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About the Conference 
 

Suratthani Rajabhat University International Conference 2019 
“International Conference on Multidisciplinary Research to Create Future Prospect” (MRCFP) 

December 12th - 13th, 2019 
Suratthani, Thailand 

 
Rationale: To foster our relationship with the wider global community, we will hold a 
conference in 2019. This international conference will discover how to best help our 
instructors and students to interact with speakers of other languages and cultures while 
sharing a mutual understanding in English. Another major focus of the conference will be 
areas of knowledge and understanding in various fields. 
This conference will serve as a platform for academicians, researchers, and budding students 
around the world to share their research findings with the global experts, and participants to 
learn and exchange their ideas and research findings on selected topics of interest. 
Suratthani Rajabhat University, therefore, is pleased to invite researchers, educators and 
participants from all over the world to contribute their knowledge and wisdom with regards 
to research works. The contributions can include research activities, case studies or practices 
which will help to inspire interest in both the theory and practice of various themes. We 
welcome and invite presentations on any aspect of research. 
 
The objectives 
This conference aims to: 

- provide an opportunity for academics to present papers on traditional and 
contemporary features of their various studies, 

- promote academic research on traditional and contemporary features of their 
various studies, 

- share knowledge of traditional and contemporary features of their various studies, 
and 

- enhance cooperation and promote better understanding among people of different 
culture. 
 
Responsible Organizer 

Research Institute, Suratthani Rajabhat University, Suratthani, Thailand. 
E-mail:   mrcfp@sru.ac.th 
        supanrigarwat@yahoo.com 

 

mailto:mrcfp@sru.ac.th
mailto:supanrigarwat@yahoo.com
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The topics of interest in this conference include: 
Area of Concentration 

 Science and Technology    Business and Management 

 Linguistics, Culture and Education  Tourism and Hospitality 

 Social Science, Humanities and 
Liberal Arts 

 Nursing and Public Health 

 Natural Resource and Environment 

 Others 
 

 
Presentation forms 
- Oral presentation (15 minutes) 
- Poster presentation (W=80 CM / H=160 CM) 
Please check format guidelines and find the application form at  
http://www.conference.sru.ac.th/international2019 
and submit your paper to international team via e-mail: mrcfp@sru.ac.th   
Submission shall pass the double blind paper review first in order to be presented in the 
conference. Upon the registration payment, the presentation of one accepted submission 
will be confirmed. 
 
Paper submission due/important date 
   Deadline for application and full paper:    October 15th, 2019 
   Announcement of full paper selection outcomes:  October 30th, 2019 
   Registration fee payment:     Before November 15th, 2019 
   Conference Dates:                                                     December 12th - 13th, 2019 
 
Target Group 
- Both Paper & Poster Presenters: 50 persons 
- Participants/Conference listeners: 35 persons 
 

1. Registration fee: Participants must choose between the following packages: 
BASIC package – covers participation in the conference 
FULL package – covers participation in the conference PLUS cultural and nature trip tour. 
 

                                                            BASIC package     FULL package  
 - Oral presentation                    USD 110            USD 130 
 - Oral presentation with student ID card USD 80              USD 100 
 - Poster presentation         USD 75              USD 95 
 - Poster presentation with student ID card USD 60              USD 80 
 - Participants/conference listeners                  USD 50              USD 70 
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2. Conference Fee is inclusive of: 
 Paper submission, and review 
 Admission to the conference venue, keynote and parallel sessions 
 Lunch and two coffee breaks 
 Conference Programme 
 Conference bag 
 Presenter/Listener or participant certificate 
 Publication of accepted paper in Conference Proceedings (hard copy, USB flash 

drive and online) 
 For full package only: plus amazing one day cultural and nature trip tour including 

1 lunch and 2 breaks 
 

Accommodation and Venue 
The conference will be held from December 12th - 13th, 2019 at Educational Faculty Building 
Suratthani Rajabhat University, Suratthani, Thailand. 

A Suratthani Rajabhat University shuttle bus will transfer all participants in the morning and 
evening to and from the hotels as Wang Tai, CBD2, Evergreen Suite and CBD Hotel.  Please 
contact the hotels directly to make your own reservations. Participants who elect to stay at 
other hotels and guest houses will be responsible for their own transportation to and from 
the venue. 
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Foreword from the President 

 
On behalf of Suratthani Rajabhat University, a local public university for community 
development in the South of Thailand, I would like to take this opportunity to express my 
warm welcome and hospitality extending to all of participants who wish to join the SRU 
International Conference on Multidisciplinary Research to Create Future Prospect (MRCFP), 
which is held from 12th-13th December 2019 at Suratthani Rajabhat University, Surat Thani, 
Thailand. 

Over years and years, SRU have achieved national leadership and growing international 
recognition for the quality of our creation researches for future prospect in our priority areas 
and from international sharing. This year, we are accomplished with specialized researches 
from six countries including People's Republic of Bangladesh, Republic of India, Republic of 
Indonesia, Malaysia, Republic of Pakistan and the Kingdom of Thailand joining us in MRCFP 
conference.  

Lastly, I would like to sincerely thank everyone who was directly and indirectly involved in 
the conference and wish you all a very well contributions and participation with us. 

 
Sincerely 

Asst. Prof. Dr. Wattana Rattanaprom 
Acting President 

Suratthani Rajabhat University 
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Note from Director of Research and Development Institute 

 

“Research” is vital for a national progress towards an economic and social sustainability. It 
also is the foundation of intellect and ability to develop innovations and inventions which 
consequently result in prosperity across disciplines. Additionally they allow the recognition 
of new theories obtained through researches. Thus it is essential that the conclusions of 
researches be made public to extend the opportunity for future researches to resolve 
national issues. Such outcomes may also inspire other scholars to produce further beneficial 
researches. 

The Research and Development Institute of Suratthani Rajabhat University realized the 
importance of the aforementioned research dissemination. Hence “the 15th Suratthani 
Rajabhat Research” is established not only to provide an opportunity for researchers to 
publicize their enquiries but also to connect them with other Thai and international 
researchers. 

Finally, I would like to express an admiration to the staff who put forth every effort to make 
this occasion successful. 

 
Sincerely 

Asst. Prof. Aphichat Phathanawiriyaphisan 
Director of Research and Development Institute 
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Editorial Board 

 

No Name Institute 
1 Prof. Dr.Kevin Laws The University of Sydney, Australia 
2 Prof. Dr.Sarwade Walmik K. Dr.Babasaheb Ambedkar Marathwada 

University, India 
3 Assoc. Prof. Dr.Syaharom bin Abdullah  Universiti Malaysia Perlis 
4 Assoc. Prof. Dr.Thongchai Kruahong Suratthani Rajabhat University 
5 Asst. Prof. Dr.Kritchakhris Nawattanaprasert Phranakhon Rajabhat University 
6 Asst. Prof. Dr.Bundit Unyong Phuket Rajabhat University 
7 Asst. Prof. Dr.Watsa Khongnakorn Prince of Songkla University 
8 Asst. Prof. Dr.Sompoet Panawas Suan Dusit University 
9 Asst. Prof. Dr.Nattapakal Kittisunthonphisarn Rajamangala University of Technology 

Rattanakosin 
10 Asst. Prof. Dr.Chaiwat Puakkong Suratthani Rajabhat University 
11 Asst. Prof. Dr.Marisa Intawongse Suratthani Rajabhat University 
12 Asst. Prof. Dr.Parussaya Kiatkheeree Suratthani Rajabhat University 
13 Dr.Raju Chockalingam Indian Institute of Management 

Kozhikode, India 
14 Dr.Bui Quang Thong International University, Vietnam National 

University, Ho Chi Minh City 
15 Dr.Maria Elvira A. Asuan Philippine Normal University 
16 Dr.Supanrigar Watthanaboon Suratthani Rajabhat University 
17 Dr.Puangpen Choorintr Suratthani Rajabhat University 
18 Dr.Phananoi Rotchu Suratthani Rajabhat University 
19 Dr.Kanokkarn Kittichartchaowalit Suratthani Rajabhat University 
20 Dr.Sansanee Kiatkiri Suratthani Rajabhat University 
21 Dr.Pimprae Buddhichiwin Suratthani Rajabhat University 
22 Dr.Kaknokrat Chonsin Suratthani Rajabhat University 
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Tentative Conference Program 
 

15th Suratthani Rajabhat University National and International Conference 
“Multidisciplinary Research to Create Future Prospect” 

12th - 13th December 2019 
Educational Faculty Building, Suratthani Rajabhat University 

 
12th December 2019 
 

08.00 - 09.00 am Registration at 1st floor 
09.00 - 09.20 am Opening ceremony at GuruPutt conference room, 2nd floor 
  by the President of SRU 
09.20 - 11.30 am Special lecture “Multidisciplinary Research to Create Future Prospect” 
  by Associate Professor Dr.Perapong Tekasakul 
11.30 - 11.45 am Presentation of appreciation plaques to host associates and photo session 
11.45 am - 12.00 Opening of exhibition 
12.00 - 01.00 pm Lunch break at 4th floor (International Group), 1st floor (National Group) 
01.00 - 04.00 pm   Research presentations at 4th floor: 
 1.  Science 1 at room 1 
 2.  Science 2 at room 2 
 3.  Science and Mathematics at room 3 
 4.  Business and Education at room 4 
 5.  Social Humanities at room 5 
 6.  Education and Public Health at room 6 
 7.  Poster Presentation at room 7 
 

13th December 2019 
 

8.00 am - 5.00 pm Cultural excursion (International Group) 
8.00 am - 4.00 pm Research presentation (National Group) 
 1.  Education     
 2.  Science and Technology 
 3.  Creative Economy, Social Development and Tourism 
 4.  Health Science 
 

 
Notes:  Schedule may be subject to change 
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Conference Schedule 
Science 1 

12th December 2019  at  4th Floor  Room 1 
 

Time ID Presenter Research Title Affiliation 
1.00 pm Welcome and introduction by Dr.Khanchai Wongchana 

Peer Panel: Assoc.Prof.Dr.Thongchai Kruahong and Asst.Prof.Dr.Marisa Intawongse 
1.30-1.50 R-MRCFP102 Somphorn 

Kaewsaeng 
The Study of a New 
Method for Tuning Sound 
in Gong 

King Mongkut’s 
University of 
Technology 
North Bangkok 

1.50-2.10 R-MRCFP108 Damrongpon 
Pankaew 

Design and Optimization of 
Wire Bonding of IC 
Magnetic Sensor Packaging 

King Mongkut’s 
University of 
Technology 
North Bangkok 

2.10-2.30 R-MRCFP115 Noppamas Niyom The Study Factors that 
Impact to Incomplete 
Mold 

King Mongkut’s 
University of 
Technology 
North Bangkok 

2.30-2.50 R-MRCFP116 Warunsicha 
Chanpanicharoen 

The Effect of Staging Time 
on Voiding after Die Attach 
on a Surface-Mounted 
Integrated Circuit Package 

King Mongkut’s 
University of 
Technology 
North Bangkok 

2.50-3.10 R-MRCFP117 Konlaphat Plajin Effect of the Molding 
Process on Wire Sweep in 
the Sensor Packaging 

King Mongkut’s 
University of 
Technology 
North Bangkok 

3.10-3.30 R-MRCFP119 Piyaporn 
Thanaruengsuwan 

The Study of Wire Bond 
Shear by Finite Element 
Analysis 

King Mongkut’s 
University of 
Technology 
North Bangkok 

3.30 pm Conference conclusion and certification 
 
Notes: Schedule may be subject to change 
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Conference Schedule 
Science 2 

12th December 2019  at  4th Floor  Room 2 
 

Time ID Presenter Research Title Affiliation 
1.00 pm Welcome and introduction by Dr.Chittraporn Chutong 

Peer Panel: Dr.Washirasorn Saengsuwan and Dr.Narupon Chattrapiban 
1.30-1.50 R-MRCFP103 Apisit 

Sriaroon 
Study of Laminated 
Windshield Impacted by an 
Object Using FEA 

King Mongkut’s 
University of 
Technology North 
Bangkok 

1.50-2.10 R-MRCFP104 Napatthika 
Peamano 

Modeling Study of Central 
Incisor Injuries While Wearing 
and Without Wearing a 
Mouthguard by FEM 

King Mongkut’s 
University of 
Technology North 
Bangkok 

2.10-2.30 R-MRCFP105 Teeradol 
Moolsan 

Study of Strain Distribution 
Behavior on the Different Hole 
Shapes of Bar for Strain Gauge 
Installation by Finite Element 
Method 

King Mongkut’s 
University of 
Technology North 
Bangkok 

2.30-2.50 R-MRCFP106 Preeyaporn 
Komolmal 

Characteristics Study of Upper 
Arm Wound Characteristics 
from Bullet Impaction 

King Mongkut’s 
University of 
Technology North 
Bangkok 

2.50-3.10 R-MRCFP110 Alisa 
Khotano 

An Analysis of Pig Skull Wound 
Characteristics from Bullet 
Impacts at Different Angles 

King Mongkut’s 
University of 
Technology North 
Bangkok 

3.10 pm Conference conclusion and certification 
 
Notes: Schedule may be subject to change 
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Conference Schedule 
Science and Mathematics 

12th December 2019  at  4th Floor  Room 3 
 

Time ID Presenter Research Title Affiliation 
1.00 pm Welcome and introduction by Mr.Manop Horpet 

Peer Panel: Asst.Prof.Dr.Surapol Naowarat, Dr.Sittichoke Songsa-ard and 
Dr.Watcharee Ruairuen 

1.30-1.50 R-MRCFP131 Yogesh 
Gupta 

Spline Based Method for 
Singular Boundary Value 
Problem Occurring in Science 
and Engineering Applications 

Jaypee Institute 
of Information 
Technology 
University, India 

1.50-2.10 R-MRCFP101 Saurabh 
Kapoor 

Linear Stability Analysis of 
Double Diffusive Couple-Stress 
Fluid Flow with Linear Heating 
in Porous Medium 

Regional 
Institute of 
Education 
(NCERT), India 

2.10-2.30 R-MRCFP107 Akkarapon 
Chaiyana 

Remote Sensing for Detection of 
Grown Rice Fields by Using 
Sentinel-2 Satellite 

Mahasarakham 
University 

2.30-2.50 R-MRCFP109 Phongphat 
Sajja 

Estimation of Suspended 
Sediment in the Lam Pao River 
by Remote-Sensing Using UAV 

Mahasarakham 
University 

2.50-3.10 R-MRCFP112 Chanudom 
Salarux 

Estimation of Algal Bloom 
Biomass Using UAV-Based 
Remote Sensing 

Mahasarakham 
University 

3.10 pm Conference conclusion and certification 
 
Notes: Schedule may be subject to change 
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Conference Schedule 
Business and Education 

12th December 2019  at  4th Floor  Room 4 
 

Time ID Presenter Research Title Affiliation 
1.00 pm Welcome and introduction by Dr.Jeerati Poon-Ead 

Peer Panel: Dr.Puangpen Choorintr and Dr.Kewalin Angkananon 
1.30-1.50 R-MRCFP122 Zulfiqar Ali 

Jumani 
Importance of Halal 
Logo among Muslims 
and Non-Muslims of 
Different Education 
Level: A Quantitative 
Approach 

Prince of Songkla 
University, Hatyai 
Campus 

1.50-2.10 R-MRCFP111 Tepin 
Popthawee 

Factors Influencing on 
Higher Education: A Case 
of Public Sector 
Universities in Islamabad 

Suratthani Rajabhat 
University & Universiti 
Tun Hussein Onn 
Malaysia 

2.10-2.30 R-MRCFP114 Thunyaporn 
Thanasumbun 

Out-of-Class Language 
Learning Strategies and 
Intercultural 
Competence Skills of 
Thai University Students 
during Participation in 
the Summer Work and 
Travel Program in the 
United States 

Chulalongkorn 
University 

2.30-2.50 R-MRCFP118 Anandakuttan 
B Unnithan 

Determinants of Review 
Helpfulness: A Study of 
Customer Reviews on 
Amazon.in 

Indian Institute of 
Management 
Kozhikode, India 

2.50-3.10 R-MRCFP123 Thangamani 
Gurunathan 

Availability Assessment 
of a Multi-State System 
Using Markov Process 

Indian Institute of 
Management 
Kozhikode, India 

3.10 pm Conference conclusion and certification 
 
Notes: Schedule may be subject to change 
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Conference Schedule 
Social Humanities 

12th December 2019  at  4th Floor  Room 5 
 

Time ID Presenter Research Title Affiliation 
1.00 pm Welcome and introduction by Mr.Dennis Buis 

Peer Panel: Dr.Sathaporn Sangkaosuttirak and Dr.Phananoi Rotchu 
1.30-1.50 R-MRCFP113 Tanyatorn 

Panyasopon 
Media Exposure and 
Evaluation of Information 
on Health Communication 
via Social Media by Thai 
Adolescents 

Bangkok University 

1.50-2.10 R-MRCFP124 Theera 
Wongratch 

Breaking the Cycle of 
Human Trafficking the Case 
of the Minority Rohingya 
People in Southern 
Thailand 

Northern 
University of 
Malaysia (Universiti 
Utara Malaysia) 

2.10-2.30 R-MRCFP130 Raju 
Chockalingam 

On the Reading Habits of 
Pre-Millennial, Millennial 
and Post-Millennial 

Indian Institute of 
Management 
Kozhikode, India 

2..30 pm Conference conclusion and certification 
 
Notes: Schedule may be subject to change 
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Conference Schedule 
Education and Public Health 

12th December 2019  at  4th Floor  Room 6 
 

Time ID Presenter Research Title Affiliation 
1.00 pm Welcome and introduction by Mr.Sutthisin Suksabai 

Peer Panel: Dr.Kanit Hnuploy and Dr.Salubsri Charoenwet 
1.30-1.50 R-MRCFP120 Napatsinee 

Rotkert 
Staying Positive with Positive 
Texts for Grammar 

Suratthani 
Rajabhat University 

1.50-2.10 R-MRCFP121 Suchada 
Petsuk 

Development of Creative 
English Writing by Using 
Storybird Web with Team-Pair-
Solo Technique for Secondary 
III Students 

Suratthani 
Rajabhat University 

2.10-2.30 R-MRCFP125 Maria 
Goretti 
Catur 
Yuantari 

Factors Related to Personal 
Protective Equipment Usage 
Behavior among Workers in 
Spinning Unit Textile Industry 
Semarang Indonesia 

Dian Nuswantoro 
University, 
Indonesia 

2.30-2.50 R-MRCFP128 Lenci 
Aryani 

Sanitation Status of 
Traditional Markets in 
Semarang Indonesia Based on 
Environmental Management 
Policies 

Dian Nuswantoro 
University, 
Indonesia 

2.50-3.10 R-MRCFP129 Ratih 
Pramitasari 

Relationship between 
Ergonomic Exposure with 
Subjective Musculoskeletal 
Neck Pain among Batik Tulis 
Workers, Indonesia 

Dian Nuswantoro 
University, 
Indonesia 

3.10 pm Conference conclusion and certification 
 
Notes: Schedule may be subject to change 
 
 
 
 
 



 

20 

Conference Schedule 
Poster Presentation 

12th December 2019  at  4th Floor  Room 7 
 

Time ID Presenter Research Title Affiliation 
1.00 pm Welcome and introduction by Mr.Komdet Timtham 
1.30-1.40 P-MRCFP101 Watsana 

Kaewpho 
The Wisdom Development of 
Khmu Ethnic Rice Variety to 
Commercial 

Chiang Rai 
Rajabhat 
University 

1.40-1.50 P-MRCFP102 Thirawut 
Bunraksa 

Potential to Use Photosynthetic 
Bacteria for Treating Poultry 
Abattoir Wastewater 

Prince of 
Songkla 
University 

1.50-2.00 P-MRCFP103 Sidthipong 
Sathawong 

A Study on the Chemical and 
Mechanical Properties of Pulp 
Sheet Made from Waste of Kluai 
Hin Banana (Musa sapientum 
Linn.) in Yala Province by Using 
the Soda Pulping Process 

Yala Rajabhat 
University 

2.00-2.10 P-MRCFP104 Ashish 
Dabral 

Magneto Convection of a 
Double Diffusive Chemically 
Reacting Fluid with Cross 
Diffusion in Low Heat Resistance 
Sheet 

Regional 
Institute of 
Education 
(NCERT), India 

2.10 pm Conference certification 
 
Notes: Schedule may be subject to change 
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No ID Name Organization 
1 L-MRCFP101 Joompon Bamrungwong Department of Industrial Physics 

and Medical Instrumentation, 
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Donsak and Khanom District 
Hug Village, Koh Raet, Suan Ta San and Farm Rak on December 13th , 2019 

Itinerary 

08.00 Pick up from your hotel lobby. 

09.00 Arrive at Hug Village, the village of love on the edge of the sea, sightseeing spot and 
animals feed, such as dwarf horse, panda sheep, small pig 
and Gatsby rata. 

10.00 Depart from Hug Village to Koh Raet, the fishing village. 

10.30 Take the villager’s three-wheeled motorcycle with roof across the bridge to Koh 
Raet, the small island among the sea, full with loveliness 
and warmth of villagers, touching with the lifestyle of 
fishermen, worship Tiger God Shrine and take photos at 7 

spots of street art and viewpoints around the island. 

12.00 Enjoy lunch at Pah Ting Seafood restaurant. 

14.00 Arrive at Suan Ta San, get your dead skin exfoliated at Suan Ta San Fish Spa, remove 
your footwear and dip your feet in. The fish spa, also 
known as fish pedicure, functions to remove dead skin from 
your feet, leaving behind a layer of newer skin. 

15.00 Depart from Suan Ta San to Farm Rak, Melon, Tapee Estuary. 

16.00 Arrive at Farm Rak Hydroponics, an 
organic love farm, such as melon, 
yellow and red sweet tomato and 
salad vegetables. 

17.00 Arrive at your hotel safely. 

 

Notes: Schedule may be subject to change 
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Linear Stability Analysis of Double Diffusive Couple-Stress Fluid 

Flow with Linear Heating in Porous Medium 
 

S. Kapoor
 1 

and Shamik Dey
 2
 

1 
Department of Education in Science and Mathematics, Regional Institute of Education (NCERT) 

Bhubaneswar, E-mail: saurabh09.ncert@gmail.com 
2 
Engineer Normat Pvt India Limited, Vizag 

 

Abstract 

In the present paper the onset of double-diffusive convection in a couple-stress fluid-

saturated with horizontal porous layer is analysed. The couple-stress parameter is introduced 

for the momentum equation. Linear and weakly non-linear stability analysis is performed for 

the fluid flow past through porous medium. It is assumed that the fluid is linearly heated from 

the below. The work is a simple review of the work of Malashetty, et al. (2010). 
 

Keywords: linear stability analysis, double diffusive, couple-stress, porous medium 

 

Introduction 

In fluid dynamics, the study of hydrodynamics stability leads to the onset of the flow 

instability. Whereas, the study of convective flow of thermo-solutal couple-stress fluid in 

darcy porous medium with heat source has practical applications in many areas of science 

and engineering. This is to be noted that, natural convection flows occur frequently in nature 

due to temperature or concentration differences or it due to combined effects. In recent past, 

the equal problem of hydromagnetic convective flow of a conducting fluid through a porous 

medium has been investigated. 

Important development of linear stability is well documented in Chandrasekhar 

(1981), however, Nield and Bejan (2012). Bhadauria, et al. (2012) had studied the stability 

analysis of free convection in a binary fluid-saturated horizontal porous layer with internal 

heat source. The, viscoelastic fluid flow in porous media has attracted considerable attention, 

due to the large demands of such diverse fields as geophysical-chemical industries. 

Bhadauria, et.al (2012-13) studied the problem of thermal instability in porous media with 

internal heating, considering various physical models. 

The main focus was on the effects of the main parameters, such as solid volume 

fraction of the nanoparticles, the mixed convection parameter, the Péclet number and the 

inclination of the channel to the horizontal, on the thermal performances of the flow.Gaikwad 

and Kamble (2012) have investigated the Soret effect on double diffusive convection in a 

horizontal sparsely packed porous layer. Narayana et al. (2012) studied the linear and weakly 

nonlinear stability analysis of double-diffusive convection in a porous medium saturated by a 

Maxwell fluid in the presence of cross diffusion effects. The effects of the Soret and Dufour 

parameters on the onset of double diffusive convection in a Maxwell fluid are investigated 

under the assumption of a single phase model with local thermal equilibrium (LTE) between 

the porous matrix and the Maxwell fluid. Harfash (2013) studied double-diffusive convection 

in a reacting fluid with a concentration and magnetic field effect–based internal heat source 

by using linear instability analysis and nonlinear stability analysis and using the finite 

element method of p order. Rana (2014) studied the thermal convection in couple-stress fluid 

in hydromagnetics saturating a porous medium and found that couple-stress parameter has 

stabilizing effect on the system. The onset of convection in a horizontal layer heated from 

below (Bénard problem) for a nanofluid was studied by Rana, et al. (2014). Kumar, et al. 

(2015) investigated the thermosolutal convection in a viscoelastic dusty fluid with hall 

currents in porous medium. Kumar, et al. (2016) studied the effects of horizontal magnetic 

mailto:saurabh09.ncert@gmail.com


 

26 

field and rotation on thermal instability of a couple-stress fluid through a porous medium. 

Singh, et al. (2016) analysed the transport of vorticity in magnetic Maxwellian viscoelastic 

fluid -particle mixtures in porous medium. Chand, et al. (2017), investigated the thermal 

instability in a layer of couple stress nanofluid saturated porous medium and also studied the 

thermal instability in a horizontal layer of Couple-stress nanofluid in a porous medium for 

more realistic boundary conditions. Kumar, et al. (2017) studied the effect of horizontal 

magnetic field and horizontal rotation on thermo-solutal stability of a dusty couple-stress 

fluid through a porous medium: a brinkman model. Rana, et al. (2018) studied the stability 

analysis of double-diffusive convection in a couple stress nanofluid. Singh, M. (2018), 

investigated the double-diffusive convection of synovial (couple-stress) fluid in the presence 

of hall current through a porous medium and studied the effect of Hall current on 

thermosolutal convection of a couple-stress fluid through porous medium. The presented 

work is a simple review of Malashetty, et al. (2010) linear heating. 

Mathematical Formulation and Stability Analysis 

Let’s consider a horizontal porous layer which is saturated with a couple-stress fluid 

between two parallel infinite stress-free boundaries,          heated from below. The 

temperature and concentration differences between the planes are respectively    and   . 

The  -axis is taken vertically upward in the gravitational field in a Cartesian frame of 

reference. Let’s assume that Oberbeck–Boussinesq approximation is true and the flow in the 

porous medium is carried out by the modified Darcy’s law. The study of double-diffusive 

convection in a couple-stress fluid-saturated horizontal porous layer with the basic equations 

are given by: 
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  ,       (4) 

                          ,     (5) 

Here             is the velocity;   is the pressure;   is the density;   is the 

temperature;   is the solute concentration;   is heat source parameter;       and    are the 

reference temperature, concentration and density, respectively; the acceleration due to gravity 

is given by  ;   is the permeability of the porous medium;    is the porosity;   is the fluid 

viscosity;    is the couple-stress viscosity;    and   are the thermal expansion coefficient 

and the solute expansion coefficient, respectively;  

and     and    are the effective thermal diffusivity and the solute diffusivity, respectively. 

Moreover, 
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Here,    is the specific heat of the fluid at constant pressure;   is the specific heat of 

the solid;  is taken as the thermal conductivity; and the subscripts     and   denote fluid, 

solid and porous medium values, respectively. 

 

Basic State 

The basic state of the fluid is considered to be quiescent and is given by:    
                                           (6) 

The solute concentration      , temperature      ,  pressure       and density       

satisfythe equations as follows: 
   

  
               (7) 
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On the basic state, we consider perturbations in the following form: 

                                                                     
                                     (11) 

the primes indicate perturbations. Introducing (11) in equation (1)–(5) and using basic state 

equations, we obtain 
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We consider only two-dimensional disturbances and define ψ as stream function 

which is given by 

          
  

  
 
  

  
         (17) 

which also satisfy the continuity equation (12). Now let’s eliminate the pressure term from 

Eq. (13) by introducing the stream function  , and non-dimensionalising the resulting 

equation as well as equation (14) and (15), considering the following non-dimensional 

parameters, 
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We obtain 
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Here    
    

   
,   

  

      
  

  
,      

       

   
     

       

   
  

The dimensionless groups which appear are Vadasz number   , thermal Rayleigh 

number     , solute Rayleigh number     , couple-stress parameter   and diffusivity ratio  . 

The asterisks have been dropped for simplicity. Further, to restrict the number of parameters, 

let’s set   and   equal to unity. Equations (19)–(21) get solved for stress-free, isothermal, 

vanishing couple-stress boundary conditions, namely 

  
   

   
            at            (22) 

 

Method of Solution 

Linear Stability 

 We discuss in this section the linear stability analysis, which is very useful in the local 

non-linear stability analysis discussed in the proceeding section. For this study, the Jacobians 

in Equation (19)–(21) are neglected and suppose that the solutions to be periodic waves of the 

form 
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where   is the growth rate and         .   is the horizontal wavenumber. Substituting 

equation (23) in equations (19)–(21), we get 
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                       (26)   

where    
                      

 
. 

The parameter   is the couple-stress viscosity of the fluid. In the case of Newtonian fluid, we 

have    . Now, equations (24)–(26) can be written in matrix form as 

    ,         (27) 

where  
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For non-trivial solution for  , the determinant of the matrix   to be vanished, which 

gives 
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In general it is to be assumed that for      which the most is leads to the first mode for 

the unstable mode (fundamental mode). Accordingly, we set             
            in our further study. For the steady case, we have σ = 0 at the marginal 

stability. Then, the Rayleigh number becomes 

   
   

   

      
   

 
                    (29) 

The minimum value of the Rayleigh number    
  appears at the critical wave number 

       and    satisfies the following equation 

                                     (30) 

Here the critical wavenumber    depends on the couple-stress parameter    In the case of the 

single-component system,       , equation (29) becomes  

   
   

         

    
 ,        (31) 

In the presence of couple stresses, equation (31) gives rise to the critical value of the 

Rayleigh number,     
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The critical wavenumber   can be obtained from equation (30). In the absence of 

couple stresses, i.e. when        equation (32) gives 

    
   

        
 

  
         (33) 

with critical values when     and    
       for Newtonian fluid through a Darcy 

porous layer heated and salted from below. 

Nowσ = iω (ω is real) in Equation (28) and also rearranging the terms we get the 

oscillatory Rayleigh number    
    at the margin of the stability, in the form. 
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with the non-dimensional frequency  and 
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A careful observation at the expression for frequency   reveals that oscillatory convection is 

possible only if      
 

Weakly non linear Stability and finite amplitude analysis 

Let’s carry out the Finite-amplitude analysis in this section by Fourier series 

representation for stream function  , temperature   and concentration   in the form 

                    
            

          (36)  

                    
            

        (37) 

                    
            

        (38) 

Substituting equations (36)–(38) in (19)–(21), we get a system of coupled, nonlinear 

ordinary differential equations.  

The first effect of nonlinearity is to distort the temperature and concentration fields by 

the interaction of  ,  and    The distortion of these fields gives rise to a change in the 

horizontal mean, i.e. a component of the form           will be formed. Therefore, a 

minimal Fourier series that explains the finite-amplitude double-diffusive convection is given 

by 

                              (39) 

                                         (40) 

                                         (41) 

Putting equations (39)–(41) into equations (19)–(21) and equating the coefficients of 

like terms, the following nonlinear autonomous system of differential equations can be 

obtained: 
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where the overdot represents the derivative with respect to time. 

Like the original equations (12)–(16), equations (42)–(46) must be dissipative. 

Therefore, volume in the phase space must contract. To prove volume contraction, we must 

prove that the velocity field has a constant negative divergence. Indeed, 
    

   
 

    

   
 

    

   
 

    

   
 

    

   
                           (47) 

From equation (47) we conclude that if a set of initial points in phase space occupies a 

region      at time        then after some time    the end points of the corresponding 

trajectories will occupy a volume,                                        
We note that the system of equations (42)–(46) is invariant under symmetry 

transformation                                          
Setting the left-hand sides of equations (42)–(46) equal to zero, we obtain 

                        ,       (48) 

                   ,     (49) 
           ,        (50) 

                    ,       (51) 

            .        (52) 

Eliminating all coefficients except    between equations (48)–(52), we obtain 

   
                 (53) 
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where  
  
 

 
             

     

  
       

  

  
              

     

  
 

    

   
   

 
       

The finite-amplitude Rayleigh number can be written in the form 
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where    
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Let’s consider   and   are the rates of heat and mass transport per unit area, 

respectively as follows: 

      
       

  
           (55) 

      
       

  
           (56) 

where a horizontal average is denoted by the angular bracket. 

 

Result and Discussion 

In this section the effect of distinguished physical parameters like couple-stress 

parameter, Vadasz number and diffusivity ratio is discussed. 

Figure 1 shows the neutral stability curves for the various values of the couple-stress 

parameter while fixing the other parameters values at               and          . 

This is clearly observed from the figure that as the couple-stress parameter C is increased 

then the values of Ra is also increased this shows that flow is unstable for the higher values 

for the C. 

 
Figure 1. Neutral stability curves for different values of the couple stress 

parameter    
 

In figure 2, the effect of Vadasz number on neutral stability curves is depicted for the 

oscillatory mode for fixed values of                 and        This can be seen 

from the figure that for the higher values of Vadasz number (Va) the stabilization effect came 

into the picture. The effect of Vadasz number (Va) seems to be similar in both stationary and 

oscillatory convection. 
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Figure 2. Neutral stability curves for different values of the Vadasz number   . 

 

In order to see clear view of the flow stability, it is important to show the effect 

physical parameters on critical Ra. Here the change is critical Ra. The variation of the critical 

Rayleigh number for both stationary and oscillatory modes with the solute Rayleigh number 

for different values of the couple-stress parameter   and fixed values of          and 

       is depicted in figure 3. 

 
Figure 3. Variation of the critical Rayleigh number       with the solute 

Rayleigh number    for different values of  . 

 

In Figure 4 , the variation of indicates the variation the critical Rayleigh number         

with the solute Rayleigh number    for different values of diffusivity ratio τ is shown. This 

is to be observed from the figure 4 that for the higher values of τ the critical     is 

asymptotically unstable. However, this is similar in both stationary and oscillatory 

convection. 

 
Figure 4. Variation of the critical Rayleigh number        with the solute 

Rayleigh number    for different values of τ . 
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 In order to study the impact of the other physical parameter. Figures. 5–7 has been 

shown in which the variation of lewis number is shown in Fig 5. Here it can be seen that the 

Le stabilizes the flow dynamics and it’s also suppressing the finite amplitude convection of 

the fluid flow. 

 
Figure 5. Variation of finite amplitude Rayleigh number with wave number for 

different values of Le 

 

In figure 6, the effect of Railigh solutal number is shown while fixing the other 

parameters on neutral stability curves is depicted for the oscillatory mode for fixed values of 

       and        This can be seen from the figure that for the higher values of number 

(Ras) the stabilization effect came into the picture. The effect of solutal number seems to be 

similar in both stationary and oscillatory convection. In similar way the figure 7 is plotted. 
 

 
Figure 6. Variation of finite amplitude Rayleigh number with wave number for 

different valuesof Ras 

 

Figure 7. Variation of finite amplitude Rayleigh number with wave number for 

different values of  . 
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Conclusion 

 The onset of double-diffusive convection in a couple-stress fluid-saturated with a 

horizontal porous layer is discussed by using linear and weak nonlinear stability analyses. 

The modified Darcy equation which includes the time derivative term and the inertia term is 

used to model the momentum equation. The expressions for stationary, oscillatory and finite-

amplitude Rayleigh number are found as a function of the governing parameters. The effect 

of couple-stress parameter, solute Rayleigh number, Vadasz number and diffusivity ratio on 

stationary, oscillatory and finite-amplitude convection is displayed graphically. The following 

conclusions are drawn: 

1. The solute Rayleigh number and the couple-stress parameter have a stabilizing effect on 

the oscillatory, stationary, and finite-amplitude convection. 

2. The Vadasz number advances the onset of oscillatory convection, showing that it has a 

destabilizing effect. 

3. The diffusivity ratio has a destabilizing effect in the case of stationary and finite 

amplitude modes, but it has a dual effect in the case of the oscillatory mode depending upon 

the parameter values. 

4. The heat and mass transfer decreases with an increase in the values of couple-stress 

parameter  and diffusivity ratio , but both increase with an increase in the value of the solute 

Rayleigh number    . 
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Abstract 

Khong Wong Yai is a Thai musical instrument used in Thai orchestra bands. It is very 

important to Thai orchestra bands because it is an instrument that can control the melody of 

the song. Khong Wong Yai consists of rattan and gongs. Rattan serves as a base for a circular 

motion. There are 16 gongs; the first gong is on the left-hand side and the last gong is on the 

right-hand side. The first gong has the lowest frequency and the last gong has the highest 

frequency. At present, the production of gongs uses casting methods, with brass being used as 

a material for casting. Another important part of the gong is beeswax with lead. The beeswax 

with lead is used for tuning the sound frequency of the gong. Currently, the size of the gong 

is non-standard and dependent on maker. As part of the production process, the manufacturer 

has to rely on their experience in making gongs. The purpose of this research is to find the 

average amount the beeswax with lead and find new materials to replace the beeswax with 

lead. The result found that the amount of the beeswax in terms of weight on the gong is 

almost linear while the diameter of the gong changes. Replacement material based on the 

weight of the material and density and Young's modulus in this paper uses steel glue under 

the gong boss for tuning the sound frequency because the main factor for determining 

beeswax with lead replacement material is weight. 
 

Keywords: Khong Wong Yai, Gong, Thai orchestra band, beeswax with lead 

 

Introduction 

Khong Wong Yai is a Thai musical instrument used in Thai orchestra bands. Khong 

Wong Yai creates the main tempo in Thai orchestra bands and therefore is considered the 

most important instrument in each song. The overall structure of Khong Wong Yai is oval, as 

shown in Figure 1. It has been in production created since the Sukhothai period until now. 

Proof of a discovery of a huge drum prototype of Khong Wong Yai was first discovered in 

Southern of China (Somchai Radsamee, 1998). Huge drums are prototypes of Khong Wong 

Yai because they use the same materials. In the past, gongs were made by using a method of 

pounds material and forming (Pitchanut Tojinda, 2015). Casting is currently used because 

this takes a shorter amount of time and the sound will chime more. The Khong Wong Yai 

consists of gongs with 16 tonal keys and each gong has a different size and its own beeswax. 

The first size will be the largest and the final size will be the smallest. Under the gong’s boss 

there is beeswax, which is used for tuning the sound frequency. The researcher found that the 

gongs are not standard in size or key tone and the exact size of gongs and amount of beeswax 

produced from different gong-makers is are unique. In addition, the makers are not experts in 

how the product should be engineered for different sound frequencies. Currently, they are 

using their own experience to create gonga. Joompon B. studied effect of the Khong Wong 

Yai parameters on sounds (Joompon Bamrungwong and Pattaraweerin Woraratsoontorn, 

2017) who studied the parameters of gongs from eight parameters. They found that flange the 

thickness of both the gong and boss area is a key parameter that impacts sound because the 

thicknesses of both parameters are able to reduce sound frequency. However, even though 

there was an increase in the boss thickness and a reduction in the flange thickness, the gong 

still needs beeswax to tune the sound frequency. Author study found that the process of 
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making beeswax with lead is not safe for makers because the beeswax is mixed with lead 

which can cause adverse impacts on health. Thus, the author is going to find the material to 

replace the beeswax with lead. Joompon B. used the application of inertia relief method in 

ranat and xylophone (Joompon Bamrungwong, 2016) who studied transverse modes and 

found out the important parameters to achieve proper sound frequency. In the study, vibration 

of the xylophone used Euler-Bournoulli beam theory but this is impossible to use to find the 

natural frequency of the Ranat because the solution of governing equation needs fixed 

support but the Ranat is fixed. Joompon B. was used the inertia relief method by finite 

element analysis to study the sound frequency of the ranat. The results showed that inertia 

relief method has better result than Euler-Bournoulli beam theory for the sound analysis of 

percussion instruments. The author will apply inertia relief method in the same way when 

analyzing the gong because both the fixed support of the gong and ranat are assimilatively 

tied together with a light rope. 

 
Figure 1: The Khong Wong Yai 

 

Research Methodology 

Khong Wong Yai has 16 key tones from large to small, starting from the left side and 

going to the right side; each unit it’s called a “gong”, as shown in Figure 2. Each gong will 

consist of a top part which is bossed and can generate sound with different frequencies 

depending on the quantity of beeswax and dimensions of the parameters (Joompon 

Bamrungwong and Pattaraweerin Woraratsoontorn, 2017). The gongs are made from brass. 

In a part of the study, a calculation using FEA the FE model uses density at 8600 kg/m3; 

Young’s modulus at 1.06x105 MPa; and Possion’s ratio of 0.31. The cross section of the 

gongs is shown in Figure 3. 

 
 
 

Figure 2: Parts of the gong (a) The first gong used in this study and  

                                      (b) Beeswax with lead under surface of bossed area. 

(a) (b) 
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Figure 3: Cross section of Gong. 

The vibration analysis of the gong will apply the theory of inertia relief (Joompon 

Bamrungwong and Pattaraweerin Woraratsoontorn, 2016). This paper aims to explain how 

sound is generated in each gong. The soundwave of the gong is similar to string (Joompon 

Bamrungwong and Pattaraweerin Woraratsoontorn, 2016). Just as for transverse wave on a 

string, the speed of the soundwaves is determined by a balance between two characteristics of 

the wave medium: the restoring force and the inertia. For the string wave, the restoring force 

is characterized by tension in the string, F, and the inertia is characterized by the linear mass 

density, µ (mass per unit length). The speed of the transverse wave on the string is shown in 

Equation (1) 

                                                                                 
 

 
      (1) 

An approximate formula that can be used to estimate the speed of sound in air is 

shown in Equation (2) 

                                                                                    (2) 

 

Where    is air temperature in degrees Celsius. The speed of sound in air increases by 

0.606 m/s for each degree of Celsius increase in temperature. The speed of sound in a solid 

depends on the Young’s modulus, Y, and the shear modulus. The calculation for soundwaves 

traveling along the length of a thin solid rod is shown in Equation 3. 

                                                                  
 

 
      (3) 

  A sound wave generated by a gong shown in Figure 4.Graph of the pressure variation 

p of the air as a function of position x. Pressure is high where air is squeezed together and 

low where it is more spread out shown in Figure 4 (a). Elements of the air are displaced from 

their equilibrium position. Since the pressure is not uniform, air elements experience a net 

force due to air pressure; the force arrows indicate the direction of this net force. The force is 

always directed away from a compression (higher pressure) and toward a rarefaction shown 

in Figure 4 (b). Graph of the displacement s of an air element from its equilibrium position x 

as a function of x the arrows indicate the directions of the displacements in each region. Air 

element are displaced leftward or rightward toward compressions and away from rare faction. 

Elements at the center of each compression or rarefaction are at their equilibrium positions 

(s=0) shown in Figure 4 (c). 
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Figure 4: Sound travel in the media (a) Graph of the pressure variation  

    (b) Elements of the air (c) Graph of the displacement 

 

Results/ Conclusion 

From the experiment weight of Gong attach beeswax with lead is shown in the Figure 

5. The weight of beeswax with lead is shown in Figure 6. The Table 1 is the summary of data 

from measure of weight. As for the dimension of the Gong is shown in Figure 7 and Figure 8. 

 

Figure 5: The Gong attached to beeswax with lead and frequency. 

In reference to the experiment, the data can be used to create graphs, as shown in 

Figure 5, whereby it was found that there was a relationship between the gong attached to 

beeswax with lead which related to frequency as an exponential; when the weight of the gong 

(a) 

(b) 

(c) 
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increases, the natural frequency of the gong decreases, and this leads to the gong to moving 

up and down slowly when the mass of the beeswax with lead increases. 

 

Figure 6: The ratio of weight in beeswax with lead and diameter on top. 

Regarding the relationship between the ratio of mass in beeswax with lead and the 

diameter on top of the gong, the ratio of mass in beeswax with lead is the ratio between the 

weight of the gong with lead and the weight of the gong without lead, which was found when 

the size of the gong is changed but the weight of the beeswax with lead remains very similar. 

Therefore, it can be said that the weight of lead does not affect the sound adjustment but the 

size of the gong has changed enough to influence the sound adjustment, as shown in Figure 6. 

 

 

Figure 7: Top diameter of the Gong. 

Figure 7 and Figure 8 show the relationship between the top diameter and the natural 

frequency of the gong and the relationship between the bottom diameter and natural 

frequency of the gong, respectively. The study of the top and bottom diameters in relation to 

the natural frequency of the gong can be concluded that when the gong diameter is enlarged, 

the sound frequency will be lower. 
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Figure 8: Bottom diameter of Gong. 

 

Table 1: Experiment data of gong. 

 

 
 

Table 1 highlights the collection of results from experiments showing the weight of 

beeswax with lead and the size of all 16 gongs. The next step will be to create a simulation of 

the gong using the data from Table 1. The dimensions of the gong model are as shown in 

Figure 9. The material of the gong in the simulation is brass and beeswax with lead 

replacement materials that are assumed to be steel because this is easier to find and is more 

secure than beeswax with lead. In the simulation, the weight of steel is set to equal the weight 

of the beeswax with lead obtained from Table 1 and the frequency obtained from the 

simulation is shown in Table 2. The author has only used two gongs, i.e. the first and the last 

gong, to represent the gong of the Khong Wong Yai due to budget restrictions. 
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Figure 9: (a) Dimension model of smallest gong. (b) Dimension model of biggest gong. 

 

Table 2: Experiment results 

 

 

Table 2 shows the simulation results in the simulation program and the results 

obtained from the experiments which are comparable to the results from the producer. In the 

experiment, the steel blocks weighed 173 grams (for the biggest gong) and 106 grams (for the 

smallest gong). The steel was  also attached to the gong using glue under the nipple, as shown 

in Figure 10. The result of the experiment showed that the weight of the replacement material 

affects the frequency; i.e., if the weight is increased, the frequency will decrease. 

(a) (b) 
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Figure 10: (a) replacement material of biggest gong. (b) replacement material of smallest  

                      gong. 

 

Discussion 

The author created a simulation to find beeswax replacement materials in finite 

element analysis software and made an experiment. The result is the weight of the 

replacement material affects the frequency; i.e. if the weight is increased, the frequency will 

decrease. This is under the assumption that the replacement material of the biggest gong 

weighs 173 grams and the smallest gong weighs 106 grams. The replacement material of this 

research will be steel because it is easier to find, creates less pollution and is safer than 

beeswax with lead. However, one problem is attaching this under nipple, thus it is necessary 

to use glue or weld the materials together. If the surfaces of the gong and steel are not tightly 

aligned, it will cause blunt sound and finally a drop in sound. Other materials may also be 

used to replace beeswax with lead because the main factor of beeswax with lead replacement 

material is weight. It is suggested that such alternative replacement material should be a high-

density material, because the same volume will give more weight than a low-density material. 

Due to the limited experimental budget, the researcher is not able to further test all of the 

gong sizes and potentially find other suitable replacement material. The simulation results 

and experiment may be used as a guideline for further studies. 
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Abstract  

Nowadays, different types of mass media report the occurrence of many accidents or 

crimes from objects impacting on windshields. People can be considered who have occasion 

to survive from object impact on car windshield. The windshield on the car might protect 

passengers may be a cause of survival. This research aims to study the impact behavior of 9 

mm FMJ (Full Metal Jacket) bullets made of copper at various angle conditions for 

windshields made of laminated material. Finite element analysis (FEA) was used to study 

different shooting conditions at various windshield angles. Results revealed that windshields 

made of hard material like glass or laminated glass with extra thickness increased chances of 

survival from injury if the bullet penetrated the glass. Glass thickness of at least 15 mm 

resisted bullet impact at shooting angles of 30 degrees by absorbing the energy and deviating 

bullet trajectory. Increasing the impact angle resulted in more energy absorption and 

deviation of bullet trajectory after impact with the laminated windshield, thereby increasing 

chances of survival. 

Keywords: Windshield, FEA, Laminated Glass  

Introduction 

Firearms offenses are increasing in Thailand, and guns are now used in most crimes 

as powerful weapons causing damage to life and property. Many accidents are reported in the 

mass media as a result of objects impacting vehicle windshields. To protect both drivers and 

passengers, vehicle windshields are very important. Cars are now more powerful and travel 

faster. Early windshields were manufactured from glass that shattered upon impact and 

resulted in injuries. As an alternative, manufacturers began making windshields out of 

tempered glass. Tempering is a special heat treatment that makes the glass stronger and 

harder so that it resists shattering. Another auto glass is laminated glass; this is strong like 

tempered glass but bends slightly upon impact, allowing for additional protection against 

shattering. Laminated glass is now considered the safest type of auto glass and is required by 

law in many countries. Another reason, In the case of leader person and political heads, 

groups prefer utilizing cars with ultimate protection so that they can easily escape in case of a 

threat and endure literal bullet fire. The term ‘bullet-proof’ suggests an object that is 

completely impenetrable from gunfire. Bulletproof glass appears identical to regular glass but 

provides added resistance from breakage and is particularly resistant to penetration by 

projectiles. Bulletproof glass falls under the laminated glass category and is often thought of 

as a many-layered ‘glass sandwich’. However, this is not the case and the glass will break if 

hit regularly. Depending on the size and type, bullet resistant glass can cost between US$ 25 

and US$ 100 per square foot. This paper studied laminated glass resistance to high speed 

impact from 9 mm bullets. 
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Materials and Methods 

This paper studied laminated glass resistance to bullet impact using a finite element 

analysis (FEA) model. Basic equations were solved using explicit dynamic analysis 

expressing the conservation of mass, momentum and energy by Lagrangian coordinates. 

These, together with a material model and a set of initial and boundary conditions, define the 

complete solution of the problem. Partial differential equations expressing the conservation of 

momentum and relating acceleration to the stress tensor σij can be written as follows: 
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For Lagrangian formulations, the mesh moves and distorts with the material it models, so 

conservation of mass is automatically satisfied. The density at any time can be determined 

from the current volume of the zone and its initial mass can be expressed as 

                                                         0 0V m

V V


                 (4) 

Conservation of energy is expressed as 

                             
1

2 2 2xx xx yy yy zz zz xy xy yz yz zx zxe            


        (5) 

For each time step, these equations are solved explicitly for each element in the model, based 

on input values at the end of the previous time step. The explicit dynamics solver uses a 

central difference time integration scheme (leapfrog method). After forces have been 

computed at the nodes (resulting from internal stress, contact, or boundary conditions), nodal 

accelerations are derived by dividing force by mass and expressed as 

                                                              i
i i

F
x b

m
                     (6) 

where xi are the components of nodal acceleration (i=1,2,3), Fi are the forces acting on the 

nodes, bi are the components of body acceleration and m is the mass of the node. With 

accelerations at time n-
1

2
 determined, velocities at time n+

1

2
 are found from 

                                                         1/ 2 1/ 2n n n n

i i ix x x t                     (7) 

Finally, the positions are updated to time n+1 by integrating the velocities 
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i i ix x x t                                     (8) 
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The calculation uses commercial software SolidWorks to create a 3D model of the bullet and 

automobile glass and Ansys Workbench to calculate the impaction. 

 

Figure 1: Simplified automobile glass impact angle with respect to the horizontal  

(a) 30 degrees (b) 45 degrees 

(b) 60 degrees (d) 90 degrees 

The effect of impact angle on automobile glass was studied. Figure 1 shows laminated 

automobile glass 6.0 mm in thickness with various impact angles for a 9 mm bullet. 

Automobile glass thickness was then increased to 15 mm to ensure ability to resist bullet 

passage. In solid mechanics, the Johnson-Holmquist (JH) damage model, developed by 

Gordon R. Johnson and Timothy J. Holmquist in the 1990s, is often used to determine the 

mechanical behavior of damaged brittle materials by facilitating predictive numerical 

simulations of ballistic armor penetration. The model simulates increase in strength shown by 

ceramics subjected to hydrostatic pressure as well as reduction in strength shown by damaged 

ceramics based on two sets of curves that plot yield stress against pressure. The first set of 

curves accounts for intact material, while the second set accounts for failed material. Each 

curve set depends on the plastic strain and plastic strain rate. The JH model assumes that the 

material is initially elastic and isotropic and can be described by the following relationship  

                                                           2ij kk ij ijp                                       (9) 

where
ij is a stress measure,  kkp   is an equation of state for the pressure, 

ij is the 

Kronecker delta, 
ij is a strain measure that is energy conjugate to

ij , and  is a shear 

modulus. The stress at the Hugoniot elastic limit is given by  

                                               
2

, ,
3

h HEL HELp                                              (10) 

where HELp  is the pressure at the Hugoniot elastic limit and HEL is the stress at the Hugoniot 

elastic limit. The uniaxial failure strength of the intact material is given by the following 

equation  

                                                * * *

int 1 ln
n p

act

d
A p T C

dt




  
    

  
                                   (11) 

where A, C, n are material constants, t is the time, and p  is the inelastic strain. The uniaxial 

stress at complete fracture is given by 

(a) (b) (c) (d) 
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                                  * * 1 ln
m p

fracture

d
B p C

dt




  
   

  
                                           (12) 

where B, C, m are material constants. The uniaxial strength of the material at a given state of 

damage is then computed at a linear interpolation between the initial strength and the stress 

for complete failure and given by 

                                                * * * *

initial initial fractureD                                                   (13) 

The quantity D is a scalar variable that indicates damage accumulation. Material properties of 

a copper bullet are defined as shown in Table 1. Bullet velocity was also defined according to 

data from Marshall and Sanow who studied permanent cavity volumes and temporary stretch 

cavity volumes of 9 mm bullets from ballistic gelatin. They used 9 mm full metal jacket 

(FMJ) Winchester bullets weighing 7.5 g, velocity 352 m/s, expansion 9.1 mm, penetration 

620 mm, permanent cavity volumes 41 mL and temporary stretch cavity volume 174 mL 

(Chuan Xua, et al., 2015). 

 

Table 1. Material properties of a copper bullet 

Mechanical Property Metric 

Young’s modulus 110.00×10
9
 N/m

2
 

Poisson’s ratio 0.343 

Mass density 8.93×10
3
 kg/m

3
 

Yield stress 33.30×10
6
 N/m

2
 

Tangent modulus 23.31×10
6
 N/m

2
 

 

This study simulated bullet impact on a laminated windshield. Characteristics of bullet 

impact and behavior of the automobile laminated windshield were investigated for four cases 

as shown in Figure 1. Bullet velocity was 352 m/s at full speed and the automobile laminated 

windshield was fixed and supported symmetrically on all sides. 

 

Results and Conclusions 

Bullet velocities before and after impacting automobile laminated windshields are 

shown in Table 2. Results showed reduced speeds after impact. Increasing laminated glass 

thickness resisted the passage of 9 mm bullets. Laminated windshields showed spiderweb 

cracks around the impact point after the bullets had passed through. 
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Table 2. Bullet speed before and after impact 

 
 

Behavior of laminated windshields was similar for both 6 mm and 15 mm thicknesses. At 

thickness of 6 mm, the bullet was able to blast the laminated windshield and pass through, 

while for thickness of 15 mm the bullet was able to blast the laminated windshield but not 

pass through and remained embedded with debris as the energy effect from velocity (Figure 

2). 

