of questionnaire were 

distributed to 370 companies. Then when the 
questionnaire was returned, the data were analyzed 
for descriptive analysis and factor analysis.

Research Instrument
As this research was a survey research, a 5-

point Likert scale question was used as a research 
instrument. The questionnaire contained three parts. 
The first part was companies’ general information 
including types of industry, authorized capital, 
numbers of employees, years of doing business, 
average income per year, investment sources, total 
number of employees in research and development 
division, and yearly budgets for research and 
development.

The second part included the items that 
surveyed employees’ opinions and needs towards 
potential and innovation development in Thailand 
industry. The questionnaire was in a checklist form 
that participants needed to select only one answer.
Then the last part of the questionnaire was an open-
ended question that emphasized on participants’ 
comments and other opinions.

Research Framework

 

 

 

 

 

 

 

 

 

 

 

Companies’ general information
- Types of industry 
- Authorized capital
- Numbers of employees
- Years of doing business
- Average income per year
- Budgets 
 

 Factors
- Production process development
- Employee training
- Technology transfer
- Company’s support policy
- Raw materials’ quality
- Government’s support policy
 

The needs of Thailand 
industry towards 
potential and 
innovation 
development

Research Results
From the data analysis for opinions and needs 

of Thailand industries toward potential and 
innovation development, the results were the 
following:

Table 1: Companies and organizations’ general 
information

General information
Numbers 

of
companies

Percent
(%)

Types of 
Industry

Auto-parts 100 18.9
Electrical 214 40.5

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

437



 

General information
Numbers 

of
companies

Percent
(%)

appliances and 
electronics 
Food 215 40.6

Authorized 
capital
(million 
baht)

Not more than 
10 138 26.1

10-40 182 34.4
41-100 80 15.1
101 and more 129 24.4

Numbers of 
employees

Not more than 
100 103 19.5

101-500 164 31.0
501-1000 135 25.5
1000 and more 127 24.0

Years of 
operation in 
Thailand

Not more than 
10 138 26.1

11-20 150 28.3
21-30 95 18.0
31 and more 146 27.6

Average 
income per 
year
(million 
baht)

Not more than 
100 118 22.3

101-500 184 34.8
501-1000 124 23.4
1000 and more 103 19.5

Investment 
sources

100% Thai 225 42.5
Not more than 
50% from 
Japan

80 15.1

50% or more 
from Japan 68 12.9

Not more than 
50% from other 
countries

119 22.5

50% or above 
from other 
countries

37 7.0

Numbers of 
employees in 
Research and 
Development 
Division

Not more than 
3 100 18.9

4-8 171 32.2
9-12 131 24.8
13 or more 127 24.0

Budgets for 
research and 
development 
per year
(million 
baht)

Not more than 
1 million 205 38.8

1,000,000-
5,000,000 153 28.9

5,000,001-
10,000,000 88 16.6

10,000,000 and 
more 83 15.7

 

Figure 1: Types of Industries    
 

From 529 companies, 214 companies (40%) 
were the auto-parts industry, 215 companies (41%)
were the electrical appliances and electronics, and 
100 companies (19%) were food industry.  

Figure 2: Authorized Capital (million baht)

 

The authorized capital of 10-40 million baht 
was the biggest group, 182 companies (35%). The 
second was not more than 10 million baht, 138 
companies (26%). The third was 101 million baht or 
more, 129 companies (24%). The smallest group 
was 41-100 million baht, 80 companies (15%). 
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Figure 3: Total Number of Employees 

 

From the data, the number of companies with 
not more than 100 employees was 103 companies 
(19%), with 101-500 employees was 164 companies 
(31%), with 501-1,000 employees was 135
companies (26%) and with 1001 employees or more 
was 127 companies (24%).
 

Figure 4: Years of Operation in Thailand

From 529 companies, the number of 
companies operating in Thailand with not more than 
10 year was 138 companies (26%), with 11-20 years 
was 150 companies (28.3%), with 21-30 years was
95 (18%) and with 31 years or more was 146
companies (27.6%).

Figure 5: Average Income per Year 

The number of companies with yearly 
income of not more than 100 million was 118
companies (22%), of 101-500 million was 184
companies (35%), of 501-1000 million was 124
companies (23%), and of 1001 million or more was
103 companies (20%).

Figure 5: Investment Sources

The number of companies with 100%  Thai 
investment was 225 companies (43%), with not 
more than 50% Japanese investment was 80 
companies (15%), with 50% or more of Japanese 
investment was 68 companies (13%), with not more 
than 50% of other countries’ investment was 119 
companies (22%), and with 50% or more of other 
countries’ investment was 37 companies (7%).
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Figure 6: Numbers of Employees in Research and 
Development Division

From 529 companies, the number of 
companies with 3 employees in research and 
development division was 100 companies (19%), 
with 4-8 employees was 171 companies (32%), with 
9-12 employees was 131 companies (25%), and with 
13 employees or more was 127 companies (24%).

Figure 7: Budgets for Research and Development 
per Year

 

The number of companies with research and 
development budgets of not more than 1 million was 
205 companies (39%), of 1,000,000-5,000,000
million was 153 companies (29%), of 5,000,001-
10,000,000 million was 88 companies (16%), and 
10,000,001 million or more was 83 companies 
(16%).

Figure 8: The Use of Research and Development 
Budgets

The number of companies that spent their
budgets to increase production potential was 297
(56.1%), to reduce production cost was 319 (60.3%), 
to develop production processes was 322 (60.9%), to
develop new products was 325 (61.4%), and to train
employees was 273 (51.6%).

Figure 9: The Results of Budget Using in 
Research and Development

 
 

 From budgets invested in research and 
development, the number of companies that reported 
the increasing of production potential was 310 
companies (58.6%), the production cost reduction 
was 318 (60.1%), the increasing of production 
process development was 317 (59.9%), the new 
product creation was 297 companies (56.1%), and 
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finally, the development of personal potential was 
263 companies (49.7%).
 The next table shows the sources of 
knowledge that companies learned from. The 
information was also collected from the employees 
who participated in this study.

Table 2: Sources of Process Learning a Company 
Learned from

From data analysis, the results shows that 
mostly, around 363 companies (68.8%) learned from 
inside the companies. 267 companies (50.5%) 
learned from outside sources. 299 companies 
(56.5%) learned from invited experts to the 
companies. Finally, 227 companies (42.9%) had 
support from experts from other countries.  

The next part is the results of participants’ 
opinions and needs for potential and innovation 
development in different factors. Table 3 
demonstrates the overview of opinions and needs.

Table 3: Mean and Standard Deviation of 
Opinions and Needs of Thailand Industries 
towards Potential and Innovation Development in 
Different Factors

 

Factors
N Mean

Std. 
Deviation

Production process 
development

529 4.6295 .53545

Personal training 529 4.4575 .66186
Technology transfer 528 4.3598 .74898
Companies’ support 
policies

529 4.4783 .62765

Raw materials’ quality 529 4.4877 .61879
Government’s support 
policies

529 4.5747 .65323

Total 529 4.6087 .53654

Form 529 companies, the results show that 
the three most important factors are production 
process development (4.6295), government’s 
support policies (4.5747), and raw materials’ quality 
(4.4877) respectively.

Tables 4-7 report the first and the second 
needs based on factors, types of industries, 
investment sources, and authorized capital.

Table 4: The First and Second Needs based on 

Factors

Factors 1st Need 2nd Need
Production 
process 
development

Need to develop 
the use of raw 
materials in 
production 
processes to be 
more effective

Need to develop 
the production 
processes to be 
able to complete 
with other 
companies in 
the market

Personal 
training 

Need to improve 
employees’ skills 
in designing 
personal 
operation systems 
in order to 
increase personal 
potential in 
production

Need to have 
employees who 
are able to plan 
their own works 
and complete 
them effectively

Technology 
transfer

Need a better 
technology from 
other countries to 
improve the 
companies

Need the 
Japanese 
companies that 
are co-investors 
to transfer their 
technology to 
help improve 
the companies

Companies’ 
support 
policies

Need to improve 
companies’ 
research to help 
the companies 
grown

Need good 
information for 
research and 
companies’ 
development

Raw materials’ 
quality

Need to improve 
companies’ 
research to help 
the companies 
grown 

Need good 
information for 
research and 
companies’ 
development

Government’s 
support 
policies

Need government 
to help and 
support in 
research and 
development

Need 
government to 
have a policy
that requires an 
education sector 
to help with 
industrial 
development

Sources of Process 
Learning

Frequency Percent

Inside the company itself
Outside sources
Invited experts to teach in a 
company
Got supported from foreign 
expert 

363
267
299
227

68.6
50.5
56.5
42.9
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Table 5: The First and Second Needs based on 

Types of Industries 
Types of 

Industries
1st Need 2nd Need

Auto-parts Government’s 
support policies

Production 
process 
development

Electrical 
appliances 
and 
electronics

Production process 
development

Government’s 
support policies 

Food Production process 
development

Government’s 
support policies 

Table 6: The First and Second Needs based on

Investment Sources
Investment 
sources

1st Need 2nd Need

100% Thai Production 
process 
development

Raw materials’ 
quality

Not more than 
50% from 
Japan

Production 
process 
development

Government’s
support policies

50% or more 
from Japan

Government’s
support 

Government’s
support policies  
and production 
process 
development

Not more than 
50% from 
other countries

Government’s
support 
policies

Production 
process 
development

50% or above 
from other 
countries

Production 
process 
development

Personal training

Table 7: The First and Second Needs based on
Authorized Capital
Authorized 
Capital (baht)

1st Need 2nd Need

Not more than 
10 million

Production 
process 
development

Government’s
support 
policies 

10-40 million Production 
process 
development

Government’s
support 
policies 

41-100 million Government’s
support policies 

Production 
process 
development

101 million and 
above

Production 
process 
development

Government’s
support 
policies 

Conclusion and Discussion
From the results, it could be concluded based 

on types of industries by the following table:

Table 8: Summary of Opinions and Needs 
towards Potential and Innovation Development
Classified by Types of Industries

Auto-parts 
Industry 

Electrical 
Appliances 

and 
Electronics 

Industry

Food 
Industry

Overall

1.
Governmen
t’s support 
policies 

1.
Production 
process 
development 

1.
Productio
n process 
developm
ent 

1.
Productio
n process 
developm
ent 

2.
Production 
process 
developme
nt 

2.
Government
’s support 
policies 

2.
Governme
nt’s
support 
policies 

2.
Governme
nt’s
support 
policies

3. Raw 
materials’ 
quality 

3.
Companies’ 
support 
policies 

3.Raw 
materials’ 
quality 

3. Raw 
materials’ 
quality 

 

 From the table 8, production process 
development and government’s support policies are 
the first and second needs of all three industries.
However, auto-parts industry has the different need 
for the first one. Instead of production process 
development, it needs government’s support policies 
more. It could mean that auto-parts industry needs 
supports from government. As in the Master Plan for
Automotive Industry (2012-2016), the government 
support would help automotive industry to promote 
technology research and development and to 
develop the global green automotive production base 
[10].

For electrical appliances and electronics 
industry and food industry the result shows that 
production process and development is the priority 
need. [4] also found that for electrical and 
electronics parts industries, to develop innovations, 
developing human resource management was 
necessary to help increase labors’ skills. Due to 
lacking of high potential labors and academic 
institutes lacking of courses emphasizing on skill 
development, companies could waste cost of the 

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

442



time to train new employees. Moreover, economic, 
society and political situations could affect 
industries directly and indirectly. Therefore, the 
industry sector needs government support in many 
ways such as policies on labor wage, energy, or 
taxes. The support from government would help 
develop industry such as the development of 
production process innovations.   

[1] conducted a case study on canned 
pineapple industry to investigate the cost-
effectiveness of environmental concern production.
They found that production processes needed to be 
developed by installing an instrument-controlled
system. To develop production potential, innovation 
development is necessary as all industries pay much 
attention to it in order to complete with other 
companies in the market. 

When considering the investment sources, the 
opinions and needs towards potential and innovation 
development are divided into three levels 
demonstrated by the following table:

Table 9: Summary of Opinions and Needs 
towards Potential and Innovation Development 
Classified by Investment Sources

100% Thai Not more than
50% of 
Japanese

More than 
50% of 
Japanese

Not more than 
50% of other 
countries

More than 
50% of other 
countries

1. Government’s 
support policies

1. Production 
process 
development 

1. Companies’ 
support policies 

1. Government’s 
support policies 

1. Production 
process 
development 

2. Raw materials’ 
quality

2. Government’s 
support policies 

2. Government’s 
support policies 
and production 
process 
development

2. Production 
process 
development 

2. Personal 
training

3. Companies’
support policies

3. Companies’ 
support policies

3.Technology 
transfer

3. Companies’ 
support policies 

3. Companies’ 
support 
policies 

The companies with 100% of Thai investors 
need government support the most. This is because 
Thai companies have low income by considering 
from average income per year. 38.2% of Thai 
companies receive not more than 100 million baht.
27.1% of Thai companies receive 101-500 million 
baht and 51/3% of companies with not more than 
50% investment from other countries receive not 
more than 500 million baht. Therefore, the 

government support is the most important factor that 
Thai companies need.

When considering the opinions and needs 
towards potential and innovation development based 
on authorized capital, the first three important 
factors are the following: 

Table 10: Summary of Opinions and Needs 
towards Potential and Innovation Development 
based on Authorized Capital 

Not more than 10 
million baht

10-40 million baht 41-100 million baht 101 million baht 
and more

1. Production process 
development 

1. Production process 
development 

1. Government’s 
support policies

1. Production process 
development 

2. Government’s 
support policies

2. Government’s 
support policies

2. Production process 
development 

2. Government’s 
support policies

3. Raw materials’ 
quality

3. Companies’ 
support policies

3. Raw materials’ 
quality

3. Raw materials’ 
quality

 

Based on authorized capital, production 
process development and government’s support 
policies are still the first and second important 
factors for potential and innovation development. 
The reason is relied on the result that the companies
with authorized capital of not more 10 million baht 
and 10-40 million baht have 3 and 4-8 people 
working for research and development division, 
respectively. It seems that there is not enough 
number for the companies to create a new 
innovation. Hence, either small or large size 
companies would have needed the support from 
government in order to develop and create 
innovations. [12] studied the competitiveness of 
small and medium business enterprises in Chiang 
Rai and found that the competitiveness was in low to 
medium levels. The main factor that could increase 
the competitiveness was innovation development 
emphasizing on passive and aggressive 
development. The passive development focused on 
research and development of new innovation and 
technology as well as improving the old innovations. 
Moreover, the passive development also applied the 
local wisdom to help with operation in order to make 
it more effective and create sustainable 
development. The aggressive development focused 
on human resource development in order to improve 
workers’ potential so that they could be ready to 
adapt themselves with all changes. It would help 
increasing the effectiveness of companies since their 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

443



 
workers possessed high potential. However, 
companies still needed cooperation from 
government to help them drive the innovation 
development systematically, continuously, and 
sustainably.

Suggestion
The present study focused only on three 

types of industries and had limited budgets and time; 
therefore, the researchers could not cover the whole 
types of industries. For the future studies, they could 
be done in different industries and the results could 
be compared to the present study. Consequently, the 
results could be useful information for potential and 
innovation development of Thai industries. 
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Abstract—Thailand start outsourcing and looking for 
international investment opportunity into new market 
with lower labour cost. India represent one of the 
dominant country whereby cheap labour available, over 
500 population structure are below 25 years old and 
largest demand of motor vehicles, vehicles parts and 
electronics part. This condition make India absorbed FDI 
inflows including equity investment inflows worthy 
$ 355.42 billion in 2014. India was ranked as the top 14th

largest economic inflows in the world worthy $28 billion. 
Thailand already ranks as India’s 35th largest FDI equity 
inflows from April 2000-February, 2015 worthy $201.04 
billion. Leading Thai companies in the fields of automotive 
and engineering have active and growing business 
presence in India. The major commodity export from 
Thailand to India are Chemical, Plastic, combustion 
engine and vehicles parts. In fact, these commodities 
production supported by Thai-Japanese IJV firms, 
whereby capital goods were imported from Japan. “This 
could be explain why Thailand trade balance has been 
continue surplus India while continue deficit Japan”. Thus, 
Thailand investment opportunities outflow to India and 
the relationship between Japanese FDI and Thailand 
major export commodities to India will be examine in 
detail. 

Keywords—FDI, Thailand, India, Japanese         

I. INTRODUCTION AND STUDY BACKGROUND

East and South-East Asia region remains the number one 
global investment destination with the total Foreign Direct 
Investment (FDI) inflows of $192,612 million in 2014, 
approximately grew by 17 percent from 2013. FDI inflows in 
this region were engaged in manufacturing sectors worthy 
$106,402 million in 2015, an increase of 23 percent from 2013 

(refer to Table: 1). This reflects East and South-East Asia 
position as the leading investment destination for international 
investment opportunities. The largest investing countries were 
United Stage, Japan, United Kingdom and Germany, in that 
order. Japan is the major investors in this region, support by 
the largest volume of FDI receipted worth $29,201 million in 
2014. Particularly, South-East Asia economic is exhibiting a 
robust FDI growth from Japan. Thailand is one of the 
dominant countries attracting Japan FDI receipted and entered 
Thailand’s market via “wholly owned subsidiaries” or 
“international joint venture”. Japanese firms via IJV for using 
Thailand cheap labor, enhance competitive advantages, for 
their strategic behavior enable faster entry to Thailand 
domestic market (Wadeecharoen, Lertnaisat, Lertpiromsuk 
and Teekasap, 2015). Most of IJV in manufacturing sectors 
were fall into small and medium enterprises whereby labor 
intensive was required for their production. This is supported 
by labour intensive FDI, available of raw material and value 
chain activities in less developing countries, such as 
Cambodia, Philippines and Viet Nam. 

The dominant inward FDI in South-Asia region flows 
into India. At the regional level FDI in manufacturing has 
risen, as illustrated by the automotive industry. In the recently 
launched “Make in India”  initiative, the country government 
has identified automotive as a key industry in which India has 
the potential to become a world leader. This is support by the 
large volume of FDI inflows in South-Asia destination 
engaged in motor vehicles and transport equipment sector
worth 4,270 Million USD in 2014, a double-fold jump from 
previous year. Similarity, FDI outflows from South-Asia 
originate mainly from India, investing in motor vehicles and
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transport equipment sector worth 933 Million USD in 2014, a 
triple-fold jump down from previous year. In 2014, Japan FDI 
inflows worth 3,129 Million USD, an increase of 4 percent 
from 2013 (refer to Table 2). Particularly, in automotive 
industry accounts for about 20 percent of India’s 
manufacturing value added with annual production of 18 

million vehicles. The major sources of FDI in the automotive 
industry are Japan, United States and the Republic of Korea. 
MNEs from these countries entered India’s market through 
either “joint venture” or “wholly owned subsidiaries”.

Table 1: FDI in East and South-East Asia Classified by Industry and Countries 2013-2016 (Millions of Dollars)
Sector/industry East and South-

East Asia as 
Destination

East and South-
East Asia as 

Investors

Partner region/
economy

East and South-
East Asia as 
Destination

East and South-
East Asia as 

Investors
2013 2014 2013 2014 2013 2014 2013 2014

Total 158,851 192,612 117,002 145,108 World 158,851 192,612 117,002 145,108
Primary 1045 4050 2180 5513 Developed Economic 107,844 114,729 17,999 28,369
Manufacturing 81,779 106,402 24,241 69,877 European Union 42,975 41,227 9,150 9,938
Textiles and leather 5,591 6,519 1,367 4,276 Germany 13,340 14,982 398 388
Chemicals product 13,930 13,097 3,719 5,209 United Kingdom 8,668 6,286 4,503 5,503
Electrical equipment 9,132 20,158 6,612 17,654 United Stages 25,141 30,794 5,133 12,024
Motor vehicles and transport 
equipment 

18,155 28,896 3,157 19,098 Japan 29,540 29,201 1,785 2,553

Services 76,028 82,154 90,581 69,718 Developing Economics 50,457 77,039 97,361 107,058
Business Services 10,148 15,494 42,912 9,462 China 3,724 14,073 20,541 28,499

Sources: UNCTAD, 2015, World Investment Report

Table 2: FDI in South-Asia Classified by Industry and Countries 2013-2016 (Millions of Dollars)
Sector/industry South-Asia as 

Destination
South-Asia as 

Investors
Partner region/

economy
South-Asia as 
Destination

South-Asia as 
Investors

2013 2014 2013 2014 2013 2014 2013 2014
Total 26,368 38,957 15,955 14,220 World 26,368 38,957 15,955 14,220
Primary 22 311 43 11 Developed Economic 19,282 23,129 4,134 2,856
Manufacturing 10,919 14,223 7,085 6,879 European Union 7,384 7,358 2,587 1,503
Textiles and leather 397 431 104 1,039 Germany 2,061 2,074 491 31
Petroleum product 44 1,057 81 2,645 United Kingdom 2,470 1,146 1,718 530
Metals product 589 1,364 885 369 United Stages 5,405 8,489 1,314 744
Motor vehicles and transport 
equipment

1,971 4,270 2,791 933 Japan 2,997 3,129 45 13

Services 15,427 24,423 8,827 7,331 Developing Economics 7,011 15,725 10,952 11,079
Business Services 2,700 3,389 2,079 Ore China 884 6,079 506 137

Sources: UNCTAD, 2015, World Investment Report

In Thailand, Japanese FDI plays a vital role in 
manufacturing sectors of which motor vehicles, automobile 
and its assembling manufacturing whereby International Joint 
Venture (IJV) is the one strategic Japanese firms prefer to 
engage in (Wadeecharoen, Kanjanavanikul and 
Aunahabandid, 2011; Suwannarat, Williams, Smith and 
Ibrahim, 2010). Over 80 percent of Japanese FDI located their 
offshore production based in Thailand for export in some 
particular countries like India. Thus, this paper will be 
examine the role of Japanese FDI contributing to Thailand 
export orientation to India. In doing so Thailand investment 
opportunities outflows to India will be examine in detail. 

II. THE MOTIVE THEORIES FOR JAPANESE FDI IN THAILAND

Urata, (1998) viewed the motive of Japanese FDI into 
three perspectives which are ‘natural resource-securing type’;
market-securing type’ and ‘cost saving type’. However in 
reality, the nature of Japanese investors may differ according 
to demography and local business environment. Japanese FDI 
engaged in ASEAN for using of natural resource in host 
countries whereby cheap labors are available. The next motive 
is market securing which refers to a large country population, 
sizeable of recipient country market and national income; 
these are the motive factors for Japanese FDI. In case that
countries are protected by tariff and non-tariff barriers, 
Japanese firms enable to secure market through Greenfield 
investment in these countries. During the last part of 1980, 
Japanese electronics firms began to set up their production 
base in ASEAN countries to maintain the international price 
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competitiveness. Particularly, the large Japanese investment 
inflow has been investing in Thailand, this is motivated by 
cost saving factor whereby low-cost labor and natural 
resources are abundantly available (Tiwari, Syamwil and Doi,
2003). As of this point, cost saving factor is the main reason to 
explain the motive of Japanese firms in Thailand. The costs 
saving perspectives drive Japanese firms to search for 
production base in ASEAN for their export-orientation 
whereby production can perform at lowest cost. Thus, the 
countries are possess abundant resources, low wages, low 
inflation rate, undervalued exchange rates and well-
functioning infrastructure such as development of airports, 
seaports, domestic transportation system, high standard of 
telecommunication system, availability of low cost airlines , 
electricity and water supply; these are all important factors 
determinants of cost-saving Japanese FDI. 

III. PURPOSE OF THE STUDY

The main objective of this study are such as 
(1) To examine Thailand investment opportunities 

outflow to India 
(2) To examine the role of Japanese foreign direct 

investment (FDI) as the main contributor to Thailand 
export orientation 

(3) To examine Thailand export orientation to India
contribute by the role of Japanese investment 

IV. RESEARCH DESIGN AND METHODS

The data collection and analysis of this study is based on 
secondary data. The required data have been collected from 
various sources i.e. World Investment Reports, Asian 
Development Bank’s Reports, Reserve Bank of India, Bank of 
Thailand, Thailand Ministry of Commerce, Board of Thailand 
Investment and other document relevant. It is a time series 
data and the relevant data have been collected for the period 
2000 to 2015.

V. RESULTS 

(1) Thailand Investment Opportunities Outflow to India 
The UNCTAD World Investment Report (2013) report 

India as the third most attractive location for FDI for 2013-
2015. The report also mentions that India accounted for more 
than four fifths of the FDI in South Asia in 2012. Japan was 
ranked in the 4th after United Kingdom with the cumulative 
inflows (April 2000-2015) worthy $19,434 million, 
approximately 7 percent of total inflows. Thailand FDI Equity 
Inflows was ranked in the 35th, worthy $215 million, 
approximately 0.08 percent of total inflows (refers to Table 3: 
Share of top Investing Countries FDI Equity Inflows). As of 
the financial economic indicate India is the most attractive 
destination for global investors. The FDI inflows to India 
trend to increase due to fast economic growth rate, large 
economic of scale, abundant of natural resources and cheap 
labour are available.

Table 3: Share of top Investing Countries FDI Equity Inflows (Financial years)
Ranks Country 2013-2014

(April-March)
2014-2015
(April-March)

2015-2016
(Apr 2000-Dec 15)

Cumulative 
inflows 

(April 20-2015)

% age to total 
inflows 

in term of US$ in million
1 Mauritius 4,859 9,030 6,105 93,660 34%
2 Singapore 5,985 6,742 10,985 43,172 16%
3 U.K. 3,215 1,447 503 22,714 8%
4 Japan 1,718 2,084 1,082 19,434 7%
5 U.S.A 806 1,824 3,511 17,263 6%
6 Netherlands 2,270 3,436 2,147 16,818 6%
7 Cyprus 557 598 400 8,444 3%
8 Germany 1,038 1,125 790 8,438 3%
9 France 305 635 368 4,881 2%
10 UAE 255 367 402 3,447 1%
35 Thailand - - 214 - 0.08%

Total  FDI Inflows from 
all countries

24,299 30,931 29,443 278,076 -

Source: Ministry of Commerce & Industry, Government of India, (2015)

Asian Development Bank predicts India’s Gross Domestic 
Product (GDP) to grow by 6 percent for 2013-2014. 
Moreover, World Bank sees 6.7 percent GDP growth for India 
by 2015. GDP composition by sector such as service 65 
percent, industry 18 percent and agriculture 17 percent. The 
major sectors attracting highest FDI equity inflows are from 
service sector, construction development, computer software, 
telecommunication, automobile industry etc. The India 
automotive industry accounts for 45 percent of the country’s 
manufacturing gross domestic product (GDP), 7.1 percent of 
the country’s GDP and employs about 19 million people both 

directly and indirectly (Ministry of Commerce & Industry, 
Government of India, 2015). Trading between Thai and India 
reached about $8.2 billion in 2011, $8.9 billion in 2012, $8.7 
billion in 2013 and 8.7 billion in 2014. Thai major export to 
India  are as motor car, motor vehicles, parts & accessories, 
machinery and parts thereof and automatic data processing 
machines and parts thereof (Embassy of India: Bangkok 
Thailand, December, 2012). Thailand is the major partner of 
India whereby most of Thailand partner companies were 
engaged in automobile industry, electrical equipment and 
rubber goods. As of this point, Thailand opportunities for start 
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outsourcing and looking for new international market with 
lower labour cost. India represent one of the dominant country 
whereby cheap labour available, over 500 population structure 
are below 25 years old and largest demand of motor vehicles, 
vehicles parts and electronics part. Automobile industry is 
attracting FDI equity inflow worthy $14,318 million. This 
industry were supported by Japanese firms in Thailand via 
International Joint Venture (IJV) strategy where by over 80 
percent of business are produce for export orientation (refer to 
Table 6). Thus, the opportunities for Thailand investment 

outflows to India can be investing in vehicles, parts & 
accessories, machinery and parts, electric  and electronic 
products to support of automobile industry whereby most of 
Thai-Japanese IJV were engaged in this particular sectors 
(Wadeecharoen et al., 2015). As of this point, the 
opportunities of Thailand Company enable to serve of Indian 
domestic market share with annual production of 23.36 
million vehicles and trend to become the third largest 
automotive market by volume in 2016. 

Table 4: Sectors Attracting Highest FDI Equity Inflows:
Ranks Sectors 2013-2014

(April-March)
2014-2015
(April-March)

2015-2016
(Apr 2000-Dec 15)

Cumulative 
inflows 

(April 20-2015)

% age to total 
inflows 

in term of US$ in million
1 Service Sector** 2,225 4,443 4,258 48,161 17%
2 Construction Development 1,226 769 105 24,180 9%
3 Computer Software 1,126 2,296 5,306 20,419 7%
4 Telecommunications 1,307 2,895 1,072 18,130 7%
5 Automobile Industry 1,517 2,726 1,781 14,318 5%
6 Drugs & Pharmaceuticals 1,279 1,498 352 13,447 5%
7 Chemicals 878 763 1,197 11,628 4%
8 Trading 1,343 2,728 2,717 10,744 4%
9 Power 1,066 707 650 10,258 4%
10 Hotel-Tourism 486 777 945 8,839 3%
13 Food Processing Industry - - - 6,695 2%
17 Electrical Equipment - - - 4,147 1.5
25 Rubber Goods - - - 2,032 0.73%
30 Electronics - - - 1,413 0.5%

Source: Ministry of Commerce & Industry, Government of India, (2015)
Note: Service Sector includes Financial Banking, Insurance, Non-Financial/Business, Outsourcing, R&D

(2) To examine the role of Japanese foreign direct 
investment (FDI) as the main contributor to Thailand 
export orientation

Thailand attracts Japanese FDI worthy 100,305 million 
Baht in 2010 and increases to 158,978 million Baht in 2011 
before jumps to 348,430 million Baht in 2012 or 54 percent 
improved from year before (refer to table 5). In Thailand 
metal and machinery sectors are the major recipient of 
Japanese FDI, following by electric and electronic sector.  
This large Japanese investment inflow was in the form of 
equity investment with local business or IJVs (Wadeecharoen, 
Kanjanavanikul, Lertnaisat and Teekasap, 2012a:b). Japanese 
investment in Thailand was predominated by automobile and
its assembling manufacturing (Suwannarat et al., 2010). 

As of the large volume of Japanese FDI inflows in Thailand 
industrial sectors (exhibited in table 5) mainly come from the 
result of Japanese yen appreciation and rise in Japanese 
production costs. Reasoning to support Thailand opportunity 
to become a center of Japanese production network in 
ASEAN is guided by Hanson, (1997). He is gave the idea of 
‘why foreign firm prefer to stay long-oriented in some country 
rather than move to cheaper production base country’. This 
could be explain by the case of Mexico City when the 
formation of North American Free Trade Area (NAFTA) has 
led to a less success of concentrated distribution of foreign 

investment in Mexico (Hanson, 1997). This case indicated that 
foreign firms found more profitable to locate their business 
units along US border rather than transfer to the new industry 
in Mexico City. Based on Hanson attitude, Japanese firms in 
Thailand have no tend to move their production base to the 
lower cost location like Myanmar, Lao and Cambodia. Since 
the majority of Japanese firms are engaged in automobile and 
its assembling manufacturing (Wadeecharoen et al, 2012a:b; 
Suwannarat et al., 2010).

Despite, the Japanese investment inflows is trend to export 
orientation rather than supplied in Thailand as a host domestic 
county. In 2012, Japanese investment inflows worthy 164,931 
million baht, approximately increase up to 42 percent from 
previous year (refer to Table 6: Japanese Export-Oriented 
Investment Projects through BOI). Despite, in 2013, Japanese 
export-oriented investment has decline to 68,192, a decreased 
of 41 percent from 2012 before jump down to 22,263 million 
baht or 33 percent decrease form 2013. For current Japanese 
export-oriented investment slump since 2013, this is cause by 
the sensitivity of Thailand minimum wage policy increase to 
300 baht. The impact of higher labour costs lead some 
companies to shut down their operations and move to 
neighbouring countries to take advantage of even-cheaper 
labor costs like Cambodia (James Parker, 2013). 
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Table 5: Japanese Investment Projects Approved by BOI classified by Sector
Year 

Sector 

2010 2011 2012 2013 2014
No. Million

Baht
No. Million

Baht
No. Million

Baht
No. Million

Baht
No. Million

Baht
Agriculture and Product 15 4,323 14 8,102 22 7,917 16 7,405 4 1,732
Mineral & Ceramics 6 1,222 21 14,944 21 19,150 15 25,044 17 5,204
Light Industrial/Textiles 7 662 13 4,045 17 6,512 22 11,998 7 8,466
Metal Products and Machinery 137 29,891 234 66,851 337 169,861 316 164,370 193 147,950
Electric & Electronic Products 69 46,383 83 36,886 142 87,075 110 49,545 52 6,511
Chemicals and Paper 49 8,695 51 25,745 100 46,366 88 20,961 37 7,790
Services 59 9,130 68 2.395 122 11,551 119 11,166 107 4,177
Total 342 100,305 484 158,978 761 348,430 686 290,491 417 181,832

Source: Japanese Investment Projects date provided by Board of Investment (BOI) Thailand, 2015

Table 6: Japanese Export-Oriented Investment Projects through BOI
Year 

Sector 

2010 2011 2012 2013 2014
No. Million

Baht
No. Million

Baht
No. Million

Baht
No. Million

Baht
No. Million

Baht
Net Application
Export > = 80% 90 32,701 123 76,928 208 72,321 80 31,615 125 91,424
Total 364 104,443 560 193,844 872 373,985 562 282,849 672 293,334
Application Approved
Export > = 80% 98 48,160 116 70,654 196 164,931 139 68,198 65 22,263
Total 342 100,305 484 158,978 761 348,430 686 290,491 417 181,832

Source: Japanese Investment Projects date provided by Board of Investment (BOI) Thailand, 2015

Table 7: Foreign Direct Investment Classified by Business (Million USD)

Source: Bank of Thailand, (2015), Last updated: 29 Feb 2016

2015 2014 2013 2012 2011 2010 
A  Agriculture, forestry and fishing 0.28 5.01 2.09 5.85 2.19 6.78
B  Mining and quarrying 336 352 81 95 218 220
C  Manufacturing 1,333 3,166 5,260 1,599 3,918 5,517
Of which:

10  Manufacture of food products 298 151 20 126 384 259
11  Manufacture of beverages 505 130 13 40 9 158
17  Manufacture of paper and paper products 26 155 -28 49 269 0.34
19  Manufacture of coke and refined petroleum products 622 104 130 250 202 216
20  Manufacture of chemicals and chemical products 398 338 371 995 398 1,094
21  Manufacture of basic pharmaceutical products and 

         pharmaceutical preparations 23 57 128 484 35 0.00
22  Manufacture of rubber and plastics products 310 407 558 518 439 363
26  Manufacture of computer, electronic and optical products 1,106 693 667 42 677 1,345
27  Manufacture of electrical equipment 1,432 460 47 146 73 163
28  Manufacture of machinery and equipment n.e.c. 485 543 518 511 431 166
29  Manufacture of motor vehicles, trailers and semi-trailers 522 744 1,666 454 466 1,631
31  Manufacture of furniture 0.44 7.91 24.40 0.34 29.81 20

D  Electricity, gas, steam and air conditioning supply 192.56 294.98 68.17 54.69 445.88 70
F  Construction 197.49 272.07 71.17 171.49 18.04 47
G  Wholesale and retail trade; repair of motor vehicles and 
      motorcycles 569 1,994 1,353 189 268 492
H  Transportation and storage 134 26 125 69 185 218
I  Accommodation and food service activities 219 30 141 47 58 122
K  Financial and insurance activities 2,222 2,042 3,038 1,856 372 6,476
L  Real estate activities 1,166 1,218 1,595 1,039 1,154 1,046

Others 430 5,038 4,643 9,026 3,382 968
Total 4,800 3,720 15,936 12,899 2,474 14,747
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Based on the statistical evidence exhibited in Table 5 and 

Table 6 indicated that Japanese FDI has play a vital role for 
Thailand export orientation in generally and particularly in 
automobile and its assembling manufacturing. Similarly, 
statistics provided by Bank of Thailand (BOT) shows that FDI 
inflows majority engaged in manufacturing sectors. Japanese 
FDI were engaged in manufacture of electrical equipment,
computer, electronic and optical products, motor vehicles, 
trailers and semi-trailers (refers to Table 7). 

Marking on the manufacturing of motor vehicles, trailers and 
semi-trailers were strongly boosted up to $1,666 million in 
2013; an increase of 72 percent compare with 2012 before 

decline to $744 million in 2014 and $522 million in 2015 
respectively. In term of private consumption, in 2012 a large 
volume of passenger cars growth to 581,646 units, an increase 
of 48 percent from 2011, before continue slightly down to 
580,629 units in 2013 and 318,312 in 2014. Similarly, in 
motorcycle market growth reached to 2,296,762 units before 
continue slightly down to 2,085,777 units in 2013 and 
1,699,513 units in 2014 (refers to Table 8). As of these 
statistic evident enable “to support the role of Japanese 
foreign direct investment (FDI) as the main contributor to 
Thailand export orientation in automobile and its assembling 
industry’

Table 8: Private Consumption Indicators
2014 2013 2012 2011 

1 Electricity consumption (million kilowat-hour) 1/ 172,014 168,146 167,698 153,357
2 Household  2/ 38,988 37,70 36,471 32,792
3 Small-scale business (consume 0-30 kw) 2/ 18,838 18,388 17,133 15,471
4 Medium-scale busines (consume 31-999 kw)  2/ 27,878 27,218 24,890 23,153
5 Large-scale business (consume 1,000 kw onwards)  2/ 69,290 67,881 66,949 61,093
6 Special business  3/ 5,650 5,587 5,405 4,801
7 Quantity sales of benzene  (Million litres) 4/ 3,351 2,989 5,331 5,034
8 Value added Tax at 2000 prices (Millions of Baht) 559,900 558,298 561,189 485,043
9 Import of consumer goods at 2000 prices (Millions of US$) 5/ 13,829 14,143 13,811 12,488

10 Sales of vehicles (Units) 4/
11 Passenger cars 318,312 580,629 581,646 299,683
12 Motorcycles 1,699,513 2,085,777 2,296,762 1,822,499
13 Insured Persons and Beneficiaries 6/
14 Insured Persons (article 33) 10,029,777 9,781,101 9,425,478 9,054,535
15 Utilisation in case of Unemployment 106,798 95,090 88,063 98,142

Source: Bank of Thailand, (2015), Last updated: 5 Aug 2015

(3) To examine Thailand export orientation to India 
contribute by the role of Japanese investment 

Through the lens of Japanese investor, Thailand has a 
successful story in the twenty-first century pertaining to the 
global export success of Thailand-based. This is because, 
Thailand productivity based on intensive used of cheap labor 
but relative skilled labor. Despite, Thailand’s cheap labor 
advantage in Labor-intensive product has eroded by Vietnam, 
Cambodia, Laos, Philippines and Indonesia who can offer 
cheaper Labor costs. These are some example countries in 
ASEAN who can attract a substantial Japanese investment 
inflows to their countries due to cheaper Labor is abundant 
and larger domestic market. However, the level of local 
technology and skill Labor in these countries is relatively low 
as compare to Thailand. Thus, Thailand opportunity relies on 
the intensive use of cheap Labor but relatively high skill 
Labor as compare with other ASEAN countries
(Wadeecharoen et al., 2015). As of this point, no wonder why 
the trend of Japanese investment inflows has no sign to 
decline as the evidence supported in Table 5 Japanese 
investment projects approved by BOI. Most of Japanese firms 
were engaged in the form of IJV and 80 percent of their 
production is object for export orientation as exhibited in 
Table 6 Japanese export-orientation investment projects 
through BOI. Similarly to Indian FDI using Thailand as their 

production based for export-orientation worthy 1,357 million 
baht in 2014, an increase of 31 percent from 2013 (refer to 
Table 10). Indian FDI in metal products and machinery 
worthy 684 million baht in 2012 and move up to 791 million 
baht in in 2014. This is serve by the rapid growth of Indian 
automobile industry (refer to Table 4: Sector Attracting 
Highest Equity Inflows), which contributed by the role of 
Japanese investment.
As the point discussing above, enable to confirm the role of 
Japanese investment contributing to Thailand export 
orientation to India. Moreover, balance of trade is also a 
significantly economic indicator to shows “why Thailand still 
continue promote Japanese investment”. Table 11 Thailand-
Japan trade balance shows a deficit balance of trade 
accumulate since 2010 (-$18,334.94 million) before peak to (-
$25,272 million) in 2011 and decline to (-$13,889.90 million) 
in 2014. In other side, Table 11 Thailand-India Trade Balance 
shows a surplus balance of trade accumulate since 2010 
worthy $2,161.36 million and increase up to $2,575.35 million 
in 2014.As of this point, enable to finalize the research 
conclusion that even through Thailand continue deficit 
balance of trade from Japan due to import raw material and 
machinery from Japan. Despite, these production factors were 
import for productivity and export to other countries. India is 
the example country import motors vehicle parts, and 
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automobile assembling parts from Thailand whereby these 
products were contributed by Thai-Japanese IJV. Thus, this is 
a part of reason for Thailand government to promote Japanese 

FDI in general and export to India in particular to earn foreign 
exchange and generated national income.  

Table 9: Indian Investment Projects Approved by BOI Classified by Sector
Year 

Sector 

2010 2011 2012 2013 2014
No. Million

Baht
No. Million

Baht
No. Million

Baht
No. Million

Baht
No. Million

Baht
Agriculture and Product - - 3 424 2 68 5 539 2 440
Mineral & Ceramics 1 630 - - 1 663 2 158 - -
Light Industrial/Textiles 2 86 4 186 3 65 4 778 2 125
Metal Products and Machinery 2 63 - - 3 648 - - 2 791
Electric & Electronic Products - - 2 5 4 24 3 10 4 8
Chemicals and Paper 3 809 3 476 7 4,405 1 131 1 95
Services 5 152 3 602 5 226 1 4 2 557
Total 13 1,740 15 1,693 25 6,100 16 1,621 13 2,016

Source: Broad of Thailand Investment, (2015) 

Table 10: Indian Export-Orientation Investment Projects through BOI

Export
2010 2011 2012 2013 2014

No. Million
Baht

No. Million
Baht

No. Million
Baht

No. Million
Baht

No. Million
Baht

Net Application
Export > = 80% 7 1,076 7 3,093 9 16,580 9 4,756 6 943

Total 13 1,906 13 3,180 27 18,416 17 5,296 22 2,479
Application Approved

Export > = 80% 6 915 8 533 8 4,187 7 846 6 1,356
Total 13 1,740 15 1,693 25 6,100 16 1,621 13 2,016

Source: Broad of Thailand Investment, (2015) 

Table 11: Thailand-Japan and Thailand-India Trade Balance (million USD)
Thailand – Japan Thailand – India

2010 2011 2012 2013 2014 2010 2011 2012 2013 2014
Total Trade 66,075.56 72,203.50 63,318.26 63,318.26 57,531.15 Total Trade 8,201.54 8,686.16 8,686,16 8,686.16 8,654.33
% Growth 13.60 9.27 -12.31 -12.31 -9.14 % Growth 23.40 8.20 -2.11 -2.11 -0.37
% Share 14.64 15.10 13.22 13.22 12.63 % Share 1.81 1.86 1.81 1.81 1.90

Export from 
Thailand to 

Japan

23,870.31 23,465.95 22,235.26 22,235.26 21,820.63 Export from 
Thailand to 

India

5,181.45 5,473.33 5,181.82 5,181.82 5,614.84

% Growth 17.54 -1.69 -5.24 -5.24 -1.86 % Growth 17.93 5.63 -5.33 -5.33 8.36
% Share 10.72 10.24 9.73 9.73 9.59 % Share 2.33 2.39 2.27 2.27 2.47

Import from 
Japan to 
Thailand

42,205.25 48,737.55 41,083.00 41,083.00 35,710.53 Import 
from India 
to Thailand

3,020.09 3,400.44 3,504.34 3,504.34 3,039.49

% Growth 11.49 15.48 -15.71 -15.71 13.08 % Growth 34.06 12.59 3.06 3.06 -13.27
% Share 18.45 19.56 16.41 16.41 15.67 % Share 2.33 2.39 2.27 2.27 2.47
Trade 

Balance
-18,334.94 -25,271.57 -18,847.74 -18,847.74 -13,889.90 Trade 

Balance
2,161.36 2,072.88 1,677.48 1,677.48 2,575.35

% Growth -4.49 -37.82 25.42 25.42 26.30 % Growth 0.96 -4.09 -19.08 -19.08 53.53
% Share 295.70 126.30 86.06 86.06 3,667.61 % Share -34.86 -10.36 -7.66 -7.66 -680.02

Source: Information and Communication Technology Centre with Cooperation of the Customs Department

VI. CONCLUSIONS

Thailand has a successful story in the twenty-first century 
pertaining to the global export success of Thailand-based. 
This is because, Thailand productivity based on intensive used 
of cheap labor but relative skilled labor. Thus, Thailand 
opportunity relies on the intensive use of cheap Labor but 
relatively high skill Labor as compare with other ASEAN 
countries (Wadeecharoen et al., 2015). Such Japanese firms 

enter to Thailand industry sectors via IJV in order to prospect 
for further Thailand market expand (Racela & 
Thoumrungroje, 2012; Suwannarat, 2012). Thailand attracts 
Japanese FDI worthy 100,305 million Baht in 2010 and 
increases to 158,978 million Baht in 2011 before jumps to 
348,430 million Baht in 2012 or 54 percent improved from 
year before (refer to table 5). In Thailand metal and machinery 
sectors are the major recipient of Japanese FDI, following by 
electric and electronic sector. Japanese investment in Thailand 
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was predominated by automobile and its assembling 
manufacturing (Suwannarat et al., 2010). Thus, the 
opportunities for Thailand investment outflows to India can be 
investing in vehicles, parts & accessories, machinery and 
parts, electric  and electronic products to support of 
automobile industry whereby most of Thai-Japanese IJV were 
engaged in this particular sectors (Wadeecharoen et al., 2015). 
As of this point, the opportunities of Thailand Company 
enable to serve of Indian domestic market share with annual 
production of 23.36 million vehicles and trend to become the 
third largest automotive market by volume in 2016. 

As of this point, no wonder why the trend of Japanese 
investment inflows has no sign to decline as the evidence 
supported in Table 5 Japanese investment projects approved 
by BOI. Most of Japanese firms were engaged in the form of 
IJV and 80 percent of their production is object for export 
orientation as exhibited in Table 6 Japanese export-orientation 
investment projects through BOI. Similarly to Indian FDI 
using Thailand as their production based for export-
orientation worthy 1,357 million baht in 2014, an increase of 
31 percent from 2013 (refer to Table 10). Indian FDI in metal 
products and machinery worthy 684 million baht in 2012 and 
move up to 791 million baht in in 2014. This is serve by the 
rapid growth of Indian automobile industry (refer to Table 4:
Sector Attracting Highest Equity Inflows), which contributed 
by the role of Japanese investment. Thailand opportunities for 
start outsourcing and looking for new international market 
with lower labour cost. India represent one of the dominant 
country whereby cheap labour available, over 500 population 
structure are below 25 years old and largest demand of motor 
vehicles, vehicles parts and electronics part. Automobile 
industry is attracting FDI equity inflow worthy $14,318 
million. This industry were supported by Japanese firms in 
Thailand via International Joint Venture (IJV) strategy where 
by over 80 percent of business are produce for export 
orientation (refer to Table 6). Thus, the opportunities for 
Thailand investment outflows to India can be investing in 
vehicles, parts & accessories, machinery and parts, electric  
and electronic products to support of automobile industry 
whereby most of Thai-Japanese IJV were engaged in this 
particular sectors (Wadeecharoen et al., 2015). As of this 
point, the opportunities of Thailand Company enable to serve 
of Indian domestic market share with annual production of 
23.36 million vehicles and trend to become the third largest 
automotive market by volume in 2016. 
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Abstract— Numerous teaching approaches were adopted by 
finance educators in order to help students understand complex 
theories and concepts in Finance subject. We created a study by 
using real-time trading simulation in International Finance 
course that allowed students to practically apply and engage with 
the dynamic environment. This study examined the impact of 
implementation of simulation with students’ academic 
performance and classroom engagement which might has 
enormously constructive effects upon student learning 
satisfaction and participation. We believed that real-time 
simulations might help encourage student engagement by 
creating more open, more enjoyable, more exciting, and less 
tedious classroom. In addition, by allowing the students to decide 
freely on almost real-time situations, students should be able to 
relate difficult theory with touchable real-world applications. 
 
Keywords— Simulation, Finance Education, International 
Finance, Foreign Exchange 

I. INTRODUCTION 
Learning International Finance in higher education requires 

deep understanding which students can find very challenging. 
While students study the concept of International Finance in 
the classroom, we could not deny the essential of applying 
academic theories to the real world environment. For instance, 
students can comprehend the Efficient Market Hypothesis 
used to forecasting exchange rates theoretically but it is 
difficult for them to relate what they have learnt with the 
actual exchange rates fluctuations. Moreover, the traditional 
techniques, which largely based upon gaining knowledge from 
textbooks and lectures, rarely gives students the opportunities 
to bridge their newfound comprehension to actual situations, 
resulting in a mismatch between students learning and 
applying new knowledge (Raymond 2010). Therefore, students 
requires sufficient skill on applying the academic theory in the 
real life situation but this can be hard to achieve especially for 
those students with soft finance or mathematical background. 
In additions, many students have trouble with the subject and 
thus lacking obvious incentive to learn has failed truly engage 
with the learning process (Dorn 1989). This has initiated 
pedagogic challenges for Finance instructors to ensure that 
learning outcomes of the course are accomplished smoothly. 

In order to aid students understand these abstract concepts 
and promote student engagement; I found various approaches 
such as a more interactive style of teaching (Hodkinson, 

Hodkinson 2001) and also several tools are used in teaching 
such as visual presentations (Liu, Salvendry and Kuczek 1999), 
interactive playing (Chen 2006), real world examples 
(Mvududu and Kanyongo 2011) and simulation (Marriott 2004; 
Mills 2005). Among these approaches, simulation is chosen in 
this study because it offers an opportunity to establish real 
experience on which students can examine and imitate, and 
offers interactive experiment. Previous studies demonstrated 
that simulation are widely used in education, but it is mainly 
focused on accounting education (Sprouls 1962; Marriott 2004; 
Wynder 2004) and other business education such as marketing 
(Lamont 2001; Baglione  and Tucci 2010). Although the number 
of Finance students is rising, to my surprise, there is less 
pedagogic research interest given to the use of simulation in 
this area. 

Despite the growing popularity of simulation, it seems that 
most of the simulations are paper-based or sometimes a pre-
designed role-play. A little work has been done to determine 
the impact of Real-Time Trading Simulation with real world 
data. Thus while many promotes the confidence in innovative 
methods of teaching should improve student learning and 
engagement, it appears that there is little solid evidence to 
support this.  

In order to fill this gap, this study mainly focuses on two 
questions that deal with different key areas of the teaching 
experience: Does Real-Time Trading Simulation enhances 
student comprehension of International Finance concepts? 
And does Real-Time Trading Simulation encourages levels of 
student preparation and participation? To answer these 
questions, we use a smart phone application called 
‘Metatrader 4’ for simulating real-time exchange rate which 
students can trade any major currency pairs the same time as 
the real currency market. The study was set for junior students 
majored in International Business enrolled in International 
Finance course in the past academic year 2014). At the end of 
the course, we measured success of the course by comparing 
performance between previous year students’ and this year 
students’. Last but not least, to explore student attitude and 
engagement, we administered a further questionnaire that 
sought to measure student opinions on the simulation. 
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II. LITERATURE REVIEW 

The definition of simulation varies from role-plays to 
games. Krain and Shadle 2006) have suggested simulations are 
best considered as those cases in which students are placed 
within a reasonable representation of a real environment 
within political or social interactions occur. Conversely, role-
play normally provides fewer instructions regarding the role 
the students asked to play, and instead students are asked to 
determine how they would react in a given circumstance 
(Shaw 2010). In the end students should make the issue more 
real and think beyond their own perspectives (Scott 2001:347). 
Both role-play and simulation can take place in either the 
classroom or within online environment unlike game which is 
a set of rules controlling how players can win the exercise 
(Asal 2005; Young 2006). 

Various educational researches include studies on 
instructional methodologies such as active or passive teaching. 
Active teaching approaches such as presentations, case studies 
and role-play (O’Leary and Stewart 2012) are found to be more 
engaging and promote deep learning that allows optimizing 
student learning (Smart and Csapo 2007). 

The use of role-play and simulations within higher 
education is not a new development. It has been used for over 
fifty years in several field including accounting and business 
(Sprouls 1962; Marriott 2004; Wynder 2004; Lamont 2001; 
Baglione  and Tucci 2010), Finance (Lam 2007) , Economics 
(Schmidt 2003; Ghosh 2013) and throughout the area of law and 
politics (Bloomfield and Padelford 1959; Goldhammer and 
Speier 1959; Guetzkow 1959). The method falls into ‘interactive 
learning techniques’ or ‘interactive teaching strategies’. 
Among these are group discussions, debates, collaborative 
projects and internships. The key is that any method that asks 
students to help extend and apply their own knowledge (Shaw 
2010). 

One of the active teaching approaches is the 
implementation of educational simulations. This approach 
develops student experience in learning the challenging 
subjects as they are forced to pro-actively react to a set of data 
given to them rather than being a passive learner. With the 
presence of advanced technology, real-time innovative 
simulations are created and this also supports the 
implementation of educational simulations which improves 
students learning experiences as well as encourages student 
engagement. 

According to an early work by Sprouls 1962) explored the 
benefits of computer simulations in accounting education and 
found that students are able to acquire real experience even if 
the simulations are implemented based on smaller scale and a 
highly simplified setting. This has been confirmed by a long 
list of many researchers’ works including Robinson et al 1966), 
Greenblat 1973), Shade and Paine 1975), Lester and Stoil 1979), 

Bredemeier and Greenblat 1981), Ruben and Lederman 1982), 
Lederman 1984), Thatcher 1990) and Petranek et al 1992). The 
usefulness of games and simulations on student cognitive 
learning are investigated by Lundy 1991) and summarized that 
several factors actually have influences learning process and 
game/simulation is one of them. Moreover, Lundy 1991) 
argues that the competitive element in a game/simulation has 
negative effect on learning and therefore suggested that 
lecturers should reduce the competitive atmosphere in order to 
boost the cognitive learning. Also, Shellman 2004) suggested 
that simulations offered a method which students could 
engage with complex social processes in a way that could not 
encourage by reading books or listening to lecturers. Pivec 
and Dziabenko 2009) proposed that for game-based learning to 
be successful, the implementation should aim on critical 
thinking skills, group communication, debate and decision-
making. Therefore, rather than construct a teacher-centered 
environment, simulations force students to apply themselves 
to particular situation. This more active method is claimed to 
be better than more passive methods at developing deep 
learning and facilitating the improvement of more innovative 
and creative thinkers (Dorn 1989; Brock and Cameron 1999; 
Shellman 2004; de Freitas 2006). 

The literature reveals a steadily increasing level of 
implementation of active learning with simulations (Bouton 
and Garth 1993; Cooper and Mueck 1990). Particularly, a review 
of those investigating effectiveness of business simulations 
mostly support the usefulness of games and simulations in 
classroom (Becker 1995; Johnson and Johnson 1989; Sharan et 
al 1984; Zapalska and Brozik 1998).  

We might conclude the benefits of simulations into three 
categories: depth of learning, student engagement, and 
transferable skills development.  

Firstly, depth of learning, for much of the literature has 
emphasized the rising levels of cognitive learning by using of 
active teaching style. Smith and Boyer 1996) stated that 
“simulations have the power to recreate complex, dynamic 
political processes in classroom, allowing students to examine 
the motivations, behavioral constraints, resources and 
interactions among institutional actors”. This means that 
students can become fully engaged within real decision-
making processes, allowing the content of the course to 
become more relevant since the concepts are made vivid and 
perceptible. A number of researchers have suggested that 
active teaching improves both knowledge retention and long-
term learning (Silberman 1996; Hertel and Millis 2002). And by 
engaging students with more emotional factor, this approach 
creates more lasting and easily recalled memories (Clark and 
Paivio 1991; Martin 1993). However, assessing the long-term 
impact of active teaching approach is still a problem. As a 
result, there are not much of projects that compare the benefits 
between the active teaching methods and the traditional 
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teaching methods, no one approach has been shown to be 
superior (Shaw 2010). 

Secondly, student engagement, Hensley 1993) stated that 
simulations are more enjoyable and practical and this leads 
many to suggest that simulations gain wider student 
participation and satisfaction than the lecture-based classroom. 
In addition, it has also been suggested that simulations bring 
wider participation in the greater learning process because of 
shared discussion among students outside the classroom. 
Moreover, Newmann and Twigg 2000) suggested that 
simulations can also boost relations between students and the 
instructor. This is because simulations establish more open, 
relaxed and harmonious atmosphere in the classroom and the 
increased interactions improve student satisfaction with the 
instructor. From the instructor’s perspective, the benefits of 
simulations in terms of providing quick feedback can be 
provided to the students and therefore gain some insight as 
how students are progressing is also stated in the literature 
(Wheeler 2006). To support the idea, Shellman and Turan 2006) 
noted big increases in students’ participation relative to 
traditional methods of teaching. This includes motivation and 
preparation for simulation exercises such as attendance, 
amount of reading completed, time spent preparing, and 
desires to continue the specific area of studies.  

Lastly, transferable skills development, as some professions 
could not generally develop a specific set of skills through 
traditional teaching methods; for example, professions such as 
law, social work, planning, politics and health care. Students 
need simulations to develop, practice and test required 
sufficient ability to apply communicate, argue and negotiate 
with others in a way that applies theoretical concept. 
Greenblat 1973) proposed that this form of learning is better 
because it develops empathy of others’ position. This finding 
received partial support from a number of studies (Pierfy 1977, 
Morgan 2003). 

While we have seen extensive lists of works that support 
the use of simulation in classroom, on the other hand, some 
researchers are not really convinced. Jones 2003) argued that 
while simulations may advance student engagement, students 
can often struggle to comprehend what they are learning in 
this interactive environment. In addition, simulations that 
focus on winners and losers can create conflict within the 
classroom, confusing details can lose students attention, and it 
might increase burden for the instructors. Furthermore, Nelson 
and Erlandson 2008) suggested that when students are in 
highly dynamic environment, they can become overloaded by 
massive amount of data and do not know where to focus. 
Therefore, instructors can assist the students by providing 
them with tasks that guide their attention on key facet of the 
simulation (Leemkuil and de Jong 2012). 

Several simulations have been constructed to enhance 
students learning in business, economics, and finance 
education. The simulations provide an environment in which 

students have the opportunity to seek new concepts by placing 
them in market situations. With today’s technology, more 
sophisticated simulation applications on iOS and android 
platform have been developed which can be implemented 
efficiently and mostly free of charge. This is a great 
opportunity for Finance education as it allows students to 
experience the real financial world in a virtual environment.  

However, most of the literature review indicates a numbers 
of successes from paper-based or role-play simulations rather 
than the Real-Time Trading Simulations with real data from 
the international finance market. Therefore, this study aims to 
fill the gap by investigating the benefits of the use of Real-
Time Trading Simulation in International Finance course. 

III. METHODOLOGY 
The study comprises of three parts; implementation of the 

simulation, measuring learning effectiveness, and survey and 
interviewing of students who used simulation during their 
International Finance course. We use simulation named 
‘MetaTrader 4’ which can be easily installed from students’ 
smart phones without any charges. The application allows 
students to freely experience the foreign currency exchange 
market and trade any currencies with demonstrated virtual 
capital investment. This means students are be able to absorb 
the feel of trading in the real foreign exchange market and 
understand the mechanism of the free float market regime. 
They can now apply the forecasting techniques from the texts 
and verify the results with the actual exchange rates. 
Moreover, the students may choose to develop the most 
favorable investment strategy in the process of simulation 
which takes about 4 months periods. Once there are some key 
events broadcasting on the news, they can see how foreign 
exchange market reacts to those incidents. It would then be 
possible to learn under the real dynamic market condition 
which let the students recognize a biased market and 
counteract accordingly. We hope that the real-time simulated 
learning approach enables students to relate various 
international finance concepts; for examples, how currency 
pairs work, how the market mechanism influences the market, 
how government policies affect the foreign exchange market, 
the difference between short versus long position and the bid-
ask spread, the triangle arbitrage, the natural hedge, the cross 
hedge, the money market hedge, in the context of real-world 
real-time settings during the simulation. These concepts were 
highlighted when students prepare for the weekly report.  

Our first research question was ‘Does Real-Time Trading 
Simulation enhances student comprehension of International 
Finance concepts?’. To measure the cognitive outcomes, we 
compared the test scores between the previous academic year 
2013) as a control group with this year 2014) students’ scores 
as a test group who were Junior year students in International 
Finance course, Thai-Nichi Institute of Technology, employed 
the simulation. It was considered that this comparison should 
provide sufficient indication as to the impact of the 
simulations, as the instructor, course content, and learning 
objectives remained the same in both years and left the key 
independent variable, the simulation, being the only core 
factor that was adjusted across the academic years. 
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Moreover, we also asked ourselves ‘Does Real-Time 

Trading Simulation encourages levels of student preparation 
and participation?’. Therefore, we issued further questionnaire 
to the students on completion of the course to assess their 
satisfaction, attendance and self-assessment of their effort. In 
addition, we hoped to measure the students’ opinions such as 
asking them whether the simulation helped them to understand 
the concepts or not and ask them to rank each statement out of 
five given 1 being ‘strongly disagree’ and 5 being ‘strongly 
agree’. Finally, students were also given the opportunity to 
give open-end comments as a qualitative assessment. For 
assessing the effectiveness and other benefits of simulation is 
quite challenging. Naturally a number of problems are often 
likely to appear from questionnaire, not least the subjective 
nature of the results. However, given the problems such as 
self-selection of sample groups and lack of effective controls 
(Powner and Allendoerfer 2008), which have harmed previous 
works, we believe this method offers a somewhat 
improvement on existing studies. 