 
 

Figure 2: Cross-section model showing blasted slab and debris  

                   (a) Thickness 6 mm (b) Thickness 15 mm 

Impaction angle of the bullet and laminated windshield affected reduction of bullet speed. At 

an angle of 30 degrees, the bullet penetrated the surface of the laminated windshield but did 

not pass through. The trajectory of the bullet changed as the laws of physics dictate that any 

sufficient contact with a bullet will change that bullet’s trajectory. Nevertheless, if the angle 

is reversed 30 degrees the speed of the bullet was not reduced this study after impacted the 

bullet’s speed is at 236.1 m/s. Figure 3 shows bullet speed after impact with 6 mm laminated 

windshield at varying angles. Results indicated that impact at 30 degrees reduced the speed of 

the bullet. Figure 4 shows bullet speed after impacting 15 mm thickness laminated windshield 

at varying angles. Results showed that impact at all angles reduced bullet speed. 

(a) (b) 
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Figure 3: Bullet speed after blasted slab at thickness 6 mm 

 

Figure 4: Bullet speed after blasted slab at thickness 15 mm 

Discussion 

Thickness plays a huge part in a product’s ability to resist bullets. Bullet-resistant 

glass is designed to remain intact for one bullet or one round of bullets. A thicker piece of 

bullet-resistant glass is needed to stop a bullet with more force, depending on the type of 

weapon used. For instance, a shot fired from a 9 mm pistol is less powerful than one fired 

from a rifle. Therefore, the required thickness of bullet-resistant glass for a 9 mm pistol is less 

than needed for a rifle. Thicknesses of bullet-resistant glass range from 0.25 inches to 3 

inches (6.35 mm to 76.2 mm). Polycarbonate is a type of plastic but differs from acrylic in 

many ways. Polycarbonate is a versatile, soft plastic with high strength. Proper design of a 

laminated windshield can greatly help to prevent loss of life or property during bullet impact. 
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Figure 5: Experiment of 15 mm thickness laminated plate 

Figure 5 shows the impact result of a 9 mm bullet on laminated glass thickness 15 mm at 90 

degrees. The bullet did not pass through the glass. An impact angle of less than 30 degrees 

was shown to reduce bullet speed. 
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Abstract 

Injuries to the teeth and jaw can result from a variety of causes, including motor 

vehicle accidents, falls, fights, and sporting activities such as boxing, football, rugby, 

taekwondo, and basketball. Mouthguards are wearable devices that are an important piece of 

sports equipment which prevents broken teeth, bitten lips, and other mouth injuries. Mouth 

protectors typically protect the maxillary teeth since they are more prominent and prone to 

damage. 

So far, Thailand has only little evidence of dental trauma due to sporting activities.  

Various previous published studies have demonstrated the benefits of wearing a mouthguard 

over not wearing a mouthguard. Therefore, it is reasonable for mouthguard use to be enforced 

in certain sports. The present study uses information to support the prevention of tooth 

fractures when wearing a mouthguard. The results show the maximum principal stress occurs 

on the crown which directly impacts the middle incisors, meaning that mouthguard use is 

shown to be effective at reducing pressure and is able to prevent damage to the central 

incisors by simulating with finite element method (FEM). 

Keywords: Central incisor, Injury, Mouthguard, Finite element method 

Introduction 

Teeth are organs inside the mouth and are part of the digestive system. The main 

function of teeth is to tear food to mix it with saliva. Meanwhile, teeth also have an important 

role in speech. Teeth are divided into five main parts, as shown in Figure 1(a). First, molars 

are responsible for chewing and grinding food (in the maxilla 6 and mandible 6). Premolars 

are responsible for cutting and tearing food (in the maxilla 4 and mandible 4). Cuspids or 

canines are responsible for cutting or tearing food served split apart (in the maxilla 2 and 

mandible 2). Lateral incisors are responsible for cutting food (in the maxilla 2 and mandible 

2). The last central incisors act to cut and tear food, for speech, beauty, and personality (in the 

maxilla 2 and mandible 2). The structure of the central incisor is shown in Figure 1(b). Crown 

and root fractures can be caused by many reasons, such as traffic accidents, fighting, boxing, 

and so on. The four basic punches in modern boxing are the jab, the cross (in counter-punch 

with a looping), the hook, and the uppercut. Therefore, wearing a mouthguard can help 

prevent broken teeth, lip bites, and other mouth injuries. Broken teeth may wound the lips 

and damage other parts of the mouth. Mouth protectors typically protect the maxillary teeth 

because they are more prominent and prone to damage. One study showed that of 189 

fractured teeth, 68% were maxillary central incisors, while another article reported an even 

higher incidence of injury to upper incisors (Beck, J.S., 1968 & Parkin, S.T., 1967). There are 

three main types of mouthguard: The first type includes custom-made mouthguards, as shown 
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in Figure 2; the second type are mouth-formed mouthguards; and the third type are stock 

mouthguards. Various materials are used to produce mouthguards. Currently, five basic 

materials are used in mouthguards: The most common materials are polyvinyl acetate (PVA); 

polyethylene polymer (PE); Polyvinyl chloride (PVC); natural rubber; soft acrylic resin; 

polyurethane (PU); and ethylene vinyl acetate (EVA). Mouthguard thickness and the choice 

of an appropriate elastic material during its manufacture directly relates to its capacity to 

absorb impacts caused by accidents (Mizuhashi, et al, 2013). Godwin and Craig investigated 

the physical properties of commercial materials used in custom-made mouth protectors. They 

predicted that a material with an intermediate hardness and energy absorption would have the 

optimum properties for mouth protection. Many of the materials studied by Godwin and 

Craig are not available as specific brand-name preparations in many parts of the world, but 

finally a suitable class of material was found to be the polyvinylacetate-polyethylene (EVA) 

system. EVA copolymers have a wide range of properties which vary according to the 

polyvinylacetate/polyethylene ratio and the filler content. The most satisfactory composition 

of a polyvinylacetate/polyethylene mixture for a mouth protector lies in the range of 18% to 

24% PVA (Godwin, W.C., et al, 1967). There are many ways of testing the protection offered 

by a mouthguard, for instance, Found, Patrick and Pearson (2005) studied the behavior of the 

three teeth (central incisor and 1 lateral incisor) configuration which are protected by a 

mouthguard under an impact force to find the stress that affects the mouthguard performance 

and the impact force by simulating the test materials (Found, M.S., et al., 2006). Many other 

studies have attempted to develop and improve materials to prevent tooth injury. However, 

the researchers were unable to existing studies which looked at the behavior of the central 

incisor while wearing or not wearing a mouthguard, or investigating how injuries can be 

reduced by simulating and analyzing the impact on the central incisor while wearing or not 

wearing a mouthguard using the finite element method to support information about 

preventing fracturing of the central incisor while wearing a mouthguard. This study aims to 

compare the behavior of wearing and not wearing a mouthguard to indicate the severity of 

injuries with the aim of preventing tooth fractures while wearing a mouthguard. 

 

(a)      (b) 

Figure 1. (a) The main parts of teeth; (b) The central incisor anatomy. 
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Figure 2. Custom-made mouthguard. 

The Finite Element Analysis (FEA) is the simulation of any given physical 

phenomenon using the numerical technique called FEM for the prediction of how a part or 

assembly behaves under given conditions in manufacturing. Engineers use it to reduce the 

number of physical prototypes and experiments and optimize components in their design 

phase to develop better products, faster. It is used as the basis for modern simulation software 

and helps engineers to find weak points, areas of tension, stress etc. in their designs. The 

results of a simulation based on the FEA method are usually depicted via a color scale that 

shows for example the pressure distribution over the object. It is necessary to use 

mathematics to comprehensively understand and quantify any physical phenomena such as 

structural or fluid behavior, thermal transport, wave propagation, the growth of biological 

cells, etc. Most of these processes are described using Partial Differential Equations (PDEs). 

However, for a computer to solve these PDEs, numerical techniques have been developed 

over the last few decades and one of the prominent ones, today, is the Finite Element 

Analysis. 
 

Objectives 

1) To create a three-dimensional model of the central incisor and mouthguard. 

2) To simulate the impact on the central incisor while wearing and not wearing a mouthguard    

     using the finite element method. 

3) To study the behavior of the central incisor while being impacted while wearing and not 

wearing a mouthguard using the finite element method. 

4) To provide information to support the prevention of tooth fractures while wearing a 

mouthguard. 

Research Methodology 

This investigation analyze the maximum principal stress of the central incisor that are 

impact while wearing and not wearing mouthguard by FEM. In this analysis, the material 

properties of the human teeth model will be defined, namely the Young’s modulus 15 GPa, 

Poisson’s ratio 0.3 (Pattaraweerin Woraratsoontorn, 2018). This investigation chose to 

simulate two central incisors (2.22 cm root to crown height, 0.74 cm crown width) because 

they are more prominent and prone to damage (Figure 3). The overall structure of the 

mouthguard (the height of the outer 15cm and inner 13 cm, 18 cm width) is designed to 

reduce tooth injuries by covering from crown to a part of the root (Figure 4). It was assumed 

to be made from ethylene vinyl acetate (EVA) (João Paulo Mendes Tribst, et al, 2019) with 3 

mm thickness, with previous studies showing that increasing the mouthguard thickness did 

not notably decrease the stress-strain values (Verissimo, C., et al, 2016). In this analysis, the 
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model will determine the material properties, namely the young’s modulus 18 GPa, Poisson’s 

ratio 0.3 (Peacock, A., 2000). 

 

Table 1. Mechanical properties of the human teeth and mouthguard for simulation. 

Materials Elastic Modulus (GPa) Poisson’s Ratio 

Human teeth 15 0.3 

Mouthguard (EVA)       18 0.3 

 

SolidWorks was used to create the central incisors and mouthguards models, as shown in 

Figures 3 and 4, respectively. All the 3D models from SolidWorks were imported into Ansys 

Workbench and the component names were defined for analysis. 

 

                         

Figure 3. Central incisor model. 

 

      

Figure 4. Mouthguard model.    

 

Normally, the punching force of 1,000 N impacts on all faces (João Paulo Mendes 

Tribst, et al, 2019). This study aims to compare teeth behavior while wearing and not wearing 

a mouthguard, so it is necessary to use an equation to find the pressure to suit the study area, 

average areas are used for the calculation. In the simulation, a pressure of 16.2 MPa, 4.5 MPa 

were applied to the central incisor model without and with wearing a mouthguard covering 

the central incisor, respectively. The load pressure in both directions was perpendicular, as 

shown in Figure 5 (a, b) and an angle of 45 degrees is shown in Figure 6 (a, b). A bonded 

contact interface was used between all the contacts, simulating a situation in which the athlete 

would not lose their mouthguard during impact and fixed support at the root. The following 

equation was used to determine the value of maximum principal stress of the central incisor:  
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F

P
A

                   (1)  

where: 

P is pressure (N/m
2
) 

F is Force (N) 

A is Average area (m
2
) for case 1 

A is area (m
2
) for case 2 

 

Case 1: The human teeth model used A=Average because having to average the area of both   

              teeth to get the same pressure. 

 

Case 2: The mouthguard model used A=area because the mouthguard had an existing and 

consistent area. 

 

 

 
    (a)                     (b) 

 

Figure 5. The applied load to: (a) the central incisor model without a mouthguard; and  

                      (b) the central incisors with mouthguard model at 90 degrees. 
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        (a)             (b) 

Figure 6. The applied load to: (a) the central incisor model without a mouthguard; and 

                       (b)  the central incisors with a mouthguard model at 45 degrees. 

 

Results and Conclusion 

In FEM simulation, principal stress can be visualized using a linear color scale, in 

which blue indicates the minimum principal stress, and red represents the maximum principal 

stress. The dental structure results were determined by the maximal principal stress for the 

model without wearing a mouthguard, both perpendicular (90 degree) and at an angle of 45 

degrees to the crown at 350 MPa and 400 MPa, respectively. For the 45 degree angle without 

wearing a mouthguard, the teeth were deformed. For the mouthguard wearing model, the 

location of the stress concentrations occurred at the root, but the maximum principal stresses 

in the crown was lower compared to the model without wearing a mouthguard, as shown in 

Figure 7. The present study concludes that having a direct impact on the middle incisors has 

the maximum principal stress at the crown, and wearing a mouthguard is shown to be 

effective at reducing pressure and is able to prevent damage to the middle incisors, 

corresponding with previous studies. 
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Figure 7. The FEM simulation result of the impacted central incisor with and without 

                        a mouthguard. 
 

Discussion 

Boxing is the only professional sport in which it is necessary to wear a mouthguard. 

Despite the capacity of mouthguards to reduce stress during impacts, some athletes report 

difficulties in breathing and speaking, nausea, oral dryness, and some types of uncomfortable 

perception (Kondo, G., 1997 & Caneppele, T.M.F., et al, 2017). Also, the athletes’ 

cardiopulmonary capacity can be negatively influenced when a stock mouthguard is used, 

while a custom-made device does not appear to have negative effects during its use. 

Therefore, this study simulated a custom-made mouthguard according to the anatomy of the 

teeth. The two central incisors were chosen to simulate only because they are part that 

occasionally receive the most pressure. The results are important and demonstrate the benefit 

of using a mouthguard. It is therefore reasonable to enforce the use of a mouthguard in 

certain sports. 

 

Recommendations 

This investigation can help reduce the time and costs required to test using real 

modeling methods. Information from this technology can be used to support the prevention of 

tooth fractures. Future work should remember that the proper design of implants must be 

resistant to the action force. 
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Abstract 

Weighing instruments are used frequently in a variety of applications, though their 

main function is recording the weight of an object. In medical applications, a weighing scale 

is a device used to measure the weight of a person. A load cell is the primary component of 

the weighing scale. It consists of the strain gauges that are installed on a bar. Actually, the 

weight scale can be divided into two types, including analog or digital. Both types of weight 

scales are required to measure accurately. At present, there are many manufacturers that 

design, make, and produce the bars that have different drilled holes, shapes and sizes. This 

study aimed to analyze the strain distribution behavior on the different hole shapes in order to 

positively influence optimization. A 3D model of these bars was created and analyzed using 

the finite element method. The results found that the optimum drill-hole shape on the bar was 

a two-side dellipse with a central rectangle (I shape) because both stress and strain 

distributions were uniform. 

Keywords: Strain gauge, Bars, Drill-hole shape, Stress distribution, Strain distribution, Finite 

element 

Introduction 

A load cell is a stress-measuring device that arises from the force that is being 

measured. The strain gauge is a device that changes the strain due to the weight of the object. 

The output from the strain gauge is the resistance value (Ohm units). The strain gauge 

consists of four stages, which are arranged circuits in the form of the Wheatstone bridge 

circuit. The load cells are the primary components of weighing instruments, which are useful 

for many industrial as well as medical applications. There are a large number of medical 

applications which require the use of high-quality weighing instruments, including obtaining 

vital statistics from patients and measuring the weight of organs in preparation for impending 

transplant surgery. Weighing scales in hospitals and the medical industry can be divided into 

4 basic types: theatre, swab and mortuary scales; bed-weighing scales; flat scales; and baby 

scales. Basically, the patient’s weight is elemental, providing key vital information for 

detecting fluid retention, calculating accurate medication dosages, screening for malnutrition 

and indicating body mass index. Unsafe scales can lead to falls and injuries for both patients 

and healthcare professionals. Improperly calibrated or inaccurate scales can lead to incorrect 

diagnosis and treatment as well as inconsistencies across health systems. In fact, recent 

studies have shown that many medical scales are troublingly inaccurate. Previous researches 

have studied the design of the load cell. Ganesh Whiteyangkun (2013) studied the design of 

beam-type load cells used with digital devices by studying the distribution of stress and the 

position and size of the maximum stress of the load cells with different bore holes, including 

analysis of the fatigue life of the load cells by finite element method. Pornprom Boonprom 

(1977) designed and built a three-axis type strain gauge for measuring 3-way bite force. The 
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finite element method was used as a design tool. Analysis of the structure to get the suitable 

structure was done by considering the natural frequency, deformation and structural strength 

of the load sensing device along with finding the most suitable location for strain gauge 

installation. Permsak Ketuem (2007) designed and developed load cells to analyze the 

deformation and determined the maximum stress position to help reduce the time needed to 

design a load cell based on commercially available load cells. From the above researches, it 

seems apparent that there are researchers who want to develop, design, and implement load 

cells in order to have a suitable structure for strain gauge installation. Although the load cells 

provided commercially have a variety of styles, they have similar characteristics that 

comprise a square bar with a drill hole in the middle that may have different shapes. The 

objective of this research is to analyze the shapes of the bore holes that affect the distribution 

of stress and strain on the surface of the bars as well as to optimize the position for strain 

gauge installation using the finite element method to reduce the cost of load cell design and 

production. 

Stress is the force that occurs within an object as a response to external force P acting 

on it. If an object receives external forces from the surface above, a reaction occurs within the 

material in order to try to preserve the original shape of the object. This reaction force is 

called the internal force, which is divided by the cross-sectional area of the object, called 

stress, measured in units of Pascal (Pa, Pascal) or Newtons per square meter (N/m
2
). The 

cross-sectional area of the pole is A (m²) and external force is  (N, Newton). Since external 

forces = internal forces, therefore the stresses σ are: 

A


         (1) 

When the object is pulled, the elongation is ΔL and the length is changed to L 

(original length) + ΔL (changed length). The proportion of the length changed ΔL to the 

original length L is called strain ε1: 

1

L

L



       (2) 

The pulling object will have a reduced cross-sectional area while elongating. Given 

that the original diameter d0is reduced by Δd, the strain direction in the diameterε2 is: 

    2

0

d

d



       (3) 

Stress in the direction perpendicular to external forces is called transverse stress. Each 

material has a ratio of transverse stress and longitudinal stress to a certain value, which in 

most materials is approximately 0.3. This proportion is called Poisson proportion, which is 

defined as ν: 

2

1

0.3





        (4) 
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Figure 1: Stress-Strain curve 

 

For many materials, experiments have been conducted to study the relationship 

between stress and strain. For example, Figure 1shows a graph of the relationship between 

the stress and strain of steel. In the curve graph, which shows the stress and the linear strain 

called the linear limit, this behavior will follow Hook's rules. 

E          (5) 

The constant of the linear relationship E between stress and strain, as in the above 

equation, is called the elastic modulus or Young’smodulus. There are different values in each 

material from the beginning mentioned that stress can be determined by measuring the 

stresses that occur from external forces. This stress cannot be measured directly (kmutech, 

2019). 

 

The strain gauge is a device for measuring strain, which occurs to the object when 

strain gauges are subjected to any force that causes internal metal strands to become 

deformed, such as stretching, contracting, twisting, or bending, which results in their 

electrical resistance changing. That is to say, the gauge is like a resistor that is adjustable 

from a mechanical force. It is a small metal wire coiled together in a group, called a grid. The 

head and the end of this coil are designed to be large in order to easily connect the solder tab 

(Solder Tab). R = electrical resistance,  = thickness of material, L = total length of the metal 

strand, A = cross-sectional area. 

L
R

A
       (6) 

 

Therefore, electrical resistance varies with length, but is inversely proportional to the 

cross-sectional area, as shown in Figure 2. 
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         (a)       (b)          (c) 

Figure 2: Principle of Strange Gauge (a) When the strain gauge is balanced, the coil is not 

stretched and is not shortened. 

 (b) When the strain gauge is stretched: L is greater, A 

is smaller, R is increased. 

 (c) When the strain gauge is squeezed: L is less, A is 

larger, R is decreased. 
We can apply this changed electrical resistance to various applications by connecting 

the strain gauge to the Wheatstone bridge circuit, as shown in Figure 3. 

 
Figure 3: Wheatstone bridge circuit 

In general, R1, R2, R3, and R4 are equal. When balanced, the ratio is equal to: 

31

2 4

RR

R R
       (7) 

Balance is lost when the overall resistance changes. The output voltage can be either 

positive or negative depending on whether the strain gauge is stretched or contracted. R = 

total resistance of strain gauge, ΔR = Total resistance of strain gauge changes, ks = gauge 

factors, ε = total stress of the circuit (kmutech, 2019). 

1 4
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     (8) 
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         (9) 
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Finite Element Analysis is an engineering analysis technique that is utilized to 

simulate the behavior of complex structures for which no exact solutions exist. If a problem is 

too complex to solve, then smaller, more manageable subsets can be created for finding 

solutions. Then, going on the assumption that the behavior of the complex whole can be 

approximated by the sum of the behaviors of its parts, assemble all the individual results of 

the separate elements into one solution for the overall problem. The process creates a 

mathematical model that subdivides a complex, and often large, model into small regular-

shaped subsets, called elements. The behavior of the elements and their interaction with one 

another is observed and analyzed at a finite number of connecting points, located at the 

element edges and vertices. These special points are called nodes. The network of nodes and 

elements is the mesh. The finite element process uses the geometric and material properties 

of the elements, and the effects of known loads and restraints acting on the body, to calculate 

a characteristic response at the nodes. In structural analysis, this response is nodal 

displacement. The secondary values, which in structural analysis are the stresses and strains, 

are calculated from the primary results (Pattaraverin Woraratsonton, 2018 and Logan, D.L., 

2011). The finite element simulation uses the process shown in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Flow chart of the finite element simulation process 

Material and Methodology 

This study aimed to analyze the drill-hole shape on the bar from the distribution of 

stress and strain on the surface of the bars for optimization of the position for strain gauge 

installation using the finite element method, as follows: 

Step 1) Create a simulation model: To create a simulation model, use solid modeling. 

The structure of these models emulated from the prototype of the KBIMA-10KG load cell 

model, which has the dimension of the bar with a drill-hole in an I-shape, as shown in Figure 

5. In the current investigation, the three-dimensional models of a bar with three different 

drill-hole shapes (rectangular, double ellipses and I-shaped) were created using Solid work 

software, as shown in Figure 6. Then, imported solid model created into the analysis ANSYS 

software. 
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Figure 5: Dimensions for the prototype of the KBIMA-10KG load cell model 

 

        

 

 

 

 

 

 

      (a)                                                   (b)                                               (c) 

 

Figure 6: Created model of different drill-hole shapes 

(a) Rectangular: 25.2 mm in width, 40 mm in length,  

15 mm in height 

(b) Double ellipses: 25.2 mm in width, 50 mm in length,  

22 mm in height, 5 mm in radian of both ellipses 

(c) (c) I-Shape: 25.2 mm in width, 50 mm in length,  

22 mm in height, 5 mm in radian of both ellipses and  

25.2 mm in width, 40 mm in length, 15 mm in height 

of a rectangular 

 

Step 2) Select Modeling Units: the units were selected for the model, which are 

generally in SI millimeters. 

Step 3) Generate finite element mesh: FEA software automatically creates a mesh on 

the solid models with default element sizes based on the geometric dimensions. 7,749 brick 

elements with 37, 349 nodes were generated for this simulation. 

Step 4) Define material properties: FEA software provides the standard material 

library. In addition, new materials can be added and their properties entered into the library. 

In this simulation, the bars were assumed to be made from aluminum alloy with material 

properties comprising tensile yield strength of 280 MPa, compressive yield strength 280 MPa 

and young’s modulus 71000 MPa. 

Step 5) Specify load and restraints: Loads and restraints applied on the model 

simulate its real-life working environment. This study applied dead load of 10 kg on one end 

side of the bar. 
Step 6) Submit model for analysis: This step submits the model to ANSYS software 

for analysis. The software itself analyses and gives required results. 



 

66 

Step 7) Review of results: It gives or evaluates the results stress and strain distribution 

to analyze the deformation of the bars with the different drill-hole shapes (Hamed, A.M.S. & 

Olugbenga, M.Q.A., 2017 and IJSRD, 2017). As shown in Figures 7-9 and Table 1. 

 

Results/Conclusions 

This study aimed to determine the best drill-hole shape for the bar mounting the strain 

gauges. All the models applied force of 10 kg (98N) and the same boundary conditions found 

that the rectangular shape in Figure 7 had maximum Von-Mises stress of 6.617 MPa, 

maximum strain of 8.777×10
-5

 with maximum deformation of 17.08 mm. Figure 8 shows 

double ellipses shape that had maximum Von-Mises stress of 10.294 MPa, maximum strain 

of 1.455×10
-4

 with maximum deformation of 23.87 mm. Figure 9 shows the I-shape that had 

maximum Von-Mises stress of 66.07 MPa, maximum strain of 9.423×10
-4

 with maximum 

deformation of 88.37 mm. Comparison of the different hole shapes found that the I-shape was  

the best for strain gauge installation because the model had Von-Mises stress and 

deformation higher than the other shapes, as well as having less yield stress. 

 

 

 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

(b) 

Figure 7: The results of (a) Von-Mises stress and (b) Y-axis deformation for rectangular 

hole shape 
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(a) 

 

 

 

 

 

(b) 

Figure 8: The results of (a) Von-Mises stress and (b) Y-axis deformation for double ellipse 

shape 

 

 

 

 

 

 

(a) 
 

 

 

 

 

(b) 

Figure 9: The results of (a) Von-Mises stress and (b) Y-axis deformation for I-shape 

P 

P 
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Table 1: Finite element simulation results 

Shape of Hole 
Max. Stress  

(MPa) 

Max. Deformation 

(mm) 
Max. Strain 

Rectangular 6.167 8.777×10
-5

 1.708×10
-4

 

Double Ellipses 10.294 1.455×10
-4

 2.387×10
-4

 

I-Shape 66.066 9.423×10
-4

 8.837×10
-4

 

 

Discussion 

 The strain gauge is a useful device in many applications. The output is low when a 

number of strain gauges are not enough for suitable output, so the 4 bridge is used (Kasetsart 

University Library 2019). Strain gauges are mounted on the bar with the drill hole, which is 

designed to the different shapes for optimization of the strain gauge installation. In this study, 

it was found that the I-shape was the optimum hole shape for strain gauge installation. 

Nevertheless, the analysis found stress concentration on the edges, which might lead to 

fatigue on the strain gauges. Thus, maintenance and calibration should be scheduled. In 

practice, the exact dimensions cannot be provided because of the confidential nature of the 

market. 
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Abstract  

 In Thailand, the use of firearms results in the highest injury and death rates in Asia 

(Coconuts Bangkok, 2015), and arrests of offenders using firearms are increasing. When a 

crime is commented, the culprit can be caught using forensic science verification methods by 

identifying the bullet type and size of gun from the wounds and traces on the target object. 

Information from the forensic science process is very important for catching criminals. 
Bullets are available in various sizes and types, for example TFMJ, FMJ, JHP, WC and SP. 

Forensic science can be utilized to learn information about firearms from the wounds that 

they inflict. This research studied wounds from a 9 mm FMJ round head the bullet on a pork 

leg with similar structural composition to the human upper arm. Simulation results were used 

to support forensic science. Results showed that the entrance wound was characterized by the 

shape of the bullet, while the exit wound was star-shaped with jagged edges. Skin tissue and 

bones inside the entrance hole were broken with small fractures. Shooting the bullet into the 

pork leg with skin and tissue removed gave an entrance wound with rectangular shaped bone 

fractures that were three times larger than the bullet size. Bones were broken into small 

fragments similar to the entrance wounds. 
 

Keywords: Wound, Bullet, Firearms, Forensic science. 

 

Introduction 

Gun crime is rising exponentially. According to the Reuters news agency, Thailand 

has the highest fireman crime rate in Asia (Coconuts Bangkok, 2015 and Thai PBS, 2013). 

There are many illegal guns in Thailand due to affordable prices and uncontrolled trading. 

According to the Interior Ministry, there are 6.1 million registered firearms in Thailand. The 

Gunpolicy.org website states that Thailand has the highest crime rate and greatest firearm 

possession per capita in Southeast Asia. For every 100,000 people, 5.3 are killed by firearms. 

Statistics from the Royal Thai Police Force from 2007-2013 show that numbers of offenders 

using firearms are increasing every year (Bongkoch Eakkanthanakorn, 2014). Being hit by a 

bullet impacting vital organs causes death and injury. Wounds from firearms have different 

characteristics according to the shape of the bullet. There can be many small wounds, 

destroying tissue in a wide area around the bullet hole, with foreign objects often found in the 

wound or tissue which require different treatment methods. Diagnosis by the physician must 

consider wound characteristics, while the treatment plan will also include wound care for 

damaged tissue. 

The speed of the bullet from the gun can calculate using the law of conservation of 

momentum. While the bullets are moving in the air, the gravity makes a move in the vertical 

direction that can be explained by a projectile motion. The total momentum of the two objects 

before the collision is equal to the total momentum after the collision. The momentum lost 

that is equal the momentum of the bullet gun received. Momentum (p) is a vector quantity 

indicating the state of motion of an object. It can be high or low depending on the mass (m) 

and speed (v) of the object )( mvp  . The law of conservation of momentum for guns and 

bullets is written as equation (1). 

mailto:pattaraweerin.w@sci.kmutnb.ac.th
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gun gun bullet bullet gun gun bullet bulletm m m m          (1) 

 

gunm is mass of the gun before hitting the target, gun is velocity of the gun before hitting the 

target, 
bulletm is mass of the bullet before hitting the target, bullet   is velocity of the bullet 

before hitting the target, 
gunm  is mass of the gun hit the target, 

gun is velocity of the gun hit 

the target, bulletm  is mass of the bullet hit the target, bullet is velocity of the bullet hit the target 

(Thiti Bowonrattanarak, 2016 and Sanomaru, 2018). 

When shot, a bullet follows a projectile motion which can be compensated by 

adjusting the gun sights. An acceleration caused by vertical motion of gravitational force can 

make the bullet gradually fall on the ground but the speed remain the same. Because of this 

theory when we shoot the bullet, the bullet can miss its target, but it can fixed by making the 

bullet to be very high velocity or adjust middle sight to make muzzle of gun elevated to 

compensate vertical movement form gravitational force. The distance of the bullet is obtained 

from equation (2) 

x xs u t       (2) 
 

where, xs is displacement at a level,  xu is horizontal speed, and t  is time of movement 
(Sanomaru, 2018). 

There are many published studies concerning firearms and injuries. Mário Štiavnický 

et al. simulated the process of projectile motion for an object fired from a gun to study the 

effects of the two environments air and gas using finite element methods. Results showed that 

an environment with gas reduced the strength of the bullet (Mário Štiavnický, 2011). 

Pollak, S. et al. indicated the traumatic nature of the wound entrance and exit with the 

size of the bullet giving different wound characteristics (Pollak, S., et al., 2013). Ezequiel 

Rodrigues et al. investigated the terminal ballistics of police shootings in which the bullets 

went through any motor vehicle structure before fatally wounding the occupants. The firearm 

used was a 9 mm semi-automatic pistol with metal type bullet. The structure of metal jacket 

of the collected projectiles were deformed structure in all cases. The hole in the injured 

person’s body was larger than the size of the bullet (Ezequiel Rodrigues, 2016). Chuchart 

Choksataporn et al. studied firing a 9 mm automatic pistol into car windows in every 

direction for two main glass types. The front windshield was laminated glass and the side and 

rear windows were tempered glass. For both types of glass, firing styles and firing ranges 

were different. Side and rear windows showed maximum cracks at shooting angles of 30 and 

45 at 1 m and 3 m (Chuchart Choksataporn, 2016). Previous studies have not researched 

traumatic wounds caused by a 9 mm round head bullet and forensic science on such cases. 

Therefore, this investigation studied wound characteristics caused by a 9 mm bullet. 
This research studied wounds in the upper arm, simulated by pork legs because 

human arms cannot be tested. A 9 mm FMJ round head the bullet was used for testing 

because this type of ammunition is popular and can be easily purchased. Knowing wound 

characteristics from a 9 mm FMJ round head bullet can help reduce the forensic science 

process on-site. Results can be used as evidence to confirm forensic science results and assist 

diagnosis before medical treatment. 
 

Objectives 

1) To study wound characteristics caused by a bullet 

2) To simulate the human upper arm by shooting a pork leg with and without skin, tissue and 

bone 

3) To analyze wound characteristics for use as supporting forensic science evidence 
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Research Methodology 

A 9 mm FMJ round head bullet with diameter 1 cm, length 3 cm, bullet head diameter 

0.9 cm and length 1 cm was chosen. The bullets were copper-clad. These bullets can be easily 

purchased and are popular in gun magazines with a top 5 ranking (Figure 1). Pork legs were 

used for testing instead of human upper arms. Pork legs are characterized by structure which 

closely resembles the human arm and are available for testing. Two types of pork leg were 

used. The first was a pork leg with skin, tissue and bone, with length 9.5 cm and width 3.5 cm 

(Figure 2). The second was a pork leg with skin and tissue removed, length 9 cm and width 2 

cm (Figure 3). 
 

 
 

Figure 1: Dimensions of a 9 mm FMJ round head bullet. 

 

 
 

Figure 2: Dimensions of a pork leg with skin, tissue and bone. 

 

 
 

Figure 3: Dimensions of a pork leg without skin and tissue. 

9 cm. 
2 cm. 
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The gunman was a firearms expert from the Royal Thai Marine Corps 

Reconnaissance Battalion. A Heckler & Koch GmbH P7 M13 with a 9 mm FMJ round head 

bullet was used at a firing distance of 1 m. There is the bullet proof suit including equipment 

and ammunition support facilities. At shooting gallery Royal Thai Marine Corps 

Reconnaissance Battalion (Kanetp007, 2009). 

For the shooting test, the pork legs were laid on the floor 80 cm apart. Both types of 

pork leg were set in the same manner and shot three times to study the characteristics of the 

wounds. 

 

Results/Conclusion 
 

                           
                                       (a)                                           (b) 

 

 
         (c) 

 
Figure 4: Characteristics of wound at 

(a) entrance of the bullet on the pork leg with skin, 

tissue and bone. 

(b) exit of the bullet from the pork leg with skin tissue 

and bone. 

(c) exit of the bullet from the pork leg with skin tissue, 

and bone after dissection. 

 

In this study, 9 mm FMJ round head bullets were shot at pork legs and pork legs 

without skin and tissues. Results showed that when firing bullets at pork legs with skin, tissue 

and bones, the entrance wound appeared in the round form of the bullet as shown in Figure 4 

(a), while the exit wound was without skin and star-shaped (jagged edge) as shown in Figure 

4 (b). When the tissues were dissected, small bone fragments were revealed in the wound as 

shown in Figure 4 (c). 

 

When firing the bullet into the pork leg without skin and tissue, the entrance wound 

showed bones broken into tiny rectangular shaped fragments of about three times the size of 

the bullet (Figure 5 (a)). The exit wound was the same size as the entrance wound (Figure 5 

(b)). 
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(a)                                                   (b) 

 

Figure 5: Wound characteristics  

(a) entrance of the bullet on the pork leg without 

skin and tissue. 

(b) exit of the bullet from the pork leg without skin 

and tissue. 

 

Discussion 

Results showed that tissue and bone at the bullet entrance point were damaged as a 

circular wound, with similar size to the bullet. The exit wound was damaged more than the 

entrance wound with bones broken into tiny fragments. The pork leg is comparable to upper 

arm of a human because they have anatomical similarities. When compared to previous 

studies by Pollak, S. et al., characteristics of entrance and exit wounds concurred with our 

results table round head the bullet. Usually, the wound size is approximately 1 cm in width, 

the treatment performs by cleaning the wound and suture the wound to stop the bleeding. If 

the wound damages deep to the bones and bone fracture, the severity of damage is evaluated. 

The physician will treat by putting the cast or surgery into a temporary dam and waiting for 

the bones to stick together. Moreover, it may also vaccinates and/or medicates for treatment 

side effects of the patient (Panisuan, C., 2013 and Pattaraweerin Woraratsoontorn, 2018). If 

the other sizes of bullet impact, the appearance of the wound characteristics are different. The 

treatment methods are different. 

This can be helpful in reducing the process of evidence collection and confirming the 

results of forensic science. It can also aid in the diagnosis and treatment of physicians. Bullets 

have a wide range of sizes and styles causing different wound characteristics. 
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Table 1: Comparison of wound characteristics inflicted by a 9 mm FMJ round head bullet 

and research by Pollak, S. et al. 

 

Characteristics of wounds from 

shooting a 9 mm FMJ round 

head bullet into a pork leg with 

skin, tissue and bone 

Characteristics of wounds 

from research of Pollak, S. 

using bullets 9 mm caliber 

pistol 

 

Comparison of results  

 

 
 

Entrance: round like the form 

of a bullet 

 

 
 

Entrance: punched-out skin 

defect with a remarkably 

narrow abrasion ring  

 

 

Both types of wounds 

had a similar round 

shape as a bullet with 

similar size at about 1 

cm 

 

 
 

Exit: skin torn in a star shape  

(jagged edge)  

 

   
 

Exit: skin severance without 

any excoriation of the margins 

that could be brought into 

apposition  

 

 

Both types of wounds 

were similar and 

showed wound 

tearing 

 

Recommendations 

This study did not vary the shooting distance, shooting angle or trajectory. These 

parameters will be diversified in future research. There are many ways to investigate wounds 

caused by the bullet impacting. The finite element analysis is a method that can be used to 

confirm the forensic evidence for reducing the time and cost from examination in real case 

and the scene of the crime. Furthermore, the researchers recommend to compare this results 

achieved with the finite element simulation results for validation. 
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Abstract 

The objective of this thesis is to examine the paddy field in Kantharawichai District, 

Maha Sarakham Province by using the remote sensing technique from the Sentinel-2 satellite 

at 10X10 meter resolution and 20X20 meter resolution, evaluating with Confusion Matrix 

Method and Kappa Coefficients with Machine Learning methods from 4 types of Algorithms, 

Deep learning Model, Random Forest Model, Logistic Regression Model, and Generalized 

Linear Model. This data used to study is from Sentinel-2 between August to November in 

2018, by randomly collecting data to create 70% models and testing 30% of the model. The 

results showed that the evaluation of the model with Deep learning method 10X10 meter. The 

accuracy overall showed that 95.46% and the Kappa coefficient of 0.932. However, the 

classification for grown rice field using Generalized Linear Model by selecting the data set 1 

is the most accurate to sort at 98.31%. Therefore, the researcher expects that this procedure 

and methodology can be used as the alternative guideline for detecting the grown rice fields 

from the remote sensing, apply and manipulate workforce and machines. 
 

Keywords: Sentinel-2, Machine Learning, Remote sensing 

Introduction 

Rice is an important plant. All and a half of population in the world consume rice as 

food (Qin and Zhang. 2005). Population of Thailand consume rice as main food which makes 

the paddy cultivation popular and is the most important to Thailand economically and 

socially. A crucial issue in rice cultivation is harvesting. There are 2 popular methods for 

farmers to harvest rice, harvesting by using workforce and by using machine to diminish 

times. A current issue is that the distance of time to harvest is short which causes the lacking 

of labors and machines to harvest on time, and the reduction of yields. This brings the 

disadvantages to the farmers. So, planning to harvest rice effectively should plan and manage 

in advance to reduce the damage of rice, yet no organization takes care and plans for 

harvesting. Information about the areas and distribution of the paddle field is necessary to 

administer the food security and water resource management (Xiao, et al., 2005). Paddy 

monitoring and mapping are significant in order to increase the performances of food 

security, environmental sustainability, water security, and generally economic status. 

Moreover, surveying the data of paddy products requires geographical database which has a 

spatial resolution and a current time (Xiao et al., 2006). Collecting data directly from the field 

survey requires overmuch labors and times. So, it is inapplicable for a huge work. The 

Remote Sensing is an eligible option, especially for the large area. It is a survey method 

which doesn’t break the samples, decreases times and workers in the investigation. The 

Remote Sensing is an important instrument to detect and make a map of the planted rice in a 

large area (Shibayama and Akiyama, 1989; Casanova, et al., 1998; Son, et al., 2012). Thus, 

using Sentinel-2 satellite to take the data is highly suitable because of the free download and 

every-5-day images that make it easy to access to data, also give the well detectable 

frequency from the plants’ reflection (Wessel, Brandmeier & Tiede, 2018). The finding has 

found no report related to the investigation of harvesting paddy field using satellite. Many 

researches (Immitzer, et al., 2016; Ng, et al., 2017; Hawrylo, et al., 2018; Addabbo, et al., 

mailto:61010351005@msu.ac.th
mailto:siwakaewplang@gmail.com%202
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2016; Sothe, et al., 2017; Wessel, M., Brandmeier, M. & Tiede, D. 2018) succeeded to 

classify the plants from satellite image data with variety of classification methods such as 

Object-based Image Analysis (OBIA), Pixel-Based (PB), Algorithms, Random Forest (RF), 

and Support Vector Machine (SVM). According to the researches, the finding found the data 

from the Remote Sensing as the figure of reflection value in the ranges of wave can be 

applied to detect the harvesting rice field. This study will investigate the harvesting rice field 

in Kantarawichai district, Maha sarakham. It is to compare the selected models to study the 

relations of reflection with Deep Learning, Random Forest, Logistic Regression Model, and 

Generalized Linear Model by pick the waves’ length of reflection of the rice field data 

received from Sentinel-2 satellite. All models will be checked with independent field data to 

measure the efficiency of the model by the confusion matrix method and Kappa Coefficient. 

 

Objectives 

To study the classification methods giving the most correctness values of the 

harvesting rice fields by Sentinel-2 satellite images from the mathematical functions: Deep 

Learning, Random Forest Logistic Regression Model, and Generalized Linear Model. 

 

Research Methodology 

Study Area 

 The study takes place in Kantarawichai district located in the north of Maha 

sarakham. The distance between Kantarawichai district to Maha sarakham is approximately 

15 kilometres. The total area is approximately 372.2 square kilometres, at the latitude: 

16°19'22"N 103°17'48"E. There are 85,782 of population. The topography of Kantarawichai 

district is plain. The weather is usually a monsoon season. Raining season is during May – 

October, 2018. Cold season is during November – January, 2018. Summer is during February 

– April , 2018. It is rainy in August, 2018. The most important agricultural product is rice. 

Satellite Image used for study        

 For this research, researcher used satellite data from Sentinel2 Spatial Resolution 10-

20 m. revolving to re-shoot at the same area every 5 days. The images had been recorded 

during September 1
st
, 2018 to November 5

th
, 2018. There are totally 3 images used. This 

study uses band 2, blue band (0.439 – 0.535 µm), band 3, Green band (0.537-0.582 µm), 

band 4 Red (0.646-0.685 µm), Band 5 (0.694-0.714 µm 20 m), Band 6 (0.731-0.749 µm 20 

m), Band 7 (0.781-0.796 µm 20 m) Band 8 – NIR (0.767-0.908 µm, Band 11 (0.1.612-1.684 

µm 20 m), Band 12 (2.072-2.312 µm 20 m) for calculating the reflection of grown rice fields. 

 The process of collecting data in field survey   

1. Select the study area. 

  By searching for information about growing rice in Maha sarakham, it should 

make a way to acknowledge the possible period of planting rice. In Kantarawichai District, 

farmers grow rice at the end of April because they want a short term of products to sell 

beforehand which makes them more valuable. If the harvest in the area is slower than others, 

that will make the cost of rice drop down and it is not worth it to invest. กข 105 is a type of 

Jasmin rice which can grow faster than others. 
2. Scope of study area 

  Kantarawichai District, Maha sarakham has a lot of agricultural areas 

especially wet-season rice. The district covers 10 subdistricts, and all subdistricts mainly 

grow wet-season rice, which is easy to collect data. 

  3. Plan for collecting data 

  To collect data of wet-season rice fields, first step is to study the land use from 

Land Development Department in Kantarawichai District, Maha sarakham together with 

surveying the study area and planning the exploration. 
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4. Survey the study area 

  It started with contacting with a local authority and a community leader to ask 

for information about wet-season rice. It found that wet-season rice is an economic crop in 

Kantarawichai. After that, it is to explore the rice growing areas with using GPS as collecting 

instrument. The resolution is not more than 5 metres.    

1. The process of field data collection is applied by using GPS in study 

field because the data from GPS can specify the location and clearly distinguish the data 

including of the date of harvest. Specific date and time can help distinguish the data of 

several fields. 

   2. The data collection of the grown rice fields is from rice field owners 

or a community agriculture officer’s examination. If which field is ready for harvest, they can 

record the data into the GPS. 

   3. The data collection should receive from different owners because 

date and time of growing rice will not affect other data. For example, growing rice in the 

same date and time will get the close values. According to the example, should it not collect 

the data from only fields’ owner. 

   4. Data collection should be spaced at least 30 metres because this 

makes the value of spatiality affects to study data.    

Figure 1. Map shows the location of data collection about rice field in Kantarawichai 

District, Mahasarakham. 

Analyze data from satellite image 

  Estimation of rice yield from Sentinel-2 by using models to find a relation 

including: 

  Nonparametric estimation using Generalized Linear Model, Logistic 

Regression Model, Deep learning Model, and Random Forest Model. 

 Data about the grown rice field from the field survey is totally 690 samples of field. 

They are divided into 2 groups equally. One is approximately 460 samples for Calibration 

Data Sets. Another is approximately 230 samples for Evaluation Data Sets. Next is to 

calculate Confusion Metrix and Kappa Coefficient.  

Pre-processing 

 Data of Sentinel-2 satellite image can be downloaded from https://earthexplorer.usgs. 

gov by USGS. The record is around October. The satellite images have been adjusted by the 

https://earthexplorer.usgs/
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radiometric and geometric correction in 2A of 12-bit saved as JPEG2000. When getting 3 

satellite images from downloading to composite band and resample pixel size, these 3 images 

are applied by the resolution of image from 10 – 20 metres and 4, 5, 9 band, pan-sharpened 

for clarity of image spot by ENVI 4.8, edited atmospheric data by SNAP Version 6.0.0, and 

cropped these images only the specific study areas by ENVI 4.8. The set of error of image 

spot is not more than 0.015 based on reference datum as World Geodetic System 1984 

(WSG1984) and coordinate system as Universal Transverse Mercator (UTM) zone 48 North 

as showing on the following figure 2 - Research Plan. 

 

Table 1. The features of Sentinel-2 

 

Features Detials 

Sensor (Mission) Sentinel – 2A 

Organization European Space Agency (ESA) 

Operation period 2015 - Present 

Swath Width (km) 290 

Spatial resolution (m) 10 m, 20 m , and 60 m 

Radiometric resolution 12-bit 

 Band 1 - Coasatal aerosol (0.421-0.457µm 60 m) 

 Band 2 - Blue (0.439-0.535 µm 10 m) 

 Band 3 - Green (0.537-0.582 µm 10 m) 

 Band 4 - Red (0.646-0.685 µm 10 m) 

 Band 5 - Vegatation Red Edge (0.694-0.714 µm 20 

m) 

Spectral resolution Band 6 - Vegatation Red Edge (0.731-0.749 µm 20 

m) 

 Band 7 - Vegatation Red Edge (0.781-0.796 µm 20 

m) 

 Band 8 - NIR (0.767-0.908 µm 10 m) 

 Band 8A - Vegatation Red Edge (0.848-0.881 µm 

20 m) 

 Band 9 - Water Vapour (0.931-0.958 µm 60 m) 

 Band 10 - SWIR – Cirrus (1.375-1.414 µm 60 m) 

 Band 11 SWIR (0.1.612-1.684 µm 20 m) 

 Band 12 SWIR (2.072-2.312 µm 20 m) 

Spectral bands 13 

 

Table 2. Details of Sentinal-2: The number of band and resolution of image 

 

 

 

 

 

 

 

 

 

 

 

Set Band Composition The Number of Band Resolution/Meter 

1 2,3,4,8 4 10 

2 2,3,4,8 4 20 

3 5,6,7,11,12 5 10 

4 5,6,7,11,12 5 20 

5 2,3,4,5,6,7,8,11,12 9 10 

6 2,3,4,5,6,7,8,11,12 9 20 
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Table 3. Details of rice fields in different periods 

A Unready Rice Field for Harvest 

B Rice Field Preparing for Harvest 

C Harvested Rice Fields 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 2. Research Plan 

Results/ Conclusion  

Data from Sentinel-2 satellite image will be taken to calculate the value of reflection 

of the ranges of waves in several planting rice periods of the spot which has geographic 

coordinates matching with geographic coordinates of samples of the field. Then, random 3 

types of rice fields, which are unready to harvest rice fields, grown rice fields, and harvested 

rice fields, by data collection from field survey. After that, find the relation of correctness 

between data of grown rice field shown as details in picture 3-6 with mathematical models 

including of Generalized Linear Model, Logistic Regression Model, Deep learning Model, 

and Random Forest Model for estimating the correctness. Each of models are calculated by 

Confusion Matrix and Kappa Coefficient for evaluating the accuracy of the grown rice fields. 

Supervise Classification 

 Deep learning Model 

 Random Forest Model 

 Logistic Regression Model 

 Generalized Linear Model 

 
Confusion Matrix 

 Spectral of reflection  

Field Survey Data 

Test Data 

(From Field Survey) 

Sample Data 

Spectral of reflection 

Data of Satellite 

Image 

◾ Sentinel-2 

 Radiometric Correction 

 

Kappa Coefficient 
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 The result of making mathematical models by setting the performance of field survey 

for the value of rice’s reflection in each waves’ ranges selected as in table 2 from data sets of 

the models. The result of Calibration Data Sets gives the correctness value. Creating the 

models and the conclusions of the study for investigation of the grown rice fields from 

Sentinel-2 data are shown in the figure below. 

Figure 3. Classified accuracy by General Linear Model 

Figure 4. Classified accuracy by Logistic Regression 
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Figure 5. Classified accuracy by Deep Learning 

Figure 6. Classified accuracy by Random Forest 

 

Table 4. Details of the confusion matrix and Kappa Coefficient between Generalized Linear 

Model and Logistic Regression Model 

 

 

Generalized Linear Model  Logistic Regression Model  

Set Status class precision OA Kappa Status class precision OA Kappa 

1 

Prediction A 90.14% 

94.50% 0.917 

Prediction A 88.73% 

93.46% 0.903 Prediction B 98.31% Prediction B 95.00% 

Prediction C 95.65% Prediction C 97.06% 

2 

Prediction A 88.73% 

91.95% 0.879 

Prediction A 86.11% 

92.46% 0.887 Prediction B 95.00% Prediction B 93.33% 

Prediction C 97.06% Prediction C 98.51% 

3 

Prediction A 90.91% 

75.50% 0.633 

Prediction A 85.71% 

75% 0.625 Prediction B 65.75% Prediction B 66.67% 

Prediction C 70.49% Prediction C 72.13% 
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Generalized Linear Model  Logistic Regression Model  

Set Status class precision OA Kappa Status class precision OA Kappa 

4 

Prediction A 82.89% 

78.90% 0.683 

Prediction A 81.58% 

75.86% 0.661 Prediction B 76.67% Prediction B 75.86% 

Prediction C 90.14% Prediction C 73.85% 

5 

Prediction A 91.04% 

93.47% 0.902 

Prediction A 89.71% 

93.47% 0.902 Prediction B 93.65% Prediction B 96.67% 

Prediction C 95.65% Prediction C 94.37% 

6 

Prediction A 89.55% 

91.46% 0.872 

Prediction A 87.50% 

91.95% 0.879 Prediction B 89.06% Prediction B 93.22% 

Prediction C 95.59% Prediction C 95.59% 

 

Table 5. Details of the confusion matrix and Kappa Coefficient between Deep Learning 

Model and Random Forest Model 

 

 

Deep Learning Model  Random Forest Model  

Set Status class precision OA Kappa Status class precision OA Kappa 

1 

Prediction A 94.03% 

95.46% 0.932 

Prediction A 94.03% 

92.94% 0.894 Prediction B 96.77% Prediction B 95.08% 

Prediction C 95.71% Prediction C 90.14% 

2 

Prediction A 88.06% 

90.95% 0.864 

Prediction A 86.96% 

88.41% 0.827 Prediction B 89.06% Prediction B 89.66% 

Prediction C 95.59% Prediction C 88.89% 

3 

Prediction A 86.11% 

75% 0.625 

Prediction A 88.24% 

75.88% 0.638 Prediction B 65.67% Prediction B 71.15% 

Prediction C 72.13% Prediction C 68.35% 

4 

Prediction A 84.06% 

69% 0.535 

Prediction A 83.33% 

69.32% 0.54 Prediction B 58.75% Prediction B 59.68% 

Prediction C 64.71% Prediction C 63.08% 

5 

Prediction A 90.77% 

91.97% 0.879 

Prediction A 83.56% 

86.42% 0.803 Prediction B 95.00% Prediction B 88.89% 

Prediction C 90.54% Prediction C 87.50% 

6 

Prediction A 86.36% 

88.50% 0.827 

Prediction A 88.41% 

87.50% 0.813 Prediction B 88.71% Prediction B 89.29% 

Prediction C 90.28% Prediction C 85.33% 

 

Conclusions 

 The result of the study found that the reflection of each waves’ ranges, from Sentinel-

2 10 m. used in the study to estimate rice yields, has a good relation with investigating grown 

rice fields as the details shown in the table 1. The result of the study shows that the value of 

reflection of waves’ ranges; (0.439-0.535 μm 10 m), (0.537-0.582 μm 10 m), (0.646-0.685 

μm 10 m), (0.767-0.908 μm 10 m) can apply to investigate the grown rice fields. The result 

found that nonparametric estimation with General Linear model gave the better result of 

estimation than other analyzes. According to considering the accuracy of the 3 status of rice 
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classification, the using of the algorithm, Deep Learning, by selecting the data set 1 provides 

the most overall accuracy at 95.46% and 0.932 of the accuracy of data transformation. 

However, the classification for grown rice field using Generalized Linear Model by selecting 

the data set 1 is the most accurate to sort at 98.31%. However, The investigation of grown 

rice fields with Deep Learning model, Logistic Regression model, and Random Forest model 

has less accuracy than General Linear Model, but these simple analyzes can predict the 

grown rice fields quickly and simply. The value of rice field reflection is an indicator that the 

reflection in waves’ ranges is directly involved with green of biomass (Niel and McVicar, 

2001). Thus, the grown rice field are a proper parameter for investigating the rice fields. The 

result of the study shows that we can investigate the grown rice fields. We can also follow up 

and evaluate the effects from drought, flood, and plant disease that happen to rice fields 

which affect to the reflection of rice fields. 

 

Recommendations  

The relation receiving from the study is only a set of sample data in Maha sarakham. 

This should have more additional researches from other areas for investigating the rice field 

preparing for harvest again. According to the data from Sentinel-2 which has spatial 

resolution as 10 m. and uses only 4 ranges of waves, this should study more from other types 

of satellites which has variety of waves’ ranges both in spatial resolution and the different 

number of waves’ ranges. 
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Abstract 

This thesis is a study of the design of an experiment, namely, an approach for 

optimizing parameters of AuPdCu wire bonding in integrated packaging, and analysis of the 

quality of the wire bonding process. In evaluation, bond shear, wire pull and stitch pull were 

used as parameters of the wire bonding machine settings. The objective of the study was to 

determine the appropriate settings of thermosonic bonding technical parameters, such as 

bonding force and bonding power. In the experiment, these parameters were varied to 

determine the appropriate quality of wire bonding. In the experiment’s machine, it was found 

that setting the bonding force parameters at 30-60 g, and bonding power at 50-250 mA, were 

suitable for producing and controlling the bond shear, wire pull and stitch pull process values. 
 

Keywords: Wire bonding, design of experiment, wire pull, bond shear 

 

Introduction 

 The wire bonding process is the method used for making interconnections between an 

integrated circuit (IC) and its packaging. There are two basic forms of wire bonding, namely, 

ball bonding and wedge bonding. Thermosonic AuPdCu wire bonding is the most widely-

used technique, primarily because it is faster than other alternatives, so this study focuses on 

ball bonding only. Thermosonic bonding is akin to friction welding, since the introduction of 

ultrasonic (USG) energy simultaneously delivers a force, and vibration or scrubbing motion 

to the interfacial contact point between a pre-heated deforming lead-wire and the metallized 

pad of the silicon integrated circuit. In addition to the delivery of thermal energy, the 

transmission of ultrasonic vibration energy creates an ultrasonic softening effect by 

interacting with the atom lattice of the pre-heated lead wire. The most important parameters 

for the Shinkawa machine are the bonding force and USG power. These parameters were 

investigated by creating a randomized set of 24 samples. This set was then constructed using 

a Shinkawa machine, and the resulting wires bonds were tested for failure. The sample set 

was then analyzed using the Jump statistical analysis program. The end result was a range of 

optimal setting values for the Shinkawa machine. 

  Bond shear testing is the most prevalent and important test used in   hand, for a good 

quality AuPdCu wire bond, the shearing would occur within the AuPdCu ball instead of Al 

due to the lower shear strength of Au. Thus the noted shear force is actually not a correct 

indicator of the AuPdCu Al adhesion strength and wire bonding shear testing have 5 Failure 

modes from MIL-STD-883G we accept only mode ball shear as shown in Figure 1: 
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Figure 1: Failure mode of shear test 

 Wires pull testing is major and the most favorite testing method to confirm the control 

parameter of ball bonding and weld bonding the minimum of wire pull strength should be 

taken from Figure 2:, in team of wire pull failure mode we only accept in Mid span bond 

strength, Heat Affect Zone (HAZ) strength and Hell strength as shown in Figure 3: 

 
 

Figure 2: Minimum wire pull limits 
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Figure 3: Failure modes of wire pull testing 

The grain size at the ball neck grows by the heat of about the melting point and the 

grain size becomes smaller along the wire length as the effect of heat decreases. The 

mechanical properties of the HAZ will always be lowest strength, stiffness and higher 

ductility. During the looping process, much of the bending will naturally occur within the 

HAZ. Wire chemistry can play an important role in providing a short HAZ, with high 

strength and ductility. A short HAZ will provide lower, more repeatable loops. The ability of 

the wire to bent lower is according to its HAZ. (Abdullah, S., et al., 2008) Figure 4: shown 

the HAZ. 

 

 
Figure 4: Heat Effect Zone 

 

Research Methodology 

 During the last few years a number of excellent software products to assist experimenters 

in both the design and analysis phases of this subject have appeared. I have included output 

from three of these products, Design-Expert, JMP, and Minitab at many points in the text. 

Minitab and JMP are widely available general-purpose statistical software packages that have 

good data analysis capabilities and that handles the analysis of experiments with both fixed 

and random factors (including the mixed model). (Douglas, C.) Design-Expert is a package 

focused exclusively on experimental design. All three of these packages have many 

capabilities for construction and evaluation of designs and extensive analysis features. In this 

research, use the Design of Experiment method to find optimization parameters by using the 

Jump statistical application, as shown in the following flowchart shown in Figure 5: 
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Figure 5: Process flow of design 

Master parameters were generated using the maximum and minimum values that the 

machine was capable of, as well as the standard operating values. These master parameters 

were used to produce a test sample. Master parameters and Non-Stich On Pad (NSOP) and 

Pad Crack test results are shown in Table 1, as follows: 

Table 1: Master parameters. 

 
 

Based on DOE optimization and JMP analyze, the optimum parameter window is below first 

bond parameter Force = 15-30 g USG = 230-235 mA the response and sample size for 

parameter window optimization as shown in Table 2. 

 

Table 2: DOE optimization 

settings LL MM HH 

USG (mA) 230 233 235 

FORCE (gram) 15 23 30 

 

Results/ Conclusions 

After putting the parameter values into the Jump application, the program calculated 

the statistics shown in Figure 6: below. The scope of the parameters was chosen from the 

white area, with the 1st bond parameter force = 15-30 (g) and USG = 230-235 (mA). 

Leg 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Force (gram) 3 10 20 30 40 50 60 3 10 20 30 40 50 60 3 10 20 30 40 50 60 3 3 3

USG (mA) 230 230 230 230 230 230 230 240 240 240 240 240 240 240 250 250 250 250 250 250 250 200 150 50

NSOP 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0

Pad crack 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0

Master parameter
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Figure 6:  Result of master parameter. 

After obtaining the scope of parameters, user entered the parameters into a Shinkawa 

bonder machine to measure the values of bond shear, wire pull, and stitch pull, by using 

method of Wire Bond Shear Test Method JESD22-B116B (Wire Bond Shear Test Method) 

result of wire bond shear test as shown in Table 3 below. 

Table 3: Results of Bond Shear, Wire Pull and Stich Pull. 

Measure Low setting Medium setting High setting 
Bond Shear (g) 25.508 29.442 29.838 

Wire Pull (g) 6.898 6.594 6.922 

Stich Pull (g) 14.964 14.806 14.747 

 

The values of Inter Metallic Compounds (IMC) were then obtained from the 

Reliability Team. IMC will pass the industry standard if they receive an 80% value. The IMC 

score of DOE parameters is shown in Table 4 below. 

 

Table 4: Results of IMC. 

IMC Low setting Medium setting High setting 

percent 97.53 94.26 98.12 

 

After obtained the results of wire pull, bond shear, stich pull, and IMC, author sent the 

sample to the Reliability Team again to test the Moisture Sensitivity Level (MSL) on MSL1 

at a condition from JESD22-A113D of reliability testing method (Subramani Manoharana, et 

al., 2018). The result of MSL level 1 indicated ‘good condition’, as shown in the Table 5 

below. 

White area 
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Table 5: Moisture Sensitivity Level (MSL). 

 
 

Discussion 

 In conclusion, all samples were passed according to customer specifications of the 

Shinkawa machine, AuPdCu wire 1.0 mil. The average wire pull was = 6.804 grams, with a 

standard deviation of more than 6 grams. The average stitch pull was = 14.8393 grams, with a 

standard deviation of more than 14 grams. The average bond shear was = 28.2629 grams with 

a standard deviation of more than 25 grams, at a bonding force of 15 to 20 grams, USG 

power 230 mA to 235 mA, preheat temperature of 150 °c, and temperature of 230 °c. This 

study of the Jump analysis application to optimal parameters is an important control factor 

which affects critical quality characteristics in response (wire pull, stitch pull, bond shear), 

allowing a target specification. Its investigation involves main factors, such as bonding force 

and USG power. Consequently, user can understand that if bonding force and USG power are 

increased, it will result in a high value of bond shear, wire pull and stitch pull. 
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Abstract  

 Suspended Sediment Concentrations (SSC), is the main problem that can be caused a 

lot of changing in both river and reservoir. The collecting suspended sediment concentration 

method is waste a lot of money, time and labor. Purpose of this study is for assessment the 

amount of suspended sediment concentrations in Pao River by using height ground sample 

distance images from unmanned aerial vehicle. The researcher use the reflectance spectrum 

of rad, green and blue at ground sample distance (GSD) 5, 10, 25, 50 and 100 centimeters, 

details on many pictures size at a depth of sediments in differences levels namely; 15, 60, 90, 

and 180 centimeters. Then evaluate the effective of Mathematical models: Generalize linear 

Model, Deep Learning and Support Vector Machines. The estimation of suspended sediments 

in Pao River has showed that Support Vector Machines at GSD 10 centimeters gives the most 

precise prediction; the coefficient of correlation (R
2
) = 0.994 and RMSE = 0.142 . 

 The result of this research showed that images from unmanned aerial vehicles (UAV) 

can be used for estimation the sediment in other small and medium sized rivers. 
 

Keywords: remote sensing, unmanned aerial vehicles (UAV), suspended sediment 

concentration (SSC), ground sample distance (GSD), Coefficient of determination (R
2
), 

Root mean square error (RMSE) 

 

Introduction 

 Suspended sediment concentrations (SSC) in rivers and reservoirs are the main factors 

that reduce the amount of water, cost, and service life of the reservoir. As well as being the 

cause of problems that cause environmental impacts in the river basin. Environmental 

problems have long been on the river. The method of collecting sediment in the river is 

expensive because it requires a lot of time and labor to get it (Gao and O'Leary 1997; 

Pavelsky and Smith 2009; Montanher, et al. 2014; Qu, 2014; Gilvear and Bryant, 2016). 

There are many studies using data from remote sensing from satellite imagery, using the 

reflectance of the visible wave range (Red Green Blue, RGB) to estimate the amount of 

suspended sediment in many large areas. The period of time by doing coastal studies Lakes 

and reservoirs (Ritchie and Cooper, 1988; Li, 1993; Ouillon, et al. 2004; Chen, et al. 2004; 

Wang, et al. 2004; Milier and Mckee, 2004; Binding, et al. 2005; Ma and Dai, 2005; Zhou, et 

al. 2006; Montanher, et al. 2014) and estimate the amount of sediment suspended in the river 

(Islam, et al. 2001; Onderka and Pekarova, 2008). However, remote sensing using satellite 

imagery Suitable for studies with a large area only because it is limited by the spatial 

resolution of satellite data. 

 Using aerial images from unmanned aerial vehicles Unmanned aerial vehicle (UAV) 

has been applied in various applications. Due to the high spatial resolution as the photo data 

can be collected at any time and the data from the image obtained is current information. 

From the study report of Hird, et al. (2017) and Zeng, et al. (2017), UAV had been used as an 

important tool for water quality monitoring in small rivers that has a spatial resolution in 

centimeters and images from unmanned aerial vehicles are used for remote sensing and can 

be applied to many fields of study. 

mailto:siwakaewplang@gmail.com
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 There is using high resolution unmanned aerial images (Larson et al., 2018), for 

estimating the amount of suspended sediment in the river by using aerial images from 

unmanned aircraft with a 13 cm image detail. Use the reflectance values of the Red, Green, 

Red-edge and NIR waveforms, by studying the relationship between the reflectance value 

from the field spectro radiometer, and photos from unmanned aircraft and suspended 

sediment in rivers at various depths from the water surface using Simple linear and Stepwise 

regression models. 

 From many studies above have shown that it is possible to use remote sensing using 

highly detailed images from unmanned aircraft for estimation of sediment suspended in 

rivers. In this study, the objective is to evaluate the using of high resolution images from the 

Phantom 3 Professional unmanned aircraft. By using the reflectance values of the Red, Green 

and Blue. Perform non-parametric estimation analysis, with the Generalized Linear Model 

(GLM), Deep Learning Neural Network (DP) and Support Vector Machines (SVM). Then 

evaluate the model performance using R
2
 and RMSE. 

 

Objectives 

 The objective of this study is to evaluate the accuracy of remote sensing by using 

differences ground sample distance images from UAV to estimate the suspended sediment 

concentrations in Pao rivers. 

 

Research Methodology 

Study site 

 The study area is in the Pao River, BanNaMu Bridge – BanThaHai. It is a bridge that 

located between Sithat District, Udonthani Province, and Thakhantho District Karasin 

Province. The width of the river is about 45 meters and 400 meters long, at the coordinates of 

16
o
57’06.00" North and 103

o
10’4.00" East. It is a connection between Udonthani province, 

and Kalasin Province. Pao River is a branch of Chi River. The source is at NongHan District, 

Kumphawapi District, flowing through Si That District, Wang Sam Mo District, ThaKhantho 

District, NongKungSi District, Kalasin Province, and descending to the Lam Pao Dam. 
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Figure 1. Location of Lam Pao Dam in Lam Pao River. The Lam Pao River is the area 

denoted by the blue line. 

 

UAV sensor 

 In this research, the researchers used high-resolution photo data from the Phantom 3 

Advanced unmanned aircraft with 12 megapixel resolution FOV 94 ° 20 mm. (equivalent to 

35 mm.) f / 2.8. The Phantom 3 Advanced has three spectral bands (red, green, and blue) 

(Figure 2), with an external USB GPS receiver to allow the captured images that have 90% of 

the front-end and 80% of the side overlap flying at 90 meters. Then process aerial images 

from camera photography with Agisoft PhotoScan Professional (Demo version), adjusting the 

camera parameters and adjust the photos by using 8 ground control points. After processing 

the image, create an Orthophoto map with ground sample distance of 5, 10, 25, 50 and 100 

centimeters / pixel (Figure 3). Finally, use the QGIS 2.18.23 program to map sediment 

suspended in the river, Captured on 6 January 2019. 
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Figure 2. The reflection properties of each wave of the RGB Camera. That is installed with 

the Phantom 3 Advance. 

 

 

Figure 3. Details of image spot (Ground Sample Distance) that differences. 

 

Field measurements 

 The data were collected from Pao River, Ban Na Mu-Ban Tha Hai Bridge, on January 

6, 2019, defined 8 images control points from the coordinate survey by using the Total 

Station, recorded the position of the earth location tracker (GPS). Then took pictures with a 

camera mounted on the Phantom 3 Advanced and collect sediment samples in a total of 45 

locations, sample is collected at a depth of 15, 60, 90 and 180 cm. Log coordinates for 

sediment suspension in the Pao River using Total Station cameras. Finally, recorded the 

location of suspended sediment samples in the Pao River using the Total Station (Figure 4). 
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Figure 4. Map showing photo control points and the location of collecting sediment samples 

 

Laboratory Methodology 

 First of all, take sediment samples into the laboratory to analyze sediment weight 

values using the USEPA method 160.2 (Larson et al., 2018) is Total Suspended Solids (TSS), 

by using a 47 mm. microfiber filter. Then, weigh the mixture (water and sediment), to 

determine sediment by weight of suspended sediment and mixture weight. After that, separate 

the sediment from the water by filtering (Filtration Technique), and the separated sludge to be 

dried by using an oven at 103°. When the sludge is dry, it will be weighed again. And finally, 

calculated the weight in units milligrams / liter (Qu, 2014). 

 

          
         

 
 

 
 When A is the last weigh of microfiber filter (g) 

  B is the beginning weigh of microfiber filter (g) 

  V is the volume water sample (ml) 
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Figure 5. USEPA Method 160.2, (a) the water in Pao river sample being prepared for SSC 

filtering. (b) SSC sample that has just been fileted through 47 mm microfiber filter. (c) filters 

in oven at 103°. (d) weight and calculate the SSC. 

 

Statistical analyses 

 Reflective data of unmanned aerial images have been used in a single-band reflection 

value model, relationship to sediment concentration values at depths 15, 60, 90 and 180 

centimeters from the surface (Figure 5) with Rapid Miner Studio 9.2 (student version) that 

have been analyzed with one variable regression mathematical model generalized linear 

model linear function and non-parametric estimation using Deep learning and support vector 

machines. 

 Then evaluate the efficiency of the model by dividing data into 2 sets: Training Data 

60% and Testing Data 40%, data rotation 30 times. Next, calculate the R
2
 decision coefficient 

and RMSE of each time and check for statistical differences were analyzed at 95% (0.05) to 

prove that the mathematical model is good result enough to use analysis to predict the 

suspended sediment quantity. It can be calculated as following. 
 

𝐑𝐌 𝐄   
 

𝐧
  𝐲 𝐢  𝐲𝐢 

 

𝐧

𝐢  

 

 
 When  y

i
    is suspended sediment in the river obtained from the model.  

   y 
i
    is suspended sediment values in river from exploration in the field. 
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Figure 6. How to analyze photo data from UAV 

 

Results 

 Data from aerial images from unmanned aerial vehicles (UAV) will be used to 

estimate the amount of suspended sediment, by using the 5, 10, 25, 50 and 100 centimeter 

pixel image details and collecting the water sample for analysis of suspended sediment 

concentration (SCC), at depth of 15, 60, 90 and 180 centimeters from the water surface for 

determine the suspended sediment value from the laboratory by the reflectance values of the 

Red, Green and Blue wave ranges from the study area then analyzed by using Generalized 

Linear Model (GLM) and non-parametric estimation using Deep Learning (DP) and Support 

Vector Machines (SVM). Each model calculates the Coefficient of determination (R
2
) to 

indicate the relationship between the data used to create the model and the data used to test 

the model and calculate the RMSE. 

 The results of mathematical modeling for evaluating remote sensing efficiency by 

using highly detailed photographs from unmanned aircraft to estimate the amount of sediment 

suspended in rivers with one variable regression analysis, perform 30 Data Rotations and 

check for statistical differences were analyzed at 95% (0.05). Specifying the survey results 

from unmanned aircraft the reflectance of the red, green, and blue wave ranges. Calibration 

Data Sets are Dependent variable (Y) and sediment suspended in the river as Independent 

Variable (X) with Linear Function at the pixel details of 5, 10, 25, 50 and 100 centimeters. 

 The results of Generalized Linear Model method (Figure 8), gave the decision 

coefficient (R
2
) value between 0.013-0.021, 0.020-0.194, 0.016-0.203, 0.039-0.279 and 

0.055-0.114 respectively. The RMSE is between 0. 346-11.262, 3.028-11.255, 2.997-10.871, 

2.901-10.496 and 3.010-10.307, respectively. 
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Generalized Linear Model 

 The results of Deep Learning method (Figure 9) gave the decision coefficient (R
2
) 

value between 0.059-0.201, 0.108-0.289, 0.095-0.345, 0.088-0.375 and 0.158-0.267 

respectively. RMSE was between 2.884- 10.193, 2.657-10.021, 2.654-9.790, 2.599-10.006 

and 2.686-10.059 respectively. 

 The results of the support vector machines (Figure 10) gave the decision coefficient 

(R
2
) value between 0.183-1.467, 0.142-2.447, 0.705-3.814, 2.372-9.570 and 0.757-4.786 

respectively. The RMSE was between 0.885. -0.978, 0.882-0.994, 0.856-0.933, 0.136-0.362 

and 0.843-0.941 respectively, as shown in Figure 7. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 7. The graph shows the decision coefficient (R
2
) and RMSE. 

 
 

 

 

Support Vector Machines 

SSC at a depth of 15 cm. 

From the water surface. 

SSC at a depth of 60 cm. 

From the water surface. 

SSC at a depth of 90 cm. 

From the water surface. 

SSC at a depth of 180 cm. 

From the water surface. 
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Figure 8. Relationship between actual sediment suspended sediment Value (SSC) and Predictions 

SSC from the Generalized Linear Model. 
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Figure 9. Relationship between actual sediment suspended sediment Value (SSC) and Predictions 

SSC from the Deep Learning. 
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Figure 10. Relationship between actual sediment suspended sediment Value (SSC) and Predictions 

SSC from the Support Vector Machine. 
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Discussion and Conclusion 
 This research is study about the ability of reflectance values in each wave range (red 

green and blue) by evaluate of the model's ability in analyze of the suspended sediment in the 

Pao River. This study was conducted in 4 depth namely; 15, 60, 90 and 180 centimeters from 

the water surface by using the details of 5, 10, 25, 50 and 100 centimeters, from highly detail 

aerial photo from Unmanned Aerial Vehicles (UAV) in Pao River, Bannamu Bridge – 

Banthahai. It is a bridge between Sithat District, Udonthani Province and Thakhantho 

District, Karasin Province. From the study found that variables in the statistical model 

obtained showed a high statistically significant relationship in modeling. From the method of 

estimating the amount of suspended sediment in the river with the details of the image point 

10 cm. by using Support Vector Machines (SVM) that gave the best estimation of suspended 

sediment with decision coefficient R
2
 = 0.994 and the RMSE = 0.142. 

The study evaluates the remote sensing efficiency by using highly detailed aerial 

photo from unmanned aircraft to estimate the amount of suspended sediment. The researcher 

selected Pao River to study about the suspended sediment values in the winter in 6
th

 January 

2019. Therefore a limited time, Pao river was stable, resulting in the sediment distribution 

would be less in the water surface and would be higher in the bottom of the river. In further 

study may compare the concentration of suspended sediments from various locations because 

each river has different river colors according to the condition of each area. These differences 

colors are caused by minerals including organic substances that flow with the source. (Yepez 

et al., 2018). It will affect the reflectance values in various wavelengths. 
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Abstract 

Forensic science can be defined as the use of scientific principles to investigate 

crimes, identify, analyze and evaluate physical and other evidence that might be presented in 

a court of law. In process of law enforcement, officials have to ensure that evidence is pure 

and reliable. Therefore, it is necessary to promote the development of the effectiveness of 

investigation methods. Currently, rates of death by firearms are increasing dramatically. The 

physical evidence of shooting cases is referred for forensic examination along with an 

autopsy study of the victim(s) to establish the crime. This study aims to analyze the 

characteristics of injuries or wounds caused by gunshots of a 9 mm bullet into a pig skull 

(used to replicate the impact on a human head) by varying 90 degrees and 45 degrees when 

shooting at a distance of 1 meter away from the target. The results show that the nature of 

entrance and exit wounds is different; the entrance wound is the same size as the bullet, and 

the exit wound is larger and depends on the shooting angle. These results were compared 

with pieces of forensic evidence, which were identical. Thus, the information obtained in this 

study can be used as supporting data to confirm investigation results where other methods are 

used. 

Keywords: Wound, Bullet, Firearm, Foreign science 

 

Introduction 

The University of Washington reported that there were more than 3,000 homicides 

from firearms in the United States in 2016, a rate of 4.45 deaths per 100,000 people (Asia's 

leading independent news, 2016). Thailand has the highest gun ownership rate in Southeast 

Asia, and the second-highest death rate from guns in the region, second only to the 

Philippines (Zachary Frye, 2019). Firearm death rates are increasing as a result of suicide, 

self-defense and accidents. In addition, millions of firearms exist throughout the country and 

many are illegal and unregistered. Another reason that crime in Thailand is increasing is 

because offenders tend to escape punishment and it is difficult for them to be held liable due 

to lack of sufficient evidence. Moreover, the investigation process of the Thai authorities is 

unreliable (Isranews, 2017). It is essential that injuries from firearms are analyzed by experts, 

who have the necessary skills for interpreting these injuries as part of forensic pathology. 

Forensic science requires the use of scientific principles to investigate crimes, 

identify, analyze and evaluate physical and other evidence, including fingerprinting, DNA 

analysis, autopsies, pathology, and toxicology reports that may be presented in a court of law. 

In the process of law enforcement, officials have to ensure that evidence is pure (Sunthorn 

Chulak, et al. 2017). Therefore, the development of the effectiveness of forensic investigation 

methods is of great importance. Forensic medicine divides firearm wounds into two types: 

gunshot wounds and shotgun wounds in which each type of wound has different 

characteristics (Waraporn Panngern, 2004). A gunshot wound is similar to that of a blunt 

solid object. The nature of the wound depends on many factors, such as the type of the bullet, 
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shooting distance, trajectory, position of the body, etc. The characteristics of entrance wounds 

and exit wounds from gunshots are shown in Table 1 below. 
 

Table 1. Characteristics of entrance wounds and exit wounds from gunshot wounds 

Entrance wound  Exit wound 

Round or oval shape (If the scalp looks like 

star-shape) 

Irregular round shape or square shape is 

optional 

Usually smaller than or equal to the bullet 

size. 

Larger area 

Gunshot residue Not found 

If shooting while wearing the clothes, the 

bullet will penetrate through the clothes, 

causing, the wound area to include clothing 

fibers.   

Clusters of tissue fragments concentrated in 

the wound area. 

 

A. Mota el al. studied firearm injuries to human cranium using finite element 

simulation (Mota, A., et al., 2003). Most of the available physical evidence of damage from 

firearms comes from forensic medicine. A statistical analysis of the data obtained from the 

direct examination of wounds permits the establishment of correlations between the gunshot 

characteristics (speed, angle of impact, bullet caliber, and many others), and the damage to 

the biological tissues. Effects of the angle of the entrance are shown in Figure 1 which shows 

a human skull damaged by a lateral impact, with entrance and exit wounds on the right and 

the left parietal bones, respectively (Quatrehomme, G., et al., 1998-1999). Wounds produced 

by high-speed bullets impacting the skull under a high angle are generally round or oval in 

shape, with sharp, well-defined edges. 

                                                          (a)                                      (b) 

Figure 1: Entrance and exit wounds of lateral impact on a skull  

    (a) The right side of the entrance to the bullet 

    (b) The left side of the exit of the bullet 
 

An experiment was also conducted using a pig’s head as a model from finite element, 

which was demonstrated by firing 17 bullets into the head and observing the resulting 

wounds. It can be concluded that the holes of the entrance wounds were smaller than the exit 

holes, which were in the same way as the tissues, and the bones at the entrance wounds in all 

cases were damaged and had the same size as the bullet. As for the exit wounds, they 

appeared to show more damage than the entrance wounds (Chuan Xua, 2015). S. Pollak 

showed the wounds of various organs that exist in humans, and also indicated the traumatic 

nature of being wounded from a shot, both in terms of the appearance of the wound, the 

entrance and the exit, and the rupture of the tear in the tissue that was shot, as well (Pollak, 

S., 2013). Therefore, this research focuses on the study of the characteristics of wounds to a 

pig skull caused by shooting bullets at different angles in order to make the existing forensic 

processes more efficient and accurate; the results can be used as evidence to confirm forensic 
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results. A pig’s head was used as a case study because it is not possible to test on a human 

head. A 9 mm round pistol was used for testing because it is the most popular and can be 

provided easily. Validation of this study performed by comparing the traumatic 

characteristics with the researches and the forensic evidence that shows the real wounds 

inflicted on humans. 

 

Objectives 

1) To study the characteristics of human skull wounds caused by shooting bullets at different 

angles. 

2) To analyze the characteristics of the pig skull wounds, which was used instead of the 

human skull that was shot at with bullets at the different angles.  

3) To compare the characteristics of wounds between the human skull and the pig skull to 

confirm the test results and to support the forensic evidence. 

 

Research Methodology 

This study aims to analyze the characteristics of wounds caused by shooting 9 mm 

FMJ bullets at a distance of 1 meter away from a pig’s skull instead of a human head by 

varying 90 and 45-degree angles. Most of the bullets were made from lead and antimony 

alloy with copper shield for reducing the deformation of the bullet. Figure 2 shows the 

dimension of a 9 mm is 29 mm in terms of its overall length; 10 mm in diameter of the 

cartridge case; and 9 mm in diameter of bullet. 

 

 

 

 

 

 

 

 

Figure 2: Dimension of a 9 mm bullet. 

      

 

 

 

 

 

 

 

 

 

 

Figure 3: Simplified diagram of the area on the pig skull shot at from different angles at a  

        distance of 1 m. 
 

The pig skull used in this experiment was approximately 28 cm in height and 23 cm in 

width. Figure 3 shows the simplified area on the pig skull which was shot by varying the 
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angles: perpendicular (90 degrees) and 45 degrees on both sides of the pig skull at a distance 

of 1 m. 

 As for the person who shot the gun, Lieutenant Niran Yano, an expert in using 

firearms, used the Heckler & Koch GmbH p7 M13 to load 13 + 1 rounds. Experimental firing 

performed with a bulletproof set, including equipment and ammunition support facilities at 

the reconnaissance battalion shooting range Marine Corps. As part of this test, the pig skull 

was placed at a height of about 80 centimeters from the ground, and three repeated tests were 

performed with different angles, as shown in Figure 4. 

 

Results/Conclusions 

The test results of firing a 9mm bullet at two different angles, 90 degrees and 45 

degrees, into a pig skull at a distance of 1m found that the wounds could be divided into two 

characteristics according to the alternated angle. The first wound characteristic was caused by 

experimenting with a perpendicular angle or shot directly at the pig head on the frontal lobe, 

which exhibits that the bullet passed through the bone, with a whole of about 9 mm in 

diameter. The strength of bullet affected how the bullet penetrated the back of the pig skull. 

Obviously, a bruise appeared around the area of the wound caused by the bullet as shown in 

Figure 4(a). Figure 4(b) shows the entrance hole in the underlying skull surrounded by 

intense blackening from powder soot (this result was taken from a published paper). When 

compared to the previous research by L. Boonjongrak et al., the firing a metal plate by .357 

Magnum revolver at 1 meter at a 90 degree angle, the hole shapes were  seen to be the same 

as shown in Figure 4(c, d). 

(a) (b) (c) (d) 

Figure 4: (a) Wound on the frontal skull of pig from shooting at a 90-degree angle 

          (b) Entrance hole in the underlying skull surrounded by intense blackening 

from powder soot from shooting at a 90-degree angle 

         (c) Entrance hole on the metal sheet at a distance of 1 meter and at a           

90-degrees angle 

         (d) Exit hole on the metal sheet at a distance of 1 meter and at a 90-degrees 

angle 

 

The second wound characteristic arose after firing at an angle of approximately 45 

degrees; the entrance wounds of both the right and left side of the pig skull are as shown in 

Figure 5(a, b), respectively. These show that the wound on both sides exhibit the same 

characteristics with a hole in the shape of a triangle with a diameter of approximately 11.5 

mm on the right and 10 mm on the left (around the wound) and with the tissue slightly torn. 

The entrance wound did not appear to rupture the tissue, which differs from the result of 

a 
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shooting at an angle of 90 degrees. As for the size of the entrance wound, the result depends 

on the firing range. The impact in Figure 5(c, d) was inflicted from a suicide shot at close 

range, causing the scar to be seen in the tear as a star shape in the exit wound and the 

entrance wound with hole shape. Figure 5(e, f) show the shape of the hole formed on the 

metal sheet by firing .357 Magnum revolver at 1 meter at a 45 degree angle. They can reveal 

that by comparing the nature of the wound between pig skull, human head and metal, the 

shape of the wound is in the same features. 

 

 

 

 

Figure 5: (a) Entrance wound on the right side of the pig skull from shooting at 45 degrees 

       (b) Entrance wound on the left side of the pig skull from shooting at 45 degrees 

       (c) Entrance wound damaged as a hole shape and radial lacerations of the 
different lengths on a human head 

       (d) Exit wound damaged as a star shape (irregular shape) over the left ear on  

 a human head 

       (e) Entrance hole on the metal sheet at a distance of 1 meter and at a 45-degrees 

            angle 
       (f) Exit hole on the metal sheet at a distance of 1 meter and at a 45-degrees angle 

             

At an angle of 90 degrees, the wound is circular and at an angle of 45 degrees, the 

wound is an oval shape. The penetration of the bullet was the same as when shooting at 90 

degrees. In comparison, a direct shot at the pig skull was perpendicular, causing more 

bruising than when shot at the side at an angle of approximately 45 degrees on both sides. In 

addition, the shooting at a 45 degree angle appeared to cause tearing of the tissue around the 

wound more so than when shot at the perpendicular angle. In conclusion, the results show 

that the tissues and bones at the entrance wound in all cases were damaged and of the same 

size as the bullet. As for the exit wounds, they are seen to have more damage than the 

entrance wounds. These results obtained by this study can be used to help understand more 

about traumatic head wounds in such cases where the wound has been inflicted by a 9 mm 

 

 
(a)                                   

  

(c)                                                                                                          (e) 

 

                       (b) (d)               (f) 
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short pistol. The percentage of survivors after receiving a shot to the head is almost zero. The 

results of this experiment can be useful in making processing forensic evidence more 

efficient and create more accurate forensic evaluations and conclusions. 

 

Discussion 

In this study, bullets were fired into a pig skull (as a substitute for a human head) in 

order to study the nature of wounds inflicted at different angles. After, the pig skull used was 

still composed of a thin layer of skin and tissue, which may be as a result of an error in this 

experiment. The comparing the obtained results of study with that of the previous study, they 

can be seen that the wounds are identical. Fortunately, the results of this research were able to 

be compared with real forensic evidence (real human heads), so it is possible for the results to 

be used to confirm the accuracy. For future work, the researchers plan to analyze wound 

characteristics using finite element method and compare the overall results together for 

validation. 
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Abstract 

The purpose of this study is to examine the factors which influence the higher 

education. The focus is on academic studies and a student perspective was chosen. A 

questionnaire was used and responses were obtained from 100 students. Various factors 

which influence the higher education have been discussed and suggestion given for 

improvement. The findings reveled that high admission cost, strict admission criteria, and 

lack of facilities showed a negative significant impact on higher education while better job 

opportunities showed a positive significant impact on job performance. In recent years, 

numerous studies in the field of higher education in Pakistan have been carried out. 
 

Keywords: Higher Education, Pakistan, factors influence 

Introduction 

Higher Education Commission of Pakistan (HEC) is responsible for higher education 

policy, quality assurance, and degree recognition, development of new institutions and uplift 

of existing institutions in Pakistan. The progress and prosperity of a nation depends on the 

opportunities and accessibility of higher education in the country. Unfortunately very little 

attention has been given for the promotion of higher education in Pakistan in the past years. 

Although after the establishment of Higher Education Commission (HEC) in Pakistan, the 

enrollment of higher education student has been increased. In 2008 the higher education 

participation rate in Pakistan was 2.5%, but after the HEC initiatives it has reached 7.8% and 

the government has a vision to increase the figure to 15% by 2020. Only 5.1 per cent of 

people aged 17-23 years are currently enrolled in higher education in Pakistan. 

The Education Sector in Pakistan suffers from insufficient financial input, low levels 

of efficiency for implementation of programs, and poor quality of management, monitoring, 

supervision and teaching. As a result, Pakistan has one of the lowest rate in the world, and the 

lowest among countries of comparative resources and social/economic situations. 

The colleges and universities in Pakistani have been bringing approximately over half 

a million student graduates, every year since 2010, according to Higher Education 

Commission of Pakistan data. The number of university graduates in Pakistan increased from 

159538 in 2010-11 to 220225 in 2014-15. This figure as shown in Appendix A is growing 

with rising enrollment and contributing to Pakistan's growing human capital. 

Mostly student do not get admission in higher studies program in Pakistan due to lack 

of resources, facilities, opportunities and flexibilities. In this research will try to discover/find 

the factors which become obstacles in the enrollment of higher education in the public sector 

universities of Pakistan. And try to give some explanation and suggestion to overcome to the 

mailto:prangpech@hotmail.com
mailto:sarah@uthm.edu.my
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above problem. This research will help the Govt., HEC, Public and Private sector universities 

in formulation higher education policies with special reference to Pakistan. 
 

Literature review 

There is a danger of losing some of the important attributes of higher education. 

These could include its commitment to providing the less advantaged with an opportunity for 

education, its tradition of taking a long-term view of both student and societal needs, and its 

emphasis on learning and scholarship apart from maximizing revenue streams. It is becoming 

increasingly clear that to participate fully in American Society, it is no longer enough to get a 

job. Rather, it is important to get the right job, and that is, more than ever, dependent on 

education (Frank, 2010). According to Bandura (2001) an intention is a representation of a 

future course of action to be performed; it is not simply an expectation of future actions but a 

proactive commitment to a shared intention and coordination of interdependent plans of 

action. 

The concepts of student decision-making and choice have been widely studied. A 

number of these studies have focused on the students’ process of decision-making by relying 

on theories of consumer purchasing behavior (students buying an educational service in this 

case). Moogan, Baron and Harris (1999) studied the multiple steps of decision-making that 

students take when deciding to embark upon a higher education degree. Several studies have 

examined these influential factors in different countries at different times. Quality of teaching 

and research (Price, et al., 2003), cost of studies (Hu and Hossler, 2000; Mazzarol and Soutar, 

2002; Foskett, Roberts and Maringe, 2006; Maringe, 2006), friends and family effects 

(Hossler and Stage, 1992; Soutar and Turner, 2002; Ceja, 2006) and career prospects 

(Maringe, 2006) are considered as the major factors that influence the students’ choice of a 

post-secondary institution. Furthermore, the literature on student decision-making indicates 

that a strong relationship exists between a student’s choices and the socio-economic status of 

the student’s family (Stephen, Farshid & Jeroen, 2012). 

Studies in the USA have consistently found that an increase in tuition fees is 

associated with a reduction in higher education enrolments (Leslie and Brinkman, 1987; 

Rouse, 1994; Kane, 1995; Heller, 1997; Hemelt and Marcotte, 2008). Career preparation was 

also an important factor. One of the important reasons for participating in higher education 

was the desire to acquire a higher qualification for a specific job or career. As would be 

expected the influence of parents was an important factor for undergraduate students in 

deciding a university (Andrian, Venkata & Nelson, 2010). In the research study of Shah 

(2009) Ms. Nazia Siddique educational consultant from India mentioned that student 

priorities differ but mostly student consider the factors such as fees and funding, employment 

during and after study, easy of university admission, visa and immigration. Furthermore 

Pooja (2009), students take admission because there are low tuition fees, scholarship, easy 

admission and work permit. Thomas (2002) identified seven other factors which influenced 

student’s perception towards higher education such as academic degree, academic 

preparedness, academic experience, institutional commitment, social integration, finance and 

employment, family support and university services. Tinto (1982) Bennett (2003) observed 

that student graduation influenced by financial issues, occupational and family related issues. 

Further they stressed that proper financial support are the best predictor of student education 
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and carrier. The study of Mathew, et al. (1997) described the factors which affect the student 

choice towards higher education such as flexible entry requirements, Physical aspects/cost, 

and reasonable cost of accommodation, reasonable cost of education, career opportunities, 

and time period of degree completion. A study has conducted by Iqbal (2004) stressed that 

talented students suffer in universities due to lack of financial assistance. Library, laboratory, 

research facilities and peaceful environment should be improved.  Mostly student opposed 

the entry test system for admission in universities. 

The research study of Drotos and Cilesiz (2016) also confirmed that the admission 

and other mandatory expenses of universities and colleges deterred the student’s admission 

ratio. Student of the university disclosed that, he couldn’t continue the higher education due 

to the financial hurdles. A study was conducted by Alam (2009) which further accepted that 

introduction of new strict admission policy decreased the number of student enrollment in the 

higher education institution of Poland. Moreover, higher education enables people to gain and 

enhance their knowledge, skills and abilities particularly in their desired field. These 

knowledge, skill and abilities empowered and offered them a competitive advantage in 

getting job opportunities (Harvey, 2000). Educational facilities play a significant role in the 

development and improvement of higher education. The research findings by Price et al. 

(2003) showed that deficiencies in the provision of educational facilities decreases the higher 

education opportunities negatively. Based on the above literature the following hypotheses 

are proposed. 

H1: High Admission cost has negative impact on higher education.   

H2: Strict admission criteria has negative impact on higher education.  

H3: Better job opportunities has positive impact on higher education.  

H4: Lack of facilities has negative impact on higher education. 

 

Research Methodology 

A quantitative research approach was employed and statistical software SPSS was 

used for analysis. The data was collected through questioners from students of three public 

sector universities, Quaid-e-Azam University Islamabad, International Islamic University 

Islamabad and Federal Urdu University Islamabad. The students responses were recorded on 

five-Point likert scale 1 (strongly dis agree) and (strongly agree). Previously used questioner 

was adopted with some modification, which was developed by Parasuraman et al. (1985) and 

Gupta et al. (2017). List of all the study questioners are shown in Appendix B. Due to time 

and financial constraint convenience sampling was use to find the factors which effect the 

higher education. The total sample space was 80 students. The majority of respondent were 

male (72%) and female were (28%). The average age of respondent was 22, having graduate 

and master level qualifications. 

 

Results/ Conclusion 

The alpha values, descriptive statistics and regression analysis are shown in Table 1.  

All the constructs alpha values ranging from 0.77- 0.86. The mean values of all constructs are 

ranging from 3.46-4.78 and standard deviation values ranging from 0.22-0.44 respectively. 

The correlation analysis values of admission cost (r = -0.43, p = 0.01), strict admission 

criteria (r = -0.22, p = 0.01), lack of facilities (r = -0.32, p = 0.01) shows a negative 
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significant relationships whit higher education, and better job opportunities (r = 0.25, p = 

0.01) shows a positive significant relationship with higher education. 
 

Table 1. Results of the correlation analysis 
Constructs α Mean S.D AC SAC BJO LOF ED 

HAC  0.81 4.31 0.29 1     

SAC  0.75 4.44 0.36 0.21* 1    

BJO 0.77 4.56 0.44 0.33** 0.56** 1   

LOF  0.79 4.78 0.31 0.16** 0.43* 0.31* 1  

ED 0.86 3.46 0.22 -0.43** -0.22** 0.25** -0.32** 1 

*p < 0.05, **p < 0.01 

High admission cost (AC), Strict admission criteria (SAC), Better job opportunities (BJO), Lack of facilities 

(LOF), Higher education (ED) 
 

The coefficient of determination value (R2 = 0.44) shows that 44 percent prediction in 

higher education are caused by high admission cost, strict admission criteria, better job 

opportunities , lack of facilities. The high admission cost (β = -0.22, t = -2.33, p = 0.01) 

shows a negative significant impact on higher education. The Strict admission criteria (β = -

0.31, t = -3.33, p = 0.00) also shows a negative significant impact on higher education. While 

better job opportunities (β = 0.25, t = 2.45, p = 0.01) shows a positive significant impact on 

higher education. On the other side, lack of services (β = -0.33, t = -4.31, p = 0.00) shows a 

negative significant impact on higher education. 
 

Table 2. Results of regression analysis 
Constructs β t p R 

AC - > ED -0.22 -2.33 0.01  

SAC - > ED -0.31 -3.33 0.00  

BJO - > ED 0.25 2.45 0.01  

LOF - > ED -0.33 -4.31 0.00  

*p < 0.05, **p < 0.01 0.44 

 

Discussion 

The main objective of the above research study was to examine the important factors 

which positively or negatively influence the higher education opportunities in Pakistan. The 

results are consistence with the previous research studies and given hypothesis. The result 

validated the hypothesis of admission cost/fees and the higher education enrollment. There is 

a negative relation between high cost/fees and higher education enrollment in the public 

sector universities of Pakistan. Mostly students preferred government sector universities due 

to the low fees structure. Similarly, the second hypothesis is also accepted and endorsed by 

Alam (2009) in their research studies. Strict admission policies and criteria declines the 

student enrollment rate in the public sector universities. The broad motivation of higher 

education is to gain a valuable position in the practical and professional career. As stated in 

the hypothesis that higher job opportunities positively influencing the higher education 

enrollment is also confirmed by this research study. The last hypothesis is also in line with 

the previous research studies conducted by Price, et al. (2003). Deficiencies in the provision 

of facilities negatively influence the student enrollment in the higher education in Pakistan. 

Hence, all the four proposed hypotheses of the research study are accepted and further 

validated by the previous studies. 
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This study concluded that the cost/fees, admission policies/criteria, opportunities and 

facilities have significant effect on higher education enrollment in Pakistan. Government, 

policy maker and the institutions must consider the above factors to promote higher education 

in Pakistan particularly in the public sectors universities. An important thing which must be 

considered while developing the policies for the promotion of higher education in Pakistan 

particularly for the public sector government sector universities is to formulate a flexible, 

student centered and a dynamic education system, which serve students according to their 

financial, socio-cultural, and aptitudinal abilities (Haider, 2008). Moreover, Pakistan current 

higher education budget needs to be doubled to meet the HEC vision 2025 and also align to 

the sustainable development goal of UN for providing quality education in Pakistan. Public 

sector universities have a dynamic role in the development of higher education. These public 

sectors universities can maintain and provide more opportunities while considering the 

findings of this research study. 

 

Contribution of the study 

The empirical results of this research study validated the relative importance of cost, 

admission criteria, facilities and scope of higher education in Pakistan. The findings of this 

research study delineated managerial applications for both the researchers, policymakers and 

government organizations. This research may also support and facilitate in solving the higher 

education issues, challenges and problem of the public sector universities students.  

 

Limitations and suggestion for future research 

This study is limited to government sector universities in Islamabad and the sample 

was drawn with convenience sampling method. Further research is needed with broader and 

more randomized samples through all over the Pakistan while including the private sector 

universities. Moreover, this study is based on the cross-sectional research which may not 

fully described the phenomena, hence future studies are suggested to take and analyze data on 

the longitudinal research process. 
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Appendix A 
 

Year 
Bachelor 

 (16 Years of Edu.) 

Bachelor 

(17 Years of Edu.) 

Master 

 (16 Years of Edu.) 

Master 

 (17 Years of Edu.) 

MS/M. Phil (18 

Years of Edu.) Grand Total 

  M F Total M F Total M F Total M F Total M F Total M F Total 

2010-11 25723 12843 38566 5107 3585 8692 42275 58208 100483 1853 1380 3233 5748 2816 8564 80706 78832 159538 

2011-12 32097 16769 48866 6332 4503 10835 47437 66898 114335 2453 1098 3551 7326 3646 10972 95645 92914 188559 

2012-13 36422 19108 55530 6641 4940 11581 47200 74216 121416 2627 1924 4551 7796 4535 12331 100686 104723 205409 

2013-14 43584 26246 69830 7168 5362 12530 59723 79931 139654 3057 1946 5003 8783 5719 14502 122315 119204 241519 

2014-15 44222 23877 68099 12045 5100 17145 47948 66612 114560 3229 1662 4891 9431 6099 15530 116875 103350 220225 

Data source: - Higher Education Commission (HEC) Pakistan 

 

Appendix B 

 
Constructs Statement 

High Admission 

cost 

Financial problems decrease the chances to do higher education.  

Is scholarship/financial assistant is necessary for higher education study? 

Family support is necessary for higher education study. 

Strict admission 

criteria 

Do you think that GAT General should be necessary for Higher education admission? 

Is the minimum (50%) GAT score is high criteria for Higher education?  

Is it difficult to pass the GAT General test?  

Better job 

opportunities 

Higher education has not any scope in Pakistan. 

Higher education degree holder can get job easily. 

Does highest qualified people get any special marks in jobs?  

 Universities provide facilities to higher education student. 

Lack of facilities Lack of facilities diminishes the chances of higher education study. 

 Do research opportunities motivate the students?    

 Universities provide facilities to higher education student.  

Higher education Opportunities for students for expressing their ideas should be created at institutional level. 

There should be more provisions of funds for financially helping students receiving higher 

education. 

There should be provision of more recreational facilities in the institutions of higher 

education (like canteen, common room, sports facilities etc.). 

There should be provision of more recreational facilities in the institutions of higher 

education (like canteen, common room, sports facilities etc.). 

There should be arrangements for providing group or individual guidance/ counselling to 

the students receiving higher education in their institutions. 

Transport facilities for students receiving higher education should be made available for 

larger number of students. 

Deserving teachers working in higher education institutions should be suitably recognized 

and awarded for good performance 

Opportunities for teachers for expressing their ideas should be created/provided. 
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Abstract 

The purpose of this study is to use spectral information provided by using UAV-based 

remote sensing in combination with machine learning to estimate biomass of algal bloom. 

Three machine learning regression algorithms (generalized linear regression, deep learning, 

and random forest) were evaluated and a suitable model created. To estimate the biomass of 

algal bloom. The results show that the random forest model gave the most balanced results, 

with a high statistical correlation and the lowest RMSE values for both the training set 

(R
2
=0.88 and RMSE=20.5) and the test set (R

2
=0.96 and RMSE=16.2). The methodology 

presented in this study can be used as a guideline for the combination of machine learning 

with UAV-based remote sensing for estimating the biomass of algal bloom in other areas. 
 

Keywords: Algal Bloom, Biomass, UAV, Remote Sensing, Machine Learning 

 

Introduction 

 An algal bloom is natural phenomena has been happening from the rise of water 

temperature and pollution in the water environment, such as nutrient and light availability, 

wind intensity, water pH, and water temperatures. (Senhorst and Zwolsman, 2005; 

Thackeray, et al, 2008; Kim, 2010; Van der Merwe, et al, 2015) Proliferations of algae lead 

to an impact on the use of water resources, including inedible taste and smell, degraded 

water, and death of fish due to insufficiency of oxygen in the water. (Matthews, 2009; 

Hallegraeff, 2003; Kirkpatrick, et al, 2004). 

 The conventional way to obtain the biomass of algal bloom is to use water sampling 

methods that require manual, and recording the result from laboratory, which makes large-

area, long-term measurements challenging and time-consuming. (Smayda, 1997). 

 UAV-based remote sensing offers an option for collecting data on spatial and spectral 

resolution, and remote sensing has been accepted as the best technique for monitoring algal 

blooms over large areas. (Honkavaara, et al, 2013; Pölönen, 2014) Of the 4 papers reviewed 

refer to that UAVs cost is reasonable in that, they can be more powerful than satellite 

imagery in both time and money (Nam-Gu, et al, 2016; Lyu, et al, 2017; Xu, et al, 2018; 

Bollard-Breen, et al, 2015), and can reduce in situ water quality sampling costs (Koparan, et 

al, 2018) UAV-Based Remote Sensing was conducted with RGB camera. (Su and Chou, 

2015; Bollard-Breen, et al, 2015; Jang, et al, 2016; Aguirre-Gómez, et al, 2017) or RGB + 

infrared (IR) cameras (multispectral cameras) (Nam-Gu, et al, 2016; Bollard-Breen, et al, 

2015; Jang, et al, 2016; Goldberg, et al, 2016) and hyperspectral sensors (Honkavaara, et al, 

2013; Pölönen, 2014; Shang, et al, 2017). Deon Van der Merwe and Kevin (2015) using 

UAV imagery estimated harmful algal bloom biomass by generating a blue normalized 

difference vegetation index (BNDVI). The results show correlations between BNDVI and 

BPCV follow a logarithmic model, with R
2
 values from 0.77 to 0.87. 

 A literature review exposes that machine learning regression algorithms are more 

prevalent in combination with remote sensing data. To estimate the biomass, such approaches 

usually classify the vegetation first and then calculate the number of pixels of each class (Ali, 

et al, 2015). HAN, Liang, et al. (2019) modeling maize above‑ ground biomass based on four 

machine-learning regression algorithms (multiple linear regression, support vector machine, 

mailto:chang_civil46@hotmail.com%201
mailto:siwakaewplang@gmail.com
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artificial neural network, and random forest) approaches using UAV remote‑ sensing data. 

The results are shown that the combination of machine learning with UAV remote sensing is 

the alternative for estimating AGB. The results show the RF model was the most accurate of 

the four models, with R
2
= 0.944 (RMSE = 0.495, MAE = 0.355). Yang, et al.(2018) proved 

that the back propagation artificial neural network model (BP-ANN) accomplish better 

results than the traditional regression models for estimate grassland AGB at 500 m spatial 

resolution (R
2
 = 0.75–0.85 vs. 0.40–0.64, RMSE = 355–462 vs.537–689 kg DW/ha). 

 However, it is surprising that many studies on the application of UAV remote sensing 

for estimate algal bloom biomass by using machine learning regression algorithms have not 

yet been carried out. Consequently, this study is a pioneering effort to investigate whether 

UAV-based remote sensing and machine learning regression algorithms can be used to 

estimate the biomass of algal bloom. The objective of this study was to assess the use of 

UAV to capture red green and blue light wavelengths to produce color reflectance data and 

compare the performance of different three machine-learning modeling methods (generalized 

linear regression, deep learning, and random forest) to estimate biomass of algal bloom. 

 

Materials and Methods 

Study Area 

 The study site (Figure 1) is located within Kantarawichai, Mahasarakham Province, 

Thailand (16°14'51.6"N 103°14'48.4"E), at an average elevation of 157 mMSL. The study 

area has a warm temperate semi-humid continental monsoon climate. The average annual 

temperature is 34.8 °C. 

 
 

Figure 1: The location of this study in Kantarawichai, Mahasarakham Province, Thailand 

 

Field Data Collection 

To identify the appearance of algae bloom in the reservoir area by UAV imagery and 

to examine the results of image detection by wavelength band mixing, the researcher 

conducted field investigation 120 plots were used as sampling plots water sampling on 

reservoir area to investigate for the biomass of algal bloom in Environmental Laboratory on 

January 9th, 2019. 
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 Six ground control points (GCPs) distributed evenly within the field were used to 

obtain accurate geographical references and were located with millimeter accuracy by using a 

GNSS. 

 

Unmanned aerial vehicle and camera setup 

The digital imagery was collected over two flights with the DJI Phantom 3 Advanced. 

Digital imagery was collected by using a 1.2 megapixel camera, which captures three discrete 

spectral bands: blue (wavelength = 450 nm), green (wavelength = 550 nm), and red (660 nm). 

The radiometric calibration images of DJI camera were captured on the ground before and 

after each flight by using a calibrated reflectance panel. Flight paths over the trial area were 

designed by PIX4D Capture. The forward overlap was 80% and the lateral overlap was 60%. 

The flight speed was fixed at 6 m/s. ISO and shutter speed were fixed at 160 and 1/2000, 

respectively. The flight altitude above ground level (AGL) on January 9th, 2019 was 90 m. 

The ground sampling distances for digital imagery were approximately 3.94 cm. 

 

Image processing and data extraction 

A agisoft photoscan 1.4.5 (Trial Version) was used to generate orthomosaics, do 

radiometric calibration. Six ground control points in the agisoft photoscan project were used 

to Geometric correction the study area accuracy. Radiometric calibration was done by using 

radiometric calibration images with known reflectance values. The radiometric corrections 

were used to improve the radiometric quality of the data and correct the images reflectance. 

 

Modeling and resampling 

To achieve the most reasonable model by reflectance values for estimating ฺ biomass of 

algae bloom by comparative analysis, we establish three models. Multiple linear regression, 

support vector machine, and random forest models are stringent in requiring predictor 

variables, so data pre-processing techniques should be performed on the training set before 

modeling. 

 The coefficient of determination (R
2
), and RMSE were used as assessment metrics to 

measure the performance of the regression model and to determine how good the model 

predicts new data. Equations (1)-(2) are used to calculate R
2
, and RMSE: 

 

 

(1) 

 

(2) 

 

where N is the total sample size, yi is the ith measured LAI of the sample, ybi is the 

ith predicted value, and ybi is the ith mean measured value. 

 

Results 
The average field biomass value measured in the field was 428 mg/l (N = 120, SD = 

28.4). The R
2
 values of the generalized linear regression, deep learning, and random forest 

models are reported in Table 1 and the highest value is underlined. The maximum R
2
 value 

belonged to the Random forest model (R
2
=0.960 and RMSE=16.2). The plots of the biomass 

of algae bloom estimated are showed in Figure 2 (objects outside the study areas are masked 

out) and Scatter plots of observed the biomass of algae bloom versus predicted the biomass of 
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algae bloom for validation data are shown in Figure 3 This study used A one-way ANOVA 

test was also used for testing the similarity between the regression models when three 

different models were used. It turned out that the three models are statistically not different 

(i.e., p-value<0.01, N = 120). 

 

Table 1: The R
2
 values and the RMSE values of Three machine-learning regression 

algorithms indicating P<0.01. 

 

Model 
Training Set Test Set 

R
2
 RMSE R

2
 RMSE 

Generalized linear regression 0.182 56.1 0.180 56.5 

Deep learning 0.340 56.4 0.380 48.2 

Random forest 0.880 20.5 0.960 16.2 

 

 

 
 

Figure 2: The biomass of algae blooms map estimated using random forest models. 
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Figure 3: The scattering plots with the RMSE values of all models 
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Discussion and Conclusion 

The result of this study from the recorded UAV-derived aerial imagery from an RGB 

camera data can be used for estimating biomass of algae bloom (please see Table 1 and 

Figure 3). Three machine-learning regression algorithms (generalized linear regression, deep 

learning, and random forest) yielding R
2
 = 0.18, 0.38, and 0.96 respectively. The random 

forest algorithms model give the lowest error rate when compared against the independent 

field data (RMSE= 16.2). While the two machine-learning regression algorithms are not 

statistically different (one-way ANOVA test p-value<0.01, N=120). 