IV. RESEARCH RESULTS 
The study comprises of three parts; implementation of the 

simulation, measuring learning effectiveness, and survey and 
interviewing of students who used simulation during their 
International Finance course. We use simulation named 
‘MetaTrader 4’ which can be easily installed from students’ 
smart phones without any charges. The application allows 
students to freely experience the foreign currency exchange 
market and trade any currencies with demonstrated virtual 
capital investment. This means students are be able to absorb 
the feel of trading in the real foreign exchange market and 
understand the mechanism of the free float market regime. 
They can now apply the forecasting techniques from the texts 
and verify the results with the actual exchange rates. 
Moreover, the students may choose to develop the most 
favourable investment strategy in the process of simulation 
which takes about 4 months periods. Once there are some key 
events broadcasting on the news, they can see how foreign 
exchange market reacts to those incidents. It would then be 
possible to learn under the real dynamic market condition 
which let the students recognize a biased market and 
counteract accordingly. We hope that the real-time simulated 
learning approach enables students to relate various 
international finance concepts; for examples, how currency 
pairs work, how the market mechanism influences the market, 
how government policies affect the foreign exchange market, 
the difference between short versus long position and the bid-
ask spread, the triangle arbitrage, the natural hedge, the cross 
hedge, the money market hedge, in the context of real-world 
real-time settings during the simulation. These concepts were 
highlighted when students prepare for the weekly report.  

Our first research question was ‘Does Real-Time Trading 
Simulation enhances student comprehension of International 
Finance concepts?’. To measure the cognitive outcomes, we 
compared the test scores between the previous academic year 
2013) as a control group with this year 2014) students’ scores 
as a test group who were Junior year students in International 

Finance course, Thai-Nichi Institute of Technology, employed 
the simulation. It was considered that this comparison should 
provide sufficient indication as to the impact of the 
simulations, as the instructor, course content, and learning 
objectives remained the same in both years and left the key 
independent variable, the simulation, being the only core 
factor that was adjusted across the academic years. 

Moreover, we also asked ourselves ‘Does Real-Time 
Trading Simulation encourages levels of student preparation 
and participation?’. Therefore, we issued further questionnaire 
to the students on completion of the course to assess their 
satisfaction, attendance and self-assessment of their effort. In 
addition, we hoped to measure the students’ opinions such as 
asking them whether the simulation helped them to understand 
the concepts or not and ask them to rank each statement out of 
five given 1 being ‘strongly disagree’ and 5 being ‘strongly 
agree’. Finally, students were also given the opportunity to 
give open-end comments as a qualitative assessment. For 
assessing the effectiveness and other benefits of simulation is 
quite challenging. Naturally a number of problems are often 
likely to appear from questionnaire, not least the subjective 
nature of the results. However, given the problems such as 
self-selection of sample groups and lack of effective controls 
(Powner and Allendoerfer 2008), which have harmed previous 
works, we believe this method offers a somewhat 
improvement on existing studies. 

 

 
Fig. 1 ‘I prepare more comprehensively for simulations than normal lecture-
based classes’ 

It appeared that over 75% of the students believed that the 
use of simulations helped their comprehension in general. 

Having observed my students in the class we were quite 
confident regarding positive impact of simulations on 
students’ participation and engagement because we have 
witnessed stimulating and excited atmosphere during the class. 
To check if the students have the same opinion, we asked 
them to rate two more statements, ‘I contribute more to 
simulations than normal lecture-based classes’ and 
‘Participation from your classmate is higher during 
simulations than normal lecture-based classes’. The results are 
presented below. 
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 Fig. 2 ‘I contribute more to simulations than normal lecture-based classes’ 

 
Fig. 3 ‘Participation from your classmate is higher during simulations than 
normal lecture-based classes’ 

The results were very similar, more than 90% of all 
students either agreed or strongly agreed that they participated 
more within simulations than normal classes so as how they 
viewed their peers in the class. Regarding student engagement, 
students reported a very high level of effort within the course 
using simulation. Particularly the majority admitted that they 
invest more time in preparation than the normal lecture and 
suggested that others performed in similar manner. 

Additionally, a number of students also provided some 
comments as qualitative information for the course. These are 
listed below: 

The course was very enjoyable. Thank you. 
I agree with the hand-on experience kind of learning in 
this course which is very new to me. However, not all 
students will adopt this method that fast. I think. 
I am pleased to play the trading application during this 
semester. It gives me some idea on how to invest in 
alternative market other than stock markets. 
The trading experience was so real. We did really make 
some profits and losses. It was truly exciting. Please keep 
on the using simulation on the course. 
The Forex simulation made things more relax even though 
the content itself was quite difficult. 
I wish you could hint us more about how to play the game 
rather than letting us struggle to survive ourselves. 

 

From the comments above, we can see that many responses 
were very constructive and showed that a lot of students 
enjoyed learning through simulation and further found them 
apply the knowledge they had obtained throughout the course. 

 

V. CONCLUSION 
Regarding several literatures that has initiated to adopt the 

benefits of a more active style of teaching, we created a study 
that allowed students to practically demonstrate and engage 
with the international finance’s dynamic environment. The 
results in terms of classroom engagement propose that this 
study has had enormously constructive effects upon student 
learning satisfaction and participation at Thai-Nichi Institute 
of Technology. We can conclude that real-time simulations 
help encourage student engagement by creating more open, 
more enjoyable, more exciting, and less tedious classroom. It 
let the students to decide freely on almost real-time situations 
and allows students to relate difficult theory with touchable 
real-world applications. However, it seems to have a little 
impact on students’ cognitive outcomes. Further 
implementation should be considered more on expanding 
sample size and widening range of the course in university. 
The larger sample size should produce greater confidence and 
greater support for this innovative approach of teaching. Also, 
there can be little uncertainty that this active simulated 
learning classroom is more suitable to some specific field of 
study. Therefore, we do believe that it might not be fit with 
other program perfectly but we hope that this approach will 
provide favourable outcomes to both students and instructors 
in a similar way. 
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Abstract— This research aimed to study the culture environment 
administration of Japanese Transnational Enterprises in 
Thailand and developed the new framework of Person-
Environment fit (P-E fit) in cross cultural perspective by multi-
level analysis.  
 
The research method is a documentary research technique. 
under the framework of Person-Environment fit (P-E)fit that 
compose of Person-Organization fit(P-O fit), Person-Group fit 
(P-G fit) and Person- Person fit (P-J fit), which is basically 
indicates between characteristics of people and their culture 
environments results in positive outcomes for both individual 
and organizations.  
 
The research found that the model of Japanese organization 
promoting Person-Environment fit (P-E fit) in cross culture 
perspective should be composed of Person-Organization fit(P-O 
fit), Person-Group fit (P-G fit) and Person- Job fit (P-J fit), 
which is indicating the relationship between individual culture 
and their culture environment resulted in positive outcome of 
individual and organization. The case and new model suggest 
that institutional and cross cultural contexts affect the way 
organizations promote Person-Environment fit (P-E fit). 
 
Keywords— Organization Culture, Thai Culture, Japanese 
Management, Person-Environment fit, Japanese HRM, Cross-
cultural. 

I. INTRODUCTION 
    Most companies have a distinctive set of norms, values, 
beliefs, and modes of behavior that distinguish them from 
other organizations. Such differences are partly because of 
nat i onal  cu l tur e di ffer ences .  Thai land and Japan 
have different  social-economic features such as language, 
social value and  economic system. The national socio-
economic entities underline the differences not only national 
culture but also organization cultures. Cross-cultural 

proficiency helps managers connect with their foreign 
counterparts. Managers can achieve effective cross-cultural 
interaction by keeping an open mind, being inquisitive, and 
not rushing to conclusions about others’ behaviors. 
Experienced managers acquire relevant facts, skills, and 
knowledge to avoid offensive or unacceptable behavior when 
interacting with foreign cultures. Cultural environment refers 
to the cultures in which a firm operates. Culture is the patterns 
of beliefs and values that are manifested in practices, 
behaviors, and various artifacts that distinguish the members 
of one group or category of people from another (Hofstede, 
1980; Trice & Beyer, 1993). Culture operates at both the 
national level, i.e., national culture as put 6 dimensions by 
Hofstede(1983a), and the organizational level, i.e., 
organizational culture (Garsten,1993; Hamada, 1989). When 
considering culture in international transactions it becomes 
most important to speak of the cultural environment in terms 
of cultural Person-Environment fit (P-E fit) that influence the 
effectiveness in organization. There is a growing body of 
research that includes multiple levels of P-E fit 
simultaneously. Kristof-Brown (2000) found that applicant P-
O fit and P-J fit each explained unique variance in recruiters’ 
hiring recommendations, and P-J fit explained more of the 
variance than P-O fit. O’Reilly et al. (1991) found that P-O fit 
and P-J fit had independent effects on job satisfaction, 
commitment, and intention to quit for accountants. Lauver and 
Kristof-Brown (2001) found that employees’ perceived P-O 
fit was a better predictor of intention to quit and contextual 
performance than perceived P-J fit. Saks and Ashforth (1997) 
found that P-O fit and P-J fit differently affected new hires’ 
outcomes, including job satisfaction, stress, and turnover. 
Kristof-Brown, Jansen, and Colbert (2002) investigated how 
individuals integrate their perceptions of P-O fit, P-G fit, and 
P-J fit when forming work attitudes. They found that each 
type of fit had a unique impact on job satisfaction and 
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intention to quit. P-J fit had the greatest impact on work 
attitudes, followed by P-O fit and P-G fit. They also found 
that two way and three-way interactions of P-O fit, P-J fit, and 
P-G fit explained additional variance in work attitudes, 
suggesting that individuals combined their perceptions of 
various types of fit using more complicated processes than 
simple linear integration. Cable and DeRue (2002) included 
perceptions of supplementary P-O fit, needs-supplies fit, and 
demands-abilities fit to examine the effect of each type of fit, 
and they found that P-O fit perceptions were related to 
organizational-focused outcomes, whereas needs-supplies fit 
perceptions were related to job and career focused outcomes. 
Despite the large number of accumulations of P-E fit studies, 
there are still several research issues that have not yet been 
explored. Those issues are especially relevant to the 
international and cross-cultural perspectives and the dynamic 
process of promoting P-E fit in relation to this research issue, 
the way human resource practices enhancing P-E fit may 
differ across cultures and nations. This unexplored issue is the 
primary motivation of this paper. So far, the person -
environment fit theory and its components do not include the 
cross cultural forces that can create the misfit between the 
environment and the person. Thus, the aim of this paper is to 
understand the way organizations promote different types of 
P-E fit in the cross cultural context by studying of the culture 
environment administration of Japanese Transnational 
Enterprises in Thailand and develop the new framework of 
Person-Environment fit (P-E fit) in cross cultural perspective 
by multi-level analysis. 

II. LITERATURE REVIEW 
     P-E fit was grounded in the interactionist theory of 
behavior(Chatman,1989;Muchinsky&Monahan,1987).Interact
ions’ perspective has a fairly long theoretical tradition, 
beginning with Lewin’s (1951) proposition that behavior is a 
function of the person and the environment. This view asserts 
that neither personal characteristics nor environment 
adequately explain the variance in behavioral and attitudinal 
variables, but the interaction of the two can be used to explain 
a large part of the variance. The topic of P-E fit has been 
studied mainly in the Western (mostly U.S) context but little 
research has considered international or cross-cultural factor. 
The research on P-E fit has been done at the individual level, 
but analyses at the group or organization level are relatively 
sparse. A research topic that would be of much interest to 
managers as well as researchers is how organizations achieve 
the ideal level of P-E fit in order to increase individual and 
organizational performance. Person-Environment fit has been 
a subject of increased interest over the past two decades.  
Understanding how the relationship between people and their 
work environment and the impact that the ‘fit’ between the 
two elements have on performance, satisfaction, adjustment, 
turnover, effective team work, creativity and innovation is 
essential to competitive advantage. Person-Environment fit is 
as old as rational thought.  Plato emphasized the importance 
of matching people to jobs that aligned with their 
temperament and ability. In the 1900s theories around 

congruence began to be developed.  In 1909 Parsons 
introduced fit in regards to matching individual attributes to 
those of different vocations. Person-Environment fit 
foundational theories stem from Murray’s need-press model 
and interactionism in 1938. In the case of Japanese 
transnational organization exemplify the way organization 
promote P-E fit through various HRM practices and develop 
conceptual models of P-E fit promotion  in cross-cultural 
perspective. In subsequent sections of this paper, I briefly 
review the research on P-E fit of existing literature on 
Japanese management; the illustration will show that how 
large Japanese companies promote different types of P-E fit 
through their human resource practices, compared with Thai 
organization. Later, I develop a conceptual model that 
captures the dynamic process of promoting P-E fit in Japanese 
transnational organization in cross-cultural perspective. The 
case illustration and conceptual model serve as an example of 
how the specific institutional and cross-cultural context may 
affect the way organizations promote the ideal level of P-E fit. 
Finally, I propose a conceptual new model suggest that 
institutional and cross cultural contexts affect the way 
organizations promote Person-Environment fit (P-E fit) and 
discuss future research directions for a better understanding of 
P-E fit management from international and cross-cultural 
perspectives. 

 Conceptual of P-E fit 
      Researchers have conceptualized P-E fit as a complex and 
multidimensional concept. Therefore, several different ways 
to conceptualize P-E fit have evolved. First, P-E fit can be 
conceptualized either as being supplementary or as being 
complementary. Supplementary fit occurs when a person 
supplements, embellishes, or possesses characteristics which 
are similar to those of other individuals in an environment 
(Kristof,1996). Complementary fit occurs when person’s 
characteristics add what was lacking to the environment or 
make it whole. A good fit is the mutually offsetting pattern of 
relevant characteristics between the person and the 
environment(Muchinsky&Monahan,1987). 
     Second, complementary fit can be subdivided into 
demands-abilities fit and needs-supplies fit. Demands-abilities 
fit is achieved when the individual contribution or supply 
matches environmental demands. On the other hand, needs-
supplies fit is achieved when environmental supplies meet an 
individual’s needs (Kristof,1996). Third, P-E fit can be 
conceptualized as perceived and actual fit. Perceived or 
subjective fit is conceptualized as the judgment that a person 
fits well in the environment, while actual or objective fit is 
conceptualized as the comparison between separately rated 
individual and environmental characteristics (Cable & Judge, 
1996; Kristof, 1996). 

Types of P-E fit 
      P-E fit is considered to be an overarching concept under 
which different types of P-E fit have been identified. The most 
relevant distinctions in the management of organizations are 
person-job (P-J) fit, person-group (P-G) fit, and person-
organization (P-O) fit, which somewhat correspond to 

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

460



individual, group, and organizational levels of P-E fit. Some 
researchers have also conceptualized other types of P-E fit 
such as person-vocation (P-V) fit and person-person (P-P) fit 
as distinguishable concepts from the above-mentioned three 
levels of P-E fit (Holland, 1985 and Vianen, 2000). P-J fit can 
be defined as the match between knowledge, skills, and 
abilities (KSAs) of the individual and the requirements of the 
job, or the desire of the individual and the attributes of the job 
(Edwards, 1991). P-J fit is the traditional concept of fit that 
has dominated research and practice in employment selection 
in the Western context. Thus, P-J fit has a long history of 
providing a structure that produces valid and reliable selection 
results (Werbel&Gilliland,1999). P-O fit can be broadly 
defined as the compatibility between individuals and 
organizations. 
      The roots of P-O fit can be traced back to Schneider’s 
(1987) Attraction-Selection - Attrition (ASA) framework, 
which suggests that individuals will seek out organizations 
that are attractive to them, will be selected to be a part of the 
organization, and will leave when they are no longer attractive 
to each other. Research on P-O fit has received much attention 
from researchers who recognize the limitations of the 
extensive focus on P-J fit in management studies. P-G fit can 
be defined as the match between individuals and work groups 
(i.e. coworkers and supervisors). P-G fit is a relatively new 
construct comparing to the other two types of P-E fit. P-G fit 
is based on the idea that many employment positions require 
interpersonal interactions with group members (Werbel & 
Johnson, 2001). Researchers argue that selection of employees 
for team-oriented environments must go beyond the 
traditional job analysis approach and should consider P-G fit 
as well as P-J fit and P-O fit (Werbel &Gilliland, 1999). 
Researches on P-E fit generally support the idea that a high 
level of P-E fit is related to a number of positive individual 
and organizational outcomes. First, consistent with the 
traditional view that P-J fit is the most fundamental in 
personnel selection, empirical researches show that a high 
level of P-J fit has a number of positive outcomes. Personnel 
selection researchers have demonstrated that validated and 
structured procedures for determining P-J fit have led to more 
effective selections of employees when compared with 
unstructured techniques (McDaniel, Whetzel, Schmidt, & 
Maurer, 1994). In addition, job satisfaction, low job stress, 
motivation, performance, attendance, and retention are 
positively affected by demands-abilities P-J fit (Edwards, 
1991). Needs-supplies P-J fit was also found to correlate with 
improved job satisfaction, adjustment, and organizational 
commitment, as well as with reduced intention to quit 
(Edwards, 1991). 
 
Research criteria  
      This issue is related to understanding the dynamic process 
in which organizations promote the ideal level of P-E fit. P-E 
fit is generally considered to be enhanced through individual 
job choice, employee selection, socialization practices, and 
skills training (Kristof-Brown, Bono, & Lauver, 1999). 
However, there are not enough studies that specifically focus 

on how various human resource practices can influence 
different types of P-E fit. Furthermore, in relation to the first 
research issue, the way human resource practices enhance P-E 
fit may differ across cultures and nations. Which are the main 
purpose of this paper. Thus, the objective of this paper is to 
understand the way organizations promote different types of 
P-E fit in the direction of cross culture context on institutional 
and cultural influences in organizations’ P-E fit management. 

1)  General Model of P-E Fit: P-E Fit (e.g. Fig. 1) 
reflects both developmental and dynamic processes. 
Ostoroff et al. (2002) theorized a general model for 
achieving P-E Fit during young adulthood, reflecting the 
dynamic and relationships among interest, abilities, career 
goals, career choice, and skill acquisition .To be achieving 
fit during early career is a kind of the goal striving process 
through individual development. This model indicates that 
the skill acquisition process is ultimately related to fit along 
a number of dimensions (e.g., organization, group, job and 
occupation). The basic mechanism proposed in their model 
is that, during the career development, individual are likely 
to reassess and re-evaluate their career goals continuously 
as they learn more and acquire more skills. Positive 
responses from the environment tend to result in greater 
goal persistence, persistent career choice, and relevant skill 
acquisition, whereas negative reactions will likely entail a 
reassessment and potential shifting of goals and career 
choices. 

Actual  Fit 
Education

Interest
Attitude CareerGoal

Skill
Aquisition

Initial
Assessment of 

Fit 
Good Fit

Poor P-O Fit

Poor P-V Fit

Poor P-J Fit

Negative 
outcome

Job&Organization 
Selection

Assessment of Fit
(PO, PG,PJ,PV)

Poor Fit

Attempt Skill 
Aquisition Goodfit = Career Sucessful

 
Fig. 1  General Model of Person-Environment fit during early career  

            (Source: Ostoroff et al., 2002 as cited in Sekiguchi, 2004) 

Japanese organizations: General Human Resource Practice 
      The traditional stereotype of Japanese HRM is often 
characterized as consisting of three pillars: long-term 
employment, seniority wages and promotion, and enterprise 
unionism (OECD, 1973). Beyond this simple stereotype, 
several HRM practices such as broad job classifications, 
employee participation, extensive in-house skill training, and 
compensation practices that reward both employee 
performance and skill development, which are embedded in 
the long term employment and enterprise unionism, are 
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increasingly emphasized (Aoki,1988;Koike, 1992; Morishima, 
1995).Some researchers argue that Japanese HRM is 
characterized as an employment system whose basic principle 
is to enhance employee learning, and that learning of new 
skills and acquisition of knowledge are explicitly designed, 
supported and encouraged by various HRM practices 
(Morishima, 1995; Clegg & Kono, 2002). From the multiple 
levels of P-E fit perspective, it is useful to discuss the 
fundamental characteristics of Japanese firms that correspond 
to the job, group, and organization levels. At the job level, 
Japanese job classification is more simple and broad, and job 
assignments are much more fluid and flexible, than those of 
Western firms (Lincoln,Hamada,&McBride,1986). Employees 
are expected to perform a wide range of job functions and 
accept frequent changes as part of their regular day-to-day 
operations. Moreover, individual roles have a lower degree of 
specialization and careers are structured around a general 
functional area or a product category, with specific 
assignments determined by the degree of employees’ skill 
development and existing circumstances such as product 
demand (Morishima,1995). These job characteristics in 
Japanese firms indicate that processes that are involved in P-J 
fit could be seen as more dynamic than in Western firms. 
Nevertheless, recruitment and selection in Japanese firms have 
focused less on P-J fit. Instead, Japanese firms focus on 
general employability characteristics such as personality traits 
and intelligence. Moreover, the relatively high importance of 
employment interviews suggests that they focus more on P-O 
fit than other types of fit. P-G fit may also be emphasized less 
especially when there is uncertainty about which department 
and what job the new hire will be assigned. It could be 
described relating to Japanese HRM toward P-E Fit as below 
concept, 

Japanese P-O fit: Focusing to different types of P-E fit in 
recruitment and selection, aside from general Japanese P-G 
and P-J fit in which is focusing to the time of hiring are less 
emphasized because the majority of job applicants are new 
graduates without significant work experience, the nature of 
entry-level jobs is typically broad and flexible, and it is often 
uncertain which department or job to which an applicant will 
be assigned until he or she is hired. 
 

 
Fig. 2 Conceptual model of the relationship between HRM practices in 
collectivistic cultures: Recent change in Japan. 

 (Source: Sekiguchi et al., 2006) 

Fig. 2 shows of the model suggests that the process of 
orientation, initial job assignments and subsequent 
socialization practices enhance the P-O fit that is established 
in recruitment and selection, and tentatively match individuals 
with jobs and groups. The latter can be interpreted as the 
initial attempt to create P-J fit and P-G fit. However, those 
practices do not necessarily create an ideal level of P-E fit for 
most employees. Rather, promoting P-J fit and P-G fit within 
the organization is more dynamic and is based on the long-
term perspective. As Figure 2 illustrates, this dynamic process 
of promoting P-J fit and P-G fit is represented as a cycle of 
trial and error. Specifically, when an individual is found to 
misfit with a group or job, he or she will have an opportunity 
to change current job assignment or to be transferred to a 
different work group. A relatively loose connection between 
job performance and compensation and promotion decisions, 
as well as other HRM practices, supports this dynamic 
process. As a result, there will occasionally be ebbs and flows 
in the levels of P-G fit and P-J fit, reflecting the effort of using 
trial and error to create the best environment (i.e., an ideal 
level of P-E fit) for each employee. The model suggests that, 
as discussed in the case illustration, some of the recent 
changes in Japanese HRM practices are considered to reflect 
the shift from a heavy focus on the firm-centered approach 
(i.e. selection) to an increasing use of the employee-centered 
approach (i.e. autonomy and choice) in terms of promoting P-
E fit. Also, gradual movement toward focusing on P-J fit in 
recruitment and selection, and introducing performance-based 
compensation and promotion in many Japanese firms can be 
interpreted as an attempt to accelerate the process of 
promoting P-J fit and P-G fit as well as P-O fit within 
organizations. 

National Cultural Dimension Comparative 

 Fig.3 shows of the model to the Culture Dimension 
differentiate between Japan and Thailand that National 
Culture influence to Organization Culture. 

 
Fig. 3 Hofstede’s Cultural Dimensions between Japan-Thailand  

(Source:  Hofstede, 2002) 

1)  Power Distance: This dimension deals with the fact that 
all individuals in societies are not equal – it expresses the 
attitude of the culture towards these inequalities amongst us. 
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Power Distance is defined as the extent to which the less 
and more powerful members of institutions and 
organizations between Japan and Thailand expect and 
accept that power is distributed unequally. The score 
resulted shown that Japan society has the power distance 
lower than Thailand society. 

2)  Individualism: The fundamental issue addressed by this 
dimension is the degree of interdependence a society 
maintains among its members. It has to do with whether 
people´s self-image is defined in terms of “I” or “We” 
between Japan and Thailand. In Individualist societies 
people are supposed to look after themselves and their 
direct family only. In Collectivist societies people belong to 
‘in groups’ that take care of them in exchange for loyalty. 
The score resulted shown that Japan societies belong to 
collectivism more than individualism versus Thailand.  

3)  Masculinity: A high score (Masculine) on this dimension 
indicates that the society will be driven by competition, 
achievement and success, with success being defined by the 
winner / best in field – a value system that starts in school 
and continues throughout organizational life; Meanwhile, a 
low score (Feminine) on the dimension means that the 
dominant values in society are caring for others and quality 
of life. A Feminine society is one where quality of life is the 
sign of success and standing out from the crowd is not 
admirable. The fundamental issue here is what motivates 
people, wanting to be the best (Masculine) or liking what 
you do (Feminine). The score resulted shown that Japan  
values in society are caring for masculine which is aim to 
achievement and success more than feminine which is aim 
to quality of life versus to Thailand.  

4)  Uncertainty Avoidance: The dimension Uncertainty 
Avoidance has to do with the way that a society deals with 
the fact that the future can never be known: should we try to 
control the future or just let it happen? This ambiguity 
brings with it anxiety and different cultures have learnt to 
deal with this anxiety in different ways.  The extent to 
which the members of a culture feel threatened by 
ambiguous or unknown situations and have created beliefs 
and institutions that try to avoid these is reflected in the 
score on Uncertainty Avoidance. The score resulted shown 
that Japan society deal with the uncertain avoidance more 
than Thailand. 

5)  Long Term Orientation: This dimension describes 
however society has to maintain some links with its own 
past while dealing with the challenges of the present and 
future, and societies prioritize these two existential goals 
differently. Normative societies. Which score low on this 
dimension; for example, prefer to maintain time-honored 
traditions and norms while viewing societal change with 
suspicion. Those with a culture which scores high, on the 
other hand, take a more pragmatic approach. They 
encourage thrift and efforts in modern education as a way to 
prepare for the future. The score resulted shown that Japan 

values in society are caring for long term orientation versus 
Thailand, which is majority belong to short term orientation. 

Japanese Multi-organizations: HRM Practice in Thailand 

      As illustrated earlier, Japanese original HRM is said to 
be transforming. But some researchers point out that such 
transformation is slowed by the embedding of Japanese 
HRM systems in institutional and cultural contexts which 
are much slower to change of it.(Robinson, 2003). Whether 
or not changes are rapid or slow, a numerous of prior 
researchers have been found that that National Culture 
influenced to Organization Culture (e.g. Fig. 3) illustrated 
about Cultural Dimensions between Japan-Thailand. 
Japanese Multi-organization related to their HRM practice 
which has been embedded from the head quarter from 
mother companies impacted mainly to person-organization-
fit person-group-fit and person-job-fit in cross culture 
context impacted to Thai employee turnover intention 
which was caused by misfit using of their original concept 
of HRM practice then lead to outcome less organization 
commitment and finally failure royalty to organization.  

      Organizational commitment is an important factor in the 
hearts of employees because it will bind employees to keep 
working in the organization and contribute to the 
performance of the organization. Low organizational 
commitment will result in high employee intention to leave 
and if this condition is experienced by many employees, the 
problem of turnover will influence the organization 
performance given the high cost of recruitment, new 
employee orientation, training needed to gain the 
competencies required and delayed productivity due to the 
adjustment of new employees, decrease in integration 
among employees, employee demoralization, which then 
affects the effectiveness and productivity of the 
organization (Abbott, White & Charles, 2005; Arnold & 
Davey, 1999; Camp, 1994; Chughtai & Zafar, 2006; Cole & 
Bruch, 2006; Jones, Jones & Prenzler, 2005; Kibeom, 
Meyer, & Kyung Yong, 2001; Wasti, 2003). On the other 
hand, high organizational commitment will result in the 
employee loyalty to the organization and will contribute to 
organizations that exceed expectations and achieve 
excellent performance (Chen, Hwang & Liu, 2009; 
Chughtai & Zafar, 2006; Francesco & Chen, 2004; 
Karrasch, 2003; Meyer, Paunonen, Gellatly, Goffin, & 
Jackson, 1989;Meyer, Stanley, Herscovitch & Topolnytsky, 
2002; Riketta & Landerer, 2002; Siders, George & 
Dharwadkar, 2009).The previous research conducted by 
Watson-Wyatt Worldwide entitled Work Asia (2004) 
revealed the attitude of employees throughout Asia. The 
survey involved a sample of more than 115,000 employees 
from companies in 11 countries, e.g. Indonesia, Malaysia, 
Thailand, Singapore, Taiwan, China, Australia, Japan, 
India, South Korea and the Philippines. In this survey, 
respondents from 46 companies in 14 industries, as the 
research resulted found that the desire to change job and the 
intention to leave the company for another company are 
also in terms of salary, position and job scope.  
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Fig. 4 Model of JP HRM practice in Thailand  

Fig. 4 shows a model illustrated that Japanese HRM 
practical in Thailand has been also embedded the original 
system from Japan Head Quarter. Nevertheless, Japanese 
employee mostly are the collectivism (Hofstede, 2002) and 
high commitment & royalty to the organization, even though 
misfit might be occurred by trial and error in rotation for skill 
development(P-J)and internal socialization (P-G), they are 
never have such a concept of intend to leave from the 
company to new organization if compared with Japanese multi 
organization in Thailand that mostly of employee are Thai 
people, those are the individualism (Hofstede,2002). 
Recruiting and hiring are also mostly searching for the middle 
career mixed and working together with non-skill employees 
who are having of long service years since initial stage. In the 
middle career, employees holding of high skill felt of misfit in 
evaluation and promotion system that will led to lower 
motivation. Non-skill and High skill are under Human 
Resource Evaluation of seniority oriented per long term 
service years. As mentioned, those persons who are holding of 
high skill with short service years compared with non skill 
with long service years felt into unfit then decided to leave the 
organization, effected to organization productivity 
improvement , localization enhancement, and competiveness 
caused by holding of numerous non-skilled employees with 
long service years remaining in the organization. 
Organizations in collectivistic cultures such as those of Japan 
and other Asian countries (Oyserman, Coon, & Kemmelmeier, 
2002)may emphasize P-O fit and P-G fit in organizational 
entry and subsequent employee careers more than 
organizations in individualistic cultures. This is because 
aligning organizational and group values is relatively more 
important in collectivistic cultures than in individualistic 
cultures (Hofstede, 1980; Triandis,1995).Training and internal 
staffing (e.g. job rotation and promotion), which are usually 
considered to be the most relevant in P-J fit, would also be 
used to promote P-O fit and P-G fit in collectivistic cultures. 
 

Empirical studies: HRM practices in Asian countries  
According to Some empirical studies indicate that HRM 

practices in Asian countries have both similarities and 
dissimilarities (Huo, Huang, & Napier, 2002; Milliman, 
Nason, Zhu, & Cieri, 2002; Warner, 2000 as cited in 
Sekiguchi, 2006, pp.47-69.). However, we have very little 
understanding of whether organizations’ P-E fit management 
practices in the Asia-Pacific region are similar or different, 
and whether they are converging or diverging in response to 
globalization and other institutional and cultural changes. As 
illustrated earlier, Japanese HRM is said to be transforming. 
Some researchers often point out that such transformation is 
slowed by the embedding of Japanese HRM systems in 
institutional and cultural contexts which are much slower to 
change than technologies and economic circumstances 
(Robinson, 2003). According to Fig. 3 illustrated that there are 
the difference of Cultural Dimensions such as long-term and 
short-term orientations between Japan and Thailand (Hofstede, 
2002). The time frame in which organizations promote P-E fit 
would differ significantly across nations. Also, such a 
difference in the time frame would affect whether 
organizations use trial and error or use strict matching to 
determine P-E fit. For example, distinction between long-term 
and short-term orientations as a cultural dimension (Hofstede, 
1991) may affect the way organizations promote P-E fit. Japan 
country rank highly on the long-term orientation scale, while 
Thailand are considered to be short-term oriented (Hofstede, 
2002). Organizations in collectivistic cultures such as those of 
Japan and other Asian countries (Oyserman, Coon, & 
Kemmelmeier, 2002) may emphasize P-O fit and P-G fit in 
organizational entry and subsequent employee careers more  
than organizations in individualistic cultures. This is because 
aligning organizational and group values is relatively more 
important in collectivistic cultures than in individualistic 
cultures (Hofstede, 1980; Triandis, 1995). Training and 
internal staffing such as job rotation and promotion, which are 
usually considered to be the most relevant in P-J fit, would 
also be used to promote P-O fit and P-G fit in collectivistic 
cultures. 

III. CONCEPTUAL MODEL OF P-E FIT PROMOTION  : 
INDIVIDUALISTIC  HOST  COUNTRY  

      This research method is a documentary research 
technique. under the framework of Person-Environment fit (P-
E)fit that compose of Person-Organization fit(P-O fit), Person-
Group fit (P-G fit) and Person- Person fit (P-J fit), which is 
basically indicates between characteristics of people and their 
culture environments results in positive outcomes for both 
individual and organizations.  
1) The Time Frame: short-term / Long Term orientations 
      The research found that, the time frame (Employee 
Service Years) in which organizations promote P-E fit would 
differ significantly across nations. Also, such a difference in 
the time frame would affect whether organizations use trial 
and error or use strict matching to determine P-E fit. For 
example, distinction between long-term and short-term 
orientations as a cultural dimension (Hofstede, 1991) may 
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affect the way organizations promote P-E fit. In general, Japan 
rank highly on the long-term orientation scale, while Thailand 
is considered to be short-term orientated (Hofstede, 1991). In 
this case, Japanese organization may tend to use trial and error 
to promote P-E fit from a long-term perspective, and matching 
people and jobs, groups, and organizations carefully after 
organizational entry even though they are doing business 
outside Japan and located under individualistic socialization 
(short-term orientations) such as in Thailand.   
2) Labour market mobility  

Labour market mobility may also be related to the time 
frame of promoting P-E fit within the firm. As is the case in 
Japan, where the labour market for mid-career employees is 
relatively immature if compared with Thailand. Japan’ labour 
mobility is low, the majority of employees are considered to 
stay in one organization for a long period. In such cases, 
organizations may use a long-term perspective in promoting 
P-E fit often using trial and error. On the other hand, if the 
mobility of the labour market is high, such as in Thailand, 
employees who experience P-E misfit will not stay within 
such an organization for long periods and will move from 
organization to organization until they find a good fit.  
3) Collectivistic and individualistic cultural values study 

According to Chatman and Barsade (1995) ‘s study by 
using simulated organizational setting and created 
collectivistic and individualistic cultural values and examine 
how people in individualistic behave in such organization 
setting. They found that cooperative individuals behaved more 
cooperatively when they worked in an experimentally induced 
collectivistic culture. Their study also demonstrated that 
cooperative individuals tended to vary their behaviour more 
depending on whether or not they were in an collectivistic or 
individualistic culture, while more individualistic individuals 
tended to be less responsive to cultural norms. Personality 
research suggests that cooperative people are more likely to 
adjust their behaviour to suit the situations in which they find 
themselves. Therefore, compared with individualistic people, 
they are more concerned about finding in and are more willing 
to go along with others (John,1990;Chatman &Barsade,1995 
as cited in Sekiguchi, 2004).  

    Individualist 

Collectivistic culture Individualistic culture

Corporatists

Individualistic culture Individualistic culture

 
Fig. 5 Relationship among culture, fit and change   

           (Source: Sekiguchi, 2004) 

 
 
Fig. 5 shows a relationship among culture, fit and change, 

which was finding from Chatman & Barsade’s study have also 
implications for organization or group change. If people with 
individualistic disposition join the organization or group with 
collectivistic culture, they are less likely to change their 
behaviour toward cooperative. It is possible that members of 
collectivistic organization or group may adjust their behaviour 
toward more individualistic to accommodate the 
individualistic newcomers, which increase the possibility that 
collectivistic culture in such organization or group may be 
transformed into individualistic one. In contrast, if people with 
cooperative disposition join the organization or group with 
individualistic culture, they are likely to change their 
behaviour toward more individualistic, which results in the 
continuity of the individualistic culture of the organization or 
group. 
4) Socialization in actual and perceived fit. 

Anticipatory Socialization Adjustment Mutal Acceptance/ Rejection

Perceived 
Fit

Actual 
Fit

Actual 
Fit

Perceived 
Fit

Socializing Learning Accommondation
Assimilation

 

Fig. 6 The role of socialization in actual and perceived fit 

          (Source: Kristof-Brown   et al., 1999 as cited in Sekiguchi , 2004) 

Fig. 6 shows of the role of socialization in actual and 
perceived fit. According to Kristof-Brown, et al. (1999), the 
process in which socialization influence actual and perceived 
fit goes following way. Prior to organization entry, actual fit 
between individuals and aspects of work environment such as 
job, group, organization may difference from the perceived fit, 
depending on the accuracy of expectations that are set during 
anticipatory socialization. That is anticipatory socialization, 
which include all of the activities and interactions engaged in 
by job seekers and recruiters or managers, plays a major role 
in the development of initial levels of Person-Environment fit. 
     The socialization process is called mutual 
acceptance/rejection. In this stage, a process of evaluation 
occurs in which all relevant parties assess whether or not their 
resulted fit is adequate. If resulted levels of fit are high, 
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mutual acceptance will occur, in the opposite, if the resulted 
are low, rejection by at least one party could be occurred. 

5) P-E Fit management conceptual model in individualistic 
host country: Japanese IHRM Practice promotion in Thailand 

P-E Fit management  conceptual model : Individualistic host country

Actual  Fit 
yes Education

      No           Yes

Socialization method
Actual / Perceive Fit                Non/Low skill      Qualify

yes    High / Multi skill

          Yes
        Yes

Japanese Multinational Company
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Royalty
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brand knowledge

(Free Agent/ 
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Fig. 7 P-E Fit management conceptual model in individualistic host country: 
Japanese IHRM Practice promotion in Thailand  

Fig. 7 shows P-E Fit management of the Conceptual 
Japanese IHRM Practice model promotion in Thailand, which 
are mainly of persons belong to individualistic cultures 
whereas the organization of Japanese culture belong to 
collectivistic culture. Labour market mobility may also be 
related to the time frame of promoting P-E fit within the firm. 
As is the case in Japan, where the labour market for mid-
career employees is relatively immature and thus labour 
mobility is low, the majority of employees are considered to 
stay in one organization for a long period. In such cases, 
organizations may use a long-term perspective in promoting 
P-E fit often using trial and error by doing socialization in 
actual and perceived fit method (P-Job fit, and P-Group fit) by 
company consideration(Company as the centre). On the other 
hand, if the mobility of the labour market is high, such as it is 
existing in Thailand, organizations can replace misfit 
employees with others from the labour market. Also, 
employees who experience P-E misfit will not stay within 
such an organization for long periods and will move from 
organization to organization until they find a good fit. Thus, 
organizations as well as employees in nations with high labor 
mobility would prefer P-E fit promotion from a short-term 
perspective, also making a consideration for socialization in 
actual and perceived fit method (P-Job fit, and P-Group fit) by 
their own willing(Free-agent: Employee as the centre).The 
organization is necessary to use the different two types of 
employee evaluation and promotion by separating method of 
non skill and high skill/multi skill persons into P-E Fit 
different practical such as using of Trial and Error original 

method for non-skill/new graduate in order to develop their 
skill, but to talent skill evaluation method for middle-career or 
high skill persons. Finally, it could become to real existing 
performance that lead to satisfactory for individual, at last to 
organization effectiveness. 

Understanding how Japanese organizations promote their 
P-E fit under cross-cultural perspective in the case study of 
Thailand country that individualism is a quite majority 
impacted to employee performance outcome and organization 
effectiveness. Managers should understand that different 
components of HRM practices such as staffing, rewarding, 
developing and maintain play different roles in promoting 
various types of P-E fit.  
     Managers should implement by taking into account the 
organization and cross cultural factors that influence how to 
promote P-E fit. Furthermore, multinational enterprises and 
foreign companies that operate in specific regions may need to  
understand these factors because even powerful foreign 
companies may often be forced to conform to the cultural or 
institutional norms of management practices in specific 
regions (Robinson, 2003). Developing the general model of P-
E fit management discussed in this paper would further help 
managers in different countries or multinational enterprises to 
plan, coordinate or improve the process of promoting P-E fit 
through various human resource practices in the cross culture 
context. 

Conclusions 
     This paper has acknowledged the understanding of the 

process through Transnational Japanese Organization 
promoting P-E fit under cross-cultural perspectives by using 
of HRM practice and culture dimension analysis to develop a 
conceptual model of P-E culture fit promotion in the case 
study of Thailand. However, There are still many 
opportunities for conducting research on P-E fit in the 
ASEAN region by investigating how organizations in ASEAN 
nations such as Laos, Myanmar, Cambodia, Vietnam, 
Malaysia and Singapore promoting P-E fit through a variety 
of HRM practices in order to be applied for a general model 
practically, especially in the countries where are belong to 
time frame culture difference, to do more investigation would 
provide us with wider knowledge of both theory and practice. 
These investigations would suggest the relationship between 
Person-Environment culture fit management that significantly 
impacted employee commitment and intention to leave under 
the individualism culture and high mobility in the labor 
market environment. By this matter, the P-O fit congruence 
will lead to the integration and harmonization within 
organization such as joint decision, multi –level skill and 
localization enhancement and probably could minimized 
operation cost of hiring Japanese employees to work in host 
country. Finally, Cross Culture Compromising will lead to 
high loyalty and high performance of local staffs and to high 
performance of the organization. 
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Assessment of the Exchange Rate Turbulence 
in Some ASEAN Countries

.

Sumimaru ODANO

Abstract --- This paper attempts to examine the exchange market pressures of three key member countries of 

ASEAN by applying a basic model of the modified exchange rate determination. The model incorporates a simple 

fact that the actual exchange rate system of those three cases is neither fully-flexible nor totally fixed. The 

empirical examination supports, even not fully but in many occasions, the basic message provided by the 

Exchange Market Pressure model regarding the exchange rate turbulence.

Keywords --- Exchange market pressure (EMP), intervention, interdependence, monetary policies, ASEAN, 

currency crises
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1. Introduction

The economic interdependent relationship is further deepening and becomes the norm for many economic 

activities. It is now viewed this development that such a wide-spreading relationship seems to have two distinct functions. 

One of them, you might say a positive nature, serves to enhance the opportunities for more business activities. The other 

one, which looks like always concealing the unwelcoming and gloomy nature, sometimes brings bigoted economic 

difficulties. Those difficulties are likely to take place abruptly and in the massive scale.  One of major reasons behind 

such phenomena is the rapidly growing financial activities throughout the integrated markets worldwide. In today’s 

environment, financial resources run swiftly beyond the national boundary since the restrictive constraints in many 

countries have been eliminated or at least lowered in accordance with the globalization influence.

Once a financial shock would be detected, the wave of the effects transfers swiftly and may possibly create

devastating blows to any individual economy.  Policymakers have learnt many things regarding the economic and 

financial risks from their own experiences and observations.  Nonetheless, it is not easy first of all to sort out a priori 

sign of any such tsunamis and to guard off the shock waves effectively.  

Some of ASEAN countries experienced the gigantic crisis, nowadays known as the Asian Currency Crisis in 1997 

to 1999.  Many economics textbooks spare many pages to give detailed explanation on the crisis development, as one of 

the most significant cases in the international economic history. In various Asian countries, the economic growth 

plummeted substantially and many businesses were forced to terminate their operations, therefore to aggravate the

unemployment situation even in the post-crisis years. In particular, the exchange rates had been with unprecedented 

speed depreciating and thus the monetary authorities attempted every available bold policy, orthodox or even 

non-orthodox, desperately, to defend or at least mitigate the declining pace of their own currency values. Many 

economists described this crisis phenomenon as a type of contagion. Any crisis in one country easily transmits to 

neighboring countries.  Prior to the crisis, the success of the Asian economic miracle was praised even by the 

international organizations. The regional growth success had been materialized to a certain extent by similar approaches 

adopted by the key ASEAN countries.  Higher savings and investment have been acknowledged as the major driving 

force for their respectful performance up until the crisis hit the region.  IMF eventually prescribed a report that the most 

crucial requirement for any emerging country is the prudence of her macroeconomic policies. This would serve to keep 

away a possible pressure on its financial markets.

Since such devastated effects on its own economy and society went on some years, many policy-makers tried to 

reestablish their own economic structure and system to be more resilient and sound against any speculative attacks. For 

example, they tried to accumulate sufficient amount of foreign exchange reserves by managing to improve their external 

trade balances, and to cautiously monitor the international financial flows.  More and more domestic financial markets 

look connected with the international market, the policy-makers need to pay more careful attention to many activities in 

the global financial markets.  The policy prescription is definitely different from the traditional approach, which used to 

be basically designed for the domestic orientation.  That means, as far as the stable exchange rate would be concerned

as the key policy target, the monetary authorities have to take it for granted that their policy stance need to be consistent 
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with the global economic circumstances. It is now widely understood that the exchange rates serve as a kind of mirror 

image of the credibility of the country.  

The subject on the exchange rate determination had a long history in the economics profession. Unfortunately we 

do not have yet the single well-established theory on the exchange rate determination. So many policy-makers and 

economists keep working to find out some regularities and also to accumulate as many evidences by testing empirically 

the exchange rate behavior.  

This paper attempts to examine the exchange market pressures of three key member countries of ASEAN by 

applying a basic model of the modified exchange rate determination.1 The model incorporates a simple fact that the 

actual exchange rate system of those three cases is neither fully-flexible nor totally fixed.  The exchange market 

pressure (EMP) model has been developed and applied to various currencies in the last thirty years.  Most of the 

published studies provide various useful messages to assess the extent of the market vulnerability.  The model itself 

may not necessarily serve as an early warning signal to the market, but we would learn the importance of the orderly 

conditions of the money market development.

2. Approaches to Measuring EMP Index

To derive and measure EMP Index, researchers have pursued a structural approach in along with the development 

of the traditional exchange rate determination. Of course, there are various researches which came from ad hoc or model 

free approach for EMP measurement.2 In this paper, we will follow the model-dependent approach since one purpose 

of the study is to make comparison among three currencies of Thailand, Indonesia and Malaysia. 

     The pioneering study on the EMP concept was articulated by Girton and Roper (1977). They point out the actual 

exchange rates are not free from the government intervention.  This implies that the simple monetary approach to the 

exchange rate determination may not be appropriate.  So, they propose that both exchange rate and reserve holding 

would become the mirror image of the exchange market pressure. 

     More convincing work was introduced by Roper and Turnovsky (1980) and Turnovsky (1985).  A simple 

open-macroeconomy model, in along with the IS-LM model, is used to incorporate the role of the intervention activities.  

This exercise is truly the first attempt to measure the EMP magnitude.  Following this approach, Weymark (1995, 1997 

and 1998) published a series of papers on the subject.  She revised the existing models and outlined a more general 

framework.  She proposed the EMP index which is composed of the exchange rate changes and intervention exercises.  

Since her works were widely accepted as the useful approach for the empirical research, more number of studies were

published since then as the empirical case studies for various countries. 

      The followings are only a few studies: Burdekin and Burkett (1990) for Canada, Burkett and Richards for 

Paraguay (1993), Mah (1995), Kohlscheen for Brazil (2000), Tanner (2001), Sravarek(2007)  for EU four countries, 
                                                 
1 In this paper, Indonesia, Malaysia and Thailand are chosen for our empirical study. Those three countries are the original 
members of ASEAN and have played crucial role to advance the regional economic development. 
2 A case of the model free EMP study is developed by Eichengreen, Rose and Wyplosz (1995) and also Klaassen and Jager 
(2006). 
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Stavarek and Dohnal (2009) for the Central European countries and Klaassen and Jager (2010) for many countries.  

Those are only limited number of studies so far published.  Generally speaking, those studies present various useful 

findings to understand the foreign exchange market pressures.  That suggests that the money market development is, to 

a certain extent but not exclusively, related to the exchange market turbulences.

     

3. EMP Measuring Model

Following the tradition of the EMP studies of Girton and Roper (1977), Weymark (1997), Stavarek and Dohnal 

(2009), this study builds the multi-equation model to estimate the EMP index. Since one of the purposes of the study is 

to compare the cases of Thai Baht, Indonesian Rupiah and Malaysian Ringgit, the approach taken here should be 

consistent for all three cases.3

These three countries went through the similar difficult experiences during the Asian Currency Crisis in 1997 up to 

1999 and learned a lot of policy scenarios not to come across the crisis situation henceforth.4 Of course their 

recovering processes were not exactly the same and thus the current economic structures are obviously different. The 

following graph depicts the trend of three currencies since 1995. The movement of the exchange rates of those three 

countries depicts the magnitude of the crisis at the end of 1990s and also the subsequent recovering process of those 

countries.  Graph is drawn as an index on the base time point at 2005Q1 (=100). 

                                                 
3 Indonesia, Malaysia and Thailand are the original member countries of so-called ASEAN Five. 
With a large territory and rich resource endowment, natural as well as human, these three countries have been watched 
how well to lead the regional economic development.  They have also been successful in attracting massive foreign direct 
investments in the past forty years. 
4 There are many studies on the Asian Currency Crisis available.  Arndt and Hill (1999), Montes and Popov (1999) and 
Henderson (1998) are the available studies among many which covers the early stage of the crisis. 
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It is instructive to scrutinize the similarity or magnitude in the behavior of the EMP index once the estimated 

coefficients are obtained. Thus it is better not to follow the ad hoc approach by choosing the convenient set of variables 

for each case. 

The set of equations are summarized as follows:

= + +                  (1)
                =  + +                                                (2)

                = + +                                           (3)

                = +                                                (4)
                =                                                                     (5)

where p, i, md, ms, y, d and r refer to the domestic price, interest rate, money demand, money supply, domestic income, 

domestic credit and foreign asset holding of the central bank, respectively.  Small character of all variables represents in 

the natural logarithm.  The lies the percentage change.  The superscript (f ) refers to the foreign country, 

namely the United States, and the subscript (t, t-1, and t+1) represents time.  In equation (1), the term is a white 

noise series, with zero mean and constant variance.

     Equation (1) is the real balance demand equation, which is widely used for the demand for monetary economic 

study.  The term and are the measurement of the transaction and portfolio motivation of the demand for money,

and both have the expected positive sign. Equation (2) represents the money supply increase by two sources, namely 

changes in the domestic credit supply and foreign asset holding, i.e., international reserves managed by the central bank.

Equation (3) represents the price adjustment in an open economy framework.  Equation (4) implies the uncovered 

interest rate parity condition. And equation (5) represents the reaction function of the monetary authorities.  If the 
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country adopts the fully flexible exchange rate system, the coefficient  is zero.  And also the exchange rate system is 

under the fixed rate one, then the coefficient becomes infinite number .

     = ( + + + )/( + )         (6)                                                                             

From this equation, we have;

            
( )
( )

=
1

( + )                                                                                       (7)

Following Weymark’s methodology (1997), we define the term as follows:

         =
( )

    (8)

Using this term, we obtain the EMP index as follows:

              = +                                                                                                    (9)

Similarly, the intervention index (INTV) of the central bank is given as follows:

           =                                                                (10)

If the central bank’s stance is closer to the fixed exchange rate system, the estimated value of INTV will be closer 

to unity.  

Above indexes of EMP and INTV are derived by using estimated coefficients from the set of equations which are

formatted in accordance with the structural model above.  Therefore this kind of the empirical examination is called as 

the model dependent approach.

4. Estimation of the Model

The model estimation is carried out by using the two-stage least square technique (2SLS).  Due to the fact that the 

endogenous variables are on both sides of equations (1) to (5), it is concerned that those variables are likely to correlate 

with the disturbance term. This means that the ordinary least square method is likely to produce biased estimates.  This 

tells that the least square method would not be appropriate. The 2SLS estimation requires the incorporation of 

instrumental variables which are uncorrelated with the disturbance term. The first step for the exercise is to find 

appropriate instruments.  It is attempted the first stage regressions on endogenous variables, having all possible 

instruments as regressors. The regressors with sufficient statistical significance were chosen as instruments for the 

subsequent exercises. Definition of variables and all data sources are given at the end of the paper.

The summary tables of the 2SLS estimation results are given in Table 1 and 2. Tables present the estimated 

coefficients of  and . With those estimated values, the EMP index and INTV index are constructed for three cases 
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of Indonesia, Thailand and Malaysia.

The estimated coefficients of  and are used to construct EMP index of equation (9) and INTV index of equation 

(10).  Prior to this exercise, it is required to calculate the value of  of equation (8). The following Table 3

summarizes the derived values of this parameter for three countries.

Table 3.  The derived value of  of Indonesia, Malaysia and Thailand

Indonesia Malaysia Thailand

-1.12106 -0.847585 -0.38357

5. Exchange Market Pressure and Intervention Behavior

In the model specification in Section 3, it is defined the EMP Index and Intervention index INTV. In both 

definitions, the data of the exchange rate changes in % and also of % changes in the foreign exchange reserve holdings

are used to obtain the EMP and INTV indices.  The following graphs present both indices for all three countries.  

(a) Case of Indonesian Rupiah

First of all, both indices are depicted in the graphs in the following part of this section.

     As the above graph represents, the Indonesian foreign exchange market has encountered frequent turbulence.  

The depreciation pressure appears often when the index exceeds above zero. As Graph 1 indicates, the general trend of 

the Indonesian rupiah has been depreciating since 2000.  This reflects that the massive capital flows have been in and 

out on a sizable scale.  The basic policy stance of Indonesia on the foreign capital transactions has been not to take an 

active role in the market.  This is so because the Indonesian government has attempted to attract more foreign 

investment in order to revitalize the industrial sectors.  

Table 1. Estimated Results of the Coefficient 2 of Equation (1)
Coefficient Std. Error t-Statistic

Indonesia 1.205149 0.348604 3.457075
Malaysia 1.455659 0.567763 2.017848
Thailand 2.602547 0.716247 3.633591

Table 2. Estimated Results of the Coefficient 2 of Equation (3)
Coefficient Std. Error t-Statistic

Indonesia 0.137806 0.028034 4.915701
Malaysia 0.034164 0.026298 1.299139
Thailand 2.602547 0.716247 3.633591
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Graph 2.  EMP Index of the Indonesian Rupiah

While the economy experienced cyclical pattern, the exchange rates also fluctuated frequently.  We acknowledge, 

in the above graph, that the index values below zero often appears, implying the rupiah appreciation cases. Many 

economists make a general diagnosis that the rupiah case is likely to directly reflect the domestic as well as international 

economic circumstances. One can see a clear case that the rupiah exchange rate depreciated substantially when the 

world economy confronted with the so-called Lehman shock in 2008.5 The rupiah’s response was far larger than Thai 

baht and Malaysian ringgit. This observation suggests that Indonesian economy is still susceptible to any event in the 

capital and financial markets. This is why the exchange rate management is always the key policy agenda for the 

government.  

     The intervention activities have not been employed as a main instrument by the monetary authorities. The index 

number is at one if the authorities let the exchange market run without any intervention.  Nevertheless, in the graph, it is 

noticed three distinctive cases which show sizable fluctuations.  Around year 2000, the Indonesian economy started to 

grow robustly, due to the post crisis booming, thus the monetary authorities tried to restrain the appreciation pressure by 

absorbing the foreign exchanges from the market.6

Graph 3. Intervention Index of Indonesia

                                                 
5 There are many publications available on the global financial crises. Here, as a good reference, Tett (2009) is listed. This 
book describes the general background and people who acted in the recent incident. 
6 Indonesia is included in the so-called VISTA group countries. These countries are regarded the next promising group to 
catch up the BRICs nations. VISTA includes Vietnam, South Africa, Turkey and Argentine, other than Indonesia. 
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In 2008, the Lehman shock hit harder on the economy, thus the monetary authorities dedicated to stabilize the 

rupiah exchange rates by selling intervention of the foreign currencies. And around 2013 to 2014, the currency values 

became weakened since the Indonesian external accounts became deteriorated. To restrain the depreciation pace, the 

authorities acted repeatedly to regain the rupiah’s strength. But, again, the fundamental stance of the Indonesian 

monetary authorities seems to follow the freer market activities unless the extraordinary circumstances may appear.

(b) Case of Malaysian Ringgit

     Throughout the period of the observations, there are many EMP fluctuations, but many cases are below zero line.  

This can be interpreted that the Ringgit market has been pressured to appreciate.  This is understandable since the 

Malaysian monetary authorities adopted the fixed exchange system immediately after the crisis took place in 1998, see 

Graph 1.   While the economy demonstrated a certain recovering process, the foreign exchange market had improved 

in favor of the Malaysian currency. The government decided to shift to the flexible exchange system in 2006 after being 

fully convinced that the general economic conditions were solid and would possess sufficient resilience against any 

speculative pressure. Since then, the ringgit followed the general appreciation process as shown in Graph 1.

     Nonetheless, the Ringgit market has encountered the depreciation pressures in some occasions.  First significant 

case appeared in 2008, notably by the so-called Lehman shock in the global financial market.  And also around 2013 

and since then, the currency values started to depreciate.  Malaysia is known as one of the major resource exporting 

countries in Asia.  The worldwide energy markets went into the fragile situation, namely weak demand and excessive 

supply.  So many global investors started taking a cautious stance regarding the Malaysian economic prospect. 

Malaysian policymakers and business people even now concern the deteriorated market conditions with respect to their 

external transactions. This of course reflects in the foreign exchange market. EMP Index depicts this development as 

shown in the following graph.

Graph 4. EMP Index of Malaysia
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    Graph 5. Intervention Index of Malaysia

     As stated above, the Malaysian monetary authorities maintained the fixed exchange system during the period of 

2000 to 2006.  No fluctuation in the foreign currency value means the INTV index stayed fixed at one, see the above 

Graph 5.  In several occasions, the central banks operated the intervention activities to defend the currency values.

Those cases seem closely related to the deteriorating external account balances.  Generally speaking, the Malaysian 

exchange rate values have been maintained within the comfortable range so far.  Nevertheless, as long as the resource 

exports are the key segments of the Malaysian economic activities, the external factors have to be carefully monitored in 

order to materialize the stable level of its exchange rates.

(c) Case of Thai Baht

     The EMP index of Thai Baht is given in the following Graph 6. Although the graph fluctuated in many cases, most 

of the cases are below zero, implying the case of appreciation of the currency values.

Graph 6. EMP Index of Thailand

-.20

-.15

-.10

-.05

.00

.05

.10

.15

.20

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14

-10

-8

-6

-4

-2

0

2

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

477



 

After the Asian crisis in 1997 and 1998, Thailand worked to strengthen the financial sector and manufacturing 

sectors.  One of the causes which had initiated the crisis, nowadays many economists consider so, was to depend upon 

the excessive reliance on the foreign capital.  Prior to the crisis, with the prolonged booming of the economy, the 

government designed rather ambitious scheme to widen the baht economic region in boarder Indochina peninsula. The 

offshore capital market virtually invited a massive capital inflow into the economy.  This created the bubble phenomena 

in various sectors.  The external imbalances become obvious, therefore global speculators started to target the baht 

market.  

Experiencing those difficult circumstances, the government tried to first of all reestablish the sound and competitive 

banking industry.  Also, the Thai government kept the less restriction policy especially on the international activities.  

Many global businesses considered this as the fundamental stance of the Thai authorities.  The massive foreign direct 

investment moved in Thailand.  As a consequence, Bangkok successfully gained a reputation and position as “Detroit 

of Asia” in the automotive industry.  Many Japanese business people commented that Thailand is the most favorable 

destination for their international business activities.7 This kind of positive development helped the baht currency 

values appreciate furthermore.

The external shock like the Lehman shock affected negatively on the currency values and caused a certain 

degree of turbulence. Nevertheless, the economic booming has lasted so helped the baht value appreciate in the 

subsequent period.  Around 2012, many economists and business people started to worry about excessively 

appreciating values of its currency.8 We can see this phenomenon, index exceeding one, in the graph.  Thai authorities 

hold a general view that the stable currency value would be highly desirable.  

    Graph 7. Intervention Index of Thailand

                                                 
7 Various survey results, conducted by like JETRO, about where to invest as for the next international destination of your 
company tell that Thailand is always favored among top three countries throughout the last twenty years. 
8 Some commented at that time this is a kind of the “reverse” currency crisis. 
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The monetary authorities implemented, only in the limited occasions, the intervention operations.  During the 

smooth recovering stage up until 2011, they did allow the baht exchange value as so being decided in the foreign 

exchange market. As mentioned above, the baht excessively appreciated in 2012, the Bank of Thailand acted to sell baht 

in the foreign exchange market.  This was assumed by many observers as the fundamental stance of the monetary 

authorities. Many expect that the general passive position would be maintained by the authorities, as long as they see the 

balance of payments position within the comfortable range. Even the cases of the political instability appeared in the 

past decade, the currency values were not much deteriorated.  The solid economic structure seems to help materialize 

the sound financial development.

6. Concluding remarks

     In this paper, it was attempted to derive the exchange market pressure (EMP) index and the intervention index 

(INTV). Then these indices are applied to three cases of Indonesia, Malaysia and Thailand.  The general outcomes 

depict well with respect to the historical development of the exchange rates and intervention activities.  Many 

fluctuations of EMP indices correspond generally to our observations in the past two decades.  