Strong statistical correlations of algae bloom biomass models from random forest 

regression algorithms agree with early studies of algae bloom biomass (Honkavaara, et al, 

2013; Pölönen, 2014; Nam-Gu, et al, 2016; Lyu, et al, 2017; Xu, et al, 2018; Koparan, et al, 

2018; Jang, et al, 2016; Shang, et al, 2017). The aim of this study to report Three machine-

learning regression algorithms (generalized linear regression, deep learning, and random 

forest) correlations between spectral reflectance data derived from UAV-Based Remote 

Sensing and algae bloom biomass values collected from the field. The results show the 

random forest regression algorithms gave the most balanced results, with low error and a high 

ratio of the explained variance for both the training set and the test set. 

In summary, this study is the first time that shows the combination of machine learning 

with UAV-based remote sensing for estimating the biomass of algal bloom. The proposed 

statistical models show statistical correlations (i.e., the best R
2
 = 0.96) with low RMSE 

values (i.e., the lowest RMSE = 16.2). Consequently, we expect the methodology in this 

study can useful guidelines for estimating the biomass of algal bloom. 
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Abstract  

 The research had two objectives 1) to study how Thai adolescents were exposed to 

social media regarding health communication, and 2) to examine how Thai adolescents 

evaluated the information on social media about health communication. The research was 

qualitative, using in-depth interviews with 23 male and female adolescents. The interview 

questions were semi-structured and open-ended. The results showed that adolescent used 

Websites most and Instagram the least. The range of exposing to social media was from two 

to ten years. Their objective was mainly to gain benefits from knowledge about health, 

protection, and self-care. The criteria of evaluation for health content on social media were 1) 

credibility and expertise from physicians 2) need to know, and 3) human interest. Regarding 

reasons for evaluating the importance of health communication, it was found that prevention 

before illness, and health care planning were essential. 

Keywords: Media exposure, Evaluation, Information, Health communication, Thai Adolescent 

Introduction 

People in today's society have more health risk caused by many factors such as 

environmental aspects from various pollutants, factors related to lack of knowledge, and 

those people without money to maintain their health due to their low income (Uraiwan and 

others, n.d.). At present, Thai adolescents have communicated through social media which is 

popular with adolescents as they are open to new technology due to social media being 

without distance, and no time and allowing members in society to disclose their identity 

(Jirapat and Nantara, 2018). As one knows, adolescents are an important force of society. 

Media showed that photos and graphics used in Facebook Ads captivated an audience and 

made them feel that they were personally reaching out to them, saying, “We’re with you! We 

can help if you need it. You’re not alone.” (Harris, W., February 11, 2019). Besides, more 

consumers used social media daily than watched television; most successful wellness brands 

have placed their healthcare advertisements on platforms like Facebook to enhance marketing 

effectiveness while at the same time consumers are more likely to self-diagnose, seek out 

medical information, and take on a more active role in managing their health. Thus, this 

marketing could educate consumers, build credibility, and stay in front of prospective patients 

(“Digital Marketing Dominates Healthcare Advertising”, October 20, 2018). Some Thai 

adolescents turn to their health. As mentioned in the article, “Hot health trends, Modern 

urban people aim for a good life with happiness” (August 17, 2018), Thai consumers have 

been increasingly conscious of their health. At the same time, the survey of the demand for 

better nutrition of Thai people revealed that more than half were going to start to 

revolutionize the way of consumption. In this study, the researcher aimed to study how Thai 
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adolescents were exposed to social media regarding health communication and to examine 

how Thai adolescents evaluated the information on social media about health communication. 

Objectives 

 1) To study how Thai adolescents were exposed to social media regarding health 

communication 

2)  To examine how Thai adolescents evaluated the information on social media about 

health communication. 

Methodology 

 This research was qualitative and relied extensively on in-depth interviews which 

would help uncover the participants’ perspectives. Typically, qualitative scholars depend on 

in-depth interviews (Marshall & Rossman, 1999). According to Fontana and Frey (2000), the 

results from interviews are trustworthy and accurate, which is not limited to social science 

but also a way for every kind of systematic inquiry. Before discussing interviews, the 

researcher had these steps for conducting research. 

 1) Step 1: reviewing literature. The researcher read all documents and research about 

media exposure on health communication by adolescents. Those sources of studies were from 

Thais, European, American and other international educators to see whether my research 

would not repeat what other scholars had done and the literature could be geared for my 

research objectives, guidelines for interview protocols combined with the theories used. The 

literature review and could be used for my research discussion later. 

 2) Step 2: constructing interview questions. The researcher constructed the questions, 

using semi-structured and open-ended questions. There were three parts; general information 

of participants, Thai adolescents exposed to social media regarding health communication, 

and Thai adolescents evaluating the information on social media about health 

communication. For example, “some questions were which online channels do you receive 

health information and health education?” (for Objective 1) and “Do you think the health 

information you access is trustworthy or not? What criteria do you use to evaluate? (such as 

correctness, human interest, prominence, and so on). 

 3) Step 3: Selecting informants/participants. With respect to this research, the 

researcher solicited a minimum of 23 adolescents to volunteer for the in-depth interviews. 

Their ages ranged from 18-24, residing in Bangkok According to Sawyer et al. (2018), 

adolescents between 10–24 years corresponds more closely to adolescent growth and popular 

understandings of this life phase. They were those who accessed social media about health. 

The researcher continued interviewing a number of informants and reach saturation point 

since there was no new information from them. The researcher asked participants for 

permission to interview and provided the background with age and gender. They were 

protected for their confidentiality. The researcher would call them such as male adolescent 1 

and female adolescent A. The in-depth interview (or personal communication) period was 

from May to August 2019. In this research, for a simple quote, the researcher used male 

adolescent 1 and female adolescent A. 
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Results / Conclusion 

 The results were answered according the objectives. The information received from 

interviewing with 23 participants (12 males and 11 females) could be organized as the 

followings: 

 Objective 1: how Thai adolescents were exposed to social media regarding health 

communication 

 Media use and knowledge 

 Online media that used mainly were 1) Websites (18) 2) Facebook (10) 3) Twitter (2) 

and 4) Instagram (1). Some of them sought more than one source such as from both websites 

and Facebook. They considered that websites were the easiest channel and there was an 

abundance of sources for health information. Facebook was also convenient for them but 

information might not give a lot of details for health. Also, some said that younger generation 

adopted Twitter and Instagram since they regarded the content was short and they did not 

want to read a lot except they want more specific topics, they would go to other sources such 

as websites and YouTube. 

  Years and objectives for online media exposure 

10 participants mentioned that they accessed online media about five years. Another 

five have accepted online media for five years; another four participants have received health 

information for two to three years and only one informant replied that he has used online for 

10 years. The objectives for online access about health communication were mainly about 

1) Getting to know various news about diseases to prevent and be careful before 

getting the disease 

“I want to know about cancer because today people died of cancer. I seek it from 

tweeter.” (female adolescent A) 

2) knowing and solving how to take care of health 

“I have a difficult time in sleeping. Find information three times because of insomnia. 

Sometimes sleeping but being alert all the time, causing me to stress, therefore finding 

information and knowing how these symptoms subsided and finally good.” (male adolescent 

1) 

“About kidney disease because of my eating salty foods. I often look at the 

information on YouTube and Facebook, Finding information more than 10 times” (male 

adolescent 2) 

3) preferring to self-protecting to going to hospital 

“I think flu has spread easily in our country. I learn how to protect myself from the 

disease and at the same time I have rested well and avoid it. I don’t like going to hospital. It is 

expensive to pay for curing it.” (female adolescent B) 

4) being unhealthy and studying for self-care 

“I’m gaining weight and want to reduce weight. I want to be strong. Gaining weight 

makes me slow in walking and tired easily. So, I surf the websites how to reduce my weight 

by not using diet pills. I start going to a gym.” (male adolescent 3) 
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Information and benefits of seeking health information on social media 

Each adolescent participant answered various health stories he or she sought for. 

Health content were 1) weight control and muscle gain 2) dengue fever and flu 3) marijuana 

is a cure 4) breast cancer 5) new disease such as bleeding and fast death 6) allergy and 

depression 7) dangers caused by the smell of cigarettes, and 8) danger from drinking alcohol. 

   All participants cited that they gained benefits from online media in various 

information they sought: 

 1) Weight control and muscle gain “there are may ways to select. I choose to eat low 

calories such as fruits, green apples, steamed corn and peanuts. I won’t take lower than 2000 

calories a day.” (19-year-old female-adolescent 3) “It helps to take of myself and stay in good 

health.” (21-year-old male adolescent 4) “I search for muscle gain and I found it from 

https://fitjunctions.com/  I found the basic background for bodybuilding. I can go to the gym 

to follow my training. The website has online coaching too.” (male adolescent 11) 

 2) Dengue fever and flu “There is pandemic flu news. Therefore, I find a way to read 

on Facebook and the websites to protect myself.” (19-year-old male adolescent 5) “I saw the 

news in media and the dengue fever epidemic. The dead was fast. Some didn’t know they had 

the dense fever and died fast. Therefore, I look for information.” (female adolescent C) 

“Definitely I don’t like injection. But when I saw people around me have flu and I check 

from the websites, I decided to have injection for my protection from the flu. Now I have no 

sickness from flu and a cold. For dengue fever, I get rid of flooding in my house, not be a 

breeding ground for mosquitoes.” (male adolescent 5) 

 3) Marijuana is a cure. The story about marijuana comes back through both regular 

media and onlime media nowadays. However, according to associate professor doctor Narisa 

Khamkan, Director of Herbal Pharmacy, Faculty of Pharmacy, Rangsit University told BBC 

Thai via email that “the current law does not allow marijuana to be used medicine. Those 

who use and substance occupants will have criminal penalties. Therefore, it is a huge obstacle 

for marijuana research.” (“Marijuana:Government will pass a new law to unlock marijuana as 

a new year gift for Thai people”, November 7, 2018)  Nevertheless, it is said that the Penal 

Drug Act (Issue 7) B.E.2019 - effective from February 19, 2019 allowed marijuana is legal 

and to be used for only medication by the researchers and doctors but not free to all 

(“Marijuana is legal but not free”, February 27, 2019) “Marijuana is interesting and many 

people talk about it. I want to know that we really grow in our house and use it as a 

medicine.” (male adolescent 2) 

    4) Breast cancer. Only one participant mentioned about breast cancer that “Breast 

cancer is a silent and relative risky risk and dangerous for women.” (female adolescent C)  

This probably the participants were young and rarely thought about breast cancer. However, 

from the research by Pakdevong and Komolwipat (2561), it is stated that female university 

students (participants) had learned about breast cancer and manual breast examination and 

tended to have breast examination behavior, risk opportunity, and benefits in breast 

examination. 

    5) A new disease such as bleeding and fast death. The news about a Thai female 

singer died of Tuberculosis behind the nasal cavity in June 2019 shocked a lot of people  

because the vocalist was famous and very young. Female adolescent 2 stated that “I heard the 

news and I am afraid because at first I don’t know the cause of a young lady like Namtan [the 

female singer] died. I am afraid of that. I read and follow this news and learn the cause of her 

https://fitjunctions.com/
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death so that I can protect myself.” (female adolescent B) According to the Khaosod  (“The 

Star is dead,” June 14, 2019), the female singer died of bleeding through the mouth, nose and 

difficulty in breathing. A person who has unknown weight loss, loss of appetite, low fever, 

palpitations, abnormal lumps, he or she should see a physician to find a cause. 

    6) Allergy and depression. “I myself have allergy and I have to get information from 

various websites to help me first before I go to a doctor. I have skin and nose allergy. I learn 

to prevent allergy. If I do not get it right. I’ll meet a doctor.” (female adolescent D) I become 

relaxing and find information from the websites to reduce my seriousness due to my personal 

problem. If I can’t control my tension and depression, I’ll meet a doctor.” (male adolescent 1) 

    7) Dangers caused by the smell of cigarettes. Some participants talked about the 

dangers of being a secondhand or a non-smoker. “I am allergic to cigarettes. I won’t walk 

close to those who smoke cigarettes. I will hold my breath for a moment if I have to walk past 

them. They may not understand heart disease, stroke, and lung cancer.” (male adolescent 7) 

    8) Danger from drinking alcohol. Many Thai consider alcohol to be a part of life 

and culture but drinking alcohol too much or everyday is harmful and life threatening. Some 

participants drank alcohol and tried to find the information how not to be regular drinkers. “I 

help my friends from overcoming an addiction to alcohol. I support him and say that it costs a 

lot of money and staying back from alcohol would help him better in mentally and physically. 

One thing to make him stay away from party and alcohol is inducing him to walking and 

jogging every evening. Then, after exercise, we need water and a meal. I found this way from 

websites.” (female adolescent E). “I take breaks from alcohol. I try to stop drinking for a 

week. I learn about this way from websites, and gradually, I don’t feel like going to a place 

for drinking again.” (male adolescent 8) 

Objective 2: how Thai adolescents evaluated the information on social media about 

health communication 

1. The main criteria for evaluating the information on social media about health 

communication by Thai adolescents 

According to the original notion of news values and the practice of gatekeeping in a 

context of news reporting by Galtung and Ruge (1965; quoted in Joye, Heinrich & Wohlert, 

2016) and expanded by some scholars, there are many criteria to evaluate the news and 

information: 1) need to know 2) timeliness 3) correctness 4) proximity 5) prominence 6) 

human interest 7) impact 8) currency 9) complexity 10) conflict, and 12) bizarreness or rarity. 

Nevertheless, participant adolescents selected mostly these of three criteria; 1) credibility 2) 

need to know, and 3) human interest. 

1.1 Credibility From participants, they evaluated creditbility due to websites about 

health directly and the articles written by doctors and pharmacists. The content must be 

correct. “I think I choose the websites and Facebook that physicians wrote about the  

information.” (male adolescent 1) “The trustworthiness is from credible websites like Kapook 

and a lot of people accepted the data, read and comment on it.” (male adolescent 3). “In 

Twitter there is always a short clip interviewing an expert physician.” (female adolescent C) 

“The direct websites such as “http://www.ashthailand.or.th/th/” tell the dangers of cigarettes and 

electrical cigarettes.” (male adolescent 10) “There are pictures of the physicians and the 

http://www.ashthailand.or.th/th/
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doctors answer questions directly.” (male adolescent 11) “I trust the information. It comes 

from the physicians and professional athlete trainer.” (male adolescent 12) However, a few 

participants remarked  that the health communication on mainstream media such as television 

was more convincing than social media. “Some online news about health need rating.  I don’t 

trust those, especially the flu.” (male adolescent 5). “I have to screen too many online 

messages and analyze the probability who wrote them. Anyone can author it; some might not 

be legitimate.” (female adolescent H) 

1.2 Need to know Many participants evaluated that “need to know” was another 

significant criterion since good health is really important to their study. “I need a deep and 

full sleep. This is I want to know because I have a lot of assignments and work part time. I 

have no concentration if I don’t sleep well. I consider this is my first eagerness to know how I 

learn from websites written by physicians.” (male adolescent 7) I want to know how to lose 

my weight. I gain 10 kilograms and want to reduce three to four kilograms. I found guidelines 

for healthy eating. I know that sweet soda must be avoided.” (female adolescent F) “In my 

case, I need a good health. I search for the advantages of drinking a lot of water.  I found that 

dringking less water causes blood circulation inconvenient. This is what everyone needs to 

know for his good health.” (female adolescent H) “There are a lot of friends smoking 

cigarettes around me. How do I find ways to avoid the smell of the cigarettes? I learn from 

the websites that I need to wash my hair and clothes immediately after getting home because 

thirdhand smoke was found in the places where people smoke and the smoke is still in your 

clothes.” (female adolescent B) 

1.3 Human interest Attention is something that people value, especially about health. 

“If we are interested in our health, we use the correct suggestions, they improve our health. In 

my case, I learned to eat to be the least fat. Eating carbohydrates that are low in sugar, the 

body will not store it as fat. I also do easy exercise at home but work well and it won’t me fat. 

I have the fixed weight but the parts [of my body] are reduced and more compact.” (male 

adolescent 1). “I plan to take care of my good health because I am concerned much since I 

study hard.” (female adolescent I) “I am enthusiastic to do the skin care and treatment and 

exercise to lose weight.” (female adolescent B) “I am a curious person and always want to 

find information. I am a person who likes to eat salty food. I often look at websites and 

YouTube about this more than 10 times. When eating salty foods, sodium will enter the body 

and contaminate the blood, impairing blood vessel balance and causing high blood pressure. 

In the end, it causes kidney failure. So, I reduce  salty food” (male adolescent 2) 

Another case of human interest was due to the participants’ sickness. “I have allergy 

and sometimes it causes depression. I have allergy test and I read from the websites how to 

avoid allergy. The examples of allergens are dust and medicine and some other foods such as 

seafood. I have to avoid food that provokes allergies and remember what I eat each time. 

Since allergic reactions range from mild symptoms such as running nose to severe ones like 

difficulty in breathing. I try not to be depressed because it makes me weak. So I read how to 

prevent allergy from websites. Depression causes many risk factors such as high blood 

pressure, allergies, and cancer. The main treatment is talking with a doctor and calm down or 

decrease allergies. Then, it will eliminate my depression. I don’t need a medication for my 
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depression now. Watching movies and listening music will help according to the doctor and 

the websites.” (female adolescent D) 

The use of social media gave Thai adolescents access to content about health and 

evaluated health communication as their trustworthiness, need to know, and their interest. It 

was obvious that if they had health problem, they sought information from many social media 

before meeting a doctor. It was indicated that they consumed information on social media 

unsuspiciously and seemed to trust social media rather than go to a physician. Friends can 

also exert a strong influence on adolescents through content on social media. In participants’ 

views, even in a critical case of sickness, adolescent participants still credited those social 

media with a physician’s writing a medical article since they considered the doctor to be 

capable of providing basic information and there was no need to go to a clinic for wasting 

their money. 

2. Reasons for evaluating the importance of health communication 

There were some various logical thoughts for themselves about putting a value on the 

information content. 

2.1 Prevention before illness The details are factual and used for participants’ benefits 

and share good knowledge to others. “I think health is important and learning about it is 

necessary to me such as how to do a safe jogging and running.” (female adolescent G). 

“Doing the exercise regularly, having good food, and being careful with what you eat will 

prevent a sickness. That’s what I learn from many websites.” (female adolescent I) “To be 

healthy and prevent disease, I learn from a website written by a doctor one must choose food 

that is suitable for the body, have routine exercise, have enough sleep, drink clean enough 

water, have no dessert tea and coffee, and have no stress. This is basic. It might be difficult 

for someone but it helps. I choose to have a good health.” (female adolescent J) “Generally, 

news about disease, there are always ways to prevent and how to cure. Reading and 

implementation is to be far from various infection.” (male adolescent 3) “Talking about raw 

foods, I saw in the news that some students had unpasteurized food got blood contamination 

and then died. So I choose to have cooked foods to keep me safe.” (male adolescent 11) 

2.2 Health care planning Health care needs to be prepared for unexpected events or 

incidents such as accidents and epidemics. As the research by Levin, Gebbie & Quereshi 

(2007) notes one protection and awareness “is to plan for influenza care to be given in the 

home setting.” Some health professionals recommended that during an influenza epidemic, 

care could be provided in public settings such as high school gymnasiums and convention 

centers. In this research, some participants stated that they learned from websites about the 

spread of the flu in Thailand and some announcements for influenza injection. “I read the 

content of the flu in Kapook website and I saw people around me got the flu. I decided to 

look for more details and think that this is important so I have a vaccine for the flu as guided 

in the website.” (male adolescent 3) Also, the Ministry of Health was worried about the 

people during the rainy season. The Ministry recommended that seven groups (such as those 

over 65 years old and people with chronic disease such as asthma) at risk get a free 
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vaccination against the flu at private and public hospitals participating in National Health 

Security Scheme from June 1 to August 31, 2019 (“Concerned about the flu season”, May 15, 

2019). Besides, adolescent participants learned from the news that dengue fever is now more 

likely to occur in all provinces. “ I don’t want to become a dengue fever.  It is epidemic now. 

There are dengue patients in some hospitals. The Ministry of Public Health requests 

cooperation from people in all regions to help destroy mosquito breeding sites such as the 

waterlogging area in the house. I get rid of those waterlogging area.” (male adolescent 5) “I 

need to prevent myself from epidemic dengue fever. It is dangerous. I destroy mosquito 

breeding grounds. I protect myself by wearing long-sleeved shirts and long pants and use 

mosquito repellent.” (female adolescent J) 

In sum, this research not only examined how Thai adolescents were exposed to social 

media regarding health communication but also how they evaluated the content. Participants 

could consider the influence of those online messages on health and illness knowledge and 

ideologies for protecting themselves at an early stage of their physical and mental disorders. 

People of today sought wisdom through online and conventional media for the betterment of 

their lives and health. In this research healthcare websites ranked first. Then came Facebook, 

Twitter and Instagram respectively. This signified that health promoters and health 

organization could direct their objectives and opportunities to spread the accurate reports 

from related experts and physicians to direct attention through specific online media more as 

well as health marketing such as health and wellness promotions. Besides, in case of desiring 

more details, media receivers took into consideration in health education and campaign 

among themselves or interpersonal groups. If online media did not reflect health 

communication in every issue, receivers tended to seek knowledge with physicians 

inescapably. 

Discussion 

This research was to provide perspectives of how online media have been used by 

Thai adolescents as health content to promote their awareness and health. Although the 

research by Shaw, et al. (2015: 10) found that all review studies of adolescent health used 

Facebook as study sites and it provided the most effective access, in this study Thai 

adolescents found it easy to enter websites most due to easy and fast access. Nevertheless, the 

same results showed that Thai adolescents used Twitter and Instagram as some Thai 

adolescent participants cited that they did not want to read long information and they went to 

specific topics they needed. Probably, the adolescent participants were in the Gen Z as 

Pendze (2017) cited about nine habits of Gen Z. One was that “we watch videos or listen to 

audiobooks instead. It’s a more efficient and more entertaining way to get the same 

information you would find in a book.” Therefore, this should be considered that if the health 

organizations want to communicate to young audiences, they need to understand that the 

short and necessary but pleasing content is more fascinating and they get a lot of news from 

social media. 

The researcher found that some adolescent participants thought that marijuana use 

was a legally regular use but in fact it was allowed in cure with control by doctors. This was 

probably due to sharing fake information via social media made them misunderstand.  

However, social media exposure that Thai adolescents gained impacted them as their 

perceptions of social media use of health care. The result was very similar to the study by 
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Wong, Merchant, and Moreno (2014) in which this study showed that peer-to-peer health 

care among Thai adolescent participants with common diseases and interests such as flu and 

dengue fever. They passed on information to friends and family. 

It is remarkable that only one female adolescent participant mentioned that she was 

afraid of breast cancer since it was a silent risk and dangerous for women. She  learned from 

the websites and checked the spot and breast area that are at risk. As mentioned in the study 

of Altay, et al. (2015: 1721), cancer was seen mostly in older women but students were also 

at risk. Also, young women should be facilitated to the early diagnosis of breast cancer and 

strategies must be raised to create awareness as pointed by some scholars in the study of 

Altay, et al. (2015). The early diagnosis of breast cancer was also supported by Pakdevong 

and Komolwipart (January-June 2561) in that manual breast examination could recognize 

risk opportunities and accept self-confidence in breast examination and social media alert 

caused women to have more breast examination behaviors. 

One evaluation of the health content by adolescent participants of the study was that  

if any social media had more likes and shares on Facebook and Twitter, they would trust the 

reliability of the information. This means they credited the users’ engagements. However, 

this did not mean the content was accurate. They might be delighted with the story on 

Facebook and Twitter rather than knowledge compared to websites written by physicians. 

 

Recommendations 

 From this study, the results showed that the majority of adolescent participants used 

most websites because they regarded that there was more information for them to read 

including phone number to contact people while less information about health 

communication was found on Facebook, Instagram and Twitter. This was possibly the limited 

space on the latter three social media. Besides, this study provided some useful baseline 

information and several insights to advise future research. This meant it should be 

specifically focused on each media such as analyzing health content only Facebook or 

Twitter or Instagram since some adolescents described that they were only interested in 

Twitter and Instagram. Besides, social marketing on health content can be examined to find 

out whether they are designed to improve the public health or they serve only for social 

marketing or people’s health. 

 Future research on the quality of the content on key health situations may spotlight on 

critical topics of misinformation since some paticipants were not certain about some 

particular details they received from each media and have to recheck from more than one 

social media. 
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Abstract 

 The purpose of this study was to investigate the most and least frequently used out-of-

class learning strategies of Thai university students as well as their intercultural competence 

during their participation in the Summer Work and Travel Program in the United States in 

2018. A total of 150 undergraduates from all over Thailand were recruited to complete the 

online questionnaires, and ten were subsequently selected by means of purposive sampling 

for in-depth interviews. The instruments employed in the study were the 35-item 

questionnaire adapted from the Strategy Inventory for Language Learning (SILL) (Oxford, 

1990) and the Assessing Intercultural Competence (AIC) questionnaire (Fantini, 2006). 

Descriptive statistics of means, frequency, and standard deviation were used to analyze the 

data. The findings from the SILL indicated that during the program the participants used 

learning strategies at a medium to high level, with social strategies being employed more 

often than the other strategies. The study findings also showed that the participants developed 

their intercultural competence skills mostly through the use of culture-specific information to 

improve their styles and professional interactions with their hosts. 
 

Keywords: out-of-class learning, language learning strategies, intercultural competence skills 

the Summer Work and Travel Program 

 

Introduction 

In higher Thai language education, university students have generally been immersed 

in exam-oriented learning, most of the time being trained with grammar-oriented instruction 

with a main purpose to pass examinations, while, in fact, they should learn English the way 

they acquire their first language—they should not only know correct grammatical rules of the 

language but also be able to speak and write fluently (Srivastava, 2014). Thus, learning the 

target language with a focus on accuracy alone and with an aim to pass the examinations 

cannot help learners to develop communication skills for their future career and for real-life 

communication outside classes and achieve the mastery of the target language. Fortunately, 

the world beyond the classroom walls offers enriching language resources for learners who 

want to seek the opportunity to develop their language proficiency, not only in their own 

country but also overseas. During their engagement and immersion in the target language 

situations, learners can also learn the cultures of the owners of the speakers of the language, 

and this plays an important role in helping learners to be proficient in the target language 

(Nault, 2006). 

The Summer Work and Travel Program, which is specifically designed to enable 

undergraduate students aged 18 years old and older to go to the United States during their 

three-month, is considered a beneficial opportunity for a number of Thai students who want 

to link language and culture and to experience learning the English language while working.  

The students are legally offered a variety of job positions such as food and beverage, cashier, 

lifeguard, housekeeping, shop assistant, ride attendant, and customer services, all of which 
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give them a chance to continuously interact with English-speaking people to fulfill their job 

responsibilities and duties and gain a broader understanding of the American cultures, 

customs, and values, hence a beneficial chance to be naturally embedded in English speaking 

circumstances. Among Thai university students, most of the program participants are female 

students at the age of 20-30 years, who are studying in the second year in the university level 

(Maeluskul, 2017). However, there is no study conducted to explore what the Thai program 

participants do in order to improve their language proficiency and whether their intercultural 

competence skills has been improved as a result. Therefore, the present study aimed to 

investigate the language learning strategies Thai undergraduate students employ during their 

participation in the Summer Work and Travel Program in the United States. It also examined 

whether their intercultural competence skills had been promoted. It was anticipated that the 

findings of this study could be used as baseline data for language instructors who wish to 

better prepare students to enable them to maximize their learning opportunity outside 

classrooms, including while taking part in the Summer Work and Travel Program in the 

United States. 

 

Objectives 

1. To investigate out-of-class language learning strategies used by Thai university students 

during their participation in the Summer Work and Travel Program 

2. To explore Thai university students’ intercultural competence skills during their 

participation in the Summer Work and Travel Program 

 

Research Methodology 

1. Research design 

The present study was a descriptive study which employed both quantitative and 

qualitative data collection methods. 

2. Population and sample 

 The population of this study consisted of Thai undergraduate students aged between 

19 and 24 years old who had participated in the Summer Work and Travel Program at least 

twice. The study sample were recruited by means of convenience sampling, as they were Thai 

undergraduate students with prior experiences with the Summer Work and Travel Program 

who were willing to take part in the study. The total number of the sample was 150 

undergraduate students, ranging in age from 19 to 22 years old, and they were studying at 

various universities in Thailand. Furthermore, once the survey was completed, two male and 

eight female undergraduate students were selected by means of purposive sampling for the 

in-depth interviews based on the following inclusion criteria: they were full-time university 

students between 19 and 22 years of age, they had taken part in the program at least twice, 

and they were willing to participate in the study. 

3. Data collection instruments 

3. 1 The online survey questionnaire 

The online survey questionnaire was composed of three parts. The first part elicited 

data regarding demographic characteristics of the participants. The second part was the 

language learning strategy questionnaire adapted by the researcher from the Strategy 

Inventory for Language Learning (SILL) developed by Oxford (1990) due to its validity and 

frequent uses all over the world. In the present study, 25 out of the original 50 strategy 

descriptions from two main categories: direct language learning strategies (memory, 

cognitive, and compensation strategies) and indirect language learning strategies 

(metacognitive, affective, and social strategies) were selected as they were likely to be used 

while working, travelling, or living in the United States. The questionnaire was translated into 

the Thai language to enable the participants to overcome the language barrier, and the 
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questionnaire items were arranged in a five-point rating scale, ranging from strongly disagree 

(1) to strongly agree (5). The final part of the questionnaire comprised ten items which were 

taken from the Assessing Intercultural Competence (AIC) questionnaire designed by Fantini 

(2006).  This instrument was popularly used in previous studies. However, in this study, only 

ten items from the sub-session of “skills” of intercultural abilities were selected to serve the 

objective of the study. The items were translated into the Thai language to ensure ease of 

understanding.   

3.2 The in-depth semi-structured interview protocol 

A set of ten interview questions was designed to enable the researcher to probe further 

use of language learning strategies, attitudes, and intercultural competence of the participants.  

For example, they were asked to describe how they dealt with language difficulties and how 

they sense differences among a variety of cultures in the States. To allow the participants to 

overcome language barriers, there were both the English and Thai versions of the interview 

questions. As regards validation of the instruments, both the questionnaire and the interview 

protocol were submitted to a panel of three experts in English language teaching to ensure 

content validity and language appropriateness before their use. The questionnaire and the 

interview protocol were revised and improved based on the experts’ comments and 

suggestions before they were used in the study. 

4. Data collection  

Data were collected in September 2019. The online questionnaire was posted using 

Google Forms until 150 participants responded. After that, ten participants who met the 

inclusion criteria previously set were chosen for the interview, which was conducted one-on-

one by the researcher. 

5. Data analysis 

In this study, the SPSS for Windows Program was used to analyze quantitative data 

elicited with the online survey questionnaire in terms of frequency, percentage, mean, and 

standard deviation. Furthermore, content analysis was employed according to Oxford (1990) 

to analyze qualitative data obtained from using the in-depth interview protocol. 

 

Results 

 1.  Out-of-Class Language Learning Strategies 

According to the study findings, social strategies were the most frequently used 

strategies (Mean = 3.92), followed respectively by metacognitive strategies (Mean = 3.82), 

compensation strategies (Mean = 3.78), cognitive strategies (Mean = 3.54), memory 

strategies (Mean = 3.49), and affective strategies (Mean = 2.97). Examples of social strategies 

used mostly by the participants were asking the other person to slow down or repeat what he 

or she had said again when the participants did not understand something in English. They 

tended to use gestures when they could not think of a word during a conversation in English, 

and this is the most common compensation strategy among them. As for metacognitive 

strategies, the participants had the highest tendency to pay attention to the messages when 

someone was speaking English while they were working in the program. Moreover, they 

employed cognitive strategy when starting conversations in English. It is noteworthy that the 

program participants were likely to employ memory and affective strategies less often than 

the other strategies. Only some of them remembered a new English word by making a mental 

picture of a situation in which the word might be used while participating in the program or 

tried to relax whenever they felt afraid of using English during work, as said in one of the 

interview results that some of them naturally remembered a word “receipt” as a paper a 

customer usually asked for when buying something. Finally, the affective strategy involving 

talking to someone about how they felt when learning English was the least frequently opted 

for strategy of the participants. 
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 2. Intercultural Competence Skills 

The study findings revealed that intercultural competence of the participants was 

generally at a moderate to high level. The learning strategy involving use of culture-specific 

information to improve their styles and professional interactions with native speakers of the 

language was found to be the most frequently employed strategy to develop intercultural 

competence (Mean = 3.87). On the other hand, the least frequently employed strategy was 

monitoring their behavior and its impact on their learning, growth, and especially on the 

native hosts (Mean = 3.32). There were five statements denoting intercultural competence 

development with moderate frequency of usage as follows: monitoring their behavior and its 

impact on their learning, growth, and especially on the hosts (Mean = 3.32), using models, 

strategies, and techniques to aid the learning of the host language and culture (Mean = 3.34), 

using strategies for learning the host language, familiarizing with the host culture, adapting to 

the host culture, and reducing stress (Mean = 3.34), helping to resolve cross-cultural conflicts 

and misunderstandings when they arose (Mean = 3.34), and adjusting their behavior, physical 

appearance, etc., as deemed appropriate to avoid offending the hosts (Mean = 3.44). 

 

Discussion 

 The findings showed that on the overall the participants used learning strategies at a 

medium to high level, based on Oxford’s (1990) classification. Unsurprisingly, the 

participants employed a number of strategies to complete their language goal which is 

important in communication during work. Such a finding yielded support that learners were 

able to learn unintentionally through communication and interaction with the target language 

groups and engagement in social activities which required the use of direct communication 

strategies in the target language. Put another way, the program allows naturalistic language 

learning activities and cultural contexts which make it necessary for language learners to 

employ different strategies to convey their messages and to accomplish the goals of 

communication. In this study, Thai university students as international participants were 

naturally motivated to learn and use the language at a naturalistic workplace setting, resulting 

in high frequency use of language learning strategies. The overall use of strategies conforms 

with a previous study conducted by Chue and Nie (2016) which claims that international 

students usually have a specific aim and higher use of both deep and surface learning with a 

strong focus on concepts and connections as well as memorization when going overseas. 

 However, as can be seen in the study findings, the participants with different work 

positions used different language learning strategies.  As Oxford (1990) has claimed, the type 

of task can affect language learning strategy uses. In this study, it became evident that 

working environments played a role in strategy selection as the nature of the job helps to 

determine the strategies which are going to be used The interview results suggested that the 

participants who worked in the food and beverage department appeared to more often used 

social strategies (Mean = 4.05), whereas affective strategies were the least frequently used 

ones. This could be explained that most of the participants in this position worked in a team 

in a supportive environment and their nature of work required dealing with others, so they 

were inclined to be more sociable than those working in the other positions which may 

involve fewer human interactions such as housekeeping. 

With regard to intercultural competence, the findings of the present study revealed 

that intercultural competence was developed with moderate frequency of usage (Mean = 

2.50-3.49). Mostly, they used culture-specific information to improve their styles and 

professional interactions with their hosts, such as leaving at least 10% tips after meals and 

making eye contact when speaking. However, learners should also observe others’ cultures 

more, interpreting them, as well as evaluating and relating the cultures in order to understand 

them, thus a chance for intercultural competence development to take place (Deardorff, 
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2006). One plausible explanation is that most of the program participants had an opportunity 

to be exposed to cultural knowledge prior to program participation. Their preparation enabled 

them not only to use the language but also to behave appropriately. As pointed out by 

Pulverness (2003), if language learners know nothing about the people who speak the target 

language and the country, that language seems senseless for them. On the other hand, the 

participants monitored their behavior and its impact on their learning, their growth, and 

especially their hosts the least. This could be explained that some of the program participants 

were passive in nature and they did not give significance to controlling their cultural 

characteristics or behavioral ability in order to impress the host. In short, they were probably 

unaware of or ignored the effects of intercultural competence on their cultural and language 

learning. 

 

Recommendations 

In order to prepare language learners for participation in the Summer Work and 

Travel Program, teachers need to understand what language learning strategies would be 

more beneficial for the learners. After that, they should offer their learners language learning 

strategy training so that when they are working overseas, they will have more resources 

available to overcome language barriers and to their communication goals, regardless of the 

different types of positions they may have. Besides this, the teachers cannot overlook the 

significance of intercultural competence, which is one of the requirements of successful 

international communication in a globalization context (Crystal, 2003). During the program, 

Thai university students should understand cultural differences because such an 

understanding is seen as a way to allow students to explore the varieties of their own cultures 

and the diversity within their cultures (Gonen & Saglam, 2012), in addition to benefit their 

acquisition of the target language. This can be done by organizing activities that help students 

to develop a better understanding of their own culture as well as the empathy towards the 

target culture through analyzing similarities and differences between their own culture and 

the target culture, for examples. They can learn to understand and accept people from other 

cultures as individuals with other distinctive perspectives, values, and behaviors (Byram, 

Gribkova & Starkey, 2002). In brief, if language learners have a chance to receive sufficient 

preparation in terms of both language learning strategies and intercultural competence before 

participating in the Summer Work and Travel Program, it is more likely that they should 

encounter fewer communication problems and should be able to make the most, linguistically 

as well as culturally, out of their brief stay in the target language environment. 
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Abstract 

This research aimed to study the factors affecting the creation of an incomplete mold 

in the molding process by using Micro Process Mapping, Fish bone, C&E Matrix, and DOE 

to help analyze the root causes, such as the parameters used in the mold, expiration of the 

epoxy molding compound, compound chip, and the temperature used in molding and cleaning 

the mold chase. For will find solutions and methods to prevent them from occurring, and 

reduce waste in the production process in next step. And can be used as a guideline for the 

analysis of incomplete mold formation along with other packages. The results of the analysis 

and experiment showed that the factors that cause the incomplete mold include unsuitable 

mold parameters, defective compound, and unsanitary method for cleaning the mold chase. 
 

Keywords: Incomplete mold, Molding compound (Compound), Molding process 

 

Introduction 
Currently, there is more competition in the integrated circuit (IC) market, mainly 

because ICs are very much in demand from the market. ICs are used as a component in most 

electrical appliances and some vehicle components, as well as mobile phones, tablets, 

notebooks, TVs, refrigerators, car lights, airplane lights, brake systems, etc.  In fact, the 

majority of human life is continuously developing according to human needs in order to 

facilitate convenience in life and the development of technology. These efforts not only 

create additional functionality, but also increase the quality of work. When increasing the 

efficiency of work, the quality of the work must not decrease or should be of better quality. 

Therefore, the various companies competing with each other aim to produce the best quality 

products with reasonable prices as well as quick delivery on order to gain an advantage and 

boost market share. Therefore, experiments should be undertaken to find the cause or causes 

that impact any work that fails to meet the market quality standards or does not meet the 

standards set by the customer. In doing so, we can solve the problem at the right point. By not 

going to fix the problem at the end of the event when the job is broken, it will cause increased 

costs as well as wasted time. Incomplete molds can cause significant damage and greatly 

affect the quality of a product, as well as affecting the efficiency of use. If damaged 

significantly, it cannot be used. If it is negligible, it will reduce the efficiency of use. In this 

research, the study concerns the factors that cause incomplete molds because there may be a 

lot of problems, comprising the top 1 to 5 defects in package A, which is the package that has 

the most incomplete molds. Therefore, this study will research the factors that cause the 

incomplete molds of package A. 

 

Objectives 

1) To study every factors that causes incomplete molds originating from the mold 

processes such as the parameters used in the mold and compound. 

2) To bring root cause that analyzed to improve the process in the next step. 

3) Able to be a guideline in analyzing the occurrence of Incomplete Mold with other 

packages. 
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Research Methodology 

This study is an examination of the factors that cause the incomplete mold of the 

package. Micro Process Mapping, Fish bone, C&E Matrix and DOE are used to analyze the 

factors that cause the incomplete mold of the package. From this analysis, it was found that 

the factors that cause the incomplete mold of package included molding parameters, expired 

materials and unsanitary method for cleaning the mold chase. Therefore, these factors were 

studied. 

 
Figure 1:  Diagram of experimental study 

 
 

Figure 2: IC Assembly Process 

 

 The bar graph below Figure 3, shows DPPM of defects for use in analyzing defects 

and packages in production processes. 
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Figure 3: (a) Graph of Top 5 defects (b) Graph of Top 5 Package for Incomplete Molds 

Micro Process Mapping of Molding Process is used for understanding the process 

overview, duties, importance, and factors that affect the quality of the process is shown in 

Figure 4 and Figure 5. 

 

Figure 4: Illustration of Micro Process Mapping 

(a) (b) 



 

147 

 

Figure 5: Illustration of Micro Process Mapping 

 

 A Fish bone diagram is a tool used in analysis to find the root cause(s) of the problem. 

As seen in Figure 6, the fish head is the feature of the problem that needs to be solved, while 

the herringbone is the cause of the problem for which the main causes have been analyzed in 

the process, including Machine, Methods and Materials. 

 

Figure 6: Fish bone Diagram 

The C&E Matrix is a tool used in the analysis and screening, done by brain-storming 

among engineers, technicians and operators to reduce the causes of unrelated problems or 

minimize the impact on the process. From Table 1, they will select the causes that score more 

than 150 points for use in experimentation to see all 10 reasons that were chosen and really 
affect the incomplete mold. 

 

 

 

 

 

 

 

 

Potential causes to Incomplete Mold

Before into machine During machine run
- Cleaning Mold Chase not clean - The temperature in warming the lead frame 

- Molding Compound expired     is not appropriate.

- Wire bond Lead frame has - Molding Compound broke or chip. 

    contamination or dust - The heat temp at lead frame and 

- The parameter not correct     Molding Compound are not appropriate.

- Type of Molding Compound - Pressure for inject the Molding Compound


- Size of Molding Compound     to Leadframe

- The volume of the Molding - The distance to push the Molding Compound 



   Compound is not enough.    into the mold cavity (Pellet Height)

- Molding Compound broke or chip. - Time that Planck pushes  the Molding 

  Compound end (Filling Time).
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Table 1: Results for evaluation of the C&E Matrix 

 

Analysis of Process Capability brings naturally occurring variations in the production 

processes for comparison with the product specifications to calculate the ability of the 

process. The average quality of the products used in the analysis of the process will be 

considered at ±3σ by type of the data must be normal distribution and have acceptable Upper 

Natural Tolerance Limit (UNTL)  and Upper Natural Tolerance Limit (LNTL) are UNTL = μ 

+ 3σ and NTL = μ - 3σ as sequent, when μ is the mean value and σ is the standard deviation, 

which are acceptable values for the normal distribution at approximately 99.73% of the area 

under the curve. The value of the work outside the tolerable tolerance is approximately 

0.27%. 

Process capability ratio (Cp) is shown as the following equation. 
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Where 

USL   is Upper limit specification 

            LSL   is Lower limit specification 

            σ        is Standard deviation 

In the case that the disadvantage is only the upper limit or the lower limit, it will have 

the ratio of the process as in the following equation: 
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Where    is process average 

Rating of 

Importance

10

Engineer Technician Operator Average Total

1.1

The heat temp at lead frame and Molding Compound 

are not appropriate during Molding process 

(Temperature settings)

10 9 9 9 280

1.2
Pressure for inject the Molding Compound  to 

Leadframe (Transfer Profile)
10 10 8 9 280

1.3

 The temperature in warming the lead frame before 

move to Mold Chase is not appropriate (Process 

settings)

8 9 8 8 250

1.4
The distance to push the Molding Compound into the 

mold cavity (Transfer Profile/Pellet Height)
8 7 7 7 220

1.5
Time that Planck pushes  the Molding Compound end 

(Transfer Profile/Filling Time)
9 8 7 8 240

1.6
Clamp force at the mold top not appropriate (Process 

settings/Clamp force)
8 6 6 7 200

2.1 Cleaning Mold Chase not clean 9 7 10 9 260

2.2 Select the parameter not correct 5 3 4 4 120

3.1 The volume of the Molding Compound is not enough 10 9 9 9 280

3.2 Molding Compound broke or chip 9 8 9 9 260

3.3 Type of Molding Compound 1 5 4 3 100

3.4 Size of Molding Compound 1 2 2 2 50

3.5 Molding Compound expired 8 7 8 8 230

3.6 Wire bond Lead frame has contamination or dust 3 4 4 4 110

No. Process Parameter No. Process Input
Incomplete Mold

Select itme score > 150

1

Machine 

2 Method

3

Material



 

149 

In the case that the average of the production process is not halfway between the 

upper and lower limits, the process capability analysis will be calculated by comparing Cpu 

and Cpl and choosing the smaller value as the value of the process indicator, which is 

possible using the following equation: 

                                                      min ,pk pu plC C C                                                            (4) 

                                                     min ,
3 3

pk

USL X X LSL
C

 

  
  

 
                                        (5) 

And has      that is one more value in the process capability analysis, as in the 

following equation. 

                                                                          3 pk

USL
Z C






                                                                                                   (6) 

Process capability from Figure 7 gained from Mini Tab can tell that DPPM = 1230, Z = 

3.03 and Cpk = 1.01 

 

Figure 7: Show Process Capability of Incomplete Mold 

The Molding Process is a forming and packaging process carried out by injecting 

Epoxy Molding Compound (EMC), which will be called “Compound” and is used to cover 

the surface of the lead frame from external factors such as humidity, temperature, 

contaminants or physical force. Such factors may destroy the internal circuit (Die) and wire 

(Gold wire) connecting the circuit to the work pin to conduct electricity, resulting in damage 

that prevents the IC itself from being used. To better understand the molding process, Figure 

8 shows the Input-Process-Output of the molding process, while Figure 9 shows the steps of 

the molding process. 
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Figure 8: The features of Input-Process-Output in the Molding Process 

 

Figure 9: Steps of the Molding Process 

 

DOE for experiment is analysis and calculation for find parameter that appropriate in 

experimental. Which in the part of mold parameter have from calculation parameter of Mini 

tab that have calculation correctly, appropriate and save material and time in experiment 

(Item1 to Item10), because due to the range of mold parameters have the very far, we will 

cannot are unable to determine the suitability of the parameter experiment. And in the part of 

material (Item11-Item15) and Method (Item16) have from analysis of brainstorming by 

process mold expert. DOE from analysis and calculation shown in the Table 2. 
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Table 2: DOE for experiment 

 
 

Results/ Conclusion 

From the experiment results, factors effect to incomplete mold are mold parameter 

(such as clamp force, Top and bottom chase temperature setpoint, Bottom chase temperature 

deviation, Pellet length, Position of compound, Speed of compound and Pressure), compound 

(such as expired compound and chip) and unsanitary method for cleaning the mold chase. 

Results experiment for mold parameter, compound and unsanitary method for cleaning the 

mold chase show on Table 3. 

And the factors to effect to Wire Sweep are Clamp force, Top chase temperature 

deviation, Top and bottom chase temperature setpoint, Position of compound and Compound 

expired. 

Show of results of X-Ray for check Wire Sweep on Table 4. 
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1 250 20 0 30 0 0 0 80 0 0 175 5 175 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal

2 350 20 0 30 0 0 0 80 0 0 175 5 175 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal

3 320 10 0 30 0 0 0 80 0 0 175 5 175 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal

4 320 20 0 30 0 0 0 80 0 0 175 20 175 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal

5 320 20 0 30 0 0 0 80 0 0 160 5 160 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal

6 320 20 0 30 0 0 0 80 0 0 175 5 175 0 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal

7 320 20 0 30 0 0 0 80 0 0 175 5 175 5 200 15 1 5 5.4 5.5 5.8 7.5 7.5 7.5 8 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal

8 320 20 0 30 0 0 0 80 0 0 175 5 175 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1 1.5 1.5 1.5 1.5 1.5 8 Normal

9 320 20 0 30 0 0 0 80 0 0 175 5 175 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 3 Normal
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Compound expired (8 

Hour)
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Compound expired (3 

Day )
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Compound chip (All 8 

pieces)
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pieces, Alternating 

between compound chip 

and compound complete 
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position)
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Cleaning mold chase not 

clear
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And should improve mold parameter, unsanitary method for cleaning the mold chase 

and control life time of compound in next step, and can be analysis criteria occurrence 

incomplete mold with other package of QFN from this study. 
 

Table 3: Results experiment for mold parameter, compound and unsanitary method for 

cleaning the mold chase. 
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Picture Result

1 250 20 0 30 0 0 0 80 0 0 175 5 175 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal Affect incomplete mold

2 350 20 0 30 0 0 0 80 0 0 175 5 175 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal Affect incomplete mold

3 320 10 0 30 0 0 0 80 0 0 175 5 175 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal
Not affect incomplete 

mold

4 320 20 0 30 0 0 0 80 0 0 175 20 175 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal
Not affect incomplete 

mold

5 320 20 0 30 0 0 0 80 0 0 160 5 160 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal Affect incomplete mold

6 320 20 0 30 0 0 0 80 0 0 175 5 175 0 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal Affect incomplete mold

7 320 20 0 30 0 0 0 80 0 0 175 5 175 5 200 15 1 5 5.4 5.5 5.8 7.5 7.5 7.5 8 16 18 0.4 0.4 0.4 0.7 1.8 3 3 3 3 3 8 Normal Affect incomplete mold

8 320 20 0 30 0 0 0 80 0 0 175 5 175 5 200 15 5 5.4 5.5 5.8 7.2 9 10 12 15 16 18 0.4 0.4 0.4 0.7 1 1.5 1.5 1.5 1.5 1.5 8 Normal Affect incomplete mold
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bast parameter) Not 

affect incomplete mold
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Compound expired (8 

Hour)

Not affect incomplete 

mold
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Day )
Affect incomplete mold
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pieces)
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Compound chip (Chip 4 

pieces, Alternating 

between compound chip 

and compound complete 
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Table 4: Results of X-Ray (To check Wire Sweep) 
 

        
 

Conclusion of the results: From the experiment results, it can be concluded that the 

causes of incomplete mold are mold parameters, expired compound and chip, and unsanitary 

method for cleaning the mold chase. Some factors affecting the wire sweep are shown in the 

table below. 
 

 
 

Figure 10: Summary of causes affecting incomplete molds 

 

Item

1 Reject

2 Accept

3 Accept

4 Reject

5 Reject

6 Reject

7 Reject

8 Accept

     X-Ray Result    

(Before Mold)
     Result     (X-Ray)

     X-Ray Result      

(After Mold)

Item

9 Accept

10 Accept

11 Accept

12 Reject

13 Accept

14 Accept

15 Accept

16 Accept

     X-Ray Result    

(Before Mold)
     Result     (X-Ray)

     X-Ray Result      

(After Mold)

Factors

1) Clamp force

2) Top/Bottom chase temperature setpoint

3) Bottom chase temperature deviation

4) Pressure

5) Speed

6) Pellet Height

1) Compound expired 3 days

2) Compound chip all 8 pleces

3) Compound chip 4 pleces

4) Compound chip 2 pleces (First and end)

Method 1) cleaning Mold Chase not clean

Mold Parameter

Material
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Discussion 

From the analysis with various tools and the experiment, the results of the factors and 

experimental results of various factors show that the causes of incomplete molds are: 1) Mold 

parameters, the following is not appropriate including clamp force, molding temperature, 

pressure to compound, speed transfer of compound and pellet height of compound; 2) 

Material, the following has flaws including expired compound and chipped compound; 3) 

Method of cleaning, Mold chase is not clean and some factors affect wire sweep as well; 4) 

Can be used analysis the factors causes of incomplete molds of package A with other 

package. 

 

Recommendations 

This study is an analysis of the main problems found when producing incomplete 

molds and there is no apparent solution. Most problems require technical solutions, which are 

quite complicated. Therefore, it shows that the process of brainstorming and analysis by a 

team of experts and data concerning the nature of the problem are very important because 

they will enable analysis of the problems in all areas. More to the point, it will be possible to 

plan more effective experiments, resulting in shorter trials. After identifying the root cause of 

an incomplete mold, package A still has to be improved under control of an engineer. 
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Abstract 

The manufacturing of integrated circuits is a competitive industry, which has grown 

rapidly over the last few decades. This has led to an increasing need to develop and enhance 

operation efficiency to reduce defects and maintain customer satisfaction. The aim of this 

study was to investigate the effects of staging time on voiding after die attach on a small 

outlined integrated circuit (SOIC) prototype. The die attach process is one of many very 

important processes during integrated circuit (IC) packaging. In particular, epoxy adhesive, 

which is a die attach method to a lead frame, or substrate. However, the duration of the 

staging time after epoxy die attachment, can cause the voiding of components due to the 

evaporation of the epoxy adhesive. Therefore, in this experiment, we studied the effects of 

staging time after an epoxy die attach and evaluated the key variables associated with voiding 

over a 120 min period. The measurements included die shear testing, ball line thickness, 

delamination, and X-ray and reliability testing at every 30 min. The results confirmed that the 

staging time affected voiding after die attach using an epoxy adhesive on a SOIC package 

prototype. 
 

Keywords: Staging time, Void, Void under die, Delamination, IC packaging 

 

Introduction 

The die attach process is an important step in the manufacturing of integrated circuit 

(IC) packaging, to limit the occurrence of defects. The typical die attach process starts with 

attaching a die, or chip, onto a lead frame or substrate using either a eutectic, solder, 

adhesive, or silver glass. However, the most popular material to bond the die onto a lead 

frame is an epoxy adhesive (Varunee Paktramook, Kessararat Ugsornrat, Chalermsak 

Sumithpibul, 2017). The bonded frame is then left at room temperature (22-25°C) before a 

curing process is undertaken to complete epoxy cross linking and enhance microstructural 

epoxy stiffness. Nevertheless, a prolonged staging time after epoxy die attach can increase 

the likelihood of voiding on a small outline integrated circuit (SOIC) due to epoxy adhesive 

evaporation. The SOIC is a surface-mounted IC package, which is an industry IC standard 

package that is manufactured in high-volumes due to their use with end-products, such as 

portable audio, video, and communications. The die attach and curing processes are 

fundamental steps in manufacturing IC packages as they can help to improve the IC’s 

reliability. In addition, it can also help reduce production costs and improve product quality 

by enhancing manufacturing quality. Therefore, the aim of this study was to investigate the 

effects of staging time before the curing process to delamination in a SOIC package by 

evaluating the quality of the product and undertaking failure analysis and reliability testing. 

 

Objectives 

1) To review the design process for a new SOIC prototype. 

2) To study the causes of voiding under the die attach process. 

3) To improve the process capability of the die attach process in an SOIC prototype. 
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Research Methodology 

This section describes the IC packaging, die attach processes, quality control, failure, 

and reliability analysis. The IC packaging process involved several steps, including: wafer 

back grinding, wafer dicing, die attach, oven cure, wire bonding, molding, post mold cure, 

laser marking and trim/form/singulation processes. A diagram of the standard IC packaging 

process is shown in Figure 1. 