     The pattern of the Indonesian EMP index demonstrated wide swing due to the fact that Indonesian economy has 

been sensitively influenced by the external influences. The insufficient structure of the supply chain network has 

occasionally brought fragility in the balance of payments.  In such a circumstance, the market tends to incorporate 

expectations of a possible case of capital outflow.  This corresponds to immediate depreciation of the currency values.  

Although the central bank keeps a basic stance of less intervention activities in the market, they are willing to defend the 

domestic currency values as the last resort.  The case of Indonesia suggests that the exchange market pressures would 

be created by not only the financial reasons, those are in many cases generated in the international markets, but also the 

fragile domestic economic structure. 

     The experiences of Thailand and Malaysia show that the foreign exchange rate management worked rather well 

relative to Indonesia. Both attempted first of all to rebuild the credible banking institutions immediately after the crisis. It 
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is to a certain degree successful that the tight monitoring in the financial development served to keep away the 

speculative attack risks. Of course, if the huge global financial disarray such as the Lehman shock appears, both 

countries would not be free to avoid without any scar. Nonetheless, as far as both countries maintain the solid financial 

structure and keep careful monitoring any development in the economy, domestic as well as international, the foreign 

exchange market pressures would be within manageable range.  Both countries accumulated sufficient amount of the 

foreign exchange reserves.  In case, Thailand and Malaysia would be able to defend the currency value depreciation for 

a substantial time period.

     The model, used in this empirical study, is nonetheless primitive.  The basic assumptions, which are rather 

convenient to specify the equations, need to be scrutinized furthermore.  For example, many economists generally 

understand that the law of one price may not hold in the short run.  Also, the partial path through adjustment of the 

domestic price level, appeared in equation (3), needs more studies.  

     This area of study is still at the beginning stage.  More number of case studies are needed to draw more 

persuasive messages on the exchange market pressures.  And more frequent data, like monthly figures, would be 

necessary to see the timing and also magnitude of the exchange market turbulence and pressure.  In the coming study, 

more cases from the wider regions would be dealt with to derive more meaningful findings.
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APPENDIX: Data Description and Sources

Most of the data are taken from the International Monetary Fund, International Financial

Statistics, Database, various issues.  

Data for the variables which are used in the study is as follows:

m     money supply, M1, narrowly defined, in the natural logarithm

p      consumer price index, in the natural logarithm

y      real GDP, in the natural logarithm

s      exchange rates at the end of each quarter, in the natural logarithm

i      interest rate of three month securities 

r      international reserve holdings as listed in the base money of the central bank,

in the natural logarithm

To make a comparative study of three countries, the study tries to utilize the same data or at least comparable data, which 

are available in each respective country’s statistical bureau. 
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Abstract— This paper aims to determine whether the level of 
equity capital cost varies across industries, and examine the 
financial ratios affecting the equity capital cost. The sample 
consists of listed companies in the Stock Exchange of Thailand
during the years 2005-2011 and the data is collected from 
financial reports. The results show that overall cost of equity 
capital is rather identical among six industries. However, the 
averaged equity capital cost of Agro and Food Industry, and 
Industrials are highest compared to other industries. 
Furthermore, the companies with higher ratios of financial 
leverage and book-to-market encounter huge capital costs. While
larger sized companies have competitive advantage to persuade 
new investment projects due to lower cost of equity capital.

Keywords— costs of equity capital, industry, financial ratios

I. INTRODUCTION

A company’s costs of equity capital are the expected rate 
of return that capital providers, i.e. investors, require to attract 
funds to a particular investment. In stock valuation that is a 
function of short-term earnings and future cash flows, the 
equity capital costs play a part in the creation of firm value as 
a discount rate of the future cash flows. In business, a
company also needs to minimize the costs of equity capital as 
they affect various corporate decisions. For example, these 
costs determine the harder rate of investment projects, 
influence the composition of capital structures, and result in 
the company’s operations and subsequent profitability [1].
Since the cost of equity capital cannot be directly observed, 
the expected return rates are commonly used as a proxy for 
them.

The study of the equity capital costs in Thai capital market 
is appealed as this public capital market is relatively young 
and not as developed as those in the U.S. [2]. Industry and 
sector classifications of the emerging market are not various 
compared to those of developed markets. Stock prices of Thai 
emerging market are undervalued so there are more 
opportunities for investors to invest in a firm/industry with 
future growth or high expected returns. In particular,
unsophisticated investors need fundamental information to 
estimate the equity costs and the firm value. However, the 
equity capital costs generally vary depending on both industry 
and firm characteristics [3]. The study of variations in the
equity costs and the effects of financial fundamentals thus
provides benefits for the investors to make a decision on stock 
investment.

The objectives of this research are to examine whether the 
industry groups’ the equity costs are different, and how 
financial ratios relate to the costs of equity capital in Thai 
security market. The firms’ the financial fundamentals
investigated consist of size, leverage, and book-to-markets 
and the industries are classified into seven groups (excluding 
financial industry) following the Stock Exchange of Thailand 
(SET). This paper uses the implied rate of return by the Easton 
method that is developed from the Price-Earnings-Growth 
model instead of the realized rate of return (e.g. CAPM) that 
is a noise proxy of the equity capital costs [4]. The remainder 
of the paper is organized by prior empirical research and 
hypotheses, data and methodology, results, and conclusions 
and discussions, respectively.

II. PRIOR EMPIRICAL RESEARCH AND HYPOTHESES

A. Prior Research
Business models and operating environments of each 

industry result in its particular business risk and hence 
different costs of capital. Gebhardt, Lee [3] document the 
cross-sectional association between the implied costs of 
capital, and both firm and industry characteristics by using the 
sample of the U.S. stocks. The results show a significant 
industry effect in the implied risk premium and a higher rate 
of return that is charged by the market to certain industries, i.e. 
sports and leisure, tobacco, commercial lending, electronic 
technology, and automotive. While the authors find the 
evidence on the lower costs of capital to real estate, precious 
metal, financial services, and metal equipment industries. 

He, Lepone [5] using the sample of S&P/ASX 200 Index 
provide further evidence that the costs of equity capital are 
positively related to information asymmetry in the sampled 
company. Importantly, the positive association between the 
asymmetric information and the equity costs is strengthened 
for the company in sectors of financials, health care, oil and 
gas, and utilities. Therefore, both studies imply that industry 
characteristics reflect certain business environment and 
influence the way of the rate of returns.

In firm level, there are fast-growing literatures that provide 
the evidence of unique factors affecting the company’s the 
equity capital costs. More recent study of Dhaliwal, Judd [6]
find that the capital costs have the positive association with 
customer concentration risk and conclude that both 
composition and concentration of the U.S. firm’s customer 
base can influence equity financing costs. Boubakri, 
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Guedhami [7] add another evidence on the effect of 
asymmetrical information reflected by firms’ geographic 
location. The authors investigate the privatized firms across 
47 countries and report that investors require a higher rate of 
returns to the sampled firm that distances from domestic 
financial centres.

In Thai emerging economy, an evidence involving with 
the level of the implied costs of equity capital to industry 
groups is absent. Few studies investigate informational 
mechanism that affects the firms’ costs of capital. For 
example, Priebjrivat [8] employs the sample of the SET50 
index and reports the evidence that the disclosure quality in 
management discussion and analysis (MD&A) decreases the 
costs of equity capital. Anuchitworawong [9] reports that Thai 
listed firms enjoy lower weighted average costs of capital 
when the firms’ the financial information is transparently 
disclosed. However, this current paper is different from those 
two studies based on the sample of Thai companies in four 
aspects. First, the research will provide the evidence on 
whether Thai equity capital costs vary across the industry
groups. Second, all listed companies with available data are 
used as the sample, and thus extending the sample scope of 
Priebjrivat work. Next, this study employs the ex-ante 
(implied) rate of return instead of a noise proxy of ex-post 
(realized) return rate used by Anuchitworawong to measure 
the equity capital costs. Last, the paper focuses on financial 
fundamentals that are necessary for investors to estimate the 
security’s the equity capital costs.

B. Hypotheses
There are variations in systematic risks across industries 

that affect risks and returns of the capital market. Ramiah, 
Cam [10] summarizes that certain Australian sectors, e.g. 
water sector, increase in the systematic risks as it is sensitive 
to the political event, i.e. the terrorist attacks. Each industry 
environment is also related to different litigation risk (i.e. the 
risk of securities class action lawsuits) [11], therefore they 
affect the managerial decisions by the firm and the rate of 
returns by the investors. Corresponding to the empirical
evidence of Lowry and Shu [12], the IPO pricing is low when 
the firm/industry has higher legal exposure. Therefore, this 
current study expects the different cost of equity capital across 
industry groups as each industrial type face different business
and litigation risks, and hypothesizes that:

H1: The equity capital costs of Thai industry groups are 
different.

According to moral-hazard problem of agency conflicts, 
when more equity is sold to outside investors, the utility-
maximizing agent has an incentive to consume private 
perquisite rather than invest in positive net present value 
projects [13]. However, larger firms that the complexity of the 
firm contracting nexus expands will attract more external 
monitoring by stakeholders [14]. Agency problems are 
expected to decline as the firm size is large and hence lower 
costs of equity capital. On the other hands, agency costs are 
borne by the firm due to increased costs of borrowing and 
book-to-market values. Higher debt levels increase the moral-

hazard problems of the managers, e.g. incentives to take risks, 
and limit future investment projects of the firms [15].
Meanwhile, higher book-to-market ratios reflect less growth, 
undervalued stock price, and/or information asymmetry. 
Based on principal-agent conflicts, required rates of returns
will be more charged to the firm with higher external 
borrowing and underpricing. Therefore, this current study 
anticipates the negative effect of firm size and the positive 
effects of leverages and book-to-market ratios on the costs of 
equity capital and hypothesizes that:

H2: Firm size is negatively related to the equity capital 
costs.

H3: Leverage is positively related to the equity capital 
costs.

H4: Book-to-market is positively related to the equity 
capital costs.

III. DATA AND METHODOLOGY

A. Sample Selection and Data
The initial sample is listed companies in the SET for seven 

years ending 2011. The sample consists of seven industry 
groups. First, Agro and Food Industry contribute to (1)
agribusiness, and (2) food and beverage sectors. Second,
Consumer Products include (1) home and office products, (2) 
jewelry and ornaments, (3) personal products and 
pharmaceuticals, and (4) fashion sectors. Third, Industrials 
comprise (1) petrochemicals and chemicals, (2) machinery 
and equipment, (3) packaging, (4) paper and printing 
materials, (5) automotive, (6) industrial materials and 
machinery, and (7) steel sectors. Fourth, Property and 
Construction consist of (1) construction materials, (2) property 
development, and (3) property fund sectors. Fifth, Resources 
include (1) energy and utilities, and (2) mining sectors. Sixth,
Services contains (1) commerce, (2) media and publishing, (3) 
health care services, (4) tourism and leisure, (5) printing and 
publishing, (6) professional services, (7) transportation and 
logistics, and (8) warehouse and silo sectors. Last,
Technology constitutes (1) information and communication 
technology, (2) electrical products and computer, and (3) 
electronic components sectors.

However, companies in the financial industry group are
excluded from the sample as its financial information is 
prepared under different requirements of either the Bank of 
Thailand or the Department of Insurance. Furthermore, the 
sample with incomplete data of two-year-ahead earnings 
forecast to calculate the costs of equity capital is excluded.
Those restrictions result in the final sample of 387 firm-year 
observations in six industry groups. All firms in Consumer 
Product industry have unavailable data, and thus excluding 
from the sample. Financial data is retrieved from the SET 
Market Analysis and Reporting Tool (SETSMART).

B. Variable Measurement

1) Equity Capital Cost: While several studies apply 
realized returns to measure the cost of equity (e.g. CAPM 
model), this research uses Price-Earnings-Growth (PEG)
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method by Easton instead. The former assumes that the 
unexpected return has a mean of zero; therefore, the realized 
returns are a noisy proxy of the costs of equity capital [16].
On the other hands, the latter uses price and analysts’ earnings 
forecasts to calculate the internal rate of return to estimate the 
equity capital cost. This implied cost of equity is more 
applicable to this research since they should be reflected by 
market expectation, rather than realization. The rate of return 
of the Easton method (rPEG) is calculated as follow:

rPEG = feps2-feps1)/P0

where rPEG is the implied costs of equity capital of firm i in 
year t, feps2 is the two-year-ahead consensus forecast of 
annual earnings per share of firm i in year t, feps1 is the one-
year-ahead consensus forecast of annual earnings per share of 
firm i in year t, and p0 is the closing price of firm i at year 0.
A consensus forecast earnings is normally an average or 
median earnings of all the forecasts from individual analysts 
tracking a particular stock.

2) Firm Size: Size of firm reflects business risk and 
efficiency of equity, technology, and management; therefore, 
firm size directly determines the rate of returns in the 
companies [17]. Firm size (SIZE) is measured by a natural 
logarithm of market value of equity at the end of a fiscal year 
as follows:

SIZE = Ln (Market Value of Equity)

3) Financial Leverage: The firms’ costs of equity are 
an increasing function of the amounts of debts in the capital 
structure [3]. The capital structure with debts reflects the 
existence of covenant restrictions on future investments and 
common risks about cash liquidity. Financial leverage (LEV) 
is a ratio of long-term debts to total assets at the end of a fiscal 
year as follows:

LEV = Long-term Debt/Total Assets

4) Book-to-Market: Book-to-market ratio explains the 
book value of equity relative to the expectations of the 
markets. Stock price with lower ratio suggests that the 
company’s stock is overvalued or overpriced to future invest. 
Book-to-market value of equity (BTM) is a ratio of book 
value to market value of equity at the end of a fiscal year as 
follows:

BTM = Book Value of Equity / Market Value of Equity

IV. RESULTS

Table I below presents the average cost of equity capital 
across six industry groups, i.e. Agro and Food Industry, 
Industrials, Property and Construction, Resources, Services,
and Technology, during the study period. Among these 
industries, their cost of capital or the implied rate of returns is 
rather uniform and ranges between 0.1224-0.1658. Groups of 
Industrial and Agro and Food Industry have highest cost of 
equity capital, while groups of Resource and Service have 
lowest equity cost. However, there is a large variation in the 
equity capital costs of the Industrials during the study years

because of the fluctuation of forecast earnings used for 
calculation of the capital cost.

TABLE I
AVERAGE COST OF EQUITY CAPITAL ACROSS INDUSTRIES

Industry a N b Mean Std.Dev.

Agro and Food Industry 40 0.1636 0.0825
Industrials 43 0.1658 0.1310
Property and Construction 110 0.1445 0.0833
Resources 31 0.1289 0.0728
Services 102 0.1224 0.0964
Technology 61 0.1404 0.0964

Note:
a Two industry groups excluded from this research are (1) 
Consumer Products as all companies of this group have 
incomplete data to calculate costs of equity capital, and (2) 
financials as their financial information is prepared under 
different requirements and accounting rules.
b N represents the number of firm-year observations during the 
years 2005-2011.

Table II below reports the ANOVA to test the mean 
difference of the equity capital cost between six industry 
groups (H1). The F-test shows the statistical significance of p-
value at the 0.1 level; therefore, rejection of the null 
hypothesis states that those means across industries are all 
equal. However, the significant level is quite low, the multiple 
comparison test is performed in the next table.

TABLE II
ANOVA OF THE H1 TEST: MEAN DIFFERENCE BETWEEN INDUSTRY GROUPS

(N=387)

Source Partial 
SS

df MS F P-value

Model 0.0881 5 0.0176 1.98 0.0814*
Industry 
Groups

      
0.0881

      
5

  
0.0176 1.98 0.0814*

Residual 3.3979 381 0.0089
Total 3.4860 386 0.0090

Note:
*, **, and *** represent the statistical significance at the 0.1, 
0.05, and 0.01 level, respectively.

Table III below reports the Bonferroni test for multiple 
comparisons by each industry group. In this Table, the upper 
line values are the different mean in each pair of the industry 
and the lower line values in a bracket show the statistical 
significance of that mean difference. The results reveal that 
the mean differences of all pairs are insignificant; therefore, 
the costs of equity capital among six industry group are 
identical, not supporting the H1.
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TABLE III
BONFERRONI TEST: MULTIPLE COMPARISONS AMONG INDUSTRY GROUPS

(N=387)

Dif. Mean a

(Bonferroni 
Sig.)

Agro 
and 

Food 
Industry

Industrials Property 
and 

Construction

Resources Services

Industrials 0.0022
(1.000)

Property and 
Construction

-0.0191
(1.000)

-0.0213
(1.000)

Resources -0.0347
(1.000)

-0.0369
(1.000)

-0.0156
(1.000)

Services -0.0412
(0.298)

-0.0434
(0.178)

-0.0221
(1.000)

-0.0065
(1.000)

Technology -0.0232
(1.000)

-0.0254
(1.000)

-0.0041
(1.000)

0.0115
(1.000)

0.0180
(1.000)

Note:
a Different mean is equal to row mean minus column mean
*, **, and *** represent the statistical significance at the 0.1, 0.05, 
and 0.01 level, respectively.

In Table IV as below shown, the results of linear regression 
that the cost of equity capital is regressed on financial ratios 
(i.e. SIZE, LEV, and BTM) are reported (H2-H4). The p-value 
of the regression model is corrected for heteroscadasticity 
consistent. The coefficient on SIZE is statistically significant 
at the 0.05 level with the negative direction, supporting the H2. 
Therefore, the larger the firm size the lower the firm’s the 
equity costs. The coefficient on LEV and BTM is positive and 
statistically significant at the 0.01 level, supporting the H3 and 
H4, respectively. Thus, the firm with higher leverage and/or 
book-to-market ratios has higher equity capital costs. The 
regression model is also included the industry fixed effect (i.e. 
I1-I5) to control for industrial environment. The adjusted R2 is 
0.2684, which means that the explanatory variables are able to 
explain the dependent variables by 26.84%.

TABLE IV
LINEAR REGRESSION OF THE H2-H4 TESTS: FINANCIAL RATIOS AFFECTING 

THE EQUITY CAPITAL COST (N=387)

Variables a Coe. Robust 
Std. Err.

t P-value b

Constant 0.3243 0.0976 3.32 0.001***
SIZE -0.0101 0.0039 -2.56 0.011**
LEV 0.1439 0.0333 4.32 <.000***
BTM 0.0537 0.0149 3.61 <.000***
I1 -0.0029 0.0192 -0.15 0.879
I2 -0.0278 0.0142 -1.95 0.051*
I3 -0.0237 0.0173 -1.37 0.172
I4 -0.0319 0.0137 -2.33 0.020**
I5 -0.0069 0.0148 -0.46 0.643

Adj.R2

F-value
0.2684
<.0000***

Note:
a Interested variables are firm size (SIZE), financial leverage (LEV), 
and book-to-market ratio (BTM). The industry fixed effect is treated 
as the control variables that I1 is a dummy variable coded one if a 
firm is in Industrials, and zero otherwise, I2 is a dummy variable 
coded one if a firm is in Property and Construction, and zero 
otherwise, I3 is a dummy variable coded one if a firm is in 
Resource, and zero otherwise, I4 is a dummy variable coded one if a 
firm is in Service, and zero otherwise, and I5 is a dummy variable 
coded one if a firm is in Technology, and zero otherwise.
b P-value under heteroskedasticity robust standard errors.
*, **, and *** represent the statistical significance at the 0.1, 0.05, 
and 0.01 level, respectively.

V. CONCLUSIONS AND DISCUSSIONS

The purposes of this paper are to study the difference in 
equity capital costs in six industries, and how firm 
characteristics relate to the equity capital costs of Thai listed 
companies. The equity capital costs are measured by using the 
implied rate of returns of a company derived from forecast 
earnings by consensus analysts. Firm factors consist of 
leverage, firm size, and book-to-market ratios. The empirical 
evidences show that there is no difference of the equity 
capitals across the industry groups, suggesting that investor 
requires the same rate of returns to all firms in Thai capital 
market. Among six industry groups, Agro and Food Industry 
and Industrials have highest equity capital costs while those 
costs of Resource and Service are lowest. This indicates that 
the industry group’s equity capital cost levels are consistent 
with the 2007 Fact Book Report by the SET, in that security 
turnovers of both Agro and Food Industry and Industrials are 
low (1.69 and 6.02, respectively), implying higher equity 
capital costs. While the turnovers of  both Resource and 
Service are high (29.96 and 10.00, respectively), suggesting 
lower equity capital costs [18].

Furthermore, the equity capital cost of Thai listed firms
decrease with their larger size, suggesting that larger sized 
companies are less likely to face information asymmetry 
problems, hence lowering risk and costs, consistent with the 
previous research [5]. However, the equity capital cost will be 
increased for the firms with high leverage and book-to-market 
ratios. Financing of the firms by long-term debts results in 
covenant restriction on future investment; therefore, the market 
charges higher rate of returns for those firms. For the firm that 
their stock price is undervalued, investors can expect more
growth opportunity for that firms so they will require a higher 
rate of return in exchange. Overall, the research results explain
the principal-agency problems that asymmetric information in 
forms of size, capital structure, and market performance affects
the firm capital costs.

This study contributes to literatures in that the return rates 
of each industry in the emerging capital market are the same 
but vary depending on firm characteristics. Therefore, the 
research results contrast to those findings in the developed 
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economy that the industry types affect the way of the equity 
capital costs [3]. The study also practically contributes to 
corporate stakeholders including regulators of Thai capital 
market to promote the investment in the SET. The research’s 
findings is a source of knowledge for investors and creditors in 
making a decision on investing and lending, in that size, 
financial leverage, and book-to-market can shape the rate of 
returns for the firm.

Nevertheless, this paper is subject to several limitations.
First, the requirement of the PEG measure results in the 
number of deleted firms so this paper suggests the 
interpretation of the results with cautions. Second, the possible 
reasons of insignificant H1 testing are that industry 
classification by the SET may not clear to divide firms into
similar industry environments. Instead of industries, sectors 
are more likely to show different result as the scope of 
business attributes is narrow. However, investigation of the 
costs of capital across the sectors can limit the number of firms 
in each sector so the less sample affects the power of test. 
Industry type measure alone has poor predictive power of the
variation in the equity capital costs, therefore, factors involved 
with industry-specific effects, e.g. competitive advantage, 
market share, and/or stock volatility, are more likely to relate 
the capital cost. Third, this study considers only the aspects of 
information asymmetry of agency conflicts and litigation risk 
that affect the firm capital costs. The signalling hypothesis can 
explain the capital cost effect, for example firm fundamentals 
involved with institutional environment of firms, e.g. 
ownership structure, more likely shape their equity costs as the 
governance mechanism, leaving the room for future research.
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Abstract— National Education Act 1999 Section 22 stated that all 
students should be capable of learning and self-development. 
Meanwhile section 23 – 24 said the education should encourage 
their relationship with society, community, national and global 
communities. Meanwhile teachers had to set up the atmosphere 
and learning environment and activities in line with the interests 
and the aptitudes of the students. It should provoke the system 
thinking skill and dare to face with the situations.  

During the traditional teaching of the BUS-109 Principles of 
Management in the second semester in 2014, found that students 
lack motivation in learning, always absent from the class and 
lack of cooperative learning. They act as individual learning and 
sometimes they did not hand in their homework. They said 
subject was very boring because of a lot of theories which they 
cannot imagine. They cannot recall when they learn individually.   
As the result, the new way of teaching method that would solve 
for these problems is required. From many research papers, 
found that cooperative learning method by using jigsaw 
technique is a very interesting method that could be applied to 
solve problems. Therefore, the jigsaw technique would be used in 
this experimental research.  The population and samples were 
Thai-Nichi Institute of Technology (TNI)’ students who enrolled 
BUS-109 Principles of Management in the second semester in 
2015, two sections for 35 each in control group and experimental 
group, amounted to 70 students.  Research tools are pre-test, 
post-test and lesson plan. Analytical statistics are frequency, 
mean (x̅), standard deviation (σ) and 60%-standard score pass. 

In the study, the cooperative learning method by using jigsaw 
technique have shown the better improvement than the 
traditional lecture teaching method. Among experimental group 
and control group, shown as the improvement at the significant 
level of .05 between both groups.  The cooperative learning by 
using jigsaw technique method showed higher learners’ learning 
achievement, which is emphasized on more student-centered 
learning. In addition, jigsaw technique have encouraged 
students’ cooperation and motivation.  They could share their 
ideas, information, while debating the situations.  Meanwhile, 
they can learn from the internet and available resources which 
draw more attentive than traditional lecture teaching method. 
 
Keywords— Learning Achievement, Traditional Lecture 
Teaching Method, Cooperative Learning Method, Jigsaw 
Technique 
 

I. INTRODUCTION 
At present, the pace of the technology change has enhanced 

the effective communications between senders and receivers. 
Even the education, technology especially in both hardware 
and software has been used as the media in teaching and 
learning. National Education Act 1999 section 22 stated that 
all educators can learn what they need in order to help for 
their self-development. So, student-centered is emphasized. 
Meanwhile, section 24 aimed at the learning process and 
recognized the individuals’ difference. In addition, it is 
expected that learners could apply their knowledge in solving 
problems and learn from that direct experiences. Except that 
the environment rearrangement, additional educational media 
and facilities to help learners are become essentials.  

In the past, the principles of management subject used 
traditional lecture teaching method during the second semester 
in 2014 as normal. At that time, 21.43% of students who 
enrolled in the course, their learning achievement were under 
the 60%-criteria pass or below “C”.  Meanwhile, various 
theories are the majority of this subjects, which causing 
students bored and hard to understand in the context. In 
addition, most of the students may not understand what they 
learn in the context of the subject.  

From the last students’ teaching evaluations, some said that 
they lacked incentive and motivation in learning for this 
subject. They did not want to attend. As the result, they 
always absent from the class and thought that they can read 
book by their own. As mentioned, the new way of teaching 
that needs for more cooperation in learning, sharing ideas and 
experience among students within a short period of time is 
required. One of the most effective method is the cooperative 
learning by using jigsaw technique to research for this study. 
The activities in the jigsaw technique will promote student-
centered in cooperative way. They can work together in group 
and sub-group in order to reach to the goal setting while 
sharing their ideas, knowledge and experiences among peers. 
[8] In addition, this technique also promotes social learning 
and analytical thinking because they have to work 
interactively instead of individual. They are free in sharing 
their knowledge or ideas about what they have learnt from 

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

488



others. Meanwhile, the jigsaw technique can motivate students 
while increasing their enthusiasm to work with others. This is 
for the active but not the passive learners.  

II. LITERATURE REVIEW 
A. Learning achievement 

Learning achievement is the use of knowledge or skills 
acquisition that are measured by the subject matter, usually 
measured by test scores. The teacher examine the score after 
testing in the class, which is an indicator for gaining 
knowledge. Meanwhile, the learning achievement can be 
measured by capabilities or competency of students after 
learning in the subject matter. It is the student success level in 
learning. Their knowledge can be expressed from the indicator 
of scores obtained from the results of tests on a tested subject. 
[6] In conclusion, learners’ learning achievement can be 
measured by capabilities or competences of the learner in 
learning the subject matter which are shown by score. So, the 
level of student success in learning the subject matter that are 
expressed in the form of scores can be the indicator to 
measure that they are success for failure after they learn the 
subject matter in the classroom. [19] 

 
B. Traditional teaching method 

The traditional teaching is the teaching process that teacher 
is the center of learning and takes the flexible in teaching. 
Teachers supervise the whole teaching activity and direct their 
students to the learning objectives of the subject. Teacher will 
provide all contents, explains and lectures in the class, aiming 
at the bulk of learners. Teacher cannot take care of every 
students in class who has different background or basis and 
departed from real life. Normally, this is the one-way 
communication from teacher direct to students. However, this 
method ignores the initiative and potential of the students. 
Therefore, students are in a passive position. The traditional 
teaching methods have always focused on the lecture-based 
methods in which the students are passive recipients of 
knowledge. [1], [8], [9]      

In conclusion, the traditional teaching is the way that 
teacher direct their students to the point obtained from teacher. 
Teacher is the center of learning. Students are passive learner 
because they just listen to or act as teachers direct to their 
subject matter. Teachers may ignore or do not react to the 
different students’ background or basis. 

 
C. Cooperative learning method 

Cooperative learning is a well-documented pedagogical 
practice that promotes academic achievement and 
socialization, yet many teachers struggle with implementing it 
in their classes. [7] Cooperative learning creates an interactive 
classroom for all students. This interactivity may alleviate the 
challenges faced by lecturers and may assist in achieving 
other organizational objectives. [1] The success of cooperative 
groups depends on positive independence and supportive 
interaction. It is important that the learning environment be 
designed in a learner-centred style to ensure that all students 
have an opportunity to contribute to their team. [8] 

This mean that students will depend on each other 
interactively in social context, idea and information sharing. 
The cooperative learning can create social learning, 
achievement in learning outcomes both individually and group. 
As the result, the cooperative learning can lead to learner’s 
learning achievement.     

In conclusion, Cooperative learning is the social learning 
context obtained from working together in group. Students 
will share what they have learnt from resources individually 
and help each other to achieve the overall learning outcomes. 
The learning support a student-centred style to ensure that all 
students have an opportunity to share or exchange what they 
learn among their peers. 

 
D. Jigsaw technique teaching method 

Jigsaw is a cooperative learning technique that students can 
share their knowledge or whatever they find out and work in 
group. This technique supports students to reduce their 
misunderstanding in learning context. Students are motivated 
and enthusiastic about their jobs. They will get the benefits 
from knowledge sharing both in and out of the classroom. [3] 
The characteristics of the Jigsaw technique is the high level of 
interdependence that is generated when the larger classroom is 
divided into smaller subgroups. Each subgroup (called the 
expert group) focuses on the sub-topic of the overall 
assignment. Each member in the group will become the expert 
for their assigned sub-topic. Next, new subgroups are formed 
which comprising of an expert from each expert group. The 
expert would explain what they have learnt or knew in their 
assigned topic from their expert groups to compose for overall 
picture of the assignment. The students are interdependent 
because the assignment cannot be completed without 
contributions from each student. [2], [14], [15] As for the 
qualitative findings in the study, students often used the 
expressions that Jigsaw technique enhanced the achievement 
and self-confidence, developed cooperation and interaction, 
activated students and arouse the idea of searching. [10] Face-
to-face interaction, individual accountability, cooperative 
social skills, positive interaction and group processing are the 
basic elements of this application. [8] 

In conclusion, this teaching method is the pedagogy based 
on jigsaw. Individuals search for knowledge and share among 
peers in their group. Individuals are responsible for sub-topic 
of the overall topic assigned by the team or home group, 
which they will be the expert. They go outside the home group 
to acquire knowledge by discussing and sharing information 
with others in subgroup or expert group. Finally, they come 
back to their home group and tell or share or discuss what they 
get from the expert group to peers. This technique, students 
can effectively understand the learning context because they 
are motivated and enthusiastic about their jobs. 

 
After the related literatures review, the conceptual 

framework is defined as follows. 
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Fig. 1 Conceptual framework for the study 

III. METHODOLOGICAL DESIGN 
The participants in this study came from two sections of 

students (n = 70) who were enrolled in BUS-109 course 
entitled Principles of Management, offered at Thai-Nichi 
Institute of Technology during the first semester in 2015. 
Overall participants were pursuing undergraduate level 
education programs in content areas of Japanese Human 
Resources Management major. Thirty-five participants in the 
first section were in the experimental group and another 
thirty-five participants in the second section were in the 
control group. Two periods of time, totally 6 hours, are spent 
for this study.  Pre-test was used to test for both experimental 
and control group to study their previous knowledge before 
study. As for the experimental group in the first period of 
learning (3 hours), teacher will divide larger class room (n = 
35) into smaller 7 groups (called the home group). Each group 
will contain 5 members randomize by using lottery method 
and later selecting the group head. Then, teacher will assign 
overall assignment and source of information to the group to 
focus on. Each group head will again assign each subtopic of 
the overall assignment to each member in their home group. 
In this study, there are 5 subtopics, which are (1) The 
Customer Perspective, (2) The Business Process Perspective, 
(3) The Financial Perspective, (4) The Learning & Growth 
Perspective and (5) Vision & Strategy in the strategic 
planning and management assignment. Fig. 2 shows the 
assigned subtopic to each member in the home group no. 1 
(called experts).  Next, new subgroups are formed which 
comprising of an expert from each home group that studies the 
same subtopic. Fig. 3 shows the Financial Perspective experts, 
apart from each home groups. The experts in each subtopic 
will discuss in what they learn from various sources of 
information or research about what they have responsible for 
their subtopic. In this stage, they discuss, share, and comment 
each other and summarize in what they learn in their expert 
group as cooperative learning. In the second period of learning 
(2.30 hours), each expert from each expert subgroup will go 
back to their home group and share, teach or explain what 
they have learnt for each subtopic. Fig. 4 shows how the 
assigned experts share or explain what they have learnt from 
the expert subgroup. Then, post-test are used to test for 
learner’s learning achievement at the last 30 minutes of the 
study. At the end of the study, teacher will accumulate the 
individual point for each home group. Therefore, the home 
group that has the highest point will get the reward for 
incentive. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Example of the group head that assigns subtopic to each member 
(expert) in the home group. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Example of Financial perspective experts apart from their home groups 
to create an expert subgroup. 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 4 Example of assigned experts share or explain what they have learnt 
from the expert subgroup 
 

As for the control group, teacher will direct their students to 
the learning objectives of the subject in two periods of time, 
totally 6 hours. Teacher will provide the content while 
learners follow to the given lesson plan.  Teacher is the center 
of learning while students are the followers. Finally, the post-
test are used to test for learner’s learning achievement at the 
last 30 minutes of the study. 

 
IV. ANALYSIS AND DISCUSSION 

In this section, the results acquired as a result of the 
research have been analysed in the directions of the aim of the 
study. Table 1 presents the independent groups t-test results of 
pre-test mean scores of experimental and control groups. 
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As seen in table I, there is no statistically significant 
difference was found in pre-test (t = .308, p > .05). The t-test 
results for average pre-test scores in table 1 showed similar 
features in terms of their average pre-test scores before 
experiment. This shows that there are no different in 
achievement both in experimental group and control group 
before experiment. Explicitly, there is no different in 
knowledge or learning background for both experimental 
group and control group in both section before the treatment. 
The average pre-test score (x̅) of the traditional teaching 
method group is better but there is no significance to the 
average pre-test score (x̅) of the Jigsaw technique teaching 
method group (x̅T = 4.37, σT = 1.85; x̅J = 4.26, σJ = 1.22).    

  
TABLE I 

T -TEST RESULTS FOR PRE-TEST AND SCORES TOWARDS LEARNING BEFORE 
EXPERIMENT.  

 
 x̅ σ t p 
Traditional teaching (T) 4.37 1.85 .308 .760 
Jigsaw technique teaching (J) 4.26 1.22   

 (n = 35 for each experimental group and control group) 
 
After the experiment, there is a statistically significant 

difference at the level of .05, which was found in post-test of 
the experimental group, which used jigsaw technique teaching 
method (t = 17.060, p < .05). As shown in Table II, indicated 
that the learner’s achievement is increased. Average mean 
score in post-test is higher. They all achieve higher over the 
60%-standard score pass, compared with the pre-test average 
mean score, which there were only 20% pass the test as shown 
in Table III. Therefore, the cooperative learning method by 
using jigsaw technique is a proper way to promote learners’ 
participation and enthusiasm as well as a useful technique to 
focus on the cooperation to accomplish learning tasks. [11] It 
revealed the effectiveness of the classroom environment that 
utilized a cooperative-learning model and showed that the 
students in the experimental group performed better and 
supported them with the most benefit. [8] In addition to the 
post-test, using jigsaw technique will enhance students to pass 
over 60%-standard score pass to the score pass at 70%. 
Meanwhile, there are 25.71% of students do not pass the exam 
or standard score when using traditional teaching method, 
compared with students in the experimental group who all 
pass 100%. In the interview, students said jigsaw technique 
can encourage their cooperation, enthusiasm and motivation 
during they work in the group’s activities. They could share 
their ideas, information, while debating the situations. They 
are enjoyable, react to the group and present what they learn 
from their subgroup or expert group.  

 
TABLE II 

T -TEST RESULTS FOR PRE-TEST AND POST-TEST SCORES TOWARDS 
COOPERATIVE LEARNING METHOD BY USING JIGSAW TECHNIQUE. 

 
 x̅ σ t p 
Pre-test  4.26 1.22 17.060 .000* 
Post-test 8.63 0.88   

(n = 35) (* < .05) 
 

TABLE III 
THE NUMBER OF THE STUDENTS WHO PASS EACH STANDARD FROM THE PRE-

TEST AND POST-TEST SCORES PASS TOWARDS EACH LEARNING METHOD. 
 

Criteria Traditional teaching 
method 

Jigsaw technique 
teaching method 

Standard 
score pass 

Pre-test 
(person) 

Post-test 
(person) 

Pre-test 
(person) 

Post-test 
(person) 

100% - 1 - 5 
90% - 3 - 16 
80% 2 5 - 10 
70% 3 11 1 4 

60%* 7 6 6 - 
50% 3 9 6 - 
40% 4 - 11 - 
30% 11 - 10 - 
20% 5 - 1 - 
Total 35 35 35 35 

(* 60% standard for the score pass) 
 

Table IV presents statistical results for pre-test and post-test 
scores. As comparison between pre-test and post-test score in 
control group, the mean score was changed from 43.7% to 
67.1%. Meanwhile the mean score between pre-test and post-
test in the experimental group was changed from 42.6% to 
86.3%.  As the result, teaching by using the jigsaw technique 
can increase learners’ learning achievement, which the 
experimental group shows mean score higher than the control 
group. In addition to treatment, minimum score has changed 
from 20% to 70%, compared with the control group which has 
changed from 20% to 50%. There is someone who cannot 
reach the 60%-standard score pass. Meanwhile, students in the 
experimental group are all pass the 60% criteria after the 
treatment. 

 
TABLE IV 

STATISTICAL RESULTS FOR PRE AND POST-TEST SCORES TOWARDS 
TRADITIONAL TEACHING AND COOPERATIVE LEARNING METHOD BY USING 

JIGSAW TECHNIQUE. 
 

Statistics Traditional teaching Jigsaw technique  
Pre-test Post-test Pre-test Post-test 

Mean (x̅) 43.70% 67.10% 42.60% 86.30% 
Standard 

deviation (σ) 1.85 1.38 1.22 0.88 

Minimum score 20% 50% 20% 70% 

Maximum score 80% 100% 70% 100% 

 
Table V presents the learner’s learning achievement 

between groups showed a statistically significant difference at 
the level of .05, which was found between the post-test scores 
of the groups in the achievement test. A comparison of post-
test scores of the groups indicated that learning method by 
using jigsaw technique enhanced and promoted students’ 
performance in learning BUS-109 principles of management. 
The average score in the experimental group is higher than the 
control group (x̅ J = 4.37 = 8.63, σJ = 0.88; x̅ T = 6.71, σ T = 
1.38). Therefore, teaching by using the jigsaw technique can 
improve students’ learning outcome and their achievement. 
Students increases their attention, more individual and group 
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responsibility, knowledge retention, intrinsic motivation, as 
well as more communication and participation in the 
classroom. They are proud of what they can show their 
knowledge in the content as the expert. They are enthusiasm 
in the class. [16] Meanwhile, traditional teaching method is 
the one-way communication from teacher direct to students. 
However, this method ignores the initiative and potential of 
the students. The teaching process emphasizes system and 
completion but few thinking space for students. Students are 
passive in the class teaching and teachers cannot take care of 
every student in class who has different basis and interests. 
Students are listeners and put the teacher as the center. [9]  
 

TABLE V 
T -TEST RESULTS FOR POST-TEST SCORES TOWARDS TRADITIONAL TEACHING 

AND COOPERATIVE LEARNING METHOD BY USING JIGSAW TECHNIQUE. 
 

 x̅ σ t p 
Traditional teaching (T) 6.71 1.38 7.638 .000* 
Jigsaw technique teaching (J) 8.63 0.88   
(n = 35 for each experimental group and control group) (* < .05) 

V. CONCLUSIONS 
This research investigated the comparison of learner’s 

learning achievement in principles of management subject 
between using traditional teaching method and cooperative 
learning method by using jigsaw technique. The findings 
suggest that jigsaw technique teaching method is the 
interdependent study, otherwise, individuals may not achieve 
overall learning objectives. Learning environment is arranged 
to face the real problems that need working in cooperation.  
Teachers are facilitators and provide resources or guide their 
students to achieve in each activities to reach overall 
objectives. Additionally, most students find that jigsaw 
technique teaching method enhance their self-confidence, 
cooperative learning, interactive learning and enthusiasm. As 
the result, this technique can improve in higher learning 
achievement. [3], [8], [10], [13] 

The cooperative learning method by using jigsaw technique 
can be applied in real situation, while motivating learners to 
learn together.  Social learning is a factor that support this 
method. They can enjoyable in their idea exchange, discussion 
or share information with peers. So, this can integrate 
operational thinking with the theory. However, there are some 
limitations because jigsaw technique spends more time during 
study than traditional teaching method. Teachers as the 
facilitators have to spend more time in assignments and taking 
care of students. Teachers have to control the activities during 
the time frame. The different students’ background have to be 
concerned, especially the intellectual level. This can take more 
time in elaboration during teaching. [13]  

Hence, this study is mainly focused on social and 
behavioral sciences education. As for other science educations, 
additional activities may be required or adjusted to suit for the 
subject. 
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Abstract - Cluster growth can be driven by established firms or 
startups. However, the pattern of the cluster growth in each case 
is different. This paper compares the pattern of clusters in a 
short run and long run between clusters that are driven by 
startups and clusters driven by established firms. The findings 
show that the number of startups in startup-driven clusters is 
lower than in the established-firm-driven clusters in a short run. 
However, in a long run, startup-driven clusters have more 
startups than the established-firm-driven clusters because 
innovative people in established-firm-driven clusters face a 
failure experience and are demotivated. 
 
Keywords – Startups; Industrial cluster; Cluster growth; System 
dynamics; Simulation 

I. INTRODUCTION 
The development of the successful strategy depends on 

internal factors of the firm such as firm’s knowledge and 
technology and external factors such as industrial trend. 
Because of that, Porter suggested cluster as a method of 
creating competitive advantage [1]. An industrial cluster is a 
business environment that allows firms to utilize their internal 
resources and results in firms’ productivity improvement, cost 
saving, innovation creation, new business formation, and 
competitive resources securing. In addition to the firm’s 
benefits, clusters also provides incentive to the country’s 
economy through transforming employees to entrepreneurs, 
improving employees’ income, and stimulating an economic 
growth [2, 3]. Therefore, cluster development is encouraged in 
many countries such as the US, Sweden, Germany, Scotland, 
Mexico, Costa Rica, and Thailand [1, 4-7]. 

A cluster can be developed through successful startup firms 
such as IT startups in Silicon Valley or through the investment 
of large established firms such as in automotive industry or a 
combination of both. However, the cluster development 
pattern in each case is different. Without understanding the 
cluster development pattern in each situation, related parties 
such as government or cluster promotion agency may come up 
with a wrong policy to stimulate cluster development. Firms 
in a cluster or firms that want to encourage cluster formation 
may also be unclear of what they should do to foster cluster 
growth. Therefore, this paper examines the cluster 
development pattern in the case of startup-driven cluster, 
established-firm-driven cluster, and the combination of both. 

The results from the study show that established-firm-
driven clusters have more startups than startup-driven cluster 
in a short run, which is contradicted to the general belief. 
However, in a long run, clusters which are driven by startups 
have more startups than established-firm-driven clusters due 

to a demotivation effect from a failure experience that 
innovative people face. 

II. THE PATTERN OF CLUSTER FORMATION 
Cluster formation is agglomeration economies of the firms 

with homogeneous need through an increasing return process. 
The cluster starts from the entrepreneurial activities. When the 
cluster starts to form, the formation process will reinforce 
itself and the clusters will be locked-in [8]. Therefore, 
Feldman and Francis disaggregate cluster formation process 
into three stages [9]. The first stage is when there is no 
entrepreneurial activity and there are some external factors 
that trigger the entrepreneurial action. The second stage is an 
increase of entrepreneurial activities which is a snowball from 
the initial trigger. In this second stage, firms in a cluster start 
to alter an environment to support a cluster growth. The last 
stage is when the cluster is formed and gains its reputation. 

An external trigger that starts the cluster formation can be 
location-based factors or the government policy. In high-tech 
industries, the location of the cluster is based on the location 
of skilled labor with specific knowledge and expertise such as 
the Silicon Valley or a biotech clusters in Boston which is 
located near the universities [9-11]. Cluster can be developed 
through strategic resources such as automotive industry in 
Thailand which is developed from a need to find 
manufacturing hub with low cost [12]. Another source of 
trigger is the government policy through industrial parks or 
free-trade zones such as the electronics cluster in South Korea 
and Finland [13, 14]. 

Based on the literature review, many factors and patterns 
are identified. However, the existing research does not clearly 
categorize the pattern whether the cluster is trigger by a 
success of startup firms or an establishment of large firms. 
This is a knowledge gap that this paper will contribute. 

III. SYSTEM DYNAMICS 
The cluster development pattern is studied using system 

dynamics approach. System dynamics approach is the 
mathematical simulation method which is developed from the 
feedback control system approach. The system dynamics 
model is applicable to analyze the complex situations when 
there are many factors involved [15]. 

The system dynamics approach has been used extensively 
in business and management research which studies the 
dynamic pattern of the situation. The example uses of system 
dynamics in business research is the study on an industrial 
growth [16, 17] and the strategic management [18-20]. 
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IV. MODEL 

The model is developed from the growth of startups and its 
effect on the established firms. The successful startups can 
become established firms or they can be acquired by 
established firms to improve their profit. The profit from 
established firms can be used as funding for new startups to 
become a new successful startup as shown in !"#$%&'(. 

 

 
Figure 1  Model showing a funding of startups 

 
The success story of the startup firms will create a good 

attitude toward startups. As a result, more people wants to 
start a startup, established firms want to support startups by 
providing seeding funds, and angel investors also happy to 
provide money to develop startups as shown in !"#$%&'). 

 

 
Figure 2  Model showing startup trends 

 
However, not all startups are successful. A few success 

stories of startups such as Facebook can motivate people to 

pursue their business dream, leading to high volume of failed 
startups. Experience of failure can demotivate many 
innovative people to stop trying again. The startup failure also 
slows down the startup trends which will limit the startups 
funding. The explained relationship is shown in !"#$%&' * 
and this is the complete model. 

 

 
Figure 3  Model showing unsuccessful startup stories 

 

V. SIMULATION RESULTS AND DISCUSSION 
We develop three scenarios to analyze the situations which 

a cluster is driven by startups, by established firms, or a 
combination of both scenarios. The “startups” scenario is 
when the cluster is initiated with many startups but a few 
established firms. The “established” scenario is when the 
cluster is driven by established firms with a few startups. In 
the model, we set “startups” scenario as having 20 startup 
firms and 5 established firms at the starting point. “established” 
scenario is initiated with 5 startups and 20 established firms. 
Lastly, “combination” scenario is when having 10 startups and 
10 established firms at the start. 

The number of startups firms in each scenario shows an 
interesting graph. In “startups” scenario, the number of 
startups drops and then pick up later while startups in 
“established” scenario increases first and then drops later, as 
shown in !"#$%&' +. However, the difference in number of 
startups does not affect the number of established firms. The 
number of established firms is increase in all scenarios and 
inline with each other as shown in !"#$%&',. Therefore, the 
interesting pattern of number of startups does not depend on 
the number of successful firms, but it depends on the number 
of new startups. 
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Figure 4 Number of startups in each scenario 

 

 
Figure 5 Number of established firms in each scenario 

 
The number of new startups shows a mountain-like pattern. 

The case of “established” has a highest new startups during an 
early period. However, “startups” scenario has more startups 
during a late period, as shown in !"#$%&'-. 

 

 
Figure 6 Number of new startups in each scenario 

 
 The number of startups depends on funding to 

support startup and innovative people. The funding for 
startups depends on the number of established firms and profit 

of established firms. Therefore, as shown in !"#$%&' ., the 
pattern of funding is inline with the number of established 
firms that it is the highest in “established” scenario and the 
lowest in “startups” scenario. However, the number of 
innovative people in “established” scenario is the lowest in a 
long run as shown in !"#$%&'/. 
 

 
Figure 7 Funds for startups in each scenario 

 

 
Figure 8 The number of innovative people in each scenario 

 
A drop in number of innovative people comes from a 

demotivation effect from unsuccessful startups. The number 
of startups in “established” scenario is higher than that in 
“startups” scenario during a short-to-medium term. Therefore, 
there are more failed startups in “established” scenario which 
leads to a sharper reduction in the number of innovative 
people. 

The findings are inline with the literature by Porter and 
other scholars that many clusters are developed from the 
establishment of established firms [1, 9, 12]. However, this 
paper shows that startup firms, which is the key dynamic of 
cluster formation, show different pattern. In a long run, 
startup-driven clusters have more startup firms than clusters 
initiated by established firms. 

In summary, the assumption that startup-driven clusters 
have more startups than clusters with more established firms 
in a short run is rejected. On the other hand, the results show 

Startup firms
40

30

20

10

0

3
3 3 3 3 3 3 3 3 3 3 3 3 3 3

2

2

2
2 2 2 2

2
2

2 2 2 2 2 2
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10
Time (Year)

fir
m

Startup firms : combination 1 1 1 1 1 1 1 1 1
Startup firms : established 2 2 2 2 2 2 2 2 2
Startup firms : startups 3 3 3 3 3 3 3 3 3 3

Established firms
40

30

20

10

0
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10
Time (Year)

fir
m

Established firms : combination 1 1 1 1 1 1 1 1
Established firms : established 2 2 2 2 2 2 2 2
Established firms : startups 3 3 3 3 3 3 3 3 3

New startup firms
20

15

10

5

0

3 3 3 3 3 3 3 3 3 3 3 3 3
3 3

2 2 2
2

2
2

2
2

2
2

2 2 2 2 2

1 1 1 1 1 1 1 1 1
1

1
1

1 1 1

0 1 2 3 4 5 6 7 8 9 10
Time (Year)

fir
m

/Y
ea

r

New startup firms : combination 1 1 1 1 1 1 1 1
New startup firms : established 2 2 2 2 2 2 2 2
New startup firms : startups 3 3 3 3 3 3 3 3 3

Fund for startups
200 M

150 M

100 M

50 M

0
3 3 3 3 3 3 3 3 3 3 3 3 3 3

2 2 2 2 2 2 2 2 2 2 2 2 2 2

1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10
Time (Year)

B
ah

t/Y
ea

r

Fund for startups : combination 1 1 1 1 1 1 1 1
Fund for startups : established 2 2 2 2 2 2 2 2
Fund for startups : startups 3 3 3 3 3 3 3 3 3

Innovative labor
20

15

10

5

0

3
3

3 3 3 3 3 3 3 3 3 3 3
3 3

2
2

2
2

2
2

2
2

2
2

2 2 2 2 2

1 1
1 1

1
1

1
1

1
1

1
1

1 1 1

0 1 2 3 4 5 6 7 8 9 10
Time (Year)

pe
rs

on

Innovative labor : combination 1 1 1 1 1 1 1 1 1
Innovative labor : established 2 2 2 2 2 2 2 2
Innovative labor : startups 3 3 3 3 3 3 3 3 3

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

495



 
an opposite finding that clusters with more established firms 
have more startups in a short run due to higher supporting 
fund. However, a long run results are also contradicted with a 
short run results. Due to a high failure rate of startups in 
“established” scenario, many innovative people are 
demotivated which leads to lower startups in a long run. 

VI. CONCLUSION AND IMPLICATION 
 This paper compares the pattern of cluster 

development in a short run and long run between clusters that 
are driven by startups and clusters that are driven by 
established firms. The results show that clusters which are 
driven by established firms have more startups than startup-
driven clusters which is contradicted to an initial assumption. 
However, the pattern in a long run is opposite with a short run 
pattern. In a long run, startup-driven clusters have more 
startups than established-firm-driven clusters because 
innovative people in established-firm-driven clusters are 
demotivated from a failure. 

 The results from this research provides a new insight 
to startups and cluster development research. This research 
shows that a demotivation effect from a failure is critical to 
the growth and development of startups. However, this point 
has not been raised as an important issue in startups literature 
before. This is a key theoretical contribution of this paper 
which can be further researched later. 

 The results also provide a practical implication to the 
agencies who are responsible to the cluster development. The 
policy supporting startups which aims to reduce the failure 
rate should to implement, in addition to the policy 
encouraging an establishment of a new startup. A policy to 
create a new startup such as providing a seeding fund is not 
enough to create a cluster growth unless the policies to 
support them along the way until startups can stand on their 
own are in place. 
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Abstract-- Brand personality is a key factor to build brand equity 
and create a strong brand. Consumers seek brands with 
congruent personalities and use brands’ personality to define 
their sense of self. However, previous researchers found that 
brand personality from difference nations are difference in terms 
of consumer perceptions. Most of previous literatures studied the 
difference of brand personality dimension by conducting the 
research using the stimuli of national brands and subjects from 
difference regions and high variation of cultures (e.g. Spanish 
brands and Japanese Brands, or American Brands and Spanish 
Brands). This study examines brand personality dimensions of 
Japanese Brands among Thai consumers with consumers. The 
stimulus brands are 10 different Japanese commercial brands. 
The research surveys are distributed to 400 experienced Japanese 
brands consumers. The findings show that descriptive results and 
how Thai consumers perceive the Japanese brands. This shows 
perceptions of brand personality are country specific. 
Implications and contribution of these findings are discussed. 

Keywords-- Brand Personality, Brand Attitude, Branding Strategy, 
National Brands, Consumer Behavior 

I. Introduction 

Marketing researchers have focused on brand personality 
since it is a marketing tool to differentiate one brand to others 
and also build brand identity. Previous researches have 
pointed out that brand personality lead consumers to aware the 
brand by creating an associate memory according to the ways 
consumer perceive the brand through its marketing activities 
[1] – [6]. National branding is referred to how consumers 
perceive a brand original country maker or founder. The 
country that the brand was first established seems to be an 
importance key for consumer to measure and remember the 
brand. Both National branding effects depend largely on 
country reputation on its culture, technology, political, people 
and so on. However, these national branding effects might be 
source of creating brand personality on a product or service. 

The study places a main research question that does 
national brand have brand personality and do consumers 
perceive national branding and place it in their mind as brand 
personality. Consumer might translate the country that the 
product or service was found and perceive those national 
culture, way of life, value of the nation or so on, and place 
them as brand personality. The connection between national 
branding and brand personality can be closed and cannot take 
them apart. Therefore, this study aims to examine how 
consumers perceive brand personalities from a particular 
country across product categories.  

The interaction of national branding and brand personality 
is an important conceptual and managerial issue. When buying 
branded products or services, consumers’ purchase intention 
may not be influenced by only brand reputations and 
perceptions, but the consumers’ purchase intention might be 
also directly influenced by national branding image of the 
products or services and this national branding image might 
also indirectly manipulate brand personality. 

Japanese brand was selected as our focal national brand 
because the amount of trade value between Thailand and 
Japan is as much as 700 billion baht or 26 billion US dollars 
approximately. The trade value between Thai and Japan has 
been growing dramatically since 1995, from 200 billion baht 
to 700 billion baht in 2015 (Bank of Thailand, 2015). The 
number of Thai tourist to Japan has also been increasing 
rapidly. In 2014, the number of Thai tourist to Japan is 12 
millions, the highest record of all time as reported by 
Immigration Bureau, Royal Thai Police. This pointed out that 
Thai consumer is interested in Japanese. Therefore, this study 
aims to investigate the Japanese brand personality that Thai 
consumers perceive through the Japanese brands. 
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II. Conceptual Background 

Brand Personality 

The attribution of human personality traits (seriousness, 
warmth, imagination, etc.) is to a brand as a way to achieve 
differentiation. Usually, it is done through long-term above-
the-line advertising and appropriate packaging and graphics. 
These traits inform brand behavior through both prepared 
communication/packaging, etc., and through the people who 
represent the brand - its employees. 
 
Importance of Brand Personality 
 

There are three very compelling reasons for a brand to 
have an identifiable personality beyond any specific 
advertising or public relations for that brand. 

First, because more and more parity products are arriving 
on the scene to duke it out with one another, the brand's 
personality may be the one and only factor that separates it 
from its competitors.  

Second, when a purchase decision involves (or perhaps 
even depends on) an emotional response, a likeable 
personality may well provide that necessary emotional link. 

Third, a consistent brand personality can help not only the 
brand, but that brand's advertising stand out and be 
recognized.  

Brand personality refers to the human characteristics 
associated with a specific brand [1]. Reference [7] indicated 
that brand personality is considered to possess symbolic values 
rather than utilitarian functions. Brand personality is a 
branding concept that explains a facet of branding dynamics 
[1], [8]. Brand personality serves as an effective consumer-
organization communication tool [9].  Kapferer, J. N. (1998) 
reported that the consumers easily perceived brands if they 
have a personality. 

Therefore, brand personality fulfills the link between 
consumers’ memory and awareness [10] - [11]. Marketers can 
then use consumers’ perceptions to make their marketing 
strategies become more focused on consumers. It also 
provides a useful research method for consumer studies. On 
the other hand, brand personality serves as an organization-
wide guide for brand meaning communication. It helps 
marketers communicate brand meaning which otherwise might 
not be easy to understand and/or share (among marketers). By 
adding robust, descriptive, and realistic explanations for core 
yet abstract brand identity, brand personality makes the brand 
meaning understandable and contemporary [12]. 

Brand identity can be built by examining the brand 
personality and developing unique brand personality. Brand 
image can also be created when consumers perceive and aware 
of brand personality. Therefore, brand personality theoretically 
and conceptually a brand-oriented strategy and become the 
most critical in post-modern branding concept. 

The brand can be viewed as a product, a personality, a set 
of values, and a position it occupies in people's minds. 

Research on brand personality has been in the main 
streams of brand and branding literatures. The stream research 
on brand personality can be subdivided into three streams. 
First stream investigated on various on brand personality 
dimensions across country and areas [13] – [16]. Second 
stream focuses on the antecedents and factors which affect 
brand personality or its fit [17] – [18] and the last stream 
examine the consequences and the effect of brand personality 
or it fits [9], [19]. This study is aimed and categorized under 
the first stream.  

Reference [1] developed a framework for measuring brand 
personality with five core dimensions of brand personality, 
each divided into a set of facets.  The five core dimensions and 
their facets are Sincerity (down-to-earth, honest, wholesome, 
cheerful), Excitement (daring, spirited, imaginative, up-to-
date), Competence (reliable, intelligent, successful), 
Sophistication (upper class, charming), and Ruggedness 
(outdoorsy, tough). This measurement scale are widely 
accepted and applied in across products and market [2], [20] – 
[21].  

 
The Brand Personality Dimensions of Jennifer Aaker is a 

framework to describe and measure the 'personality" of a 
brand in five core dimensions, each divided into a set of 
facets. 

It is an easy to understand model to describe the profile of 
a brand using an analogy with a human being.  
 
The five core dimensions and their facets are: 

• Sincerity (down-to-earth, honest, wholesome, cheerful) 
• Excitement (daring, spirited, imaginative, up-to-date) 
• Competence (reliable, intelligent, successful) 
• Sophistication (upper class, charming) 
• Ruggedness (outdoorsy, tough) 

Each facet is in turn measured by a set of traits. The trait 
measures are taken using a five-point scale (1= not at all 
descriptive, 5=extremely descriptive) rating the extent to 
which each trait describes the specific brand of interest.  
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The traits used for each of the facets are as in Figure 1 
 

 

Fig. 1 Dimensions of Brand personality and traits [1] 

Based on the Aaker’s model and the results of the observed 
investigations, this study hypothesized that there is brand 
personality of a nation brand. On the one hand, consumers 
perceive the characteristics of a nation and apply them toward 
the brand. 

III. Research Methodology 

The questionnaire was constructed based on the 
theoretical and conceptual framework of this study. The 
questionnaire was divided into three sections; first section was 
consisted of questions about personal information, second was 
consisted of questions about the brand perceptions the 
customers, and the last section was consisted of questions 
regarding to the dimension of brand personality. The brand 
personality items in the questionnaire survey were adapted 
from dimension of brand personality in [1]. The rating scale 
was applied by using 7-point Likert scale method. The 
questionnaires were in Thai and were checked by two 
marketing researchers. The samples were mostly a university 
student. Two-hundred and fifty questionnaires were collected 
and usable.  

IV. Research Results and Discussions 

The respondents demographic are as in Table 1. Ninety-
nine percent of the respondents were single and most of them 
were low income and under 30 years old. From the 
demographic point of view, they were generation Y 
consumers. 

 

 

TABLE 1 
Respondent Demographic 

Sex 

Male 79 32% 

Female 171 68% 

Status 

Single 248 99% 

Married 2 1% 

Education 

High school or less than 4 2% 

Bachelor Degree 246 98% 

Income 

less than 10,000 baht/month 181 72% 

10,000-19,999 baht/month 59 24% 

20,000-49,999 baht/month 9 4% 

50,000-69,999 baht/month 1  0.02% 

Age 

less than 21 years 92 37% 

21-30 years 155 62% 

31-40 years 3 1% 

Total 250 100% 

 

The results pointed out, the most awareness Japanese brand 
is TOYOTA, HONDA, UNIQLO, GLICO, and SHISEIDO, 
respectively. This is indicated no matter how long Japanese 
brands have been introduced in Thailand, it is not related to 
brand awareness in the mind of consumers. GLICO has been 
marketed in Thailand since 1971, but it cannot be ranked 
higher than UNIQLO which was marketed in Thailand four 
years ago (2011). For Japanese product and service category, 
the results indicated that food and dessert were the first 
product category that they aware when they think about 
Japanese brands. Comics and animation were the second 
category that they aware. The results of Japanese brand and 
product category ranks can be seen in Table 2. 
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TABLE 2 

JAPANESE BRAND and PRODUCT CATEGORY RANKS 

 

The highest score for brand personality trait is “reliable” 
(5.85) and the lowest score is “western” (4.42). There is no 
trait which has score lower than the middle score (median = 
4.00). The result of brand personality traits is as in the Table 
3.It can be concluded that the five major traits for Japanese 
brand in the mind of Thai consumers were “reliable”, 
“sincere”, “secure”, “honest”, and “technical”. Reliable is the 
highest score for brand personality facet. Daring and spirited 
are the two lowest score for brand personality facets. 

For brand personality’s dimensions, the score of 
competence dimension is highest at 5.53 and the lowest score 
is sophistication at 5.01 and ruggedness at 5.02, as be shown 
in Table 3.    

TABLE 3 
THE SUMMARY of BRAND PERSONALITY’S 

DIMENSIONS 
  
  

Mean STDEV 

Sincerity 
(x̄= 5.25) 

Down-to-earth(x̄= 5.19) 
Down-to-earth 4.90 1.365 
Family-oriented 5.42 1.234 
Small Town 5.26 1.295 
Honest (x̄= 5.64) 
Honest 5.68* 1.158 
Sincere 5.72* 1.249 
Real 5.52 1.223 
Wholesome (x̄= 4.96) 

Wholesome 5.16 1.369 
Original 4.76 1.453 
Cheerful (x̄= 5.12) 
Cheerful 4.95 1.345 
Sentimental 4.98 1.347 
Friendly 5.44 1.307 

Excitement 
(x̄= 5.16) 

Daring (x̄= 4.89) 
Darling 5.02 1.317 
Trendy 4.46 1.633 
Exciting 5.20 1.332 
Spirited (x̄= 4.89) 
Spirited 5.45 1.192 
Cool 4.71 1.447 
Young 4.50 1.451 
Imaginative (x̄= 5.50) 
Imaginative 5.59 1.284 
Unique 5.40 1.445 
Up-to-Date (x̄= 5.46) 
Up-to-Date 5.41 1.432 
Independent 5.56 1.338 
Contemporary 5.42 1.315 

Competence 
(x̄= 5.53) 

Reliable (x̄= 5.71) 
Reliable 5.85* 1.226 
Hard Working 5.59 1.315 
Secure 5.70* 1.39 
Intelligent (x̄= 5.39) 
Intelligent 5.34 1.497 
Technical 5.60* 1.335 
Corporate 5.22 1.302 
Successful (x̄= 5.49) 
Successful 5.49 1.306 
Leader 5.46 1.302 
Confident 5.51 1.312 

Sophistication 
(x̄= 5.01) 

Upper Class (x̄= 4.99) 
Upper Class 4.76 1.497 
Glamorous 5.05 1.376 
Good Looking 5.15 1.367 
Charming (x̄= 5.03) 
Charming 5.22 1.312 
Feminine 4.71 1.41 

No. Brand Product Category 

1 TOYOTA Food and Dessert 

2 HONDA Comics and Animation 

3 UNIQLO Car/Motorcycle 

4 GLICO Cosmetic 

5 SHISEIDO Clothes/bag 

6 SONY Game Console 

7 DAISO Electric Appliances 

8 MUJI Singer and Actor/Actress 

9 MITSUBISHI Camera 

10 HADA LABO Movie/TV series 
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Smooth 5.17 1.493 

Ruggedness 
(x̄= 5.02) 

Outdoorsy (x̄= 5.02) 
Outdoorsy 5.26 1.428 
Masculine 5.39 1.373 
Western 4.42 1.561 
Tough (x̄= 5.03) 
Tough 5.36 1.304 
Rugged 4.69 1.625 

 

The result pointed out that Thai consumer perceived 
Japanese brands as it was reliable and honest. This means that 
Japanese brands are revealed to be a brand that consumes 
trust. Japanese brands have been building relationship with 
Thai consumers through trustworthy dialogue; unbiased 
information, and consistent product quality. In addition, 
Japanese brands can deliver what they promise to consumers. 
Therefore, what consumers expected from a Japanese brand, 
they would receive it after they purchased. This makes 
Japanese brand is trustworthy in the mind of the consumers 
and it is how Thai consumers look at a Japanese brand.  

The results also indicated that Japanese brands had high 
level of competence in the mind of Thai consumers. These 
competence dimensions were reflected by technology and 
innovation of Japanese product quality. This also showed that 
Japanese social value and working culture (disciplined, 
hardworking, focusing, and task-oriented) have been sent 
toward the brand which found to be a Japanese brand [3]. 

Another point that the results indicated was that Japanese 
was not quite a brand which very fashionable. The low scores 
of “young” and “trendy” traits showed that Japanese brands 
were not a brand for consumers who love to go shopping 
fashionable and trendy products.  

Finally, the results can be summarized as Japanese brands 
have a particular personality in the eyes and mind of Thai 
consumers. It is competence and trustworthy. For brand 
management point of view, brand personality is that aspect of 
comprehensive brand which generates it is emotional character 
and associations in consumers’ mind. Brand personality 
develops brand equity [22], [12]. It sets the brand attitude. It is 
a key input into the look and feel of any communication or 
marketing activity by the brand. It helps in gaining thorough 
knowledge of customers feelings about the brand. Brand 
personality also creates brand identity which contributes to 
brand image associations in the consumers’ memory [7], [23] 
– [24]. It is obvious that, in this study, Japanese attributes were 

associated to the brand which originated from Japan, named in 
Japanese, manufactured by Japanese companies. Therefore, 
country of origin cannot be ignoring in order to build a strong 
brand for brand management practice. 

The only limitation of this study was that the data was 
mainly collected from university students. Therefore, for the 
future research, the expanding of demographic data collection 
is recommended, to other age range and income. 
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Abstract - Academicians differ on the construct of empowerment. 
Empowerment measured in the context of poverty reduction 
program introduced in different settings world over has 
demanded different measurement frameworks. Empowerment 
itself is one of the most disputed concepts to be handled while 
interpreting the benefits of poverty interventions. It is, therefore, 
important to state clearly how the concept will be interpreted 
and evaluated in each context. The current discussion is about 
the framework devised for the State of Kerala, one of the most 
advanced states in the largest democracy in the world, India. The 
framework becomes relevant because of the several unique 
features of the state of Kerala, which are quite distinctive from 
many other places where microfinance has been found to be 
successful. The paper discusses a conceptual framework for 
measuring the level of empowerment resulting from 
microfinance in the State of Kerala. 

Keywords— Microfinance, Empowerment, Context specific, 
Conceptual Framework 

I. INTRODUCTION

The framework discussed here is for assessing the 
empowerment levels of participants in Microfinance, which is 
regarded as the ultimate poverty reduction intervention of 
modern times. Microfinance is financing, while attempting to 
broaden the net of financial inclusion, in small amounts, the 
entrepreneurial endeavours of the poor women, thereby 
seeking to enhance the living standards through improvements 
in various closely inter connected dimensions of the lives of 
the poor like economic, organisational, social and political 
spheres. It is hoped that microfinance intervention will 
ultimately lead to higher gender equity by empowering the 
participating lot. Thus, evaluating the program is, in a way,
evaluating the level of empowerment of the participants. 
Nonetheless, since microfinance is a tool for intervening in the 
lives of the poor, especially, the women of the poor, its 
impacts are likely to be less visible than any other kinds of 
devices framed for other contexts. As everywhere across the 

world, in India also, this novel idea has been the buzz word in 
the development parlance since 1992. India has been 
acclaimed as the most successful country in this regard with 
Bangladesh closely behind as the runner up. Kerala, even 
though among the smaller states of the Country, is ranked in 
forefront of the successful states in implementing 
microfinance. Conceptual framing of the intervention has to 
be after giving due regards for the contextual characteristics of 
the place of the intervention ( [1], [2]). This tenet becomes all 
the more relevant in the case of Kerala, because the state is in 
the forefront of many factors leading to gender equity. The 
indicators marking the status of women in Kerala against the 
countries where microfinance is the most popular (Table No. 
1) testifies to that the background in Kerala is not only 
different but is superior by a far wider margin, hence the 
justification for a separate conceptual framework for analysis 
of the turnout of the program at the individual level –
generally understood as empowerment. Generally speaking, a 
framework adopted requires to: (a) clarify the constructs used 
(b) explain the conceptual linkage between various constructs 
and (c) clarify the variables and indicators used to assess the 
constructs. The paper is an attempt to design a framework 
according to the above requirements. The paper is constructed 
as follows: First, the meaning of the construct ‘empowerment’
is given, while as the second step, the conceptual linkages 
between various levels of empowerment is explained. Finally,
operationalisation of the construct is explained.

II. MEANING OF EMPOWERMENT

Authors differ on the construct of empowerment. It is
one of the most disputed concepts while dealing with the 
assessment of the benefits derived from poverty interventions. 
It is, therefore, important to state how the concept is
interpreted for the present purpose. Generally, empowerment 
is recognized as women’s control and ownership over their 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

503



  

 

lives ( [3], [4], [5]), as the ability to control one’s own destiny 
under conditions of antagonism [6], as the enhancement of    

TABLE 1 
SELECTED GENDER EQUITY INDICATORS FOR BANGLADESH, INDIA AND KERALA

Country
Adult Literacy rates Infant Mortality (2012) Life Expectancy at 

birth (2012) MMR 
(2013)

MF M F Gap MF M F MF M F

India 69.3 78.8 59.3 19.6 42 41 44.3 66.21 64.51 68 190

Bangladesh 57.7 62 53.4 8.6 33.1 35.7 30.3 70.29 69.55 71.08 170

Kerala 93.5 95.9 91.3 4.7 12 10 13 74 71.5 76.9 66

World 84.1 88.6 79.9 8.7 34.9 37 32.6 70.78 68.72 72.93 210
Notes:1 Adult Literacy Rates (15 years and above) are for the year 2011; Adult Literacy rates for Bangladesh is from: www.worldbank.org The figures for India 
and Kerala are arrived at from the C-13 Appendix - Single Year Age Returns by Residence, Sex and Literacy Status, Census 2011.
2 Infant Mortality Rate measures number of infant (< 1 year) deaths per 1000 live births. Infant Mortality Rate, Life Expectancy at Birth and MMR for 
Bangladesh are from: www.worldbank.org. Infant Mortality Rates for India and Kerala are from: Registrar General (2013), “SRS Bulletin Sample Registration 
System, Volume 48 No.2, Page 5. 
3 Life Expectancy at Birth for India and Kerala are from Economic Survey 2012-13 available at: http://indiabudget.nic.in  
4 Maternal Mortality Ratio (MMR) is the number of women who die from any cause related to or aggravated by pregnancy or its management (excluding 
accidental or incidental causes) during pregnancy and childbirth or within 42 days of termination of pregnancy, irrespective of the duration and site of the 
pregnancy, per 100,000 live births  (Central Statistical Organization, 2012 “.Millennium Development Goals India Country Report 2011, Ministry of Statistics 
and Programme Implementation, Government of India). Maternal Mortality Ratios for India and Kerala are from: Registrar General, India (2013), “Special 
Bulletin on Maternal Mortality in India 2010-13”, Sample Registration System, December 2013, Office, Registrar General, Ministry of Home affairs, G O I.

‘agency’ which involves the ability to make strategic life 
choices in  situations where this ability was previously denied 
to them ( [7], [8]), as the expansion of assets and capabilities 
of the poor ( [9], [10]), [11]), so that individuals and groups 
can influence and hold the institutions that affect them 
accountable [12], as the capacity to challenge and change 
institutionalized norms perpetrating power imbalances [13], as 
both process and outcome encompassing the dimensions of 
economic, human and social and political and cultural life
[14], and as capacity building leading to better decision 
making power [15]. It is evident that authors do not concur on 
the conceptualisation of empowerment; therefore, it is
necessary to define the term for the current purpose also. 

The process of conceptualisation takes for granted that 
the measurement involves identification of empowerment both 
as a process and as an outcome. The impact of empowerment 
is multidimensional in as much as that it leaves imprint in 
psychological, economic, political, and other related 
dimensions of life. The changes in the dimensions may be 
manifest in the transactions of individuals in the levels such as 
individual, group, and community [16]. Malhotra and Shuler
[12] have recognized various dimensions such as economic,
socio cultural, familial/interpersonal, organizational, legal,
political, and psychological dimensions occurring at 
household, community and broader arenas. 

For the current purpose of the present framework, it is 
necessary to explain how the construct of empowerment is 
understood in here. The best way to explain the construct is to
define it. It is defined as a process and outcome evolved from

women’s participation in a poverty reduction program which 
enables them to take decisions and make choices on their own 
in a setting where previously such privilege used to be denied. 

The definition of the term entails the following aspects: 
First, empowerment is a process as well as an outcome. It is 
the feature of it being an outcome that makes evaluation 
feasible [17] Secondly, empowerment is relevant in 
circumstances where the subjects were previously denied of 
the privileges of empowerment, i.e. they were disempowered 
in the beginning [7]. Thirdly, empowerment has a definite 
pathway and assumes its final shape as a result of the 
members passing through various phases/levels such as 
Household Level, Organizational level, Social Level and 
Political Level, and these levels can be taken to be progressing 
from the first level to the last in that order. Also, these levels 
are interlinked in such a way that the advancement in one 
level encourages a positive result in the other levels also. The 
identity of the construct empowerment as a process makes it 
easier to take that it will ultimately result in an outcome. Such 
an assumption is essential for its measurement, because it is 
measured as an outcome rather than a process.

III. CONCEPTUAL LINKAGES BETWEEN 
VARIOUS LEVELS

Conceptually empowerment progresses as a process 
through various levels and delivers outcomes at all the levels.

A. The Process of Empowerment: It is an accepted fact 
among authors that empowerment is a process resulting in an 
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outcome, but there is no consensus as to the nature of the
basic process or its progress through various levels of 
empowerment. For example, Rappaport [18] sees 
empowerment as a process by which individuals, communities 
and organizations attain capabilities to exercise control over
their lives. She has not made distinction between individuals 
and groups while discussing empowerment of ‘people’. 
Wallerstein [19] recognizes empowerment in a broader 
perspective. For her, empowerment is a social-action process 
that recognizes the role of people, organizations, and 
communities in ensuring better individual and community 
control, political efficacy and improved social justice. Eyben, 
Kabeer and Cornwall [20] see empowerment as a process that 
changes the idea of who one is vis - a - vis the social 
institutions that shape one’s identity. For them, empowerment 
is an end state that can be reached and judged as having been 
accomplished at the final stage of the process (outcome).  For 
Narayan [9] empowerment is the expansion of assets and 
capabilities of poor people to participate in, negotiate with, 
influence, control, and hold accountable the institutions that 
affect their lives. From the above, certain points relating to the 
construct empowerment emerge; it is a process and requires 
the presence of an organisation and a community at a broader 
level to make it bring out its best. It is evident that there is a 
consensus among the various authors with regard to the basic 
nature of the construct in as much as that they view it as a
process centring on individual psychological levels, while 
some others take it as progressing towards much broader 
arenas like societal and national levels. However, here also it 
is not clear where actually the process is set off. And, no 
definite pathway for empowerment has been identified. 
Blanchard, Carlos and Randolph [21] have identified a 
pathway for the empowerment process. But, the pathway is 
taken to be based on a different and broader foundation of an 
organizational structure. According to them, the members, 
after becoming a part of a well structured organization, gets 
shifted to higher levels of empowerment only as a collective 
entity; they do not propose assessment and methodology for 
measurement at the level of individual entities.

Under the present case, the changes in the levels of 
empowerment of individuals are considered and membership 
in an organization (a Self Help Group formed for the purpose 
of taking advantage of microfinance opportunities) is taken to 
be a facilitating factor; therefore, the question addressed is 
how far the membership in an SHG has resulted in 
empowerment among members at the individual level.
Acceptance of the above distinction necessitates a statement 
regarding the perceived pathway of empowerment in the 
framework. Pathway of empowerment denotes the conceptual 
linkages among the various levels at which individuals’ 
empowerment materializes. This framework, built upon the 
assumption that the process of empowerment progresses 
through the four levels such as Household Level, 
Organisational Level, Community Level and Political Level, 

approaches the evaluation from the point of the changes 
occurring to the specially recognised indicators 
empowerment. 

Presently, the framework assumes that the process of 
empowerment begins at Household Level and progresses 
according to a definite pattern. Studies conducted in various 
parts of the world have recognized this fact. For example, 
Barnes, Keogh and Nemarundwe [22] in an assessment of 
Zambuko Trust (Zambuko) in Zimbabwe, Carolyn [23] in the 
evaluation study conducted in India, and Dunn and Arbuckle 
[24] in an impact evaluation in Peru, have seen the primary 
position of Household Level - where changes are to be 
identified by the improvements in household economic status 
- in the pathway of empowerment. AIIMs studies also have 
followed similar frameworks in other works conducted in 
various countries; for example, Todd [25] in Philippines, 
Barnes, Gaile, and Kimbombo [26] in Uganda and Tsilikounas
[27] in Bosnia and Herzegovina. Besides, authors argue that 
micro enterprises financed by microfinance (italics added)
exist as part of a larger portfolio of household economic 
activities, and decisions relating to enterprises cannot be taken 
isolating them from households ([28] therefore, as a logical 
corollary, the primary position of household level in the 
process of empowerment is presumed (italics added). 

B. Empowerment at the Household Level: The present 
framework, based on the above arguments, recognizes the 
process of empowerment as starting off at the Household 
Level in the economic domain. Household Level because 
household and the interfamilial relations are the fields of 
disempowerment [12] and any intervention for enhancing the 
empowerment should take cognizance of its implications at 
the household level and be directed towards changing the 
power relations first at that level (italics added) ([29], [30],
[31], [7], [32]). Economic domain because women who are 
confined to domestic chores and not contributing directly to 
the economic well being of the family are likely to have less 
bargaining power in the household ([33], [34], [35], [36]).
Betterment in the contribution of the members towards the 
economic domain of the household will enhance their 
individual status vis-à-vis the established power relationships 
at the Household Level. If a participant is economically 
empowered, it is surmised that the program has been 
successfully paved the way for further empowerment of the 
individuals at various dimensions of personal empowerment at
other further levels of empowerment like Organisational, 
Social and Political.

C. Empowerment at the Organizational Level: The next 
level in the pathway of empowerment is the organizational 
level. It is argued that organizational level empowerment is 
important for the development of interpersonal and 
community level skills [37] and for overcoming the issues of 
limited resources and marginalization of the poor in the 
society [9]. Stromquist [38] argues that, for empowerment to 
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be effective, it is necessary that persons must come outside 
households, participate in activities centred on some kind of 
organisations, and develop a sense of independence; therefore, 
after the Household Level, it is the Organisational Level. In 
the present case, this part of the framework is designed to 
check the contribution of participation in organizational 
activities (microfinance activities as a result of the 
membership in Self Help Groups) to the empowerment of the 
members. For this purpose, the empowerment at this level is 
conceptualised as follows: Organisational level empowerment 
involves an empowering process (process brings forth an 
empowering organisation) and an outcome (the outcome is a 
host of members constituting an empowered organisation). A 
well set off and effective empowering process gives the 
organisation the status of ‘empowering organisation’. The 
outcome, invariably, is a host of empowered individual 
members uniting into an ‘empowered organisation’. Now, the 
points to be checked at this level are whether the Organisation 
(the Self Help Groups) is an empowering organisation, and, as 
a result of the membership, whether the members can be 
designated individually as empowered individuals and 
collectively as empowered organisation. This two phased 
measurement of the process of empowerment at this level is to 
check whether the characteristics of well-balanced 
organisational functioning are present and whether the 
members as a group have attained collective empowerment.
The organisational functioning is taken to be well balanced 
and empowering if it is according to the essential rules of 
democratic inter organisational relations characterized by 
sharing information and power among members [39] which 
itself is empowering ([40], [41]) and attempts in the direction 
of capacity building of members [39]. Capacity building is 
important because, as stated by Wandersman [42], the skills 
learned during the stint of group membership help them to 
adapt according to situations. The democratic nature of the 
management can be assessed by a direct question which bears 
two alternatives as answers such as democratically managed 
and otherwise. And, the attempts in the direction of capacity 
building are appraised by the response to the questions as to 
whether the members had undergone any training on the IGAs 
and whether they found it to be effective.
Once the organizational functioning is according to 
democratic principles and there are attempts towards capacity 
building, the outcome of the process of empowerment should 
come as it is - a host of empowered members who together 
constitute an empowered organization. It takes place in the 
following way: when an individual joins an organization like 
SHG, which can very well be taken as the necessary 
mediating structure between individuals and larger collectivity 
(for example, the society at large) proposed by Florin and 
Wandersman [43], it supports the personal development 
process [37]. The personal development at the organizational 
level will be manifest in the ability of the individuals to utilize 
fruitfully the opportunity structures in the society and in their 
collective sense. Opportunity structures are the formal and 

informal institutional ambience which are either facilitating or 
preventing effective actions to enhance well being of the poor
[10]. Considering the chances for making use of the 
opportunity structures is important because, as argued by Drez 
and Sen, [44], established conventions rather than the legally 
enforceable rights usually govern intra household relations 
and, in turn, the chances for choices (italics added). Such 
conventions and practices (as in the case of purdah) may 
hinder the chances o women making use of opportunity 
structures like banking facilities existing in the contexts. Thus, 
the question addressed is whether the allegiance to the affinity 
groups - SHGs in this case - has meaningfully contributed to 
choosing and acting upon opportunity structures constituted 
by the institutional facilities like that of a bank. And, if so it is 
taken to be indicative of empowerment. 

Finally, a group of individuals, empowered by the 
organizational process, attains a ‘collective empowerment’ 
and jointly constitutes an empowered organization. As argued 
by Rowland [45], attaining the ‘collective empowerment’ is 
the sequel of personal empowerment (personal empowerment 
attained at the household level and as a result of being the 
part of an organization). In other words, the final point to be 
addressed is whether the group of individuals has a collective 
sense – a conviction that they are standing not only for their 
individual self but for the group as well. (Question to be asked 
is whether the members can solve a problem faced by the 
group). 

D. Empowerment at the Social Level: Empowerment at the 
social level is to be comprehended differently in a study of the 
results of microfinance in the setting similar to that of Kerala. 
Earlier attempts at assessing empowerment at this level are 
addressed from the point of view of whether a society is 
empowered or not as a whole group and whether the members 
of the group are capable of addressing a perceived problem as 
a result of aroused group consciousness like the illicit liquor 
trade which is detrimental to the healthy family atmosphere.
The mechanism of the process of empowerment at this level is 
explained by Swift and Levin [46]. A person, after being 
individually empowered, becomes a part of a group of 
likeminded persons and develops a feeling of comradeship. 
Ultimately, the group as a whole reaches such a level as to 
address adverse social conditions causing powerlessness. 
Authors, in general, insist on the individual empowerment and 
interactions at the group level as a prerequisite for the social 
empowerment. The mechanism advocated by them works out 
as follows: psychologically empowered individuals join self 
help groups and now have membership in wider social 
networks which provide support for further personal 
development through participation in activities of 
group/organization. Interaction with the group helps them to 
realize how critically the social and political structures affect 
them. This critical consciousness enables them to challenge 
adverse social structures ([37], [47]). On the contrary, in the 
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present framework, the question addressed is whether the 
individuals are now capable of coming out of the household, 
interacting in the society, perceiving the broader issues at the 
societal level and challenging the predefined power relations 
from an individual perspective; not from group perspective.
The idea of collectively acting against any social issues has 
not been taken into account, for such issues do not exist 
universally in the setting of Kerala. According to the present 
framework, social empowerment is the process of making one 
capable of initiating steps to challenge the established attitude 
of the society in such a way that her place within it is 
recognized according to the terms she prefers instead of the 
manner in which the hitherto adverse patriarchal norms 
dictate. The extent to which an individual can have the 
freedom to define her social interactions is mainly defined by 
the power relations established in the household and within 
the society. Even in advanced societies like that of Kerala the 
norms are not very widely different. Outside the household 
she is not expected to assert herself publically, which, most 
likely, will be viewed as jeopardizing the social respectability 
of the family and its male members. But, by this time, her 
economic role in the household has helped her to redefine her 
status at the household and she is capable of asserting her 
place in the society as well. The point of enquiry in the 
present framework is how far the participants in the program 
of microfinance have been able to assert themselves outside 
the household in the broader arena of the society. Once her 
presence in the society is recognized by others, she can be 
regarded as socially empowered.

E. Empowerment at Political Level: It is claimed that the 
goal of empowerment is political empowerment ([48], [49],
[50]). The claim is based on the argument that personal 
empowerment at the other levels alone cannot result in 
effective transformation of gender relations in favour of the 
disempowered. Improvement in the governance by way of 
participation by all in the process of governance is critical for 
delivering the fruits of development in a better way. Of 
course, there has been great degree of decentralization and 
attempts to bring the system of governance more transparent 
in a country where democracy prevails. Theoretically, all 
citizens are entitled to equal opportunities. They are supposed 
to participate and contribute in political affairs irrespective of 
gender, race and other elements separating one from another. 
Nonetheless, existence of a system of governance based on 
democracy does not itself guarantee effective participation by 
all. As stated by Narayanan [10], democracies do not always 
function in the most ideal manner, because there always is a 
chance for it being influenced by the financial clout of big 
business houses and patron-client relations. Even though 
prevalence of a system of governance free from the above 
anomalies is taken for granted or certain allowance for 
wrongful prevalence of elements in the system is given, 
democratically governed system reflects only the supply side, 
whereas the demand side has to be gauged by the extent to 

which the public are aware of the incidents taking place in the 
social and public domains. It is always the poor and the 
marginalized ones among the women that are excluded from 
the various enforcement mechanisms available in the system 
on account of illiteracy, restrictions on mobility, cultural 
dictates, time or poverty; therefore, the construct of 
empowerment at the political level calls for attempts to raise 
the level of participation of the poor in the system of 
governance. Participation in the group activities is presumed 
to make the poor critically aware of how political institutions 
function and affect them and their groups [51]. Evaluation of 
empowerment at this stage is thus conceptualized to examine 
how far the membership in Self Help Groups has contributed 
to raising this critical consciousness among the members. As a 
generally accepted practice, one becomes concerned about 
how far the women are now part of the governance. 
Participating in the election mechanism by exercising 
franchise is almost universal in this part of the world. 
Awareness of the political turnouts and merely casting votes 
in favour of a particular political party are different matters. 
The usual query as to whether the respondents have voted in 
the last general election can be avoided. Instead, questions to 
check the general political awareness of the respondents may
be included. Pervading information to the lowest levels among 
the poor leads to empowerment inasmuch as that they are now 
aware who are designated to govern them. Based on the above 
reasoning, questions to measure the extent to which the 
respondents are up to date with regard to the major events 
taking place around them have been included in the schedule.

IV. OPERATIONALIZATION OF THE 
FRAMEWORK:

Operationalization of the framework requires explanation of 
certain aspects of the concepts upon which the framework is 
built. /they are the following:

A. Progressive linkage of different levels of empowerment:
The multilevel concept of empowerment framed for the 
current setting assumes a progressive linkage between various 
levels, which is suggestive of the fact that a change at one 
level will be linked to changes at other levels as was 
propagated by Shultz, Israel, Zimmerman, and Checkoway 
[52]. In other words, the fundamental force propelling 
empowerment is the positive change in the economic 
dimension resulting from the income changes generated from 
the participation in microfinance program. Positive changes in 
economic dimension of a participant’s life can be measured 
from the perspective of the variables such as changes in 
Standard of Living by Consumption, assets holdings and 
Income Levels. The empowerment process set off by the 
changes in economic domain influences the decision making 
capacity of the participant at the Household Level which 
improves bargaining power of the participants. Improved 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

507



  

 

bargaining power means a definite and undeniable space in 
the Household Level.
B. Unit of measurement: Authors have specified various 
levels of empowerment as units of measurement. For example, 
Malhotra and Shuler [12] suggest different levels of analysis 
such as household, community, regional, national and global, 
whereas Bartlett [53] argue for village, sub district and 
national levels, Holland and Brook [54] and Narayan [10]
propose national, intermediary and local levels; and 
individual, household, group, community, local, national and 
global levels respectively. This study concentrates on the 
individual level and the progress of empowerment signifying 
changes in the levels of agency as a result of interactions at 
various levels specified here.
C. The essential time period required for the notes of 
empowerment to be visible: For the process to take effect, it 
requires a definite time period. For any perceptible changes in 
the levels of achievement of the participants in the program to 
occur, a time period of minimum two years after joining the 
program is essential, for many of the notable impact 
evaluations ([55], [56]) were able to detect significant changes 
in client - income over a two-year period. It is deemed to be a 
good time-frame because it would allow the program effects 
to surface and avoid the chances for attrition to threaten the 
analysis. 
D. Distinguishing the effects of the intervention from the 
other possible simultaneous influences like changes in 
economic factors is cited as one of the classic evaluation 
problems to be tackled during evaluation process by Petesch, 
Smulovitz and Walton [57]. They state that the theoretical 
solution for this problem is the random assignment of the 
participants to treatment and control groups, thereby attaining 
the results of controlled experiments. Since this program of 
microfinance has been implemented almost universally in the 
State of Kerala, finding an appropriate control group may be 
nearly impossible; therefore, instead of control group, a
comparison group of relatively new members (who have been 
members in the program for a period of less than two years)
have been selected. Such a procedure is recommended with 
two objectives: first it serves as a comparison group and 
secondly, it helps to locate chances of Self Selection of 
already empowered members into the program.
E. Empowerment is an ongoing process and is understood
in a relative sense, i.e., people are empowered or 
disempowered relative to themselves at some previous time or 
to others [58]. Malhotra and Shuler [12] state that the most 
ideal method of capturing the process of empowerment is 
taking on it across at least two points of time. It is further 
argued that the notion of empowerment is inextricably 
associated with disempowerment [59] and that the participants 
are necessarily disempowered initially; therefore, comparing 
the initial status with the status at the time of the study is 
justified. This method has the advantage of recognizing the 
construct of empowerment as a continuum, and the 
disadvantage is that the information revealed entirely depends 

on the reflections of the respondents on the selected 
indicators.
F. Self Selection into the programme: In every poverty 
reduction program, especially in those programmes which aim 
to rescue the poor through empowerment, one has to take 
cognizance of the chances of already empowered people 
opting to join. Ghatak [60] argues that the reason for the 
remarkable success of the microfinance program in many of 
the Asian countries is the selection of group members by 
borrowers themselves resulting in a kind of assortative 
matching of members. This kind of assortative matching will 
ultimately influence the results of programme if one views it 
from the point of view of the repayment behaviour of the 
participants. Many other authors also have expressed same 
opinion ([60], [61], [62], [63], [64], [65], [66]). The following 
attitudes can be adopted to deal with the risk of self selection:
the enquiry can be designed with a view to assessing whether 
the participants were already endowed in two of the basic 
dimensions recognized by Kabeer [67] such as resources and 
agency; and capabilities and assets as advocated by Narayanan 
[68] at the time of joining the program. Those who are already 
endowed with the chance of choosing their own life (as 
evidenced by the possession of higher levels of resources and 
agency) can be assumed to be already empowered. And, such 
persons, if choose to join the poverty reduction program, are 
taken to be the ones who are self selected. It is also assumed 
that comparatively ‘new’ members would be less empowered 
if only the effects of the program (program effects) prevail. 
On the contrary, if the chances for self selection prevailed, the
new members would also be as empowered as the older ones. 
A case of no perceptible differences between the new and the 
older members as regards the level of empowerment can also 
be taken as the manifestation of Self Selection into the 
program by the new members. Now the question is to 
establish whether there is a significant difference between the 
empowerment levels of both new and older members. A 
significant difference will testify to program effects whereas 
lack of which will necessarily prove self selection by 
empowered members.
G. Selection of Indicators used for the study: Selection of 
appropriate indicators is one of the most testing aspects to be 
tackled in measuring the empowerment. According to
Narayanan [10], the methodological aspects of selecting 
suitable indicators to measure empowerment are based 
on: the choice between intrinsic or instrumental aspects; 
context specificity or universality of indicators, the 
decision as to include psychological determinants, the 
suitable unit of analysis, causality and to include 
quantitative or qualitative data. This section is for 
explaining these issues and for listing out indicators.

1) Intrinsic or extrinsic values: One of the questions to 
be addressed is whether to measure empowerment aspects the 
respondents regard or, to measure the powers they really have. 
For example, a woman may be inducted in controlling 
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position since she was widowed or separated. Sometimes, she 
may wish that there were someone to share the decision 
making responsibilities. The survey can measure only the 
‘agency’ she enjoys. Here, the indicators that measure those 
powers that are valuable are considered and such possible 
subjective views of a participant regarding her agency as is 
likely in the case of a widow are not taken into account.

2) Context specificity of Indicators: Context specificity 
is an indisputable requirement to be taken care of while 
deciding on indicators ([13], [69]). It is well recognized that 
the status of women differs depending upon the class, race, 
colonial history and the position of the country in the global 
economic order [31]; therefore, the relevance of indicators 
does not transcend time or place [70]. For example, till the 
late 1990’s use of contraceptives among the women of 
Bangladesh was regarded as indicative of empowerment, but 
by the first decade of twenty-first century  contraceptive use 
became so popular that over half of all married were familiar 
with the use and more than three quarters have used it at one 
time or another [12]. Once a behavior becomes the accepted 
norm, there is little reason to expect that it would be 
influenced by an individual actor’s level of empowerment. 
That is why in a five country study described in the World 
Bank Policy Research Working Paper by Alsop and Heinsohn
[2], the team designated for each country independently 
decided the levels of empowerment and the indicators and 
variables. Schuler, Hashemi and Pandit [1], in a study of 
empowerment of the clients of SEWA Bank in India, modified
the domains of empowerment employed in Bangladesh. 
Choice of the indicators is influenced both by change in time 
perspective and by the geographical, cultural and economic 
diversity of contexts. Changes caused by any of the above 
mentioned factors necessitate reconsideration of indicators 
previously used. The circumstances of the state of Kerala, for 
that matter, do not find similarities with those of Bangladesh 
of the last century, where, since boys were deemed to be 
better labour market investment [71], there was bias towards 
boys while allocating food articles [72]; where, due to the 
tendency among children to go for economically rewarding 
work instead of attending schools [73], influencing decision 
on the schooling of children or deciding on her own by a
woman was regarded as indicative of the level of her 
autonomy; and where adult males got larger share of food 
articles by virtue of their involvement in labour intensive 
activities requiring physical sturdiness [74]. In Kerala, 
schooling of children has become mandatory due to several 
reasons. Strong Government interference against child labour,
residential nucleation of families, general awareness among 
the parents of the long term benefits of investment in 
education to the extent of taking education of children as the 
only manifestation of their hopes bestowed on their children, 
etc. have made enrolling children in school a natural step in 
grooming them for the future. And, the variables and 
indicators have to be finalized accordingly based on the 
argument put up by Bisnath [31] that the subordination of 

women differs depending on their class, race, colonial history 
and the social and economic position in the international 
order.

3) Level of Indicators: Malhotra and Shuler [12] have 
suggested a pattern of measurement involving household, 
community, regional, national and global levels of analysis,
whereas, Bartlet’s [53] proposal of empowerment involves 
measurements at village, sub district and national levels. 
According to Narayan [10] measurement of empowerment 
involves individual, individual, and household, group, and 
community, local, national and global levels. The present 
framework is for assessing the positive changes in individuals 
(both psychologically and materially) and focuses mainly on 
the individual level empowerment beginning with the 
economic changes at the Household Level as a result of the 
participation in Income Generating Activities (IGAs) financed 
by microfinance sources and spreading over to organizational, 
social and political spheres. 

8. H. Variables and Indicators

1) Background characteristics: indicators to measure 
the socio economic background of the respondents and their 
family are relevant. These background indicators include the 
age (in years), marital status, religion and caste, level of 
education, number of members in the family, number of 
members in the family, share of contribution to the household 
economic domain and geographical and administrative 
location of the residence. It is established that a woman’s 
circumstances like class, caste, age, marital status, health and 
education, have important bearing on the extent to which 
microfinance intervention can cause positive changes in their 
lives and the level of attainments in the realm of 
empowerment ([58], [75], [76], [77]).

2) Fallback position of the participants: Fallback position 
in case of a breakdown of relationship considerably influences 
the bargaining power within the family and, as a result, the 
empowerment status ([35], [36] [44] [78]). Bloom, Wypij and 
Gupta [80] argue that women with closer ties to natal kin are
more likely to have greater autonomy in decision-making, 
control over finances, and mobility. Authors list out the 
factors upon which the fall back position depends. Ownership 
and control of assets, especially, arable land ([13], [78], [80],
[81]) and employment and other income generating means, 
access to social resources, existence of social support systems 
and support from the NGOs and the State [78], are some of 
the factors favourably deciding the fall back position. The 
assets and capabilities approach to empowerment adopted by 
Narayanan [9] enlarges the list of assets of the poor to include 
housing, jewellery, livestock and savings. An ensured fallback 
situation at the time of joining the program is taken to be 
indicative of better bargaining position at the household level. 
If a person having higher degree of bargaining status at 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

509



  

 

household level chooses to join the microfinance program, it 
is understood as supportive to the presumption of Self 
Selection into the program. For operationalisation of the 
argument, the respondents may be asked whether they have 
any claim in the ancestral property or whether they have land 
or other assets in their name at the time of entry into the 
programme. A participant with a better initial fallback 
position testifies to the case of self selection into the program.

3) Income earned by the participants in the programme: 
Independent income earned by participants from the 
microfinance program is the primary indicator of economic 
empowerment. As proxies, relative contribution to total 
income of the household is most acceptable for gauging 
economic empowerment.

4) Household Decision Making: Decision making ability 
is a manifestation of agency and power of the decision maker. 
Ashe and Parrott [82] have taken it to be indicative of 
empowerment. It is argued that participation in various 
domains of decision areas both within the household and 
outside the household decisional areas enhances the sense of 
empowerment and bargaining power of the participants ([37], 
[83]). Decision making, as a variable in the study of 
empowerment, becomes all the more important because, as 
stated by Kabeer [7], in poor households, the chances for 
womenfolk to participate in decision making process are very 
thin. The patriarchal structure of the family gives many more 
privileges to men and their decisions are more likely to prevail 
even though they do not enjoy any better status than women in 
accessing resources in public domain. The resultant economic 
betterment in the economic domain of the participants of the 
program, presumably, renders the women more visible and 
grants more space in family decisional areas. In the present 
case, in order to be taken as indicative of empowerment, a 
program participant has to have a more than just being a 
participant in the decision making. As is claimed by Csazar
[84], empowerment is understood to be taking place only if (a) 
an option for making choice exists (b) if the option is used, 
and (c) desired outcome is achieved as a result of the choice. 
Positive answers to question relating to active role in decision 
making at households proves the points ‘a’ and ‘b’, that 
means, there exists an option for making choices and the 
respondents make use of it. The outcome is manifest in the 
way their bargaining power is reflected in other domains as 
well as the decisional areas. The indicators for measuring 
Household Decision Making have been chosen considering 
the domains in which the participants of the program are 
likely to have chances for expressing opinions and influencing 
decisions. They are with regard to the control in the usage of 
loans and income earned from IGAs. 

A say in the matters relating to the usage of loans and the 
income earned from IGAs signify the manifestations of 
bargaining power within household. Control over loan taken 

from microfinance sources has been recognized as an 
important indicator of empowerment.  Results of various 
studies ([75], [76], [85]) have shown that the fact that the loan 
is taken by women does not, by default, guarantee its use and 
control by them. Study by Goetz and Gupta [76] shows that 
only in 37 per cent of the cases, the loaners had full control 
over the loans, whereas in a study conducted in Indonesia, 
Panjaitan - Drioadisuryo and Cloud [86] found that only 12 
out of 121 clients reported that there was an increase in 
income. Other clients reported that there was no increase in 
income because their husbands controlled their loans. In the 
present case, such an eventuality was sought to be assessed by 
the question who decided the use of loan (whether by self or 
jointly with spouse or someone else in the family or solely by 
someone else). And, control over the income of the 
respondents enabling them to make purchases of their choices 
has been taken to be indicative of empowerment by Hashemi, 
Schuler and Riley [77]. The possible point of enquiry can be 
whether respondents took decision regarding the use of 
income earned from the IGAs took such decisions jointly with 
spouse or someone in the family or whether they are supposed 
to abide by the decisions of others.

Decisions regarding investments, requirements of 
children, personal expenses and daily expenses in the 
household are proxy indicators for empowerment.

5) Standard of Living by Consumption or Income Levels:
Generally, the positive changes in the household expenditure 
for consumption and assets are used as indicative of economic 
empowerment, because changes in them testify to changes in 
standards of living. Niraula and Lawoti [87] use assets at the 
household level for measuring changes in economic 
empowerment. Authors have framed their own methods of 
measuring the changes in levels of living. For example, 
Deaton [88] in the questionnaire designed for household 
survey of ‘The Living Standards Measurement Study 
(LSMS)’ and Deaton, and Zaidi [89] and Deaton and 
Muellbauer [90], in their respective works, included questions 
on several variables including the expenditure on food, 
durable goods expenditures, assets and inventories. Zeller 
[91], Deutsch and Silber [92] and Schreiner [93] have 
included the indicators like the facilities available in houses 
whereas, Johannsen and Zeller [94], Johannsen [95] and Edig, 
Schwarze and Zeller [96] in addition to the above indicators, 
use access to communication, demographic characteristics, 
ownership status of houses, materials used for the construction 
of houses and ownership of assets including farm assets, land, 
household amenities and domesticated animals. Barnes et al.
[98] make use of the structure of houses and amenities like 
number of rooms in order to measure the changes in the 
standard of living. In the present case, changes in the income, 
improvements in the household amenities like cell phones, TV 
sets, changes in the type of housing facilities etc have been
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employed as the indicators for assessing the changes in the 
standards of living.

6) Intensity of participation (Meetings): Intensity of 
participation is measured because studies show that women’s 
participation in group meetings have enabled them to be more 
courageous and outgoing ([77], [98], [99] thus empowering 
them at personal, organizational and social levels. 
Participation in group meetings promotes personal 
empowerment because, as stated by Hashemi, Schuler and 
Riley [77], such meetings raise the critical consciousness of 
the participants [30]. Participation in group meetings 
positively change certain behavioral and thus empowerment 
aspects. For example, Amin, Hill and Li, [100] and Schuler, 
Hashemi and Riley [101] find that the participation in group 
meetings has enabled the members to change their attitudes to 
fertility behaviours and personal autonomy. According to 
Kabeer [98] and Hashemi, Schuler and Riley, [77], the group 
based weekly meetings helped the participants to get over the 
fear of outside world. However, as regards most suitable 
indicator to measure participation, there is no unanimity of 
opinion. Narayan [10] is of the opinion that attendance in 
meetings can be taken as an indicator of empowerment only if 
the decisions taken in the meetings reflect the priorities of the 
poor. On the contrary, if the attendance in the meetings is 
compulsory, it cannot be taken to be indicative of influencing 
the decisions, therefore, as a proxy of empowerment. 
Alternatively, intensity of participation has been measured by 
the number of times loan received [100] and participation in 
the group meetings. Considering the above points, the number 
of number times loans availed is taken as the proxy for 
participation, because attendance in meeting of microfinance 
groups is almost compulsory. And, the more the number of 
times loans are taken, the better the participation in the group 
activities and empowerment. On the other hand, a situation of 
less participation in group activities and higher levels of 
empowerment testifies to self selection into the program.

7) Exposure to information is argued to be one of the 
three empowering components, the others being education, 
medial and spatial mobility by Parveen and Leonhauser [102].
Access to information is one of the critical elements of 
empowerment as recognised by [10]. She says that citizens 
who are informed are better equipped in taking advantage of 
the opportunities, accessing services and exercising their 
rights and holding the state and non state actors accountable. 
For Khwaja [103] information is one of the two components 
of empowerment, which together with the other one –
influence – allows individuals to specify their own preferences 
and take decisions. For well equipping the citizens with 
information and grooming them as responsible citizens, proper 
flow of information – from the government to citizens and 
from citizens to government - is essential. Access to 
Information and communication technologies and media –
both print and electronic - is essential in broadening access to 

information [9], which opens up the door to the makeup of the 
larger society. The respondents can be asked about their habit 
of keeping in touch with the media. Information and 
Communication Technologies can play a vital role in 
connecting people and making them active part of the larger 
society, thus ultimately enabling empowerment. 

8) Mobility: Mobility makes women discernible in 
social as well as public life. Wallerstein [13] has claimed the 
importance of mobility in measuring empowerment. Mobility 
ensures better social transactions which will open up ways for 
more interactions with peers as well as superiors in the 
society. More open interactions will lead to making the 
participants aware of their situations vis-à-vis outside world 
and will eventually reflect in better bargaining power in 
family relationship [104]. It is one of the eight empowerment 
indicators used by Hashemi, Schuler and Riley [77]. Schuler 
and Hashemi [105] and Steele, Amin and Naved [106] also 
have advocated the use of mobility as the indicator of 
empowerment level. Mobility results in better sense of self-
confidence. In conservative societies like that of Bangladesh 
where social standards do not permit women going out of 
homestead, going alone out of household has been treated as 
indicator of empowerment ([85], [98]). With regard to the 
indicators used to assess mobility, the element of context 
specificity is very much relevant. Freedom of mobility was 
sought to be ascertained in a study conducted in the 90’s in 
Egypt with rather simple indicators like the opportunity to just 
go out of the house [107] , in Nepal with freedom to go alone 
to market, public places, cinema, friends and relatives etc [88]
and in India with freedom to go to market or to a fair, home of 
friend or relative or to the next village [108]. In the present 
case, after considering the context specificity and changes in 
time perspective, the indicator has been modified as to check 
whether the participants have been capable of travelling alone 
outside the district.

V. COCLUSION
What is measured has to be linked to a conceptually 

sound and robust causal framework that explains and logically 
support the concepts specified. This paper has attempted to 
articulate the logic behind the proposed framework of 
assessment of the benefits of microfinance intervention in 
special setting like that of the State of Kerala. It has to be 
emphasized that the purpose of the paper is to put up an 
internationally comparable framework of further progress.

In order to determine whether changes are the result of 
programme inputs, the assessment framework was drawn up 
with three basic principles in mind. First, empowerment is 
recognized as a process as well as outcome, and the changes 
should be assessed over time (before/after criterion). Second, 
the situation of the programme participants should be 
compared with a comparison group – comparatively new 
group of participants in the present case, that too with a view 
to determining the chances of Self Selection into the program. 
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Third the methodology for the measurement should take 
cognize of the need for both quantitative and qualitative data.
The measurement methodology has mandatorily to be context 
specific. It need not be emphasized that the presently 
discussed framework is not universally replicable; as the 
standard of gender equity found here may not be commonly 
found elsewhere. The case of Kerala shows that poverty need 
not always bring in gender inequity as a necessary sequel; 
hence the special regard for the framework for measuring the 
benefits of a poverty reduction intervention uniquely designed 
for dealing with poverty by empowering women. In addition, 
while designing the framework, it has to be conceded that the 
level of initial disempowerment or empowerment for that 
matter, differs according to the person’s status defined by her 
class or caste, ethnicity, relative wealth, age, family position, 
level of education etc. and any analysis of women’s power or 
lack of it has to take cognizance of these other factors as is 
argued by Mosedale [58] and Malhotra and Schuler [12].

The framework is designed to measure the outcome at 
each level rather than the process. It is taken for granted that 
the implementation of the program of microfinance itself sets 
off the process of empowerment; the only remaining part is 
the outcomes which are supposed to be manifest in the various 
behavioural and physical endowments of the participants after 
a minimum required period of membership in the program. 

The ultimate aim of empowering program is to bestow 
the beneficiaries with a feeling of better control over their own 
lives which they previously lacked. In other words, it is a state 
to be experienced at the psychological level; therefore, the 
framework has been built upon the attitude that this feeling 
may occur (at varying degrees, of course) at any level
recognized for the purpose of this framework. In other words, 
it is accepted that the participants need not necessarily go 
through all the levels at which empowerment occurs.

An enhancement in the decision making capacity or 
better recognized space in homes and/or in the wider society 
plus an increased level of living and control of resources are 
the suitable outcomes for measurement.

The framework refers to individuals and not to 
empowerment as group phenomena. 

Longitudinal studies and experimental designs may take 
away the drawbacks of the present framework, but the time 
and cost may be prohibitive. Besides, an exact experimental 
design in social science fields leaves much more to wish for.
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 Standard of Living 
(Household welfare 
of participants)

Changes in Household expenditure, Housing 
materials, Household appliances and assets

Improvements in these indicators show improvement in 
standards of living and economic empowerment

Income Changes in Income : from IGAs, Other 
Income Economic Empowerment
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Decision Making

Control over loan and income from IGA, 
decisions regarding personal expenses, daily 
expenses, investments, and requirements of 
children

Role of the participants in these decisional areas shows the 
level of bargaining power.

Support to Family Relative contribution to family income percentage of income of self to total family income

Fallback Position Ownership of land, jewellery and other assets Possession at the initial time shows chances for Self Selection 
into the Program and better bargaining power throughout.
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Loan Characteristics

The size of loan, number of times loan taken, 
years of membership, and the nature of the 
IGAs

check whether there is change in the empowerment variables 
like mobility, household income and participation in the 
decision making etc. with the increase in the number of loans 
taken

Control over loan and number of years of 
experience in the group

As women gain more experience of credit procedures and of 
managing small-scale enterprises, as their grassroots 
organizations become institutionalized over time at the village 
level, and as they gain access to more training opportunities, 
an overall accretion of competence and confidence in 
controlling loans would presumably follow. 
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Capacity building Whether benefited from training programmes Benefits of training is reflected ultimately in economic status

Participation in 
group activities

The number of times loan availed and the size 
of the loan Sows active involvement in organisational activities

Extent  of using 
opportunity 
structures available

Whether capable of dealing with banking 
transactions Outcome of organisational Level Empowerment

So
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ty Mobility and 
employment outside 
home

Ability to travel alone outside the home 
district and number of days engaged in IGAs Mobility ensures social visibility 
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Political and Legal 
awareness

Whether they can resist a injustice to them or 
to someone who may or may not be known to 
them. Acting for common issues also activates Sense of Collectivity

Whether can deal with authorities

Exposure to 
information

Reading of news papers and keeping in touch 
with the programs in TV and internet

Better informed are aware of their rights and obligations and 
can enforce their bargaining power in a better way
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Abstract—This article is intended as a formation process
and communication of the minority community through by an
investigation of the character of media usage of minorities in
abroad. For a case, I take up how a Japanese community in
Thailand after 1990 changed through free paper, a paid magazine,
the Internet media.

In Japanese community study, few studies treated free paper.
However, overseas Japanese community is not unification and,
by the use and the moving of such media, can point out a
phenomenon advancing in the direction of the division. In this
article, I would like to perform a proof report about the use of the
media and the formation of the community based on fieldwork
from 1990.

I. INTRODUCTION

A concept of ”Global Village” came up by McLuhan in
1962 (McLuhan:1962). For a half of century, a human being
could travel the world by a plane in a short time, and they
accelerated the moving of the things with a person to world
each place. Also, the electronic media spread widely afterward
without remaining only in moving of the things with a person.
A limit of the time and space where it became the wall that
people communicated was taken away, and it was global and
talked and came to be able to live a life until then. According
to McLuhan prediction, the spread of Internet changed into the
village having one whole earth by the electronic mass media.
When it removed a social difference, and it did people for
an equal viewpoint that people obtained information freely in
Global Village.

When the world became Global Village, moving of the
information came to be carried out freely, but information
ceased to circulate actually. The circulation of the information
without the substance and the movement of a person and the
thing having substance make a significant difference. By the
moving of the information in Global Village, social scientist
thought that the new public sphere was formed at first. About
problems such as a race, discrimination, and the poverty,
social scientist thought that information to circulate freely
helped the mutual understanding of people. But such a thing
has not happened. The moving of citizens also moves to the
information with a lifestyle to be accompanied by moving of a
pattern of behavior. The biggest factor prescribing the pattern
of behavior of the immigrant is an economic condition of
each person. As for the moving from the developed country in
particular to the developing countries, the people long to move
without cutting down on their lifestyle. In Global Village where
the free information moving is carried out for, the information

does not produce the harmony of people and functions as a
thing emphasizing the difference with others.

It was the times so that anyone easily obtained information.
Information strengthens community and the network of the
people who emigrated to each country and surely has the
function to assist life. But the information that was dripped
by the media which globalized rather causes division without
joining an expat together. To the variety of the emigrant, the
media is published, and the media divides community.

Under such a critical argument, I would like to argue
about the role that the media achieves Japanese community
in Thailand as an example in this study.

II. THE JAPANESE COMMUNITY IN THAILAND

Thailand accomplished rapid economic development to a
lever by foreign investment from the late 80s, but a cur-
rent balance deficit expanded, and bubble economy appeared
mainly on a real estate sector. Bad debts increased with bubble
destruction, and pressure of the baht devaluation increased
backed by economic deterioration afterward. In July 1997,
the Thai government shifted to the floating rate system in
exchange, but the baht mostly fell, and an economic crisis
occurred. After several times of later coups d’etat, the economy
of Thailand has shown a sign of the recovery. The tendency
to slow down includes the GDP growth rate from 2013, but
still is one of the large countries in ASEAN gathering much
investment from the foreign countries.

There are around 67 million people in Thailand in 2012,
and more than four million of them (or one in every 16
people) are not Thai citizens. Most non-citizens were either
born here (e.g. hill tribes) or enter from neighboring countries
to escape persecution and eke out a living. And then there are
the tourists. But there is also a substantial number of expats
- in the order of 300,000 - 400,000 - drawn from distant
countries all over the world. Although some agencies generate
data concerning visiting and resident non-citizens, the most
important source is the Thai Bureau of Immigration. Japanese
community is one of such Thai non-Thailand community.

After the late 1980s, Japanese enterprises have come into
Thailand backed by strong yen positively. At an economic
currency crisis actualized in July 1997, Japan carried out
large-scale financial human cooperation. After 1998, each
government holds diplomacy, defense administration official
discussion. Also, the economic partnership agreement (EPA)
conclusion is accomplished between Thai and Japan on a day
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on November 1, 2007, and the economy of the two countries
becomes close even today. The Bangkok Japanese Chamber
of Commerce memberships exceed 15,000 in 2015, and the
economic relations of the two nations become very close.

Fig. 1. Number of Japanese and their troubles in Thailand

The strong economic ties between such Thailand and Japan
appear for the increase in the number of Japanese resides
in Thailand. According to the Thai-Japanese Embassy consul
part, the number that people submitted a residence notice
was approximately 40,000 people in 2006. But the numbers
increase to about 50,000 in 2015, too. Also, as for the report
of stay, presentation to the Japanese Embassy is recommended,
but there are also many Japanese of not- presentation.

The citizens of the non-Thai are divided into the five
categories. Category 1 is Illegal entrants and visa over-stayers.
Category 2 is Refugees and resident non-citizens (for example
hill-tribe people). Category 3 is employed expats with work
permits. Category 4 is non-working expats, including retirees,
students, and those supporting a Thai spouse/family. Category
5 is short-stay visitors entering on tourist visas.

About non-immigrant visa maintainers from Category 1
to 4, the Thai government and Japanese Embassy grasp the
number exactly. But it is hard to know the number of the
stayers included in 5 category exactly. For the positioning as
the trip by the official tourist visa, the Japanese embassy can
not count the number of long-term stayers. The researcher
calculates the Thai-Japanese long stayer with 70,000 - 90,000
people.

The big Japanese residents abroad community is seen only
in Thailand, and only this shall not be regarded in other coun-
tries. As a result, various troubles occur in such an enlarged
Japanese community. For example, more than 1000 Japanese
receive the relief of the embassy every year in Thailand. This
number is the worst record in Japanese Embassy of the whole
world after 2001. The cause that is such a trouble-prone has
many things coming from the use of the language. Most of
the Japanese people learn English by public education for six
years, but the ability is not high at all. Most of the Japanese
people come over to Thailand above all without being able to
speak both Thai and English satisfactorily. However, service
business for Japanese with economic power diversified in

Thailand. The environment where the Japanese who cannot
even speak Thai and English can live only in Japanese is
prepared for in Thailand. The Japanese can perform shopping,
sightseeing, every service such as the leisure only in Japanese
in Thailand. The embarrassing thing is that many of Japanese
can pay for sex only in Japanese.

The comfortable Japanese life in such a Thailand will
gather the Japanese of many hierarchies more. Therefore, not
only the generous person but also the poor Japanese have come
to Thailand. For example, some people work as a temporary
employee only for half a year in Japan and save money.
They spend remainder one year modestly in a cheap hotel in
Thailand using savings. In late years many elderly Japanese
who do not get a public pension enough emigrate to Thailand.
Hierarchies in the Japanese community were reproduced in
Thailand by the Japanese of such a plural hierarchies entering
Thailand.

About Japanese Community in Thailand, Osamu Akagi
defines it as follows using three divisions; permanent resident
- local representative - international floats. Akagi pointed that
Japanese seem to carry the bad habit that divides a countryman
to be concerned with for some reason abroad into ”authentic
linkage”and”non-authentic linkage”on our back considerably
for a long time. In other words, The Japanese in Japan assumes
local representative is a friend, coming back to Tokyo and
Japan. But permanent residents in Thailand who have no
opportunity to improve Japan is not a friend with the Japanese
in Japan. Besides, International floats are the people whom
you should sympathize with poorly. The Japanese commit
social ostracism on consciousness. Such a social exclusion is
amplified by in the Japanese media in Thailand.

III. THE JAPANESE MEDIA IN THAILAND

A. Direct Communication

Before 1980, the information for living in Thailand was
transmitted by a Japanese stores and some of the books. They
had formed the relatively faithful public sphere by constant
criticism and examination. Japanese community like Japanese
Association in Thailand (JAT) had a role to share information
and reconstruct a community in abroad. But the Japanese com-
munity has collapsed by an appearance of the cheap Japanese
media in Thailand. The Japanese traveler and residents in
Thailand can obtain information without the acquaintance
with Japanese community. Also, the division of the Japanese
community has deepened more and more because people use
the plural media correctly.

The group is shown by the number of JAT member founded
in 1913. As previously described, the number of individuals
submitted a residence notice has increased remarkably, but the
number of JAT member is roughly flat. Conventionally, local
representatives and the staffs of the government office and the
family occupied the most of the residents in Thailand. Today,
there are many types of Japanese, a new college graduate,
temporary employees and a worker in Thailand. They should
include even knowledge to live first of all, and they do not
need further knowledge about Thailand. As a result, a lot of
newspapers, magazines, and free copies came to be published,
and it was not necessary that acquisition of the information of
the living became comfortable and depended on JAT.
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A characteristic of three Japanese media is shown as

follows.

B. Internet Media

At first, it is the Internet media that it is thought as the
Japanese simplest source of Thailand information. There are a
lot of Wifi points in street and everybody can use it cheaply and
efficiently. Everybody would input with ”Thai Information”
in Japanese by Google and can access 28 million information.
For example, we can quickly know the method for purchase
of the medicine, Japanese foods and some of particular goods.
In Facebook, a lot of community about Thailand due to the
Japanese has been installed, and Japanese people have shared
much more information.

Such an Internet information is very convenient, but on the
other hand, it has been mixed with wrong, old and malicious
information. The information-intensive society system which
information was supplied to was ever called ”magic bullet
model”or ”hypodermic needle model”. On Japanese commu-
nity in Thailand, as for the excessive amount of the information
to people through the Internet media, each was not able to
make a rational decision by having given a lot of choices to
anyone too much either. Therefore, much Japanese need to
choose the information by themselves. And the people will
want information using a filter from the enormous information
of the Internet; for example, a company and the Parent-Teacher
Association. These groups decide a behavior pattern of each
person, and they choose the information.

”Two-step flow mode,” the representation theory of the
mass media-limited effect theory, by Lazarsfeld is active in the
Japanese community analysis. Lazarsfeld pointed out that the
information offered through the media does not act on people
directly and gives communication action through some positive
opinion leaders indirectly. The Japanese in Thailand does not
make a political decision, assumed by Lazarsfeld. But, in daily
life, the Japanese needs a choice of daily living consistently.

Of course, in the study on the effect of the current mass
media, a new mass media substantial power effects theory such
as ”agenda setting theory”or ”spiral of silence theory”that
paid attention to longer-term influence plays a key role. But a
theory of Lazarsfeld still has persuasive power about Japanese
community analyze. The Japanese community has separated,
and the people cannot have an opinion leader to be able to
grasp it from a real image of the above-mentioned Japanese
community. As a substitute of the opinion leader, Magazines
and free papers functions.

C. Magazine and Newspaper

The Japanese source of information for Japanese tourists
and residents in Thailand was limited to magazines and some
of the books until the 1990s. Tourist had read the ”How to
walk earth”guidebook such as ”Lonely Planet Guidebook”
and local representatives had read ”Living in Bangkok”of
The Japan External Trade Organization (JETRO) publication.
Also, the Japanese immigrant enrolled in JAT and they had
obtained information from JAT.