 
 

Figure 1: The integrated circuit packaging process 

A die attach is the process of attaching a semiconductor die or chip to a lead frame or 

substrate. Briefly, the process starts with picking the die from a wafer (see Figure 2). Next, 

the regular method is to push the die from the wafer tape with an ejector pin, while at the 

same time it is picked up by a vacuum tool (or pick-up tool). It is then placed and aligned to 

the epoxy adhesive that is placed on the pad of the lead frame. The epoxy adhesive is applied 

to form a bonding between the die and lead frame, which is the base of the IC package. These 

materials are shown in Figure 2, and the steps of the die attach process are shown in Figure 3. 

 

                     (a)                                                  (b) 

 

             Figure 2: Wafer (a), and epoxy adhesive (b) 
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(a) 

 
(b) 

    Figure 3: The die attach process steps (a), and a schematic plot of the die attach process (b) 

(Lin Bu, Wai Leong Ching, Ho Siow Ling, Min Woo Rhee, and Yong Puay Fen, 2016) 
 

Curing Process After the die attach process, the package is heated by an oven cure. 

The curing process is very important because it is able to make a completed epoxy due to 

cross linking, and thus enhances epoxy microstructural stiffness. Therefore, the waiting time 

before the curing process affects the microstructure of the epoxy, leading to voiding after die 

attach to the IC package. Quality Control, this experiment was controlled using three die 

attach criteria, namely: bond line thickness, die attach fillet and a die shear test. 

The bond line thickness (BLT) is the height of the epoxy between the die and the lead 

frame. The BLT was measured using equation (1), with the reference points shown in Figure 

4 & 5, respectively. The BLT specification was 0.8-1.2 mils, which is the standard value of 

this product. 

             BLT = Average (Die-DAP Distance) - (Die thickness)                                    (1) 

  
Figure 4: The bond line thickness (BLT) reference measurement.  

(Raymund Y. Agustin. 23rd ASEMEP National Technical Symposium, 2010) 
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Figure 5: Reference points for bond line thickness measurement                                 

(Military Standard-883F) 

The die attach fillet is an excess of die attach adhesive, which climbs on the edge of 

the die during the attachment process. The basic purpose of this die attach fillet is to anchor 

or provide mechanical strength along the die edges. The fillet height was measured as a 

percentage of the epoxy glue height relative to the die thickness; as illustrated in Figure 6. 

 
Figure 6: The fillet height reference measurement. 

Die shear testing is the process of determining the strength characteristics of the die 

and substrate by subjecting the die to a stress that is parallel to the plane of the die attach 

substrate. Die shear testing is shown in Figure 7. 

 

 
 

Figure 7: Die shear testing (Military Standard-883F) 

90

Shear (Tool) DirectionShear (Tool) Direction
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(Varunee Paktramook and team, 2017) The X-ray test is a quality reviewing process 

that helps to inspect air bubbles under the die. Specifically, the X-ray test is used to inspect 

for voiding under the die on the package after the die attachment and completion of quality 

control. The voiding under the die should not be greater than 25% of the die area. Reliability 

is the characteristic of a set of test scores that relates to the amount of random error arising 

from the measurement process, which may be embedded in the scores. Scores that are highly 

reliable, are accurate, reproducible, and consistent from one testing occasion to another. For 

example, if the testing process was repeated, essentially the same results would be obtained. 

The diagram of the reliability test is shown in Figure 8. The reliability test is an IC standard, 

which covers the time period that a sensitive device can be exposed to an external 

environment. 

 
Figure 8: Diagram of the reliability test. 

Preferred SAM before reliability test by (Khoo Ly Hoon, Lau Teck Beng, Au Yin Kheng, 2013) During 

reliability testing, a reliable package must demonstrate certain level of acceptable delamination performance at 

the allowable interfaces. Scanning Acoustic Microscopy (SAM) is most commonly used to check for 

delamination and voids in a package. 

Results/ Conclusion 

In the experimentation the BLT was controlled at 0.8-1.2 mils, the average was 

approximately 1.02 mils. The die attach fillet height and epoxy coverage passed at less than 

85% of die thickness; as shown in Figure 9. 

 

Figure 9: Die attach fillet height staging time (0 to 120 min) 
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The die shear strength results, performed prior to the reliability test, showed that 

strength varied over the 120 min staging period (Figure 10). However, the die shear strength 

of the samples provided an acceptable standard value for an IC packaging process. Moreover, 

the reliability testing also showed that the samples had adequate reliability. 

 

Figure 10: The results of the die shear test 

The voiding after die attach was assessed before curing using an X-ray machine 

(Table 1). It was observed that voiding varied over the 120 min staging period after die attach 

with the epoxy adhesive. However, the results showed that the sample had no voiding at any 

30 min interval time point. The package was heated in oven before reliability test which the 

result provided an acceptable standard value of reliability test in the IC packaging process. 

Table 1: The staging time before curing, which varied from 0 to 120 min. 
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Discussion 

This study investigated the effects of staging time after an epoxy die attach on a SOIC 

and evaluated the key variables associated with voiding over a 120 min period (before 

curing). We found that failure performance varied over the 120 min staging period, however 

there was no voiding of the samples after epoxy die attach. Moreover, the die shear strength 

of the samples had standard values acceptable for an IC packaging process, and the results 

passed reliability testing. 
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Abstract 

This research studied the molding and impact on the mold process that affects the 

blowing wire in the sensor packaging. Wire sweep is a major criterion that causes the 

shortage of wire with adjacent areas. It occurs from the molding process after the wire 

bonding process in the sensor packaging process. In this experiment, the parameters of wire 

were varied by wire size, wire height, and wire length percentage. The parameters of the 

mold were also varied by transfer time for analysis of the wire sweep and delamination 

results. The evaluation also studied the effect of mold flow on the position of unit in the lead 

frame. The results showed that the end of mold flow had the highest wire sweep percentage, 

tensile percentage of wire at injection time. Moreover, the results revealed that the wire 

height and wire length percentage were directly proportional to the wire sweep. In contrast, 

wire size was shown to be inversely proportional to the wire sweep. In summary, the end of 

mold flow had the highest wire sweep percentage. Therefore, these parameters of wire 

bonding and molding process were important in the sensor packaging process and must be 

selected appropriately in order to reduce the number of rejects in the process. 
 

Keywords:Sensor packaging, Wire bonding, Molding, Wire sweep, Delamination, Mold flow  
 

Introduction 

Plastic Chip Encapsulation (Figure 1) is a molding process wherein chips are 

encapsulated with an epoxy molding compound (EMC) to prevent physical damage, 

corrosion, or environmental effects. This process contains the interconnection between 

microchips and other electronics (so-called wire bonding), curing phenomenon of thermoset 

material, and control management of various process conditions (Lim, A., et al.). Due to the 

complexity of multiple material components, such as EMC, die, or lead frame, and to high 

wire density, many challenges and significant uncertainty have been revealed in the chip 

encapsulation process. Common defects include incomplete fill, voids, wire sweep, and 

delamination, among others (Lim, F.J. & Nguyen, L.T., 1990). 

        

 

Figure 1: Chip encapsulation 
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Epoxy Molding Compounds (EMCs) (Figure 2) are widely used to encapsulate 

semiconductor devices due to their superior properties, including high mechanical strength 

and high productivity (Lee, M. & Joo, W.G., 2001). Basically, epoxy molding compounds are 

solid epoxy polymers that are heated to a liquid and then injected over a circuit for protection. 
 

 

 

Figure 2: Epoxy Molding Compound 

  Epoxy Molding Compound is a compound composed of many raw materials. A 

typical EMC is composed of Filler (~70%), Epoxy Resin (~20%), Hardener (~10%), 

Reformation Agent (<5%), Other Additives (<2%), Wax (<1%), and Catalyst (<1%) as 

shown in Figure 3. 

 

 

Figure 3: Raw Materials 

 

Each type of raw material has important built-in features such as filler, which helps to 

decrease shrinkage on curing, decrease thermal expansion coefficient and improve thermal 

conductivity. Epoxy Resin helps to determine the fundamental characteristics such as: Mold 

Ability, Mechanical & Electrical Properties, Humidity and Heat Resistance. Hardener 

participates in the cross-linking (hardening) reaction. Reformation Agent helps to reduce the 

inner stress of the package. Other additives include Coloring Agent, Flame Retardant, etc. 

Wax helps to improve the release of the cured product from the mold die, while Catalyst 

helps to promote rapid curing of resins when heated to a specific temperature. The forming 

process is an epoxy injection molding step. Molding Compound (EMC) or other materials are 

injected into the mold, such as plastic or ceramic. Compound epoxy blends will cover the 

lead in the lead frame to get the shape of the integrated packaging. Each model complies with 

company standards to prevent damage to the internal circuits (Nguyen, L.T. & Robock P.V., 

1989). There are more than 800 different parameters that must be established and controlled 

to achieve proper injection molding of a plastic part. These parameters fall within five major 

areas: pressure, temperature, time, transfer time, and distance are shown in the Figure 4. 
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 Figure 4: parameter rings 

 

In this research, the design of experiment (DOE) is an important tool that optimizes 

parameters to solve the problem. The molding parameters are varied by this tool to obtain the 

suitable values for the molding process. This research focuses on chips with P-dip packaging, 

but is applicable to QFN packaging as well. 

 

Objectives 

1) To study molding parameters in integrated circuit (IC) packaging process. 

2) To optimize the molding parameters for P-dip type package. 

3) To minimize the problem of wire sweep in the molding process. 

 

Research Methodology 

It is a well-known fact that EMC flow in the runner to cavity determines the extent of 

the flow-induced stresses that are imposed on substrate and wire. The study focuses on wire 

sweep, thereby affecting the package reliability. In the molding process, parameters 

optimization studies the factors that affect the molding process such as Transfer time, Pellet 

pre-heat time, and Plunger pressure. This research used Minitab statistical software to run 

DOE by using the Taguchi method. Solution Taguchi method, sometimes called robust 

design method, is shown in Figure 5. Taguchi formula is Level power Factors. In each level, 

number 1 is the minimum value, while number 2 is the maximum value. Factors in this 

research comprise Transfer Time, Pellet Pre-heat Time, and Plunger Pressure. 

 

 

 

Figure 5: Taguchi Tablet 
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Table 1: Molding parameters (study factors) for Random Set 1 

Factors Level Unit 

Transfer Time 8, 16 Sec 

Pellet pre-heat 5, 10 Sec 

Plunger Pressure 120, 140 Kg/Cm
2
 

 

Table 2: Molding parameters (study factors) for Random Set 2 

Factors Level Unit 

Transfer Time 5, 10 Sec 

Pellet pre-heat 5, 10 Sec 

Plunger Pressure 120, 140 Kg/Cm
2
 

 

Table 3: Molding parameters (study factors) for Confirmation Run 

Factors Level Unit 

Transfer Time 5, 10 Sec 

Pellet pre-heat 5, 10 Sec 

Plunger Pressure 120, 140 Kg/Cm
2
 

Table 1, Table 2 and Table 3 are the minimum value and maximum value of molding 

parameters. And used to configure the Taguchi method in Table 4, Table 5 and Table 6. 

Prepare all the materials that needed to be used in the experiment by using the 

standard parameter at front of line (FOL). Aging the molding compound CEL8240HF10GK 

at the aging room to sufficient amount 24 hours per spec AS-MLD-002/P. Perform mold 

cleaning by using the nikalet at least 3 shots, the waxing sheet shot by using Emic. After that, 

set up the molding parameters (study factors) as proposed on the DOE. Start the molding 

process in Figure 6 to Figure 9. After that, take the strip to an x-ray machine to prove the 

percent of wire sweep in each die covered by EMC. 

 

 

 

 

 

 

 

 

 

 

 

 

          Figure 6: First Step in Molding                           Figure 7: Second Step in Molding 
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          Figure 8: Third Step in Molding                           Figure 9: Fourth Step in Molding 

Table 4: Transfer profile for Random Set 1 

Leg Transfer 

Time 

(sec) 

Pellet 

pre-

heat 

time 

(sec) 

Plunger 

Pressure 

(Kg/cm
2
) 

Output response 

Wire 

Sweep 

>10% 

Void / 

Incomplete 

Delamination S/S 

(2 

strips) 

1 8 5 120 0 0 0 128units 

2 8 10 140 0 0 0 128units 

3 16 5 140 128 2 9 128units 

4 16 10 120 128 3 12 128units 

Table 4 is the collection of results from experiments showing the percent of wire 

sweep greater than 10 percent. All units in leg 3 and leg 4 found wire sweep. 

Table 5: Transfer profile for Random Set 2 
 
 

Leg Transfer 

Time 

(sec) 

Pellet 

pre-heat 

time 

(sec) 

Plunger 

Pressure 

(kg/cm
2
) 

Output response 

Wire 

Sweep 

>5% 

Void / 

Incomplete 

Delamination S/S 

(2 strips) 

1 5 5 120 0 0 0 128units 

2 5 10 140 0 0 0 128units 

3 8 5 140 0 0 0 128units 

4 8 10 120 33 0 0 128units 
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Table 5 is the collection of results from experiments showing the percent of wire 

sweep greater than 5 percent. Leg 4 found wire sweep. 

 

Table 6: Transfer profile for Confirmation Run 

Leg Transfer 

Time 

(sec) 

Pellet 

pre-heat 

time 

(sec) 

Plunger 

Pressure 

(Kg/cm
2
) 

Output response 

Wire 

Sweep 

>10% 

Void / 

Incomplete 

Delamination S/S 

(2 

strips) 

1 5  5 120 0 0 0 128units 

2 6.5 8 130 0 0 0 128units 

3 8 10 140 0 0 0 128units 

 

Table 6 is the collection of results from experiments showing the percent of wire 

sweep greater than 10 percent. 

Results/ Conclusions 

The confirmation run parameters offer the best results show in table 6. The 

experiments in Random set 1 had the most effect on wire sweep as shown in table 4. First, 

guess the value of parameters. After that, run random set 1 as shown in table 4 by Dai-ichi 

machine. It was shown there was wire sweep, delamination, and incomplete/void in random 

set 1 as shown in table 4. Transfer time constant. No problem, even though pellet pre-heat 

time and plunger pressure changed. It was acceptable product, but a transfer time, pellet pre-

heat time and plunger pressure have high and low values. As a result, wire sweep is found. 

Then the significant variable is transfer time. Transfer Time is the most effective problem 

(Nguyen, L.T. 1993). In random set 2, decrease transfer time as shown in table 5. Wire sweep 

is decreased from the experiments in random set 1. Both random make we know the causes of 

wire sweep. If reduced injection time, the flow of EMC will fast move in cavity. It effect to 

clash during EMC and wire. It make problems are wire sweep and wire sway. If we used high 

transfer time, it will make the flow of EMC unable to reach the end row. Because EMC have 

more viscosity, it slows flow until hardening, but it decreases wire sweep. In summary, the 

confirmation run is a median value of random set 2 as shown in table 5. Always do short shot 

method because the short shot method make the flow of EMC known (starting row to end 

row) in Figure 10 to that will contribute to understanding the flow of the EMC that runs along 

the row. You will receive suitable values for parameters. Thus, the appropriate value is the 

result from the confirmation run. Other parameters have very little effect on the product or no 

problems at all on product. 
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Figure 10: Short Shot start row to end row 

Table 7: Suitable values for parameters 

Leg Transfer 

time 

(sec) 

Pellet 

pre-

heat 

time 

(sec) 

Plunger 

pressure 

(Kg/cm
2
) 

Output response 

Wire 

sweep 

>5% 

Void / 

Incomplete 

Delamination S/S 

(2 

strips) 

1 6.5 8 130 0 0 0 128units 

 

Table 7 is the suitable parameters to use for machine model Dai-ichi auto mold 

system GP-PRO8SP170N and compound type CEL8240HF10GK 

 

Discussion 

 In Study Factor, Pellet Pre-heat Time is the time used to warm up the compound before 

the injection.Transfer Time is the duration that the plunger presses the melting compound to 

the runner. Plunger Pressure is the pressure due to the plunger pressing into the cavity. High 

pressure is used to make sure the packed compound sticks firmly to the wires and the frames 

to expel air out of the hole. This also prevents holes inside the unit, which will absorb 

moisture in the future. Speed means the speed of EMC injection that is dependent on time 

and distance. Concerning fixed factors such as molding temperature, the temperature that is 

used to melt the compound can determine the wettability of the compound. This factor affects 

the adhesion and strength of the unit. The temperature also affects the two main factors, 
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which are the injection Time: with the molding temperature at 170°C, the injection time is 

about 8 sec but at 180°C, the time is about 6 sec, and the viscosity at the molding temperature 

of 170°C is more than at 180°C. Transfer Time, Pre heat time and Plunger Pressure are 

causes of incomplete molding, voids, delamination, and wire sweep. 

Recommendations 

This research can be used only for machine model Dai-ichi auto mold system GP-

PRO8SP170N and compound type CEL8240HF10GK. The values may vary since the same 

machine may wear out. FEA (Finite Element Analysis) can be used for improvement and to 

show how EMC flows, starting at pot flow in runner to cavity. It can also be used as a 

reference for use at the university in the MPAC Lab. 
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Abstract 

Online shopping is becoming increasingly popular in emerging markets like India. 

Customers rely on reviews provided by other customers to learn about product features, 

performance and usage experiences. Online market places like Amazon allow the reviews to 

be rated as helpful by the readers. The review helpfulness therefore is understood as an 

important outcome which may have an influence in consumer decision making. There are 

studies reported on the determinants of review helpfulness (Mudambi & Schuff 2010). 

Drawing on this work, this study investigates whether review extremity (measured as star 

rating) and review depth (measured as word count) have an effect on review helpfulness and 

whether the product type (search goods and experience goods) moderates these relationships. 

The study based on a negative binomial regression analysis of 5335 reviews collected 

through web scrapping from Amazon.in shopping portal concludes that review extremity has 

a negative effect while review depth has a positive effect on perceived helpfulness. The same 

relationship is found for both search goods and experience goods. It can be concluded that 

higher the star rating, less is the review helpfulness and longer the review, higher is the 

helpfulness rating. Both the effects are found to be stronger for experience goods. 
 

Keywords: determinant of review, helpfulness, customer, reviews 

 

Introduction 

Online shopping is becoming quite ubiquitous in emerging markets. Customers who 

shop online perceive a higher risk compared to those who use physical shops as they cannot 

see, touch and judge the product. Instead they have to rely on the product listing provided by 

the sellers or the brands online and naturally such information is likely to be doctored to 

benefit the brand. Too customers who shop online generally rely on reviews posted by other 

customers. The reviews posted are used extensively by other customers. Realising this, e-

commerce companies make available a large number of reviews online. How useful are these 

reviews to customers and whether they consider positive review or negative reviews as more 

useful? What are the other determinants of review helpfulness? These questions are 

interesting to the marketing academic as a significant volume of retail is now moving online 

(Huang et al. 2015; Cao et al. 2011). 

Online retailers use the measure ‘review helpfulness’ to track the usefulness of 

reviews as indicated by customers. Usually there is question at the end of the review listing 

asking the readers to indicate whether the review is helpful. The number of votes received by 

a review is also prominently displayed on line which may be read by a lot more of customers. 

Mudambi & Schuff (2010) explored the question whether review extremity and 

review depth have an effect on review helpfulness. They concluded that extreme reviews are 

not rated as helpful by the readers and the general preference is towards moderate reviews. 

They used search-experience goods dichotomy as a moderator variable as explained by 

information economics perspective. 

This work primarily attempts to study the effect review extremity, review depth and 

product type (search goods vs experience goods) on customer ratings of review helpfulness. 

Based on previous literature, we have formulated the following hypothesis which is tested in 

the study. 
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H1: There will be a negative effect of review extremity on review helpfulness. 

H2: There will be a positive effect of review depth on helpfulness 

H3: The effect of review extremity and review depth will be higher on helpfulness for 

experience goods compared to search goods. 

 

Method 

1. Data Collection 

The review data was collected from the Indian shopping portal of Amazon namely 

www.amazon.in mainly for two categories of products - search goods and experience goods. 

Mobile phones were chosen to represent search goods and headsets for experience goods. We 

chose five leading brands and reviews were collected from the shopping portal using the 

technique of web scrapping. Web scraping is a data gathering technique used for extracting 

data from websites. It is a form of extraction, in which specific data including text, numbers 

or images is gathered from the web pages, typically into a local database or spreadsheet, for 

later retrieval and analysis. Scrapy, a free and open source web crawling framework written 

in Python was used for this process. From each page listing the products, name of the author, 

title of the review, star rating of the product, review comments and the number of votes 

indicating review helpfulness were the information collected. The scraped data is then filtered 

and pre-processed to create a data frame with the variables in columns and the data in rows. 

The review comments is tokenised using NLTK, a suite of libraries and programs in Python 

for symbolic and statistical Natural Language Processing and from the tokenised text corpus, 

the word count is extracted for each review. Word count depicts the depth of the review. The 

number of stars given to the product denotes the rating of the product. Helpfulness is 

measured by the number of votes given to the review. The products were categorised into 

either experienced goods codes as 0 and search goods coded as 1. The brands chosen for data 

collection are listed below in table 1. 

The Indian shopping portal Amazon.in lists the reviews in pages with each page 

having 10 reviews. The following figure provides a typical review and marks the elements 

extracted through the web scrapping procedure. The elements extracted are marked in the 

figure. For each review, we extracted the following data. 

 The star rating (from 1 to 5) given by the reviewer (“starcount") 

 The total number of people who voted the review to be helpful (“votecount”) 

 The word count of the review. (“wordcount) 

 The review text 

 Reviewer Name 

 Review Title 
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Figure 1. Data extracted from shopping portal 

2.  Variables 

From the data, we were able to operationalise and extract the variables to test the 

model. The dependent variable is perceived review helpfulness which is the number of people 

who voted a particular review to be helpful. We have used the short name ‘votecount’ for the 

perceived review helpfulness. 

We used three independent variables namely review extremity, review depth and 

product type. The review extremity was operationalised as the star rating provided by the 

reviewer to the product. We used the short name 'starcount’ for the review extremity which is 

a number ranging from 1 to 5. Review depth is measured as the number of words in the 

review and we have used the short name 'wordcount’. The products were categorised into 

experience goods (headphones) and search goods (mobile phone) which were binary coded as 

0 and 1 respectively. We have used ‘goodtype’ to denote the product type variable. 

The date frame had 5335 cases representing the number of reviews extracted from the 

shopping portal. 

 

3.  Analysis 

We noted that the dependent variable ‘review helpfulness’ is a count and therefore 

ordinary multiple regression is not a suitable analysis technique. So we used negative 

binomial regression to model the relationships. The analysis was performed in State after 

importing the data. The regression was initially performed on the aggregate data followed by 

repeating the analysis on the two groups of products separately. 

 

Results 

The summary results of the negative binomial regression is provided below in figure 

2. As the table indicates, model is significant even though the pseudo R^2 values are less. 

The review extremity (starcount) shows a negative effect on the dependent variable 

(perceived review helpfulness) and the coefficient is -0.1846 which is significant at 1 percent. 

The negative sign of the coefficient indicates that reviews are rated as less helpful when the 

star count increases. Or in other words, negative reviews are rated as more helpful by the 

readers. 
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Figure 2. Results of Negative Binomial Regression 

The review depth has a positive effect on the helpfulness and though the value of the 

coefficient is low is significant at 1 percent alpha level. The nature of product also seems to 

have an effect on the helpfulness. Hypothesis 1 and 2 are supported by these results. 

To explore this further, the researchers ran the negative binomial regression separately 

for search goods (coded as 1) and experience goods (coded 0). We found that there are 

differences in the coefficients between experience goods and search goods. Then regression 

results for the experience goods are provided below in Figure 3. 

 

 

Figure 3. Regression Results (Experience Goods) 
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We see that all the variables have an effect on the review helpfulness variable and the 

direction is also the same as seen the aggregate analysis. However the coefficient for 

‘starcount’ is higher than that for the agitated analysis. The regression results of the search 

goods is provided below in Table 4 and the comparison between Table 3 and 4 reveal an 

interesting result. 

 

 

Figure 4. Regression Results (Search Goods) 

As can be seen, the direction of the effect is the same in both samples. There is a 

negative effect of ‘starcount’ on ‘votecount’ and the coefficient value is higher (-0.2509 for 

experience goods against -0.1534 for search goods). This is evidence in support of 

Hypothesis 3 though we may need to study and establish the interaction effect to have more 

convincing support. 

 

Discussion 

Two major insights emerge from the study. The first is that there is negative effect of 

‘starcount’ on review helpfulness which is contrary to the results reported in the seminal 

paper cited earlier (Mudambi & Schuff 2010). The star rating is provided from 1 to 5 and the 

positivity of the rain increases with increase in rating. Generally scores of 1 or 2 indicate 

negative reviews while 4 or 5 indicate positive reviews. The negative value of the coefficients 

indicate that as the star rating increases, it is rated as less helpful by the readers. Indirectly it 

may be argued that lower star rating may be preferred and indicated as more helpful by the 

readers. 

The second insight is that the relationship between star rating and review helpfulness 

is stronger for experience goods compared to search goods. This is to be expected as the 

experience goods do not have searchable or comparable attributes for the customers to 

evaluate and make their choices and therefore the review may have a more pronounced 

influence. The negative reviews could be perceived as more helpful as they help in guarding 

the customer from making the mistakes. 

There are several limitations to the study. The sample collected pertains to only two 

product categories and is relatively small to reach in firm conclusion unless replicated. It is 
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also necessary to conduct further analysis to tease out the interaction effects of starcount and 

wordcount on the product type. The generalisability of results is limited to those customers 

who rated the review as helpful. There is also the limitation that the star count and word 

count are at best quantitive surrogate variables for the constructs of review extremity and 

review depth. 

 

Conclusion 

This study provides somehow contrary evidence to the results presented by the 

seminal work down by Mudambi & Schuff (2010). The results indicate that the customer rate 

negative reviews as more helpful. Probably these results are more specific to the cultural 

context of India rather than being universally applicable. 

Then results if replicable also indicate that the brands must be extremely concerned about the 

negative reviews as they have a strong chance of influencing the customer behaviour online. 

This is more in line with the traditional marketing logic of the negative effect of customer 

dissatisfaction. 
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Abstract 

The objective of this research is to study the copper (Cu) wire bonding process. 

Although this process has been studied for many years, and while copper wire bonding has 

many advantages over gold (Au) wire bonding, there are many challenges that need to be 

resolved to meet its application requirements. In this research, I focus on changing the raw 

material from gold to copper wire in the wire bonding process, using the bond shear test, and I 

examine the effects of copper and gold wire material on stress response during shear testing. 

The simulation results show that copper wire bonding induces the highest stress response, 

while gold wire bonding exhibits the lowest. The test results can be used to control product 

quality and further develop products in the integrated circuit (IC) industry. 
 

Keywords: Wire Bond, Bond Shear Test, Finite Element Analysis 

 

Introduction 

In the manufacturing process of ICs, the wire bonding process is the predominant 

method for making electrical connections between the chip and the package lead-frame. 

Although gold wire is the most popular interconnecting material in use in the wire bonding 

process, it is increasingly substituted by copper. In preference to gold, copper is not only a 

much cheaper alternative, but also offers several physical advantages, such as better electrical 

and thermal conductivity, higher mechanical strength, lower yield strength, less IMC 

formation, and better sweep resistance. However, there are several disadvantages to copper 

wire bonding, such as hard free air ball (FAB), oxidation of Cu, and corrosion of Cu-Al 

IMCs. An engineer must consider costs, not only package performance. Because of its 

flexibility and being the lowest-cost IC packaging technology, wire bonding dominates more 

than 90% of the IC packaging market. The advantages of copper over gold wire in the 

bonding process are summarized in Table 1 below: 

Table 1: Material properties of copper and gold wire bond material. 
 

Bonding Wire Gold Copper 

Density  
 

               

Melting Point               

Electrical Resistivity                           

Thermal Conductivity  
 

  
          

Young’s Modulus                        

Vickers Hardness               

Yield Stress               
 

Wire bonds in microelectronic devices experience failure by mechanisms, such as 

excessive intermetallic compound (IMC) formation, bond fatigue, and corrosion. Currently, 

the only way of ensuring long life and high reliability of the bond is by improving bond 
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quality, which is controlled by initial bonding parameters and the material used for wire and 

bond pad. Wire bond evaluation methods have been established by organizations, such as 

JEDEC, AEC, and IEC, for dispositioning wire bond samples in manufacturing. Table 2, 

below, lists examples of standards for wire bond evaluation. These standards are also 

followed to perform wire bond process optimization by constructing an experiment’s design 

and obtaining results until they meet the specified criteria. 

Table 2. Wire bond test standards. 

Test Standards 

Bond Pull Test 

1. Mil-std 883 Method 2011.7 Wire 

Bond Pull. 

2. ASTM F458 - 06 Standard Practice for 

Non-Destructive Pull Testing of Wire Bonds. 

3. ASTM F459 -13 Standard Test Methods for 

Measuring Pull Strength of Microelectronic 

Wire Bonds. 

Bond Shear Test 

1. AEC - Q100-001 REV-C Wire Bond Shear 

Test. 

2. JESD22-B116 Wire Bond Shear Test 

Method. 

3. ASTM F1269-13 (Au and Cu) 

Bond ball diameter and 

height 

1. National Bureau of Standards 

Technical Note 726. 

2.AmTECH Design Guidelines for Wire 

Bonding.  

% IMC Coverage (Cu) 1. Wire Bonding TASA ID: 8873860 (Cu). 

 

Bond shear testing is the process of measuring a bond’s adhesive strength by 

performing a destructive test. Figure 1, below, illustrates the process, where a shear tool, 

much wider than the ball bond to be tested, is used to apply force in the lateral direction 

(parallel to the substrate). 

 

 

Figure 1: Bond shear testing showing bond yielding at the interface. 

 

The shear tool is set to move at a constant speed, while the force encountered to move 

the tool in its path is noted. As the tool hits the bond and stops, the force is increased until the 

bond breaks. Peak force that causes the break is recorded as the shear strength of the bond. 

Bond shear testing is primarily used to optimize the bonding process and then to qualify and 

monitor wire bonds on production samples. It can also indicate the stress tolerance of the 
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bond, such as stress from thermal expansion of mold compound during thermal cycling 

conditions. JEDEC, AEC, and ASTM have all published bond shear testing standards. Wire 

bond shear testing is used to determine the adhesion strength of the wire bond to the bond 

pad. However, until recently, all three of these standards were meant for gold wire bonds and 

do not have the same results with copper wire bonds. The finite element software program, 

ANSYS, is used to model and simulate the wire bonding process. The effect of the bonding 

parameters on wire bonding quality were investigated. The quality of the bond sample was 

measured by the bonding strength of the sample, and evaluated. The stress response of the 

wire ball bond during wire bond shear testing was also evaluated by simulation. In this study, 

experiments and finite element analysis (FEA) are employed to develop a deeper 

understanding of shear testing and its change with bond degradation. The wire bond shear test 

was simulated by using a three-dimensional nonlinear finite element model. Comparisons 

between of copper and gold wire were performed to evaluate the effects of material on the 

stress response. 

 

Research Methodology 

 In this process, the hypothesis is set up for easy simulation by specifying the 

following: The temperature around the wire ball bond model is assumed to be consistent 

during the course of   the simulation; the wire ball bond is assumed to exhibit an elastic-

plastic material property during the ball shear process; the shear ram is assumed to be a rigid 

material; the inertia force from the shear ram transferred to the ball bond is not considered in 

this study; the intermetallic diffusion effect between the ball bond and bond pad metallization 

will not be considered since it is temperature and material-dependent, which is inconsistent 

for all bonds; the friction on contact between the shear tool and ball bond, due to heat and 

temperature induction, is not considered, assuming that both materials have a smooth surface; 

the shear ram is moving with a constant velocity throughout the simulation. Simulation of the 

copper wire bonding structure was developed using finite element software (ANSYS) which is 

simulated in 3D to find the strength of the ball bond, in compliance with the JEDEC standard 

(JESD22-B116A). The materials used are Cu and Au for the ball bond; aluminum (Al) for the 

bond pad; and steel for the shear ram. The material properties are shown in Tables 3 and 4 

below. The properties of all materials used in the study are defined as Linear Elastic Material, 

except for the ball bond, whose properties will be considered to have Visco-Plastic properties 

regarding Creep Constitutive. 
 

Table 3: Material properties. 

Material Density,   (
 

   ) Young's modulus, (Pa) Poisson ratio, v 

Copper 

Gold 

Aluminum 

Steel 

     

     

    

     

        

         

       

         

     

     

     

    
 

Table 4: Stress – Strain of ball bond. 

Stress                       

Strain                 
 

This simulation was conducted using a wire diameter of 0.8 mil (20  ). The ball 

height and ball diameter of the ball bond wire bonding are 22   and 70    respectively. 
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The bond pad attached at the bottom of the ball bond has a thickness of 1μm and a square 

length of 80μm. The initial surface contact between the ball bond and bond pad were defined 

with an opening of 68μm in diameter. The height of the shear ram is fixed at 2.5μm above the 

bond pad. The wire bond shear test model used for the simulation is shown in Figure 2 

below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Wire bond shear test model with aluminum bond pad. 

 

 The first step is to structure the model of the ball bond, the bond pad, and the shear 

ram, with a solid element (SOLID 187). The 3D surface-to-surface contact element 

(CONTA174) and 3D target segment element (TARGE170) were used to represent the two-

contact behavior between the shear ram and ball bond, and ball bond and bond pad. Large 

deformation options were enabled for the 3D nonlinear finite element simulation. 

Displacement loading was applied to the model to replicate the wire bond shear test process. 

In this simulation, the Von Mises stress test was used as the criteria in determining the 

stress response during the wire bond shear test. The ANSYS Von Mises stress is defined as 

follows: 

 

     
                          

 
 

 
Results / Discussions 

 The wire bond shear test on the aluminum bond pad surface was simulated in this 

study with a shear ram height of 2.5µm. The shear ram was displaced across the bonded 

region of the ball bond and bond pad with a constant velocity. The interpretation of the 

results is based on Von Mises’s stress response graph. The graphs for copper and gold wire 

bond are illustrated in Figures 3 and 4 below, respectively. The results from the graphs show 

that, during the initial stages of shear ram displacement over the bonded region of the ball 

bond, an increasing trend of Von Mises stress is obtained for the 2 wire materials. 

 

Wire Ball Bond 

Aluminum Bond Pad 

Pad 
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Figure 3: Stress response graph for copper wire bond. 

 

 

Figure 4: Stress response graph for gold wire bond. 

 

However, with a displacement distance of 35µm, the Von Mises stress curve shows a 

decreasing trend. This validates that the wire is being sheared off the bonded bond pad. The 

maximum Von Mises stress was obtained at the displacement distance of 35µm for both 

copper and gold wire materials. Among the 2 wire materials, copper wire bond recorded the 

highest Von Mises stress response of 287.95 MPa, while gold wire bond exhibited the lowest 

Von Mises stress response of 306.02MPa. The stress response of copper wire is higher than 

that of gold wire, as confirmed by the simulation results. The main reason is due to copper 

wire being a stiffer and harder material. The comparison results show that the copper wire 

bond induces a much higher stress compared to gold wire bond during wire bond shear test 

simulation. 

 Conclusion 
  Copper wire bonding has gained acceptance for many applications. However, its use 

in harsh conditions is still questioned. Though copper has several advantages over gold, there 

are still potential quality and reliability concerns. Bond shear testing is an important way to 

evaluate a wire bonding process. In this study, the simulation of wire bond shear testing on 

bond pads was introduced. The effects of the two wire materials, copper and gold, on the 

stress response during wire bond shear test simulation, were investigated. The simulation 

results showed that the copper wire bond induces higher stress than gold wire bond. The 

maximum Von Mises stress for copper and gold wire materials was obtained at 35µm of the 

bonded area of the ball bonds. 
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Recommendations 

This research was done using the ANSYS software program only in the simulation and 

analysis of shear test values by the finite element method. From the results of this research, it 

can be extended or improved for use in the manufacture of IC packaging as well. 
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Abstract  
A selection of teaching resources for teaching a language is borderless. There are 

endless numbers of texts which a teacher can choose from and alter to suit their students’ 

needs. A good teaching material not only needs to serve a specific goal set by the teacher but 

it should be encouraging and current. There are many texts with encouraging and cheering 

nature – positive texts – which can be used in language lessons. This article intends to draw 

an attention to the benefits of employing positive texts in language teaching and learning. It 

also demonstrates exercises by incorporating positive texts as language teaching and learning 

resources to achieve an understanding of a grammatical concept named references from the 

language theory, Systemic Functional Linguistics.  
 

Keywords: English, positive text, Systemic Functional Grammar, teaching resource 

 

Introduction 

Anxiety is an inevitable feeling to all human. It is caused by our interactions with 

others and it occurs frequently. When under pressure, many people tend to have difficulty 

concentrating and performing a task. A research by Altangerel, at al. (2015) investigated the 

effect of job stress performance of employees. The result revealed that stress strongly 

contributed to the reduction of employees’ performance. Hence in order for a person to 

successfully work or study, it is ideal to decrease the level of anxiety. However, easier said 

than done as we all have to face stressful situations all the time, especially in a formal setting 

such as in formal education. In formal education, students often involve in complex academic 

notions. The difficulty in learning may affect students’ level of anxiety. Classroom setting – 

for this particular argument – a language classroom can likewise appear to cause a negative 

experience, not only to foreign language learners but also to teachers. How, then, can formal 

classroom environment be less intimidating and be more healthy for language learners? 

One of the essential tasks for teachers, apart from teaching, is creating an inviting 

learning environment for learners. This can be achieved through both physical aspect such as 

friendly class decoration, informal attires, or welcoming facial expression. Or it can be 

achieved through using classroom psychology such as providing positive feedbacks on 

learners’ works. The topic of an association between feedbacks and students’ motivation and 

development has been widely examined in the education field. Hu & Choo (2016) has 

extensively assembled previous studies on this particular topic such as how teacher feedback 

can motivate or demotivate students in a subtle way (Orrell, 2006; Prince, Handley & Millar, 

2011; Värlander, 2008 as cited in Hu & Choo, 2016, p. 329). 

This article will propose another approach to creating a healthy learning environment 

for English language learners in a formal education setting through the use of positive texts as 

learning resources. It will begin with an elaboration on positive texts before providing 

examples of how positive texts can be used in language teaching and learning, particularly on 

the topic of grammar. 

 

What are texts and positive texts then?   

Texts are used as teaching and learning resources because texts contain meanings. 

Systemic Functional Linguistics (SFL) views language as a social semiotic or a resource for 
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people to make meanings with one another within a context of use. In order for somebody to 

learn a language, they have to involve themselves in the context of use. For example, when 

entering a new workplace, the customer service of an airline, a new staff needs to learn the 

language of airline customer service. This not only include the airline jargons but it also 

include the culture, practices and beliefs held by the people in the industry. SFL studies the 

connection between language and its function win the social settings. Therefore for systemic 

teachers, texts in context are used to teach language for specific purposes.  

Text in this sense does not refer to a textbook for academic purposes. Rather it refers 

to “any stretch of language which is held together cohesively through meaning” (Feez, 2006, 

p. 4). The form or the length does not distinguish whether something is or is not a text. 

Rather, as long as a stretch of language is a unified whole, it is considered a text. Feez gives 

further explanation that both a road sign comprises a single word Stop, and an entire book of 

novel are both considered texts because they are unified wholes (Ibid, 2006, p. 4).   

Positive texts are, as the name suggests, any stretch of language which hold positive 

or feel-good content, for example a news on a football victory, a journal article stating a new 

finding for a cure for a disease, happy musical lyrics, or a funny toilet sign. These texts, like 

other texts can be used as resources for language teaching. However, they also have another 

benefit for teachers and learners; they help create a positive learning and teaching 

environment. Below examples of positive texts are displayed. 
 

 
Figure 1: A picture of an inspirational and motivational quote (Brainy Quote, 2019)  
 

 
Figure 2: A Restroom Sign (Bored Panda, 2016) 

 

Why use positive texts to teach grammar? 

Grammar is an essential knowledge for a language student in formal education such 

as in tertiary level. English teachers of Business English Department at Suratthani Rajabhat 

University have to frequently incorporate grammar teaching into many ESP syllabi as it is a 

building block for higher level of knowledge of language. However, lessons on grammar can 

be overwhelming for many learners. From a recent survey conducted on 20 November 2019 

by Business English Department of Suratthani Rajabhat University, taken from 58 past and 

present Business English major students, nearly 70 per cent of the participated students 

selected grammar as the least preferred part of language study while approximately 28 per 

cent selected writing as the least preferred area of study. Other choices were English reading 

and conversations. However, English writing also requires sound knowledge of grammar. It 

may then be argued that grammar may be partially responsible for students’ negative attitude 

towards English writing. 

As mentioned earlier, anxiety is an opponent to learning. In order to create a more 

welcoming grammar lesson, positive texts can be applied in this context. The selection of 
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positive texts as teaching and learning materials not only have a benefit on students; it also 

has a direct benefit on me, the teacher. In the process of researching for teaching resources, 

viewing texts containing motivational, funny, creative or romantic nature can positively 

improve my working attitude. This process can certainly help relieve stress from working. 

 

How can we teach grammar using positive texts? 

This following section will present a brief grammar tutorial in order to discuss that 

positive texts can be good teaching materials. This tutorial will show how positive texts can 

be used for realizing a non-traditional grammatical notion. The concept chosen for 

demonstration is personal references. 

Kaur, Young & Kirkpatrick (2016) have accumulated the results of Thai English 

language learners in various English language proficiency tests. The results showed that in 

2010, the Test of English as a Foreign Language (TOEFL) ranked Thailand at the 116th place 

from 163 countries. According to the British Council, indicators showed that Thailand’s 

English-language teaching and learning were falling behind other ASEAN countries 

(Pattanawimol Israngkura, cited in Kaur, Young and Kirkpatrick, 2016). Since traditional 

grammar is still the prevailing method of grammar teaching in Thailand’s formal setting, and 

it perhaps is one of the debatable reasons for unsuccessful English language education in this 

country. With this approach, grammar is taken out of context of use. Each part of what is 

referred to as part of speech is taught separately. Parts of speech are for example, noun, 

pronoun, verb, and conjunction. A pronoun which appears in a clause takes the place of a 

noun. For example, “Fruits are good. They’re rich in vitamins.” Traditionally, in order for 

Thai students to learn the meaning of They, and that it takes the place of Fruits, we have to 

associate it with the plurality of the word Fruits. We hence have to refer back to the table of 

English pronouns, presented below. 

 

Table 1: English pronouns (Adapted from Milner, 2015, p. 5, p. 29) 

 

Subject 

pronouns 

Object 

pronouns 

Possessive 

adjective 

Possessive 

pronouns 

I Me My Mine 

You You Your Yours 

We Us Our Ours 

They Them Their Thiers 

He Him His His 

She Her Her Hers 

It It Its Its 

 

Many scholars would argue that rote-learning and memorising a table of words can 

prove to be a discouraging method of learning. Language teachers, particularly those who are 

Systemic Functional Linguistics enthusiasts, believe that language is a resource for people to 

make meanings with other people, and a table of separated words is not the most suitable 

mean to make meanings as it lacks the context of use. Often, without the knowledge of their 

cohesion function, EFL learners tend to make grammatical mistakes when creating an 

English text. In aforementioned argument, seeing parts of speech out of context may be the 

cause of these particular grammatical errors in writing. 

Functionally, these pronouns are responsible for the cohesion of the text; and they are 

named references. Learners can learn these items by their functions. This way, learners can 

see the context in which these references act. SFG focuses on language functions so in this 

case, the pronouns are referred to as reference because they convey meanings by referring to 
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something or someone which was mentioned earlier, or will be mentioned in the next clause. 

There are two types of reference – exophoric (situational) and endophoric (textual). 

 

Exophoric reference is when we, readers, look outward from the text. This means that 

the referent is not in the immediate context of speaking or writing but it is assumed by the 

speakers or writers that the listeners or readers can make sense of what is being uttered or 

written. 

 

For example, 

He who would climb the ladder must begin at the bottom. 

 

As outsiders, readers do not personally know who the He in this context is. However, 

we all can understand that He, here, refers to any person or any human who wishes to achieve 

a goal. 

 

Endophoric reference is when the referent refers to something inside the immediate 

text. There are two types of endophoric reference – anaphoric and cataphoric. Anaphoric is 

backward reference. It refers to something previously mentioned in the same text. 

 

For example 

Anaphoric is backward reference. It refers to something previously mentioned in the same 

text. 

 

It, stated in the second sentence refers back to the word Anaphoric previously 

mentioned. When written in full, the sentences will be “Anaphoric is backward reference. 

Anaphoric refers to something previously mentioned in the same text.” 

 

Let’s examine another example. 

Quality is not an act, it is a habit. 

 

In this text it in the second clause points back to the word Quality in the very first 

clause. When written in full, the sentence will be “Quality is not an act, quality is a habit.” 

 

Cataphoric does the opposite. It points forward.  

 

For example 

If you want them, there are apples in the fridge. 

 

Here, the apples are referred to as them earlier in a more general sense before being 

clearly identified later. Readers or listeners can make sense that the point being talked about 

is apples, more than one, are being offered.   

 

Now, it is time for an application of positive texts to realize different types of 

references – exophoric and endophoric (anaphoric/cataphoric). In the lesson, instead of 

traditional grammatical drill with a list of fill in the blank sentences, learners will be 

presented with positive texts taken from popular sources of interest such as websites, 

inspirational quotes, and lyrics and so on. 
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Exercise A 

 

 
 

Figure 3: A quote from a child (Bored Panda, 2015) 

 

Questions to ask English language learners regarding references are: 

1. Whose possession is my referring to? 

2. Who is They referring to in this photograph? 

3. How many people are They referring to? 

4. What type of reference is They in this text? 

 

Answers to the above questions are: 

1. My in the first sentence refers to Auggie, who is the son of, perhaps, the photographer 

of this photograph. 

2. They refers to the mannequins that Auggie is standing in between. 

3. They refers to three mannequins – one of a woman, one of a boy, and one of a dog. 

4. They is an endophoric (anaphoric) reference because it points back to my new family 

which is also present in the immediate text. 

 

In this exercise, what the learners are involved in is observing and analysing the texts. 

Firstly the learners observe the texts and associate the texts with their personal experience of 

being in a family, having a pet, strolling and shopping in a mall, or perhaps having a younger 

sibling before analysing meanings of the references presented in the texts. However if given 

the written text alone, learners may not be able to make sense of what Auggie is talking 

about. Here the written text is accompanied by a visual text to form a multimodal text – a 

combination of texts of two modes or more. With the aid from the visual component, learners 

can view and analyse what the referents my and They are from the photograph. In this case, 

the photograph as text can help build an understanding of the missing circumstance which the 

written referents are trying to signify. 

 

This multimodal text was chosen for this exercise because of its heart-warming 

nature. Many people associate young children and their innocence with happiness. This text 

was hence chosen with an underlying objective to decrease level of stress when learners face 

a task involving analysing an English text. 

 

Once learners have familiarised themselves with the SFG concept of reference 

through observation and analysis of provided texts. The next phase for learners is to create 

texts using different types of reference. 
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Exercise B 

 
Figure 4: A photograph of grocery products (Packaging City, 2010) 

 

Instruction: 

1. Write a brief text about the photograph above. 
 

  

    
 

Figures 5 – 8: Photographs of T-Shirts and creative packages (Packaging City, 2010) 

 

Instruction: 

1. Write a brief text about the photographs above. 

This exercise is a sequence of the preceding exercise. After the learners learned the 

functions of different types of reference, they have some language resources for writing a 

cohesive English text. Here they are able to view the provided visual texts and create brief 

notes about them using references. They should also be able to explain the connection 

between the referents which appear in their own texts and the rest of the clauses. The 

photograph texts chosen for Exercise B were selected because they represent the activities 

which we often involve ourselves in – grocery shopping and buying a t-shirt. When we view 
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figure four at a glance, we may think that the products were food in their common packages. 

However, when viewing them individually, along with their full images of the products, they 

reveal to be t-shirts in grocery packages. These photograph texts were selected for this 

exercise because they offer positive and surprising sensation which reflects creativity of the 

product designer. 

 

A final note on using positive texts for language teaching 

One claim made at the beginning of this article stating that positive texts can decrease 

the level of stress and improve the attitude of the teachers while working, is verified on the 

process of writing this particular article. During the development of this article, specifically 

while searching for texts to be used as examples in the two exercises, positive texts which the 

writer of this article encountered have improved her personal attitude about academic writing.    

Next, a use of authentic positive texts involves learners with language in real world 

context, in different modes. They have an opportunity to see how English grammar is used in 

the real world, rather than in written formulae and structures. 

Positive texts can be inspirational for language learners. They encourage learners to 

further ask questions and seek answers for themselves. For example, learners who did 

Exercise B may be inquisitive about more creative products and begin to pursue the answer. 

This exposes an opportunity to learners to engage themselves in the real-world language use. 

This means that the more learners engage in practices, the more they become familiar with 

language. 

There are many modes of texts; and there are many authentic texts which have 

positive nature to them for language teachers to choose from. Teachers can begin by setting 

specific learning goals for learners, not only for grammar teaching, but also for other specific 

purposes and explore positive texts which can help reach the set goals. 
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Abstract 

The purposes of this research were to compare students’ creative English writing 

skills before and after using Storybird web with Team-Pair-Solo technique, and to study the 

students’ ability towards creative English writing skills during the treatment. The participants 

were 22 secondary students III in the first semester of 2019 academic year at 

Klongchanuanwitthaya Suratthani School selected by simple random sampling. The research 

instruments consisted of lesson plans, the creative English writing test and the assessment of 

students’ creative English writing ability. The data were statistically analyzed by using mean, 

standard deviation, and t-test for dependent.  

The results of the research showed that the creative English writing skills of students 

after using Storybird web with Team-Pair-Solo technique was increased than before 

significantly at the 0.05 level. The students’ ability towards creative English writing skills 

during learning by Storybird web with Team-Pair-Solo technique, was gradually increased in 

each unit. The research results will be an approach for English teachers to encourage creative 

English writing by using Storybird web with Team-Pair-Solo technique. 
 

Keywords: Storybird Web, Team-Pair-Solo technique, Creative writing skills 
 

Introduction 

The use of Internet and technology are widespread all over the world. Young 

adolescents are constant consumers and producers of text via the World Wide Web (Wertz. 

2014). Moreover, technology has been considered a useful tool for the teaching-learning 

process. This incredible tool has opened new ways for creativity in order to motivate 

students, giving them the opportunity to consider themselves as creators of their own 

learning. (Orellana & Chucino. 2016). Technology also influences daily lives for 

communication, especially by typing and writing. 

Writing ability is an important part of communication. Though we live in an era with 

high technology that is no need for hand writing, writing ability is still important. In fact, it 

can be argued that it is even more important now than ever. It has always been crucial for 

professionals and academics to use proper grammar and communicate well (Monthicha. 

2017). 

However, Thai people do not normally use Thai language in daily life and they lack of 

English skills. Therefore, it affects to English test results. The mean score of the Ordinary 

National Educational Test (ONET) in English subject in 2018 was 27.51 that less than 50 

percent (NIETS. 2018). Moreover, the ability in writing is quite low because the limited time 

in class and the specific topic of writing tasks teachers assign to the students. It makes them 

do not have the motivation to write. To write effectively, creative writing ability is the way to 

practice creative thinking, feelings, imagination through descriptive and narrative writing. 

Furthermore, New ways of learning have appeared by the use of different tools that 

technology offers nowadays. One of these digital resources is Storybird. Storybird web is a 

web page in which students feel free to create and demonstrate by learning or using a 

second/foreign language which it is not as difficult as many people may think. 

mailto:engsinept@gmail.com
mailto:parussaya@hotmail.com
mailto:jirasak@sru.ac.th
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With the use of Storybird, students have the chance to develop a new way of 

understanding and using the English language through the creation of stories. In addition, to 

develop English writing skills of students with one of the interesting teaching methods for  

teaching writing using cooperative learning that is Team-Pair-Solo technique, which is 

written with more than one author together, helps create a piece of work in the form of 

writing by brainstorming ideas, and giving suggestions together (Amalia. 2011). 

Case studies have proved that using Storybird and Team-Pair-Solo technique with 

students helps to develop and enhance creative English writing skills. For this reason, this 

study presents a deep analysis of how Storybird works and helps students to acquire a 

language in a new way. 

 

Objectives 

 1. To compare creative English writing skills before and after using Storybird web 

with Team-Pair-Solo technique. 

 2. To study the ability towards creative English writing skills during the use of 

Storybird web with Team-Pair-Solo technique. 

 

Research Methodology 

Sample and data collection method 

 The samples were 22 students of Secondary III in the first semester of 2019 academic 

year at Klongchanuanwitthaya School, Surat Thani Province selected by simple random 

sampling. They were given the pretest and posttest before and after using Storybird web with 

Team-Pair-Solo technique. Then, the students studied the creative English writing skills by 

using Storybird web with Team-Pair-Solo technique. 

 

Research Instrument 

 The instruments used in the research were lesson plans with Storybird website 

integrated Team-Pair-Solo technique, the creative English writing ability test and an 

assessment of students’ creative English writing ability. 

 

Data Analysis 

 The data were statistically analyzed by using mean, standard deviation, and t-test for 

dependent. 

Results 

Results of students’ English writing skills 

 

 

 

 

 

 

 

 
 

Figure 1: The results of creative English writing ability 
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Table 1: T-test analysis of paper-based pre-test and post-test mean score of creative English 

writing ability 

** P > 0.05 

 

The average percentage of pre-test and post-test score were presented in Table 1 with 

the percentage of 44.55 for the pre-test and 64.18 for the post-test. The results from paired 

sample t-test of SPSS analysis show that the post-test mean score of the test was significantly 

higher than the pre-test mean score t= - 10.52, p< .05 with the mean score of pre-test and 

post-test 13.36 (S.D.= 2.57) and 20.45 (S.D.= 3.33) respectively as shown in Table 1. 
 

Results of students’ ability towards creative English writing skills learning 

 

 

 

 

 

 

 

 

Figure 2: The results of creative English writing skill during learning 

 

Table 2: The ability of creative English writing skill during learning 
 

Unit N Score    Percentage S.D. 

Unit1 Daily Routine 

Unit 2 Festivals and Special Day 

Unit 3 View of the Future 

Unit 4 Experiences 

Unit 5 Places in Town 

Unit 6 In My Life 

Total 

22 

22 

22 

22 

22 

22 

30 

30 

30 

30 

30 

30 

15.00 

16.68 

17.86 

20.32 

22.45 

24.86 

13.22 

50.00 

55.61 

59.55 

67.73 

74.85 

82.88 

65.10 

2.23 

2.30 

2.61 

2.40 

2.13 

2.17 

2.31 

  

 As shown in Table 2, the result of the study found that the students’ score from the 

creative English writing test during learning by using Storybird with team-pair-solo technique 

was in a good level with the mean score was 13.22 and standard deviation was 2.31. 

Moreover, it can be seen in Figure 2 that students have a higher average of creative English 

writing ability in every unit. 