But, as for the information of the book published in such
Japan, information updating is slow. So company published a

Fig. 2. Information Transfer Model in Japanese Society

newspaper with Japanese in Thailand. These media came up
assuming a business use. Bangkok Shuho, the oldest Japanese
paper media in Thailand, was released in 1976, and only 8,000
copies of newspapers are published in 2015. Many publishers
had been established, but it is only two companies that it
continues publishing even today. As newspaper publishers
all over the world moved the base of the news release on
the Internet, people was able to obtain news on the Internet
quickly. Newspaper publisher would finish a role as the news
media as of that purpose to sell papers.

There are the magazine increasing sales smoothly adversely
with the decline of the newspaper. The magazine, which is the
most characteristic in a pay magazine published in Thailand,
is ”G-Diary Magazine.”This magazine is a sex entertainment
industry publication of 15,000 copies sold only in Thailand,
and it introduces information of the sexual intercourse in
Japanese. The Japanese man who cannot speak Thai and
English enough are the readers of the magazine. It is a very
disgraceful thing for all of the Japanese.

TABLE I. JAPANESE MAGAZINE AND NEWSPAPER IN THAILAND 2015

Magazine Foundation Type Circulation Topic Price
Bangkok Shuho 1976 Weekly 8,000 Business 360B
Thai Economy - Weekly Close Business 2,000B
G-Diary 1999 Monthly 15,000 Night Life 220B

D. Free paper Magazines

From late 1990 when high yen advanced by an economic
crisis in Thailand, numbers of Japanese people largely in-
creased. Variety was born in the Japanese community in Thai-
land, and the business that targeted a Japanese particular group
was taken much more. At the Japanese social individual target
which diversified, the Japanese free papers were published.

Besides, there was a technological progress of the computer
in the background of the appearance of the free paper. When
Microsoft released Windows Operating System in 1995, the
publisher bought a cheap computer for th Furthermore, an
illegal copy of the magazine editing software, like Adobe
Page Maker and Illustrator, came to be available cheaply in
computer shops and many free papers were published.
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Fig. 3. Japanese Free papers in Thailand

As of 2015, twenty Japanese free papers are in Thailand.
Free paper places the article that trained readers hard more
to make differentiation with the another magazine clear. For
example, in the case of a women’s magazine, each magazine
subdivides readers by a topic and forms the community every
medium (e.g. mothering, shopping, cosmetic, etc.).

TABLE II. JAPANESE FREE PAPER IN THAILAND 2015

Magazine Foundation Type Circulation Topic
DACO 1998 Biweekly 22,000 Entertainment
WiSE 2006 weekly 30,000 Entertainment
bangkok madam 1998 Monthly Close Ladies
WOM Close Monthly 20,000 Ladies
newsclip 2002 Biweekly 16,000 News
U-MACHINE 2004 Monthly 11,000 Factory
Arays 2012 Monthly 20,000 Business
info Biz Close Monthly 15,000 Business
freecopy map 2011 Monthly Close Business
banmeshi 2014 Monthly 30,000 Restraunt
freecopy map 2011 Monthly Close Shopping
nico labo 2012 Monthly 20,000 Mothering
Arche+ 2012 Monthly Close Ladies
Bangkok Guide 1995 Monthly Close Tourist
Thai Jiyu Land 1998 Biweekly 10,000 Family
Bangkok Life 1995 Biweekly 10,000 Family
Chao 2001 Biweekly 10,000 Family
OHAYO 2012 Biweekly 10,000 Family
Golf Style 2013 Bimonthly Close Sports
HOW! Close Monthly Close Night Life

WiSE Magazine, which is published most, publishes
30,000 copies in a week (in the month 120,000 copies). WiSE
Magazine have a lot of contents (e.g. Japanese Star news,
Japanese Sports, Japanese News and Japanese television pro-
grams). Because a number submitting a residence notice to
of Japanese people is 65,000 people, approximately 50% of
Japanese in Thailand would read WiSE Magazine. In Thailand,
there is another free paper written in many languages. And
they are distributed to the stores such as a supermarket and
the bookstore. But most of the Japanese free paper are mailed
to home and workplace at no charge. If it is the free paper
of the Britain and the United States type that ”a person
reaches to information”, it is Japanese free article that ”
information reaches to a person”. Advertisements for Japanese
came to concentrate on a free article without a newspaper.
Naoya Akashi, Yindeed Co., Ltd., Managing Director and
Founder, estimates an advertising market scale of the Japanese

free paper of Bangkok at 197 million baht. Japanese free paper
business has grown up in a huge market in Thailand.

Also, the advertisement placed in such a free paper targets
local representatives and their family. For example, the letter
of the Japanese restaurant set in the ad is a thing such as ”
the only 1,500Baht”. People are living by a Japanese salary
system often have higher economic power than a permanent
residence Japanese. The local representative can live a life of
Japan and the standard to some extent even if a price is high.
The free paper isolates a local agent and the family from the
Thai society and the free paper forms the community only
for local officials in Thailand. Japanese free paper is solved
in life in Thailand and is crowded and am published for a
local representative and family assuming the Japanese life after
returning home. Of course, for a Japanese ”not to want to
have an interchange with other Japanese”, it is not necessary
to provide service. But you should understand the role that a
characteristic of the media and the media achieve well. And,
according to the indication of Akagi whom such a free paper
mentioned above, it functions as the press promoting social
ostracism.

IV. CONCLUSION

In Thailand, Japanese community will have collapsed.
Individual Japanese do not need cooperation. A lot of so-
cial problems have occurred between Japanese. The postwar
Japanese community in Thailand was one of Japanese social
model in abroad. But it is important to pay the attention to a
fact that the media which should produce information sharing
brings about Japanese social division in Thailand.

Thongchai proved that a Thai nation concept was made by
a map(Thongchai:1994). The idea of the Japanese in Thailand
is formed today by free paper. Understanding the situation
interpreted again by the different media like free papers in
Japanese community will be to a clue understanding how
consumption of the information is performed as for vast
knowledge of the media.
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Abstract:

The use of complex dynamic systems (CDS) frameworks 

in learning and education is currently in vogue, with a 

great many ideas for its applications already either

suggested or in use. The framework offers the potential 

for the examination of the interplay of systems within 

systems, potentially revealing an outpouring of data both 

remotely and closely connected to the initial variables

first examined. This article will give a brief history of 

second language (L2) motivational research before 

examining possible avenues of research using the CDS 

framework.

Keywords – Complex Dynamic Systems, Motivation, 

Retrodictive Modelling

I. An introduction to Complex Dynamic Systems

Human behavior, as we witness each day, is often 

far from being made up of a predictable structure of events. 

The desire to complete a series of tasks, for example, of A to 

be followed by B and then C may seem simple enough as we 

pencil in our schedule for the day. And yet, the dynamic and 

seemingly random patterns of events related, even in 

imperceptible ways, to each of those 3 variables can send the 

supposedly simple (or hoped-for) order quickly into disorder, 

requiring a hurried rescheduling of events, frantic phone calls, 

apologies and a wondering of just where everything went 

wrong. The social contexts in which we exist can easily be 

recognized as “systems that are heterogeneous, dynamic, 

non-linear, adaptive and open” (Larsen-Freeman & Cameron, 

2008, p.36) and the behavior observed in that system as 

emerging from the interactions of its component variables. 

Slight changes or fluctuation in any of the variables within 

the system may have a large impact during the evolution of 

the event or behavior examined. 

One of the best-known and oft-cited examples of 

the basis behind the concept is known as ‘the butterfly effect’, 

a term attributed to the meteorologist and mathematician 
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Edward Lorenz, in his description of how changes in local 

weather patterns could affect weather on a much wider scale 

(in fact, Lorenz’ original analogy was the flap of the rather 

less poetic seagull) (Lorenz, 1963, p. 432). In understanding 

the concept, gracefully pared-down as it is, it is important not 

to regard the butterfly’s movement as the sole cause of the 

tornado, as the single starting point of the event. The flap of 

the wings is instead supposed to describe just one element in 

the initial conditions of the system. Both independently, and 

or through interactions with the environment, consciously 

and or unconsciously, systems, such as those affecting the 

weather, are in constant flow, both affecting and being 

affected by their environments and contexts. The butterfly 

does not act in isolation and neither do language learners. 

Over the last 50 years, as the complexity of the 

second language (L2) learning process has begun to become 

better understood, research into L2 motivation has gradually 

evolved and adapted to account for the integration of 

motivational psychology into its philosophy. Ushioda & 

Dörnyei (2012) have identified 4 phases in this development: 

The social psychological period, characterized by the work 

of Gardner and his Canadian colleagues (1972), emphasized 

the role of the individuals’ social context and social 

interactions, therein establishing the two important concepts 

of integrative orientation and instrumental orientation into 

the lexicon used to describe motivational influences. Calls 

for examinations of language learning motivation in a wider 

setting and context paved the way for the cognitive-situative 

period, which sought to draw on theories in cognitive 

psychology, while placing more focus on social 

constructivism and specific learning settings and situations 

(e.g., Dörnyei, 1994; Williams & Burden, 1997). Despite the 

clear steps that these studies were making in examining 

language learning motivation, their approaches still resulted 

in snap-shots of motivation, and their correlation with 

another variable, such as test scores, captured at a particular 

moment in time. 

Models from the following process-oriented 

period sought to examine the dynamic nature of motivation, 

well-illustrated by Dörnyei and Ottó’s process model of L2 

learning (1998), which proposed three distinct, chronological 

stages: the preactional stage, the actional stage, and the 

postactional stage. Following the process model, Dörnyei 

(2005) developed the “L2 Motivational Self System”, 

drawing on Markus and Nurius’ 1986 psychological theory 

of “Possible selves.” Dörnyei’s system examines how “self 

images develop and evolve in interaction with the complex 
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constellations of internal and contextual processes shaping 

engagement in learning” (Ushioda & Dornyei, 2012, p.401).

The final period identified by Dörnyei and 

Ushioda is the socio-dynamic phase. This last phase is 

characterized by even greater recognition and emphasis 

given to the complexity of the L2 learning process as it 

merges and weaves organically through the complexities of 

the social and contextual influences surrounding the learner 

and their motivations for learning a language. By examining 

the language learner in context, we are attempting to delve 

into the interactions between the self-reflexive individual and 

the plethora of surrounding contexts, both micro and macro; 

influenced by backgrounds and histories but also goals and 

desires, that surround and mesh at various points in the 

individual’s life, through their activities, experiences and 

relationships (Ushioda, 2009). This complex relationship 

with a variety of factors is best described through a dynamic 

systems perspective on motivation. Traditional statistical 

research tools, measuring linear relationships and drawing 

conclusions from a limited number of factors will obfuscate 

the actual complex nature of the interplay of all operating 

factors. As Larsen-Freeman & Cameron say: “If we smooth 

away variability, by averaging for example, we lose the very 

information that may shed light on emergence” 

(Larsen-Freeman & Cameron, 2008, p.73).

I. Implementing A CDST Framework

Despite the attractiveness, due to the 

epistemological nature of the concept of motivation that 

complex dynamic systems theory (CDST) offers to L2 

motivation studies, the reality is that the complexities of 

unravelling just which variables are affecting and influencing 

other variables which are, in turn, affecting and influencing 

other variables, and so on, renders the use of CDST far from 

being a simple proposal. As researchers, we seek patterns 

with which to draw conclusions, posit theories and offer both 

suggestion to support maturation in the language learning 

profession, and practical ways in which students can improve. 

Within the CDS framework, this can be carried out by the 

identification of anchors or parameters which are affecting 

the flow, or trajectory of a system. To do this, we need to try 

to define that system’s ‘state space’, a description of all the 

possible states of the system and then attempt to describe 

each point in that state space by values pertinent to the 

system. (Larsen-Freeman & Cameron, 2008). 

Larsen-Freeman and Cameron (2008) give the simplified 

(dynamic, though not complex) example of traffic lights, 

where the values are attributed to the lights being on and off, 

and whose possible eight on/off states may be mapped to 
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indicate their trajectory. The complex dynamic system will, 

of course, offer many more possible states and values which 

can appear or dissipate to be considered as it moves across 

the state space which can affect changes to the system 

through time.

Areas of relative stability can offer glimpses of 

potential predictability within the state space of a CD system. 

These are known as attractors (Thelen & Smith, 1994). 

Attractors can be described as temporal ‘safe havens’ of 

stability in system. Bringing the comparisons away from 

technology and the above mentioned traffic lights, and into 

the human world, an example of an attractor might be the

blinking of an eye when an object passes close by. Step by 

step processes, known in CDS terminology as phase 

transitions, can be mapped out and traced in their transition 

from one process to another, such as, in this case, the general 

proximity of the object to a person before the levator 

palpebrea superioris and the orbicularis oculi act in a set 

pattern of muscle contractions and movements. Researchers 

in the field of language learning motivation looking to 

employ a CD framework, will try to identify the attractors 

and behaviors affecting students’ L2 motivational trajectories, 

and especially parameters within the system which can 

influence phase transitions, such as the change from an 

unmotivated state to a motivated one. Identification of these 

“control parameters” (Larsen-Freeman & Cameron, 2008, 

p.53) can help to establish the salient, driving components of 

the system and offer the chance to transform the trajectories 

therein.

III. Putting Theory into Practice

In order to create representations of the dynamic 

system, researchers first need to focus on ways in which 

motivational dynamics may be applied to the process of 

systems analysis to offer predictability and thus meaning to 

the array of data emerging from investigations. Dornyei 

(2014) proposed three research strategies to establish a 

meaningful exploration of complex dynamic systems: 

1) identification of strong attractor-governed phenomena 

(showing the influence of pertinent attractors on the system);

2) identification of typical attractor conglomerates (in which 

the relationship of motivational, cognitive and affective 

factors can appear to work in unison, forming a construct 

which can be identified and measured);

3) identification and analysis of typical dynamic outcome 

patterns (in which methods of analyzing changes in form can 
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be measured and reported accurately from among the initial 

semblance of disarray). 

It is through the use of these strategies that this author chose 

to examine the L2 motivational trajectories of Japanese 

students through the four years of their university life. It is 

predicted that interviews with these students will uncover 

patterns of system behavior which can be plotted over time 

and which can be compared and contrasted with other 

students from both within and without each student’s 

learning context, thereby effecting the two strategies 

suggested by Dornyei, above.

In order to effect the final of Dörnyei’s three 

strategies, a process called retrodictive qualitative modelling 

(RQM) will be employed at the end of the research period. 

Using RQM for research methodology in dynamic systems 

was first suggested by Byrne (2002) and has been proposed 

for use in SLA cases by Larsen-Freeman & Cameron (2008) 

and de Bot & Larsen-Freeman (2011). The concept of 

variability of the systems over time means that traditional 

modelling paradigms, which commonly seek to offer 

predictions of outcomes are of little use. The alternative form 

of analysis therefore lies in finding a way in which factors 

leading to outcomes can be identified, showing the 

transformation or development of attractor states. In other 

words, by working backwards i.e., by employing not 

prediction but retrodiction, the author aims to create a 

retrospective model of the evolution of a system over and up 

to the end of the four year research period.

Different from the snapshots of student L2 

motivation offered by many traditional research methods, 

longitudinal studies such as this, can offer a window into the 

interaction of variables over time, as seen in the 

groundbreaking study by Dörnyei and Csizér (2002) or more 

recently by Kim, (2013). Indeed, as Dörnyei and Ushioda 

claim, “...only by collecting longitudinal data can we fully 

explore the dynamic nature of the mental processes 

underlying motivation” (2011, p.208). It can be argued that 

empirical studies or those seeking to uncover possible cause 

and effect must be longitudinal in nature as only through 

using longitudinal studies can we hope to uncover the 

temporal ordering of changes and periods of stabilization as 

they develop.

A. Method

After piloting, a set of interview questions was 

developed to examine learners’ motivation for learning 

English over time. The questions were based on sections 

from Ryan’s ‘Motivational Factors Questionnaire’ in his 
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2009 study which set out to test Dörnyei’s concept of the 

ideal L2 self in the Japanese context and which itself 

imported a number of concepts and constructs from Dörnyei 

and colleagues’ longitudinal study in Hungary (Dörnyei & 

Csizér, 2002; Dörnyei, Csizér, & Németh, 2006). The 

interview questions feature sections related to student past 

experiences regarding English learning, instrumentality, 

anxiety regarding English use, ethnocentrism, the learning 

context, current English ability and their concept of the ideal 

L2 self (see Appendix A for full list of interview questions). 

In the study, the learners are interviewed for 

approximately 40 minutes at the start and end of each 

academic year. The same questions are used each time. The 

interviews are carried out face-to-face or over Skype. The 

semi-structured nature of the interviews allows learners the 

opportunity to add any extra information that they wish to. 

The interviews are recorded on digital audio recorders. At the 

end of the interview process, the audio recordings are 

transcribed and the transcriptions sent to the interviewees for 

verification. The transcriptions are carried out by paid 

student help from the author’s university and they are 

verified by the author for accuracy. Upon verification, the 

transcription data is analysed using qualitative data analysis 

software, NVivo for coding.

B. Universities and Participants

The participants are four learners each from three 

universities in northeast Japan. The universities were chosen 

for their graded rankings on their hensachi or standard 

deviation score required to pass their entrance examinations 

(see Mc. Veigh pp. 30-33 for more detail). This selection 

process was decided upon to attempt to gauge a pattern 

among lower, mid and upper educational attainment level 

learners. In this paper, these universities are referred to as tier 

1, 2 and 3, with tier 1 being the highest level on the hensachi

grading system. The learners from each course were selected 

for their desire/willingness to participate in the longitudinal 

study. The interviews are carried out in Japanese to allow 

learners of different English abilities to express themselves 

as fluently/fluidly as possible.

IV. Current Findings

At the time of writing, the last of the second year 

interviews has been transcribed and analysed. In other words, 

the research period is at exactly the half-way period. This 

section will present some of the data emerging from the 

interviews. The English translations of the comments, seen 
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below, were carried out by the author and verified by 

independent bilinguals.

Examination of the data gathered over the last two 

years of the project reveals that past experiences appear to 

play little role in affecting L2 motivation for these learners. A 

student from tier 1, for example, who attended a private 

English junior high school and whose classes there were 

presented in English, shared the same anxieties regarding her 

skill in English and her confidence in speaking with 

foreigners in English as students from tier 3, who attended 

Japanese state schools. Attitudes towards the L2 community 

and international empathy were similarly uniform throughout 

the three tiers during the two year period, with students from 

all universities under study expressing a desire to travel and 

speak to foreign people. Accordingly, views relating to 

ethnocentrism and a fear of assimilation were also 

comparable, with all students continuing to favor Japan over 

any other country and expressing the desire to preserve 

Japanese culture. 

Although no variations of learner appraisal of 

parental encouragement appeared to affect English learning 

motivation, students from tiers 1 and 2 made reference and 

placed value on the influence of their peers throughout the 

two years:

Rina (tier 1): When I see my friends speaking English in 

class, I think I have to make an effort too (interview 1).

Rina (tier 1): We want to study and improve together 

(interview 3).

Ai (tier 2): My friend lived in the US for years and is fluent. I 

need to study hard to get like that (interview 1).

Ai (tier 2): Yes, if my friends are doing well, I know I have to 

do well. It’s good pressure (interview 3).

The responses of the third tier learners, however, are 

markedly different as time goes on, with students from the 

second half of the first year beginning to place little value on 

peer influence and instead are seen to begin to reflect on their 

own performance in class, as seen in Eiki’s comment below: 

Eiki (tier 3): I think more about what I did in my first year 

and how I don’t do it now. That influences me (interview 3, 

second year).

In this comment, Eiki is clearly looking backwards and 

inwards instead of considering, unlike the learners in tiers 1 

and 2 above, elements of the social environment that clearly 

seem to motivate them. 

The divisions between tiers are further highlighted 

in questions relating to instrumentality and the ideal L2 self. 
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Regarding reasons for studying English, three of the four 

learners from the upper two tiers responded with reference to 

a future job throughout the research period:

Maki (tier 1): I want to be able to speak English and to enjoy 

international relations with foreigners. I also want to be a 

school teacher specializing in teaching English to children 

(interview 1, repeated throughout the research period).

Ai (tier 2): I want to study English for the job I want to do in 

the future, working in the airline industry (interview 1,

repeated throughout the research period). 

Evidence of a wavering in the dedication to a goal comes 

from tier 1 university student, Rina. In her first interview, 

this student also spoke of a desire to be a teacher, but by the

third interview, this had changed to simply “I would like to 

communicate with foreigners”. Similarly vague responses 

came from the tier 3 learners:

Eiki (tier 3): I like the teacher. I’m not sure about my future 

job, but I’d like to use it (interview 1).

Eiki (tier 3): I just need it to graduate. I don’t think I’ll be 

writing or speaking in English, just passively taking it in 

(interview 3).

Takashi (tier 3): For my future. I want to go abroad 

(interview 1).

Takashi (tier 3): I want to be a cameraman in the future. I 

think I might need to talk to English people if I do that 

(interview 3).

Regarding their future L2 selves, for three of the 

tier 1 and all of the tier 2 learners, a positive response to the 

question of their speaking English in the future was 

forthcoming. They also rejected ideas of not using English in 

the future:

Maki (tier 1): Yes. I’ll be speaking to the foreign assistant 

language teacher at the school where I’ll be teaching. I can’t 

imagine not speaking English in the future (repeated through 

interviews 1-4). 

Lisa (tier 2): Yes. I’ll be speaking with people from different 

countries. In Japan and when I go abroad and at work. I can’t 

imagine not speaking English in the future at all. It sounds 

like a boring life (repeated through interviews 1-4).

Ai (tier 2): Yes, especially with customers at my job. No. I 

can’t imagine not speaking English. I feel sad just thinking 

about it. No way (interview 1).
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Ai (tier 2): Yes, with customers at my job. No. I can’t 

imagine not speaking English. I’d feel like ‘what on Earth 

are you doing?’ (interview 3).

However, for Rina of the tier 1 learners and all of the tier 3 

learners, the image of their English speaking future selves are 

rather hazy: 

Rina (tier 1): When I speak to learners, I’ll try not to use 

Japanese (interview 1).

Rina (tier 1): Maybe not outside of work (interview 3).

Or, as demonstrated by Takashi’s comment below, altogether 

more resolute: 

Takashi (tier 3) “No, I won’t be using it” (repeated through 

interviews 1-3)

What these learners also share is a vision of their future 

selves not using English and a lamenting of this: 

Rina (tier 1): Yes, I can imagine it. I’d think it was a waste. I 

think I should have made more effort in class (repeated 

through interviews 1-4)

Takashi (tier 3): Yes, I can completely imagine it. It’s pitiful 

and shameful” (interviews 1 and 4).

V. Future Predictions

Findings regarding student motivational 

trajectories have revealed a number of interesting 

developments in student L2 motivation, specifically the 

fluctuations regarding instrumentality and future goals of one 

of the tier 1 learners and all of the tier 3 students. However, it 

is predicted that further changes regarding a wider variety of 

the participants will be forthcoming over the remainder of 

the research period. This is due to the lack English classes 

that are offered to students after the second year of study in 

addition to pressures on students to begin to look to enter 

employment following graduation from university. Students 

might, for example, begin to reexamine the value they give to 

English after becoming aware that their skills in the subject 

are not transferrable to the job market. Alternatively, a lack 

of or reduced exposure to English through reduced class-time 

might also dampen learner interest in the subject. It is, of 

course, as the theoretical component of this paper has 

hopefully demonstrated, axiomatic that there are an 

enormous number of variables that can and will need to be 

taken into account relating to motivational changes affecting 

students’ attitude to the L2. The future of this research is sure 

to offer a breadth of insight into student motivations for 
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English learning over the research period, highlighting the 

value in adapting a DST framework for such research. 

At the end of the research period, RQM will be 

employed to create a retrospective model of the evolution of 

the system over the four-year period. One of the desired 

outcomes of this research is that the use of RQM will enable 

salient patterns of learner motivational trajectories to be 

established that can then be fed back into the learning 

situations to offer advice to the students or to the institutions 

which can enable the students to move towards more 

beneficial attractor states.

VI. CONCLUSION

The evolution in L2 motivational research has 

seen a peeling back of the layers of the onion to uncover ever 

more complex intertwining influences of systems and 

contexts over time. The daunting scope of the resultant 

ever-increasing parameters to be taken into account can be 

somewhat tempered through the employment of a CDST 

framework. The framework offers researchers the 

opportunities to examine the effect of a multitude of 

influences on the L2 learner, potentially uncovering students’ 

motivational trajectories over time. Indeed, the CDST 

framework is an excellent fit for research such as this, which 

seeks to measure the journey towards predictable or desirable 

system behavior outcomes.

The evolution of motivational currents is best 

caught through longitudinal research and its revealed patterns 

by the use of RQM, the latter which can be employed to 

construct a retrospective model of the evolution of a system 

over and up to a certain period of time. 

The author’s current research, at its half-way stage, 

has uncovered emergent changes in the L2 motivational 

trajectories of a number of students and promises to further 

reveal additional changes and developments in students’

English motivational trajectories over the remainder of the 

research period.
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Appendix A.  Interview questions

Interview questions (English version)

1st meeting:

About past experience

What is your experience of learning English before coming 

to this university?

What is your experience of using English before coming to 

this university?
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Have you ever visited a foreign country?

- How long for?

- What did you think of the culture/ the language?

- Did you speak English there?

1. Instrumentality

- Why are you learning English?

- In what way do you think learning English will be a benefit 

to your future?

2. English anxiety

- Do you like learning English?

- Do you look forward to your English classes? Why/ Why 

not?

- When did you last meet an English speaker?

- Do you feel nervous if you meet an English speaker?

- Would you feel nervous if a foreigner asked you for 

directions in English?

- Do you get nervous or confused when you speak English in 

English class?

- Do you ever volunteer answers in your class?

- Are you embarrassed about using English in front of your 

family and/or friends?

3. Travel orientation

- Would you like to travel to English-speaking countries?

Why? Which ones?

4. Attitudes towards the L2 learning community:

- What is your image of a country like America?

- What’s your image of American people?

- Do you like meeting people from English speaking 

countries?

- Do you have an English-speaking role-model from one of 

these countries?

-Who is it?

5. International empathy

- Are you interested in the news of English speaking 

countries? Can you tell me a news item?

- Are you interested in communicating with people from 

other countries? Why?/Why not?

- Which countries?

- Are you interested in making friends with people from 

other countries? Why?/Why not?

6. Ethnocentrism

- America -vs- Japan. Which is the better country?

- Which country suits you best? Why?

7. Fear of assimilation:

- Do you see any disadvantage to Japanese people learning 

English or English words being used more in Japan, 

regarding Japanese culture?

- Do you think it is important to preserve Japanese culture 

and language?

8. Parental encouragement

- Do your parents encourage you to study English now?

- What does their input mean to you?

9. Milieu/ influences

- To what extent does the influence of your friends have on 

your learning English?

- Describe the atmosphere of the classroom.

10. Cultural interest:

- Do you consume and English media on a regular basis?

Music?

TV?

Magazines?

Movies? 

11. Self-evaluation
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Confidence rating 1-10: (ask about in English and Japanese!)

Making a presentation in front of a large group.

Talking with an acquaintance while standing in line.

Talking with a salesperson in a store.

Talking in a small group of strangers.

Talking with a friend while standing in line.

Reasons for changes since last time?

- How would you rate your English ability now 1-10:

speaking

listening

writing

reading

- Why do you think these have changed since last time?

12. Ideal L2 self

- Picture your future. Are you speaking English? Who with?

- Are you living in a foreign country?

13. Plans for next time

- What are your English goals before the next time we meet?
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Abstract— The outline for this project is to create a Web-based 
learning environment for exchange students. The service’s 
objective was to create an ever-growing database of words, 
utilize an interactive learning environment and endorse self-
driven way of learning using text, sound and images. This was 
achieved by using semantic web technologies and a database, 
which allow users to create their own data, edit or delete data 
regardless of the end device used.

Keywords— e-learning, web-services, mobile, usability,
database

I. INTRODUCTION

The purpose of the study is to implement a Web-based 
language learning environment where student can input, view 
and study Japanese words. All of the learning contents are 
made by the students themselves, whereas the teacher is 
mainly acting as a moderator.

In the word adding section, students are able to input new 
words in to the database and create memory rules with each 
word in the shape of example sentences, images and audio.

Data can be then viewed in the word-bank, where the words
are divided by their word type. For example, onomatopoetic 
words and nouns have their own dedicated sections.

From these self-created words, students can create a quiz
and study them in a section dedicated for this purpose. The 
quiz sequentially displays the words like a set of flashcards,
bearing all the student made information.

II. TOOLS AND METHODS USED

User interface, or front end of the service was developed by 
using HTML5, CSS3 and JavaScript mark-up languages, as 
these technologies provide mobile scalability and overall 
increased usability [1].

Server side, or the back end of the service utilizes PHP and
MySQL mark-up in order to store and retrieve the word-
entries from the database. Ease of use and reliability makes 
MySQL one of the most popular database systems used with 
PHP. [2]

As for increased speed and user-friendliness between client 
and server, Ajax calls are frequently used. Ajax is a client-side 

script that communicates to and from a server/database 
without the need for a post back or a complete page refresh.

In other words, Ajax is the method of exchanging data with 
a server, and updating parts of a web page – without having to 
reload the entire page. Another major advance to JavaScript 
and Ajax is the JavaScript object library called jQuery which 
is a JavaScript library designed to simplify the client-side 
scripting of HTML. [3]

The service also utilizes an API (application programming 
interface), which fetches an external audio-file in a JSON 
format from “Forvo” pronunciation service to each 
corresponding word if the sound file is available.

JSON is short for JavaScript Object Notation, and is a way 
to store information in an organized and easy-to-access 
manner. It gives a human-readable collection of data that can 
be accessed in a logical manner. [4]

Using all these above mentioned developing tools, creating,
manipulating, fetching and deleting data over the web is made
possible. Below is a flowchart which describes the workflow
of the service.

Fig. 1 Wireframe of the service’s functionality

Database
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BrowserPHP

php
file

Web-
service
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API Response /
JSON Data

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

535



 
Accessing the database through browser is possible by 

using service called “phpMyAdmin”, which is a tool written 
in PHP intended to handle the administration of MySQL over 
the web [5].

Fig 2. phpMyAdmin control panel. Data tables can be accessed here using a 
graphical interface.

III. USING THE SERVICE

A. Overview of the user interface
When arriving to the service’s main page first time, user 

has to login with an existing account or create a new one. 
All new users are required to make a profile in order to use 

the service, since each user has their own self-created words 
and memory rules. 

After successful registration, user is redirected in to the 
main page, where the three core functionalities of the service
can be seen. These functionalities are:

Word adding section, where the users are able to create 
their learning materials
Word storing section, where all of the words are stored 
and can be later viewed
Word learning section dedicated for learning user 
chosen words

Fig. 3 Main page as seen in desktop computers

The service can also be used in mobile devices. Media
queries, which were introduced in CSS3, is a technique which 
alters the appearance of the website when it meets 
“breakpoints” of certain width.

For example, when the screen width is 768 pixels wide, the
page will reorder its contents to fit the end device’s screen 
promptly. 

Fig. 4 Main page as seen on iPhone 5’s resolution (640×1136).

Moving from one place in to another inside the service
happens by clicking the icons in the navigation bar, which is 
on top of each page. 

This allows mobility and freedom to the user what comes to 
transitioning between pages regardless of the user’s current 
location.

B. Word adding
In the word adding section, new data is created by using

HTML form. User needs to fill all the necessary input fields
before submission. The input fields consist of the following 
fields:

Japanese input in kanji
Japanese input in hiragana
English translation input
Word description field
Example sentence field
Word type checkmark
Image uploading field
Onomatopoeia checkmark

Image input and onomatopoeia checkmark are not required.
jQuery script checks if the necessary fields are filled, and then 
makes the submission button available. Submitted data is then
processed by an external PHP file, which connects and inserts 
the received data in to the database.

If the submission was successful, user can choose to add 
another word or return to the main page.
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Fig. 5 Data-entry. Example of PHP & MySQL mark-up. Input entries being
inserted into the database.

C. Word storing and displaying
Words are stored in a dedicated place called word-bank. All 

of the user created word data can be viewed in this section of 
the service.

Words have been categorized in eight different types,
which each have their own dedicated page. These word types 
are adjectives, adverbs, verbs, nouns, pronouns, particles, 
conjunctions and onomatopoetic words. User can also choose 
to view all of the words in one page.

Upon clicking on a desired category, user is directed in to a
dynamically created page, where the words designated to that 
specific category are displayed.

Fig. 6 Viewing all the nouns

As seen in the figure.6, all of the nouns are displayed and
are listed on top of each other in alphabetical order. Each 
word have their own container, which is accompanied by two
buttons:

add to quiz - button
delete word - button

Using the green “add to quiz”-button, user is able to add 
words in to a quiz for later studying purposes. When this
button is clicked, a small notifier at the bottom of the page
informs that the word was added in to the quiz list in the 
database.

These words are later displayed in the quiz section in the 
same order as the green buttons were clicked.

Upon clicking the red delete button, jQuery script runs an
8which connects to a specific PHP file. This PHP script then 
receives the word’s unique identification number. Using this
number, the PHP script then connects in to the database and 
finally deletes that specific word-entry permanently. 

As Ajax is a client-side script that communicates with the
server/database asynchronously, the page doesn’t need to be 
refreshed every time a word is added in to quiz list or deleted
completely.

D. Displaying individual words
Since all the words are given a unique identification 

number upon their creation, word-specific fetching and 
dynamic links can be made.

As seen in figure.6, white area around each word container 
has link. When this white area is clicked, browser URL takes 
that word’s identification number as its parameter and 
displays the word individually in a new page.

Fig. 7 How individual words are displayed after clicking any of the words in
the word-bank. In this case, the fetched word is “downtown”.

In this dynamically created page, user can view the words 
individually. As seen in figure.7, all the example sentences, 
descriptions and images which were created in the word-
adding section earlier are now displayed.

In this page, altering of the word data can also be practiced.
By simply touching the area where the word data is (for 
example, description), the text field lights up in a different 
colour and becomes editable.

After the user has finished editing, jQuery sends an Ajax
call to tell the database to update information. As this editing 
manoeuvre happens asynchronously, page doesn’t need be 
refreshed.

“Content editable” element is one of the new attributes 
introduced in HTML5 mark-up. Accompanied by Ajax/PHP 
scripts connecting the database, this element makes editing of 
HTML data easy and fast, as new word data can be written in 
on the fly. [6]

Besides viewing and editing the word data, user can choose 
to look up additional information about the word from internet 
dictionary called “jisho”.

By clicking the “Additional info” button at the right, a new 
tab in the browser opens. Address of this page has the word 
used in its search parameter. 
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Fig. 8 Searching additional information from “Jisho” with the chosen word:
downtown.

Listening the word is also possible for available words. 
When clicking the “Listen the word” – button, jQuery script 
runs a function which connects to the Forvo pronunciation 
service, fetches the desired word in JSON format if available 
and then plays it once in the browser. 

As the JSON data returns all the information it can get from 
the server regarding to that specific word, the desired part 
needs to be selected in the JavaScript.

As only the link to the sound file is wanted, the script does 
a query which only points to “pathmp3”. From the figure.9,
format in which the JSON returns data can be seen.

Fig 9. JSON representation describing the fetched word “downtown”.

E. Word learning 
The actual learning of the words is designed to be practiced 

in this section of service. All the words which were added in 
to the quiz list back in the word bank are shown in this page in 
a separate word containers, which appear to the user one by 
one.

The quiz works in similar sense as flash cards – one side 
has the word in English and the other one in Japanese. User 
can also choose a reversed order, where the question side is 
Japanese and answer side in English. 

User navigates through the quiz by clicking one of the two 
buttons, which are dedicated for the purpose if the user 
remembers the word or has forgotten it. After either 
“remember”-, or “not remember” –button has been clicked, 
next word is displayed.

It is up to the users to decide whether they remember the 
words or not. Choosing either one of the buttons will not 
affect the order in which the cards are displayed.

Users can also use hints, if they can’t remember the word. 
These hints consist of user-made descriptions, example
sentences and uploaded images.

Fig. 10 The quiz section.

Fig. 11 Using a hint

When the quiz has reached its end, users are shown how 
many words they remembered. Users can also take the quiz 
again, or delete the study deck using the button located in the 
navigation bar.

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

538



IV. CONCLUSION

As of now, the service delivers all the functionalities 
which are required to store, edit and delete data. UI of the 
software is near completion, but several features require 
further work and polishing, such as image uploading as it’s 
not possible to add images later after the initial input.

The pronunciation API might be replaced with an 
alternative method, as its usage costs – own voice recording 
system is a possibility.
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Abstract— The purpose of this paper is to introduce Project 
Based Learning (hereafter PBL) in Japan. The goal is to develop 
of new applications for the market expansion with students’ idea. 
This study has been conducting with local ultrasmall enterprise. 
Even though “Paper paints” (hereafter Kamienogu) has 
developed over 20 years and patented, but stagnant sales. It may 
be used for painting, shaping and transcription picture like wall 
surface, and it has a safety far below the regulation of Japanese 
Industrial Standards. However, the sales have remained small 
because the brand awareness is still low. 
       In the brainstorming for new product development based on 
marketing theory, such as Segmentation-Targeting-Positioning 
(STP) and Product, Price, Place, Promotion (4P), students 
proposed educational materials for fine arts in schools.
 They progress management of the project, selection of easy-to-
use tube, the case with label and company’s new logo, review of 
sales channels, and exhibition booth layout. Thus the student can 
experience a series of processes that be involved in marketing, 
education effect of this project has been maximised. Further, the 
expected results of this PBL are economic ripple effect and the 
network expansion effect by regional link like cooperation with 
local printing industry.

Keywords— marketing education, Project Based Learning, 
product development, development of sales channels, overseas 
expansion

I. INTRODUCTION

Five years past from the Great East Japan Earthquake on 
March 11, 2016, small and medium-sized companies which 
located in the affected areas advances not only the 
reconstruction but also the next stage as development of the 
new market. On the other hand, Universities required the 
change of teaching methods for human resource cultivation in 
the context of the falling birth rate, and we need to teach 
student that they will be able to assume a large role in local 
area in the future. Therefore, in this report introduce practical 
examples of PBL, as collaboration with universities and local  
companies. Although still the company awareness is low, PBL 
actualize their resources, value,and potential.

II. PROJECT BASED LEARNING: PBL
“University reform execution plan” (in Japanese, 2012), 

Education, Culture, Sports, Science and Technology Ministry 
(MEXT)  has set as follows specific targets and achievements 
of the future of the university reform. “Universities and 

graduate education to shift to develop human resources who 
can proactively learn, thought and action,” “Making university  
that become the core of regional revitalization (promotion of 
Center of Community initiative),” “Strengthening 
collaboration of regional and university,” “Contributing to 
solve employment creation of and regional issues.” (e.g. [1]).
Furthermore, in “the second education promotion basic plan”
approved in a Cabinet meeting in June, 2013, “Improve and 
change the quality of university education fundamentally, for 
students can think and act proactively. For this purpose, there 
is a need to promote the development of Learning Support 
environment, improvement of the educational power of 
teachers, active learning and interactive lectures, exercises, 
and experiments, environmental improvement towards the 
establishment of proactive learning of students.” (e.g. [2]).
PBL is attracting attention as a means to achieve this.
According to the Kansai Gaidai that is specified in the
“education GP” (e.g. [3]) of MEXT, “PBL are proposes a
solution of practical issues and problems by the deployment of 
proactive analysis and unique ideas of students  with the 
companies, government and region.” (e.g. [4]).

III. SELECTION METHOD OF COLLABOLATION COMPANY

The root of the collaboration with: introducing by a patent 
attorney, who works for patent application of the technology 
with the companies doing business legal support with a focus 
on small and medium-sized and venture companies, small and 
medium-sized enterprises (SMEs) consultant (management 
consultant), and from the already collaborated companies with 
my seminar.

Patent attorney and consultant bring the SMEs' problems 
through their management or patent consultant. Their main 
requirements for us are new product development or 
development of sales channels with students fresh idea.
Project members are faculty (as a research representative), the 
seminar students (third and fourth grade), experts and 
representative director of the company, a sales representative, 
etc. Although there are three to five new collaboration request 
in one year, it is difficult to respond to all. We select in 
consideration of the number of seminar member and their 
interests. Selection points are, 1) based on the student's 
interest and concerns, the contents can keep more than one 
year in the shortest, 2) our seminar can foreseeable proposals 
that satisfy the partner companies in response to the request, 3) 
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our activities can back up the company and local SMEs, and 
can lead to a regional contribution. Giving students a choice 
as to select the project, it lead to motivation perseveres until 
the end because the decision fosters a strong sense of 
ownership.

IV. OUR PROJECT

Our project title is  “Development of New Sales Channels 
and New Products with Students.”

New Technology Creation Hatchery Center of our 
university is a department engaging in activities in order to 
give research results back to society. They launched a project
“Collaborative Project for Reconstruction of Our Area from 
Tohoku Institute of Technology”, fiscal year 2011.” (e.g. [5])
It specialized in studies or activities that related recovery and 
reconstruction earthquake disaster, and rebuild the future of 
Tohoku region.

There are four project areas that are urban revitalization, 
industrial development, research analysis, and community. 17 
research projects were adopted; the total amount was 
approximately 10 million yen. The center assisted with the 
reconstruction as a whole university.

Fiscal year 2015, we were adopted as research of practical 
use. Our collaboration company is Aromacology Nakajima 
Inc., established a small factory and office at Kawasaki, 
Shibata, Miyagi (local area), and incorporated the business 
only a year ago. They are a family-run ultrasmall enterprise, 
and making 3-dimensional viscous paints: NENSHI-E (

). This paints most appropriate for interior art for ceilling 
and walls, whereas, they don't have a past record of sales.

V. COMPANYAND PRODUCT PROFILE 

NENSHI-E is a curious eight colors paints that can 
decalcomania transferring to canvas [Fig.1-4], ceiling, and 
walls etc. Moreover, it can make 3-dimensional viscous paints 
using 3D form like baloon, pylon, and acrylic cup whatever 
possible peeling off the kamienogu [Fig.5].

Please sketch freely as rough copy. Then trace the design 
on Japanese paper. It is an art as is a Japanese-inspired picture. 
Also you can copy on the room interior like walls, windows, 
gypsum wallboard, mortar, concrete, woody portion, iron part, 
glass, and cloths.

This product has been patented (Registered Trademark 
Number: 5485506, Patent Number: 5578456 and 564894). It 
took 20 years to become the product. The features are odorless, 
water-soluble, and environment friendly. Moreover, it is 
significantly safe compare with the regulatory limits of the 
Japanese Industrial Standards of the “crayon and pastel crayon”
and “watercolor”. [Lead, cadmium, and arsenic are less than 
0.0020%]. The results of atomic absorption analysis are; Lead: 
0.00001% or less (1/200 of regulation value), Cadmium: 
0.000005% or less (1/400 of regulation value), Arsenic: 
0.000005% or less (1/400 of regulation value). These results 
mean, it is secure enough completely free of anything harmful 
if children or elderly people or pet accidentally swallow it.
Moreover, it is easy to wash even their hands or clothes or 
something dirty by the paint because it is water-soluble.

Fig. 1 Work by normal painting with kamienogu

Fig. 2 How to decalcomania transferring-1

Fig. 3 How to decalcomania transferring-2

The request from Aromacology Nakajima Inc. and it equals 
to our goal was developing new product using their 
kamienogu, and to expand their sales channels. Utilizing local 
resources and nice products effectively, also we announce the 
strengths and charms of the region to another area by SNSs 
like Youtube, Facebook, etc. It will cement community 
relations, additionally foster regional development with young 
power of student and rigional companies.
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Fig. 4 Work by decalcomania transferring (canvus size: L59 W2* H42cm)

Fig. 5 Work by 3-dimensional viscous paints with small pylon

VI. FROM THEORY TO PRACTICE

Our University has a class of marketing theory as a 
compulsory subject in second grade of the latter semester, that 
is, seminar members (third and fourth grade students) had 
learned the basic theory of marketing already. In order to take 
advantage of these to actual product development, we used 
STP analysis [TABLE ] and 4P analysis by applying to the 
collaboration company and their product. After these analyses, 
we discussed about new products by brainstorming [Fig.6].

Fig. 6 Kamienogu original version eight colors

As a result, some candidate products were proposed, such 
as nail seal, lampshade, and hair manicure. Contrary to these 
propose, the choosen one is a Kamienogu Paint Kit. In order 
to create a larger market, that can be used, for example, 
handwork or art class in the elderly facilities, junior high 
school, elementary school, and culture center. 

TABLE I
COMPARE WITH PROPOSED NEW PRODUCTS

Product Segmentation Targeting Positioning
S T P Market

Nail seal Young women Cute, easy to 
change

Small

Lamp 
shade

Eldery women Making your 
own shade

Small

Hair 
manicure

Young rockers, 
costume 
players

Eye catching, 
easy to wash

Quite 
small

Paint Kit Elderly 
facilities, 
junior high 
school, 
elementary 
school, and 
culture center

Making your 
own art with 
3D paint

Large

*Segmentation's Colum elided details because the information was huge.

Fig. 7 Kamienogu original version eight colors

VII. WEATHER RESISTANT TEST

Frequently asked question is about the weather resistance 
of the item at the exhibition. It must be kept demonstrate and 
certify that the paint color will not fading for long time by 
using it for decorate as interior or wall paint etc. 

We decided to implement the weathering test by our 
seminar. The experiment was started August 2015 and 
continued until September. The all eight color of Kamienogu 
[Fig.7] was cheked by accelerated weathering test machine, 
“Super UV Tester.” [Fig.8 and 9]

It examines the change or deterioration or degradation of 
sample paint by light from the sun (Ultraviolet light) and 
temperature changes. (Conditions: EYE Super UV Tester 
Type F - SUV-F11, 55 degrees Celsius, ultraviolet
100±5mw/cm3 continuous irradiation 432 hours).
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By the conditions of the lowest test temperature 55 celcius 
degree, it caused oil bleeding in two colors sample and that 
peeled off from Japanese paper, and the drying of the paint 
component on the third day. Meanwhile, we are living in the 
house that is rarely more than 28 celcius degree in Japan, 
however fading and changing the color due to ultraviolet rays 
occurs on the day 16th, it can withstand the daily indoor use 
was confirmed.

Fig. 8 Kamienogu new bottle and UV test sample

 

Fig. 9 Experiment by EYE super UV tester

 
 In October to December, We got start for selection of the 

tube for writing more easily [Fig.10]. Also carried out the 
creation of the label and kit from October. For corresponding 
the wholesale prices by variation in the content of the set, we 
have created a four kit until this March [Fig.11-13].

 

Fig. 10 Selected easy-to-use tube

 
It should be noted, president participated several 

exhibitions to introduce the products, as public relations 
activities.

In July 2015, he participated in the 26th international 
stationery and paper products exhibition ISOT 2015 (at Tokyo 
Big Sight), The booth layout was decided by our students' idea. 

Additionally, Dai-ichi Mutual Life Insurance Co. hosted the 
business meeting of the Corporation for exhibitors. This is 
business-matching site for famous retailer and wholesaler like 
department store. 

Moreover, he joined “government and academia 
cooperation fair” for the results announcement of the practical 
testing and research of our University Regional Collaboration 
Center, sponsored by Foundation Miyagi Industrial Promotion 
Organization industry-university cooperation Promotion 
Division.

Fig. 11 Kit1 (the smallest type: Box size L23 W9* H8.5cm)

Fig. 12 Kit4 (the largest type: Box size L32 W6.5* H29cm)
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Fig. 13 Label

VIII. ACCELERATE OVERSEAS OPERATIONS

Creation of the four kits were carried out in our seminar-led, 
but the president Nakajima was also exploring new products 
and sales channels at the same time. Canada's Trade 
Commissioner requested a picture of Utamaro Kitagawa to 
convey “wa” (it means Japanese spirit of harmony) to 
Canadian people as Cool Japan strategy. After the few weeks 
of the offer, he gave the “Owl drum” [Fig.13 is an example, it 
is not owl] to commissioner. 

The product's named “Fukurou Taiko”, it means there are 
no difficulties. Fu means anti, and kurou means trouble, pain, 
and labor etc. Fukuro is lucky bird in the sense that it does not 
struggle and it is popular. There is also popularity of Harry 
Potter; there are some owl cafes at the metropolitan area in 
Japan.

For comparison, the owl is popular in foreign countries 
because it is a symbol of the wise of forest, or ancient Greek 
knowledge. Since he named it “Fukuro drum” as a symbol, 
but it's canvus. Whatever you want can draw.

He had pressed the sign of the company name [Fig.14, on 
the bottom-right corner] for Canadian people can appreciate as 
an artwork. It was to be able to be used as a musical 
instrument. Size is about four cut photo frame to A3, but are 
also put in the kit of making artwork. Making drum is quite 
difficult and it has patentability how to paste Japanese paper 
and silk. Our kit employ a system that will send painted paper 
to the Aromacology and making drum by him [Fig.15].

Fig. 14 Owl drum (Fukuro Taiko body: Size L31 W1.5* H40cm,

Base: L31 W10* H4cm, Sticks:30cm)

Fig. 15 Owl drum kit (Drum size L16 W0.5-12 (stand)* H21cm, Stick 30cm)

Fig. 16 Candidate company logo

International Conference on Business and Industrial Research ©ICBIR 2016 
Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

544



On the other hand, Italy's San Marino Republic built the 
world's first shrine outside Japan.  And his Fukuro drum will 
add there as an art collection. Senkon logistics (Big logistics 
company in Miyagi) has many warehouses in the Northern 
Territories is a company that serves as a base for Russia and 
the United Kingdom. Negotiations with the president and 
Aromacology for overseas expansion with collaborate is 
scheduled already.

IX. DIFFICULTIES IN PRACTICING PBL

1)  Project activity funds: Our Idea and prototyping is 
provided free of charge,  and we do not receive the research 
fund provided from the collaboration company, except receive 
the actual item (in this collaboration case, we were provided 
kamienogu)  for making prototype kits. Some cost of the 
material purchase cannot be spending on the project. The head 
or leader researcger of tge project need to prepare for other 
costs required for the research and prototyping. Depending on 
circumstances, expenditure is also required from the private 
research funds.

2) Securing sufficient time for working hours: This project 
is  seminar's activity. By contrast, free time of the third and 
fourth year students of the class subjects are different, because 
the time of the seminar is a teaching time for mainly the 
discussion time for graduation thesis writing. In consequence, 
project will be set extracurricular time and thus it must carried 
out using after school or setting before they decide their class 
schedule at start of semester.

3) Making time for teaching through the project: Normal 
class (preparation), meeting, paperwork, university teacher 
has a lot of work. On the other hand, we should advice our 
students for their project activities to getting better results, and 
of course the time for answer will take students number.
Student project leader will lead the work to proceed, but the 
teacher have to check e-mail content text, such as whether or 
not there is a different point from the fact, or there is a rude 
expression to the other party. These processes make possible 
to don't lower the reputation of the entire university ultimately. 
Project leader teacher's responsiblity is to carry out the last 
proposal and supervise the entire activities.

X. CONCLUSIONS

Consumer understanding and cultural understanding and 
grasp of market trends are indispensable for create products 
that can hit the needs of the market and consumers, in order to 
make new package and promote tickle there purchasing 
willingness. In order to extend the sales amount, we need 
touch the consumer-oriented thinking by the questionnaire. 
And we need think products trend in the existing market, and 
should know what products can appeal originality and 
cultivate a new market are required. In other words, it is 
necessary to aim the needs-oriented product development.

Students experienced 1) real process of how to realize the 
commodification starting from proposing a product plan. 2) 
They crystallized their idea that on the basis of marketing 
theory.3) Teacher denied their idea in the previous stage to 
propose to the company. It causes a discrepancy on the day 

that actually may be submitted with the submission deadline 
of the plan. They realized difficulty of preparing documents 
within deadline. In addition, they enhanced the schedule 
management capability. 4) Students experienced this project;
they acquired the fundamental force that needed to in the 
workplace and the community with a variety of people. 

The Ministry of Economy, Trade and Industry (METI) has 
been proposed since 2006, advocating “working as a team” as 
a part of adults' basic skills. In other words, it was possible to 
cultivate following powers. “Ability to step forward and act 
persistently even if you fail,” “Ability to question and think 
through,” “Ability to collaborate with various people to 
achieve goals.” (e.g. [6]).

In addition, it has also become a place of assertion training 
to improve the skills of Assertive Communication by the 
project. Assertiveness is a form of behavior characterized by a 
confident declaration or affirmation of a statement without 
need of proof; this affirms the person's rights or point of view 
without either aggressively threatening the rights of another 
(assuming a position of dominance) or submissively 
permitting another to ignore or deny one's rights or point of 
view (e.g. [7]).

They brainstormed ideas for making better products, and 
repeated suggestions to closer to the best item by suggestions 
of others and their own proposals to be included eclectic point. 
Students won't give up nevertheless if their propose was 
denied for once. got the ability to work together in a team. 
They have grown into people who act in the region. They got 
the presentation skills for organize own opinion briefly. Now 
they know how to win the suggestion.

Finally, through this PBL project, lawyers, patent attorneys, 
small business consultant, etc., we could achieve the human 
exchange of experts who assist the affected and damaged 
companies by earthquake. It has gone up a mentoring effect 
because students also have witnessed the people to commit to 
the region in the real world. Students are extracting their own 
unresolved problems around them for propose solutions as the 
theme of the graduation thesis. They grew up in the youth 
responsible for the local economy, working in various fields 
and participating actively.
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Abstract— The research aimed to improve the students’ 
engagement on Fuel technology class 209331 by using various 
activities in the classroom and on internet. It included the field 
trip at Biogas production plant. The previous teaching consisted 
of 80% lecturing with 20% report. By using the same content by 
activity-based teaching, it was divided into 3 main sections. It 
consisted of group presentation, filed trip and CMU moodle on 
the internet. It could decrease the lecturing time to 20% with the 
activities to 80%. This followed teach less, learn more.  The new 
teaching was evaluated by 4 sections: student participation, 
learning behavior, motivation and attitude using statistical 
analysis. Based on the highest score of 3 from assessment, the 
student participation and learning behaviour, they obtained the 
average scores of 2.08 and 2.38, espectively. Compared to the 
highest score of 5, they got the average score of 4.10 and 4.26 for 
the student motivation and attitude, respectively. The results 
showed that the activitied-based teaching- new teaching, it 
increased the students’ attention to class and their participation 
using E-mail and social networking to search the related 
knowledge. Additionally, the students accepted the different 
ideas of their classmate and learnt extensively from class 
presentation. The student motivation improved self-development 
and with the positive attitude to learn new activities. They finally 
become the active learners by the activity-based teaching to 
follow 21st Century skill.   

Keywords—Activity-based teaching, Undergraduate education, 
Active learners

I. INTRODUCTION

The fast change in the modern world during 2000 - 2016, it 
needs 21st century skill of the students to achieve in the real 
life outside the university[1],[2],[3]. There consists of critical 
thinking, creativity, collaboration, and communication skill 
(or 4C). The traditional method or lecture-based teaching, it 
had one lecturer standing in the front of the class and tried to 
cover the class content within the limited time. It was the 
monoloque method. So the learning outcome and the 
knowledge retention, they were both low. The students forgot 
the easily. The activity-based teaching has provided new 
method to motivate student with engagement and gain more 
students participation [4],[5],[6].   

The activity-based teaching for Fuel Technology 209341 
class was designed with the group’s presentation after 
brainstorming. Because the doubtful ideas came from the 
previous content did not meet the update content. For example, 

the price fluatation of fuel market, energy crisis and renewable 
energy with fuel innovation are the very hot issues to teach 
and learn both students and the lecturer. Another one, it is  the 
field trip to Energy Research Development Institute(ERDI) 
located at Maehe campus in ChiangMai University. The class 
content was designed and the activities were carefully applied 
to fulfil the update issues and adopt the new technology. The 
students’ behaviour was additionally to assess on the class 
activity. This procedure was relevent to the previous report [7].
After each activity, the learning outcome was analyzed by 
questionnaire or observation[8]. The expectation of the activity 
–based learning and teaching will change the students to be 
the active learner as in Fig 1. 

 
Fig. 1 The skill of active learner 

   
 The objective of the research was to implement the new 

teaching method as Activity-based teaching to Fuel 
Technology 209331 class.  The assessment in the class after 
teaching, it gave the important guideline to change the 
teaching method and develop the new content. The assessment 
consisted of questionnaire and then statistical analysis to 
evaluate the students’ learning outcome. It will be a pilot 
project to change the teaching toundergraduate level in 
Chiangmai university.   

II. Research Methodology 

 The research methodology started with the students 
brainstorming to select the topics for presentation as shown in 
Fig 2. There were 31 students registrated this semester. And 
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another activity involved the field trip at Biogas production 
located in Energy Research and Development Institute (ERDI) 
as shown in Fig 3. After each activity, the students’ 
assessment proceeded and evaluated with discussion and 
comments. 

Fig. 2 Activity-based planing on presentation  

 All 15 pairs presented 15 topics with the Rubric scoring to 
qualify the content and communication skill of the 
presentation.  After each period of presentation, the comment 
and in-class photoes were posted and shared as the feedback. 
It spent 4 periods from 5 Nov.to 12 Nov. 2015. Each period 
with the classmate assessment, the 4 popular votes obtained 
the award-winning. After presentation, the report was 
submitted to score. Another one was the summative 
assessment like the quiz and homework.  

On 19 Nov. 2015, the field trip was held at Biogas 
production with the planing is Fig 3. It had pig waste and cow 
waste as the feedstock form methane production. The 4 groups 
had the presentation related to the field trip. There were 
Biogas production, Compressed biomethane gas (CBG) for 
vehicle, renewable fuel and Production management. All 
activities made the clear concept toward students from up-
stream to down-stream on biogas production.The topics were 
selected by students enabled them to knowledge retension. It 
did not contain in the previous teaching as the limitation of 
time and ERDI staff. The content on Fuel technology, it was 
always fragmented to the different subjects and it made 
students confused. They could not construct the knowledge 
themselves.          

Fig. 3 Field Trip activity at Biogas production 

 After the presentation, the slides were uploaded and shared 
on CMU online with KC moodle software. It allowed all 
students to learn and prepare themselves for the quiz and 

examination. Likewise, social networking as Facebook and 
YouTube, they were the educational tools for monitoring and 
giving the feedback due to the student behaviours and 
assessment throughout the class activity. The Rubric scoring 
for presentation was applied. While quiz and the final 
examination with the in-class observation could give another 
results on the learning outcome.     

The score in this subject was divided into many sections as 
shown in Table 1. 

TABLE I
THE SCORE DIVISION IN THIS SUBJECT 209341 

Activity  Score 
1. Class attention 3% 
2.  Homework,  Quiz,  Short presentation  5% 
3.  Group learning activity 
  3.1  Pair presentation with the selected topic and  
ppt file submission, report 
  3.2  Presentation from Field trip ERDI) + Report 
submission 

10 % 

4.  Examination 15% 
 Total 33% 

III. Results and Discussion 

This activity-based teaching was mainly applied for 31 
students majoring Industrial Chemistry in 1st Semester, 
Academic Year 2015. A period of teaching, it took 1 hr 30 
min on Monday and Thursday every week during Aug.- Dec. 
2015. It had the 15 groups presentation and the field trip at 
biogas production at ERDI. The results came from 
questionnaire and observation with the direct feedback on 
Facebook. After presentation, the popular vote was announced 
and gave the award. It increased the students participation 
with communication skill.  

From student brainstorming, there were 15 topics in Table 
II. This gave student to interact with classmate freely. Apart 
from the course content, it contained only 3 topics, fuel 
combustion, internal combustion engine and the pollution 
from the combustion.  

But the new topics got more attraction to students’ curiosity, 
for examples, Fuel business in Thailand, Fuel pricing, Energy 
innovation, Fuel innovation, recent news on Fuel-Energy, Fuel 
development. The content of new topics involved inter-
displinary as economics, business, creativity, management. It 
boardened the student learning. And it updated to current 
situation both in Thailand and worldwide. Some students had 
negative opionion as it did not follow the main content in the 
previous year of this subject. The constrast ideas in the class 
activity depended on the student perception and teaching 
method[9]. It meant that student had adapted learning 
behaviours to the design activity which was the main 
objectives in the class activity.      
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TABLE II

THE LIST OF 15 TOPICS FOR 15 PAIRS PRESENTATION

Date order Topic 

5 Nov.2015 

9 Fuel business in Thailand 
12 Air pollution control after fuel combustion 
14 Fuel pricing 
1 Gaseous  fuel Combustion 

9 Nov.2015 

15 Recent News on Fuel –Energy 
8 Energy innovation 
11 Fuel usage in the combustion engine 
2 Liquid fuel combustion 

12Nov.2015 

4 Pollution from gaseous fuel combustion 
5 Pollution from liquid  fuel combustion 
13 Quality control for Fuel-Energy 
3 Solid fuel combustion 

16Nov. 
2015 

6 Pollution from solid  fuel combustion 
7 Fuel innovation 
10 Fuel development plan  

 Note The order of the presentation was in random from the drawing lots. 

After the presentation from Table II, the questionnaire was 
carried out with the listing in Tabel III. The analysis of results 
plotted in Fig. 4, the highest score of 4.4, it belonged to 
Energy innovation and the lowest one of 3.86 to Liquid fuel 
combustion. The student liked the content of energy 
innovation which was very new to them. Opposed to liquid 
fuel combustion, it was very common and they knew before. 
Most of the presentation had score more than 4, they were 
Solid fuel combustion, Pollution from liquid  fuel combustion, 
Pollution from solid fuel combustion, Fuel usage in the 
combustion engine, Recent News on Fuel–Energy. There were 
5 groups with the score less than 4. They consisted of 
Pollution from gaseouS fuel combustion, Fuel innovation,   
Fuel development plan and Quality control for Fuel-Energy. 