 

 

Test N    Percentage S.D. t. Sig. 

pretest 22 13.36 44.55 

64.18 

2.57 

3.33 

- 10.52 .000** 

posttest 22 20.45 

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Total 

x ̄ 15 16.68 17.86 20.32 22.45 24.86 13.22 

S.D. 2.23 2.3 2.61 2.4 2.13 2.17 2.31 
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Conclusion and Discussion 
 The research results indicated that creative English writing ability after using 

Storybird web with Team-Pair-Solo technique was significantly higher than before at a .05 

level. Moreover, Storybird web was an effective tool to enhance students’ creative English 

writing ability for Secondary III students of Klongchanuanwitthaya School. That is because 

Storybird web is a good learning media. It has many art-inspired creative writing platforms 

and also the images make it easy to create a story as well as have several type platforms that 

can attract students' attention. In addition, Storybird is an online website where instructors 

and students can choose art-inspired creative writing platforms according to their learning 

objectives and choose to use without time and location restrictions (learning everywhere, 

every time). Also, the teacher takes it integrates with Team-Pair–Solo technique that can 

motivate students toward creative English writing skills. An interesting web tool and Team-

Pair-Solo technique, students not only are able to develop writing skills but also technological 

ones. 

In addition, the implementation of digital storytelling using the webpage Storybird 

must be seen as a complementary tool in the English classroom. These are because students 

can create their own creative story after completing these units. In addition, students feel 

relaxed to learn with each other because the Team-Pair-Solo technique is a good method for 

cooperative learning. It can be easily implemented in a class lesson, and best of all, students 

can manage this tool easily. Moreover, as a personal experience, this research has greatly 

contributed to our personal learning enrichment. During the research, we had the opportunity 

to learn a lot about the role technology plays in the current classroom. In a few words, we can 

say that teachers are in charge of using technology effectively and productively. That is to 

say, we, as teachers, need to look for different techniques or strategies to implement this tool 

in the classroom. Just implementing technological devices in the classroom will not enhance 

learning, teachers need to guide it. 

 

Recommendations 
 From the above finding and discussion, this research is a part of classroom research.              

The students have different basic knowledge of English, so some chapters are difficult for 

some students. Otherwise, there is not enough time for students to learn writing in classroom. 

Therefore, they have to create it after class. Moreover, practicing writing skills is difficult for 

students so they have to spend more time to practice and create a story. Therefore, the teacher 

should have reinforcement for students to be motivated to learn. In addition, Storybird can 

improve English reading skills and integrated with other teaching methods such as Flipped 

classroom. 
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Abstract 

The focal point of the research, recognize the behavioural intentions of muslims and 

non-muslims of different education level in appreciation of acquiring items bearing the halal 

logo at convenient stores in district Hatyai. For gathering information 7-Eleven store chain 

was focused on. Theory of reasoned action model was used as a conceptual model. Reaction 

gathered through an organized survey instrument, utilizing the convenience sample 

technique. An aggregate of 215 respondents presented a reaction, out of 215 only 208 

respondents reaction was utilized for data analysis. Data was accumulated from the nearby 

inhabitants, living in Hatyai district and buy things at 7-Eleven stores. The findings suggest, 

overall, for the bachelor and master level Muslim respondents’ halal logo is important as 

compared to the non-muslims. 
 

Keywords: Halal, Halal Logo, 7-Eleven Stores, Religions in Thailand, Level of Education 

 

Introduction 

To serve Muslim purchasers, global associations MNC's (multinational corporations) 

begun to pursue the Islamic Shariah (Islamic law) and to feature their Islamic procedure, 

MNC's begun getting halal declarations and begin printing Halal logo on their item pressing. 

This procedure received to improve the certainty level among Muslim buyers towards 

MNC's. 

Religion is made out of custom, rehearses, principles, sacrosanct spaces, and 

identities. There are around 7 noteworthy religions (Johnson & Grim, 2013) which are being 

trailed by 84 per cent of the total inhabitants. Total population is expanding with the speed of 

1.1 per cent (World Population Prospects, 2017), and the total population of religions, 

Christians 31.2 percent, Muslim 24.1 percent, Unaffiliated, 16.0 percent, Hindus 15.1 

percent, Buddhist 6.9 percent, Folk religions 5.7 percent, different religions 0.8 percent and 

Jews 0.2 percent (The changing worldwide religious scene, 2017). Religion is one of the 

perspectives which have an alternate impact over the various level of educated individuals, 

and furthermore, it influences the aims of a person. The devotee of the religion is called as 

the religious individual and religious individual settles on an obtaining choice based on their 

religious laws and religious rule. Religion laws and rules characterize what is passable and 

what is restricted. Thailand has residents who belong to different religions. 

In Thailand, as per the "National insights office" (2015), the devotees of various 

religions rate astute are; Buddhists 94.633 percent, Muslims 4.302 percent, Christians 1.023 

percent, Hindus 0.033 percent, Confucius 0.002 percent, Sikh 0.001 percent, Others 0.002 

percent, and No religion, 0.004percent and in entire Kingdom of Thailand populace 

circulation by religion, Buddhists 63,620,298; Muslims 2,892,311; Christians 687,589; 

Hindus 22,110; Confucius 1,030; Sikh 716; Others 1,583; No religion 2,925; all-out 

67,228,562. These devotees of different religions are part of the educated society of Thailand 

and they are motivated by education. 
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Different authors suggested that different demographic variables such as social class, 

nationality, generation, race, religion, education level, occupation, income, family life cycle, 

family size, marital status, gender and age (Kotler, 2003; Kim & Kim, 2004; Creusen, 2010) 

have effect over the consumer decision making process throughout the life. Educated people 

make decisions as per their education level. As per the Dr Martin education (1947), stated 

that trains the mind of an individual to think quick and make effective decisions. It helps in 

another way it provides individual a cognitive thinking to use the knowledge, improve their 

lifestyle by understanding and solving problems, by understanding and handling the new 

upcoming situations, and by selecting themselves for appearance in the proper place at right 

time (Alexander, Pallas & Cook, 1981). The individual uses the education knowledge for 

different purposes such as information seeking, some alternatives, time and many more 

(Gronhaug, 1974). 

For the current study, the level of education is adopted as a control variable to find out 

the buying behaviour of the Thai peoples. The level of education in current research is 

divided into two groups bachelor level and master level. These two groups are the first most 

consumers of the society. And they start deciding this level of education and purchase 

products regularly without the help of peer’s suggestions. Such as individuals with high 

education had more positive attitudes toward food products purchase (Juric & Worsley, 

1998). Schultz (1975), hypothesized that education is an important determinant of an 

individual's ability to process new information into changed behaviour. The higher education 

level may aid them in interpreting label information, thereby decreasing the cost of 

information search relative to its benefits (Guthrie, et al. 1995). No such study found which 

discuss the intentions of followers of the different religions of different level of education in 

Thailand. Religion can influence consumer’s attitude, behaviour and specifically impact food 

purchasing choices and dietary patterns (Mennel, et al, 1992; Delener, 1994; Mullen et al, 

2000; Pettinger, et al, 2004). It has been proposed in numerous past researches that religion 

plays a standout amongst the most compelling role in deciding food decision (Musaiger, 

1993; Dindyal, 2003). In Islam, the utilization of pork isn't permitted. Be that as it may, under 

Buddhism and Hinduism the utilization of meat isn't permitted while Christians have no such 

dietary forbiddances (Sack, 2001). Lutz (1991), noticed that Theory of reasoned action 

(TRA) offers two suggestions, the first predict the purchasing behaviour of an individual 

dependent on attitude, with the second determinant of purchasing behaviour being founded 

because of relatives as well as the hover of dear companions of an individual, and this impact 

establishes one's subjective norm. Both these determinants impact the positive or negative 

aims of a person. In this investigation, the interaction of the demographic character religion 

with every determinant of TRA was set up to distinguish the impact of education level and 

religion on individuals' choices to buy items bearing the halal logo as outlined in Figure 1. 

 

Objective, Research question and Hypothesis 

The objective of this study is to examine the perception of various educated 

individuals at different levels from various religions while picking halal logo items. The 

discoveries of this study can be utilized later on to anticipate, customer satisfaction and 

organization goals. 

Religion 

X 

Level of education  

1. Attitude 

2. Subjective Norms 

3. Behavioural Intentions 

Figure 1. Research design: Interactions between variables under TRA 
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TRA has been associated in various past examinations of sustenance buying conduct. 

Spark and Shepherd (1992) considered individuals' intentions to purchase environmentally 

friendly items and Kalafatis, Pollard, East & Tsogas (1999) and numerous different 

investigations have contemplated acquiring conduct over the Internet (Bhattacherjee, 2000; 

George, 2002; Jarvenpaa, et al, 1997; Khalifa et al, 2003; Pavlou, 2002; George, 2004). In 

this examination, TRA was adopted as the theoretical framework to test the individual 

perception of clients and their behaviour with each factor of TRA, along these lines 

expounding the comprehension of consumer perception. The below-mentioned hypothesis are 

developed for the current study; 

 

Hypothesis: Halal logo is important among the individuals of the different education level of 

different religions at convenience stores in Hatyai. 

Sub-Hypothesis a: Different education level of different religions does not have 

different attitudes among individuals when choosing halal logo products. 

Sub-Hypothesis b: Different education level of different religions does not have 

different subjective norms among individuals when choosing halal logo products. 

Null hypothesis c: Different education level of different religions does not have 

different intentions among individuals when choosing halal logo products. 

 

Methodology 

The instrument used to gather information in this investigation was a survey 

questionnaire. The initial segment of the study identified with statistic data (gender, religion, 

nationality, marital status, education, and age) and the second part contained 11 items 

identifying with the respondents' attitudes, subjective norms and intentions toward halal logo 

items. The 11 items in the survey looking for data identifying with the examination addresses 

utilized A dichotomous scale dependent on the reactions of Yes or No. 

A dichotomous scale was utilized to get an unmistakable refinement between the 

respondents' diverse opinion and intentions, and furthermore to guarantee that the 

respondents could answer every one of the items in a short time (Clark & Watson, 1995). The 

instrument was given to potential respondents who were buyers do shopping at 7-Eleven 

stores in Hatyai, a short presentation to the research processes of the study and requested to 

fill out the survey. The survey was responded by both local and international Muslims and 

non-Muslims. 215 copies of the instrument were completed by respondents of which 208 

reactions were utilized for study, at a usable reaction rate of 96 per cent which was 

satisfactory for the exploration. Every one of the respondents lived in Hatyai and bought 

items from 7-Eleven. They were from various ethnic foundations and originated from various 

regions of Thailand just as a modest number from different nations, and were devotees of 

various religions. Statistic data about the sample of respondents is abridged in table 1. 

The study instrument was structured dependent on the elements sketched out in 

TRA. The rules for building up the questionnaire were those suggested by its 

pioneers (Fishbein & Ajzen, 1975; Ajzen & Fishbein, 1980; Ajzen, 1985, 1988, 1991). This 

instrument was utilized to evoke data about the purchasers' behaviour identifying with 

each component of TRA. 

 

Results/ Conclusion 

Descriptive analysis was used to construct demographic profiles of the respondents as 

presented in table 1. 
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To achieve the objective of the research and to test the hypotheses, the interactions 

between the variables and the demographic variable religion were tested, and for testing the 

different education level preferences among different religions, education level variable was 

used as the controlled variable. All the relationships were tested using the cross-tabulation 

method (p<0.05) to establish relationships among the variables. 

The results of the hypothesis testing outputs are shown in tables 2-4. Cross-tabulation 

was applied to each factor within TRA to establish its interaction with religion along with the 

level of education as a control variable. 

 

Hypothesis: The halal logo is important to different education level and the followers of 

different religions at convenience stores in Hatyai. 

Sub-Hypothesis a: Different education level of different religions does not have different 

attitudes when choosing halal logo products. 

5 dichotomous items were related to the attitude factor and each item was cross-tabulated 

with the religion along with education level as a control variable using the chi-square test 

(X²), separately for each item, and the results are shown in Table 2. 

Sub-Hypothesis b: Different education level of different religions does not have 

different subjective norms influence related to choosing halal logo products. 

3 dichotomous items were related to the subjective norms factor and each item was 

cross-tabulated with the religion along with education level as a control variable using the 

chi-square test (X²), separately for each item, and the results are shown in Table 3. 

Sub-Hypothesis c: Different education level of different religions does not have different 

intentions when choosing halal logo products. 

3 dichotomous items were related to the intentions factor and each item was cross-tabulated 

with the religion along with education level as a control variable using the chi-square test 

(X²), separately for each item, and the results are shown in Table 4. 

 

 

 

 

 

 

 

Table 1. Demographic profile of respondents (n=208). 

         Characteristics Percentage Characteristics Percentage 

Gender 
 

Education 
 

Male 41.3 Bachelor’s degree 83.7 

Female 58.7 Master’s degree 16.3 

Religion 
 

  

Muslim 33.2 Age 
 

Non-Muslim 66.8 18-25 81.3 

Nationality 
 

25-35 15.9 

Non-Thai 8.2 36-45 2.8 

Thai 91.8 
  

Status 
   

Unmarried 91.8 
  

Married 8.2 
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Table 2. Interactions between attitude items and religion along with education level  as a control variable 

Education Items 

Religion Chi-Square 

Scale Muslim 
Non-

Muslims 

Pearson 

Chi-Square 
Value df 

Asymp. Sig. (2-

sided) 

Bachelor 
Choosing 

halal logo 

products is a 

good idea. 

0 8.3% 11.9% Pearson 

Chi-Square 
.456 1 .500 

1 91.7% 88.1% 

Masters 
0 4.8% 30.8% Pearson 

Chi-Square 
4.330 1 .037 

1 95.2% 69.2% 

Total 
0 7.2% 13.7% Pearson 

Chi-Square 
1.864 1 .172 

1 92.8% 86.3% 

Bachelor 
I like to 

choose halal 

logo 

products. 

0 10.4% 73.0% Pearson 

Chi-Square 
55.212 1 .000 

1 89.6% 27.0% 

Masters 
0 4.8% 76.9% Pearson 

Chi-Square 
19.104 1 .000 

1 95.2% 23.1% 

Total 
0 8.7% 73.4% Pearson 

Chi-Square 
77.289 1 .000 

1 91.3% 26.6% 

Bachelor 

A separate 

halal section 

saves time. 

0 8.3% 11.9% Pearson 

Chi-Square 
.456 1 .500 

1 91.7% 88.1% 

Masters 
0 14.3% 23.1% Pearson 

Chi-Square 
.427 1 .513 

1 85.7% 76.9% 

Total 
0 10.1% 12.9% Pearson 

Chi-Square 
.343 1 .558 

1 89.9% 87.1% 

Bachelor A separate 

halal section 

makes it 

easy to find 

or identify 

halal items. 

0 4.2% 6.3% Pearson 

Chi-Square 
.306 1 .580 

1 95.8% 93.7% 

Masters 
0 0 15.4% Pearson 

Chi-Square 
3.433 1 .064 

1 100.0% 84.6% 

Total 
0 2.9% 7.2% Pearson 

Chi-Square 
1.565 1 .211 

1 97.1% 92.8% 

Bachelor A separate 

halal section 

gives me the 

confidence 

to purchase 

an item. 

0 4.2% 18.3% Pearson 

Chi-Square 
5.606 1 .018 

1 95.8% 81.7% 

Masters 
0 4.8% 46.2% Pearson 

Chi-Square 
8.414 1 .004 

1 95.2% 53.8% 

Total 
0 4.3% 20.9% Pearson 

Chi-Square 
9.662 1 .002 

1 95.7% 79.1% 

 

Discussion 

Two types of crosstab results found, significant and non-significant and it indicates 

difference or no difference between choices of responders for each variable. If there is a 

difference between variables it suggests there is a difference between the opinions and 

choices of the responders. On the other side if there is no difference among responder’s 

opinions and choices it indicates different education level individuals of different religions 

have one type of opinions and choices. Both results are very important none of the results can 

be ignored. 
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Table 3. Interactions between subjective norm items and religion along with education level  as a control variable 

Education Scale 

Religion Chi-Square 

Muslim Non-Muslims 
Pearson Chi-

Square 
Value df Asymp. Sig. (2-sided) 

Bachelor 
Most people 

who are 

important to 

me always 

choose 

products with 

the halal logo. 

0 18.8% 78.6% Pearson Chi-

Square 
52.833 1 .000 

1 81.3% 21.4% 

Masters 
0 9.5% 100.0% Pearson Chi-

Square 
26.660 1 .000 

1 90.5% 0 

Total 

0 15.9% 80.6% 
Pearson Chi-

Square 
79.711 1 .000 

1 84.1% 19.4% 

Bachelor 
My family 

members 

prefer halal 

logo products. 

0 6.3% 50.8% Pearson Chi-

Square 
29.126 1 .000 

1 93.8% 49.2% 

Masters 
0 9.5% 76.9% Pearson Chi-

Square 
15.972 1 .000 

1 90.5% 23.1% 

Total 
0 7.2% 53.2% Pearson Chi-

Square 
41.405 1 .000 

1 92.8% 46.8% 

Bachelor 
My friends 

would think 

that I should 

choose 

products with 

the halal logo. 

1 83.3% 55.6% Pearson Chi-

Square 
11.534 1 .001 

0 16.7% 44.4% 

Masters 
1 95.2% 38.5% Pearson Chi-

Square 
13.298 1 .000 

0 4.8% 61.5% 

Total 
1 87.0% 54.0% Pearson Chi-

Square 
22.044 1 .000 

0 13.0% 46.0% 

 

The crosstab significant items of attitude, results indicated there is the difference 

between individuals who are at the different education level of different religions, Muslim 

bachelor level and master level are agreed to choose halal logo products and halal logo 

provide confidence. In contrast, Non-muslim bachelor level and master level are not agreed 

to choose the halal logo, and few of them believe that a separate section of the halal logo 

gives confidence in purchasing halal logo. Another difference found between religions in 

respect to choosing halal logo both bachelor level and master level agreed with their religions 

and in the perspective of a separate section of halal gives confidence a little difference found 

between bachelor level and master level of different religions. The maximum number of 

bachelor level and master level of different religions agreed that separate halal section gives 

confidence. As research indicated for Muslims it is important to consume or purchase 

products which follow the Sharia (Jumani et al, 2012; Yusof, et al, 2014). 

All the items of subjective norms appeared significant. “Most important person” 

aspect of the subjective norms the results illustrate muslims of master and bachelor level both 

have a huge influence from those peoples who are most important for them. In contrast, there 

was the difference found between the master and bachelor level of non-Muslims, all master 

level non-muslims individuals chose no and on another side slightly difference found at 

bachelor level non-muslim individuals’ maximum chose no and a few individuals chose yes. 

It indicates non-Muslim bachelor level individuals were influenced by the “most important 

person” aspect subjective norms as compare to non-Muslim master level individuals. Items 

regarding the “family members” indicate that most of the muslims having different education 

level are influenced by their family. As for the non-muslims, bachelors level individuals have 

some influence on their family and the master level individuals do not have family influence. 
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Table 4.  Interactions between Intention items and religion along with education level  as a control variable 

 Education Items  Scale 
Religion Chi-Square Tests 

Muslim Non-Muslim Pearson Chi-Square Value df Asymp. Sig. (2-sided) 

Bachelor 
I plan to 

choose 

halal logo 

products 

in the 

forthcomi

ng month. 

0 14.6% 57.1% 
Pearson Chi-Square 25.398 1 .000 

1 85.4% 42.9% 

Masters 
0 19.0% 84.6% 

Pearson Chi-Square 14.002 1 .000 
1 81.0% 15.4% 

Total 

0 15.9% 59.7% 

Pearson Chi-Square 35.666 1 .000 
1 84.1% 40.3% 

Bachelor 
I am 

likely to 

choose 

halal logo 

products 

in future. 

0 4.2% 78.6% 
Pearson Chi-Square 79.017 1 .000 

1 95.8% 21.4% 

Masters 
0 0 100.0% 

Pearson Chi-Square 34.000 1 .000 
1 100.0% 0 

Total 
0 2.9% 80.6% 

Pearson Chi-Square 112.32 1 .000 
1 97.1% 19.4% 

Bachelor 
I will 

choose 

halal logo 

products. 

0 14.6% 69.0% 
Pearson Chi-Square 41.511 1 .000 

1 85.4% 31.0% 

Masters 
0 0 76.9% 

Pearson Chi-Square 22.885 1 .000 
1 100.0% 23.1% 

Total 
0 10.1% 69.8% 

Pearson Chi-Square 65.603 1 .000 
1 89.9% 30.2% 

 

  The third item of social norms “friends”. Muslim bachelor and master level 

individual response indicated their friends have confidence that they will choose halal logo 

products. For non-Muslim master and bachelor level individual have a slight different that 

few non-Muslim bachelor level individuals show that their friends think they will not choose 

halal logo products but maximum shown they will choose halal logo products. But non-

Muslim master level individual’s friends are confident that they will not choose halal 

products but few of them they will choose halal logo products. This indicates master level 

individuals will choose halal logo products as per their friend’s perception and master level 

are influenced by their friend’s circle. 

All items of intention appeared significant. It highlights that different education level 

of different religions has different intentions for halal logo products. In the perspective of the 

“Plan to choose” Muslim bachelor level individual and master level bachelors had shown 

that they will choose halal logo products. As for as non-muslim educated individuals have 

different intentions. Such as bachelor level maximum had shown negative intentions and few 

had a positive intention for the plan to choose halal logo products, in contrasts master level 

individuals had the maximum number of individuals who show negative intention for halal 

logo products a fewer per cent had to agree to buy halal logo products. 

The second item perspective “Likely to choose” the results indicated that Muslim 

bachelor level individual’s intentions are positive to buy halal logo products, and master level 

individuals are willing to purchase halal logo products in future. In contrast, non-Muslim 

bachelor level individual’s maximum had shown their interest not to buy halal logo products 

in future but few had indicated the positive intention to buy halal logo products. The master 

level individuals indicated that they are not willing to purchase halal logo products in future. 

The third item perspective was “I will choose”, results indicated that the bachelor 

level individual is willing to choose halal logo products and a few are not willing. on other 

side master level, individuals are totally in favour to purchase halal logo products. The non-

muslim bachelor level individual's maximum had shown no interest for a future purchase, and 

master level had shown that most of them are not willing to choose in future but few had 

shown their positive intentions to choose halal logo products in future. 

The non-significant results cannot be ignored. These results illustrate that for 

“Choosing halal logo products is a good idea”, “A separate halal section saves time” and 
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“A separate halal section makes it easy to find or identify halal items” both Muslim educated 

and non-muslims educated are at the same place. It indicates that producers can attain their 

organization goal by producing the same products for Muslim and non-muslims. 

 

Research limitations and Implications- This paper investigation, directed in district Hatyai 

and results founding was on three independent factors, subjective norm and intention with 

demographic variable faith. Results offer to understand the reputation of Halal logo among 

various religion followers having a different level of education at convenience stores in 

Hatyai. 

 

Practical Implications- First of all the underline research is valuable for 7-Eleven store 

chain, further convenient stores, and halal establishments and organizations. Since this work 

provides an understanding of the significance of a halal logo and clients of diverse religions 

at different education level and their intentions in picking halal logo items. 
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Abstract 

 Companies are often interested in knowing availability of their complex system to 

ensure operational effectiveness and to minimize cost. One such complex system is wind turbine 

and its reliability and availability are more important for its cost-effective operations. A 

systematic approach is presented in this paper to estimate the availability of a wind turbine 

system. Considering the various subsystems of wind turbine, system states are defined and 

modelled using Markov process approach. Some of the subsystems of the wind turbine system 

are in one of the states such as good, operating at reduced efficiency (due to partial failure) or 

under complete failure. The partial and/or complete failure scenarios also consider the failures 

because of external events/conditions like harsh environment. The system is modeled as a 

Markov process using Chapman-Kolmogorov equations. The quantitative evaluation is 

performed for the system and the characteristic parameters such as availability is assessed. This 

paper also presents the steady state availability of the various states of the subsystems and a 

sensitivity analysis of important subsystems. The method promises to be useful for assessing the 

availability of any complex systems. 
 

Keywords: Reliability, Availability, Markov process, Wind Turbine 

 

Introduction 

  Renewable energy power generation technologies are undergoing rapid change in 

energy sector. Globally 162 GW of new hydropower, 71 GW of solar power and 51 GW of 

wind power capacities were added in the year 2016. The 2016 share of wind power by 

various countries were - China (32%), United States (17%), Germany (11%), India (6%) and 

Spain (5%) and the growth is set to continue in an accelerated pace (IRENA, 2018). The 

power generated by the wind turbine (WT) depends on many factors, some of them are 

internal to the wind turbine and some of them are external to wind turbine. The external 

factors such as density, swept area and velocity of the wind play an important role in wind 

power generation. Moreover, turbulence and drag can rapidly change the wind power 

generation and thus creating variations in power generation. The other important capacity 

factors for wind power are design and operational availability of wind turbine. This makes it 

imperative for the wind turbine is be operated safely and efficiently with high levels of 

availability. Since wind turbines are repairable systems, the analysis of shutdown data is 

essential for its reliability study. This information is useful for determining the availability of the 

system. However, such an analysis is not adequate for identifying the problem areas, 

investigating the causes of failures, testing various maintenance and replacement strategies and 

assessing the availability of similar wind power generation. Markov modelling will be more 

suitable for meeting such requirements (Thangamani, 2017). 

  Haddad, et. al. (2011) discussed the challenges in ensuring the high availability of 

wind turbines, and the use of PHM as a methodology to guarantee the high availability. A 

new sensor system for the health monitoring of turbine blades was proposed and a return on 

investment analysis for its use were presented. Wind intensity and operational conditions of 

the wind turbine were modelled using Markov chain approach and its availability was 

estimated by Tzioiutzias et. al. (2016). 
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  Huang, et. al. (2017) presented a Markov-chain-based availability-assessing model of 

offshore WT considering accessibility problems. Based on the procedure analysis of 

corrective maintenance offshore, the contribution of poor accessibility to availability is 

summarized into two independent aspects: stochastic offshore weather and inadequate 

maintenance resources and a three-state model of offshore was proposed. Arwade et. al. 

(2011) developed a Markov model to assess the performance of the wind turbine considering 

component reliability, wind speed and capacity. North Europe offshore wind turbine 

performance data and northeast US data were used for adjusting the model. Indexed semi-

Markov chain was used to model wind speed and addressed the issues related to energy 

production by Guglielmo D׳Amico, et. al. (2015). They also explained the computation of 

dependability measures such as reliability, maintainability and availability. Van Bussel and 

Zaaijer (2001) performed a concepts study regarding the achievable reliability and 

availability levels in their DOWEC projects and recommended "farm like design approach" is 

needed to reduce major maintenance cost and increase availability. 

 Most models for estimation of availability of a wind turbine system are focused 

stochastic modelling of wind behaviour and its power generation. Based on our survey it is 

observed that very few literatures are available in modelling subsystems failures of wind turbine 

and estimating its operational availability considering their failure nature and repair actions.  

 Most of the Markov modelling used in complex system are based on the following 

assumptions.  
 

i) The component failure and repair properties are mutually independent.  

ii) The failure of the system/subsystems is associated with a few states only (most often 2).  

iii) The system does not face different operating conditions, repair actions and common-

cause failures.  
 

 In realities, this is often not the case. Therefore, it is necessary to construct advanced 

models without making such assumptions. Many interactions of component failures as well as 

subsystems’ failures can be modeled effectively by Markov processes provided the failure and 

repair rates are time-independent. This paper presents one such study incorporating several real-

life scenarios. 

 The system taken up for study is the one described in section named Wind Turbine 

System. The organization of this paper is as follows: The Markov model, assumptions and 

notations are detailed in section named as Markov Modelling. A mathematical analysis is 

provided in section named as Mathematical Analysis. Numerical results along with discussions 

constitute next section. A summary is given in as last section. 

 

Wind Turbine System 

 The horizontal-axis wind turbine consists of several interacting subsystems, which can 

be broadly classified into mechanical subsystems and electrical subsystems. Considering our 

focus on assessing reliability/availability measures for wind turbine, we have divided WT 

into several subsystems. The schematic representation of WT and its details of subsystems 

are given in Figure 1. The brief explanation of various subsystems of WT used in this study is 

given below. 
 

Tower: The tower carries the nacelle and the rotor assembly. The most important factors in 

designing tower are their height (which shall be as high as possible to maximize power 

generation) and strength (to avoid tower failure during harsh environmental conditions). 

Designers normally optimize their tower design to get very high reliability and with low cost. 

Nacelle: The nacelle has bedplate that supports gear train and the generator. The related 

subsystems of gear train and generator are mounted inside the nacelle’s structure. 
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Rotor blades and hub: The wind turbine rotor converts kinetic energy from wind into 

mechanical energy. It is made up of blades, which are all connected to a central hub, and then 

this hub is linked to a turbine shaft. As a result, when wind goes through the blades, it causes 

rotation of the turbine shaft which intern rotates high-speed generator shaft through gearbox 

assembly. 

Pitch control device: This subsystem is helpful to change the angle of the blades in a wind 

turbine to maximize wind capture and thereby to increase the power output. Electric motors 

and gears or hydraulic cylinders and a power supply system usually make of this subsystem. 

Gear box assembly: The rotational speed of the rotor is amplified using the gearbox assembly 

to generate power from the electrical generator. A common ratio is about 90:1, with a rate 

16.7 rpm input from the rotor to 1,500 rpm output for the generator.  

Electrical generator: The generator transforms mechanical power into electrical power. 

Induction AC generators are widely used because they are inexpensive, simple, and capable 

of attenuating torsional torque. 

Cooling unit: The operation of the WT subsystems such as the gearbox, generator and 

control system will generate a large amount of heat. Efficient cooling mechanism should be 

in place for efficient and safe running of the WT. Since natural cooling is not enough for 

large WTs, the modern turbines are provided with forced air-cooling and liquid cooling 

mechanisms (Wei Tong, Editor, 2010). 

Yaw mechanism: To maximize the power output, it is essential to set the orientation of wind 

turbine rotor towards the wind. Yaw control mechanism will ensure that the WT always face 

directly into the wind. 

Anemometer and wind vane: Anemometer measures the wind speed and wind vane measures 

the wind directions. These signals are used in the electronic controls to control WT to 

optimize operating parameters. 

Hydraulic system: Hydraulics in wind turbines usually refers to the assemblies for brake 

control and regulating the blade setting through pitch control, The systems there will be made 

of two-position valves, proportional valves for precise control, hoses, lubricants, fittings, and 

pumps. 

Electrical system: The important challenge in wind farm is to integrate the variable power 

production from WTs into the electrical system. The electrical system for WT and power 

collection system (electrical layout) for wind farm are required to be designed in such a way 

that it should optimize power production.  

Control system: The control system is the nerve centre of a wind turbine, managing each 

component to ensure safe and optimized operation. As turbines get larger and more complex, 

so must their control systems. Sensor inputs on wind conditions, power generation, vibration, 

lubricants, rotor and generator speed and other parameters are used by algorithm to activate 

actuators to control pitch angle, yaw angle, breaking system, noise etc. 
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Figure 1: Schematic Representation of Wind Turbine 

 

Markov Modelling 

  We begin with the Markov formulation by designating all the possible states of the WT 

system. 

  G: WT is operating without any failures (operationally available in good condition) 

  R: WT is under partial failure, working at reduced efficiency / effectiveness and is being 

under repair response actions. 

  F: WT is under complete failure and is being under repair. 

Assumptions: 

 All subsystems transition rates are constant over time. 

 Any repair actions will make the subsystem as good as new. 

 All repair actions begin immediately upon appearance of partial or complete failure. 

Notations: 

  The various subsystems and its reliability data are provided in Table I; “a” represents 

subsystem “Tower”; “b” represents subsystem “Nacelle” and so on. The other notations are 

given below. 

 x1
 Transition rate from state G to state R because of subsystem `x' where x 

stands for any subsystem a, b, …, l. The subscript 1 indicates the partial 

failure state of subsystem x. 

 x2
 Transition rate from state R to state F because of subsystem `x'. The subscript 

2 indicates the complete failure state of subsystem x. 


x1

 Transition rate from state R to state G because of the subsystem `x'.  


x2

 Transition rate from state F to state R because of the subsystem `x'.  

P  Probability {WT is in a state of good condition - available without any 

failures} 

 

Px1
 Probability {WT is in a state of partial failure mode due to partial failure of 

subsystem x} 

Px2
 Probability {WT is in a state of complete failure due to complete failure of 

subsystem x} 
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Mathematical Analysis 

  Figure 2 represent the state-transition diagrams for the WT failure process. Since the 

transition from any state is possible only to the next higher state or to the next lower state, based 

on Chapman-Kolmogorov equations, one can identify the evolution of the system with a birth 

and death process. The derivation of the differential equations and state probabilities of the 

events of the sources, though complex, can be obtained from Figure 2. The steady state 

probabilities are given by the following expressions. 

 

 
Figure 2. State transition diagram for WT 
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 Eq. (20) gives the steady state probability that the WT is in state G, whereas Eq. (1), (3), 

(5), (7), (9), (11) and (14) constitute the steady state probabilities that the WT is in state R. The 

complete failure steady state failure probabilities of WT are given by Eq. (2), (4), (6), (8), (10), 

(12), (13) and (15) to (19). The steady state probability (WT is in state G or R, that is the system 

is available for power generation either partially or fully) is determined by Eq. (21). 

 
TABLE 1: RELIABILITY DATA OF VARIOUS SUBSYSTEMS 

  

Subsystem 

Reduced 

failure 

rate 

(f/year) 

Full 

failure 

rate 

(f/year) 

Reduced 

repair 

time 

(hours) 

Full 

repair 

time 

(hours) 

a. Tower 0.05 0.05 8 8 

b. Nacelle 0.05 0.05 5 5 

c. Rotor blades and hub 0.25 0.44 15 30 

d. Pitch control device 0.14 0.28 8 8 

e. Gear box 0.270 0.420 39 39 

f. Electrical Generator 0.050 0.05 12 12 

g. Cooling unit   0.028   2 

h. Yaw mechanism 0.15 0.23 9 9 

i. 

Anemometer and wind 

vane   0.009   2 

j. Hydraulic system   0.23   18 

k. Electrical system   0.14   12 

l. Control system   0.34   12 
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TABLE 2: EFFECT OF GEAR BOX FAILURE RATE ON 

WT - AVAILABILITY 

TABLE 3: EFFECT OF ROTOR BLADE SYSTEM 

FAILURE RATE ON WT - AVAILABILITY 

Failures/year 
WT - 

Availability 

0.42 0.998862 

1 0.998859 

2 0.998854 

3 0.998848 

4 0.998843 

5 0.998838 
 

Failures/year 
WT - 

Availability 

0.44 0.998862 

1 0.998861 

2 0.99886 

3 0.998858 

4 0.998857 

5 0.998855 
 

 

  
Figure 3: Effect of Gear Box failure rates on WT 

Availability 

Figure 4: Effect of Rotor Blades & Hub failure 

rate on WT Availability 

 

Results and Discussion 

  Table 1 gives the reliability data for all the subsystems of wind turbine. Van Bussel, et. 

al. (2001), DOWEC (2003), Matti Niclas Scheu, et. al. (2017) and Sebastian Pfaffel, et. al. 

(2017) were used to estimate relevant reliability data by comparing their subsystems’ definitions 

with that of the one used in this paper. Substituting these in the above equations (Eq. 1 to 21), 

the availability of the WT was estimated, and the estimated value is 0.998862 which means 

99.8862% of time that the WT will operate without any failures or with partial failures. Now the 

Markov model can be used to study the effects of the failure rates of various subsystems on the 

availability of WT. Sensitivity analysis was carried out for Gear Box and Rotor Blade & Hub 

system of WT. The results of the sensitivity analysis were given in the Table 2, Table 3, Figure 3 

and Figure 4. From the sensitivity analysis, it is very clear that Gear Box is reducing wind 

turbine availability drastically than the Rotor system. This paper has demonstrated Markov 

model successfully for the estimation of availability of WT. Any changes in the failure rates and 

repair times can also easily be incorporated in to model and their effects can be analyzed. It is 

also possible to analyze the WT system with different maintenance strategies. 

 

Conclusion 

 This paper has dealt with a case study a WT requiring high levels of availability for its 

economic operation. A Markov process has modeled the system and its availability computed. 

The most vulnerable part of the Markov approach is the explosion of its state space and the 

consequent intractability. While existing models analyze only a small part of any system, this 

paper presented a method of analyzing a complex system. The effects of the failure rates of the 

various components on system availability are also analyzed. The proposed model will be useful 

for analyzing similar complex system and assessing their reliability characteristics even under 

different configurations. 
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Abstract 

As the world faces the ever-increasing crime of human trafficking, Thailand has been 

identified as one of the ASEAN countries that have serious human trafficking issues, not only 

in sex trafficking and forced labor but in various other forms as well. This research explores 

the roots of human trafficking in southern Thailand. The case studies and research of The 

Association of Social Security and human trafficking solutions in the southern region shows 

there is still no empirical research available about the minority Rohingya’s story associated 

with human trafficking there. 

Daily life for the Rohingya who do make it to Thailand is characterized by a lack of 

food and water. They are forced to scrape a living to survive, and there are no reliable 

statistics on the mortality rate among them. In this environment of deprivation, uncertainty 

and fear, they are easy prey for Thai organized crime syndicates. 

This research aims to fill the information gap by emphasizing the importance of a 

strategy of awareness in the fight against human trafficking and by providing a theoretical 

structure to explain the findings of the research. The data collection process, which included a 

semi‐structured interview, plus interviews with 19 Rohingya people, a law enforcement 

officer and a high‐ranking security officer, found that the government staff involved had a 

lack of real knowledge about human trafficking crimes. 

An awareness of the plight of the Rohingya people and the involvement of organized 

crime needs to be brought to the attention of the Thai government to enable policy makers to 

assist law enforcement with the problem of human trafficking and to help protect people in 

the community. 
 

Keywords: Rohingya minority, Human Trafficking, Security 

       

Introduction 

Trafficking in human beings has been an important issue around the world for the past 

two decades. Over the past few years, international organizations, civil societies and 

sovereign countries have tried to solve this problem by adopting various measures. The 

country of Thailand is also facing a problem of human trafficking. This is causing damage to 

the country's image because of the involvement of government officials, soldiers and local 

politicians in the crime of illegally trafficking minority Rohingya people. Moreover, the 

Rohingya are falling victim to exploitative individuals, who take advantage of them while 

they are traveling through Thailand to third countries, such as Malaysia. However, even 

though Thailand's trafficking image problem remains, it is still better than in the past. Even 

so, it does not mean that the problem has been eliminated from Thai society. Recent 

developments indicate that traffickers of the Rohingya minority have changed their operating 

patterns. In the southern Thai province of Satun, Ravi Island police recently arrested a group 

of five Thai and Myanmar defendants, who were bringing 65 Rohingya from Myanmar to 

Malaysia by communicating with the victims’ relatives in Malaysia. (PBS 2019) 

Thailand refrains from commenting on the Rohingya issue and does not express any 

views on the counter-measures it employs. Due to this, Thailand has attracted pressure from 
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the international community to assist newly arrived Rohingya immigrants. Assistance for the 

Rohingya minority was put in the spotlight after the Thai government received a lot of global 

pressure, following the granting of Rohingyas from Rakhine state a resettlement agreement 

between Myanmar and Bangladesh. The agreement is opposed by both the United Nations 

and the Rohingya in the camps housing some 700,000 people who fled a military operation in 

2017. All of them want citizenship, rights and conditions before returning. The United 

Nations is investigating the killing, arson and rape that took place in Rakhine in which the 

Myanmar military are accused of attempting to commit genocide of the Rohingya. This 

argument has been rejected by the supreme commander of the Myanmar army, Senior Gen. in 

Aung Lai, even though prison sentences of ten years were handed down to seven military 

officers who committed wrongdoings at this time. (Thaipost 2019) 

At the 34
th

 Asean Conference, which Thailand hosted in Bangkok, the Rohingya were 

a main topic of discussion. In the past, human trafficking associated with the minority 

Rohingya has been a very big problem. The enormity of the problem in the southern region of 

Thailand, featuring the involvement of public officials, both military and civilian and even 

politicians, has led to the chairmanship focusing on the human trafficking case which last 

occurred in southern Thailand involving up to 65 victims. (France-Presse 2019)  

In an attempt to deal with this problem, the governments of Thailand and Myanmar 

have used security theory to have a consistent view on the issue, that being that the Rohingya 

are a security threat to the State and that corrective measures must be taken. Moreover, there 

needs to be an inquiry to find out the causes and effects that push the Rohingya to travel from 

countries of origin like Myanmar through various countries in Southeast Asia. (Patel 2019, 

Tandon and Slobodchikoff 2019) 

In the early part of the crisis, between 2006 and 2009, there was a constant influx of 

Rohingya men of working age into Thailand. This prompted Thailand to implement a “push‐ 
back‐to‐origin” policy against Rohingya migrants. So, officials on local coastlines responded 

by putting them back out to sea. Even so, the volume of Rohingya migrants still increased 

and reached a peak in the year 2007. But the push back operation used by the military led to 

the image of the country suffering in the eyes of the world community. From its point of 

view, though, Thailand was putting the stability of the state foremost, whilst ignoring the 

Rohingya’s human rights issues. Security forces put their priority on the peace and order of 

the state, believing the mostly male immigrants were heading to the south to mix with 

insurgents in the three southern provinces of Thailand. This policy was formed on incorrect 

data, which showed the Rohingya people as a threat to the security of Thailand. (Beyrer and 

Kamarulzaman 2017) (Pedersen 2019) (Hossain, Hosain et al. 2019) (Chatrungnoppakun 

2018) 

 

Objectives 

1) To study the current situation of human trafficking in the south of Thailand, with case 

studies of the Rohingya minority.  

2) To examine the root causes of human trafficking in the south of Thailand. 

3) To discuss the solutions to human trafficking in the south of Thailand 

 

Research Methodology 

A lack of knowledge and understanding in the use of appropriate research 

methodology is another important factor that intervenes in the believable qualitative and 

quantitative research in the field of human trafficking (Surtees, 2008). The unavailability of 

an appropriate level of transparency in the information collected is another challenge that 

social science students find difficult when trying to access in-depth information and quality 
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research. Research topics relative to human trafficking are popular issues and have always 

attracted the attention of academic research. The different aspects of the issue, involving 

prostitution of women, child slavery, forced labor, organized crime and a human trafficking 

networks, have grown continuously. The researchers themselves were challenged by the 

problem of defining the research methodology and the reliability of the secondary data used 

in the dissertation. Most of them also neglected to remove the limitations of data sources 

which assert, for example, the issues impacting the qualitative analysis and depth of 

information in language that is used to translate data from interviews. (Laczko & Gozdziak, 

2005) 

This study is a qualitative research, which will employ the following methods of 

collecting data. Documents related to the issues of human trafficking will be searched, 

collected and analyzed along with the information collected by interviews. The documents 

mentioned above will be also used to establish a framework for this study. Some of the 

prominent cases of human trafficking that occurred in the south of Thailand will be 

examined. Some of the cases are related to the Rohingya and some to Uygur people. These 

cases will serve as examples of human trafficking from different origin countries. Interviews 

will be employed to collect data from the illegal migrants who were arrested in the south of 

Thailand. This would lead to more detailed reasons on why the migrants came to Thailand 

illegally, and how by what means they came. Moreover, the interviews will also be used to 

collect data from officials who have experience in dealing with illegal migration issues in the 

area. 

 

Results / Conclusion 

The Rohingya problem is caused by the Myanmar state exerting religious pressure on 

them, making them want to leave for a Muslim country. Many try to travel through Thailand 

to Malaysia and Indonesia where human trafficking gangs take advantage of their plight. 

They are more vulnerable because they are stateless and have no documents or identification. 

This situation is being taken advantage of in the southern states of Thailand where the 

migrants are exploited as cheap labor. Thailand in the past has ignored the problem as there 

has been no pressure to stop the trafficking, it being to the financial advantage of some 

people in the southern states. Human trafficking issues have been placed as a first priority of 

ASEAN in order to stop the illegal flow of people to countries where the legal system offers 

traffickers a chance to make a profit. (Uthaiyo 2016)  

The southern part of Thailand is an important route for human trafficking, especially 

in the case of the Rohingya people. This trafficking is causing Thailand to lose its reputation 

as a modern democracy. The current method of troubleshooting can only temporarily relieve 

the problem and does not deal with the root causes. But the problem does not now belong to 

just one country and is spreading to other regions of the world. 

Myanmar and Thailand are still bound by old concepts of state security tied to old-

style stability, which can lead to a loss of respect for human rights. A country built on 

nationalistic notions has to be careful because it is susceptible to fomenting hatred and 

violence. Therefore, a new Thai-Myanmar joint policy is needed that looks at the root causes 

of human trafficking and introduces of a plan of action to eradicate it, which will improve the 

lives of both ethnic minorities and the indigenous population. It will also help to restore the 

reputation of Thailand. 

 

Discussion 

It is widely accepted that human trafficking is not limited to a particular area, but 

spread throughout the world. The evaluation found that the number of countries affected by 

the problem of trafficking is more than 162. As stated by (Munro 2016), in terms of 
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continents as a whole, we found that the continent ranked the second-most looked at for 

trafficking problems is Africa. This might be due to economic conditions that force people to 

seek a better opportunity. The International Organization of Migration (IOM) has estimated 

that in every year there are more than eight million people crossing borders, and this number 

also includes the victims of human trafficking. Although this figure still suffers from 

skepticism among academics and from factors such as economy, Asia is similar to Africa. 

Asia has more problems with the size of its population so, ultimately, it is the area with the 

most serious human trafficking problems. (Torres 2014) (Munro 2016)  

When academics searched for the cause of the Rohingya phenomenon, an 

examination of the level of violence used by government officials, soldiers and police showed 

that law enforcement did not provide protection of the Rohingya for any gender or age group. 

Whilst in the country of origin, the stateless status of the Rohingya people made them targets 

to be preyed on again and again. And the situation was found to be the same for the Rohingya 

migrants transiting through Thailand with the inevitability of assault, torture and sexual abuse 

by trafficker groups. Thus, they are treated no differently than in their place of origin. (Ahsan 

Ullah 2016) 

Discovering the graves of the Rohingya human trafficking victims along both sides of 

the Thailand-Malaysia border spurred the two countries to accept the importance of the 

situation and start to investigate the facts. (Sullivan 2016) This new phenomenon brought 

home the fact that human trafficking required a more direct action than academic research. 

The problem of human trafficking has awakened the world and, in particular, the issue of 

slave labor has become an important topic. Especially in the case of Asia, human trafficking 

crime organizations have multiplied for the purposes of prostitution, forced labor and slave 

labor, making it difficult to combat.  

The growth of modern slavery has threatened the stability of the global community 

and the state itself. (Torres & Swanström, 2014) Slave labor in the private sector has 

increased profit to top 150 billion dollars. One human trafficking issue in particular that has 

become an important topic is the distribution chain of the fishery industry. (trafficking in 

persons report 2015) (USDS, 2015) On the other hand, human trafficking is a symbolic image 

used by activists in different countries to get governments to intervene with legal tools and 

discourse. Although it comes from goodwill only the surface of the problem appears, which 

leads to the incorrect thinking that trafficking stands for all and nothing at the same time. 

(Bunting and Quirk 2018) 

Thailand is one of the Asian countries that plays an important role in providing shelter 

to refugees fleeing violence in its neighboring countries, such as Cambodia, Laos and 

Vietnam. In 1975, support was given to immigrants fleeing from violence and conflict in 

Myanmar. (Mignot 1995) There has also been an irregular flow of immigrants who come to 

seek opportunities in Thailand over the past several years. Therefore, Thailand must take on a 

burden, and faces a difficult task in controlling its borders, both land and marine, while 

complying with an obligation to protect these victims from violence. Perhaps, because of the 

legal and political framework of Thailand and other countries in this region, placing more 

border controls will only result in no notification of the victims who have been exploited.   

The Rohingya, a minority group of Myanmar, are such a good example in this case. 

Forced labor is another form of human trafficking in which the Rohingya victims rely on a 

complicated contract of forced labor and minimal to zero benefits from the employer, who is 

the owner of the fishing vessel. That is to say, the Rohingya use both land and sea routes to 

enter Thailand, with the sea route being the most popular. Although some Rohingya refugees 

come to Thailand as their final destination, the majority of them use Thailand as a transit 

place on the long journey from Myanmar or Bangladesh to Malaysia or Australia. Rohingya 

traveling by boat will live with some relatives who emigrated earlier and have had a 
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residence in Thailand for more than 20 years, most of them living in different regions, but 

particularly in the south of Thailand (Gill, 2015 & Sylwester, 2014). 

Thai government policy is focused on security for the Rohingya migrants both at sea 

and on land along the Andaman coast of southern Thailand. Although the crackdown and 

arrests removed a number of people out of the kingdom, migration still continued. The 

journey of the Rohingya people into the country relies on an agent connected with human 

trafficking to arrange the trip. (Mathieson 2009) (Green, MacManus et al. 2015) 

The events in May 2015, when 6,000-8,000 Rohingya people were found suffering 

from starvation and dehydration on a ship in the Andaman Sea, focused global attention on 

the situation. Finally, after demands by the United Nations, Indonesia and Malaysia rescued 

this large number of refugees. Thailand also focused its attention on the issue and began 

investigating the human trafficking groups who were behind the hundreds of Rohingya 

graves in Songkhla province in southern Thailand. (Green et al., 2015) (Sengupta 2015) 

The Rohingya migrants have helped alleviate the problem of a lack of labor in the 

growing Thai fisheries sector. Moreover, since the geographical location of Thailand’s 

southern region is bordered by sea on both sides – the Andaman Sea on the west and the Gulf 

of Thailand on the east – this makes it a major source of the country's fishery products. The 

hard and difficult work in the fishing sector is the reason for the labor shortage, thus creating 

an opportunity for the trafficking groups to make high profits through the exploitation of the 

Rohingya people who are sold to work on the fishing boats. Both deception and food 

deprivation were used to bring the victims to the fishing boats. Once the victims were on 

board there was no means of escape because the presence of the illegal workers on board 

meant the ship would stay out at sea. The fishing labor victims then had no choice other than 

to work or attempt escape if they wanted to remain alive. The fishing labor force consists of 

both Thai and Burmese Rohingya. Human Rights Watch estimates there are at least 250,000 

Burmese laborers working in the fishing industry in Thailand, with observations that these 

foreign workers are susceptible to being targeted as victims of organized trafficking. 

(Sylwester and J. 2014) 

The southern region of Thailand is very important because it is a major strategic point 

that connects to Malaysia and Singapore. It is also a major maritime resource in the fishery 

industry, with the country being a major exporter of world-class seafood in ASEAN. 

However, human trafficking issues in the southern area are at crisis levels, especially in the 

fisheries industry, which are the subject of investigation throughout the industry.  

In addition to the Rohingya, there are many victims from many different groups in Myanmar 

who have been tempted to become laborers in the fishery industry. There is also evidence that 

government officials are involved in the activities of human trafficking. (Marschke and 

Vandergeest 2016) & (Coleman, 2016) (Fang 2018) The occurrence of human trafficking 

involving so many in the southern area, highlights the importance of tackling the problem at 

its root. Highlighting the concerns of civil society and academics ‘criticisms’ of the situation 

also helps.   

These incidents have brought damage to the country’s international relations. While 

research has been undertaken, efforts to try and explain the repeated occurrence of the 

problem and attempts to create workable solutions have been met with criticism as to the 

accuracy of the information being provided. Available intelligence suggests that a lack of 

knowledge and understanding of human trafficking in the southern area are themselves the 

root cause of the problem. Deeper research is required to better address the problem in order 

to build a strong knowledge and to build a file of consolidated data from the actual area. 

This research has focused on human trafficking cases of the Rohingya ethnic 

minority, which are unique and different in southern Thailand due to their statelessness. 

Rohingya are not the same as other human trafficking cases from Myanmar, Laos or 
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Cambodia because they have arrived here by boat on route to Malaysia with the purpose of 

finding a job. They have in mind the stability of the destination country, as in Malaysia, and 

that most of the population are Muslims as well. But when they reach there, they are persons 

without identity and have become victims of a system that has been rolled out to take 

advantage of them - human trafficking. (Rights 2009, Lale-Demoz and Lewi 2013, Nathan 

2016) (Khruakham 2016)  

The researcher has made a deep analysis that looks for patterns in understanding the 

purposes and decision-making leading to the outcomes of human trafficking, in order to 

create a workable solution. Many researches have been done on the problem of Rohingya 

immigrants who travel through Thailand on their way to Malaysia seeking a better life. 

However, there is a lack of research on the Rohingya related to human trafficking and how 

they have been deprived of money, and even their life, in their journey to a third country. 

Many of the victims have died because they were exploited for the benefits of the human 

traffickers. Their burials are done in secret and hidden in the country through which they 

travelled, such as Thailand and Malaysia. It seems that along the routes of Rohingya human 

trafficking, victims are very scared of being arrested, and are always uncertain whether they 

will have even drinking water or food to eat until they reach their destination. This research 

seeks to investigate the causes of human trafficking, especially in the southern part of 

Thailand, and to investigate its roots. 

Since state security is very important, it is crucial to create stability. Modern state 

concepts are still used in countries like Thailand and Malaysia, which are still emerging from 

the old-style ideas of security. These two countries utilize the factor of religious beliefs in 

order to gain the power of an administrative department. The religious instruments of the two 

countries are considered effective as the two factors are related to both the past and the 

present. The religious institutions can produce teaching applicable to most people, and the 

religions of these two countries must be relied on because of the dissemination of religious 

teachings are used in maintaining political power. Although it is characterized by an 

emphasis on making donations, it also leads to an opposite outcome, which creates social 

separation. Such deficiencies are still present and are widely visible in both countries. 

(Siwaluck l2010) (Pantura 2015)   

Although similar types of Buddhism exist in both Thailand and Myanmar, it is also 

true that there is always an influence from the political relationships. While efforts are being 

made in Thailand to adapt the Buddhist teachings to the new generation and also to impress 

upon the middle-class with their new “wealth” the importance of religion, the teachings are 

being used as a tool to bring the masses into conflict, such as by the Wirathu abbot in 

Myanmar who stoked hatred of the Rohingya and forced them to evacuate the country. 

(Panich 2008) 

Examples of this can also be found in the past, when moves were made to bind 

religion to politics. For example, the kings in both nations were the main contributors to 

religion, and it was not difficult to spread ideas because religion is readily available for free 

in society. In the case of Myanmar, it was found that during the time it spent under British 

rule a significant decline in the Buddhist religion resulted in the emergence of private schools 

founded by missionaries teaching Christianity. In order to give opportunity to their children, 

the Burmese people submitted them to the British schools for later work in the colonial 

government. (Hillman 1946) In the year 1990, Buddhism came back to be influenced by the 

Buddhism Movement Group, Western-educated students, minority groups, labor workers and 

Buddhist groups such as YMBA (Young Men's Buddhist Association). The YMBA, which 

portrays an ‘Image of Purity’ in traditional ethics and the well-being of the monks, is very 

different to the picture of Western culture that emphasizes consumption and relaxation. This 

led to a fight against the most important changes in Myanmar. (Panich 2008) (Hillman 1946) 
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When the Communist threat appeared in Myanmar during 1958-1960 it created a situation 

that gave an opportunity for the army to have political knowledge. When the civilian 

government of Mr. Urnu made a mistake in resolving the constitution, General Nevin stepped 

in to the power vacuum by way of a coup on 2 March 1962 and established a Revolutionary 

Council of the Union. So, Myanmar was transformed into a socialist system with a single 

political party (Burma Socialist Program Party, BSPP). There were very few obstructions by 

protesters after the suppression by the army led to the death of 100 people and the closing of 

universities and newspaper media. (Cameron, 1992: 131-133; and Ba Gyi Thu, 1970: 331 

Cited in Zar Ni, 1998: 125) 

Myanmar closed its borders, a situation that lasted almost 26 years. During that time, 

there was the beginning of a process which created heroes from groups of farmers, workers, 

monks and soldiers according to the Buddhist national guidelines. (Martin, 2553 : 2) 

(Liamdee 2012) Myanmar was governed by a long-term military dictatorship until, finally, it 

has been transferred to a partially-democratic civil government. (Biver 2014)  

The bringing of the Buddhist religion back to the people of Myanmar and creating a 

Buddhist national identity was aimed at introducing a more stable and modern society. But, 

although the basics of Buddhism do not promote violence, it caused some aggressive 

arguments and fears that brought tension to Myanmar society, especially among the 

Rohingya minority. (Zarni, 2013)  

The Rohingya ethnic minority travel through Thailand to a third country, with a non-

legal presence, thus becoming a victim to transnational crimes such as human trafficking. 