TABLE II 
The Questionaire for Presentation assessment  

Item 
1. The presentation content followed the topic.  
2. The content linked the theory and application with the previous 
knowledge. 
3. After presentation, do you get more knowledge?  
4. The presentation provided extensive information sufficently.   
5. The new learning from the presentation, it had theory and 
application with some consistency.  
6. How much do you get more learning from the new learning 
method compared to the previous method? 
7. The group presentation should be continued.  

Note The score ranged from 5 as the highest to 1 as the lowest. 

Item

1 2 3 4 5 6 7
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5

LiquidFuel_Combustion 
SolidFuel_Combustion 
Pollution_GasFuel 
Pollution_LiquidFuel 
Pollution_SolidFuel 
Fuel_Innovation 
Energy_Innovation 
FuelDevlopPlan 
FuelUsage-Engine 
QualityControl_FuelEnergy 
RecentNews_EnergyFuel 

Fig. 4 Result from Questionnaires after 15 presentations 

 In general, the score showed between 3 and 5 in Fig. 4, it 
indicated that most of the student satisfied with the group 
presentation from the new topics, content and the learning 
outcome. Some had learnt the new skill of public speaking.  
This also decreased teaching time of the lecturer significantly 
and enhanced the student-centered learning outcome, either. 
During presentation, the students gave more attention and 
questions as much as they wanted.    

Fig. 5, it was the best presentation won the award for the 
popular vote. And the students also posted the photo on 
Facebook in Fig. 6, too. This online activity, it motivated the 
quality of the presentation, participation and gave some 
suggestion for the next presentation in the active ways. 

Fig. 5 The award ceremony of the best presentation 

 Social networking as Facebook, it represented the active 
communication path for classmate and the lecturer. It shared 
the quick comment on the students’s acitivty which was not 
available in the past. This research finding had the similar 
result as Demirbilek reported[10],[11]. Then, Facebook social 
networking was the powerful method to feedback on 
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undergraduate class. The students prefered to update their 
activities so it improved learning behaviour. 

Fig. 6  Facebook for the student presentation and interaction. 

  Another activity occurred at ERDI shown in Fig. 7, the 
Biogas production was the main objective to field trip learning.  
This acitivity provided students to gain leadership and 
management. The student had to assign the car, lunch, time, 
safety, and on-site interview. The activity comprised of short 
talk and tour on the production site, water treatment and the 
compressed biomethane gas for vehicle uses. From the 
observation, students actively asked and shared their opinion 
with the speakers.  Fig. 8, it showed the group presentation in 
the class and discussion afterward.  

Fig. 7 Field Trip activity at ERDI , 19 Nov 2015. 

Fig. 8 Group presentation on compressed biomethane gas(CBG) 

 Some presentation uploaded in CMU moodle and 
YouTube for students to revise after class and to prepare for 
the final examination. Group presentation after field trip, it 
was another way to improve communication skill and 
collaboration among classmate which was the important skill 

for 21st Century skill. This corresponded to the previous 
reports on Water Quality and Historical Geography 
class[12],[13]. The field trip motivated students’ perception and 
learning. And some also constructed the knowledge from 
various subjects to Fuel Technology. In term of class 
management, it required some expense and location to meet 
the class content.     

All activities finished, the 2 questionnaire to clarify the 
learning outcome and compare the teaching methods. It was 
carried out in Table IV for traditional teaching and Table V 
for the activity-based teaching. 

Table IV The analysis of Questionnaire for traditional teaching 

Item mean standard 
deviation 

1. The lecturer controls the content alone 
without changes.  3.90 0.70 
2. The students had to adjust the learning 
speed to meet the teaching speed. 3.63 0.88 
3. The lecturer should update the content to 
follow the current situation. 4.03 0.62 
4. The students want to participate in class 
learning.  3.90 0.60 
5.Class design and teaching were determined 
by the lecturer only. 4.10 0.68 
Note The score ranged from 5 as the highest to 1 as the lowest.

 The highest score of 4.10 from Table IV, it came from 
class design and teaching. While the lowest score of 3.63, it 
was the relative speed of learning and teaching. The rest were 
about to control the content, to update the content and the 
student participation. All items had low standard deviation so 
it meant that it had very slight difference. So the traditional 
teaching needs some changes. 

 

Table V The analysis of questionnaire for the activity-based teaching 
 

Item mean standard 
deviation 

1. Both students and the lecturer decided the topic  
Together. 4.34 0.66 
2. The knowledge resource and verfication are 
important from the lecturer and class.  3.86 0.95 
3. Recently more resources is available compared 
to the past. 4.37 0.61 
4. The students access to update information so it 
makes the students to be more active learner.  4.48 0.58 
5. Collaboration work is important for students. 

4.48 0.58 
6. The students can produce slides and 
presentation more creatively.  4.47 0.57 
7. The students gained more confidence to present 
and teach to class-mate.  4.20 0.62 
8. The class presentation leads to problem-solving 
skill in the class activity. 4.37 0.55 
9.  It had more questions in the class than the 
traditional teaching. 4.54 0.66 

Note The score ranged from 5 as the highest to 1 as the lowest.

From Table V, the highest score of 4.48, they were about 
the update information and collaboration. It showed that the 
pre-determined content is out-of-date and the student 
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collaboration during preparation of the presentation was 
also important. Opposed to the lowest score of 3.86, it was the 
knowledge resource and the verification from the lecturer. The 
remaining items were also more than 4. All of them had 
standard deviation less than 1. It indicated that there was very 
small variation of the students’s perception to the new 
teaching method. But they preferred the new one.   

Table VI The result of Active-based teaching 

Title mean deviation interpretation 
1.collaboration of students 2.08 0.40 High 
2.learning behaviour  2.38 0.32 High 
3. students’ motivation 4.10 0.13 High 
4. students’ attitude 4.26 0.16 High  

Another result in Table VI, it showed the collaboration of 
student and learning behaviour of 2.08 and 2.38 score, 
respectively. It indicated that the active-based teaching 
satisfied student activity and changed learning style. In case of 
motivation and students’ attitude, it gave 4.10 and 4.26 with 
low deviation. All of them showed high results. Active-based 
teaching will be another way to teach. 

 The activity-based teaching requires some class design to 
meet the students’ learning behaviours and nature of the 
classroom. But it is not suitable for the shy or inactive 
students and passive learners or very big class size. The 
careful adoption of activity-based teaching is mainly 
dependent on the class content and student preparedness with 
some facility to improve the class activity.   

IV. Conclusions
The research was to implement the activity-based teaching 

for Fuel Technology class 209331. It increased the students’ 
engagement and collaborative work including content. The 
new topics after brainstorming, it consisted of Fuel business, 
National energy plan, Renewable energy, Fuel pricing system, 
Energy Innovation, Energy News and Fuel innovation.  These 
new topic expanded students learning and updated the current 
situation on energy and fuel which did not contain in the 
previous teaching. The advantage on this the new teaching 
also included classmate assessment and award winning for the 
best presentation. Due to field trip at Biogass production at 
ERDI, it enhanced student learning and perception on the 
biogas production better than the class lecturing. Students had 
constructed and linked the previous knowledge from their 
presentation as the visible evidences from active-based 
teaching. They also practised leadership and self-oriented 
learning skill to ensure 21st century skill.      
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Abstract— the purpose of this study is to investigate the cognitive 
information processing in Thai language. The final consonant 
(Tuasakot) show an important role in Thai cognitive reading process.  
Based on the eye-tracking experiments, it was found that the final 
consonants works not only for identifying the words from sentences 
but also for promoting the cognitive information processing in Thai 
reading process.  In this study, Thai language processing and 
verification influence of final consonants (Tuasakot) was investigated 
by using image identification tasks.  This task divided words into 5 
groups and 2 patterns (final consonants and non-final consonants). 
Participants have to choose images that match with the word. The 
result was evaluated by time and the number of correct answer.  The 
difference of average duration for identifying target words were 
analysed by paired t-test.  There are significant (p=1.21E-05<0.01) 
difference between 2 groups (Words with and non-final consonants).  
The study revealed that final consonant (Tuasakot) make the reading 
process easier and more understandable than non-final consonant 
(Non-Tuasakot).  In conclusion, higher cognitive processing is 
required to separate the words form sentences correctly. 
 
Keywords—Thai language, Final Consonants, Information 
Processing, Cognitive Processing, Image Identification Task 
 

I. INTRODUCTION 
The cognitive information processing or Interface design 

supporting system operated and verified based on human 
information processing.  A languages can be divided into three 
categories; Inflected language, Agglutinative language and 
Isolating language.  Inflected language is the language that 
forms and suffixes can be changed follow to time and sentence 
structure such as English, German and so on.  Agglutinative 
language is the language that has a morphological system 
which each morpheme corresponds to a single lexical meaning 

such as Japanese Chinese and so on. Finally, Isolating language 
is a language which each word consists of a single morpheme 
such as Thai, Laos and so on.   

Isolating language is similar to an analytic language. 
Therefore, the term of analysis is often used as a substitute for 
isolating in linguistics.  Nowadays, there is a large amount of 
research about inflected and agglutinative language whereas 
isolating language has only a few studies.  This fact inspired 
researchers to have more intention on studying Thai language.  

 
PREVIOUS RESEARCH 

Eyes tracking was provide a more direct and continuous 
measure of lexical activation.  By using semantic priming 
paradigm, it could provide insight into the lexical processing 
[1].  The research provides support for models of spoken word 
recognition.  Semantic relatedness effects occurred regardless 
of whether the lexical item which is pictured in the display.   It 
was shows that activation of semantic information associated 
with a spoken word and its phonological competitors and 
demonstrate that transient semantic activation is sufficient to 
impact visual attention.  Phonological processing should occur 
in Japanese Kanji words as well as in Kana words [2].  
Experiment 1 performed concurrent articulation or finger 
tapping during a semantic processing task of Kana words.  
Concurrent articulation was found to eliminate the phoneme 
number in the control condition.  However, finger tapping was 
not.  This result indicates the effectiveness of concurrent 
articulation in articulatory suppression.   In Experiment 2, the 
materials were changed to Kanji words and performed as the 
same task. The results showed no phoneme number effect even 
in the control condition and the reaction time in the concurrent 
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articulation condition was delayed significantly.  These results 
suggest the existence of automatic phonological processing of 
Kanji words. 

The relationship between word recognition and eye 
movement in Japanese language system was different from 
English [3].  The target languages, kana and kanji were 
considering to measure the eye movement by using image.  It 
was suggested that the similarity of the notation is meant 
activation and related.  From both the experimental results, the 
difference between a process for kana and kanji were show 
influence in the fixation time.   

The investigating of Eye Tracking by using eye camera in 
the experiment.  The objective is to study the differences of the 
capacity in informational receiving among English, Japanese 
and German language.  The result showed that three languages 
had the capacity in informational receiving at 50 bits [4].   

However, Thai language was recorded as 88 bits. Regarding 
the experiment, it was clearly seen that the cognitive 
investigation guideline was extremely significant. The result of 
eye tracking measurement on Thai language showed that eyes 
would concentrate to the final consonants in order to 
unidentified words [5]. 

In Thai language, each word has its own meaning.  The final 
consonant show a high influence on words cognitive process 
[6] 

In Japanese Kanji and Kana, The test and the investigation 
of cognitive processing were conducted by using image 
identification tasks.  The outcome indicated that Kanji and 
Kana have no similarity in cognitive patterns at all.  Kana 
tended to be understandable based on personal cognition 
ability.  Meanwhile, people understand the meaning of Kanji 
by their alphabet shapes.  The result of this test got the same 
conclusion as the previous research which was tested about the 
image identification [3]. 

The objective of this research is to study the cognitive 
processing and the influence of final consonant on Thai 
language by using image identification method. 

 
II. METHODOLOGY 

The objective of experiment was to verify the difference in 
cognitive processing between final consonants and non-final 
consonant by requesting participants to choose images that 
match with the word.  The difference of time spent on choosing 
image was very important as it could measure the cognitive 
processing [3]. 
As there is no direct measurement, the time spent on choosing 
images during the test became the most important variable in 
the cognitive processing test.  The measurement started after 
the words appeared on the screen. Fig. 1 shows the example of 
screen that participants required to choose one images that 
related to the word.  To make equality in timing process, a 
native speakers were requested as participants. 

 
 

Fig.1 Example of the screen in experiment  
 

III. EXPERIMENTAL 
In this study, Thai language processing and verification 

influence on final consonant (Tuasakot) was investigated by 
using image identification tasks. 

In experiment, words were divided into 5 groups (Unrelated 
meaning, related meaning, Homonym, and Homophone). In 
each group, final consonant (Tuasakot) and non-final consonant 
(Non-Tuasakot) were mixed with others word. 57 of Thai 
people were employed as participants. 

Participants were required to choose images which match 
with the meaning of words. The result was evaluated by timing 
and the number of the correct answers. 

The first figure shows the example of experiment using an 
application to investigate the cognitive information processing 
in Thai language.  

 
A. Experimental Procedure 

Participants required to follow the procedure by starting 
install an application on their Smartphone.  The test screens as 
shown in Fig 2 started immediately after participants finished 
registering their name and personal accounts. Words would 
popped up at the centre of the screen and participants required 
to choose the images which match with the meaning of words 
as fast as possible by touching those images on the screen with 
their fingers. 

Participants were required to do the test continuously with 
the limited time.  The system was operated randomly by 
choosing the words with the equal ratio among 4 patterns until 
the test finished. The experimental process show as following. 
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1. After install the application, participants required to fill 

their names in the blank. 
2. Press the start button. 
3. After pressing start button, the test screens will show 4 

different images and 1 word at the centre of the screen. 
Participants required to choose only 1 image which 
match with the meaning of the word. 

4. By choosing of images, it showed the response of 
cognition in Thai language.   

5. The test was continue until the start screen reappears. 
6. Once the start screen shows up again. It means the test 

was finished. 
 
 

 
 

Fig.2 The Registered Experimental screen 

TABLE I 
 THE RECORD OF TIME SPENT ON ANSWERING THE TEST DIVIDED  

BY THE CONDITIONS OF EACH WORD GROUPS. 
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TABLE II 
t-test SHOWS THE RESULT OF AVERAGE TIME SPENT ON ANSWERING  

THE TEST BETWEEN WORDS WITH FINAL CONSONANT  
AND NON-FINAL CONSONANT. 

 
 

TABLE III 
t-test SHOWS THE RESULT OF AVERAGE TIME SPENT ON  
ANSWERING THE TEST IN RELATED MEANING GROUP. 

 
 

TABLE IV 
t-test SHOWS THE RESULT OF AVERAGE TIME SPENT ON ANSWERING  

THE TEST OF WORDS WITH FINAL CONSONANT. 
 

IV. RESULT 
The result of average time spent on answering between final 

consonant and non-final consonant were analysis by t-test 
analysis.  Table 1 shows the average of time spent on answering 
the test.  Table 2 and 3 shows the result of average time spent 
on answering between words with final consonant and non-
final consonant.  The result of 2 group was found significantly 
different (p=0.002<0.01). 

Moreover, the analysis showed that related meaning group 
was also found significantly different (p= 0.002<0.01). 

 
 

V. CONCLUSIONS 
The cognitive process can be understand by patterns or 

shapes of alphabet and sound.  The previous research found that 
fluctuate results depended on the types of language and 
alphabet shapes.  Thai language consists of 18 vowels, 42 
consonants and tones which its sound and transcription (a 
written record of words or symbols) are formed by gathering 
consonants, vowels and tones together. The structure of Thai 
syllable must be consisted of (consonant + vowel) or 
(consonant + vowel + consonant).  For the latter pattern, last 
consonant will be operated as final consonant which can be the 
key that changes the meaning of words. 

Regarding to this fact, consonant plays an important role 
for the reading process because it was used for differentiating 
between normal consonants and final consonants. However, 
final consonant has its own pattern. Thus, cognitive 
investigation guideline is very important and helpful in reading 
comprehension [5], [6]. In Transcription of final-consonant, 
Thai language will be written as a long sentence without space 
to guide that it is the end of the words like English. With regard 
to the above mention, final consonant is very significant for the 
cognitive information processing in Thai language because it 
works as same as TRIGGER which can indicate words. The 
result of the experiment was found that the average time spent 
on answering the test between final consonant and non-final 
consonant was (p= 0.002<0.01).  
It emphasizes that final consonant has a high influence on 
cognitive processing in Thai language. 

According to the result of the test analysis for each groups 
of word, the average time spent on answering the test between 
words with final consonant and without final consonant showed 
that related meaning group was at(p= 0.002<0.01). 

The concentration of Target image.  The words with related 
meaning will support the cognitive processing in Thai language 
and also has a high influence on cognitive acceleration [3]. 

The cognitive information processing in Thai language 
based on the result of the test. The words that relates in meaning 
make faster cognition.  Follow to the previous research, final 
consonant will be operated as Trigger which can shorten the 
time for image identification task.  We can measure the 
difference of time spent on answering the test by the cognitive 
processing which can be done by cognitive stimulation. The 
pattern of stimulation resulted from the using of final consonant    
will be shown in table 4. 
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As a result, it was clearly saw that the average result 

between words with final consonant and non-final consonant 
are considerably different (p = 0.54>0.01).  Words in Related 
meaning group with final consonant tended to gain language 
cognitive processing faster than words non final consonant, 
which also spent even longer time.  It shows that final 
consonant has a high influence on cognitive processing in Thai 
language.  

The eye tracking in order to process information by using 
images. The result was found similar to the previous research 
even the images used in this study were different from the 
previous one [3]. 

This study can be analysed that time spent on answering the 
test between words with final consonant and non-final 
consonant by using images are different. The result is almost 
all the same with the initial research which emphasize that final 
consonant is extremely important for the cognitive processing 
in Thai language. 

VI. BENEFITS OF RESEARCH 
The results from this study can be adapted to various 

situations and also benefit for the educational matters. 
Moreover, Bangkok Chamber of Commerce and Japanese 
companies which now studying same topic are able to use this 
research as a reference.  This research can be served as a great 
recommendation for foreigners who are interested in Thai 
language because Thai language is considered as a very 
difficult language to study.   Moreover, in Thai language not 
only writing but also reading is hard. Final consonant the 
cognition processing system in Thailand is mainly focus on 
final consonant. If learners can distinguish between normal 
consonant and final consonant, it will be easier for them to 
understand. 

This research can measure the difference of time spent on 
answering the test which is as accurate [5], [6]. 

In this experiment, researchers did not specify the level of 
words clearly. Therefore, the conclusion of this study is to 
improve the time spent on answering the test for better 
cognitive processing of participants.  
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Abstract— The purposes of this research were 1) to study speed 
reading efficiency of undergraduate students in Thailand, 2) to 
compare reading ability of undergraduate students before and 
after the class, 3) to compare reading ability of experimental
group and control group according before and after the class, 
and 4) to study satisfaction with the method of speed reading of 
the undergraduate students

Research samples were 35 undergraduate students in 
higher education level derived through simple random sampling 
technique. The instruments used for gathering the data were 
speed reading materials, a reading test, and a satisfaction 
questionnaire. Statistics used for analyzing the data were 
frequency, percentage, mean, standard deviation, t-test, and 
content analysis. 
Research findings were as follows: 
1. The reading efficiency of undergraduate students was at a 
moderate level.
2. The scores of reading ability of undergraduate students after 
the class were higher that before the class with statistically
significance at 0.05 level.
3. The scores of reading ability of experimental group students 
were higher than control group students with statistically 
significance at 0.05 level. 
4. The students’ satisfaction towards the speed reading technique
was highly positive.

Keywords— Include at least 5 keywords or phrases

I. INTRODUCTION

Reading fluency has a long history in first language 
acquisition, but has only become an area of research interest 
in second language learning in the last few decades. Recent 
studies in English as a foreign language (EFL) reading fluency 
have looked at methods to increase reading speed and ways to 
assess reading fluency. Yet questions have been raised about 
the optimal results of speed improvement and whether reading 
instructors should encourage learners to try to improve their 
reading rates, as an increase in reading rate may result in a 
decrease in reading comprehension [1].

Teaching-learning English language of TNI students 
has problem in reading and they also lack of motivation in
reading because instructional contents are not interesting. The 
contents are not suitable to culture and to using in daily life of 
TNI students. Wanida Duanglit [2] advocated that problem in 

teaching reading was instructional contents because difficulty 
of content and it was not suitable to recent situation and the 
learners were not interested and did not understand culture of  
language. Thus, instructional management must depend on 
learner’s interesting and ability that make motivation in 
reading of the learner. Moreover, reading techniques play a 
crucial role in learning reading speed of the learners. Brown 
[3] advocated that the two most valuable reading strategies for 
learners as well as native speakers are skimming and 
scanning.

In conclusion, the researcher studied speed reading 
efficiency of undergraduate students and compared reading 
ability of undergraduate students before and after the class. 
Furthermore, satisfaction with the method of speed reading of 
the undergraduate students was investigated in this study in 
second semester of 2014 academic year and the results 
derived from research will be guideline in improvement and 
development instruction and instructional techniques next 
occasions. 

Research Objectives
1. To study speed reading efficiency of undergraduate 
students in Thailand
2. To compare reading ability of undergraduate students 
before and after the class
3.  To study satisfaction with the method of speed reading of 
the undergraduate students

Scope of Research 
Population and Samples
1.1 The population is first year undergraduate students at 
Thai-Nichi Institute of Technology in second semester of 
2014 academic year. There were 700 students from all 
faculties.
1.2 The samples consisted of 30 students who enrolled in 
English for Communication2 course (ENL-102) in second 
semester of 2014 academic year, and were derived from a 
simple random sampling technique.

Duration in Experiment
The experiment ran for 16 weeks in second semester of 2014 
academic year.
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Variables
Variables in this study were as follows:
1. The English reading ability of undergraduate students 
before and after the class.
2. The satisfaction of undergraduate students towards speed 
reading approach

Contents used in this experiment
Contents used in this experiment consisted of 6 topics which 
derived through students’ needs as follows:
1. The Island of Britain (590 words)
2. Existentialism (528 words)
3. A Dystopian Society (455 words)
4. Synonyms of English Words (882 words)
5. The Role of Computers in School (438 words)
6. The Interstate Highway System in USA (600 words)

Research Instruments
1. Six speed reading materials for the undergraduate 

students in Thailand
2. An English reading ability test to measure the 

reading ability of the subjects before and after the class (30
items: 30 scores). The duration of the test was 1 hour.

3. Questionnaires constructed by researcher to 
measure a satisfaction of undergraduate students towards 
speed reading approach

Conceptual Framework

 

Research Hypothesis
1.  English speed reading ability of undergraduate 

students was at high level. 
2. The students’ speed reading achievement after the 

class was significantly higher than before, with instruction 
constructed at 0.05 level. 

3. The experimental group’s speed reading ability 
was significantly higher than controlled group’s speed reading 
ability at 0.05 level.

4. The students’ satisfaction towards speed reading 
learning activities was at high level

Research Design
This study was to experiment efficiency of speed 

reading and English reading comprehension of undergraduate 
students in Thailand. It was quantitative research which had 
the steps of research processing as follows.

The researcher derived six topics from the survey of 
needs questionnaire and interviews the participants about 
required topics from undergraduate students. The topics were 
demonstrated as follows:

Table 1: table of needs in required topics of TNI students
Ra
nk

Topic Mean S.D Meaning

1 The Island of Britain (590 words) 4.59 0.58 highest needs
2 Existentialism (528 words) 4.53 0.69 highest needs
3 A Dystopian Society (455 words) 4.45 0.78 high needs
4 Synonyms of English Words (882 

words)
4.41 0.88 high needs

5 The Role of Computers in School 
(438 words)

4.38 0.72 high needs

6 The Interstate Highway System in 
USA (600 words)

4.33 0.91 high needs

According the table, it was demonstrated that the 
undergraduate students need required topics at the highest 
level on the topic of the Island of Britain (590 words) and 
Existentialism (528 words). For the rest topic, it was at high 
level.

Proficiency test
Proficiency test was used before and after the speed 

reading class. The test was the same set which consisted of 30 
items (30 scores). Time duration for the test was 60 minutes. 
The researcher determined the approach of the test as 1) to 
study the way of constructing proficiency test based on 
textbook, journal and related research as an outline to create 
the test, 2) to create table of test specification included the 
contents of reading skills to achieve the goals in each lesson, 
3) to create one set of proficiency test in English reading 
followed the table of test specification. The researcher 
selected difficulty and discrimination of test (P-R value) 
derived from standard criteria which consisted of 30 items. 
Five experts examined corrected and improved accuracy, 
validity and reliability of language and contents of the test, 4) 
to select the test that had the difficulty between 0.20-0.80 and 
rank of discrimination at 0.20 or over. The calculation of the 
test reliability was used K-R 20 by Kuder-Richardson [4].
Then, proficiency test was used to sampling of the research.

The Satisfaction Questionnaire
The researcher created satisfaction questionnaire in order to 
investigate satisfaction towards speed reading approach from 
sampling students as 1) to study the outline of constructing 
questionnaire both closed-end and opened-end based on Best 
[5].

The questionnaire was separated into five rating 
scales as demonstrated by Likert [6]. The rating scales in 
questionnaire were 

Speed Reading Method 
to Enhance English 
Reading Comprehension 

1. The English reading ability of 
undergraduate students before and 
after the class.
2. The satisfaction of 
undergraduate students towards 
speed reading approach

Efficiency of speed reading and English reading 
comprehension of Undergraduate students in Thailand
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5 refers to strongly agree
4 refers to agree
3 refers to moderate
2 refers to disagree
1 refers to strongly disagree
There were four components of satisfaction towards speed 
reading approach which were content, instructional process, 
teaching-learning activities and instructor. The data from the 
experts was applied with formula as follows.
                    IOC = ΣR
                               N
IOC replaces Index of item-Objective Congruence
R replaces Experts’ opinions
N replaces Number of experts

The result of the scores under 0.5 from the experts had to be 
considered and improved. The data obtained from small group 
experiment was analyzed to find reliability by using α-
Coefficient formula stated by Cronbach ([7]. Coefficient of 
reliability was 0.92.

Statistic Used in Data Analysis
1. Analysis to find out speed reading efficiency by using 
mean, and standard deviation.
2. Comparison the ability in English speed reading of 
sampling students between pretest and posttest by using t-test 
which was conveyed by computer program.
3. Comparison the ability in English speed reading of 
experimental group and controlled group by using t-test which 
was conveyed by computer program.
4. Data analysis from questionnaire both single item and 
whole questionnaire which presented a form of rating scale. 
These rating scales were calculated to find out mean and 
standard deviation and then translated based on criteria 
developed by Best [8] as follows. 
1.00 x¯ 1.50 refers students had the lowest satisfaction 

1.50 x¯ 2.50 refers students had low satisfaction 

2.50 x¯ 3.50 refers students had moderate satisfaction 

3.50 x¯ 4.50 refers students had high satisfaction 

4.50 x¯ 5.00 refers students had the highest satisfaction

Data Collection
There were three phases of the data collection process on 
speed reading approach for the undergraduate students at 
Thai-Nichi Institute of Technology, Bangkok.

Phase 1
To apply with 35 undergraduate students who were 
experimental group in second semester, 2014 academic year. 
The student had to study speed reading approach and did the 
30 multiple choice test items after that. The 6 topics of speed 
reading were experimented. In this phase, the students had to 
do ability posttest which was the same set of ability pretest. 
The time duration was 60 minutes. The researcher, then, 
analyzed the scores to find out the level of samples’ speed 
reading. The effectiveness of speed reading was presented as 
following table.

Table 2: Table of scores from 6 topics of speed reading and 
pretest-posttest scores in 35 students who were an 
experimental group

The assessment of speed reading ability of 
experimental group at TNI, the researcher used English 
reading ability test which created according to test procedure. 
Therefore, mean scores of speed reading were calculated from 
criteria as following; (adapted from [9],[10])

01.00 -3.00 per 500 words means very high
3.01 -5.00 per 500 words means high
5.01 -7.00 per 500 words means moderate
7.01 -9.00 per 500 words means low
9.01-11.00 per 500 words means very low

No. 1st 2n
d

3r
d

4th 5th 6th Pre Post

Speed/
min

30 30

1 4.32 4.82 4.85 5.36 5.20 5.23 11 18

2 4.47 4.98 4.85 6.32 5.38 5.22 14 20

3 4.55 5.78 4.95 5.94 5.69 5.29 17 28

4 4.71 5.62 4.84 5.99 5.87 5.39 13 24

5 4.69 4.89 4.93 5.78 5.69 5.27 11 20

6 4.84 4.93 4.85 5.55 5.55 5.77 8 27

7 4.58 5.28 4.79 5.69 5.69 5.78 7 21

8 4.99 5.68 4.82 6.39 5.32 5.91 7 17

9 4.89 5.69 4.98 6.74 5.91 5.37 4 16

10 4.71 5.32 4.99 6.52 5.77 5.39 5 18

11 4.65 5.77 4.79 6.08 5.28 5.27 8 22

12 4.58 4.95 4.58 6.37 5.22 5.39 11 26

13 4.65 4.87 4.67 6.07 5.67 5.28 12 28

14 4.85 4.89 4.75 6.07 5.55 5.31 10 21

15 4.76 4.87 4.69 6.30 5.39 5.71 18 29

16 4.99 4.98 4.85 6.04 5.74 5.46 14 22

17 5.04 5.88 4.79 5.39 5.89 5.31 13 28

18 4.87 5.78 5.28 5.47 5.67 5.27 14 27

19 4.67 5.47 5.36 5.69 5.96 5.39 15 26

20 4.88 5.61 5.07 6.07 5.37 5.27 13 22

21 5.68 4.74 5.29 6.39 5.47 5.31 15 27

22 4.89 4.92 5.27 6.27 5.28 5.22 17 29

23 5.68 4.78 5.28 6.77 5.39 5.19 16 23

24 4.78 4.85 5.37 6.29 5.64 5.17 12 27

25 4.85 5.01 5.27 6.37 5.37 5.31 13 25

26 4.69 5.31 5.17 6.82 5.31 5.19 17 23

27 4.78 5.28 5.22 6.47 5.32 5.29 15 24

28 4.89 4.85 4.67 6.89 5.52 5.21 11 26

29 4.79 4.67 4.71 6.31 5.17 5.28 12 27

30 4.69 4.67 4.55 6.07 5.39 5.41 10 28

31 4.87 4.28 4.99 5.94 5.29 5.55 7 25

32 4.96 4.67 4.89 5.67 5.37 5.67 5 22

33 4.87 5.01 4.67 5.91 5.39 5.74 11 23

34 4.78 5.31 4.85 6.39 5.22 5.29 13 27

35 4.98 5.09 4.67 6.77 5.39 5.57 16 30

Total 4.80 5.12 4.93 6.14 5.49 5.39 11.85 24.17

Total of  All 5.31

The table showed that the average of reading speed 
of the samples on overall was at moderate level. When 
considered in each lesson, it was found that 1st, 3rd lesson was 
at high level. For the rest lesson, it was at moderate level. 
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The table of score comparison between pretest and 

posttest of experimental group, standard deviation, difference 
and t-test of the 35 samplings

Test N Total 

score

(x̄) S.D t Sig

Pretest

Posttest 

35

35

30

30

11.85

24.17

3.71

3.72

38.422* 0.000

* Statistical significance at 0.05 level

This table highlighted that the posttest scores were higher than 
pretest scores at statistical significance at 0.05 level (Sig = 
0.000 < 0.05). The mean score of posttest equaled to 24.17
which was higher than pretest score (11.85 out of 30).

Table 2: Table of pretest-posttest scores in 35 students who 
were a controlled group

No. Pretest Posttest
30 30

1 11 16
2 10 11
3 8 10
4 13 12
5 11 12
6 15 14
7 14 16
8 12 12
9 10 13
10 13 13
11 14 13
12 13 15
13 12 13
14 11 14
15 13 11
16 14 14
17 10 15
18 12 11
19 13 12
20 8 13
21 8 11
22 11 12
23 13 13
24 9 11
25 10 8
26 5 8
27 11 13
28 13 11
29 17 19
30 12 14
31 13 12
32 14 14
33 15 16
34 15 13
35 11 11
total 11.82 12.74

The table of score comparison between pretest and posttest of 
controlled group, standard deviation, difference and t-test of 
the 35 samplings

Test N Total 

score

(x̄) S.D t Sig

Pretest

Posttest

35

35

30

30

11.82

12.74

2.44

2.21

34.048* 0.000

* Statistical significance at 0.05 level
This table highlighted that the posttest scores were 

higher than pretest scores at statistical significance at 0.05 
level (Sig = 0.000 < 0.05). The mean score of posttest equaled 
to 12.74 which was higher than pretest score (11.82 out of 30).

Phase 2: Comparison speed reading ability of 
experimental group and controlled group

The table of score comparison speed reading ability between 
experimental group and controlled group, standard deviation,
difference and t-test of the 35 samplings

Test N Total 

score

(x̄) S.D t Sig

Experimental group

Controlled group 

35 

 

35 

30 

 

30

24.17

12.74

3.72

2.21

38.422* 0.000

* Statistical significance at 0.05 level
This table illustrated that the posttest scores of 

experimental group were higher than posttest scores of 
controlled group at statistical significance at 0.05 level (Sig = 
0.000 < 0.05). The mean score of experimental group’s 
posttest equaled to 24.17 which was higher than controlled 
group’s posttest pretest score (12.74 out of 30). The t-test was 
24.731. It indicated that the ability in speed reading approach
was more effective than before learning and the experimental 
group’s speed reading ability was higher than controlled 
group’s speed reading ability which followed hypothesis 3

 

Phase 3: The results of the student satisfaction 
questionnaire were as follows:

No. Mean S.D. Meaning
1. Content 4.56 0.74 highest
2. Teaching Materials 4.49 0.68 high
3. Instructor 4.65 0.81 highest
4. Teaching- learning activity 4.52 0.77 highest
Total 4.55 0.75 highest

According to the table, it was demonstrated that the 
students’ satisfaction towards speed reading instruction was at 
the highest level on the overall. When considered in each 
aspect, it was found that content, instructor, and teaching-
learning activity were at the highest level. For the rest aspect, 
it was at high level. The results indicate high student 
satisfaction with the course, affirming hypothesis.
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CONCLUSIONS

1. The reading efficiency of undergraduate students was at 
a moderate level.

2. The scores of reading ability of undergraduate students 
after the class were higher that before the class with 
statistically significance at 0.05 level.

3. The scores of reading ability of experimental group 
students were higher than control group students with 
statistically significance at 0.05 level. 

4. The students’ satisfaction towards the speed reading 
technique was highly positive.

DISCUSSION
According to the study and data analysis, the results 

of this study could be discussed as follows.
1. The result of hypothesis 1 presented the efficiency 

of speed reading ability of the samples was at moderate level.
In this way, it might concern with reasons as follows.

1.1 The contents of speed reading lessons based on 
general knowledge which some passages the learners had
background knowledge to understand the contents. This is 
moreover, TNI students had background knowledge about it 
which might cause them to be easy to understand [11].

1.2 The teaching-learning activity constructed from 
the view of Williams [12] who anticipated that teaching-
learning activity consisted of opening the chance of the 
learners to study from easy activity to difficult activity. 

2. The scores of reading ability of undergraduate 
students after the class were higher that before the class with 
statistically significance at 0.05 level. In this way, it might be 
because TNI students used speed reading strategies which 
consisted of skimming and scanning and related to the concept 
of Mary and Mark [13] who advocated that the strategies 
skimming and scanning are well-known and help students to 
improve their speed. It involves a through overview of a text 
and implies a reading competence. Scanning is more a limited 
activity, only retrieving information relevant to a purpose.
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3. The scores of reading ability of experimental group 
students were higher than control group students with 
statistically significance at 0.05 level. In this way, it might be 
because experimental group students had accuracy and 
frequency in speed reading skill and ability in decoding words 
which related to the idea of Rasinski and Johnson [14] who 
illustrated that reading accuracy is reading or decoding words 
correctly. Reading accuracy and reading rate go hand in hand. 
When students become more accurate in reading words, they 
will read them more rapidly and their reading rate will 
increase. On the other hand, those readers who must 
laboriously decode many words as they read can lose the 
meaning in the text.

4. The students’ satisfaction towards the speed reading 
technique was highly positive. In this way, it might be because 
speed reading approach assisted the learners to practice their 
ability about reading fluency which focused on the meaning of 
text rather than on decoding words [15].
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Abstract— The purposes of this research were 1) to develop 
research assessment form for new generation evaluators in 5 
aspects; research topics, research problems, research design and 
methodology, research presentation and data analysis, and 
conclusion, recommendation, 2) to apply research assessment 
form with research report,  and 3) to gather supplemental 
suggestions from 5 experts

Research samples were 10 research reports of lecturers 
in higher education which were experts in research derived 
through simple random sampling technique. The instrument 
used for gathering the data were the rating-scale and open-ended 
questionnaire. Statistics used for analyzing the data were 
frequency, percentage, mean, standard deviation and content 
analysis. 
Research findings were as follows: 
1. Research assessment form was developed with IOC (index of 
Item-Objective Congruence) at 0.908 level (out of 1.00).
2. The result of assessment 10 research reports was at high level, 
when considered in each aspect it was found that the highest 
ranks were on research topics and research presentation and 
data analysis. For the rest aspect, it was at high level.
3. The five experts had suggestions as follows; research 
assessment form should not have too many numbers of items; 
technical terms should be applied in the form.

Keywords— Research Assessment Form, Research Assessment

Introduction
The larger issues in research evaluation can be seen 

in several methods. The first thing is that there is no 
agreement on what is meant by excellence in research. 
Disciplines have discussed this at length in the past, with 
questions around methods and discipline-specific criteria and 
even criteria according to the type of research that is 
conducted [1].

The assessment of research quality is one of the 
primary drivers of the behavior of the academic community 
with all sorts of potential for distorting that behavior [2].

Furthermore, the assessment process catalyzes 
deliberation about research priorities and concomitant 
investment within institutions and at a wider level. Although 
the downsides in terms of the costs associated with conducting 
research assessment, the majority of stakeholders accept in 
principle the need for a mechanism to assess the quality of 
research [3].

According to the concept of Nutley and Solesbury 
[4], it is clear that many researchers have different ideas about 

the ideal form of research assessment. Nowadays, the strategic 
options range from the use of bibliometric indicators to the 
use of expert review panels and, between these extremes, a 
combination of all factors.

In conclusion, researcher studied the method of a 
development of effective research assessment form for new 
generation evaluators by creating research tool as 
questionnaire in order to study the method of a development 
of research assessment form. This research was purposely 
focused on the lecturers who are new generation researchers 
in 2015 academic year. In this way, the results gained from 
the research will be used as a channel to solve, improve and 
develop research practice and research assessment to be more 
effective and efficient.

The Research Purposes
1) to develop research assessment form for new generation 

evaluators
2) to assess research assessment form in 5 aspects; research 
topics, research problems, research design and methodology, 
research presentation and data analysis, and conclusion, 
recommendation, and 
3) to gather supplemental suggestions from 5 experts

Methodology

Population and Samples
This research was development of research 

assessment form for new generation evaluators which 
consisted of population and sample as follows:

Population of this research was 200 lecturers at TNI 
in 4 faculties; Faculty of Engineering, Faculty of Information 
Technology, Faculty of Business Administration, and College 
of General Education and Languages in second semester of 
2015 academic year.

Samples of this research were 10 lecturers who did 
instructional research at TNI derived through simple random 
sampling technique.

Instrumentation
The instruments used in this study are 

1. Research assessment form for experts in checking content
validity
2. Research assessment form with research manual for new 
generation evaluators
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3. A questionnaire. The questionnaire was constructed by the 
researcher, based on research assessment for new generation 
evaluators. The questionnaire consisted of Research topics, 
Research problems, Research design and methodology, 
Research presentation and data analysis, and conclusion and 
recommendation. The last part asks for more suggestions and 
opinions of five experts based on opened end questions.

Data Collection
The research was accessed through assessment forms 

and the questionnaire in second semester of 2015 academic 
year. The administration of the research tools was conducted 
in College of General Education and Languages. Therefore, 
the evaluator was requested to consider each item carefully 
and indicate how important each item was for the assessment. 

The statistics used for analyzing the data
The collected data was analyzed using computer 

program. The statistics used for analyzing the data were 
frequency, percentage, mean, standard deviation, and content 
analysis.

Results

Results of Data Analysis

Phase 1: Results of developing research assessment form 
for new generation evaluators
The analysis of the data from the 5 experts in the second 
semester of 2015 academic year is presented in this part as 
following table.

Table of The IOC (index of Item-Objective Congruence) of 
contents from questionnaire derived through 5 experts’ 
assessment

Statements Experts’ scores
x

IOC

1
st

2
nd

3
rd

4
th

5
th

research topic: 1 1 1 1 1 5 1

1. Identify obviously a scope of research 
problems, dependent variables, 
independent variables, including to 
population and samplings on research 
topic.

1 1 1 0 1 4 0.80

2. Research topic is focused on the title 
and not too long.

1 1 1 1 0 4 0.80

3. Word arrangement on the research topic 
is suitable.

1 1 0 1 1 4 0.80

Research Problem: 1 1 1 1 1 5 1

4. Researchers focus on description and 
problems explanation.

1 1 0 1 1 4 0.80

5. Clarify research’s general problems and 
significance of research problem in a 
scope of basic and applied research.

1 1 1 1 1 5 1

6.Analyse exist fact data and expectation 
or suspect including relevant data 
explanation and knowledge which may 
lead to research problems or correlate to a 
scope of research problems.

1 1 1 1 1 5 1

7. Select the suitable variables which 
related to a scope of research problems.

1 1 0 1 1 4 0.80

8. Present correlation among variables and 
concepts of problem orderly and 
systematically.

1 1 1 1 1 5 1

9. Identify research problems clearly by 
presenting as a main topic and sub-topic.

0 1 0 1 1 3 0.60

10. The message used is clear and research 
problems written can identify research 
purposes.

0 1 0 1 1 3 0.60

11. Classify research problems and 
research questions according to real data 
or a value.

1 1 1 1 1 5 1

12. Identify types of research clearly; 
survey research, relation research, and 
hypothesis research.

1 1 1 1 0 4 0.80

13. Identify a scope of problems- limit a 
scope of problems by cutting unimportant 
issues.

1 1 1 1 1 5 1

14. Study and assess literature review 
which related to a scope of problems.

1 1 1 1 1 5 1

15. Survey related research with research 
problems which provided for research 
style, process analysis, and data collection.

1 1 1 1 1 5 1

16. Specify background of problems, 
principles and rationale, conceptual 
framework of theories from related research 
which related to recent general problems of 
the study.

1 1 1 1 1 5 1

17. Identify clearly agreements and concepts 
about research problems which required to 
study.

1 1 1 0 1 4 0.80

18. Specify research hypothesis, conclude 
theories and identify concisely purposes of 
research.

1 1 1 1 1 5 1

19. Hypothesis is set in relationship and 
comparison

1 1 1 1 0 4 0.80

20. Guess scores of research results which 
related to reasonable hypothesis.

1 1 0 1 1 4 0.80

21. Terms of definition is suitable 1 1 1 0 0 3 0.60

22. Identify concisely definition of 
significant words and variables.

1 1 1 0 1 4 0.80

23. identify practical definition terms (if it is 
identified)

1 1 1 1 1 5 1

Research Design and Methodology: 1 1 1 1 1 5 1

24. Specify reasons, model, and research 
methodology thoroughly.

1 1 1 1 1 5 1

25. clarify research methodology such as 
taking variables to be experimental or 
controlled group or a research method that 
researcher studies existed variables such as 
relationship research

1 1 1 1 1 5 1

26. Research design is presented in a form 
of flow charts or pie charts or a model 
properly.

1 1 0 1 1 4 0.80

27. Identify variables which effected to 
internal and external validity obviously.

1 1 1 1 0 4 0.80

28. Explain types of samplings remarkably 
and sufficiently.

1 1 1 1 0 4 0.80

29. Identify how to random samplings 
such as matching, volunteering, or 
purposive random samplings.

1 1 1 1 1 5 1

30. Identify details to demonstrate that the 
samples are a good representative of 
population.

1 1 1 1 1 5 1

31. Identify information about lost sample 
group and existing sample group.

1 1 1 1 0 4 0.80

32. Identify data about reliability value, 
validity value, and process of standardized 
instrumentation creation

1 1 1 1 1 5 1

33. Explain process of data collection in 
studied field concisely and sufficiently 

1 1 1 1 1 5 1
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such as identify location, date, and data 
collection process.
34. Statistical hypothesis, research 
hypothesis, and research problems are 
correlated.

1 1 1 1 1 5 1

35. Statistics and process in data collection 
are properly used. 

1 1 1 1 1 5 1

36. Demonstrate research results of a pilot 
study.

1 1 1 1 1 5 1

37. Describe concisely research process 
and can let other researchers redo it in the 
same situation in further comparison.

1 1 1 1 0 4 0.80

38. Identify process in finding out 
reliability and validity of research 
instruments sufficiently including how to 
gain the samples which are a good 
representative of population concisely and 
can correctly be used in terms of statistics.

1 1 1 1 1 5 1

Presentation and Data Analysis 1 1 1 1 1 5 1

39. Data are respectively presented 
according to hypothesis framework, 
purposes and research questions.

1 1 1 1 1 5 1

40. Data are demonstrated according to 
principles and reasons more than 
interpretation according to researcher’s 
view.

1 1 1 1 1 5 1

41. Data are reasonably analyzed and 
correlate with gained information.

1 1 1 1 1 5 1

42. Data are not illustrated and interpreted 
outside relevant information.

1 1 1 1 1 5 1

43. Data are demonstrated to correlation of 
research results and related research 
concisely.

1 1 1 1 1 5 1

44. Data are presented from related and 
nonrelated information with hypothesis by 
illustrating without bias and distortion.

1 1 1 1 1 5 1

45. Uncontrolled variables which effect to 
research results are discussed.

1 0 1 1 1 4 0.80

46. Weakness of data is properly 
discussed.

1 1 1 0 1 4 0.80

47. Research result analysis, interpretation, 
and research result discussion are 
concisely separated.

1 1 1 0 1 4 0.80

48. The method of problem-solving about 
contrasted research data, unstable data, 
and wrong data is illustrated.

1 1 1 0 1 4 0.80

49. Mind mapping, tables and graphs are 
properly demonstrated.

1 1 1 1 1 5 1

Conclusion, Recommendation 1 1 1 1 1 5 1

50. Problems, methods, relevant data from 
the study are concluded without new issue 
addiction.

1 1 1 1 1 5 1

51. Data are concluded within framework 
of research results.

1 1 1 1 1 5 1

52. Research results are carefully 
concluded without other factors might 
effect to research results. 

1 0 1 1 1 4 0.80

53. A form of conclusion which is easy to 
understand and be able to check is used.

1 1 1 1 1 5 1

54. Research results are concluded 
according to hypothesis or according to 
research purposes or research questions. 

1 1 1 1 1 5 1

55. Concepts and related research topics 
are recommended.

1 1 1 1 0 4 0.80

56. Channels to present research results 
are properly recommended. 

1 0 1 1 1 4 0.80

total 0.908
Content Validity in the total 90.81%

According to the table, it was found that the research 
assessment form was developed with IOC (index of Item-

Objective Congruence) at 0.908 (out of 1.00). It confirmed 
that research assessment form was at highest level (90.81% 
out of 100).

Phase 2: Results of assessment 10 research reports from 
the research assessment form.

The analysis of the data from assessment 10 research 
reports from the research assessment form in the second 
semester of 2015 academic year is presented in this part as 
following table.

No. x S.D. Meaning
1 Research topics 4.58 0.77 Highest
2 Research problems 4.28 0.81 High
3 Research design and 

methodology
4.47 0.97 High

4 Research presentation and data 
analysis

4.56 0.72 Highest

5 Conclusion, Recommendation 4.33 0.84 High
Total 4.44 0.82 high

According to the table, it demonstrated the result of 
assessment 10 research reports was at high level, when 
considered in each aspect it was found that the highest ranks
were on research topics and research presentation and data 
analysis. For the rest aspect, it was at high level.

Phase 3: Results of suggestions from five experts for 
development research assessment form.

Table of frequency and percentage of number of 
suggestions from five experts as follows; 

Five experts’ suggestions n Fre. %
5

Suggestions 5 100
1. research assessment form 
should not have too many 
numbers of items

2 40.00

2. Technical terms should be 
applied in the form.  

1 20.00

3. Discussion and conclusion 
should be separately 
demonstrated.

1 20.00

4. Recommendation should 
be evaluated in more details.

1 20.00

According to the table, the five experts had 
suggestions as follows; research assessment form should not 
have too many numbers of items, technical terms should be 
applied in the form, discussion and conclusion should be 
separately demonstrated, and recommendation should be 
evaluated in more details.
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CONCLUSIONS

1. The research assessment form was developed with IOC 
(index of Item-Objective Congruence) at 0.908 (out of 1.00). 
It confirmed that research assessment form was at highest 
level (90.81% out of 100).

2. The result of assessment 10 research reports was at 
high level, when considered in each aspect it was found that 
the highest ranks were on research topics and research 
presentation and data analysis. For the rest aspect, it was at 
high level.

3. The five experts had suggestions as follows; 
research assessment form should not have too many numbers 
of items, technical terms should be applied in the form, 
discussion and conclusion should be separately demonstrated, 
and recommendation should be evaluated in more details.

DISCUSSION

According to the study and data analysis, the results 
of this study could be discussed as follows.

1. The result of a development of effective research 
assessment form for new generation evaluators developed 
with IOC (index of Item-Objective Congruence) was at 0.908 
(out of 1.00) which was at the highest level. In this way, it 
might concern with reasons as following: evaluation has a 
purpose, there is no need to evaluate without the potential for 
some action, and evaluation is more than descriptive, it takes 
into account relationships among operational performance, 
users, and organization which relates to the idea of Griffiths 
and King [5] who advocated that there are some principles for 
good evaluation that still bear repeating: 1) evaluation must 
have a purpose; it must not be an end in itself, 2) without the 
potential for some action, there is no need to evaluate, 3) 
evaluation must be more than descriptive; it must take into 
account relationships among operational performance, users, 
and organizations.

2. The result of assessment 10 research reports was at 
high level, it might be because the research reports were 
presented by covering all aspect, and it was written in a good 
and suitable form. Moreover, research form passed checking 
reliability and content validity from experts. Thus, the result 
of assessment was at high level quality. Moreover, the process 
indicators are somewhat similar to performance measures, but 
they focus more on the activities and procedures of the 
organization than on the products of those activities [6].

3. The five experts had suggestions such as research 
assessment form should not have too many numbers of items,
It might be because the 56 items of assessment form were 
designed in order to ask in various aspects which must cover 

all components of research presentation and writing research 
report. Moreover, Wallace and Van Fleet [7] stated that 
evaluation should cover the broad categories of evaluation that 
can encompass a variety of methods include macroevaluation, 
microevaluation.

Recommendation
1. Recommendation for this study

1.1 From the results of the study found that the research 
assessment form was developed with IOC (index of Item-
Objective Congruence) at 0.908 (out of 1.00). It confirmed 
that research assessment form was at highest level (90.81% 
out of 100). Therefore, TNI administrators should apply this 
form to checking research reports of the researchers.

1.2 The result of assessment for 10 research reports was at 
high level. TNI stakeholders should use this form for 
assessment with more research reports.

2. Recommendation for further study
2.1 A development of effective research assessment 

form for professional evaluators with national and 
international journal publishing should be proposed for next 
study.

2.2 Comparisons of using research assessment form
for new generation and traditional research assessment form 
should be tested in the next research.
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ABSTRACT
The nature of peacekeeping has also changed. Peacekeeping has gone from operations that have involved 

mediating and observing ceasefires between states, to direct intervention in conflicts where state authority has been 
overthrown or has collapsed. A corollary to this has been the growing focus on issues that fall outside the realm of 
traditional military topics but touch on issues of democracy, human rights, economic development and environmental 
issues. These non-traditional security challenges have redefined the scope of peacekeeping. 

The Association of Southeast Asian Nations has in recent years expressed a desire to develop an ASEAN 
peacekeeping force. This paper addresses the question of whether the Association of Southeast Asian Nations has 
developed an institutional framework that would lead to an ASEAN peacekeeping or peacebuilding force.

This paper then addresses ASEAN’s contemporary peacekeeping dilemma. A comparative analysis of ASEAN 
with the Organization of American States serves to highlight the ongoing deficiencies in ASEAN. ASEAN has failed to 
make critical reforms that would enable peacekeeping or peacebuilding. This comparative analysis shows that ASEAN 
despite its move to create a political-security community with a peacekeeping component lacks the institutional 
capabilities that the Organization of American States has instituted.
Keywords: ASEAN, the OAS, Peacekeeping, Non-traditional security challenges, Regional organizations, United Nations 
 
 
I. Introduction

When compared with other regional organizations ASEAN has not developed an institutional arrangement 
for peacekeeping. Individual member states have engaged in peacekeeping operations primarily under the auspices 
of the United Nations but also with ad hoc coalitions, other regional organizations and states including the United 
States. The reasons for ASEAN’s lack of an institutional framework for peacekeeping are primarily rooted in the 
historical evolution of the organization and the structure of the organization. ASEAN has failed to redress its deficit 
in peacekeeping and peacebuilding. In spite of recent advances by individual member states and as a regional 
organization, ASEAN will not alter their policy of non-intervention and non-interference. Individual ASEAN 
member states will instead rely on selective engagement in peacebuilding operations under the auspices of outside 
partners such as the United States, Australia, the United Nations, and the European Union. As has been the case in 
the past, ASEAN will rely on others to initiate peacebuilding functions in the ASEAN neighborhood. This will 
curtail the influence of the regional organization and undermine their influence as a partner for peace and stability in 
the region. 

ASEAN’s emphasis on post- conflict and civilianized peacebuilding operations faces another impediment. 
ASEAN has been debilitated by the human rights violations committed by its member states and the lack of 
democratic governance by member states. The recent efforts to develop a strengthened human rights framework in 
ASEAN have not been adequate to address the considerable challenges that have proliferated in ASEAN and in the 
Asia-Pacific. ASEAN has been inhibited in its ability to address the new security challenges due to the lack of 
political will of member states to coordinate peacekeeping and peacebuilding at a regional level and the lack of 
democratic reform within the ASEAN states. 

A comparative analysis of how peacekeeping has been conducted in ASEAN and the Organization of 
American States is beneficial in showing how the institutional arrangement of ASEAN precludes a more engaged 
peacekeeping presence in the region. The comparative analysis will focus on the way that both organizations, similar 
in many respects, have yet diverged in recent years in their respective approaches to peacekeeping and 
peacebuilding. ASEAN has not developed a region wide mechanism to facilitate peacekeeping or peacebuilding 
operations. ASEAN’s approach has been a piecemeal one that emphasis building state peacekeeping capacities for 
the eventual creation of an ASEAN standby force. This is contrasted with the OAS where the regional organization 
has developed organizational approaches to peacekeeping and the issues of democracy and human rights. 

ASEAN has not yet developed the institutional capabilities for a peacekeeping force. A number of factors 
have stood in the way of ASEAN developing a peacekeeping force capable of engaging in peacekeeping or 
peacebuilding missions in ASEAN or in ASEAN’s neighborhood. The first as has been addressed above has been 
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ASEAN’s emphasis on non- intervention and non-interference in the domestic affairs of member states. This non-
interference and non-intervention has been codified through the foundational documents of ASEAN and only 
slightly modified by the ASEAN Charter. The ASEAN Charter, however, does not provide for any mechanisms 
whereby ASEAN can engage, as a regional organization, in peacekeeping operations that would involve any of the 
scope or breadth warranted by a state collapse. 

ASEAN must rely on member states to enact reforms to ensure democracy, human rights and human 
security. The inability of ASEAN to in anyway influence the behavior of member states means that ASEAN as a 
regional organization has been paralyzed by the behavior of the member states that comprise the organization. The 
recent military coup in Thailand, ongoing human rights violations in Myanmar and the imposition of Sharia law in 
Brunei Darussalam indicate that ASEAN member states violate the principles of ASEAN with impunity. ASEAN’s 
emphasis on creating norms and confidence building measures will not alter the inability to develop peacekeeping or
peace building infrastructure in the region. ASEAN relies on member states to implement norms of democracy, 
human rights and human security which have been identified as crucial components of ASEAN’s peacebuilding 
agenda. Member states have, however, been the most egregious violators of these peace building goals and act with 
impunity. ASEAN’s reluctance to administer the least chastisement to member states bodes ill for the creation of 
regional mechanisms for peacekeeping or peace building.  

The treaties of ASEAN up to the ASEAN Charter do not provide any mechanisms for developing a 
regional peacekeeping force. This has been true of the ASEAN Political-Security Community Blueprint as well. In 
spite of the official rhetoric, individual ASEAN states, especially during the Cold War era, engaged in interventions 
outside their national borders and meddled in the domestic affairs of different states. This was especially apparent 
during the Cold War era. The rationale for such interventions and peacekeeping missions was to prevent the rise of 
communist states that threatened the national interests of ASEAN members [1]. These interventions were also 
conducted with the support of Western powers [1]. This has been clearly demonstrated with interventions in 
Cambodia and Laos by Thailand which was supported by other ASEAN members as well as the unilateral and 
illegal annexation of Portuguese Timor by Indonesia [1]. These interventions were conducted with the support of 
Western powers in general and especially condoned by the United States [1].

ASEAN also lacks the organizational structure allowing it to create operable peacekeeping missions within 
or without the borders of ASEAN. The deficiencies of ASEAN’s organizational structure as it has been constituted 
become apparent when compared to other regional organizations. One salient comparison is between ASEAN and 
the Organization of American States. A comparison with the Organization of American States makes clear that the 
organizational structure of ASEAN as constituted has impeded the creation of a peacekeeping force or peacebuilding 
operations. 

A comparative analysis between ASEAN and the OAS best conveys how ASEAN’s goals for peacekeeping 
and peacebuilding operations are not substantiated by any efforts to change the institutional framework or 
organizational structure that inhibits the realization of these goals. A comparison between the OAS and ASEAN is 
salient due to the similar membership composition of each organization and the remarkably similar histories of the 
two organizations during the Cold War era. Though the OAS and ASEAN both share these similar membership 
profiles and historical trajectories in relation to peacekeeping, the two regional organizations show a divergence in 
the critical area of organizational structure and institutional protocols. These divergences have allowed the OAS to 
progress in peacekeeping and show how ASEAN has lacked the ability to progress in its agenda to build a 
peacekeeping force or make substantial contributions to regional peacekeeping or peacebuilding operations. The 
root causes of the divergence in strategies towards peacekeeping may be attributed to the greater degree of pan-
American cooperation and dialogue in the member states of the OAS. This has been facilitated by the use of 
common languages, political democracy in member states and an intellectual tradition of pan- Americanism 
stretching back to the independence of Latin American states in the early 1800’s. 

Both ASEAN and the OAS share similar membership profiles. Although ASEAN lacks a regional hegemon 
as the OAS has had with the United States of America the scale of the size of the populations are just as great in 
ASEAN as in the OAS. ASEAN has the fourth largest population in the world with 255,993,674 persons as
compared to Brunei Darussalam with a population of 429,646 persons [2]. The OAS has a similar gulf between 
largest members and smallest members with Brazil, the United States and Mexico all having populations of over one 
hundred million citizens and with the smallest member Saint Kitts and Nevis having 51,936 [2].

The economic size and gross domestic product per capita adjusted for purchasing power parity also shows a 
large gulf between ASEAN and OAS members in similar ways. The economy of Indonesia is eighty times the size 
of Laos [3]. The United States ranked as the largest economy in the world while Dominica was one of the smallest 
[3]. The GDP per capita (PPP) for Singapore was $82,763.4 which was much higher than Cambodia, the poorest in 

©ICBIR 2016 International Conference on Business and Industrial Research 
 Thai-Nichi Institute of Technology, Bangkok, Thailand, May 12-13, 2016 
 

567



 

ASEAN, at $3,262.6 [3]. A similar gap in per capita income can be demonstrated in the OAS especially between 
English speaking and Spanish speaking states [3].
II. Peacekeeping in ASEAN and the OAS

The OAS and ASEAN bear remarkable similarities when their historical peacekeeping trajectories are 
compared. Both regional organizations were formed following the Second World War in the context of a massive 
wave of decolonization that enabled states in Africa and Asia to gain independence. The five initial ASEAN states, 
with the exception of Thailand, gained independence following the Second World War. The 21 states, later to 
become 35, which signed the OAS Charter in 1948, were independent long before their formation of a regional 
organization [4]. They were however subject to frequent cases of neo-colonial intervention by the United States. 
This included the occupation of the Dominican Republic from 1916-1924 [5].

ASEAN and the OAS were also wracked by the global rivalry between communism and capitalism that 
came to define geopolitics from the end of the Second World War until the dissolution of the Soviet Union in 1991. 
The rivalry between the two global superpowers, the United States and the Soviet Union, were overriding security 
and peace concerns for the two regional organizations during their formative years. The social and political ills of 
these regimes were seen through the prism of cold war era ideological tensions between capitalism and communism 
and national elites were complicit in manipulating superpower rivalry to serve their ends. This was as much the case 
in the OAS as in ASEAN with the caveat that the power of the United States in the Western hemisphere was far 
greater due to proximity than it was in ASEAN and Southeast Asia which was more distant. This did not prevent the 
United States from putting a greater importance on preventing the spread of communism in Southeast Asia than in 
Latin America due to the People’s Republic of China and the need to protect vital shipping lanes. 