There is evidence of Rohingya trafficking in Songkhla province in the southern region of 

Thailand. Thailand's image was greatly damaged by the outrageous action taken by 

traffickers in exploiting victims traveling through Thailand to Malaysia. Even though the 

situation has improved the problem of the Rohingya remains, and a solution is currently 

being sought by ASEAN. But the Rohingya people’s problems are not solved by moving 

them from one country to another, it is a problem that needs solving at the world level. 

(Chaudhury and Samadda)  

There is a research that claims the problem of the Rohingya ethnic minority is derived 

from the creation of the Myanmar nation state. Independence for Myanmar was brought 

about by important players like armies and religious individuals awakening traditional 

Buddhist concepts, together with the cooperation of farmers, labor workers and various ethnic 

minority groups. At the same time, however, this concept of national identity also painted the 

Rohingya ethnic minority as an enemy of the state because of their cooperation with the 

British in Myanmar in the past. 

So, the creation of a conflict became a serious reaction of hatred at the time. In other 

words, the power of the Myanmar armed forces combined with the monks’ religious power, 

led to the people accepting ideas similar to the communist’s tools used to brainwash people 

and overwhelm their thoughts during the Cold War in the past. So, while Myanmar people 

are believed to be free to question or ponder the accuracy of the idea that characterizes 

Rohingya as country-threatening people, they do not question it. (Shaery 2014, Charney 

2018, Shahabuddin 2019) 

The military government created a series of ideas using the tools associated with 

religious indoctrination, creating a panic with the Rohingya with the aim of maintaining the 

power of the government.  

Such religious groups, who have a superior status in Myanmar society and have a 

huge influence on politics, plant ideas in people in the same way socialists did during the 

Cold War. However, the military government used this method cunningly to achieve their 

goal and it was successful beyond their expectations. This is not unlike some of the episodes 

of Thai history, as well. (Arnold and Turner 2019) (Pornpen Hantrakul 1974) 
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Recommendations  
Firstly, the critical point needed for the next inquiry is how to build prevention 

methods through reuniting all levels of government servants and people in the community. 

Next, all patterns of human trafficking should be deeply studied to create effective 

investigations and knowledge for lawsuits against traffickers, especially those in international 

criminal organizations. Last but not least, learn how to build partnerships or networks of 

people to fight against international human trafficking. 
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Abstract 

Personal protective equipment (PPE) is a device that can protect a person whose 

function isolates part or all of the body from potential hazards in the workplace. Technically 

the PPE does not protect the body against all the hazards, but to reduce or minimize the 

occurrence of accidents or occupational diseases. This study aimed to analyze factors related 

to the behavior of PPE usage on a spinning unit employs workers. This study was a 

quantitative analytical method with a cross-sectional approach. This research was conducted 

in one of the textile industries in a spinning unit with a population of 356 people and 78 

people were taken as determined by the Slovin formula. The results showed 67.9% of 

employees of spinning unit are compliant to the use of PPE. There was no correlation of 

education (p-value = 0.223), work period (p-value = 0.187) and knowledge (p-value = 0.223) 

to behavioral use of PPE. There was a relationship of PPE availability (p-value = 0.003), 

company management support (p-value = 0.023) and supervision (p-value = 0.019) with 

behavioral use of PPE.  The need to conduct training on health and safety to increase 

employee insight was developed. Companies need to provide support for the provision of 

PPE completely and conveniently. Companies should supervise the use of PPE and provide 

sanctions if there are employees who are not compliant in using PPE to reduce workplace 

accidents and occupational diseases. 

Keywords: Work Accident, PPE, Behavior 

 

Introduction 
Work safety is defined as efforts to protect workers, other people in the workplace 

and sources of production to be always safe during the work process while occupational 

health is useful for managing health problems for workers (Cecep Dani Sucipto, 2014). Thus, 

the knowledge of Occupational Safety and Health is used to avoid all potential workplace 

accidents and illnesses arising from the workplace (S Yessuf Serkalem, 2014). One of the 

factors that influence Occupational Safety and Health is machinery, tools and work 

equipment that can affect the occurrence of work accident cases and occupational diseases. 

Compliance using personal protective equipment (PPE) when working becomes very 

important to do to reduce the occurrence of workplace accidents and occupational diseases. In 

the textile industry, there is the use of chemicals in the work process as well as the presence 

of cotton dust waste which if inhaled by workers can continually interfere with workers' 

health (Rahul B Hiremath, 2014). Based on the research results of Perwitassari Dian and 

Athena Anwar stated that there is a relationship between not using complete PPE with a level 

of risk that is a moderate risk level of 56.8% and a high risk level of 75-100% infected with a 

dangerous disease (Perwitassari Dian, 2004). The potential for hazards in the company is 

classified as high if workers do not use complete PPE so that the use of PPE is very 

mandatory because it can minimize work accidents. 
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mailto:supriyonoasfawi@gmail.com
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This study conducted a survey of actual field conditions on the yarn spinning section, 

with the results of a survey that most employees behave not to use personal protective 

equipment that has been provided by the company management in the form of hats, masks, 

gloves, earplugs, glasses, and wear packs. One of the company's efforts to make workers 

aware of the importance of workplace safety is to comply with the use of PPE by holding 

training once a month to employees. 

Seeing the working conditions in this company which have very high potential 

hazards because they can cause occupational diseases or work accidents, then the problem 

can be researched with the problem formulation that is what factors can influence the 

behavior of the use of PPE on employees of spinning production unit in the national textile 

company Semarang Indonesia. Thus, this study may provide benefits in the form of 

information and knowledge about factors related to the behavior of the use of PPE in the 

national textile company Semarang Indonesia. 
 

Research Methodology  

This research uses quantitative analytic methods with the cross-sectional approach. 

The independent variables in this study are education, work period, knowledge, availability 

of PPE, company management support and supervision. While the dependent variable used is 

the behavior of the use of PPE for employees of the spinning production unit. 

The population in this study were employees in the spinning production unit at the 

Semarang Indonesia national textile company, which totaled 356 people. Sampling using 

Slovin technique and obtained the number of samples used as many as 78 people. 

The instrument used in this study was a questionnaire, which had been tested for 

validity and reliability. Based on the results of the normality test, the data distribution is not 

normal then the statistical test used is the Spearman Rank statistical test 
 

Results  

The textile industry in Indonesia until 2019 has increased, this is very helpful in the 

utilization of human resources. The production process for the textile industry is quite long, 

starting from cotton to clothing.  

The results of the Univariate analysis using the calculation of the frequency 

distribution as seen in Table 1 show that in the education variable 92.3% of respondents had a 

high school education while the variable work period shows that employees with long tenure 

are more than new tenure, which is 47 employees (53.8%). In the knowledge variable as 

shown in Table 1, employees in the national textile company Semarang Indonesia have the 

same level of knowledge between good and bad. 

Table 2 shows the respondents' ratings related to the availability of personal 

protective equipment at work. Personal protective equipment provided by the company 

includes masks, earplugs, glasses, gloves, wear packs, and hats.  
 

Table 1. Frequency distribution of each variable  
 

Variable Frequency Distribution 

Amount Percentage(%) 

Education 

     Elementary school 

     Middle school 

     High school 

 

2 

4 

72 

 

2.6% 

5.1% 

92.3% 

Work Period 

     New Work Period 

     Long Work Period 

 

36 

47 

 

46.2% 

53.5% 
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Variable Frequency Distribution 

Amount Percentage(%) 

Knowledge 

     Bad 

     Good 

 

39 

39 

 

50.0% 

50.0% 

Availability of PPE 

     Yes 

     No 

 

46 

32 

 

59.0 

41.0 

Company Management 

Support 

     Support 

     Doesn’t Support 

 

51 

27 

 

65.4% 

34.6% 

Supervision 

     No 

     Yes 

 

24 

54 

 

30.8% 

69.2% 

PPE Compliance 

     Not Obedient 

     Obedient 

 

25 

53 

 

32.1% 

57.9% 

 
Table 2.  Frequency distribution according to PPE availability 

 

Questions Answers 

Yes No 

F % F % 

The company provides appropriate 

PPE  

72 92.3 6 7.7 

The company provides free PPE  74 94.9 4 5.1 

The company provides routine PPE 

counselling every 3 months 

59 75.6 19 24.4 

Amount of PPE is sufficient for all 

employees 

72 92.3 6 77 

PPE is easy to get 61 78.2 17 21.8 

If PPE is damaged or lost, it will be 

immediately replaced by the company 

40 51.3 38 48.7 

 

The company provides a place to store 

PPE easily 

47 60.3 31 39.7 

 

Every employee must take care of PPE 

provided  
76 97.4 2 2.6 
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The result of the calculation of frequency distribution of company management 

support variables in Table 1 shows that 51 people (65.4%) employees have been supported in 

the use of PPE from management so that with the support of the company in using PPE, 

employees further increase and compliance in using PPE and from the results obtained in the 

supervision variable shows that the majority of employees answered there is supervised by 

the company are 54 people (69.2%). This result indicating that the national textile company 

Semarang Indonesia has conducted supervision in the use of PPE in order to minimize 

workplace accidents and occupational diseases. Based on the calculation of the frequency 

distribution of respondents in Table 1 for the variable behavior of PPE usage shows that 

employees behaved, obedient in the use of PPE as many as 53 people (67.9%). 

After conducting a Univariate analysis, then conducting a Bivariate analysis linking 

the independent variables (Education, Work Period, Knowledge, PPE Availability, Company 

Management Support, Supervision) with the dependent variable (PPE Use Behavior) to find 

out if there is a significant relationship between the independent variable and the dependent 

variable through the Spearman Rank test. 

 

Table 3.  Bivariate test results 
 

Independent 

Variable 

Dependent 

Variable 

Significant 

Value (p) 

Coefficient 

Correlation 

Description 

Education Behaviour of 

using PPE 

0.223 - There is no 

relationship 

Work Period Behaviour of 

using PPE 

0.187 - There is no 

relationship 

Knowledge Behaviour of 

using PPE 

0.220 - There is no 

relationship 

Availability of 

PPE 

Behaviour of 

using PPE 

0.003 0.327 There is 

relationship 

Company 

Management 

Support 

Behaviour of 

using PPE 

0.023 0.258 There is 

relationship 

Supervision Behaviour of 

using PPE 

0.019 0.292 There is 

relationship 

 

From the results of  Table 3 calculations using the Spearman Rank correlation test 

shows that the results obtained are not related to the educational variations (p-value 0.223), 

years of service (p-value 0.187), and knowledge (p-value 0.220) with PPE usage behavior. 

While the PPE availability variable (p-value 0.003), company management support (p-value 

0.023) and supervision (p-value 0.019) have a relationship with the behavior of using PPE. 

Here are the following explanation of the relationship of all independent variables with the 

dependent variable based on the results of the bivariate analysis calculation 

 

Discussion 

Relationship Between Education and the Behavior of Using PPE. 

In this study, there is no relationship between education with the behavior of using 

PPE. This is in line with the results of research Widyaningsih (2013); Yuliana (2016) which 

states that there is no significant relationship between education and compliance with the use 

of PPE. The educational activity is an effort aimed at influencing a person or group of people 
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to create learning experiences that can develop the ability of the individual itself. The higher 

the level of education a person hopes the better in behaving using PPE.  

Based on the results of the study, the majority of respondents having a high school 

education were the highest education in textile workers, but in the workplace, it was found 

that there were still many employees who did not behave in the use of PPE. While the 

Industry has provided personal protective equipment for free to its employees. PPE is 

provided in the form of hats, masks, earplugs, gloves, safety glasses and wear packs 

(protective clothing). The level of awareness in using personal protective equipment is not 

related to the level of education. 

Relationship Between Work Period and Behavior of Using PPE   

In theory, the work period is related to work experience. Employees who are not 

accustomed to industrial areas will feel unfamiliar at work, so the employee has the potential 

to cause high accidents in new workplaces. Whereas workers who have long years of service 

can predict potential hazards in the workplace. 

The results of this study indicate that there is no relationship between work tenure 

with the behavior of using PPE. The results of this study are in line with previous studies 

conducted by Fidyawati (2012), Nurcahyanti (2014) and Saputri and Paskarini (2014) which 

state that there is no relationship between a work period and non-compliance in the use of 

PPE. 

To reduce accidents at work the company conducts training for a month for new 

employees. To train employees to be able to do a good job so that production targets can be 

achieved. Besides that, it needs to be improved again especially in the K3 aspect that the lack 

of experience/working time can trigger work accidents so that it can hamper production. 

Besides that, for older employees, work motivation needs to be given by superiors so that 

they can raise awareness in working so that their health and safety can be maintained well. 

Relationship Between Knowledge and PPE Usage Behavior   

Based on the results of the study showed that there is no relationship between 

knowledge and the behavior of using PPE. The level of knowledge of respondents between 

those who were good and bad in this study was the same, each at 50%. The level of 

knowledge of respondents that needs to be improved is about the benefits of the use of PPE to 

prevent and minimize workplace accidents or occupational diseases. 

Good knowledge is followed by good behavior in the use of PPE, this is reinforced by 

the research of Gladys Apriluana (2016); Fidyawati (2012), Gemely, Raodah, and Delfani 

(2014). The company's efforts to conduct training to employees every month, but there are 

still employees who have not used PPE properly and routinely. 

Relationship Between the Availability of PPE and PPE Usage Behavior   

Based on regulations in Indonesia that the Company is required to provide PPE for 

workers in the workplace, and must announce in writing and install signs regarding the 

obligation to use PPE at work. All workers are required to use personal protective equipment 

at work. The regulation binds industrial managers and workers to maintain safety and health 

during work. The results of this study stated that there was a relationship between the 

availability of personal protective equipment and compliance with the use of PPE. This 

research is in line with Prasetyo's research (2015) which also states that there is a relationship 

between the availability of PPE and compliance using PPE. 

If the company provides PPE and requires workers to use it, compliance with PPE 

will run well. The company has provided personal protective equipment consisting of hats, 

masks, earplugs, gloves, safety glasses, wear packs, as well as properly maintained. 
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Relationship Between Company Management Support and PPE Usage Behavior   

Based on the results of the study showed that there is a relationship between the 

support of company management with the behavior of using PPE. The results of the study are 

also in line with the research of Tedjosoetono and Asfawi (2015), which states that there is a 

relationship between management support and the use of PPE. 

The management team should encourage workers to apply aspects of occupational 

safety and health, especially in the use of PPE. Providing continuous motivation and support, 

as well as control in the work area is a management obligation. Employees who feel they are 

not supported by company management are mostly not compliant in using PPE. The role of 

management is not only in increasing production but the need to pay attention to the safety 

and health of employees at work. 

Relationship between Supervision and Behavior in Using PPE  

Every industry has supervisors who are tasked with monitoring all activities in the 

workplace and making sure it runs safely and well, even related to employee compliance in 

using personal protective equipment. If there are irregularities, management can immediately 

take corrective steps. 

Based on the results of the study showed that there was a relationship between 

supervisors and PPE usage behavior, this was in line with Rohman and Yuantari's (2015) 

research and Chandra's (2015) research which also stated that there was a relationship 

between supervision and the use of personal protective equipment. 

From the results of the study that in the workplace there are still employees who have 

not complied with the use of PPE. For this reason, it is necessary to continuously improve 

supervision so that work safety is guaranteed. 

 
Conclusion 

The results of this study showed that the majority of employees complied in the 

behavior of using PPE as many as 53 people (67.9%) and employees who were not compliant 

in behaving to use PPE as many as 25 people (32.1%). There was no relationship between 

education with PPE usage behavior (p value = 0.223), Work Period with PPE usage behavior 

(p value = 0.187), knowledge with PPE usage behavior (p value = 0.223). There is a 

relationship between PPE availability behavior with PPE usage behavior (p value = 0.003), 

company management support with PPE usage behavior (p value = 0.023), supervision with 

PPE usage behavior (p value = 0.019). Therefore, it was necessary for company to conduct 

occupational safety and health training because it was the most effective way of providing 

knowledge to employees specifically about the functions and uses of PPE. Also, support from 

the management and supervision of employees related to compliance with the use of PPE is 

an appropriate way to improve workplace safety. 
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Abstract 

The traditional market (pasar) in Indonesia has played an important role as a 

marketing place in which people can buy their foodstuff and other daily goods. The 

traditional market reveals some infrastructural problems, not a good level of management or 

not by identifying the level of cleanliness, personal hygiene of sanitation workers and 

environment sanitation. Traditional markets in Semarang has reached 47 markets by 

spreading throughout the region both in the city center or even suburbs. The sample of this 

research is 12 traditional markets located in the downtown area, extensive sales, complete 

diversity of goods and markets with building minimalist. The data entered is normally 

distributed with the results of the mean all each component factors. Frequency data of 

sanitation all factors, about bad location factors (58, 3%) market building not according to 

regulations (66, 7%) bad environment sanitation (83, 3%). Hygiene behavior worker, safety 

and service of security not prayer facility with not normality test. The mean for all factors in 

general sanitation (73, 32%) shows that market management is still not healthy. Market 

sanitation with criteria in locations that are still in densely populated areas with low sanitation 

levels and lack of management system. 
 

Keywords: Environmental, Management, Sanitation 

Introduction 

Poor water and sanitation still have considerable public health significance. In 2003, it 

was estimated that 4% (60.7 million) of the global burden of disease and 1.6 million deaths 

per year were attributable to unsafe water supply and sanitation, including lack of hygiene 

(Haller, Hutton & Bartram, 2007). Sanitation in the sense of maintaining or living with a 

healthy environment for the well-being of own family includes taking healthy food, using 

fine clothing, living in the clean house, a using sanitary latrine, and living with medical care 

(Jena, 2018). Urban and peri-urban areas and most of the burden falling on national 

governments and international donors, as little consumer contribution is anticipated for 

improving sanitation (Tidwell, Terris-Prestholt, Quaife, & Aunger, 2019). Sanitation systems 

that allow respecting natural cycles under different geographical and social conditions 

(Otterpohl, Albold, & Oldenburg, 1998). More effective management of surface water quality 

in developing countries is needed if the benefits of industrial development are not reduced by 

social and economic costs (Gunawardena, Wijeratne, White, Hailu, & Pandit, 2017).  

Sanitation is an essential issue for environmental sustainability, as climate and 

environment are dependent on people. People knowingly or unknowingly are neglecting to 

keep fit and healthy, and they even do not know the effect of handwashing (Jena, 2018). 

Water, nutrient, and energy management practices of the conventional sanitation system are 

unsustainable (Montangero et al., 2016). Water quality management is challenging due to the 

complexity of river dynamics and the influence of both natural and anthropogenic processes. 

Lack of systematic. Poor water quality has adverse effects on the economy, human health and 

ecosystems. More effective management of surface water quality in developing countries is 

needed if the benefits of industrial development are not reduced by social and economic 
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costs. Water quality models can be used to estimate transfer coefficients that describe the 

impact of pollution sources on surface water quality (Gunawardena et al., 2017). Waste from 

traditional markets in Indonesia is the second-largest stream of municipal solid waste after 

household waste. It has a higher organic fraction and may have greater potential to be 

managed on a business scale compared to household wastes. The attributed reason is that in 

general the wastes generated from traditional markets are more uniform, more concentrated 

and less hazardous than waste from other sources (Aye & Widjaya, 2006).  

Indonesian traditional markets failed to compete because of poor planning, 

inconvenient access, overcrowded trading activities, lack of air circulation and poor 

sanitation (Tanuwidjaja & Wirawan, 2012). Sanitation factors can be implemented to know 

more about consumer loyalty and disloyalty. Here they examined the quality factors of 

system, product, and service as antecedents, which affect consumer loyalty/ disloyalty 

behavior (Rahadi, 2012). The water environment many watercourses have become polluted 

and degraded places. Physical watercourses have become polluted and degraded places, water 

problems of the urban pollution have changed the physical quality of rivers and canals and 

the environment caused environmental threats to urban health accompanied by the desire for 

better living standard (Chou, 2013). The traditional market is a market constructed and 

managed by the government, local government, private companies. The problem which has to 

be faced today is how to develop a traditional market to be healthful and clean, and can be 

managed professionally like a modern market because today traditional markets in Semarang 

are managed badly, especially in their management professionalism (Arinda, Zuska, & Lubis, 

2019).  

 

Objectives 

1) This study more to look at environmental sanitation factors in a traditional market.  

2) To evaluate the sanitation status of traditional markets in Semarang Indonesia based on 

environmental management policies. 

 

Research Methodology 

 Research this methodology of univariate research which only describe environmental 

sanitation factors in traditional markets by looking at the best mean for each factor by looking 

at normal or not data and describing the mean data and CI 95% and frequency with 

percentage instrument. 

The population of this research has reached 47 markets by spreading throughout the 

region both in the city center or even suburbs. The sample of this research is 12 traditional 

markets. Sampling method with requirements by following the criteria location, located in the 

downtown area, extensive sales, complete diversity of goods and markets with a building that 

are walled minimalist or tend to be modern. The analysis describes all aspects of sanitation 

with different levels of management. 

Study design research with descriptive evaluation used normality data tests with the 

validity and reliability of the tests that had been carried out at the beginning. The procedure 

questionnaire used the Ministry of Health reference 519 2008 (Purnama, 2012). Research 

tools with a questionnaire with observations this area traditional market. The main objective 

of the research is to know and describe management in the sanitation of the traditional market 

environment as a whole in terms of the community and government. Data analysis processed 

using qualitative research to collect more observation on the sanitation factor in the 

traditional market.  
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Results/Conclusion 

In the discussion, there are various criteria to determine the quality of the approved 

market environment. 

1. Environment Sanitation 
 

Table 1. Environment Sanitation of Normality Test 

Variable Test of Normality  

(kolmogorof-smirnov) 

Mean (SD) CI 95% 

 Statistic df Sig   

General spatial 

plan 

0,174 12 0,2 255,083 

(92,7588) 

196,147-

314,019 

Market building 0,3 5 0,16 65,83 (60,264) -8,99-140,66 

Sanitation 0,151 7 0,2 124,92 (28,375) 98,68-151,16 

Hygiene merchant 

Safety 

Another facility 

0,320 

  0,260 

  0,354 

3 

2 

3 

 0,001* 

 0,031* 

 0,026* 

 227,64 (101,747) 

   87,25 (42,073) 

   71,42 (36,082) 

98,75-151,11 

98,88-141,13 

-18,022-161,05 

*Not normality test 
 

Transportation and the location of the more building. The market building has 

changed a lot with the increasing number of government management systems being 

more structured. Sanitation has been achieved with the implementation of the renovation 

of the flow of water channels and rearrangement of the waste bail disposal area or 

garbage. Not normality test with many workers still do not pay attention to personal 

health by using personal protective equipment to anticipate the spread of good diseases 

both from consumers with various characteristics. Lack of equipment and even many that 

are not available such as fire extinguishers and safety levels to prevent consumers from 

crime. Other facilities that should be owned by a traditional market have a place that 

provides a spacious and clean place of worship. A point of sale that is free of vectors so 

that food is clean from disease and sufficient first aid kits 
 

2. General spatial plan 
 

Table 2. General Spatial Plan 

Type Frequency Percent (%) 

Bad of location 7 58.3 

Health of location 5 41.7 

Traditional market location shows that all markets in this study are very bad (58.3%) 

with inappropriate spatial layout, located in accident and disaster-prone areas. 

Consumers become afraid of the condition market about the environment to accidents 

and crime because it tends to be free and not strict rules from the government. 

3. Market building 

Table 3. Market Building 

Type Frequency Percent (%) 

Overall according to regulations 1 8.3 

On area is not according to regulations 

Overall not according to regulations 

3 

8 

25 

66.7 

Market buildings are not by following government regulations (66.7%). The city 

government regulation applies a stipulation in the arrangement of trade places both wet 

and dry selling places that do not comply with regulations. Many constructions causes 

accidents both on the roof of the building, ventilation, and lighting that are not optimal in 

the construction process. 
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4. Sanitation 

Table 4. Sanitation 

Type Frequency Percent (%) 

Clean water and good waste management 2 16.7 

Dirty water and bad waste management 10 83.3 

Sanitation is very bad both in all sectors (83.3%). Clean water is not available 

properly, especially sources of clean water quality do not meet health requirements. 

Waste management is precise there is no observation of the absence of a final landfill so 

that a lot of garbage littered in the area of traders and piling up causing the vector can not 

be controlled.  
 

Discussion 

In the management of sanitation management, especially the traditional market 

environment, many experience problems. Based on the data some data are not normal with 

problems in the cleanliness of traders. Traders do not prioritize personal hygiene and safety. 

The management of the traditional market in Indonesia is still disorganized and less 

satisfying, and as a result, traditional market lost its competitiveness. The fact in the field 

shows that around 50-60% of traditional market physical condition is bad, and only around 

10% is good. If the traditional market has a good infrastructure, the consumers will feel 

happy and interested to go back shopping in this market. In contrast, if the condition of 

infrastructure is far from adequate, it implies the perception of consumers who will feel 

discomfort while the shopping in traditional market. The inadequate infrastructures in 

traditional market are generally parking lot that is still narrow, lighting, air circulation and, 

poor drainage systems, improper clean and dirty waterway, and dirty poorly maintained and 

inadequate, and inadequate public facilities and social amenities such as restrooms, and place 

of worship (Sipahutar, 2016). Semarang city’s increasing number of traditional market 

traders has not been matched by the availability of space, this phenomenon is shown by a 

large number of traders selling outside the market building (Pemerintah Kota Semarang, 

2005). Global health in U.S. federal government and private and non-profit organizations 

shows a substantial need for candidates with several years of experience with global health 

programs, particularly program managers/directors and technical experts. The majority (81%) 

of U.S. federal government positions were listed at higher (Keralis et al., 2018).  

General spatial state-owned water and sanitation utilities usually have a monopoly 

right to serve customers in their jurisdiction. In Bangladesh and some Indian cities, private 

entrepreneurs are putting toilet and bath facilities in key locations and running a brisk 

business. In Bamako, one community-owned latrine block was purposely built close to a beer 

hall and charges more to the beer hall owners figuring that both their businesses benefit from 

having a toilet close (Solo, 1999).   

The market building of solid superstructure, including walls, roofs, and doors, in our 

study community, would increase from 42% to 72% and flushing toilets from 15% to 58% 

without any subsidy or donated infrastructure (Tidwell et al., 2019). Groundwater abstraction 

could be reduced by a third, if the water distribution system is improved, greywater is reused 

for toilet flushing and if water efficiency of industrial processes is enhanced. Despite the 

aforementioned measures, the groundwater withdrawal rate still exceeds the aquifer recharge 

rate. Therefore, other strategies are necessary, in particular, protection of surface water to 

facilitate its treatment for domestic use. By replacing septic tanks with urine diversion 

latrines, the percentage of phosphorus in waste products recovered for food production could 

be increased from 18 to 45%. Furthermore, replacing livestock production by higher 

production of fish, vegetables, beans, soybean, and nuts could further increase the recovery of 

phosphorus from 45 to 82% (Montangero et al., 2016). Over the last 30 years, the Irrigation 
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and Public Health Department has worked to ensure better access to water. Where settlements 

were at the tail end of a water supply line, their quantity and regularity of supply were 

negatively impacted (Reilly & Louis, 2014).  

Sanitation specialists had failed to persuade politicians, the media, and other 

influential people of the importance of the subject (Mara, Lane, Scott, & Trouba, 2010). In 

use sanitary from toilet traditional market excreta disposal and for washing hands in the 

market, when compared to their practice when at home. Moreover, there was a significant 

difference between anal washing materials used by respondents at home and in the market 

(A, B, C, & O, 2016). Poor sanitation, hygiene, and water are responsible for about 50% of 

the consequences of childhood and maternal underweight, primarily through the synergy 

between diarrhoeal diseases and undernutrition, whereby exposure to one increases 

vulnerability to the other (Mara et al., 2010). Urban sanitary practices of industrialized 

countries, have helped contribute to the dignity, health and wealth of people in those 

countries, and thus have great bearing on the practices and the aspirations of developing 

countries. The contribution of trading activities to the livelihoods of the population, 

particularly in the informal sector cannot be overemphasized. This issue has the potential for 

environmental pollution with its attendant public health implications. Inadequate 

environmental sanitation has been recognized as a public health hazard worldwide (Hussaini 

& Madaki, 2018). In four Asian countries, Bangladesh, China, Mongolia, and the Philippines, 

over 15% of the population depends on shared sanitation a number that increases daily 

(Rheinländer, Konradsen, Keraita, & Gyapong, 2015).  

Traditional market sanitation in Africa, roughly 40% of the population does not have 

access to improved water supply and sanitation, and in Asia, 19% are without access to an 

improved water supply and 52% are without access to improved sanitation (Haller et al., 

2007). These infections are cosmopolitan, especially in children and in tropical areas such as 

Indonesia (Prasetyo, 2016). Approximately 70-80% of poultry in Indonesia the rest still use 

the traditional system, but 70-80% of poultry by the traditional system, not through 

slaughterhouses so there is often contamination (Wahyono & Utami, 2018). Sanitation 

stakeholders and donors should recognize the potential of household shared sanitation as an 

important driver behind sanitation progress in African and Asian high-density areas and low-

income populations. Accepting household shared sanitation as a suitable market traditional 

type could have major implications. This would legitimize innovative funding mechanisms, 

shared maintenance schemes and upgrading of large numbers of existing shared toilets to 

acceptable standards. In low-and middle-income settings, relatively little is known about 

local perceptions and cultural barriers for using shared sanitation. Experiences from Ghana 

and other sub-Saharan African countries illustrate how household shared sanitation may well 

fit with culturally acceptable sanitation choices and not necessarily be unhygienic. Indeed, 

household shared sanitation may be the only realistic option that brings people the important 

first step up the sanitation ladder from open defecation to a basic level of sanitation 

(Rheinländer et al., 2015).  

The policy, strategy, and program must be directed to the improvement of the 

traditional market’s competitiveness in facing the growth of modern these days (Sipahutar, 

2016). The increase in the informal sector, especially street vendors (PKL), which have 

emerged along with the existence of markets, both traditional and modern markets, often 

causes problems in urban development with an orderly presence. The problem of conflicting 

use of space for trading activities with supporting activities, especially traffic activities, so 

that there are many points of congestion around the market location. the government through 

the President of the Republic of Indonesia issued Presidential Regulation No. 112/2007 

concerning the arrangement and development of traditional markets, shopping centers, and 

modern stores. This is a regulation to empower traditional markets to grow and develop in 
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harmony, mutual need, mutual strengthening and mutual benefit (Pemerintah Kota Semarang, 

2005).  
 

Recommendations 

1. Test of normality shows normal data with a mean value of the general spatial plan 

(255,083), market building (65.83), sanitation (124.92) management and systems of 

management which are getting better with traditional markets have been increasingly 

renovated with buildings especially 

2. Hygiene merchant has not normality test value that is of significance 0,001 influences 

the number of diseases that are contracted from the insecurity of these activities.  

3. Safety shows a not normal number with a significance value 0,031 not available such 

as fire extinguishers and safety levels to prevent consumers from crime.  

4. Another facility normality tests the data are not normal with a significance value 

0.026 in the traditional market have a place that provides a spacious and clean place 

of worship 

5. The general spatial plan has a frequency level with a bad environment of 58,3% and 

health  location of 41,7% 

6. Market building has a frequency level with overall not overall with according to the 

regulation of 66,7 % 

7. Sanitation has a frequency level with dirty water and bad waste management of 83,3% 

8. The market building plan has a frequency level with an overall according to 

regulation 

9. Market sanitation with criteria in locations that are still in densely populated areas 

with low sanitation levels  

10. Safety management from consumers that must be tightened because the effect is more 

and more crime so that the government provides adequate facilities 
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Abstract 

The position of batik workers when drawing patterns on fabric and slamming does 

require very high concentration. Various patterns and infrequently must be drawn for batik 

with very complicated and small patterns. In these conditions, a batik worker have to bow her 

head very profoundly and fully concentrate on their work for more than 4 hours. Static work 

for a long time with unnatural posture is one of the risk factors for musculoskeletal pain. The 

research study aimed to analyze the relationship between ergonomic risk exposure with 

musculoskeletal pain. The instrument used a Nordic Body Map questionnaire to identify 

musculoskeletal pain and Quick Exposure Check to identify ergonomic exposure. The study 

sample consisted of 50 workers using the total population in Batik Berkah Lestari. This study 

uses the fisher exact test to examine the relationship between variables. Based on statistical 

test results, there is a significant relationship between ergonomic risk exposure in the neck 

with musculoskeletal lower neck pain with a p-value of 0.027. There is no significant 

relationship between ergonomic risk exposure in the neck with musculoskeletal upper neck 

pain with a p-value of 0.652. It is shown that the work attitude of submitting for an extended 

period to women batik workers has a significant relationship with the incidence of neck pain 

experienced by the workers. 
 

Keywords: ergonomics, musculoskeletal pain, batik worker 

 

Introduction 

Batik is a handcraft that has a very high artistic value and is a part of Indonesian 

culture since time immemorial (Riyanto, dkk, n.d.). Ministry of Industrial states, the value of 

exports of batik and batik products until October 2017 reached USD51.15 million, up from 

the first semester of 2017 achievement of USD39.4 million. The main markets are Japan, the 

United States, and Europe. Most of the makers of woven cloth and batik are small 

entrepreneurs scattered in industrial centers. Batik industry centers are 101 centers; the 

number of businesses reaches 3,782 units and employment up to 15,055 people. Batik 

industry centers are located in Central Java, East Java, Yogyakarta and West Java 

(Kementerian Perindustrian Republik Indonesia, 2019). Herry Lisbijanto explained that there 

are three types of batik according to their manufacturing techniques, namely: Written Batik, 

printed batik and painted batik. Hand-made batik is manually made by hand with canting 

tools to shed the night on batik patterns. Making batik requires high patience and patience 

because every point in the motif influences the final result. The motives produced in this way 

will not be exact. This complexity causes the price of handmade batik to be costly. Kings 

wear this type of batik, royal officials, and nobles as a symbol of luxury (Herry Lisbijanto, 

2013). Because it is done in a manual process, the work station design for batik workers must 

be designed by considering the worker's posture and ergonomics so that workers can work 

comfortably and safely. Based on the results of the study, workers with unnatural work 

attitudes have the potential to cause work discomfort (Lindawati, 2016). 

mailto:ratih.pramitasari@dsn.dinus.ac.id


 

236 

Based on the literature from Titin Isna Posture about the working position of batik workers 

using the Rapid Upper Limb Assessment (RULA) method, it was found that 22% of workers 

experienced complaints of high extremity limbs (upper arms, forearms, wrists), while 56% 

workers experienced complaints at moderate to upper extremity limbs, 22% of the other 

respondents had complaints at mild upper extremity limbs (Oesman, Yusuf, & Irawan, 2012). 

A study conducted by Sumardiyono, complaints that the musculoskeletal system most 

experienced by batik workers is the muscles of the waist. There were also reports of the 

prevalence of MSDs symptoms in the shoulders (47.8%), lower back (45.2%), wrists 

(38.2%), neck (35.2%), and knees (34.6%) ) (Sumardiyono, 2012). 

Siswiyanti, in his research on musculoskeletal disorders in batik workers, from 15 

people concluded that: the level of complaints of the musculoskeletal batik system sitting on 

the floor felt pain in buttocks, right elbows, left knee by 40%; back and buttocks by 60%. The 

level of batik fatigue sitting on the floor includes activity attenuation 38, 67%, motivation 

weakening 30.67%, and physical impairment 40.67%. The magnitude of complaints of the 

musculoskeletal system and batik fatigue in working attitudes sitting on stools are: 20% 

complaint rate is on the back, buttocks, buttocks; 13, 13% of the right elbow and left knee. 

The level of batik fatigue sitting in a stall includes weakening of activity 36.67%, motivation 

weakening 26.67%, and physical impairment 29.33% (Luthfianto, 2011). 

The working attitudes of batik workers and seeing the fact that the batik industry is 

progressing, the factors causing complaints of muscle pain in batik workers are things to look 

for to overcome these problems. Based on previous studies that have reviewed the prevalence 

of complaints of muscle pain in batik workers, it is known that the gravity of the problem of 

muscle pain continues to occur today. Therefore it is necessary to prove empirically whether 

the work attitude factor (odd posture, static posture), there is a relationship with the incidence 

of muscle pain in batik workers. 

 

Objective 

The objective of this study is to analyze the relationship between ergonomic risk 

exposure and musculoskeletal pain. 

 

Methodology 

This study was a cross-sectional research design with a descriptive quantitative 

analysis. The sample in this study used a total population with total number 50 female 

workers, namely female workers in sustainable blessed written batik, Bantul Yogyakarta. 

Observation method and QEC (Quick Exposure Check) were used in order to identify work 

attitudes in batik workers (VanderGriendt, 2009). Questionnaire was used in order to identify 

individual characteristics of batik workers. Nordic Body Map which through the validity and 

reliability test, was used to identify musculoskeletal pain in batik workers (David, Woods, & 

Buckle, 2005). Palpation tests conducted by certified physiotherapists for the second proofing 

of musculoskeletal pain in batik workers. On the physical examination of the worker, the 

spine movements must be examined. This research was approved by the Muhammadiyah 

Semarang University ethical committee, with a preference number Ethical Clearance number 

115/KEPK-FKM/UNIMUS/2018. Data analysis will be performed using SPSS software. 

Fisher exact test was used to examine the relationship between factors that influence the 

incidence of musculoskeletal neck pain. 
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Results and Discussion 

 

Characteristics of Batik Tulis Women Workers 

The characteristics of  Batik Tulis Women Workers showed on the table 1, age 

distribution of batik women workers was not evenly distributed, the majority (90%) of them 

are >35 years old, some are known to be elderly. Body mass index is one indicator of public 

health conditions in country, based on the available data it is known that 54% of batik 

workers are stated to have a normal BMI. As many as 20% of batik workers are underweight 

and obese. The big number workers who did physical exercise can improve the health status 

of workers, 78% of batik workers bantul have good exercise habits. The batik workers have 

been work at this field for decades, the working period was average 30.76 years, some 

workers who have just joined at least have worked for 5 years, and the longest is 45 years. 

History of muscle and nerve trauma experienced by batik workers, which is caused by 

various factors such as falling, slipping, and so on. There are 14% of batik workers who have 

experienced the trauma. 

Table 1. Characteristics of Batik Tulis Women Workers 

NO CHARACTERISTIC NUMBER PERCENTAGES (%) 

 AGE   
1 ≤35 Years 5 10 
2 >35 Years 45 90 
 BMI   
1 Low 2 4 
2 Normal 27 54 
3 Pre-Obese 13 26 
4 Obese 8 16 
 Physical Exercise   
1 Yes 39 78 
2 No 11 22 
 Working period   
1 Minimum 5  
2 Maksimum 45  
3 Mean 30.76  
 Traumatic Injury   
1 Yes 7 14 
2 No 43 86 
    

 
Ergonomic Exposure Levels of Batik Tulis Women Workers 

Based on the assessment of ergonomic risk exposure levels taken using the Quick 

Exposure Check showed on the table 2, the work attitude of batik workers has a very high 

score on the neck with a percentage of 8%. Followed by 34% and 44% with high and medium 

exposure levels, the position of batik workers when drawing patterns on fabric and slanting 

does require very high concentration. Various patterns that must be drawn by batik and 

infrequently with a pattern that is very complicated and small, so in these conditions, batik 

workers must bow her head very profoundly and concentrate fully on his work. Batik worker 

is often not aware that she has been holding that position for a long time, so that this position 

is considered quite dangerous. 
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The position of batik workers when drawing patterns on fabric and slamming does 

require very high concentration. Various patterns that must be drawn by batik worker and 

infrequently with a pattern that is very complicated and small, so in these conditions, batik 

must bow his head very profoundly and concentrate fully on his work. It is in line with the 

theory which states that during static work, blood vessels are pressured by internal pressure 

from muscle tissue, so blood cannot flow into muscle tissue. As a result of the muscle can not 

accept the supply of fresh blood containing glucose or oxygen, muscle metabolic waste 

products will accumulate in muscle tissue and can cause fatigue (Munir, Masyarakat, 

Keselamatan, Kesehatan, & Indonesia, 2012). 

 

Tabel 2. Quick Exposure Check Score 

Exposure Levels of Batik Tulis Women Workers 
 

QEC Score Number Percentages (%) 

Neck   

Low (4 - 6) 7 14 

Moderate (8 - 10) 22 44 

High (12 - 14) 17 34 

Very High (16 – 18) 4 8 

TOTAL 50 100 

Source: Primary Data 

 

Musculoskeletal Neck Pain among Batik Tulis Women Workers 

As shown on Table 3, parts of the body that complained by workers are the neck part 

of the worker with a percentage of 70% and the lower neck with a percentage of 64%. This 

result is in line with the findings of the ergonomic risk level obtained by Titin Isna who said 

that batik work has a high ergonomic risk in the upper extremities. The attitude of the work 

done by the batik workers who can influence the extremity above, including holding the cloth 

to be drawn, holding the canting used for drawing, drawing batik patterns on a cloth with a 

diameter of 1.5m x 2m. Besides, workers must also do batik coloring activities by dipping a 

cloth on batik dye for several times, then rinsing and drying the colored batik cloth (Oesman 

et al., 2012). 

 

Table 3. Musculoskeletal Pain on the Part of the body 
 

Part of the body Number Percentages (%) 

Upper Neck   

No 15 30 

Yes 35 70 

Bottom Neck   

No 16 32 

Yes 34 68 

TOTAL 50 100 

Source: Primary Data 

 

Ergonomic Exposure with Ms. Neck Pain among Batik Women Worker 

Based on statistical test results as shown on Table 4, there is a significant relationship 

between ergonomic risk exposure in the neck with musculoskeletal lower neck pain with a p-

value of 0.027. There is no significant relationship between ergonomic risk exposure in the 

neck with musculoskeletal upper neck pain with a p-value of 0.652. Figure 1 shown, the 
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location of upper neck and bottom neck in order to point the exact location between each 

other. 

 

Table 4. Relationship between Ergonomic Exposure with Ms. Neck Pain among Batik 

Women Worker 
 

Level of ergonomic neck 

Exposure 

Nordic Body Map Ms. Neck Pain 
p-value 

No Yes Total 

Moderate 2 5 7 

0.652 
 2.1 4.9 7.0 

High 13 30 43 

 12.9 30.1 43.0 

Moderate 5 2 7 

0.027 
 2.2 4.8 7.0 

High 11 32 43 

 13.8 29.2 43.0 

Source: Primary Data 

 
 

Figure 1. Neck Pain 

 

Several previous studies which also discussed workers who use the upper body more 

to work as in mining workers, they also experienced the same complaints, out of the 371 

workers evaluated, 225 (60.6%) reported some form of musculoskeletal disorder. On the 

cases with symptoms attributed to work, the lumbar region was the most frequent (36.4%; n = 

135) followed by the dorsal region (28.3%; n = 105) (Nunes Alves de Sousa et al., 2015). A 

garment worker who also uses his upper body more to work has similar complaints.  Eighty-

nine percent (95%CI: 86.7−91.3) and 92.0% (95%CI: 90.0−94.0) of respondents reported 

musculoskeletal symptoms in at least one body region in the last seven days and last 12 

months, respectively. In the last 7 days and in the last 12 months, symptoms in the neck 

(pain, discomfort, or ache) had the highest prevalence (54.7 vs. 72.1%), followed by 

symptoms in the shoulder (54.4 vs. 63.5%), lower back (53.7 vs. 62.3%), upper back (44.6 

vs. 52.7%), and elbows (13.1 vs. 18.5%). In the last 12 months, the highest prevalence of 

symptoms for sickness absence was in the neck (11.4%), followed by the shoulder (6.8%) 

and upper back (6.0%) (Van, Chaiear, Sumananont, & Kannarath, 2016). In subgroup 

analysis, the prevalence of symptoms in the nine body regions was not different between the 

respondents sitting in chairs with and without a backrest. 

 

Conclusion and Recommendations 

 This study presented a significant relationship between ergonomic risk exposure and 

lower neck complaints revealing a p-value of 0.027. The assessment of ergonomics and upper 

neck pain showed no significant relationship (p-value = 0.652). It was shown that the work 

Upper neck 

Bottom neck 
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attitude of submitting for an extended period to women batik workers had a significant 

relationship with the incidence of neck pain experienced by the workers. 
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Abstract 

This article presents the results of a study conducted to observe the reading habits, 

reading preferences, time spent on reading along with gender, occupation, education level 

and the type of city hailing from of the people in three different generations viz., Pre-

Millennial (Generation X), Millennial (Generation Y) and Post-Millennial (Generation Z).  It is 

aimed to find out if there exists difference in reading behaviour among age generations and 

occupation level in addition to testing if in this digital age, people from different generations 

are switching to online resources. The data for this study was collected by floating an online 

survey. A total of 173 individuals from diverse age groups, educational, occupational and city 

backgrounds participated. The respondents included school students to retired personnel. 
 

Keywords:  Reading, Reading habits, Pre-Millennial, Millennial, Post-Millennial 

 

Introduction 

The history of reading dates back to the invention of writing. Reading is a complex 

subjective procedure of interpreting symbols in order to derive meaning. It is a way of 

sharing data and thoughts. Reading is a collaboration between the content and the reader. It is 

shaped by the reader’s thoughts, prior knowledge, experience and attitude. Humans have 

been reading since ages and have been passing knowledge through generations. Regular 

readings help to sharpen the intellect and refines the emotions & perspectives. Reading fires 

the imagination of a person. Reading is a process of recalling, thinking and relating various 

concepts.  Reading is the art of interpreting printed and written words (Devarajan, 1989). It is 

the process as an interaction of what is in the head with what is written on the page within a 

context that causes students to comprehend what they read (Irvin, 1998). The widespread use 

of electronics like TV, Internet and Social Media play a crucial role in the traditional reading 

patterns of people, especially the students. Internet displaced the phrase - pen is mightier than 

the sword. 
For academic and socio-economic development reasons, the people living in the 

current generation have been divided in to five generation ages, viz., Silent (those who were 

born during 1928-45), Boomers (those who were born during 1946-65), Generation X (those 

who were born during 1966-80), Generation Y (those who were born during 1981-96) and 

Generation Z (those who were born in and after 1997 and end point is still not determined). 

Reading habits were continuously changing across these generations of ages. Technology 

innovation has been rapidly growing since 1980 and in parallel the reading habits and reading 

modes haves also been changing with technology. While the reading habits, purposes of 

reading and reading preferences did not see significant changes during Silent, Boomers and X 

generations of ages, there have been significant changes during Y and Z generations of ages.  

“Millennial read more than their parents; they prefer print books to e-readers, and visit 

public libraries more than any other generation”. (Ola Kowalczyk, 2019). “Millennial are 

fairly voracious readers; they read an average of five books per year (the average American 

reads four), and are more likely to visit a public library any other generation”, (Emily Petsko, 

2019). “Contrary to popular belief, Millennial prefer print books to digital ones. In fact, when 

mailto:craju@iimk.ac.in
https://ebookfriendly.com/author/ola-kowalczyk/
https://www.bustle.com/p/how-many-books-did-the-average-american-read-in-the-last-year-this-new-study-may-surprise-you-8837851
https://www.mentalfloss.com/article/542159/how-generations-named-baby-boomers-generation-x-millennials
https://www.mentalfloss.com/authors/539787/Emily-Petsko
https://experteditor.com.au/book-editing/
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it comes to studying 92% of college students prefer physical academic books to digital 

alternatives”, (Brendan Brown, 2019). “A study conducted in the United States by the PEW 

research center in 2016 showed that young adults (millennial) are more likely to read books 

than older adults. The percentage of young adults (age between 18-29) triumphed in all four 

specific purposes for reading books, ranging from work and school purposes, research 

purposes, to keeping up with recent events and for pleasure”, (Patricia Tobing, 2018). “High 

technology did not diminish the tendency for physical books in Generation Z, but it 

challenged their perspective on reading in other aspects”, (Melody, 2018). Several 

researchers have studied the changes in the reading behaviours of the Millennial.  

Several researches have studied about the engagement of Millennial in the literary 

world; very little has been explored on Generation Z and their interests in reading. 

Researchers continuously study various aspects of Generation Z and also their reading 

behaviours. In addition to adapting to physical books, Generation Z started to accept a 

diversified range of reading that emerged with social media and technologies (Melody, 2018).  

Motivated by the continued research and discussions on the reading behaviours of the people 

over the past five generations ages, it was thought of undertaking a preliminary study to 

observe the reading behaviours of generations ages X, Y and Z. 

 

Objectives 

1) To study the reading habits of Pre-Millennial, Millennial, Post-Millennial 

2) To assess the different parameters related to the reading habit of Pre-Millennial, 

Millennial, and Post-Millennial. 

3) To analyse factors influencing reading habits 

4) To study inter relationship between various factors and characteristics of reading habit 

 

Research Methodology 

This study was carried out with the main aim to study the reading habits, reading 

preferences, reading types and reading hours of people. The data was collected from a variety 

of respondents ranging from school students to retired personnel. Some earlier studies have 

shown that people’s occupation and their education level influence their reading habits, 

preferred type and preferred genre (Erdem, 2015). Working hours of people are related to the 

time they spend on reading outside working hours. This study was planned as a convenient 

sample survey using a simple questionnaire. The respondents were students, family and 

general public.  

The data was collected from 173 individuals from diverse age groups, different 

educational levels and various city backgrounds and occupational groups. The data collected 

consisted of the following details: 

 Age 

 Gender 

 Education Level 

 Occupation Status 

 Living Place (Residential City)  

 Working Hours 

 Reading Mode 

 Reading Time (Total time spent on reading – Online, Offline and Both Online and 

Offline)) 

 Preferred Reading Language 

 Reading Purpose 

 

https://experteditor.com.au/thesis-editing/
https://www.thejakartapost.com/p/1080
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Results and Discussion 

The sample data collected are described on the basis of Age, Gender, Educational 

Level, Occupation, Working Hours, Place of Living, Reading Mode, Reading Time, 

Language of Reading, and Purpose of Reading. 
 

Age 

The sample of 173 participants were grouped according to their age as – Generation X          

(Pre-Millennial - those who were born before 1981) which accounted for 21% of the sample, 

Generation Y (Millennial – those who were born between 1981 and 1996) which accounted 

for 38% and Generation z (Post-Millennial – those who were born after 1996) which 

accounted for 41% of the sample. 
 

 
 

Gender 

The sample consisted of 54% male and 46% female participants. Among males, 

36.56% belonged to Post-Millennial, 38.71% belonged to Millennial and 24.73% belonged to 

Pre-Millennial. Among females, 45% belonged to Post-Millennial, 37.5% belonged to 

Millennial and 17.5% belonged to Pre-Millennial. 

 

 
 

Educational Level 
Among the participants 18% of them had below High School Level Education, 20% 

of them have completed Higher Secondary Education, 40% of them were graduates and 22% 

of them were Post-graduates and above including Ph.D. 

Female 46% 

Male 54% 
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Occupation Status 

The participants of the survey were of different occupation status. Majority of the 

sample were students constituting 61% of the sample, working professionals were 28%, 

retired from service & jobs were 5% and 6% of the sample had no jobs or not working. In 

working group 65% belonged to Generation Y and 35% belonged to Generation X. Among 

students 66% belonged to Generation Z and 34% belonged to Generation Y. 

 

 
 

Working Hours 

It was of interest to see if the reading habits depended on the number of hours of 

working. The participants were grouped based on the number of hours they work in a day. It 

can be seen from the figure that 54% of the sample were working 6 to 8 hours a day, 24% 

were working more than 8 hours a day and only 22% of the sample were working below 6 

hours a day. 
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Place of Living 

The participants of the survey were from different locations of the country. Majority 

of them were from Tier 1 and Tier 2 Cities (46% and 41% respectively), and only 13% were 

from Tier 3 Cities and below. Among those living in Tier 1 and Tier 2 Cities, about 40% 

belonged to Generation Z, 38% belonged to Generation Y and 22% belonged to Generation 

X. 

 
 

Reading Mode 

Reading mode is another interesting aspect. About 24% preferred reading Online 

only, 39% preferred reading Offline only and 37% of the sample preferred reading both 

Online and Offline. Among the Post-millennial (Z) 44%, 21% and 35% preferred reading 

Offline, Online and Both Offline & Online respectively. Among the Millennial (Y), 29%, 

35% and 36% preferred reading Offline, Online and Both Offline & Online respectively. 

Among the Pre-millennial (X) 46%, 8%, and 46% preferred reading Offline, Online and Both 

Offline & Online respectively. 

 

 
 

Reading Time 

Number of hours dedicated for reading per day is another important parameter. In the 

sample considered, 44% spent 4 to 6 hours on reading, 46% spent up to 3 hours of reading 

and 10% spent more than 6 hours on reading. Among the Post-millennial (Z), 33%, 61% and 

6% spent 3 to 6 hours, 4 to 6 hours and more than 6 hours on reading. Among the Millennial 

(Y), 59%, 29% and 12% spent 3 to 6 hours, 4 to 6 hours and more than 6 hours on reading. 

Among the Pre-millennial (X), 49%, 38% and 13% spent 3 to 6 hours, 4 to 6 hours and more 

than 6 hours on reading. 
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Reading Language 

English happens to be the most preferred language of reading. India is a multi-lingual 

country where more than 20 languages are commonly spoken of which Hindi stands to the 

highest spoken language. Too many languages in India do not hinder communication 

between different language speakers as most of the Indians are multilingual. English is the 

most preferred connecting language. About 81% of the sample prefer to read in English while 

only 19 % of the sample preferred to read in Hindi and other local languages. 

 

 
 

Reading Purpose 

Among the people surveyed 33% read for academic requirements, 20% read for 

information and knowledge, 14% read for professional requirement and 33% read for hobby 

and leisure. Most of the Millennial and Post-millennial read for Academic and Professional 

requirement and majority of Pre-millennial read for hobby and leisure. 
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Factors Influencing Reading Habits 

Relationships among the Reading habits like Mode of Reading, Reading Time, 

Reading Language and Reading Purpose were analysed for all the parameters supposed to be 

affecting he reading habits and the respective results are produced in the following sections 

and tables 1 to 10.  

 
Age Generations vs Reading Time 

The actual age (in completed years) and the actual total time spent on reading were 

used to analyse to see if the average time spent on reading by the three different generations 

are significantly different. Table 1 presents the descriptive statistics along with the p-value of 

a simple ANOVA test. 
 

Table 1: Reading Time Among Generations 
 

Generation 
Sample 

Size 
Mean S.D. Min. 