Starting with the inception of the OAS in 1948 and that of ASEAN in 1967 the dilemma that has 
manifested itself in both regional organizations was the support of human rights and democracy as against that of 
non-intervention in sovereign states. The Charter of the OAS, just as the ASEAN Declaration, enshrined the 
principles of non-interference and non-intervention in the states of the America’s. The Charter was drafted in 
Bogotá, Colombia on the 30th of April, 1948 and was signed by the 21 member states of the Organization of the 
Americas [4]. All 35 members of the OAS would later ratify the OAS Charter [4].

The Charter had several historical antecedents that had provided for a framework of regional cooperation in 
the Americas stretching back to 1826 and the Congress of Panama, and including security components. Article 19 of 
the Charter of the OAS explicitly stated, “No State or group of States has the right to intervene, directly or 
indirectly, for any reason whatever, in the internal or external affairs of any other State” [4]. This included the 
prohibition, in the OAS Charter under chapter four article 19, against “armed force but also any other form of 
interference or attempted threat against the personality of the State or against its political, economic, and cultural 
elements” [4]. Article 21 of the Charter likewise stated, “The territory of a State is inviolable; it may not be the 
object, even temporarily, of military occupation or of other measures of force taken by another State, directly or 
indirectly, on any grounds whatever” [4]. Like the ASEAN Declaration but in language even more forceful the OAS 
Charter held up the principles of non-interference and non-intervention.

Critical differences, however, were apparent even in the beginning between ASEAN and the OAS. The 
most glaring difference was that the OAS began with a stronger mandate in the form of a charter. The charter being 
signed and ratified by member states endowed the OAS with a stronger legal mandate than the declaration of 
ASEAN. Also the OAS Charter structured the organization around the principle of representative democracy. This 
emphasis on democratic governance was a critical difference between the OAS and ASEAN. The OAS Charter 
stated under Chapter two Article three that, “The solidarity of the American States and the high aims which are 
sought through it require the political organization of those States on the basis of the effective exercise of 
representative democracy” [4]. Elsewhere under Chapter One Article Two the Charter stated that its purpose was to, 
“promote and consolidate representative democracy” with the caveat added, “with due respect for the principle of 
nonintervention” [4].

The OAS Charter also established decision- making to be conducted by a General Assembly where under 
Chapter nine Article 56, “All Member States have the right to be represented in the General Assembly” and “Each 
State has the right to one vote” [4]. The OAS Charter calls for decisions to be approved by an absolute majority or 
by a two-thirds vote under certain circumstances [4]. The other organs of the OAS which serve to consult and 
implement decisions made by the General Assembly are also subject to two-thirds majority voting to render their 
decisions legal [4].

The decision making process was made both more efficient for peacekeeping operations and more 
democratic by these provisions in the OAS Charter. American states were protected, in principle, from undue 
influence that would threaten their territorial sovereignty or in any way interfere in the domestic operations of their 
states by Articles 19 and Articles 21 as well as other Articles [4]. It was therefore unnecessary and impractical to 
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have a system of consensus and consultation as had been implemented in ASEAN and continues to the present day. 
The creation of democratic majority rule also provided a regional model for state governments to follow. 
III. OAS Post-Cold War

Following the Cold War the OAS diverged from ASEAN in its willingness to promote democratic 
governance among its member states. Two key changes made were made to the legal and institutional structure that 
enhanced the ability of the OAS to promote democratic governance amongst member states. The first of these was 
Resolution 1080 adopted by the General Assembly of the OAS on the 5th of June, 1991 at the fifth plenary session in 
Santiago, Chile [6]. Resolution 1080 became known thereafter as the ‘Santiago Declaration’ [6]. The Santiago 
Declaration was instrumental after the cold war in setting the OAS on a path of democratic governance. 

The Santiago Declaration made provisions for:
The Secretary General to call for the immediate convocation of a meeting of the Permanent Council in 
the event of any occurrences giving rise to the sudden or irregular interruption of the democratic 
political institutional process or of the legitimate exercise of power by the democratically elected 
government in any of the Organization’s member states. [6]

The Santiago Declaration further called for the Permanent Council of the OAS to convene an ad hoc 
meeting of the Foreign Ministers Meeting or of a special session of the General Assembly within ten days of the 
occurrence in question [6]. The Santiago Declaration left it at the discretion of the Foreign Ministers or the General 
Assembly as to what actions to take though whatever these actions were they had to be in accordance with the 
Charter of the OAS and international law [6]. The purpose of the Santiago Declaration as stated was to, “to preserve 
and strengthen democratic systems, based on international solidarity and cooperation” [6].

The Santiago Declaration was a powerful mechanism to support democracy in OAS member states [7]. In 
the event of a coup d’état or the overthrow of a democratically elected government the Permanent Council of the 
OAS was mandated to respond within ten days and to decide upon a course of action [6]. This amounted to the first 
steps to creating a regional organization with a solid grounding in representative democratic governance and an 
emphasis on the rights of the populations rather than a sole focus on state rights. 

The Santiago Declaration was followed up with further reforms leading to an organization more responsive 
to democratic governance. A key provision of this was the protocol of amendment made to OAS Charter in 
Washington D.C., signed on the 14th of December 1992 at the sixteenth Special Session of the General Assembly, 
which became known as the Washington Protocol [4]. The Washington Protocol went into effect after its ratification 
on the 25th of September 1997 [4]. The Washington Protocol under Chapter Three Article nine called for the 
suspension of any member state whose:

Democratically constituted government has been overthrown by force may be suspended from the 
exercise of the right to participate in the sessions of the General Assembly, the Meeting of 
Consultation, the Councils of the Organization and the Specialized Conferences as well as in the 
commissions, working groups and any other bodies established. [4]

The Washington Protocol made participation in the OAS contingent upon each member state being a democratically 
elected government. A state could be suspended by a two-thirds vote if the democratically elected government were 
to be overthrown.

This resolution, although not strictly a form of peacekeeping is consonant with the more broadly defined 
nature of peacekeeping and peacebuilding that has been prevalent from the end of the cold war. It also helps to 
create peace and security in the region by making isolating states that overthrow legitimate democratic governments. 
A critical problem facing peacekeeping and peacebuilding today has been the risk of state collapse or state failure 
and the ills that accompany this. In the case of the OAS the Washington Protocol by insisting that governments in 
the region have been democratically elected reduces the risk of conflict in these states. If the governments of the 
OAS are democratically elected then there is less likelihood that they will be seen as illegitimate and their rule 
contested through violence.

ASEAN stands in stark contrast to the mechanisms implemented by the OAS. In ASEAN there remains no 
mechanism to ensure the democratic legitimacy of the governments of member states. Such a mechanism would 
constitute a volte face for the organization and has been inconceivable as ASEAN is constituted at the present time. 
The 2014 Coup d’état in Thailand illustrates the lack of any mechanism to censure or chastise ASEAN members for 
violations of democratic governance [8]. In 2014 the elected government of Prime Minister Yingluck Shinawatra 
was overthrown by a military coup d’état and replaced with a transitional government that eventually was replaced 
with military rule led by General Prayuth Chan O Cha [9]. ASEAN was unable to muster an effective response to 
this removal of a legitimate government. 

Part of the difficulty lies in the number of non-democratic regimes that make up ASEAN at the present
including some of the least democratic regimes in the world including Laos, Vietnam, Myanmar and Cambodia 
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which were ranked as the 155th, 128th, 114th, and 113th least democratic regimes globally [10]. Even the more 
prosperous states of ASEAN, however, are considered flawed democracies, at best, by global standards including 
Singapore, Malaysia and Brunei Darussalam [10].

The fundamental problem, however, is not that ASEAN includes states that are not democratic. The OAS 
also includes states that are not democratic by global standards including Cuba which ranked as the 129th least 
democratic country in the world [10]. The problem has been that ASEAN has no institutional, legal means of 
helping member states improve democratic governance. The ASEAN Charter while stressing the importance of 
peace, stability and security as well as the importance of legitimate governments has no mechanism to ensure that 
governments in the region are democratically elected or adhere to democratic standards.

The Santiago Declaration has been employed in four occasions where the legitimate democratic 
government of an OAS member state was overthrown or replaced through coercive and illegitimate means [7]. The 
first case where the Santiago Declaration was utilized was in Haiti in 1991 [7]. During this instance the OAS 
supported the reinstatement of the democratically elected government of President Jean Bertrand Aristide after he 
was overthrown by unelected Joseph Raoul Cédras [7].

The Third Summit of the Americas in 2001 in Quebec City, Canada made a comprehensive declaration of 
support for democratic governance in the Americas [11]. The Summit called for the OAS to strengthen democracy, 
human rights and fundamental freedoms and justice, rule of law and security of the individual [11]. A key feature of 
the Third Summit of the Americas was: 

A democracy clause which establishes that any unconstitutional alteration or interruption of the 
democratic order in a state of the Hemisphere constitutes an insurmountable obstacle to the 
participation of that state’s government in the Summits of the Americas process. [12]

This clause was consonant with the previous Santiago Declaration and Washington Protocol in institutionalizing 
mechanisms to safeguard democracy in the OAS. 

The Third Summit of the Americas also called for the strengthening of those instruments already in 
existence especially the Inter-American Court of Human Rights and the Inter-American Commission on Human 
Rights [11]. The Third Summit reinforced the commitment the OAS had made to democratic governance in the 
Americas and detailed how the OAS was to promote democracy through various measures [11]. The promotion of 
democracy was divided into ways to support reforms of electoral processes and procedures, transparency and good
governance, media and communications, fighting against corruption and empowering local governments [11].

The emphasis on the promotion of democracy, human rights and the security of individuals, among other 
things, was affirmed by the Third Summit of the Americas and had antecedents in the Santiago Declaration as well 
as the OAS Charter itself and various amendments including the Washington Protocol. The provisions made in the 
Third Summit also reflect a move away from the emphasis on state rights to a broader emphasis on the human rights 
of individuals [11]. This reflects the shift in theoretical foundations for peacekeeping and peace building that had 
been gaining momentum from the end of the cold war. States have greater responsibilities to provide their citizens 
with democratic rights, access to legal institutions, greater media access and freedom and the right to self-
governance [11]. Far less emphasis was placed on the rights of states to be free from intervention from external 
threats or the right to non-intervention and non-interference [11]. The right to state sovereignty and non-intervention 
are enshrined in the OAS Charter but the emphasis in the Third Summit of the Americas was placed on the rights of 
individuals not the state and urged states to protect the rights of their citizens [11].

There occurred the same year of the Third Summit of the Americas the enactment of the Inter-American 
Democratic Charter in Lima, Peru on the 11th of September, 2001 [12]. As with the Third Summit of the Americas
the Inter-American Democratic Charter reaffirmed the commitment of the OAS to strengthening democracy in the 
Americas. The Inter-American Democratic Charter under Chapter four legally implemented the provisions declared 
at the Third Summit of the Americas which called for the suspension of membership of any OAS state where the 
legitimate democratic government had been overthrown [12]. The state in question if it felt its democratic 
government was under threat could request help from the Permanent Council of the OAS or the Secretary General in 
facilitating democratic governance [12].

Under Chapter four Articles 20 and 21 of the Inter-American Democratic Charter any interruption or 
alteration to a democratic state or its constitution can warrant the Secretary General or any member state to call a 
meeting of the Permanent Council [12]. The Permanent Council is to undertake diplomatic actions including 
mediation and good offices [12]. Should these measures fail to suffice then the Permanent Council is to convene a 
Special Session of the General Assembly who are to undertake the restoration of democracy through whatever 
measures are at their disposal consonant with the Charter of the OAS [12]. The General Assembly can suspend the 
state in question should all of the efforts entailed above fail to restore democracy to the state in question [12]. A 
two-thirds vote is required to suspend the state whose legitimate democratic regime has been usurped by an 
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illegitimate or unconstitutional entity [12]. The state may rejoin once they have returned to democracy and a vote is 
undertaken by the General Assembly to allow them to resume their membership activities [12]. During the time of 
suspension diplomatic activities are to take place to help democratic governance be resumed [12].

The Inter-American Democratic Charter can be seen as a clear contrast to the ASEAN Charter which 
makes no provisions for the restoration of democracy if this should be threatened in member states [13]. The 
ASEAN Charter does say that it adheres to, “the principles of democracy” but goes no further in elaborating how 
democratic governance might be implemented in ASEAN [13]. ASEAN has also not developed a coherent approach 
to the restoration of representative democracy should it be threatened in a member state. ASEAN remained silent 
during a coup d’état on the 20th of May 2014, when the government of Prime Minister Yingluck Shinawatra was 
deposed by a military-led regime which sought to redraft the constitution without democratic participation [8].
ASEAN did not put pressure on the military led regime to restore democracy or to carry out elections that met with 
international standards of transparency [8].   

The Inter-American Democratic Charter also established missions for democracy and electoral observations 
under Chapter five [12]. Chapter five the Inter-American Democratic Charter called for the establishment of 
political missions to help states observe free and fair elections [12]. These electoral observation missions can be 
requested by the member state of the OAS in order to help observe and monitor elections in the state [12]. The OAS 
cannot impose electoral observation missions on member states whose elections may be contested [12]. In spite of 
this the electoral observation missions do facilitate the promotion of democracy as states that want to have their 
elections certified as transparent and democratic may avail themselves of the electoral observation missions of the 
OAS [12]. This would lead to enhancing the promotion of democracy by enhancing the legitimacy of the regimes 
that avail themselves of the OAS electoral observation missions [12]. The OAS provides both incentives for the 
promotion of democracy by allowing states to request electoral observation missions and by penalizing regimes who 
flout the democratic will of their people through non-democratic or unconstitutional seizures of the state apparatus 
[12].

The electoral observation missions fall under the authority of the Secretariat for Strengthening Democracy 
(OAS SSD) which falls under the General Secretariat of the OAS [14]. The OAS SSD was established as one of six 
entities to help the General Secretariat of the OAS implements the decisions of the General Assembly [5]. The goal 
of the OAS SSD was, “to contribute to the strengthening of political processes in the OAS member states and in 
particular to support democracy as the best option to ensure peace, security, and development”[14]. The OAS SSD 
itself consists of three departments that undertake missions that include election monitoring, helping states 
implement democratic reforms, assisting in legal reforms, and helping reinforce government bureaucracies [14]. The 
OAS SSD has three departments which include the Department of Electoral Cooperation and Observation (DECO), 
the Department of Sustainable Democracy and Special Missions and the Department for Effective Public 
Management [14]. These three departments are overseen by an Executive Office who is responsible for coordinating 
the actions of the departments [14].

The Department of Electoral Cooperation and Observation monitored elections in OAS beginning in 1962 
in Costa Rica and the Dominican Republic [15]. As of 2016 the OAS has monitored 188 elections in 26 member 
states [15]. These missions included monitoring of municipal, national assembly, general, presidential, constituent 
assembly, legislative, and other elections [15]. The number of missions proliferated during the period from 1991 to 
2016 during which there was not a single year in which multiple electoral observation missions were not dispatched 
to member states [15]. The number of states that requested electoral observation missions during a single year was 
also higher on average from 1991 to 2016 than at any time prior to this [15]. This indicated that the electoral 
observation missions, which are voluntarily requested by member states, have been an increasingly utilized 
peacebuilding instrument and have helped to promote the democratic legitimacy [15].

The OAS SSD also conducts two special missions through the Department of Sustainable Democracy and 
Special Missions (OAS SSD, n.d.). One of these missions was the Mission to Support the Peace Process in 
Colombia [16]. This mission was initiated with the solicitation of the government of Colombia in the 23rd of January 
2004 to help facilitate the peace process in areas of Colombia that had previously been engaged in a long standing 
civil war [16]. The mandate for the mission was signed between the government of Colombia and the Secretary 
General of the OAS [16].

The mission had several mandates including to formulate recommendations for security, prevention, risk 
mitigation and new approaches to crime [16]. The mission was also tasked with monitoring the ceasefire and 
demobilizing combatants, as well as bringing to justice members of organized crime groups [16]. Several other 
peacebuilding mandates included the return to civilian life of those persons who had been deprived of liberty, 
preventing the recruitment of minors for combat and supporting local initiatives aimed at creating governance [16].
The MAPP is comprised of 20 civilian specialists from the OAS [17]. The mission has been ongoing and the goal 
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has been to help rehabilitate those civilians in areas where illegal armed groups have waged civil war against the 
government of Colombia [16].

ASEAN has failed to keep pace with the changes in security that threatens to make the organization 
irrelevant. ASEAN has not developed an institutional or legal framework that would provide for peacekeeping or 
peacebuilding in the region. The issue of democratic governance is not incidental to the issue of peacekeeping in the 
twenty first century. The movement away from state centered conflict has led to a broader realm of issues that can 
be considered threats to peace and security. In this new framework of ‘securitization’ the rights of citizens to elect a 
representative democracy has been considered paramount. The principles of non-interference and non-intervention 
are still in force but they are slowly being eroded by the growing threat of state failure and state collapse that looms 
in many areas. ASEAN faces the unsavory prospect of supporting dictatorial regimes and states rather than 
implementing democratic reforms and governance. Before ASEAN can embark upon building a peacekeeping force 
it must make comprehensive reforms to the structure of the organization itself.

Scholars who contend that ASEAN has made progress in establishing a security framework that would 
encompass peacekeeping and peacebuilding fail to make a comparative analysis that if done would show the extent 
to which ASEAN has been surpassed by other regional organizations. The OAS, as demonstrated above, has made 
progress in implementing legal mandates that reinforce the organizations commitment to representative democracy 
as enshrined in the Charter of the OAS. The Santiago Declaration and the Washington Protocol are two such steps 
that have been taken. These instruments have also been applied to member states where the rule of law and 
democratic governance where threatened as was the case in Haiti, Peru, Guatemala and Paraguay [7]. ASEAN 
signed its first Charter in 2007 and implemented the Charter in 2008 [13]. The Charter does not, however, strengthen 
ASEAN as a regional organization to undertake peacekeeping or peacebuilding missions. The ASEAN Charter did 
not provide a mechanism whereby ASEAN states would be required to uphold representative democracy in their 
states [13].

The decision making provided in the ASEAN Charter also follows a non-democratic procedure. The 
emphasis on consultation and consensus although seemingly enabling a more democratic result is both impractical 
and is non-democratic when the states in question are themselves not democratic. Under Chapter Seven Article 20 of 
the ASEAN Charter it states, “As a basic principle, decision-making in ASEAN shall be based on consultation and 
consensus” [13]. The emphasis on consultation and consensus makes it difficult for ASEAN states to establish a 
peacekeeping or peacebuilding agenda at the regional level. The divergent interests of member states are not 
mitigated through ASEAN but reemerge in other venues. 

The OAS has been able to make progress by insisting that member states are representative democracies 
and have the support of their populations as conveyed through electoral mechanisms established by their 
constitutions. Efforts to support democracy have been instantiated in the OAS through several measures including 
the Santiago Declaration, the Washington Protocol to the OAS Charter, the Third Summit of the Americas and the 
Inter-American Democratic Charter. 
IV. Conclusion

As to why ASEAN has not progressed in developing stronger regional frameworks for either peacekeeping 
or peace building, as compared to the OAS, it could be posited that the OAS has a longer history of regional 
integration. Not only has the OAS had historical antecedents in various forms of pan- Americanism, especially in the 
Latin American countries, but there has been a greater movement towards developing a theoretical framework for 
pan- Americanism by thinkers including politicians, writers, scholars, and artists. The Americas have a far longer 
and deeper history of regional thought than ASEAN has had. Due to the imposition of colonialism in ASEAN the 
states that have emerged do not, by and large, share a common cultural or intellectual tradition of regionalism. 
Constructivists have argued that regionalism by definition has to be constructed and that ASEAN has in fact been in 
the process of building a sharing and caring community. If this were so then ASEAN would not be in the 
predicament it now faces of gross human rights abuses occurring regularly in member states and a regional 
organization which has offered only the mutest criticism of member states.

ASEAN member states, as they are comprised, have little history of regional cooperation. There has been 
no ‘tradition’ of regionalism in ASEAN and few intellectual forebears of ASEAN regionalism to shape a regional 
identity that would form a structural foundation for regionalism. The lack of regional identity cannot be fabricated at 
the elite level as has been attempted in ASEAN. ASEAN’s shift to a people-centered organization shows that even 
ASEAN leaders have felt that the organization as it has been comprised feels contrived. 

This has a direct contrast with the OAS whose lengthy history of regionalism has shaped the dynamics of 
peacekeeping, peace building, security and non-intervention in the Americas for the last two hundred years. The 
OAS was an evolution of Inter- American cooperation that reached its apex with the Charter of the OAS. The 
earliest manifestations of pan- Americanism in the Americas began shortly after the independence of most of Latin 
America from Spain. 

Regional cooperation has been an endeavor that has had few successes due to the relative insularity of 
ASEAN member states. This can be contrasted with the OAS which has had a pan- American movement from at 
least the early 1800’s when most Latin American states achieved independence from Spain. The OAS has been 
conscious of the common identity of the community of states that form the OAS. The movement for independence 
in the Americas was from an early date marked by a movement towards regional integration. The Spanish Americas, 
although administered as separate colonies, shared a common provenance with each other; that of the Spain. 
Exceptions were of course Brazil, the United States of America and Canada, which at the time was still ruled by the 
United Kingdom. 

The antecedents for the OAS therefore stretch back further than ASEAN’s and also have enabled a greater 
sense of regional identity and fostered greater cooperation among member states. The political trajectory of member 
states of the OAS has also been one that may have helped to create a region more open to peacekeeping and peace 
building including representative democracy. The independence of many states of the OAS has been plagued by 
autocracies and brutal dictatorships and a prolonged struggle between liberal and conservative factions. This 
however has created a dynamic of political debate and an experience of political representation. These political 
traditions often crossed boundaries in the Americas with political thinkers travelling widely between member states 
and not only to Europe. The result has been a fostering of representative democracy, an appreciation for human 
rights and a longer tradition of political reforms. 
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Abstract- The purpose of this study was to evaluate students in the 

Technical English course including  9 dimensions and 29 aspects, and 

to evaluate the contingency factors of context, input, process and 

product and compared it with the evaluation of the Technical English 

course based on CIPP model from two faculties – Engineering and 

Science and Technology.

The 120 samples used in this study were students registered 

in Technical English in the first semester of 2015 academic year from 

two faculties of RMUTP students. The research instrument was a 

questionnaire through descriptive statistics. The findings can be 

summarized as follows: there were 9 dimensions which included the 

following aspects: The result of this study revealed that there were 9 

dimensions. The 8 dimensions were rather high.  However, 

dimension 4 was rather high, and even higher for students of Science 

and Technology.  The contingency of context, input, process and 

product factors of the course were all rather high.  The four 

dimensions were appropriated in terms of context, input, process and 

output at a high level.  The evaluation in this course from the two 

faculties’ students appropriated context, input, process and output at a 

high rate and increasing the sum total of learning.

Keys words- Technical English, Context, Input, Process and 

Product

I.  INTRODUCTION

Nowadays, the world is in a state of 
continuous change. An example of this is the way in which 
advanced technology has had an economic and social impact 
on Thailand. Due to the fact that the curriculum is used for 

staff development, it is essential that the content should be up 
to date with changing social standards as well as being of the 
highest quality. Therefore, the curriculum plays a vital role in 
the evaluation of instructional programs or textbooks, the 
improvement of curriculum when suitable, and teaching and 
testing materials [3].

Rajamangala University of Technology Phra 
Nakhon (RMUTP) is one of the leading technology 
universities in the nation in terms of the production of 
professional graduates. The philosophy of RMUTP is to 
produce technological specialists from a variety of disciplines. 
One of the primary objectives of this institution is the 
production of professional engineers.

Stevens [8] divided the objectives of English 
communication, in terms of training engineers and technicians, 
into categories including general communication, 
communication in terms of speaking and writing, and the 
working performance of engineers or technicians. 
Additionally, Hutchinson and Waters [6] mentioned that the 
purpose of English for Specific Purposes (ESP) is to focus on 
the needs of the learners, and an emphasis on objectives and 
dealing with relevant real-life situations. The students from the 
Faculties of Engineering and Science and Technology face a 
variety problems; the fact that the instructional processes used 
are not learner-centered approach, do not take the needs of 
different learners into consideration and lack proficiency in 
the target language. An example of this is mentioned when 
learners are faced with reading passages that they weren’t able 
to understand and struggled to read [7]. This may lead to a 
lack of student motivation and decreases achievement in terms 
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of learning.  In other words, the Decision-Making Model was 
designed by Stufflebeam, a leader in the field of evaluation as 
an analytic process used to gain useful information about 
decision-making in a number of ways. There are four types of 
evaluation in the CIPP model; context, input, process and 
output. Stufflebeam suggested that the CIPP model is a 
framework for guiding the evaluation of programs, projects, 
personnel, products, institutions, and systems. The checklist 
was patterned after the CIPP model for both long-term and 
sustainable improvements  [9].

In conclusion, the researcher focused on factors 
in four areas of the CIPP model of evaluation curriculum –
context, input, process and output – as a means to gather 
details for research purposes, as well as the opinions of 
learners with regard to the subject of Technical English. It is 
clear that identifying the strengths and weaknesses of this 
course will help to correct any possible weaknesses in the 
course and reinforce any of the strengths which increase the 
educational value and the quality of this course.

The objectives of the research

1. The purposes of this study were to evaluate the following 
9 dimensions:

1) the needs of the students regarding Technical 
English, 

2) the continuation of the course contents,
3) the appropriateness of the course contents for 

learners, 
4) the contingent relationship between learning activities 

and other factors,
5) the use of the English language in class by both 

students and teachers,
6) the use of a variety of activities including input and 

process
7) the use of multiple learner-centered activities,

8) the attitudes of the students towards the course

9) the satisfaction levels of the students with regard to 

the outcomes,

2. To evaluate the curriculum and course in terms of 

context, input, process and output.

3. To compare the evaluations of students taking the 
Technical English course being taught through the CIPP 
model in terms of the similarities or differences between 
students from the Faculties of Engineering and Science and 
Technology at Rajamangala University of Technology Phra 
Nakorn.

Research Design

The design and the implementation of the survey 
used to gather research was conducted by the researcher as 
follows:

The Populations and the Samples

The population of this study consisted of second-year 
undergraduate students from two faculties, Engineering and 
Science and Technology, who studied in the first semester of 
the 2015 academic year at Rajamangala University of
Technology Phra Nakorn (RMUTP). There were a total of 250 
students in this study; the samples consisted of 120 RMUTP 
students and were derived from a simple random sampling 
technique.

Duration of the Experiment
The duration of the experiment was 2 weeks (a total of 6 hours 
per weeks)

II. RESEARCH INSTRUMENTS
1. Ten lessons of Technical English 2 Course Book 

[2]   
2. The questionnaire was developed by the 

researcher, with the aim of assessing the satisfaction levels of 
the students and their opinions.

Construction and Development of the Research Instrument

The satisfaction questionnaire

The researcher constructed the questionnaire in order 
to investigate the satisfaction levels of the students and their 
opinions. The specific purpose of this questionnaire was to 
probe more deeply into the feelings, opinions and problems 
experienced by students taking Technical English. The 
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questionnaire was distributed immediately after completion of 
the study so that the students would be able remember it more 
clearly. The satisfaction questionnaire was constructed using 
the criteria established by Best [1] and adapted in the same 
way as the research of Sukamonlson [10]. The responses to 
each question were based on a 5 point Likert scale, which used 
the following criteria:1 = the least, 2 = a little , 3 = more than a 
little , 4 = moderate , 5 = high and 6 = very high

Data collection

An investigation of the Technical English skills of RMUTP 
students was administered by the questionnaire.  The 
distribution of the questionnaire was conducted in English 
classes with a total of 120 RMUTP students from the Faculties 
of Engineering and Science and Technology to complete the 
questionnaire, which was divided into four categories –
context, input, process and output. Part 1 (Demographic 
Information): This part of the questionnaire aimed to obtain 
information on gender, age and the faculties that they 
belonged to. The participants were asked to complete to in the 
following details. Part 2 (Overall perceptions with an 
emphasis on the CIPP model): This part was designed in order 
to identify the perceptions of the students regarding the CIPP 
model. Part 2 was concerned with the six most significant 
levels in terms of four areas (five items for context, nine items 
for input, nine items for process and six items for output).  
Each question had a five-point Likert scale design.  The 
participants were asked to check in only one box under the six 
levels of each item. Part 3 (Suggestion): This section was 
designed in order to investigate the perceptions of the students 
regarding how certain contexts, teaching methods, contents 
and materials, teaching methods and assessment criteria are 
used in the class. The participants were asked to complete 
their suggestions.  After the researcher completed the 
questionnaire, the data was analyzed by Index of Item 
Objective Congruence (IOC), which is as follows:

N

R
=IOC
Σ

 

IOC = Index of Item Objective Congruence

R = Expert opinions

RΣ = Sum total of Expert opinions

= Number of experts

The questions which were rated at less than 0.5 were 
analyzed and improved upon by experts. The data from the 
small group in this experiment was analyzed in order to 
establish reliability by using alpha coefficient based on 
Cronbach  [4] . The reliability of coefficient was 0.83.

Data Analysis of the Questionnaire

The data analysis process was conducted by using a 
rating scale; calculated by frequency, percentage, mean and 
standard deviation and translated based on the criteria 
established by Best (1981) 1.00 ≤ < 1.50 refers to the least, 
1.50 ≤ < 2.50 refers to a little, 2.50 ≤ < 3.50 refers to 
more than a little, 3.50 ≤ < 4.50 refers to a moderate, 4.50 ≤ 

< 5.00 refers to high, and 5.00  ≤ < 6.00 refers to very 
high.

Data Analysis and Statistics 

The collected data were analyzed in terms of 
frequency, percentage, mean and standard deviation.

III. RESULTS OF DATA ANALYSIS

The analysis of the data from the questionnaire is 

presented in Part 1, including demographic information about 

the participants including gender and major.
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Table 1 presents information about the mean and standard deviation regarding the Technical English course and two Faculties -
Engineering and Science Technology students at RMUTP 

Evaluation and quantity questions Engineering
level

Science&Technology
level

SD SD

A. Context

1. Needs 4.99 high

1.English is an important part of your learning experience at 

university.
5.24 0.872 high 5.03 1.017 high

2.English is important to Thai people nowadays. 5.21 0.946 high 5.1 1.012 high

3.English is going to be an important part of your daily 

working life in the future.
6.3 1.91 very high 5 1.069 high

4.This course should be in the curriculum. 5 0.835 high 5.07 0.923 high

5.You use English to enhance your learning. 4.79 1.081 high 4.79 0.987 high

B and C: Factors of input and process

2. Continuation of the course contents 4.89 high 4.78 high

6.The contents of this course are in accordance with your 

needs.
4.9 0.971 high 4.9 0.817 high

7.The continuation of course content, structural language and 

vocabulary with other English courses. 
4.88 0.977 high 4.66 1.01 high

3. Appropriateness of the curriculum 5.09 high 4.77 high

8.The contents of this course were difficult for you. 4.41 0.633 moderate 4.9 1.081 high

9.The contents of this course were interesting for you. 5.15 0.764 high 4.79 1.013 high

10.The contents of this course were useful for you. 5.24 0.854 high 4.9 1.081 high

11.The teaching methods used in this course are appropriate 

for your ability level.
5.01 1.091 high 4.52 1.09 high

4. Accordance with multiple activities 4.48 high 6.27 high

12.The course contents are in accordance with your 

background knowledge.
4.94 1.127 high 4.48 0.949 moderate

13.The course contents are related to the continuation of your 

learning.
5.24 0.698 high 4.9 0.86 high

14.The course contents are appropriate for your ability level. 5.13 0.776 high 4.66 0.897 high

5. Quantity of English Used in Instruction 5.12 high 4.91 high

15.You have opportunities to use English in the classroom 

during this course.
5.21 0.993 high 4.86 0.789 high

16.You have opportunities to use English outside the 

classroom during this course. 5.04 1.007 high 4.97 0.865 high
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Evaluation and quantity questions Engineering
level

Science&Technology
level

SD SD

6. Variety of factors of input and output 4.95 high 4.72 high

17.You complete your exercises, homework and take tests. 4.99 0.896 high 4.59 0.907 high

18.Your instructor is proficient in the use of non-printed 

teaching materials.  
5.1 0.89 high 4.9 0.817 high

19.Your instructor provides non-printed materials as part of 

your coursework.
4.76 1.232 high 4.69 1.072 high

7. Learner-Centered Approach 5.08 high 4.88 high

20.The instructor allows learners to ask questions, discuss 

problems etc. 
5.24 0.818 high 4.93 0.884 high

21.The instructor is aware of and concerned with the learning 

needs of the students. 
5.19 0.783 high 4.9 0.817 high

22.The instructor has an appropriate attitude and pays enough 

attention to the learners.
5.21 0.769 high 4.9 0.976 high

23.The students are able to learn independently or outside the 

classroom.
4.99 1.037 high 4.48 1.056 high

D. Output

8. The Attitudes of Students toward the Curriculum 5.18 high 5 high

24.You have a positive attitude towards the teaching 

activities.
5.19 0.905 high 5.03 0.906 high

25.You have a positive attitude towards the course contents. 5.15 0.803 high 4.97 0.906 high

26.You feel that there is a good atmosphere in the classroom, 

which is also conducive to your learning.
5.22 0.918 high 5 1.069 high

9. Satisfaction, usefulness and learning achievement 5.09 high 5.04 high

27.You are satisfied with your results on the midterm test. 4.99 1.022 high 4.97 1.052 high

28.You feel that you gave achieved your objectives in terms 

of learning goals during this course
5.04 0.96 high 5.03 0.906 high

29.You feel that you have learned something useful during 

this course.
5.24 0.939 high 5.14 0.953 high

A. Context 5.1 high 4.99 high

B.  Input and Process 4.93 high 5.05 high

C. Process 4.83 high 5.01 high

D. Output 5.13 high 5.02 high

n =120

Standard evaluation of criteria = higher than 4.50
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Table 1 indicated the following, in terms of 
the 9 dimensions; 1.)  their need for Technical English 
skills was rather high, 2.) the continuation of course 
contents was also rather high, 3.) the appropriateness 
of the course was quite high for the learners, 4.) the 
contingency between learning activities and other 
factors for students from the Faculty of Engineering at 
RMUTP was rather high, and even higher for students 
of Science and Technology, 5.) both teachers and 
students frequently used the English language in the 
classroom was rather high, 6.) there were rather high a 
variety of activities involving input and process, 7.) 
there were also a variety of learner-centered activities, 
8.) the students had mostly positive attitudes towards 
the course, and 9.) also had rather high levels of 
satisfaction with regard to the outcomes. In other 
words, the contingency of the factors (context, input, 

process and product) were at a high level. In table 1, it 
can be seen that the evaluation and quantity questions
consisted of 29 items. This was considered a large 
number of items, many of which required 
improvement before they could meet the criteria. 

However, specifically in regard to Question 
8, the contents of the course were considered to be at a 
moderate level of difficulty and in need of
improvement. With regard to the previously 
mentioned four dimensions, the CIPP Model was the 
most ideal for the evaluation of the Technical English 
courses for the students from the Faculties of 
Engineering and Science and Technology. It was 
appropriated in terms of context, input, process and 
output at a high rate ( =5.13 out of 6 and = 5.02 
out of 6 respectively).  Therefore, there was a high rate 
of overview of the different types of evaluation in this 
course.

Table 2: Frequency and Percentage of the Number of Suggestions made by RMUTP students taking Technical English

Suggestions made by RMUTP Students taking Technical English n Freq. Percentage

Suggestions 11

1. The teacher should take the students to visit a company or a factory. 6 54.54

2. The teacher should let students practice English report writing independently. 5 45.45

The table indicated that RMUTP students had 

opinions and suggestions regarding the course; it was 

found that the answers of 11 students could be 

classified into two types, with 6 students at 54.54% 

and 5 students at 45.45%. Question 1,that the teacher 

should take the students to a company or factory, was 

equal to 54.54%, while Question 2, that the teacher

allowed students to practice report writing in English 

was equal to 45.45%.

IV. DISCUSSION
A thorough investigation of the Technical 

English course revealed that the students from the 

Faculty of Engineering responded strongly Question 3, 
which was concerned with the importance of English 
in their daily working lives. The students provided 
numerous reasons, including the following:
1. Why is the importance of English in their daily 
working lives?

1.1 International Communication
Nowadays, English plays a vital role as a 

common language of communication in numerous 
countries throughout the world. Stevens [8] divided
the objectives of English communications in terms of 
English for Specific Purposes (ESP), general 
communication training for engineers and technicians
and more specialized training for engineers and 
technicians in spoken and written communication.
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1.2 English for Specific Purposes
Hutchinson and Waters [6] claimed that the 

function of English for Specific Purposes (ESP) is to 
focus on the needs of the learners, new ideas regarding 
the objectives of language teaching, learning to deal
with real-life language situations, especially relevant 
and subject-specific Technical English. 

1.3. Business Needs 
Business English is defined as the application 

of English language in business situations. According 
to Ellis and Johnson  [5], business English must be 
seen in the overall context of ESP as it shares the 
important elements of needs analysis, syllabus design, 
course design, and material selection which are 
common to all varieties of work in ESP.
2. Why were contents of this course difficult for

you?
The researcher revealed that with regard to 

Question 8, the students from the Faculty of 
Engineering at RMUTP experienced a moderate level 
of difficulty with the course contents. There were a 
number of reasons, which are as follows:

The students quickly realized that the course 
contents contained many technical terms as well as a 
lack of sources. In other words, the learners passages 
which they weren’t able to understand clearly or 
struggled to read [7].

3. Why are the course contents in accordance with 
your background knowledge?

The researcher found that RMUTP students 
from both faculties produced a moderate response with 
regard to Question 12, that the course contents were in 
accordance with their background knowledge.
According to the concepts of constructivism, learning 
can be considered an active, contextualized process; 
the construction rather than the acquisition of 
knowledge by the learner. Knowledge is a construction 
on the influences of the environment and personal 
experiences. It is thought that learners continuously 
test these hypotheses through a process of social 
negotiation [11].

V. CONCLUSION
The result of this study revealed that there 

were 9 dimensions which included the following 
aspects: The result of this study revealed that there 
were 9 dimensions. The 8 dimensions were rather 
high.  However, dimension 4; the contingency 
between learning activities and other factors for 
students from the Faculty of Engineering at RMUTP 
was rather high, and even higher for students of 
Science and Technology.  In other words, the 
contingency of context, input, process and product 
factors of the course were all rather high. With regard 
to the four dimensions, the researchers employed the 
CIPP model of evaluation in the Technical English 
course for students from the Faculties of Engineering 
and Science and Technology and was appropriated in 
terms of context, input, process and output at a high 
level ( =5.13 out of 6 )  Furthermore, the evaluation 
in the Technical English course for students from the 
Faculties of Engineering and Science and Technology 
also  appropriated context, input, process and output at 
a high rate and increasing the sum total of learning.

RECOMMENDATIONS
In terms of this study, the following 

suggestions were provided in order to further develop 
the following aspects of this research:

1. The office of Academic Affairs, 
Department Heads and Instructors should 
collaborate in order to improve the 
quality of the instruction.

2. Academic affairs should send the results 
of the study to coordinators and suggest 
which main points may lead to 
improvements
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Abstract— This research aimed to study the students’ 
needs in learning materials for enhancing speaking skills
in three aspsects: content, media and activity. Research 
samples were 217 TNI students in the second semester of 
2015 academic year, derived through simple random 
sampling technique. The instruments used for gathering 
the data were the rating-scale and open-ended 
questionnaire. The statistics used for analyzing the data 
were frequency, percentage, mean, standard deviation and 
content analysis. The research findings were: 1) Needs in 
needs in learning materials for enhancing speaking skills 
of TNI students as a whole was at high level. When 
considered in each aspect, it was found that the students 
was at the highest level in activity whereas content and
media were at high levels; 2) the students had 
supplemental suggestions as: Teachers should create 
stress-free classrooms that encourage positive attitudes 
towards language learning; Teachers should allow 
students to take charge of their learning by helping them 
discover what they are capable of; and Authenticity and 
technological devices are essential in creating a lively 
classroom and avoiding boring textbooks and tasks.

Keywords— Need analysis, English teaching-learning 
process, English speaking proficiency

I. INTRODUCTION

English speaking ability is crucial, especially in 
this global era. Many people use English as a media of 
communication and it makes people who come from 
different countries to be easier in making interaction and 
communication. The concepts of speaking is a speech 
production that becomes a part of our daily activities [1].
Further, speaking is defined as a creative process; an 
active interaction between speaker and listener that 
involves five aspects: content, vocabulary, grammar, 
performance, and fluency [2].

Speaking competence means conversation 
ability or conversation skill. It performs mutual 
interdependent, interactive nature of conversation. It is 
an awareness activity as well as feedback activity so that 

a series of tasks is developed to sharpen the students’ 
awareness on the activity and assess their own progress 
performance. When those awareness and feedback 
activities done gradually, automatic conversation 
becomes accustomed; speaking ability, in this case, 
conversation skill, needs gradual practice-controlled, 
awareness, and finally fluency conversation.

However, there are some studies which have 
investigated the speaking difficulties encountered by 
EFL learners. For example, one study investigated 
Turkish EFL learners’ communication obstacles in 
English language classrooms, and it reported that 
anxiety and unwillingness during the English speaking 
process are considered two of the biggest obstacles for 
EFL learners. Anxiety and unwillingness are caused by 
the fear of being negatively evaluated when making 
mistakes, particularly in front of their friends. This study 
also revealed that students who perceive their English as 
“poor” feel more anxious and are more unwilling to 
communicate in English classes than the other students 
perceiving their English level as “very good”, “good”, 
and “OK” [3].

Therefore, students’ needs are the core of any 
curriculum designed in which there should be a detailed 
need analysis conducted. The success of any program 
relies heavily on the conducted need analysis due to the 
fact that it is the backbone which underlies program 
goals and objectives [4]. Therefore, need analysis is the 
paramount element that should be considered in 
designing EFL programs and questioned while 
considering the English four skills (listening, speaking, 
reading, and writing).

In designing the learning materials, the need 
analysis is an important tool to associate the learning 
materials with the students’ needs. During analysis, it is 
vital to develop a clear understanding of the gaps 
between desired outcomes, the students’ existing 
knowledge and skills [5].
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As one of international language, English is also 
being taught in College of General Education and 
Languages, Thai-Nichi Institute of Technology. 
Therefore, it is significant to enable students to 
communicate fluently as well as apply the language in 
real communication. The students, therefore, should be 
able to interact orally each other through English. 
However, in fact, most of the students did not perform 
English in their language conversation. 

II. RESEARCH PURPOSES

1. To investigate needs analysis in learning materials 
for enhancing speaking skills in three aspects: 
content, media and activity; and

2. To gather supplemental suggestions of Thai-Nichi 
Institute of Technology students.

III. METHODOLOGY

Population and Samples
Population of this study were 500 first- year 

students in the first semester of 2015 academic year. 
Samples in this study were 217 first-year TNI 

students in the second semester of 2015 academic year
derived through simple random sampling technique. 

Instrumentation
The instrument used in this study is a 

questionnaire. The questionnaire was constructed by the 
researcher, based on needs analysis in learning materials 
for enhancing speaking skills perceived by Thai-Nichi 
Institute of Technology students. This research 
questionnaire was used to identify needs in three 
aspects: content, media and activity.

The first part (Part 1) of this questionnaire asks 
for the demographic information on the students’ gender 
and faculty. The participants were asked to report their 
information by ticking in only one box.

The second part (Part 2) concerns needs in three 
aspects: content, media and activity.

The third part (Part 3) asks for more opinions 
and suggestions of needs in three aspects based on open-
ended questions.

Data collection
Needs analysis in learning materials for 

enhancing speaking skills perceived by Thai-Nichi 
Institute of Technology students were accessed through 

the questionnaire in the second semester of 2015 
academic year.

The administration of the research questionnaire 
was conducted in English classes. Part 1 concerns the 
demographic variables about the students’ gender and 
faculty. The items of Part 2 cover needs analysis in 
learning materials for enhancing speaking skills. 
Therefore, the participants were requested to consider 
each item carefully and indicate how important each 
item was for their study. A total of 217 TNI students 
from the 3 faculties completed the questionnaire.

Data Analysis
The collected data was analyzed using computer 

program. The statistics used for analyzing the data were 
frequency, percentage, mean, standard deviation and 
content analysis.

IV.RESULTS

Phase 1 The results of demographic data
The analysis of the data from the students’ 

questionnaire reported by first-year TNI students in the 
2015 academic year is presented in the first section deals 
with the demographic variables from the students’ 
responses to Part 1 of the questionnaire: gender and 
faculty in the following table.

Table 1: Table of the results of demographic data of 
respondents

Demographic data of 
respondents N=217 Percentage

1. Gender
    Male 110 50.69
    Female 107 49.31
Total 217 100
2. Faculty
    Engineering 74 34.10
    Information 
Technology

83 38.25

   Business 
Administration

60 24.65

Total 217 100

The table showed that percentages of first-year 
TNI students in gender. 50.69% were male students and 
49.31% were female students. For faculty, 34.10% were 
Engineering students, 38.25% were Information 
Technology students, and 24.65% were Business 
Administration students. 
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Phase 2 Needs analysis in learning materials for 
enhancing speaking skills perceived by Thai-Nichi 
Institute of Technology students in three aspects

Table 2: Table of Mean (x̄) and Standard Deviation 
(S.D.) of Needs analysis in learning materials for 
enhancing speaking skills in each aspect in total

Components S.D. Level
Content 4.32 0.82 High
Media 4.01 0.91 High

Activity 4.51 0.69 The 
highest

Total 4.28 0.11 High
The table above indicated that TNI students had 

a high level of needs analysis in learning materials for 
enhancing speaking skill in overall ( =4.28). When 
considered in each aspect, it was found that the students 
had the highest levels of needs analysis in learning 
materials for enhancing speaking skill in activity 
( =4.51), followed by  content ( =4.32) and media

( =4.01).

Phase 3 The results of needs assessment of an English 
preparation model for work readiness perceived by 
the 4th year Thai-Nichi Institute of Technology 
students

Table 3: Table of frequency and percentage of 
suggestions of needs analysis in learning materials 
for enhancing speaking skill

The table presented that the majority of the 
students suggested that teachers should create stress-free 
classrooms that encourage positive attitudes towards 
language learning. (44.71%). Some students highlighted 
that Teachers should allow students to take charge of 
their learning by helping them discover what they are 
capable of (34.11%). However, the minority of the 
students pointed out Authenticity and technological 
devices are essential in creating a lively classroom and 
avoiding boring textbooks and tasks (21.18%).

V. CONCLUSION

According to the study and data analysis, the 
results of this study were concluded as follows:

Phase 1: The results of demographic variables.
The percentages of the respondents in gender 

ranged from 50.69% for male students and 46.10% for 
female students. For faculty, 34.10% were Engineering 
students, 38.25% were Information Technology students,
and 24.65% were Business Administration students. 

Phase 2: The results of needs analysis in 
learning material for enhancing speaking skills 
perceived by Thai-Nichi Institute of Technology 
students in three aspects

The students had a high level of needs analysis 
in learning materials for enhancing speaking skills in 
overall ( =4.28). When considered in each aspect, it 
was found that the students had the highest levels of 

No. Suggestion Frequency Percentag
e

1 Teachers should create 
stress-free classrooms 
that encourage positive 
attitudes towards 
language learning.

38 44.71

2 Teachers should allow 
students to take charge 
of their learning by 
helping them discover 
what they are capable 
of.

29 34.11

3 Authenticity and 
technological devices 
are essential in 
creating a lively 
classroom and 
avoiding boring 
textbooks and tasks.

18 21.18

Total 85 100
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needs analysis in learning materials for enhancing 
speaking skills in activity ( =4.51), followed by content 

( =4.32) and media ( =4.01).
Phase 3: The results of opinions and 

suggestions about needs analysis in learning materials 
for enhancing speaking skills

The students had opinions and suggestions as 
follows: 

1) Teachers should create stress-free classrooms 
that encourage positive attitudes towards language 
learning;

2) Teachers should allow students to take charge 
of their learning by helping them discover what they are 
capable of; and 

3) Authenticity and technological devices are 
essential in creating a lively classroom and avoiding 
boring textbooks and tasks.

VI.DISCUSSION

The findings of this study suggest that the 
students need the learning environment that develop 
their speaking competency. Therefore, many issues 
could be related to teachers, teaching strategies, 
curriculum, extracurricular activities as well as 
assessment regulation. Teachers, then, need to be trained 

on how to integrate speaking to other skills and how to 
teach it communicatively. Their awareness of how 
language is acquired and learned should be raised. 
Moreover, teachers need to be enlightened on the 
different teaching activities that may reduce their use of
L1 in their classes. In order for the curriculum to provide 
students with frequent opportunities of speaking, 
communicative tasks should be included. Those tasks 
should focus on getting students to convey the meaning 
rather than the form. This can help students acquire the 
language better as many researchers declared.
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Abstract— Where is the knowledge about ASEAN member 
countries from? Thai people can not learn about ASEAN 
member countries by direct experience, but they can learn 
and enjoy through mass media like window to ASEAN 
neighbors. TV programs concerning ASEAN is an 
interesting case study. The TV programs on ASEAN 
present various aspects, such as social, cultural, religious, 
historical, economic, political, and leisurely facets of 
ASEAN member countries that are ASEAN daily lives. In 
Thailand, ASEAN Together is one game show TV 
program for youth mainly concerning about ASEAN and 
ASEAN member countries. The images represented 
ASEAN member countries in the media is important for 
Thai people’s perception on international relation, and 
Thai people’s attitude toward other countries in ASEAN.
Also, this research analyses and focuses the proportion 
and reproduction the content about ASEAN member 
countries, and the representation of ASEAN member 
countries embedded in the content of ASEAN together.

Keywords— ASEAN, representation, construction, media, Thai 
television program

I. INTRODUCTION

Where does knowledge come from? Knowledge is an 
understanding of society toward something, such as facts, 
information, and description that are certifiable, reasonable, 
and regularity. Kanjana [1] stated that we can get the 
knowledge through learning from various ways, both of world 
of reality, and world of knowledge and thinking, such as 
education system, society, religious, and importantly mass 
media, since it is a significant factor in modern culture. 
Komjorn [2] showed that people enjoy receiving media and 
gain knowledge from world of media more than world of 
reality or direct experience, especially, international relation 
issue, because most people have no direct experience with 
international relations. Also, they must learn about other 
countries through transnational media.

ASEAN community has become a hot issues in the region, 
and mass media is an important tool to encourage people to 
have a mutual understanding and knowledge about ASEAN. 
In Thailand, there are some TV programs concerning ASEAN 
and ASEAN member countries. Nontharee Hemtanont [3]

studied Thai TV program concerning ASEAN aired on 
national commercial television that are owned by the 
government such as Chanel , and Modernine TV, and owned 
by the private under state contracts, such as Chanel , and 
Chanel  Chanel  has three TV programs concerning ASEAN, 
presented in talk show, and mostly in economics news, such 
as Asia Connect, Jor Loke Setakit (world’s economics), Mong 
Lok Baeb Vikrom (Vikrom’s view toward world). Chanel  
has one TV program concerning ASEAN, presented in 
cultural tourism documentary, such as Teenee ASEAN (at 
ASEAN). Chanel  has two TV programs concerning ASEAN, 
present in news presenting, such as Dat Setakit (excellent 
economics), and Hong Khao Jed See (Chanel  news). 
Modernine TV has one TV program concerning ASEAN 
present in game show, such as ASEAN Together (Nakkid 
Talui ASEAN). From the study, there are several contents of 
these TV programs, such as economics, politics and security, 
and socio-culture. However, the economic dimension is 
mostly concerned in Thai TV program concerning ASEAN, 
especially the content about economic growth. In addition, 
from my review the TV show schedule of national television 
stations, there are some TV program concerning ASEAN, 
aired now, for example; the economic and business programs, 
such as Turakit Pichit ASEAN or business for achieving 
ASEAN (Modernnine TV), Ar Yu Noi Ruay Larn Su ASEAN 
or young businessman achieves ASEAN (Modernnine TV), 
and AEC Mee Thang Ruay or richness from AEC 
(Modernnine TV); the social, cultural, and traveling programs, 
such as Unseen ASEAN (Ch. , See San ASEAN or the 
colorful of ASEAN (NBT , Nitan ASEAN or ASEAN’s 
fairy tale (NBT , and spirit of Asia (Thai PBS); and the 
variety programs, such as Roo Wai Chai Wa ASEAN 
Community or ASEAN coomunity you should know (Ch. ,
Yong Yai ASEAN or the connection of ASEAN (Ch. , and 
ASEAN news (NBT

ASEAN together (Nakkid Talui ASEAN) is a prominent 
TV program. It is one game show TV program for youth 
mainly concerning about ASEAN and ASEAN member 
countries, and it is under the cooperation between Modernine 
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TV (Thai television station), Zense Entertainment Company 
(TV production company), and Office of the Basic Education 
Commission (Thai government sector). The office of Basic 
Education Commission has the policy to improve the quality 
of education about changing of economic, social, political, 
educational and cultural in the region. Also, they have 
supported for creating the television variety show and game 
show to promotion the knowledge about ASEAN, especially 
deep understanding of the politic, security, economic, social 
and cultural, scientific and technology of each country in 
ASEAN community, to student and general people. It is aired 
on Modernnine TV, Saturday during - , which is the 
time for weekend, and youth and student, who are main target, 
can access television in this time. In term of content, because 
it is the television program for youth and student, this program 
present the knowledge about ASEAN and its member 
countries through entertainments, and the quiz show between 
students of two schools. There are three questions, and the 
questions are about interesting knowledge of ASEAN 
members, and there is an expert from Office of the Basic 
Education Commission to explain more information.

“Cultural Studies” focuses on representations in cultural 
texts, including media culture, and their relationship to real-
world ideologies of class, gender, race, ethnicity, and 
nationality.  Cultural Studies researchers were among the first
to study the effects of newspapers, radio, television, film, and 
other popular media forms upon their audiences.  
Contemporary research in Cultural Studies on entertainment 
media is very interesting.  

In this research, I will show the representation of ASEAN 
member countries embedded in ASEAN together. Thereby, I 
will focus on the representation in term of constructionist 
approach. Moreover, in order to understand the construction 
on representation of ASEAN member countries, this research 
focuses on two central research questions:
• What is the frequency and proportion of content about 

ASEAN member countries in “ASEAN Together”?
• What is the character of the representation of ASEAN 

member countries in the content of “ASEAN Together”?

II. LITERTURE REVIEW
1. Representation
    Culture can be understood in terms of share meaning 

(Hall, 1997). In modern world, the media is the biggest tool of 
spreading these meaning, including representation. The 
concept of representation has come to occupy a new and an 
important place in the study of culture and media. 
Representation connects meaning and language to the culture, 
and it is an important process for exchange information 
among member in culture. Nattakrit [4] showed that the circuit 
of culture is a process for creation meaning and cultural 
artifact, and it is related directly with representation. This 
circuit includes representation, identity, production, 
consumption and regulation articulated endlessly, and affect 
each other as fig. 1. 

Fig 1. The circuit of culture
According to figure 1 shows that these elements works 

together; they are all very closely connected, co-constructs, 
and it is a part of all the others. First, production (construction) 
is about inventing something and how it is made and encode 
meaningful basing on economic factor, who pay for the job 
and people who do it. Second, consumption (reading) is about 
choosing and paying for something, and concerns on the 
factor for consumption. Third, regulation is about formal and 
informal rule and condition that affect to something and how 
does regulation shape its usage? Fourth, identity is how 
individuals, consumer groups, corporate, national and 
international identities established an identification with the 
object, exploring the ways in which designers attempt to bring 
together between production and consumption. Final, 
representation is the establishment of cultural meaning 
through language, both oral and visual.

For representation, Hall [5] mentioned that it can explain in 
three concepts; reflective approach, intentional approach, and 
constructionist approach. Frist, reflective approach, everything 
in the real word has its representation namely language. 
Language function like mirror to reflect true thing that fixed in 
the word. Second, intentional approach, meaning in 
representation is intention of individual, speaker, writer, and 
author to covey and communicate their need to other people. 
Finally, constructionist approach, representation is 
constructionist, the meaning of everything in the world is 
construction. It is the language system, symbol system, or 
whatever system we are using to present our idea and concept, 
and communicate to other people. For this research, I will 
follow the representation in constructionist approach. It is 
different from reflective approach and intentional approach 
that I mentioned before. It concerns construction by encoding 
meaning in the media, and, then, convey the representation to 
audience.

2. Content analysis 
Content analysis is a media research method, focusing on 

the content of media. Kanjana [6] divide content analysis into 
two groups: "quantitative content analysis", and "qualitative 
content analysis". 
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Quantitative content analysis aims to exam the amount of 

message sent.  
Qualitative content analysis aims to study the meaning and 

ideology constructed and embedded in the content of media.  
For this study, to cover my research problems, the research 

methods include both quantitative content analysis, and 
qualitative content analysis.

3. The relevant research
Nattika [7] studied news about ASEAN countries in Thai 

daily newspapers.  She used 92 newspapers (including “thai 
rath,” (The Thai State), “Daily News,” “matichon”, (The 
People’s Choice) and “krungthep turakij”, (Bangkok Business)
as data sources to find the frequency, amount of space, format, 
and values of ASEAN country presentations in Thai daily 
newspapers.  In this discipline there are three standardized 
values (called “directions”): positive, neutral, and negative.  
She collected the data on a code sheet, and found that 
“krungthep turakij” has the highest number of ASEAN news 
items, followed by “Daily News,” “matichon” and “thai rath.”  
Indonesia was the first-ranked country, followed by Singapore, 
Malaysia, the Philippines, Myanmar, Vietnam, Cambodia, and 
Brunei.  As for the content of news, politics was the most 
frequent topic, followed by economics and terrorism.  For 
attitude embedded in such news, Cambodia, Vietnam, and the 
Philippines were always presented in a negative light because 
of evaluations by foreign news offices.  In addition, this study 
shows that newspapers have a clear role in setting the agenda 
as they make their selections for publishing. 

This research is relevant to my study, because these authors 
use similar content analysis methods: frequency of news on 
ASEAN, and analysis of news formats.  Moreover, there is the 
code sheet as a tool for collecting data.  Thus Nattika’s 
research is a good guideline for my work.

Threedet [8] studied representation of Burmese in Thai 
films, and basically, it is a qualitative research, using a content 
analysis to understand the meaning of the film context. He 
studied 6 Thai films from the 1930s by procedure of purposive 
Sampling. The theories and concepts used as framework for 
this study include stereotypes, film character, film portrayal, 
and the relationship between Thai & Burmese. He found that 
the accordance of Burmese characters in this study relates to 
many screenplays which were reproduced the same story. It 
reflects the beginning era of the Thai film industry, therefore, 
the film makers noticeably tended to create the national 
enemy in the figure of Burmese as are distinctly cruel. 
Furthermore, the interpretation of demographic and 
psychographic of most characters is simple. They are likely to 
interact with others in a villainess way. This study is shown 
the representation of Burmese are still remain consistent 
throughout media in modern times.

From my point of view, the representation of Burmese in 
Thai film can show some Thai pointview embedded in the 
content of Thai film and media, and it is relevant with my 
study, because, I can guess some trend, stereotypes, and 
reproduction in Thai media through characterization and 
storytelling.

Nonthareeh [9] studied ASEAN television programs in 
Indonesia.  The purpose was to study the format and the 
content of television programs about ASEAN in Indonesia.  
The researcher used qualitative methods: in-depth interviews, 
documentary research and content analysis.  The researcher 
chose the Indonesian program “ASEAN Today” to be the case 
study.  The content of this TV program is presented in English, 
and through a magazine-style program; that is, stories 
presenting the diverse content, but connected in one theme.  
The show was based on the three pillars of ASEAN.  The 
researcher found that this TV program played a range of 
important roles: surveillance of the environment, correlation 
of the different parts of society in responding to the 
environment, transmission of social heritage from one 
generation to the next, and creating ASEAN awareness. These 
were the main functions of the TV program.  According to this 
study, the program fulfills its purpose and the policies of its 
TV station by helping to link the country together under the 
slogan “think global, act local”, and to link ASEAN together 
as “a dynamic and outward-looking region in an increasingly 
integrated and interdependent world”. 

In my opinion, this study could be applied by a Thai media 
producer to develop and improve Thai TV programming on 
ASEAN.  This study is a relevant example for me as well, 
especially the analysis of content and format of the program.  
In addition, Nonthareeh critiqued the important role of this TV 
program and TV station, applying mass communication 
theories.  I have also adapted this concept to show the 
important role of television.

Nongnuch [10] studied the role of presenting ASEAN news, 
focused on a TV program which presents ASEAN news 
organized around the ASEAN three pillars, and presented 
content in several ways: storytelling, talk, and interview.  She 
analyzed the role of this TV program in society, using the 
performance theory of mass media by McQuail (1983), which 
considers the roles filled by the program: providing 
information and news, coordinating different parts of society, 
creating social continuity, entertaining, and campaigning on 
social, economic, and political issues.  She used qualitative 
methods, in-depth interviews and content analysis.  Her results 
showed that although the program focused on the three pillars 
of ASEAN, most content was in the socio-cultural dimension.

In my opinion, since some TV programs presenting 
ASEAN news do not cover all dimensions, this study may 
help mass media to develop and improve their presentation of 
ASEAN news in all three basic areas: political-security, 
economic and socio-cultural.

III. METHODOLOGY

A. Population and samples
For method of random sampling, I group the sample into 

three group; first year (2013), second year (2014), third year 
(2015), and in each group I made lot with the date of show as 
number of back-up tapes uploaded to Youtube in each year, 
and then pick ten lots from each group, totally 30 tapes, 
including 99 questions about ASEAN member countries.
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B. Research method 
I used two main research methods, such as quantitative 

content analysis and qualitative content analysis. For 
quantitative content analysis, I will analyse and classify the 
data from the questions with my data collection sheet. 
According to study on content of “ASEAN together”, there 
are various content and information about ASEAN member 
countries, such as history, politics, economics, and socio-
culture. So, I will show the content and information presented 
for each country, and classify in the table including date of air, 
competitors, country, information and image of country 
divided to physical and social characteristics, question, 
brainstorming from student in the game, and the correct 
answer (see the table in appendix one). For the next process, I 
will count the frequency of presenting information and content 
about ASEAN countries from 99 questions collected in data 
collection sheet, and, then, calculate with preliminary statistics 
method to find percentage and proportion of presenting 
ASEAN member countries as question in “ASEAN together”, 
and presenting information and content about ASEAN 
member countries in “ASEAN together”.

Finally, for qualitative content analysis, I analyse the 
representation of ASEAN member countries constructed in 
this TV show to find the construction on representation of 
ASEAN member countries in “ASEAN together” and 
generally classify into two groups as follows; 

1. The representation of ASEAN member countries in 
physical characteristics

2. The representation of ASEAN member countries in 
social characteristics (historical-political, economic, and 
socio-cultural)

Definition and scope of area 
• Physical characteristics are used in constructing and 

presenting ASEAN countries through information and 
knowledge about geography, location on a map, climate, 
landscapes and scenery.

• Social characteristics are used in constructing and 
presenting ASEAN countries through information and 
knowledge about the activities in society, which are not 
information and knowledge about physic and geography. 

• The historical-political type occurs when ASEAN 
countries are constructed and presented through information 
and content about important historical situations in Southeast 
Asia: the periods of prehistory, ancient kingdoms, ancient 
wars, European colonization, independence, The Cold War, 
The Vietnam War, and globalization.  These will also include 
important persons in history: kings, colonial leaders, and 
nationalist leaders.  And for contemporary politics in 
Southeast Asia, it will include political systems and political 
organization.

• The economic type occurs when ASEAN countries 
are constructed and presented through information and content 
about economic systems in ASEAN: trading networks, 
investment, finance, goods, industries, services, tourism, 
income, class and ethnic divisions, economic growth and 
economic stability. 

• The socio-cultural type occurs when ASEAN 
countries are constructed and presented through information 
and content about lifestyle of people in ASEAN countries: 
culture, language, religion, belief, social norms, traditions, 
education systems, class and ethnic divisions, and popular 
culture.

V. RESULTS
Research question 1: What is the proportion and 

reproduction the content about ASEAN member countries in 
“ASEAN together”?

To address this research question, I did quantitative content 
analysis, and the results of the study are as follows.

Table 1 Frequency and proportion in presenting ten ASEAN member 
countries as question in “ASEAN together”

Country

Frequency 
of 

presenting 
as

question Percentage

Brunei 1 1.01 %

Cambodia 14 14.14 %

Indonesia 7 7.07 %

Laos 9 9.09 %

Malaysia 9 9.09 %

Myanmar 7 7.07 %

Singapore 6 6.07 %

Thailand 20 20.20 %

Philippines 11 11.11 %

Vietnam 15 15.15 %

Total 99 100 %

According to table 1, it shows frequency and 
proportion in presenting ten ASEAN member countries as 
question in “ASEAN together”. From 99 questions in 30 
sample tapes, the result found that Thailand is presented as 
question in “ASEAN together” in the first rank with 15 times,
or 20.20 percent. Second, Vietnam is presented 15 times, or 
15.15 percent. Third, Cambodia is presented 14 times, or 
14.14 percent. Fourth, the Philippines was present eleven 
times, or 11.11 percent. Fifth, there are two countries in this 
rank, such as Laos, and Malaysia. Each country is present nine 
times, or 9.09 percent. Sixth, there are two countries, such as 
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Indonesia and Myanmar. Each country is present seven times, 
or 7.07 percent. Seventh, Singapore is presented six times, or 
6.07 percent. Finally, Brunei is present once, or 1.01 percent. 
It can show the proportion of presenting ten ASEAN member 
countries as question in “ASEAN together” like fig 2. 

Figure 2 Proportion in presenting ten ASEAN member countries as 
question in “ASEAN together” (percentage)

Comparing mainland Southeast Asia and maritime 
Southeast Asia, according to Table 1; frequency and 
proportion in presenting ten ASEAN member countries in the 
questions in “ASEAN Together”, the number in quantity 
indicates some meaning from a Thai point of view. “ASEAN 
Together” presented countries close to Thailand, like those in 
mainland Southeast Asia, more than those in maritime 
Southeast Asia. According with Thomposon & Chulanee [11] 
mentioned about the general perception in ASEAN, among 
mainland nations, there is a notable disconnect between 
salience (general awareness) of neighboring countries and 
familiarity.

For the result in collective ASEAN member countries level, 
the maximums of information and content constructed as 
representation of ASEAN member countries is physical 
dimension with 40.48 percent. Second, information about 
socio-cultural dimension has 34.29 percent. Third, 
information about historical and political dimension has 14.29 
percent. Finally, information about economic dimension has 
10.95 percent. It can show the proportion of information and 
content, constructed and presented as representation of 
ASEAN member countries like fig 3.

Fig 3 Proportion of information and content constructed as representation 
of collective ASEAN member countries in “ASEAN together” (percentage)

Discussion of the results in Thai media context
The proportion of the content of each country, and the 

proportion of information about ASEAN can show the 
perception and presentation about ASEAN member countries 
in Thai media context. 

In general, the result accords with the content about 
ASEAN presented in Thai mass media. For example, 
excluding information about physical dimension which is 
basic geography and location of each country, the result of my 
study is consistent with a study about the role of presenting 
ASEAN news in “ASEAN Journey”, a Thai television 
program of the National Broadcasting Services of Thailand 
(NBT) presenting various content about ASEAN members, 
comparable to the content of “ASEAN Together.” Nongnuch
[12] studied the presenting of ASEAN news.  Her research 
focused on how the TV program presented ASEAN news in 
three pillars: ASEAN economic community, ASEAN political 
security community, and ASEAN socio-cultural community. 
The results showed that the most content is socio-cultural, at 
45.73%, as in fig 4. 
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Fig 4 Proportion (as a percentage) of the content about the three pillars of 
the ASEAN community in the Thai news program “ASEAN Journey”

Socio-cultural content is the most interesting information 
for any audience.  It is about people, including lifestyle, art 
and culture, tradition, religion, education, and daily life.  The 
audience feels it is easy to understand, and identifies with the 
people shown.  Moreover, the socio-cultural diversity of each 
country is an interesting topic. Pornchai [13] studied a 
presentation of cultural contents in the ASEAN Community 
on a Thai TV documentary program. The presentation of 
cultural contents can divided into three groups: (1) In-depth
stories about culture in each society, (2) Cultural stories 
connected with politics and history, and (3) Content based on 
the ASEAN Socio-cultural Community; for example, human 
development, social welfare and protection, social justice and 
rights, ensuring environmental sustainability, building the 
ASEAN identity, and narrowing the development gap. 

The ASEAN agenda in Thai television programming differs 
depending on the media producer. Dhanakorn [14] mentioned 
that the content about ASEAN in Thai television programs 
can be divided into two groups depending on the television 
station.  First, commercial television stations Channel 3 and 
Channel 7 always present economic information. Second are 
state television NBT Channel, and public television station 
ThaiPBS Channel.  NBT Channel always presents knowledge 
about ASEAN, but not very often and not very effectively.  
ThaiPBS Channel, as a public television station without 
political and economic influence, can promote several kinds 
of information about ASEAN to different target groups.

Research question 2: What is the representation of ASEAN 
member countries embedded in the content of “ASEAN 
together”?

To address this research question, I did qualitative content 
analysis, and the results of the study are as follows.

According to cultural studies, the content in media is not 
reflectionism, but it is constructionism. “ASEAN together” 
constructed the representation of ASEAN member countries 
in two characteristics: physical characteristics and social 
characteristics

The representation of ASEAN member countries in 
physical characteristic is geographic and physical information 
of ASEAN countries. In term of content, it presented 
elementary and interesting information about geography, 
location, landscape, weather, natural features, plant, and 
animal in ASEAN member countries. There are definition 
about physical characteristic of ASEAN member counties 
from Thai pointview as center. 

The representation of ASEAN member countries in social 
characteristic is constructed from activity, practice, project, 
and symbol in ASEAN member countries, such as historical 
and political, economic, and socio-cultural. For historical and 
political, “ASEAN together” presented information about 
ancient kingdom in Southeast Asia, colonial period in 
Southeast Asia, relation with Thailand in term of history, and 
contemporary politics. For economic, ASEAN together” 
presented information about economic growth and economic 
stability in ASEAN, goods and trading in ASEAN, and 
service sector in ASEAN. For socio-cultural, ASEAN together” 
presented information about belief and religious, lifestyle, and 
tradition and norm in daily life. For this type, it showed some 
similarity and some difference of lifestyle, language, belief, 
and culture in ASEAN. 

In general, the result accords with Komjorn’s study [15]. It 
shows how Southeast Asian countries are constructed in Thai 
film.  He analyzed the content of Thai films which mentioned 
neighboring and Southeast Asia countries from the past to the 
present, and did a textual analysis based on narrative method 
and Thai social context.  He found that all films construct 
images or representations, and that everything in film is 
selected and elaborated.  Thai producers will present 
Southeast Asia from Thailand’s perspective; that is, they 
present the other countries as if they were marginal areas of 
Thailand. Thai films always present the similarities and 
differences between Thailand and other countries in Southeast 
Asia through language and lifestyle. Finally, Komjorn stated 
that there are both positive and negative representations of 
Southeast Asian countries in Thai film, and he posited three 
relationships between Thai and other Southeast Asia 
nationalities, namely “enemy,” “love-and-hate,” and “lover.”

VI. Conclusions
ASEAN together plays the role on edutainment about 

ASEAN and ASEAN member countries to Thai youth, under 
the theme of game show. The representation of ASEAN 
member countries embedded in ASEAN together is 
construction from Thai point of view. They present the image 
of ASEAN member countries with the narrator of game show 
genre. It constructed with the concept of amazing, doubtful, 
myth, and exciting for Thai people by using some techniques, 
such as creation of binary opposition, and determination point 
of view, before conveying to audience.

From the result of the study, found that, in overview of 
ASEAN member countries, the maximums of information and 
content constructed as representation of ASEAN member 
countries is physical dimension, followed by information 
about socio-cultural dimension, information about historical 
and political dimension, and finally, information about 
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economic dimension. Moreover, in term of constructionism, 
“ASEAN together” constructed the representation of ASEAN 
member countries in two characteristics: physical 
characteristics and social characteristics. Importantly, 
“ASEAN Together” used first-person narration from a Thai 
point of view and in a Thai context.

The values the readers can get from this research are 
learning about the pattern of presenting of ASEAN member 
countries in Thai media, and learning Thai point of view and 
Thai perception toward ASEAN member countries embedded 
in the content of the media and Thai media context.  

SUGGESTION
For the next challenge, further studies should focus 

more on the audience’s decoding and interpreting toward 
representation of ASEAN member countries by using Hall’s 
decoding [15]; 

1. Preferred reading; audience can understand the 
message that match with intension of sender.

2. Negotiated reading; audience decodes the message 
with their cultural context, and change some meaning of 
message, because mismatches with their experience and some 
conditions.

3. Oppositional reading; audience denies and protest 
the message sent by sender, or they decode the message in the 
oppositional direction, since the message against their 
experience and some conditions.
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Appendix A: Data collection sheet

Appendix B: Sample pictures of “ASEAN together”

No. Date Country

Information about country 

Question

Answer

Physical 
characteristic

Social characteristic Brainstorming 
from student 
in game show

Correct 
answer

and 
additional 

information
Historical 

and
political 

Economic Socio-
cultural 
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Abstract— ASEAN, a developing intergovernmental organization 
in Southeast Asia region. With a high frequency of human rights 
issues in the last decade all over the world, besides, series of 
natural disasters attacked in this region, tsunami, earthquake, 
flood, haze, typhoon, etc.  Natural disaster is the unmodifiable 
issue, to reduce the damage, needs the cooperation from different 
sectors, such as government, civil society, medical and technology 
support, financial support, etc. Children, a special group in the 
disaster situation, they are facing a higher risk of violence, 
exploitation, and trafficking, in the meantime, their education 
and health care are also being worried in disaster situation. 

This paper throughs the concept of child’s rights protection, 
and explores the relationship between the humanitarian relief 
work and child’s rights protection in the post-disaster period in 
the case of Typhoon Haiyan (Yolanda), since 2013 until now. To 
research what is the role of ASEAN in emergency situation to 
achieve the child’s rights.  
 
Keywords— child’s right; disaster response and recovery; child 
protection; ASEAN; Typhoon Haiyan (Yolanda) 
 

I. INTRODUCTION 
 
ASEAN, establishment in 1967. Until 1993, it adopted the 

ASEAN Plan of Action for Children,  later on, ASEAN 
establish its first human rights mechanism – AICHR (ASEAN 
Intergovernmental Commission on Human Rights) in 2009, as 
well as some other working groups which relate to the 
children,  ACWC (ASEAN Commission on the Promotion 
and Protection of the Rights of Women and Children), 
AMMY(ASEAN Ministerial Meeting on Youth). 

The reasons advanced for the lack of ASEAN human rights 
mechanism: Human rights issues are considered by many 
states as internal affairs; many states believe individual rights 
must give way to the demands of national security and 
economic growth, or that human rights can be realized only 
after a certain level of economic advancement has been 
achieved; any human rights mechanism cannot possibly 
encompass the entire range of diversity among states within 
the region in terms of historical background, culture and 
traditions, religions, and levels of economic and political 
development(Carlos P. Medina,1999,p.i). 

The on the ground response and recovery, ASEAN has its 
policy and working group. AHA Center ( ASEAN 
Humanitarian Aid Center), which mentioned in AADMER( 
ASEAN Agreement on Disaster Management and Emergency 
Response), and was established in 2011, aims to  facilitate 
cooperation and coordination among ASEAN Member States 
and with the United Nations and international organizations 
for disaster management and emergency response in ASEAN 
Region. It’s the monitor and response sector. Besides, APG 
(The AADMER Partnership Group), which is a consortium of 
seven civil society organizations formed to assist in the 
implementation of AADMER. It brings civil society in to 
AADMER, and also rich experience in disaster management 
and emergency response, its members are ChildFund, 
HelfAge International, Mercy Malaysia, Plan International, 
Save the Children and World Vision; which ChildFund, Plan 
International, Save the Children and World Vision are 
children focus sectors. 

There is a need of regional human rights, and more 
specific in children rights to deeper the understanding and 
more sensitive treatment of rights issues among governments 
and peoples in the region (Medina ).  

What kind of rights need to be concerned in a disaster 
situation? The turning point is the Asian tsunami in 2004, 
there was a rise of the problem of children trafficking problem 
after the tsunami. References were made to the Asian tsunami, 
where “Child traffickers were widely suspected of targeting 
survivors of the Asian tsunami in 2005” (Chamberlain, 2008). 
And the reports of trafficking there used as proof that 
trafficking was a major issue in the wake of disasters (Heather 
Montgomery). Since then, as well as the children protection in 
disaster is putting on the table in Asia. 

In the disaster, we need to see children both as 
beneficiaries—their basic rights to survival, development, and 
protection must be fulfilled—and as actors—providing useful 
knowledge of their communities, neighborhoods, and family 
assets, and actively contributing to disaster relief and recovery 
efforts (Angela Penrose MA, Mie Takaki , 2006, p.699). 
Disasters only worsen these conditions and increase the risk 
(The International Bank for Reconstruction and 
Development/The World Bank, 2012, p.6). 

According to the definition by Lawrence J. Leblanc in the 
United Nations Convention on the Rights of Child, this paper 
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will analysis by the four main rights that he mentioned:  
survival rights, membership rights, protection rights and 
empowerment rights of child, as the conceptual framework.   

In 2013, Typhoon Haiyan hit Guiuan, Eastern Samar 
province of the Philippines, it is a suitable case for child’s 
rights protection research in post-disaster period. This super 
typhoon was one of the most powerful and destructive 
typhoon ever recorded. Haiyan, known locally as Yolanda, 
despite storm warnings and preparedness, more than 6,000 
people were killed and houses, schools and health centres 
were flattened. Some 14.1 million people were affected. Over 
4.1 million were displaced, including 1.7 million children 
(UNICEF, 2014).  “Natural disasters like Typhoon Haiyan 
will affect children for their lifetime,” said Katherine Manik, 
country director for ChildFund Philippines. “Children are 
particularly vulnerable in disaster situations. Many children 
are unaccompanied or neglected while parents look for food 
and water.”   

As soon as the typhoon happened, in the terms of 
humanitarian relief, mostly use a system called Cluster 
coordination. The basis of the current international 
humanitarian coordination system was set by General 
Assembly resolution 46/182 in December 1991. The 
Humanitarian Reform of 2005 introduced new elements to 
improve capacity, predictability, accountability, leadership 
and partnership (UNOCHA). The clusters are the groups or 
actors of humanitarian organizations, both UN and NON-UN. 
However, the cluster mechanism was only applied in the 
response and early recovery period, in the long term, the 
mechanism will transit to a national level’s approach.  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 The path of Typhoon Yolanda/Haiyan 
 

Around to the Fig.1, Tacloban city area got huge damage 
by this super typhoon, Tacloban city as a response center in 
Leyte Province, there are lots of post-disaster relief work were 
done or are still doing here. The field research was taken in 
Tacloban city, by applying the conceptual framework, to exam 
ASEAN and the selected INOGs’ work after Typhoon, that 
how much work could reach the rights of child in this area. At 
the end to meet the research question.  
 

II. CHILD’S RIGHTS PROTECTION IN DISASTER – 
NGOS1 

Survival Rights 

In the part of rights is including the standard of living; 
social security and health care. In the early response and 
recovery period, including Plan, Save the Children and World 
Vision, besides other international humanitarian relief term, 
the first step is to support WASH( water, sanitation and 
hygiene), by cooperating with the government and the local 
NGOs, WASH could reach as many people and children as 
they can. Secondly, to provide the health center or day care 
center in the temporary shelters, the number of children 
accessed the clean water, medical care, vaccination and 
nutrition for malnutrition kept increasing, moreover is the 
child friendly spaces, to help children and mothers, in terms of 
health care, both physiological and psychological; trained 
them the knowledge of disaster risk reduction, and in 
emergency situation who they could report to, etc.   

In the long term up to one year, the child friendly didn’t 
insisting anymore, according to Save the Children, the child 
friendly spaces is built as the community cater, except 
functioning as child friendly spaces, also provide such as 
youth and mother training.  In the terms of social security, 
Save the Children also involves the food security program. 

Membership Rights 

This part includes Nondiscrimination, right to a name and 
nationality and family rights. Nondiscrimination includes 
children with disabilities and indigenous origin. For all these 
three INGOs do not have a specific project or concern on 
these groups of children, however, they mentioned that all 
children have the equal opportunity to be helped.  

Membership rights also dealing with family rights, in the 
early response and recovery period, mothers were trained, 
including pregnant mothers, to train them about children’s 
rights, child protection. In the long term, other family member 
are also including in the trainings, these INGOs will supervise 
the local government, to train those parents or elder kids in the 
family some technical skills or life skills, in the purpose that 
they could have more advantage in looking for a job, to 
increase the family income.   

Rights to a name, it is important to register the name after 
the Typhoon, it is including new born children and other 
community members. For protecting their own rights and also 
make sure they could get help, and cross cutting to the 
protection rights of children, it’s a method to prevent 

                                                 
1 This part of analysis is focusing on the international 

organization’s response and recovery work after the Typhoon 
Haiyan (Yolanda), a field research is taken place in Tacloban 
City, Leyte, Philippines. The analyses will basic on the depth 
interview from three international organizations, Plan 
International, Save the Children and World Vision, besides the 
secondary data. 
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trafficking in children, and other protection rights, the name 
registration is needed. 

There is also a problem about children adoption didn’t 
seem to be mentioned, which it is important in a disaster 
situation for those children who lost their parents. 

Protection Rights 

The sexual exploitation and abuse in children, children 
trafficking and abduction will be discussed in this part. Firstly, 
World Vision and Save the Children mentioned that, these 
sectors are also cross cutting to other programs even before 
the Typhoon Haiyan happened, these are international 
children’s rights concerns already. Mostly, those are mainly 
response by the national government, underlining the 
international laws and cooperation. However, Plan 
International has an anti- trafficking project in the Haiyan 
responding team, which corporate with the Philippines Police.  

Empowerment Rights  

This part of rights is about the freedom of expression and 
information; freedom of thought, conscience and religion; 
association and assembly; and the freedom of education of 
children. In another, empowerment rights of children could be 
saying is children participation and rights of education. 

In the early response and recovery, World Vision, Plan 
International and Save the Children have the temporary 
schools for children and they all have the aim to bring 
children back to schools as soon as possible. Save the 
Children also cooperate with UNICEF to provide study 
materials such as school bags, pencils, books, etc. Later on, 
they start working on more detail on education, such as 
rebuild the schools and classrooms, Disaster Risk Reduction 
subject in taking in the schools, and the training of teachers on 
Disaster Risk Reduction courses.  

And the training for out of school youth is cross cutting in 
the education rights and the membership rights. The training 
could provide them a better opportunity in applying a job. 

There is an interesting project of Save the Children, by 
cooperating with the local universities, to offer the major 
course on Disaster Risk Reduction, in order to provide more 
professional teachers in the DRR course. It is going to be a 
great project for a long term recovery, and transit to the 
disaster preparedness and prevention, especially for the young 
children. 

Children’s participation is getting more and more attention 
in every child’s rights protection issue. In the long term 
recovery, children’s voice is becoming a necessary method for 
children’s rights protection. Plan International has the Youth 
Reporter Project, by teaching children use media to express 
their feelings and share their stories after Typhoon Haiyan.  
Plan and World Vision also have a project call children 
monitoring. Children would have the change to teach their 
community members some technical skills on DRR, which 
they learn from schools or trainers. They’re young and fast 
learners, their views could better present what they want truly. 

As the response moved into its third week, Save the 
Children, Plan, UNICEF and World Vision identified a gap in 

the needs-assessment phase, namely inadequate consultation 
with children. Children’s insights, voices and experiences are 
not yet systematically reflected in needs assessments. While 
41% of the affected population is girls and boys, assessments 
so far have focused almost exclusively on needs and priorities 
expressed by adults (Leah Finnegan, 2013, p.8). 

Children’s participation- Children want to be 
systematically included, as participants, in disaster risk 
reduction programs, and wish for their views to be 
systematically collected in future rapid needs assessments, and 
evaluations. Needs of girls- Girls identified the need for 
hygiene kits to include sanitary materials. Girls, in particular, 
are very concerned about whether they will have access to 
further education (May Maloney, 2014, p.5). 

Conclusion 

Save the Children, World Vision and Plan International are 
international organizations focus on child issue, and also have 
its own humanitarian aid team, and full of experience of 
disaster relief for children. In the case of Haiyan, they did a 
great job in terms of quick access and early recovery. For their 
intervention after the typhoon, how did it work to fulfill the 
interest of children? 

Survival rights - In a disaster relief, the first thing for 
children is their survival rights, as soon as a disaster occurs, 
their live hood are being threatened. So the WASH program, 
the shelter building, are working on the right to an adequate 
standard of living for children. The rights to social security, 
they are building their child friendly spaces, even though there 
were a large amount of children could get in, and after that in 
the long term recovery, these INOGs are keep supporting 
shelters and rebuilding houses.  

Furthermore, the child friendly space could not count as a 
social security; it seems as a “temporary social security”, 
because it also needs to cooperate with the local and national 
government and policy. The rights to health care, these three 
INOGs are working on this  point, and it also effective. 

Membership Rights- Nondiscrimination, as Typhoon 
Haiyan just past for one year more, the point could be 
consider in a longer term recovery work, among the society 
and the children themselves. Besides, natural disaster could 
cause children with disabilities, except the health care, these 
kind of children need more attention also in a phycology 
support. 

For these INOGs, their actions and plans was follow their 
routine, after applied the cluster approach, it pass its 
responsibility to the national government.  

However, they still have not fulfilled the children’s rights 
of the conceptual framework in this research; children with 
disabilities is a big concert; and the protection rights, 
including exploitation and abuse; abduction and trafficking, 
these are still need a specific working group or team to 
response, as it’s also a serious issue in children’s rights, we 
could not ignore these in the disaster situation.  

Too make it clearer, for these three INOGs, response 
and recovery working after Typhoon Haiyan, for almost two 
years on. Could be concluded as the following table: 
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TABLE I  Conclusion of the achieved rights of child by three selected INGOs 

 

III. CHILD’S RIGHTS PROTECTION IN DISASTER – 
ASEAN 

 
Asia, particularly the area of the ASEAN Member 

States (AMSs), is the most prone region to disasters in the 
world (Yasuyiki SAWADA, 2014). Natural disasters are 
beyond human controls, there is no preventing the occurrence, 
however, it is possible to prevent the damage causing by those 
natural disaster. ASEAN as a regional inter-governmental 
organization, its working plan on disaster management could 
make a key different in the region. On the other hand, the 
human rights issues are always a sensitive discussion topic in 
Southeast Asia, even ASEAN has the regional mechanism 
AICHR (ASEAN Intergovernmental Commission on Human 
Rights),  and ACWC to promote and protect the human rights 
and fundamental freedoms of women and children in ASEAN. 
However, the integration between disaster management and 
children’s rights is still hard to find out among those programs 
and activities.    

In this part of analysis will focu on AADMER (ASEAN 
Agreement on Disaster Management and Emergency 
Response), aims to text ASEAN’s ability and plan on disaster 
management and emergency response; ACWC (ASEAN 
Commission on the Promotion and Protection of the Rights of 
Women and Children), aims to find out how many focus that 
ASEAN out on children in disasters; and the APG (AADMER 

Partnership Group), aim to evaluate ASEAN’s cooperation 
with other civil society groups, try to find out the role of 
ASEAN, in emergency situation to achieve the child’s rights.  

Survival Rights 

ASEAN did response very fast after Typhhon Haiyan, 
according to Channel News Asia: 

 "AHA Centre came up with the ERAT (Emergency 
Rapid Assessment Team), said Edgardo Ollet, 
director of the operations centre at National 
Disaster Risk Reduction Management Centre 
(NDRRMC). “They were there already on the 
ground before the landfall and before the typhoon. 
In typhoon Haiyan they were here during the pre-
disaster risk assessment and they knew already 
where to go in Tacloban."  

In the first minute, AHA Centre Deployed 2 staff in 
Manila for coordination and assist emergency 
telecommunication access in Tacloban; and deployed and 
standby 2 ERAT members from Brunei Darussalam to assist 
damage assessment and emergency response (ASEAN, 
SITUATION UPDATE NO. 01 TYPHOON/ PHILIPPINES, 
2013). At the same time, AHA also provided urgent relief on 
the ground, such as food and water; family kit and shelters.   

As ASEAN doesn’t have a specific term working for 
children only, here in the research will consider the relief 
include children as well. For early response ASEAN did do 
some contribution, the basic standard of living and health care 
did achieve. 

However, the information of ASEAN’S recovery work on 
Typhoon Haiyan is sohow hard to lookup. On 14th August, 
2014, ASEAN and the Government of the Republic of the 
Philippines co-convened the ASEAN High-Level Conference 
on Assistance for the Recovery of Yolanda-Affected Areas 
(ARYA), the conference is organised to gather new support 
that would assist the Government of the Philippines in 
implementing its national and local recovery and 
rehabilitation plans, after the typhoon happened 9 months. Yet, 
the conference was experience and idea sharing; the real 
action plan was brewing.   

Membership Rights, Protection Rights, Empowerment Rights 

In the reason that ASEAN itself does not have the 
systemic plan in recovery period, there are limited date or 
reference to analysis the membership rights, protection rights 
and empowerment rights on children. 

In a longer term, ASEAN Safe School Initiative (ASSI) 
may be able to be a helpful program to implement the disaster 
prevention and mitigation for children in school. 

Conclusion 

ASEAN did response immediately right after Typhoon 
Haiyan, and ASEAN’s humanitarian group AHA had updated 
typhoon Haiyan situation at the early period, and also noted 
that the urgently needed items in the impacted area; deployed 

  IOs Note 

Survival 
Rights  

Survival Rights Standard of living   

Social security   

Health care   

Membe-
-rship 
rights 

Nondiscriminati
on 

Children with disabilities  Cross-cutting 

Children of indigenous 
origin 

 Cross-cutting 

   Rights to a name 
and     Nationality 

   

Family Rights parental rights and duties 
regarding the child 

  

alternative means of child 
care 

  

Protecti-
-on 
Rights 

Exploitation and 
Abuse 

sexual exploitation  

Plan International 
has anti-trafficking 
project; others are 

cross cutting 

economic exploitation  

Abduction of 
and Trafficking 
in Children 

abduction   

trafficking  

Empow-
-erment 
Rights 

Freedom of Expression and Information 
 

 

Children 
participation Freedom of thought, conscience, and Religion  

Freedom of Association and Assembly  

Freedom of Education    
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staff in Manila to Tacloban; and deployed ERAT members 
from Brunei Darussalam to assist damage assessment and 
emergency response. However, this was just the general relief 
response, and lack a comprehensive summary or response 
report, moreover, did not have specific for children. 

News The Diplomat reported that:  

 “Yet the Association of Southeast Asian Nations 
has been conspicuously absent. Despite the 
immense destruction inflicted upon one of its one 
own, ASEAN has not stepped up and led. Instead, 
that mantle has been seized by the United States 
and the U.N. Office for the Coordination of 
Humanitarian Affairs. Worse, beyond providing 
reporting and shuffling staffers through the 
ASEAN Coordinating Centre for Humanitarian 
Assistance (AHA), ASEAN has done comparatively 
little in any capacity.” 

The AHA is even in the process of constructing a 
permanent office in Tacloban.     And working closely with 
the NDRRMC in the Philippines, and both share a constant 
stream of information especially in weather forecasts and 
multi-hazard mapping. (The Diplomat).  Once again, the lack 
of attention on children.  

Apart from disaster management, children rights 
protection in disaster situation had been mentioned in the 
ACWC Work Plan, yet without any public information on the 
case of Typhoon Haiyan. 

The response and recovery relief on the ground, in terms 
of children’s rights protection, the limited data made the 
analysis has to include both adult and children, as ASEAN did 
not separate children as an individual group. As mentioned 
before, ASEAN’s fast response leaded by AHA, could fulfill 
the survival rights of children, such as the standard of living 
and health care. However, in terms of social security is needed 
to fill in.  

Furthermore, children’s membership rights, such as 
children with disabilities, their guardianship problem if they 
lost their families. Their protection rights, the disaster may 
raise the problem of children trafficking, exploitation and 
abuse. Neither ACWC nor AAEMER plans had done on these 
issues, even co-operating with other stakeholders. Chilrren’s 
empowerment rights, in a long term recovery work, the voice 
and expression of children themselves is one of the decisive 
factors to develop and integrate the needs of children in 
disaster situation.  

At the end, ASEAN is an intergovernmental organization, 
its role may at a regional level, to call to promote integration 
and implementation. However on the other hand, parts of 
ASEAN’s programmes and plans also have close connection 
on the ground in the terms of disaster management and 
children’s rights protection. Thus, its role is both at the 
regional and national level. The base determines the 
superstructure, and the superstructure also an active role. 

  

IV. CONCLUSIONS 
 
By the development of ASEAN human rights, the rights of 

child has also getting its attention day by day, as the sign to 
join the CRC, ASEAN starts to put children issue on the table. 
At the same time, the disaster have been attacking ASEAN 
region frequently, the heaviest one in the recent years is the 
super Typhoon Haiyan in the Philippines on 8 November 
2013. It caused a huge damage in the country, especially in 
some cities. ASEAN’s response also made its fastest response 
to the disaster, AHA was on the ground within 24 hour, and 
the donation was sent to the local quite quick.  

The analysis part is focusing on three INGOs which 
response during the Typhoon Haiyan and still continues their 
recovery work on the ground in Tacloban now. A field 
research was taken in Tacloban, by interviewing staff on the 
ground and observing the environment in Tacloban city.  
Applying the framework of this research, analysed by four 
parts of rights on children, those three INGOs did a great 
response and recovery work in terms of children’s rights 
protection in disaster management, in the case of Typhon 
Haiyan.  

Yet, they still have not fulfilled all the children’s rights 
concerts. Children with disabilities is a big concert; and the 
protection rights, including exploitation and abuse; abduction 
and trafficking, these are still need a specific working group 
or team to response, as it’s also a serious issue in children’s 
rights, we could not ignore these in the disaster situation. 

For ASEAN, the two phases programs of AAEMER are 
working, in the terms of children, the ASEAN Safe School 
Initiative (ASSI) could develop children’s educational 
environment in a long term disaster recovery period, 
especially the DRR for school children. ACWC Work Plan, 
even there was one theme about Child Protection System: 
Comprehensive / Integrative Approach for Children in Need 
for Special Protection, including natural disaster situation. 
However the real action is no verification.  

ASEAN becomes less active after a fast response, AHA 
Centre did function well in monitoring and early warming, 
and cooperated with other actors on the ground during the 
typhoon.  As there is not a specific working plan and group 
for children, the analysis has to combine adult and children as 
the research object, to believe that the relief response also 
include children as well.  As a result, only part of the survival 
rights have been fulfilled (standard of living and health care); 
and empowerment rights (reconstruction of the schools and 
ASEAN Safe School Initiative programme).  

ASEAN still does not have a clear and scientific reaction 
in this case. However, the role of ASEAN by cooperating with 
other international organizations is much more clear than its 
action in Typhoon Haiyan, the APG, ASEAN as an 
intergovernmental organization, its especially position could 
be the catheter for the civil society groups get into the national 
ground in a disaster management or disaster risk management 
work, yet, it is the prevention, mitigation and preparedness, 
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did not function in the response and recovery period during 
the typhoon. 

Thus, ASEAN as an intergovernmental organization, at a 
regional level, to call to promote integration and 
implementation. However on the other hand, parts of 
ASEAN’s programmes and plans also have close connection 
on the ground in the terms of disaster management and 
children’s rights protection. So ASEAN could performance 
well if it works at both regional and national level, if it put 
more efforts into the on the ground action at the national level. 
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Abstract— The purposes of this research were 1) to 
study required business knowledge of work readiness of 
Business students; 2) to study needs of English skills for work 
readiness of Business students; 3) to study supplemental 
opinions and suggestions towards English teaching-learning 
for work readiness. 

Research samples were 234 TNI students in the first 
semester of 2015 academic year, derived through simple 
random sampling technique. The instruments used for 
gathering the data were the rating-scale and open-ended 
questionnaire. The statistics used for analyzing the data were 
frequency, percentage, mean, standard deviation and content 
analysis.

The research findings were as follows:
1. The highest required business knowledge for work 
readiness of Business students was Management (x̄ =4.68), 
followed by Starting a business (x̄ =4.59) and  Branding
(x̄=4.32).

2. The students had the highest level of needs of

English skills for work readiness in overall ( =4.51). When 
considered in each aspect, it was found that the students had 
the highest levels of needs of English skills for work readiness

in Writing skill ( =4.66), Speaking skill ( =4.61) and

Reading skill ( =4.52) whereas Listening skill was at high 

level ( =4.25).
3. The students had suggestions as follows: 1) 

teachers should combine professional knowledge with the 
lessons; 2) Various case studies from the workplace should be 
included in reading passages; 3) Company visit should be 
arranged every semester.
Keywords—English teaching-learning process, Work 
preparation

I. INTRODUCTION

Language is the medium for learning which 
creates effective, interactive, authentic and meaningful 
communication. Among necessary working skills, 
English language proficiency is, however, one of the 
most important skills used in this era of globalization 
[1]. Take India, individuals who are a good command of 

English earn significantly higher relative wages and 
better occupation outcomes even for the same level of 
overall education. The importance of English in the 
workplace is a top concern among employers in Sri 
Lanka as 95% of employers believe that better English 
helps improve the productivity of organization, and 66% 
of employers turn down applicants due to a bad 
command of English [2]. Therefore, the improvement in 
English language proficiency for work readiness is an 
essential key characteristic to ensure that Thai workforce 
will be beneficial from the economic liberalization. 

The interactive learning activities that constitute 
preparing for work are significant for providing learners’ 
opportunities to explore the skills needed to succeed in 
work [3]. The curriculum which is designed to achieve 
learning goals as students who successfully complete the 
activities should be well prepared [4]:

• to prepare for entry level jobs; 
• to take responsibility for their own learning on 

the job; 
• to apply skills in a variety of contexts;
This is supported by Morshidi et al. [5] who 

reveals that English language skills have significant 
effects on employability. The mastery of English is 
important to a graduate for employment, especially in 
the private sector. Feedback from local and international 
employers shows that verbal and written communication 
skills in English remain the most sought after attribute in 
prospective employees. Moreover, tt has been identified 
that a key reason for failure to be hired among 
Malaysian graduates is due to their lack of competence 
in English language [6]. 

This study, thus, focused on the case of Business 
students in order to find out their needs business 
knowledge and English skills to generate the learning 
activity which supported the students’ working skills 
and English skills in an authentic situation.
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II. RESEARCH PURPOSES

1. To investigate required business knowledge for 
work readiness of Business students;

2. To study needs of English skills for work 
readiness of Business students; and 

3. To study supplemental opinions and suggestions 
towards English teaching-learning for work 
readiness. 

III. METHODOLOGY

Population and Samples
Population of this study were 600 second- year 

Business students in the first semester of 2015 academic 
year. 

Samples in this study were 234 second-year
Business students in the first semester of 2015 academic 
year derived through simple random sampling 
technique. 

Instrumentation
The instrument used in this study is a 

questionnaire. The questionnaire was constructed by the 
researcher, based on needs of English skill preparation 
for work readiness perceived by Business students
asking for required business knowledge, English skills 
and opinions and suggestions.

Data collection
Needs of English skill preparation for work 

readiness were accessed through the questionnaire in the 
first semester of 2015 academic year.

Data Analysis
Data analysis from questionnaire both single 

item and whole questionnaire which presented in a form 
of rating scale. These rating scales were calculated to 
find out mean and standard deviation and then translated 
based on criteria developed by Best [7] as follows:
1.00 <= < 1.50 refers to the lowest needs 

1.51 <= < 2.50 refers to low needs 

2.51 <= < 3.50 refers to moderate needs 

3.51 <= <4.50 refers to high needs 

4.51 <= < 5.00 refers to the highest needs 

The collected data was analyzed using computer 
program. The statistics used for analyzing the data were 
frequency, percentage, mean, standard deviation and 
content analysis.

IV.RESULTS

Phase 1 The results of required business knowledge 
for work readiness

Table 1: Table of Mean (x̄  ) and Standard Deviation 
(S.D.) of required business knowledge for work 
readiness

Knowledge x̄  S.D. Rank
Ways of working 4.30 0.71 4
Starting a business 4.59 0.85 2
Recruitment 4.28 0.65 5
Training 4.28 0.81 6
Branding    4.32 0.79 3
Management 4.68 0.72 1
Ethical economics 4.21 0.89 7
Business law 4.15 0.94 8

The above table presented that the most required 
business knowledge for work readiness. The highest 
item was Management (x̄ =4.68), followed by Starting a 
business (x̄  =4.59) and  Branding (x̄  =4.32). 

Phase 2 The results of needs of English skills for 
work readiness

Table 2: Table of Mean (x̄) and Standard Deviation 
(S.D.) of English skills for work readiness in total

Components S.D. Level
Listening skill 4.25 0.79 High
Speaking skill 4.61 0.68 The highest
Reading skill 4.52 0.81 The highest
Writing skill 4.66 0.56 The highest
Total 4.51 0.71 The highest

The table above indicated that Business students 
had the highest level of needs English skills for work 
readiness in overall ( =4.51). When considered in each 
aspect, it was found that the students had the highest 
levels of needs of English skills for work readiness in 
Writing skill ( =4.66), followed by Speaking skill

( =4.61), Reading skill ( =4.52), and Listening skill

( =4.25).
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Phase 3 The results of needs of English skills for 
work readiness 

Table 3: Table of frequency and percentage of 
suggestions of needs of English skills for work 
readiness

No. Suggestion Frequency Percentage

1 Teachers should 
combine professional 
knowledge with the 
lessons

45 43.27

2 Various case studies 
from the workplace 
should be included in 
reading passages

32 30.77

3 Company visit should 
be arranged every 
semester  

27 25.96

Total 104 100

The table presented that the majority of the 
students suggested that teachers should combine 
professional knowledge with the lessons (43.27%). 
Some students highlighted that various case studies from 
the workplace should be included in reading passages
(30.77%). However, the minority of the students pointed 
out that company visit should be arranged every 
semester (25.96%).

V. CONCLUSION

1. The most required business knowledge for 
work readiness was Management (x̄=4.68), followed by 
Starting a business (x̄  =4.59) and  Branding (x̄  =4.32).

2. The students had the highest level of needs of 
English skills for work readiness in overall ( =4.51). 
When considered in each aspect, it was found that the 
students had the highest levels of English skills for work 
readiness in Writing skill ( =4.66), followed by  

Speaking skill ( =4.61), Reading skill ( =4.61), and 

Listening skill ( =4.25).

3. The students suggested as follows: 1) 
Teachers should combine professional knowledge with 
the lessons; 2) Various case studies from the workplace 
should be included in reading passages; and 3) Company 
visit should be arranged every semester.

VI.DISCUSSION

The findings of this study suggest that the 
students should be prepared for English skills for work 
readiness as a survey conducted by Abdullah et al. [8], 
state that most employees lack of sufficient 
communication skills in their interface with English 
speaking clients. Moreover, graduates often face 
difficulty when communicating with English-speaking 
customers, which causes the companies fail several 
business opportunities. 

Supported by Mason et al. [9] who contend that 
“employability” often seems to refer to “work-
readiness” which is emphasized on the skills, 
knowledge, attitudes and commercial understanding that 
will enable new graduates to make productive 
contributions to organizational objectives soon after 
commencing employment. According to Cain & Oakhill 
[10]’ study, they propose that speaking and written 
communication in English are very important to success 
at work.

It is therefore essential to develop Business 
students’ English language skills in terms of business 
knowledge to enhance graduates to sustain 
employability.
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Abstract— the purposes of this research were to develop 
instructional research supervision model to enhance research 
competency of language lecturers and to assess the effects of the 
use of research supervision model as following methods: 1) to 
assess the competency in research supervision of mentors, 2) to 
assess knowledge and understanding about instructional 
research of the language lecturers, 3) to assess knowledge and 
understanding about research supervision of the mentors, 4) to 
assess instructional research competency of language lecturers, 
5) to assess the language lecturers’ satisfaction towards 
instructional research supervision model, 6) to assess the 
instructional research report’s quality of the language lecturers, 
and 7) to follow up efficiency of lecturer’s instructional research 
from a number of research published in international 
conference/national conference or a journal.

The population was 50 language lecturers at College of 
General Education and Languages, Thai-Nichi Institute of 
Technology, Bangkok, Thailand. The samples were 10 language 
lecturers derived through volunteer random sampling
techniques. The research instruments comprised of tests, 
questionnaire, observation forms, interview forms, and 
assessment forms. Data were analysed in terms of percentage, 
means, standard deviation, t-test, and content analysis.

Research findings were found as follows: 1) the 
instructional research supervision model to enhance research 
competency of language lecturers was proved to be effective and 
verified as by experts. 2) The empirical data that supported the 
effectiveness of the instructional research supervision model 
were as follows: 1) regarding to the mentors, they demonstrated 
a very high level of competency in instructional research 
supervision and their knowledge on instructional research before
and after the implementation of the supervision model were 
statistically significant different at the .05 level whereas the 
average scores of knowledge on  the instructional research after 
the implementation of the supervision model were higher than 
the prior one. 2) Regarding to language lecturers, their 
knowledge on instructional research supervision before and after 
the implementation of the supervision model were statistically 
significant different at the .05 level whereas the average scores of 
knowledge and on supervision after the implementation of the 
supervision model were higher than before the implementation of 
the supervision model. The language lecturers who were 
supervised also demonstrated a very high level of competency on 
instructional research. They were satisfied with the supervision 
model at the highest level. 3) Regarding to the quality of research 
report, it was found that a number of research reports which 

were verified from experts were at good level. 4) Regarding to 
follow up efficiency of lecturer’s instructional research from a 
number of researches published in international 
conference/national conference or a journal, it was found that 
there were 8 research papers (out of 10) which were published in 
international conference after the implementation of the 
supervision model.
 

Keywords— Research Supervision Model, Instructional 
Research Competency

INTRODUCTION

High-quality instruction that improves learning outcomes 
for all students is the stated aim of many educational reform 
efforts, because quality instruction is connected to improved 
student learning outcomes [1].

Teacher research plays an increasingly significant role in 
contemporary society as a basis for self-exploration and 
inquiry. In Freeman [2], he states that research is a basic 
process of developing and rendering viable interpretations for 
things in the world. Besides, Nunan [3] notes that research is a 
process of formulating questions, and articulating puzzles 
relating to practice, collecting relevant data that might have a 
bearing on such questions or puzzles interpreting and 
explaining the data and making the results of the inquiry 
public in some way. Traditionally, research in education 
intends to bring useful changes to either teachers’ teaching or 
students’ learning or both. Educators as teacher researchers 
often wish to carry out research within their classrooms or 
schools to improve their teaching, to assess a newly developed 
educational theory or to implement and evaluate an 
educational plan. According to Hopkins [4] a basis for the 
selection of a classroom research by teachers canters on the 
following criteria: 1) The teacher’s primary role is to teach 
and any research project must not interfere with or disrupt this 
commitment; 2) The method of data collection should not be 
too demanding on the teacher’s time; 3) The methodology 
used must be reliable enough to allow teachers to formulate 
hypotheses confidently and develop strategies applicable to 
the classroom situation; 4) The teacher should be committed 
to the research problem under study; 5) Teachers must follow 
ethical procedures when carrying out research; and 6) 
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Classroom research where possible should adopt a perspective 
where all members of a school community build and share a 
common vision. In the era of teaching as research, teacher 
researchers have adopted term “action research” to refer to 
their particular approach to classroom research. So far, action 
research has proved its suitability to education and become 
more and more important in education organizations.

One of the growing interests in teacher education lies in 
how and what teachers learn across time and space in the 
complex ecologies and technologies of today’s society. 
Teacher research has been implemented in teacher education 
programs as a powerful, exploratory tool for teacher 
candidates to inquire about educational problems and to 
improve their knowledge of teaching practice. A recent 
paradigm shift in the focus of educational research and the 
role of teachers and teacher educators might address the 
challenge of how to appropriately measure teacher 
performance [5], [6]). This is supported by Lo Castro [7] who 
highlights that teachers conduct research to find out what is 
going on in their classrooms, and to establish ways of 
remedying problems. Teachers need to be able to explain what 
things happen and why, and seek knowledge of the learning 
processes as a means to increase and maximize student 
knowledge. The teacher goes from a position of knowing as a 
teacher to one of inquiring- finding out what one does not 
know. Teachers have to prove their hypotheses and beliefs are 
correct for items they believe to be “a priori” true. 

Teacher research is largely about developing the 
professional dispositions of lifelong learning, reflective and 
mindful teaching, and self-transformation [8]. The real value 
of engaging in teacher research at any level is that it may lead 
to rethinking and reconstructing what it means to be a teacher 
or teacher educator and, consequently, the way teachers relate 
to children and students. Furthermore, teacher research has the 
potential to demonstrate to teachers and prospective teachers 
that learning to teach is inherently connected to learning to 
inquire [9]. The ultimate aim of teacher research is 
transformation, enabling teachers to develop a better 
understanding of themselves, their classrooms, and their 
practice through the act of reflective inquiry [10]. This could 
be concluded that teachers who have been involved in 
research may become more reflective, more critical and 
analytical in their teaching, and more open and committed to 
professional development [11].

Like any sound research, EFL research must be systematic 
and all procedures must be carefully documented. Multiple 
approaches to inquiry— multiple sources of data and multiple 
approaches to data analysis—are essential to the quality and 
authenticity of teacher research. Moreover, the EFL research 
must be relevant to problems of practice and provide
legitimate bases for action. The findings and interpretations 
derived from the EFL research must be trustworthy, 
addressing the question: “Can the findings be trusted enough 
to act upon them?” And they must be believable, or have 
verisimilitude, which addresses the question, “Do the findings 
appear to be true or real in the experience of teaching?” [12]

College of General Education and Languages, Thai-Nichi 
Institute of Technology, has emphasized on the significance of 
instructional research in English and Japanese languages in 
order to support the movement of current teacher-as-
researcher. This movement has helped reunite two 
complementary and natural sides of teaching— reflection and 
action (thinking and doing). The teacher research movement 
also has helped language teachers reclaim inquiry as a 
legitimate means of gaining knowledge and insights about 
teaching and learning. Nevertheless, there is no indication of 
instructional research supervision for exchanging research 
knowledge and research process between professional 
research teacher and new research teacher in creating the 
supports necessary for the new research teacher to sustain 
engagement with challenging new ideas about their research 
and practice. Embedded professional development supported 
by an instructional research supervision is one promising. 
However, there is surprisingly little peer-reviewed research 
that (1) defines the parameters of the instructional research 
mentors’ roles, (2) describes and contextualizes the work of 
instructional research mentor, or (3) explains how individuals 
learn to be mentors and are supported to refine their practice 
over time. 

The main functions of instructional research supervision 
model could enhance professional accountability (normative), 
increase skills and knowledge (formative), and facilitate 
collegial and supportive relationships (restorative). This not 
only helps to develop the skills and achievements of language 
teachers, but it can also increase their motivation to enhance 
students’ performance and proficiency. Consequently, the 
instructional research supervision model might allow new 
research teachers to take their lives as a researcher seriously
and to simultaneously study their teaching, their students, and 
themselves—the images they hold of children as learners and 
themselves as teachers—and as a result, it allows the 
possibility of transformation and renewal.

.
Research Purposes
1. to develop instructional research supervision model to 
enhance research competency of language lecturers and 
2. to assess the effects of the use of research supervision 
model as following methods: 

2.1) to assess the competency in research supervision of 
mentors, 

2.2) to assess knowledge and understanding about 
instructional research of the language lecturers, 

2.3) to assess knowledge and understanding about research 
supervision of the mentors, 

2.4) to assess instructional research competency of 
language lecturers, 

2.5) to assess the language lecturers’ satisfaction towards 
instructional research supervision model, 

2.6) to assess the instructional research report’s quality of 
the language lecturers, and 

2.7) to follow up efficiency of lecturer’s instructional 
research from a number of researches published in 
international conference/national conference or a journal.
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Scope of Research 
Population and Samples

1.1 The population was 50 language lecturers at 
College of General Education and Languages, Thai-Nichi 
Institute of Technology, Bangkok, Thailand..

1.2 The samples consisted of 10 language lecturers 
derived through volunteer random sampling techniques.

Duration in Experiment
The experiment ran for 2 academic years of 2014-

2015. The researcher used around 2 years from September,
2014 to March 2016. The average of duration of experiment 
ran for 19 months including to monitoring about research 
papers published in international conference.

Variables
Variables in this study were as follows:

1. Competency in instructional research supervision 
of mentors

2.Knowledge on instructional research of mentors
3.Knowledge on instructional research supervision of 

language lecturers
4. Competency on instructional research of language 

lecturers 
5. Satisfaction towards the supervision model
6. Research reports’ quality
7. Efficiency of lecturer’s instructional research from 

a number of researches published in international 
conference/national conference or a journal

Research Instruments
The research instruments comprised of tests, 

questionnaire, observation forms, interview forms, and 
assessment forms.

Conceptual Framework 

 

 

 

 

 
Research Hypothesis

1. Instructional research supervision model to 
enhance research competency of language lecturers was 
effective at high level.

2. The competency in research supervision of 
mentors after the implementation of the supervision model 
was significantly higher than before at 0.05 level. 

3. Knowledge and understanding about instructional 
research of the language lecturers after the implementation of
the supervision model was significantly higher than before at 
0.05 level. 

4. Knowledge and understanding about research 
supervision of the mentors after the implementation of the 
supervision model was significantly higher than before at 0.05
level. 

5. Instructional research competency of language 
lecturers after the implementation of the supervision model 
was significantly higher than before at 0.05 level.

6. The language lecturers’ satisfaction towards 
instructional research supervision model was at high level.

7. The instructional research report’s quality of the 
language lecturers was at high level.

8. Efficiency of lecturer’s instructional research from 
a number of researches published in international 
conference/national conference or a journal was at high level.  

Statistic Used in Data Analysis
Data were analysed in terms of percentage, means, 

standard deviation, t-test, and content analysis.
 

Data Collection
This research was a kind of research and 

development (R&D). The main aims were to develop research 
supervision model and to assess effectiveness of the 
supervision model. There were four phases of the data 
collection process. The data collection was at Thai-Nichi 
Institute of Technology, Bangkok.

Research Process
Research process was focused on ADDIE Model: 

analysis, design, development, implementation, and 
evaluation. It was illustrated as following 4 phases:

Phase1: Analysis (R1) 
The research studied about general information and 

related theories about a development of instructional research 
supervision model from analysis literature review, related 
research, and document materials. The research instruments 
were a document analysis form and a questionnaire which 
result of the scores from the experts was between 0.8-1.00.
Statistics analysed were mean standard deviation and 
frequency. 

Phase2: Design and Development (D1)
The researcher designed and developed the research 

supervision model based on related theories and research. The 
model was developed and then evaluated by experts for 
checking suitability to apply in instructional research 
competency of language lecturers. The research instruments 
were theory rationality assessment form and a questionnaire 
which result of the scores from the experts was between 0.8-
1.00. Statistics analysed for the model suitability were mean 
and standard deviation.

Research Supervision Process 
for an Enhancement on 
Instructional Research 
Competency of Language 
Lecturers

Research Supervision Model for an Enhancement on 
Instructional Research Competency of Language Lecturers

1. Level of competency in instructional research 
supervision of mentors
2. Knowledge on instructional research of 
mentors
3 . Knowledge on instructional research 
supervision of language lecturers
4. Level of competency on instructional research
of language lecturers 
5. Satisfaction towards the supervision model
6. Research reports’ quality
7. Efficiency of lecturer’s instructional research
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The model created was as following:

Phase3: Implementation (R2)
The researcher applied the instructional research 

supervision model in a process of try out in order to test the 
model’s efficiency. This research was experimental based on 
one group pretest-posttest design by evaluation as following 
variables: 1) to assess the competency in research supervision 
of mentors, 2) to assess knowledge and understanding about 
instructional research of the language lecturers, 3) to assess 
knowledge and understanding about research supervision of 
the mentors, 4) to assess instructional research competency of 
language lecturers, 5) to assess the language lecturers’ 
satisfaction towards instructional research supervision model, 
6) to assess the instructional research report’s quality of the 
language lecturers, and 7) to follow up efficiency of lecturer’s 
instructional research from a number of researches published 
in international conference/national conference or a journal.

The population was 50 language lecturers at College 
of General Education and Languages, Thai-Nichi Institute of 
Technology, Bangkok, Thailand. The samples consisted of 10
language lecturers derived through volunteer random 
sampling techniques. Data were analysed in terms of 
percentage, means, standard deviation, t-test, and content 
analysis.

Phase4: Evaluation (D2) 
The researcher evaluated and improved the model 

according to the following steps; pre-supervision evaluation, 
while-supervision evaluation, and post-supervision evaluation.
Moreover, in this process, the level of competency in 
instructional research supervision of mentors, knowledge on 
instructional research of mentors, knowledge on instructional 
research supervision of language lecturers , level of 
competency on instructional research of language lecturers ,
satisfaction towards the supervision model, research reports’ 
quality, and efficiency of lecturer’s instructional research,
were evaluated.

Research Results

Part1:  Results of development of research supervision 
model for an enhancement on instructional research 
competency of language lecturers

The table of mean, standard deviation of a research 
supervision model suitability’s assessment from 5 experts 

mean S.D. Meaning
1. Components of model 4.59 0.74 Highest
1.1 preparing 4.55 0.91 Highest
1.2 planning 4.64 0.78 Highest
1.3 coaching 4.88 0.65 Highest
1.4 proceeding 4.73 0.69 Highest
1.5 evaluating 4.61 0.71 Highest
2. Activity 4.52 0.88 Highest
3. Process 4.51 0.92 Highest
3. Design 4.37 0.77 High
4. Satisfaction in overall 4.62 0.89 Highest
Total 4.60 0.79 Highest

The table demonstrated that research supervision 
model suitability’s assessment from five experts in overall 
was at the highest level, which confirmed the hypothesis1.

Part2: Results of the use of instructional research 
supervision model (PPCPE Model)

1. The competency in instructional research supervision of 
the mentors was at a very high level.

2.  The mentors’ knowledge on instructional research 
before and after the implementation of the supervision model 
were statistically significant different at the .05 level whereas 
the average scores of knowledge on the instructional research 
after the implementation of the supervision model were higher 
than the prior one. 

3. The language lecturers’ knowledge on instructional 
research supervision before and after the implementation of 
the supervision model were statistically significant different at 
the .05 level whereas the average scores of knowledge and on 
supervision after the implementation of the supervision model 
were higher than before the implementation of the supervision 
model. 

4. The competency on instructional research of the 
language lecturers who were supervised also demonstrated at 
a very high level.

5. The language lecturers’ satisfaction with the supervision 
model was at the highest level.

6. The quality of a number of research reports evaluated 
by the experts was at good level.

7. The efficiency of lecturer’s instructional research from a 
number of research papers published in international
conference/national conference or a journal was at high level, 
there were 8 research papers (out of 10) which were published 
in international conference after the implementation of the 
supervision model.

Monitoring

Preparing

Planning

Coaching

Proceeding

Evaluating
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Conclusion

1. The instructional research supervision model to enhance 
research competency of language lecturers was proved to be 
effective and verified as by experts at the highest suitability 
level.

2. The empirical data that supported the effectiveness of 
the instructional research supervision model were as follows:

2.1) regarding to the mentors, they demonstrated a very 
high level of competency in instructional research supervision 
and their knowledge on instructional research before and after 
the implementation of the supervision model were statistically 
significant different at the .05 level whereas the average 
scores of knowledge on  the instructional research after the 
implementation of the supervision model were higher than the 
prior one. 

2.2) Regarding to language lecturers, their knowledge on 
instructional research supervision before and after the 
implementation of the supervision model were statistically 
significant different at the .05 level whereas the average 
scores of knowledge and on supervision after the 
implementation of the supervision model were higher than 
before the implementation of the supervision model. The 
language lecturers who were supervised also demonstrated a 
very high level of competency on instructional research. They 
were satisfied with the supervision model at the highest level. 

2.3) Regarding to the quality of research report, it was 
found that a number of research reports which were verified 
from experts were at good level. 

2.4) Regarding to follow up efficiency of lecturer’s 
instructional research from a number of researches published 
in international conference/national conference or a journal, it 
was found that there were 8 research papers (out of 10) which 
were published in international conference after the 
implementation of the supervision model.

DISCUSSION
According to the study and data analysis, the results of this 
study could be discussed as follows.

1. The instructional research supervision model to 
enhance research competency of language lecturers was 
proved to be effective and verified as by experts at the highest 
suitability level. In this way, it might concern the research 
supervision model developed was constructed focused on 
enhancement of language lecturers’ research competency 
through supervision which was an essential part of language 
lecturers’ professional experiences which related to the idea of 
Bailey [13] who advocated that supervision is a necessary part 
of language teachers’ professional experiences. The literature 
on language teacher supervision from the past few decades 
consists largely of descriptions of supervisory approaches.

2. The mentors demonstrated a very high level of 
competency in instructional research supervision and their 
knowledge on instructional research before and after the 
implementation of the supervision model were statistically 
significant different at the .05 level whereas the average 
scores of knowledge on  the instructional research after the 
implementation of the supervision model were higher than the 

prior one. In this way, it might be because the mentors had 
developed about how to be an effective mentor before being a 
supervisor. Thus, they had a skill and competency and 
knowledge in instructional research supervision which related 
to the result of a study of Kincheloe [14] who stated that the 
skills and competency play a crucial role to supervisors’ 
improvement the quality of research supervision. Therefore, 
quality supervision is contingent upon certain skills and 
competencies that supervisors are expected to possess.

3. Language lecturers’ knowledge on instructional 
research supervision before and after the implementation of 
the supervision model were statistically significant different at 
the .05 level whereas the average scores of knowledge and on 
supervision after the implementation of the supervision model 
were higher than before the implementation of the supervision 
model. Moreover, the language lecturers who were supervised 
also demonstrated a very high level of competency on 
instructional research. They were satisfied with the 
supervision model at the highest level. It might be because the 
language lecturers had trained about research competency and 
passed the research training programs. Developing skills in 
research supervision is a continuous process and the language 
lecturers should train gradually which related to the view of 
Remenyi and Money [15] who advocated that developing 
skills in research supervision is a gradual process that needs to 
be strengthened through training. 

4. A number of 8 research papers (out of 10) 
published in international conference after the implementation 
of the supervision model which was at high level, it might be 
because the research papers were in standard of good 
researches which related to the concept of Shannon [16] who 
noted that quality research is an important component of the 
curriculum in teacher preparation. This linkage is attributable 
to the philosophical influences of John Dewey [17] who 
advocated for student-centered methods of teaching that 
comprise inquiry, problem-solving and discovery approaches. 
Dewey [18] further noted that learning through experience and 
doing is of paramount importance in that it develops 
intellectual potential in the learner.
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