 
Max. 

Significant F 

(p-value) 

Z - Post-Millennial 70 4.26 1.359 1  8 
0.049 

(<0.05) 
Y - Millennial 66 3.53 1.986 1  9 

X - Pre-Millennial 37 4.11 2.011 1  8 

 

The average Reading Time is significantly different among the three generations, 

Generation X, Generation Y and Generation Z. It is interesting to note that Post-Millennial 

spend more time in reading than Millennial and Pre-Millennial. Millennial were spending 

time significantly lower than Pre and Post-Millennial. 

 

Age versus Reading Parameters 
The age distribution of the data shows that all 173 respondents are distributed across 

all age generations. The lowest age is 10 years and the highest age is 70 years. Relationship 

between age generations of the respondents were analysed with respect to various parameters 

of reading and the results are produced in Table 2. 

 

Table 2: Age versus Reading Parameters 
 

Parameter  Groups 

Age of Participants 

Chi-

Square 

p -

Value 
Result Generation 

Z (Post-

Millennial) 

Generation 

Y 

(Millennial) 

Generation 

X (Pre-

Millennial) 

Gender 
Female 36 30 14 

1.825 0.401 NS 
Male 34 36 23 

Educational 

Level 

Up to 10th Standard 29 1 1 

82.519 0.000 S 

Higher Secondary 23 4 7 

Graduate 17 33 20 

Postgraduate & 

Above 
1 28 9 

Working 

Hours 

< 6 Hours 16 6 16 

53.545 0.000 S 6 to 8 Hours 52 27 14 

> 8 Hours 2 33 7 

Occupation 

None 0 0 10 

142.429 0.000 S 
Student 70 34 1 

Working 0 32 17 

Retired 0 0 9 

Place of 

Living 

Tier 3 Cities and 

Below 
9 9 4 

1.476 0.831 NS Tier 2 Cities 32 24 15 

Tier 1 Cities 29 33 18 
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Parameter  Groups 

Age of Participants 

Chi-

Square 

p -

Value 
Result Generation 

Z (Post-

Millennial) 

Generation 

Y 

(Millennial) 

Generation 

X (Pre-

Millennial) 

Reading 

Mode 

Off line 31 19 17 

11.066 0.026 S On line 15 23 3 

Both 24 24 17 

Total 

Reading 

Time  

0 to 3 Hours 23 39 18 

15.821 0.003 S 4 to 6 Hours 43 19 14 

> 6 Hours 4 8 5 

Language 

English 60 58 22 

17.335 0.002 S Hindi 8 3 11 

Vernacular 2 5 4 

Purpose 

Academic 

Requirement 
43 14 0 

60.962 0.000 S 

Hobby & Leisure 16 19 22 

Information & 

Knowledge 
11 16 8 

Professional 

Requirement 
0 17 7 

 

From Table 2, it can be observed that Age generation does not show significant 

association with Gender and Place of Living.  Educational Level, Working Hours, 

Occupation, Reading Mode, Total Reading Time, Reading Language and Purpose of Reading 

are significantly different among Pre-Millennial, Millennial and Post-Millennial.  
 

Gender versus Reading Parameters 
Table 3 presents the classification of data in accordance with Gender and the different 

parameters of Reading.  From the table it can be seen that Gender has significant association 

with Educational Level and Reading Language.  Females tend to read more in English 

compared to Males and also Females’ Educational Levels were higher than the Males. As per 

the Chi-Square test for association, Working Hours, Occupation, Place of Living, Reading 

Mode, Total Reading Time and Purpose of Reading have no association with Gender. 
 

Table 3: Gender versus Reading Parameters 
 

Parameter Groups 
Gender Chi-

Square 

p -

Value 
Result 

Male Female 

Educational Level 

Up to 10th Standard 13 18 

10.704 0.013 S 
Higher Secondary 24 10 

Graduate 26 44 

Postgraduate & Above 17 21 

Working Hours 

< 6 Hours 21 17 

1.849 0.397 NS 6 to 8 Hours 42 51 

> 8 Hours 17 25 

Occupation 

None 6 4 

7.180 0.066 NS 
Student 55 50 

Working 15 34 

Retired 4 5 

Place of Living 

Tier 3 Cities and Below 12 10 

1.679 0.432 NS Tier 2 Cities 35 36 

Tier 1 Cities 33 47 

Reading Mode 

Off line 36 31 

5.051 0.080 NS On line 13 28 

Both 31 34 

Total Reading Time 

0 to 3 Hours 30 50 

5.578 0.061 NS 4 to 6 Hours 39 37 

> 6 Hours 11 6 
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Parameter Groups 
Gender Chi-

Square 

p -

Value 
Result 

Male Female 

Language 

English 57 83 

9.085 0.011 S Hindi 15 7 

Vernacular 8 3 

Purpose 

Academic Requirement 33 24 

5.897 0.117 NS 
Hobby & Leisure 26 31 

Information & Knowledge 13 22 

Professional Requirement 8 16 

 

Educational Level versus Reading Parameters 
The data is classified in accordance with the Educational Level and other parameters 

associated with reading and the results are presented in Table 4. Educational Level of the 

respondents were classified into High School, Higher Secondary, Graduate and Post-

Graduate including Ph.D. Reading Mode viz., Online, Offline and Both Online & Offline and 

Reading Language viz., English, Hindi and Vernacular language are independent of their 

Educational Levels. Educational Level significantly influences Working Hours, Occupation, 

Place of Living, Total Reading Time, and Purpose of Reading. 
 

Table 4: Educational Level versus Reading Parameters 

Parameter Groups 

Educational Level 
Chi-

Square 
p -Value Result Up to 

10th 

Standard 

Higher 

Secondary 
Graduate 

Postgraduate 

& Above 

Working 

Hours 

< 6 Hours 9 11 12 6 

18.519 0.005 S 6 to 8 Hours 21 19 36 17 

> 8 Hours 1 4 22 15 

Occupation 

None 0 3 7 0 

37.303 0.000 S 
Student 29 25 34 17 

Working 1 3 26 19 

Retired 1 3 3 2 

Place of 

Living 

Tier 3 Cities 

and Below 
6 6 5 5 

12.758 0.047 S 
Tier 2 Cities 13 15 35 8 

Tier 1 Cities 12 13 30 25 

Reading 

Mode 

Off line 13 17 25 12 

7.699 0.261 NS On line 5 7 22 7 

Both 13 10 23 19 

Total 

Reading 

Time 

0 to 3 Hours 9 7 44 20 

30.273 0.000 S 4 to 6 Hours 22 22 20 12 

> 6 Hours 0 5 6 6 

Language 

English 27 24 58 31 

5.276 0.509 NS Hindi 2 8 7 5 

Vernacular 2 2 5 2 

Purpose 
Academic 

Requirement 
17 16 15 9 30.459 0.000 S 
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Parameter Groups 

Educational Level 
Chi-

Square 
p -Value Result Up to 

10th 

Standard 

Higher 

Secondary 
Graduate 

Postgraduate 

& Above 

Hobby & 

Leisure 
9 13 27 8 

Information 

& 

Knowledge 
4 4 18 9 

Professional 

Requirement 
1 1 10 12 

 

Occupation Level versus Reading Parameters 
Occupation of the respondents were broadly classified in to None (no occupation), 

Student, Working and Retired. Table 5 presents the results of Occupation Level with the 

parameters of Reading. Occupation is not associated with place of living. Reading Mode is 

independent of Occupation. Occupation is significantly associated with Working Hours, Total 

Reading Time, Reading Language and Purpose of reading. About 61% of the sample were 

Student group and 28% were Working group. Student group and Working group showed 

significant difference. 

Table 5: Occupation versus Reading Parameters 

Parameter  Groups 
Occupation Chi-

Square 

p -

Value 
Result 

None Student Working Retired 

Working 

Hours 

< 6 Hours 6 22 1 9 

86.259 0.000 S 6 to 8 Hours 4 70 19 0 

> 8 Hours 0 13 29 0 

Place of 

Living 

Tier 3 Cities and Below 3 14 4 1 

6.561 0.363 NS Tier 2 Cities 3 46 17 5 

Tier 1 Cities 4 45 28 3 

Reading 

Mode 

Off line 3 40 17 7 

12.509 0.052 NS On line 0 25 15 1 

Both 7 40 17 1 

Total 

Reading 

Time  

0 to 3 Hours 3 38 39 0 

39.710 0.000 S 4 to 6 Hours 4 55 10 7 

> 6 Hours 3 12 0 2 

Language 

English 5 91 41 3 

 23.010 0.001 S Hindi 4 9 5 4 

Vernacular 1 5 3 2 

Purpose 

Academic Requirement 0 56 1 0 

80.409  0.000 S 

Hobby & Leisure 8 24 18 7 

Information & 

Knowledge 
2 20 11 2 

Professional 

Requirement 
0 5 19 0 
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Working Hours versus Reading Parameters 
The Working Hours were grouped in to three broad classes, viz., Less than 6 Hours, 6 

to 8 Hours and More than 8 Hours. Table 6 presents the data with respect to Working Hours 

and the parameters of Reading. From Table 6 it can be seen that about 45% of the 

respondents living in Tier 1 and Tier 2 Cities work 6 to 8 hours and 21% of the respondents 

living in Tier 1 and Tier 2 Cities work more than 8 hours a day. However, it is found that 

Working Hours are independent of the Cities of Living and also does not influence the 

Reading Mode and the Reading Language. Working Hours significantly influences the 

Reading Time and the Purpose of reading. 

 

Table 6: Working Hours versus Reading Parameters 
 

Parameter  Groups 

Working Hours 
Chi-

Square 

p -

Value 
Result 

< 6 Hours 
6 to 8 

Hours 

> 8 

Hours 

Place of 

Living 

Tier 3 Cities and Below 8 9 5 

4.988 0.289 NS Tier 2 Cities 16 41 14 

Tier 1 Cities 14 43 23 

Reading 

Mode 

Off line 15 35 17 

2.100 0.717 NS On line 6 24 11 

Both 17 34 14 

Total 

Reading 

Time  

0 to 3 Hours 3 42 35 

54.671 0.000 S 4 to 6 Hours 24 45 7 

> 6 Hours 11 6 0 

Language 

English 28 75 37 

4.983 0.289 NS Hindi 6 14 2 

Vernacular 4 4 3 

Purpose 

Academic Requirement 11 44 2 

56.304 0.000 S 

Hobby & Leisure 20 24 13 

Information & 

Knowledge 
6 20 9 

Professional 

Requirement 
1 5 18 

 

Place of Living versus Reading Parameters 
Places of living of the participants were largely classified as Tier 1, Tier 2 and Tier 3 

and below. Respondents were well distributed in the Tier 1 and Their 2 Cities. Results with 

respect to relationships between Place of Living and the parameters of Reading are presented 

in Table 7 below. From Table 7 it is clear that almost equal number of respondents were 

found to be living in Tier 1 and Tier 2 Cities. Place of Living is significant only with respect 

to the Reading Language. Place of Living have no influence on Reading Mode, Total 

Reading Time and Purpose of Reading. 

 

Table 7: Place of Living versus Reading Parameters 
 

Parameter  Groups 

Place of Living 
Chi-

Square 

p -

Value 
Result Tier 3 Cities 

and Below 

Tier 2 

Cities 

Tier 1 

Cities 

Reading 

Mode 

Off line 9 34 24 

8.959 0.062 NS On line 2 14 25 

Both 11 23 31 

Total 

Reading 

Time 

0 to 3 Hours 10 29 41 

3.025 0.554 NS 4 to 6 Hours 9 33 34 

> 6 Hours 3 9 5 
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Parameter  Groups 

Place of Living 
Chi-

Square 

p -

Value 
Result Tier 3 Cities 

and Below 

Tier 2 

Cities 

Tier 1 

Cities 

Language 

English 12 52 76 

24.100 0.000 S Hindi 6 14 2 

Vernacular 4 5 2 

Purpose 

Academic Requirement 6 27 24 

12.161 0.0580 NS 
Hobby & Leisure 9 29 19 

Information & Knowledge 4 10 21 

Professional Requirement 3 5 16 

 

Reading Mode versus Reading Parameters 
Reading Mode is categorized as Online, Offline and Both Online & Offline. The 

responses were grouped in accordance with the reading Mode and Total Reading Time, 

Language of Reading and the Purpose of Reading and were presented in Table 8. The 

relationship between Mode of Reading and Total Reading Time, Language of Reading and 

the Purpose of Reading were analysed using Chi-Square test. The Reading Mode does not 

influence the Total reading Time, Language of Reading and also the Purpose of Reading. 

 

Table 8: Mode of Reading versus Reading Parameters 
 

Parameter  Groups 
Reading Mode Chi-

Square 

p -

Value 
Result 

Off line On line Both 

Total Reading 

Time  

0 to 3 Hours 28 22 30 

6.022 0.198 NS 4 to 6 Hours 33 18 25 

> 6 Hours 6 1 10 

Language 

English 47 37 56 

8.601 0.072 NS Hindi 13 3 6 

Vernacular 7 1 3 

Purpose 

Academic Requirement 24 13 20 

7.574 0.271 NS 
Hobby & Leisure 28 12 17 

Information & Knowledge 9 9 17 

Professional Requirement 6 7 11 

 

Reading Time versus Reading Parameters 
Total Reading Time includes reading online, offline and both online & offline per 

day. Classification of responses with respect to Total Reading Time and Language of 

Reading and Purpose of Reading along with analysis for association are presented in Table 9. 

From Table 9 it can be seen that Reading Time is independent of Reading Language but 

significantly associated with Reading Purpose. 

 

Table 9: Reading Time versus Reading Parameters 
 

Parameter  Groups 
Total Reading Time in Hours Chi-

Square 

p -

Value 
Result 

0 to 3 4 to 6 > 6 

Language 

English 66 63 11 

4.293 0.368 NS Hindi 8 10 4 

Vernacular 6 3 2 

Purpose 

Academic Requirement 16 33 8 

19.105 0.004 S 
Hobby & Leisure 25 26 6 

Information & Knowledge 21 11 3 

Professional Requirement 18 6 0 
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Reading Language versus Purpose of Reading 
Table 10 presents the responses from 173 persons with respect to preference of 

Reading Language and Purpose of Reading. From the table it can be seen that the Reading 

Language is significantly influenced by the Purpose of Reading. 

 

Table 10: Reading Language versus Reading Purpose 
 

Parameter  Groups 
Reading Language Chi-

Square 

p -

Value 
Result 

English Hindi Vernacular 

Purpose 

Academic Requirement 47 7 3 

10.716 0.098 NS 
Hobby & Leisure 40 13 4 

Information & Knowledge 31 2 2 

Professional Requirement 22 0 2 

 

Findings 

1. Reading continues to exist in all generations (X, Y and Z). 

2. The average Reading Time is significantly different among the three generations, 

Generation X, Generation Y and Generation Z. It is interesting to note that Post-

Millennial spend more time in reading than Millennial and Pre-Millennial. Millennial 

were spending time significantly lower than Pre and Post-Millennial. 

3. Based on the sample, it is found that the Generation Z (Post-Millennial) tend to read 

Offline more than the Generation Y (Millennial) and Generation X (Pre-Millennial). 

Interestingly Generation Z and Generation Y read at the same extent of time Online 

plus Offline.   

4. Both Generation Y and Generation Z spend up to 6 hours of reading in a day. 

5. Both Generation Y and Generation Z prefer to read in English Language. 

6. Most of the Millennial and Post-Millennial read for Academic and Professional 

requirement while most of the Pre-Millennial read for hobby and leisure. 

7. Educational Level, Working Hours, Occupation, Reading Mode, Total Reading Time, 

Reading Language and Purpose of Reading are significantly different among the Age 

Generation.  

8. Gender has significant association with Educational Level and Reading Language.  

Females tend to read more in English compared to Males and also Females 

Educational Levels were higher than the Males.  

9. Educational Level significantly influence Working Hours, Occupation, Place of 

Living, Total Reading Time, and Purpose of Reading. 

10. Occupation is significantly associated with Working Hours, Total Reading Time, 

Reading Language and Purpose of Reading. 

11. Working Hours are independent of the Cities of Living and also does not influence the 

Reading Mode and the Reading Language. Working Hours significantly influences 

the Total Reading Time and also the Purpose of reading. 

12. Location of living is significant only with respect to Reading Language. Location of 

Living has no influence on Reading Mode, Total Reading Time and Purpose of 

Reading. 

13. The Reading Mode does not influence the Total reading Time, Language of Reading 

and also the Purpose of Reading. 

14. Total Reading Time is independent of Language of Reading but significantly 

associated with Purpose of Reading. 

15. Reading Language is significantly influenced by the Purpose of Reading. 
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Conclusions 

This sample study reveals that Reading continues to exist and it is not vanishing. 

Generation Y and Generation Z people continue to read Offline, Online and both Offline and 

Online. Interestingly more of Generation Z people read Offline. This means that the print 

media is still in preference and continue to exist in future too. Findings from this study is 

encouraging to take a full-fledged large-scale study simultaneously in several countries 

including developed, developing and under developed countries. This would help planning 

for a better life for Generation Y and also prepare the world for the next generation in the 5-G 

world. 
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Abstract  

A numerical algorithm based on cubic B-spline is applied in the present paper for a 

category of singular boundary value problem of second order which have a number of 

important applications in sciences, engineering and medical problems. The spline method is 

applied after removing the singularity and converting the problem into a regular boundary 

value problem. This is done using expansion in series near the singular point. Further, an 

extended B-spline with an extension is also applied on the same problem. This is a B-spline 

with a free parameter. The solutions by the method developed with extended B-spline with 

parameter are shown to be improved than those given by other numerical techniques 

available in literature like finite difference method and the cubic B-spline method. Numerical 

examples are also given which establish the above fact. The results of the examples show a 

very close agreement with exact solutions. 
 

Keywords: B-spline, Singular Boundary Value Problem, Nodal Points 

 

Introduction 

A large number of applications of singular boundary value problems in basic sciences, 

engineering problems and biosciences make these important problems to be taken by various 

researchers. Some important applications include the conduction of heat through a solid, 

tumor growth problems and heat sources’ distribution in human head in physiology.  

Several authors have also applied various numerical techniques for this class of 

differential equations. These methods comprise of difference methods (Hoog, F.R. & Weiss, 

R., 1976), collocation method (Reddien, G.W., 1973), variational iteration method (Wazwaz, 

A.M., 2011), Adomian decomposition method (Kumar, M. & Singh, N., 2010), and various 

spline methods (Kumar, M. & Gupta, Y., 2010, 2012). 

 

Objectives 

In the present paper, the series expansion is first used in a small neighborhood of the 

singular point to make it a regular problem without singularity. Then, we have first solved the 

differential equation using cubic B-spline.  Further, a method using B-spline with free 

parameter is also proposed, which improves results further. The detailed elaboration of 

properties including the definition of such extended spline can be found in (Xu, G. & Wang, 

G. 2008). Two numerical problems are solved to explain the methods and to demonstrate 

advantage of extended B-spline method when one can choose the free parameter suitably. 

 

Research Methodology 

 

Removal of Singularity and Cubic B-spline Method 

Consider the following differential equation having a regular singular point  

                             
           '' 'u t p t u t q t u t r t  

                          (1) 

with the condition 

mailto:yogesh4july@gmail.com
http://www.sciencedirect.com/science/article/pii/S1007570411001018
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   0 , ,u a u b  

                                                                             (2)  

where coefficients ( ), ( )p t q t are analytic at 0t a
. The removal of the singularity is done by 

expanding in series in a small neighborhood near 0t a
 in the interval

 0 ,a 
. Now, equation 

(1) has following form of solution  

                           

     0 0 0

0

, 0.
p k

k

k

u t t a l t a a




   
                                                   (3) 

Differentiating equation (3) and substituting in equation (1) and by comparison of the 

coefficients of same degrees of 0t a
 on LHS and RHS, we obtain the roots of indicial 

equation in form of the value of p .  

Now, the solution for (1) is  

                             

     1

1

,
m

i i s

i

u t R t R t 



 
   2m  ,                                              (4) 

for 
 0 ,t a 

 where 
   1 2,R t R t

 are independent solution of the homogeneous part and 

 1sR t  is PI to (1). 

Now we derive the condition at boundary to convert the singular problem to the regular 

problem on the interval
 ,b

, where   lies the interval
 0 ,a b

.  

                        
       1 1 2 2 1 ,sR R u R       

                                                     (5) 

                         
       ' ' ' '

1 1 2 2 1 .sR R u R       
                                                (6) 

On solving equation (5) and (6) we get 

                

           

       

' ' '

1 2 1 2

1 ' '

1 2 2 1

s su R R u R R

R R R R

     


   

 
       


                             (7) 

              

           

       

' ' '

1 1 1 1

2 ' '

1 2 2 1

s su R R u R R

R R R R

     


   

 
      


                             (8) 

Using boundary condition and equation (4), we get 

              
       1 1 0 2 2 0 0 1 0 .sR a R a u a R a    

                                                           (9) 

Now, equation (8), (9) and (10) give 

       

 
 

       

 
 

 

' ' ' '

2 2 1 1

1 0 2 0

1 0 ,s

g R g R g R g R
R a R a

h h

R a

       

 

 

 


 
                                 (10) 

here 
     1sg t u t R t 

 and 
         ' '

1 2 2 1h t R t R t R t R t 
.  

Now, rewriting the equation as 

                   

   

' ' '

1 2 0 2 1 0 2 1 0 1 2 0

1 0 .s

R R a R R a g R R a R R a g

R a h

     

 

       

                      (11) 

equation (11) gives 

                
   ' ,Au Bu D  

                                                                                          (12) 
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where  

       ' '

1 2 0 2 1 0 ,A R R a R R a   
   

       2 1 0 1 2 0B R R a R R a   
 

and 

       '

1 0 1 1s s sD h R a AR BR           .  

So BVP without singularity over the interval 
 ,b

is expressed by equation (1) with the 

boundary condition given by (12) and 
  .u b 

 

B-spline formulation: Let us partition 
 ,b

with equidistant points given by 

 0 1 2, , ,..., Nt t t t 
, where 0t 

 and Nt b
 and 

 b
h

N




 is the length between two 

consecutive nodes.  

Now, define [8] the basis of spline function for the values of 0,1,2,...,i N  

 

   

       

       

   

3

1

2 33 2

1 1 1 1 2

2 33 2
3 3 3 3 2 3

3

4 3 4

,

3 3 3 ,
1

3 3 3 ,
6

, ,

0 , .

i i i

i i i i i

i
i i i i i

i i i

t t t t t

h h t t h t t t t t t t

B t h h t t h t t t t t t t
h

t t t t t

otherwise



    

    

  

  

       


        


 

                       

                                                                                                                                            (13) 

From the above equation (13),  

                 

 

4, ,

1, 1,

0, 2

j k

for j k

B t for j k

for j k




   
                                                                            (14) 

and that 
  0iB t 

 for 4it t 
 and .it t

. 

In a similar way, we have  

                  

 '

0, ,

3
, 1,

0, 2

j k

for j k

B t for j k
h

for j k





    


                                                                       (15) 

and 

               

 

2

2

12
, ,

6
, 1,

0, 2

j k

for j k
h

B t for j k
h

for j k


 



    


  

                                                                      (16)  

Let us interpolate the function 
 u x

 at nodal points by
 S x

 given as 

   
1

1

,
n

i i

i

S t c B t
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       1 1 0 0 1 1... .N N N Nc B t c B t c B t c B t       

                                                        (17)  

Putting equation (17) in (1), we get     

           '' ' .S t p t S t q t S t r t  
                                                                                    (18) 

Now putting the value of 
 S t

and its derivatives, we get for  i
th 

nodal point  

                     

            

'' ' '' '

1 1 1 1

'' '

1 1 1 1 .

i i j i j i j i j i j i i j i j i j i j i j

i i j i j i j i j i j i j

c B t p t B t q t B t c B t p t B t q t B t

c B t p t B t q t B t r t

   

   

    

   
 

                                                                                                                                               (19)  

Now equation (12) and 2
nd

 boundary condition give  

   '

1,0,1 1,0,1

i i i i

i i

A c B B c B D 
 

   
    

   
 

                                                                            (20)   

Together with   1 14N N Nc c c    
.                                                                        (21) 

Equations (19), (20) and (21) lead to a tridiagonal system. The solution of system gives the 

required B-spline solution. 
 

3. Algorithm using B-spline with free parameter: 

In the present section, method based on B-spline with free parameter to solve the problem 

considered above is proposed. 
 iB t

 is a spline consisting of a free parameter .  The 

definition of its basis function is given by  [7] 

                          

 

    

      

   
 

    

    
 

       

3

1

24 3 2

1 1

1 23 4

1 1

24 2
4 2

2 33

2 2

3

3 3 3 4

4 1 , , ,

4 12 6 2
, , ,

12 3
1

16 2 12 2
24 , , ,

12 1 3

4 3 , , ,

0 ,

i i i

i i

i i

i i

i i

i i

i i

i i i i

t t t t t

h h t t h t t
t t t

h t t t t

B t h h t t
h t t t

h t t t t

h t t h t t t t t

else



 

 



 

 

 



 

 

 



 

 

   

   

     


   

    


    

        

.where













                                                                                                                  

                                                                                                                                            (22) 

When 0  , 
 iB t

 degenerates into ordinary cubic B-spline basis. B-spline with free 

parameter function, 
 S t

 is 

 
   

1

1

N

i i

i

S t c B t





, 

 0 , Nt t t
.                                                                               (23) 

Using the definition of basis given above and evaluating (23) at jt
, we obtain the following  

       1 1 1 1j i i j i i j i i jS t c B t c B t c B t  

     
, 

         
1 1

4 8 4

24 12 24
i i ic c c

  
 

       
       

      .                                                       (24) 
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Table 1: iB

, iB 
and iB 

 at grid points 
 

 
jt
 1jt   2jt   3jt   4jt   

iB

 
0 4

24



 

8

12



 

4

24



 

0 

iB 
 

0 1

2h


 

0 1

2h  

0 

iB 
 

0 
2

2

2h



 
2

2

2h




 
2

2

2h



 

0 

 

In the similar way, derivatives of order up to two of 
 iS x

 can be derived into expression 

containing 1 1, ,i i ic c c   only,  

       1 1 1 1' ' ' 'j i i j i i j i i jS t c B t c B t c B t  

     
, 

           
 1 1

1 1
0

2 2
i i ic c c

h h
 

   
      

    .                                                                  (25) 

       1 1 1 1'' '' '' ''j i i j i i j i i jS t c B t c B t c B t  

     
, 

            
1 12 2 2

2 2 2

2 2 2
i i ic c c

h h h

  
 

       
        

      .                                                 (26) 

The above expressions are very suitable to solve the two-point BVPs by B-spline with free 

parameter method. The above values of B-spline with free parameter and their derivatives up 

to order two at nodes are given in the table 1. 

Using (24)-(26), equation (1) becomes 

   

   

1 1 1 12 2 2

1 1

2 2 2 1 1
0

2 2 2 2 2

4 8 4
,

24 12 24

i i i j i i i

j i i i j

c c c p t c c c
h h h h h

q t c c c r t

  

  

   

 

             
               

          

         
         

        
                                                                                                                                           (27) 

and boundary conditions are 

   
1 1

'

1 1

n n

i i i i

i i

A c B B c B D  
 

 

   
    

   
 

,                                                                           (28) 

1 1

4 8 4

24 12 24
N N Nc c c

  
 

       
       

      .                                                                    (29) 

Now, elimination of 1c  from the initial equation of (27) and (28), we get 

         

   

0 0 0 1 0 02 3

0 03

2 8 2 4

2 24 2 24

2 1 4

2 2 24

B
c A Bq t Ap t c B Bq t Ap t

h h h h h

D B p t q t
h h

   

 

               
                

           

      
      

    

                                                                                                                                           (30) 

Now eliminating 1Nc   from first equation of (27) and (29), we have 
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   12

2 8 4

2 24 24
N N N Nc p t c p t

h h h

  


     
     

                                                               (31) 

Now (27) results in the linear system of (N+1) equations N NF X d
 in the  N+ 1 unknown 

 0 1, ,...,N NX c c c
with right side 

   0 03

2 1 4
,0,0,0,..., .

2 2 24

T

Nd B p t q t D
h h

 


       
       

       
and the matrix F is given by 

     

1,1 1,2

2,1 2,2 2,3

3,2 3,3 3,4

4,3 4,4 4,5

, 1 , , 1

1, !, 1

0 0 0

0 0

0 0

0 0 ,

0 0

0 0 0

N N N N N N

N N N N

f f

f f f

f f f

f f fF

f f f

f f

 

  

 
 
 
 
 

  
 
 
 
 
                                                   (32) 

where 

    1,1 0 02

2 8
,

2 24

B
f A q t B p t A

h h h

        
        

       

    1,2 0 03

2 4
,

2 24
f B q t B p t A

h h

       
      

      

   , 1 2

2 1 4

2 2 24
i i i if p t q t

h h

 


 
  

, 

 , 2

2 8

12
i i if q t

h

  
  

, 

   , 1 2

2 1 4

2 2 24
i i i if p t q t

h h

 


 
  

, 

 1,

4
,

24
N N Nf p t

h




 
  

   

 , 1 2

2 8
.

2 24
N N Nf p t

h h

 


      
     

      

The matrix F is a tridiagonal matrix. The solution of system N NFt d
 together with 

equations (30) and (31) give values of ic
’s. Then the required B-spline solution is obtained.   

 

Results / Conclusion 

Example 1. Consider the boundary value problem 

 
         " '2 1 1 5 0,t t u t t u t u t    

 
Subject to  

 
   0 1.0, 1 1.112372u u 

. 

The results for example 1 for h=0.1 are shown in table 2. The results exhibit that above B-

spline solution gives good approximation to exact solution. B-spline with free parameter 

further improves the results for suitable choice of parameter. 
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Table 2: Solution for example 1: h=0.1 
 

xi Exact solution 
Approximate solution 

using cubic B-spline 

Approximate solution using 

B-spline with free parameter 

( 0.0012  ) 

0.1 1.261181 1.261123 1.261183 

0.2 1.289769 1.289724 1.289772 

0.3 1.285246 1.285214 1.285241 

0.4 1.267569 1.267534 1.267509 

0.5 1.244017 1.244029 1.244012 

0.6 1.217927 1.217981 1.217919 

0.7 1.190997 1.191027 1.190967 

0.8 1.164136 1.164246 1.164126 

0.9 1.137839 1.137922 1.137842 

1.0 1.112372 1.112372 1.112372 

 

Example 2. Consider the BVP 

 
         " '4 1 3 11 0,t t u t t u t u t    

 

with bc 
   0 1, 1 1.177701u u 

.  

Numerical results for problem 2 for h=0.1 are given in table 3. The results show that above 

B-spline solution gives good approximation to exact solution. B-spline with free parameter 

further improves the numerical results. 

 

Table 3: Solution for example 2: h=0.1 
 

xi Exact solution 
Approximate solution using 

cubic B-spline 

Approximate solution using 

B-spline with free parameter 

( 0.0012  ) 

0.1 1.610658 1.621167 1.610655 

0.2 1.571763 1.587630 1.571781 

0.3 1.518769 1.521903 1.516912 

0.4 1.477630 1.478971 1.477791 

0.5 1.426502 1.426603 1.426503 

0.6 1.370566 1.375773 1.370657 

0.7 1.317515 1.327838 1.317815 

0.8 1.267701 1.268779 1.267711 

0.9 1.221141 1.224109 1.221138 

1.0 1.177701 1.177701 1.177707 
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Figure 1. Comparison of B-spline and B-spline with free parameter with exact solution 
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Figure 2. Comparison of B-spline and B-spline with free parameter with exact solution 
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Discussion 

The present paper gives an effective computational technique based on B-spline to get 

solution of singular boundary value problems. The numerical results attained by cubic B-

spline approximate exact solutions very well. The algorithm based on B-spline with free 

parameter is also formulated. Results show that B-spline with free parameter gives improved 

results in comparison of ordinary B-spline for suitable choices of free parameter. 
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Abstract 

The purposes of the research entitled “The Wisdom Development of Khmu Ethnic 

Original Rice Varieties to Commercial” were to study the identity and utilization from Khmu 

Ethnic original rice varieties of Ban Wang Pha, Ta Kham Sub-district, Wiang Kaen District, 

Chiang Rai Province, to investigate “Lao Hai” (Liquor was brewed in little brown jugs) from 

Khmu Ethnic original rice varieties of Ban Wang Pha and to develop the product for 

developing the wisdom to be the local product linking to the governmental offices in the area. 

The research was done by the process of integrated research between participatory action 

research and experimental research. The research showed that Khmu Ethnic original rice 

varieties of Ban Wang Pha still preserved 6 grains of rice varieties. The most outstanding 

variety was Khao Kum Khmu (Huaw-Ek) with quantity analysis of antioxidants by DPPH 

method with 318.48 mg eg trolox/100 g. The 4 products which were developed from the 

wisdom were Khao Kum Khmu (pounded by hand) in vacuum package, Khao Kum Khmu 

with 6 kinds of cereals (pounded by hand) in vacuum package, Khao Kum Khmu rice congee, 

and “Lao Hai” (Liquor was brewed in little brown jars) in package. The analysis of the 

nutritional value of Khao Kum Khmu (pounded by hand) with 6 kinds of cereals revealed that 

there were the quantity percentages of carbohydrate 69.14 percent, protein 13.93 percent, fat 

2.52 percent, ash 1.86 percent, moisture 12.55 percent and energy 355 kcal / 100 g. The 

analysis of “Lao Hai” (Liquor was brewed in little brown jugs) was found that there was an 

amount of 11.88 percent of alcohol and the total amount of 3.27 mg of methanol per cubic 

decimeter. Nowadays, the villagers have gathered and have established “Khmu Rice 

Processing Profession Group” and have prepared for legal permission to produce fermented 

beverages. 
 

Keywords: Khmu Ethnic Group, Wisdom, Nutritious Value, Commercial 

 

Introduction 

Khamu is one of the tribal residents in the north of Thailand, especially in the border 

of Chiang Rai and Nan which is bordered with Lao PDR. Some of them are found in the 

Central Area such as Suphanburi, Uthai Thani and Kanchanaburi. Most of their population in 

the world mainly lives in the north of Lao PDR. The ancestors of Khmu Ethnic of Ban Wang 

Pha, Ta Kham Sub-district, Wiang Kaen District, Chiang Rai Province emigrated from Lao 

PDR., and they have settled on the hill of the Highway of Wiang kaen-Toeng. In the back of 

the village, adjacent the border with Thailand-Laos, there is a population of about 500 people.  

All household was Khamu Ethnic. The main profession of Ban Wang Pha Village is 

agriculture; growing rice, corn and black beans field. Ban Wang Pha villagers grow the 

original sticky rice strains which are extremely fragrant, soft and delicious, especially purple 

variety sticky rice. (Khamdee Rakswang, Interview, March 5, 2018). 

The purple variety sticky rice is called “Khao Kum” in the north of Thailand. It is 

high nutritious rice. It has a high nutritional value than white rice with substances that are 

beneficial to the body such as antioxidants helping slow the degeneration of cells, reducing 

the risk of breast cancer include Anthocyanin, Gamma Oryzanol vitamin E in the Tocopherol, 



 

266 

Flavonoids, Phenolic, zinc and vitamin B1 B2 B3, Omega 3 6 9 and ASGs (Acylated 

glucosides sterhl) for enhancing the function of insulin and blood glucose control, etc. 

The utilization of rice of Khmu Ethnic is not only for consuming, it is also used for 

sweets and producing “Lao Hai” (Ou) (Liquor was brewed in little brown jugs). Producing 

“Lao Hai” is considered to be the identity wisdom of Khmu Ethnic. This is done by the 

fermentation of glutinous rice and rice husk into the jars. When they want to drink, they will 

fill water into the jars and then use bamboo tube to drink. Besides Khmu Ethnic, Thai Khao 

(Muang Mai Chau), Viet Nam and Thai Dam (Laos Song) or Thai Dam Renu Nakorn also 

have Lao Hai Drinking Culture as Khmu. The economic problem of Wang Pha villagers is 

poverty. Almost households have earning less than expenditure. Every year after harvest, 

there are middlemen from the nearby villages come to buy paddy strains, a traditional rice 

variety in a large quantity. However, the price of original strain is worth a lot more than the 

price of traditional sticky rice. After selling the original rice variety, the villagers have no 

career to create ongoing revenue. (Phudit Boonsiriphant, Interview, March 6, 2018)  To solve 

the problem of poverty, it is needed to find a career to create income by using the social 

capital and intellectual capital they have.  The purposes of the research were to study the 

identity and utilization from Khmu Ethnic original rice varieties of Ban Wang Pha, to 

investigate the production process of “Lao Hai” (Liquor was brewed in little brown jugs) 

from Khmu Ethnic of Ban Wang Pha and to develop the product for developing the wisdom 

to be the local product linking to the governmental offices in the area to cause the gathering 

of the villagers in a form of profession group leading to ongoing revenue and quality of life 

and economy of Ban Wang Pha village. 

 

Objectives 

1. To study of the identity and utilization from Khmu Ethnic original rice varieties of 

Ban Wang Pha, Ta Kham Sub-district, Wiang Kaen District, Chiang Rai Province. 
2. To investigate of “Lao Hai” (Liquor was brewed in little brown jugs) from Khmu 

Ethnic original rice varieties of Ban Wang Pha. 
3. To develop the product for developing the wisdom to be the local product. 
4. To linking to the governmental offices in the area to commercial. 

 

Research Methodology 

This study was a research and development research. The research questions 

developed from focus group discussion between  Ban Wang Pha community leaders and 

Chiang Rai Rajabhat University academic done by using a mixed methods composed of a 

qualitative research process by using a participatory action research from community leaders, 

local experts, Khmu housewife farmers who have experiences from using rice based on 

wisdom and officials from related government agencies in areas related and experimental 

research to analyze total antioxidants (trolox) by DPPH-Method and nutrition  value 

(proximate analysis)  by AOAC (2016) total alcohol by Ebulliometer and methyl alcohol by 

AOAC (2016). 

The research was operated in the area of Ban Wang Pha, Ta Kham Sub-district, 

Wiang Kaen District, Chiang Rai Province and Value-added Food Product from Wisdom 

Centre, Chiang Rai Rajabhat University. The data was collected in February 2018-June 2019. 

The details were as follows: 

Population and Samples: The population and samples were from Khmu housewife 

farmers, Ban Wang Pha villagers, Ban Wang Pha leaders, Ban Wang Pha experts, officials 

such as members of the Municipal Council of Ta Kham Sub-district, community developers 

of Wiang Kaen District, Excise officers of Wiang Kaen District, Agriculture Officers of 

Wiang Kaen District, and Excise officers of Chiang Rai Province for 80 people. 
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The research tools included focus group discussions, in-depth interviews, education 

knowledge and training. 

The data analysis used a Descriptive Analysis and Content Analysis and the analysis 

of statistical data used frequency and percentage. Data collection used a combination of both 

data and document studies and a survey in the community. 

Research Operation 

1. Develop research questions with Ban Wang Pha villagers and leaders. 

2. Study related documents and researches. 

3. Survey and discuss with Ban Wang Pha leaders and villagers for the data of 

original rice varieties, identity and utilization of Khmu Ethnic of Ban Wan Pha. 

4. Collect data of the utilization of rice of Khmu Ethnic of Ban Wan Pha  such as 

making “Lao Hai” (Liquor was brewed in little brown jugs) from Khmu Ethnic 

(Ou) and making local sweet from rice (boiled rice). 

5. Analyze rice in the lab room to get the scientific results which can be referenced 

to the nutritional benefits. 

6. Develop the rice products from the wisdom to the local products that can generate 

income for the locals. 

7. Arrange training on manufacturing hygienic food knowledge and production skills 

for the housewives. 

8.  Connect the profession group of Ban Wan Pha and product distribution channels. 

9.  Connect for the support of local offices in the area for the budget for sustainable 

Community. 

 

Results 

 

1. To study the identity and utilization from Khmu Ethnic original rice varieties of Ban 

Wang Pha Khmu Ethnic compared their rice as something nourished their life. 

They give priority to the importance of rice as the daily consumption of rice and a 

medium to connect people with supernatural powers. Bour Boonma, Hwan Boonkhong and 

Van Boonma.  (2018) give information  that they still have preserved 6 original rice grains 

such as Khao Makuea Yao ( Huaw Lam Tang), Khao Ma Kuea Dang Med Mon (Huaw Yim), 

Khao Dang Med Yao (Huaw Ngan), Khao Khao Med Yao or Khao Dok Kong (Hauw Krak), 

Khao Shiew (Huaw Shiew), and Khao Kum (Huaw Ek).The most outstanding rice grain is 

Huaw Ek. It is fragrant and very soft. Even it is left overnight, it is still delicious and it is sold 

for the best price. The rest of the sales, the villagers keep them for their own consumption. 

They make for sweets and a good quality of Lao Ou. This kind of drink has nice color and 

good smell than other Lao Ou which is made from other kinds of rice grains. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Interview for data Figure 2: Khmu Rice (Pounding by hand) 
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Table 1: Analysis of the quantity of all antioxidants. (Total Antioxidant, Trolox) found in 

Khao Kum (Huaw Ek) 

 

Khao Kum                         Mg eq Trolox / 100 mg                     Test method 

(Huaw Ek)                                    318.48 DPPH 

 

 The table 1 analysis result  found that Khao Kum (Huaw Ek) have high antioxidant  

activity 318.48 Mg eq Trolox / 100 mg  according to the khowlage of various benefits black 

glutinous rice (Jaranjit Phengrat & Suwat Jearakongman, 2009, p.325-342) and  Khao Kum 

(Huaw Ek) consider to high nutrious rice (Dechrut Sukkumnoed, 2018). 

           The antioxidant activity of Khao Kum (Huaw Ek) higher than local herbs from 

Tombon Nakornchum, Amper Muaeng, Kamphaeng Phet collected and analyzed by Anek 

Halee and Boonyakrit Rattanapun (2017). 

 

2. To study of the production process of “Lao Hai” (Liquor was brewed in little brown 

jugs) from Khmu Ethnic of Ban Wang Pha. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: 6 original rice grains preserved by Khmu Ethnic  

Soak rice and paddy husk for 1 hr. 

(The ratio of rice 2 portions per 

paddy husk 1 section)  

Wash rice for  

4-5 times 

Steamed rice, 

until cooked Spread out to cool 

Prepare leavening 

agent  

Wrapped with banana 

leaves and plastic bags. 

Hold 3-4 day fermentation 

 

 

 

Contained in a jug 

Khmu Liquor 

Processed for 

 1 month 

Figure 4:  Production process of “Lao Hai” 
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(Huaw Lam Tang) 
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Khao Dang Med Yao 
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Khao Dok Kong  
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Khao Shiew  
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How to drink alcohol, according to the wisdom of the Khmu villagers, it uses bamboo 

tube or the Khmu people have called “Prong Juk Prood” .The tube is drilled for 2 sides at the 

end of the wood and wash it clean. And then dip to the jar at the bottom by using fingers 

above to protect the rice husk close the tube. Then, fill in water until the water is full and 

draw the water as usual. It can be filled water until the liquor tasteless. (Chonthicha 

Boonsiriphath, Interview, March 6, 2018). 

 

Belief according to the wisdom of making liquor in a jug of Khmu in Wang Pha. Yoy 

Boonlong (2018) gives an interview that Belief according to the wisdom of making liquor in 

a jug of Khmu in Wang Pha. 

1. People with pregnancy and menstruation should not stay around the jar because its 

taste will be sour and bitter. 

 2. The rice with is ripen with leavening, it will be put in banana leave for 2 pieces, for 

paying ghost spirits. 

  3. To place the ashes and dried chili with knife strapped with charcoal. Place it on a 

chopping board for 3-4 times, overlapping with rice in banana leaf curing hack 3-4 times and 

cutting board, and spell to protect from ghosts and spirits. 

  4. The place to keep rice, there should not have people to come in and out. 

  5. To contain rice into a jar, it must be contained in the steamed rice room. 

  6. To store the leavening in the rice container, it must be wrapped with chili and 

charcoal, 

  7. To preserve the leavening, there will be Mang Lao or Mang Pang to smell the 

leavening. There were 2 kinds of Mang Lao such as Mang Mon. It will make the liquor nice 

and delicious. And Mang Mon Kha Yao, it will make the liquor bitter and sour. 

 

3. Product development for formulating the original wisdom of the Khmu villagers to be 

Ban Wang Pha local products. 
3.1 Add value to Khao Kum Khmu product 

By developing rice products of high nutritional Khmu Kum in the packaging can be 

stored longer and has a unique packaging design, ethnic, which helps generate value 

products. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Khao Kum Khmu 

              (hand pounding) 

Figure 6: Khao Kum Khmu 

              (hand pounding) 

                        with 6 grains of cereal 

 

Figure 7: Khao Tom made from  

                  Khao Kum Khmu with  

        6 grains of cereal 
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Table 2: The nutrition value (proximate analysis) and the energy of Khmu Kum rice 

(Huaw Ek) mixed cereal. 

  
Test List                     Result               Percentage                   Test Method 

Carbohydrate               69.14                    Percent               Compendium of  Method for   

                                                                                                    Food analysis. Thailand.                                 

Protein                         13.93                   Percent                           AOAC 

Fat                                 2.52                     Percent                           AOAC  

Ash                                1.86                     Percent                           AOAC 

Moisture                      12.55                     Percent                           AOAC  

Energy                            355                  kcal/100 g             Compendium of  Method for   

                                                                                                   Food analysis. Thailand.                                   

 

 The table 2  analysis  results  found  that  nutrition  value  (proximate analysis)  and 

the energy of  Khmu Kum rice  (Huaw Ek)  mixed cereal  were  higher  (especially  lower 

carbohydrate  and  higher  protein)  than  rice  varities  grown in Thiphuye  Village, Thong 

Pha Phum district, Kanchanaburi province. (Phinthida Na Thaisong, Suwimon Katakul, 

Jindarat Tokamolthom and Natnicha Thaweeseang (2009). 

   

 3.2  Development of Lao Hai from Khao Kum Khmu 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Display the quantity analysis of alcohol and methyl alcohol of Ban Wang Pha 

Liquor 

 
          Test List                               Result                    Standard 

All Alcohol Quantity                Ebullio meter                   11.88               not less than 15 

(Degree or percentage by volume)                                                     (1±Degree from label) 

Methyl alcohol                                AOAC                    3.27                not less than 420                                                                                                       

 

The table 3 analysis result found that Ban Wang Pha liquor of all by volume and 

quantity of methyl alcohol is based on the Excise Department Standard. (Thai Industrial 

Standards Institute, 2003). 

 

4. Promote the production and distribution by connection with the governmental offices 

in the area to generate income for Khmu Community. 

4.1 Establish of a community enterprise group (registered with the Agriculture Office 

(Wiang Kaen District). 

Figure 8: Package design of Lao Hai from Khao Kum Khmu 
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4.2 Arrange the training of occupational groups on food hygiene in food production and a 

new wrapped form by using local plants (Ton Kong Tree) in order to create value added 

product. 

4.3 Register Khao Kum as an OTOP product of Wiang District (with community 

development of Wiang Kaen District, Chiang Rai Province). 

4.4 Distribution Trial online on www.facebook.com named “Poom Panya Jark Yod Doi” 

or Wisdom from Mountain top. 

4.5 Preparation of the registration of producing legal local alcohol with the Excise 

Department of Chiang Rai Office. It must be authorized by Tha Kham Sub-district 

Municipality, Wiang Kaen District by using the multi-purpose hall of the village as a 

manufacturing location. The municipalities must cooperate in the writing, production and 

building floor plan to get rid of water damage. 

 

 
 
 
 
 
 
 

 

 

 

 

 

  
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 9: Wrapped product training Figure 10: Wrapped product training 

Figure 11: Wrapped product 

                   training 

Figure 12: Raw material  

 

Figure 13: Ton Kong leaf 

Figure 14: Product before boiling 

 
Figure 15: Boiled product 

 

 

http://www.facebook.com/
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Figure 16: Products selling 

 

Figure 17: “Poom Panya Jark Yod Doi” web page   

 

Figure 18: “Poom Panya Jark Yod Doi” web page   
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Discussion 

1. There were 6 original preserved rice grains such as Khao Makuea Yao ( Huaw Lam 

Tang), Khao Ma Kuea Dang Med Mon (Huaw Yim), Khao Dang Med Yao (Huaw Ngan), 

Khao Khao Med Yao or Khao Dok Kong (Hauw Krak), Khao Shiew (Huaw Shiew), and 

Khao Kum (Huaw Ek). 

2. The most outstanding rice grain of Ban Wang Pha was Huaw Ek. It was purple 

sticky rice (Khao Kum). It was fragrant and very soft. It should be soaked for just 1 hour. 

Even it is left overnight, it is still delicious. 

3. Khmu villagers used the benefit from rice for consuming in daily life and used rice 

for making sweets and they also used them for rituals because rice was a symbol of fertility. 

They produced Lao Hai or local liquor and sold rice after harvest to support their families. 

The study was consistent Stien Chanta (2006). 

4. The analysis of all anti-oxidants of Khao Kum (Huaw-Ek) revealed that it was high 

value at 318.48 milligrams per 100 grams of rice. It was considered as high nutritious rice 

when it was compared with the amount of anti-oxidants in 10 varieties of rice grains. 

According to the Rice Department Analysis in 2016, it showed that the high amount of anti-

oxidants was found in Kha Dok Kha (Pang-Nga Province); 546 milligrams per rice 100 

grams, followed by Khao Niew Luem Phua; 491 milligrams per rice 100 grams and Khao 

Tabtim Chum Pae 308 milligrams per rice 100 grams. In contrast with Khao Riceberry 186 

milligrams per rice 100 grams and Khao Hom Mali 37 milligrams per rice 100 grams 

(Dechrat, 2017). 

5. The analysis of nutrition value (proximate analysis) of Khao Kum mixed with 6 

grains of cereals showed that there was Carbohydrate and Protein 13.93 percent, Fat 2.52 

percent, Ash 1.86 percent, Moisture 12.55 percent, and Energy 355 kcal/100 g. 

6. From the study of the production process of Lao Hai according to the wisdom of 

Khmu villagers by using raw materials; sticky rice and aged paddy husk was steamed till it 

was cooked, then put the leavening (produced by nature). Next, cover them with banana 

leaves for 3-4 days and contain rice in a jar for 1 month. The production of Lao Hai had 

belief in the involved ancestors (ghosts) in the process of the production. 

7. The analysis showed the total amount of alcohol 11.88 percent of Ban Wang Pha 

Liquor, while the amount of methyl alcohol was at just 3.27 milligrams per cubic decimeter. 

This is in conformity with the Excise Department Standard. 

8. There were 4 products made from the traditional wisdom of the Khmu villagers of 

Ban Wang Pha such as Khao Kum (pounded by hand) in vacuum package, Khao Kum Khmu 

mixed with 6 grains of cereals in vacuum package, Khao Tom made from Khao Kum mixed 

with cereals in vacuum package, and the design development of Lao Hai Package for a small 

size appropriately used for souvenirs. (Lao Hai has been prepared for registration as legal 

community liquor). 

9. There was a Processing Profession Khmu Rice Group registered as an OTOP 

product of Wiang District (with community development of Wiang Kaen District, Chiang Rai 

Province). 

10. Distribution Trial online on www.facebook.com called Wisdom from Mountain 

top. 
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Recommendations 

1. Develop the Local Liquor Profession Group in the community which could be 

legally registered with the Excise Department, Chiang Rai Province. It must be approved 

from the public hearing from the villagers and the public hearing from Tha Kham Sub-district 

Municipality. 

2. Other ethnic products could be advertised on www.facebook.com named “Poom 

Panya Jark Yod Doi” or Wisdom from Mountain top to show the variety of products but they 

still have the identity of the ethnic wisdom. 
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Abstract 

This study aimed to use beneficial phototrophic bacteria (PB) for treating poultry 

abattoir wastewater (PAW). Hence, this work characterized PAW samples in the treatment 

line for obtaining a suitable point source to treat by selected PB, along with isolation and 

selection of PB from PAW samples. Characterization of PAW samples and growth 

performance of Rhodopseudomonas palustris strains P1 and PP803 as the references found 

that PB could be possible to treat PAW in the mixing tank and overflow tank. Among 75 PB 

isolates, only five isolated PB; LN401, LN603, LN703, KK805 and WS304 could reduce 

soluble chemical oxygen demand (initial soluble COD; 494 mg/L) more than 90%. Overall 

result had proved the potential to treat PAW by selected PB isolates. 
 

Keywords: growth performance, isolation, purple non-sulfur bacteria, slaughterhouse 

wastewater, soluble chemical oxygen demand 

 

Introduction 

Abattoir wastewater from the poultry industry containing high organic matter and 

nutrients for plants such as nitrogen and phosphorus (Bustillo-Lecompte & Mehrvar, 2015) 

leads to giving adverse effects on the environment in case less efficiency of the wastewater 

treatment plant. To prevent such a serious problem for sustainable, the poultry industry 

requires a higher effective wastewater treatment at a reasonable cost. Among microbes used 

for wastewater treatment to achieve the target as above mentioned, photosynthetic bacteria 

(PB), particularly purple non-sulfur bacteria (PNSB) are attractive for applying as they are 

versatile organisms to grow as phototrophs or heterotrophs (Kantachote, Kornochalert, & 

Chaiprapat, 2010; Nunkaew, Kantachote, Nitoda, & Kanzaki, 2015). Additionally, these 

bacteria are beneficial organisms by acting to not only fix N2 but also release plant growth-

promoting substances (Nunkaew, Kantachote, Nitoda, Kanzaki, & Ritchie, 2014). It is well 

recognized that Rhodopseudomonas palustris, a member of PNSB, is a good candidate to 

treat various wastewaters by obtaining biomass as single-cell protein and also plant growth-

promoting substances i.e. 5-aminolevulinic acid (Kornochalert, Kantachote, Chaiprapat, & 

Techkarnjanaruk, 2014; Nunkaew, Kantachote, Chaiprapat, Nitoda, & Kanzaki, 2018). It 

should be worth to investigate the possibility of using PB to treat PAW; therefore, this study 

focused on isolation and selection of PB from the various points of PAW treatment plant with 

the expectation to use them for treating a suitable point source of PAW plant. 

 

Objectives 

1) To examine the physicochemical characteristics of PAW 

2) To investigate a suitable point source of the PAW treatment plant for treating by PB 

based on growth performance 

3) To select a potent PB on the basis of soluble COD removal 
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Research Methodology 

1. Characterization of wastewater samples 

Poultry abattoir wastewater (PAW) samples collected from the wastewater treatment 

plant of a poultry meat manufacturer at various points as shown in (Figure 1) was used to 

characterize. PAW samples were removed insoluble residue prior to characterizing by 

centrifuging at 8,000 rpm for 20 min (DuPont instrument, USA). Physicochemical properties 

of PAW samples were analyzed by following standard methods of APHA, AWWA, & WEF 

(2012). A pH and conductivity meter was used to measure pH and electrical conductivity 

(EC) at 25 °C (Mettler Toledo, USA). Soluble COD, total Kjeldahl nitrogen (TKN), nitrate 

(NO3
-
) and phosphate (PO4

3-
) were determined using Spectroquant test kits (Merck, 

Germany). 
 

 
Figure 1. Schematic diagram of PAW treatment process of a poultry meat manufacturer 

 

2. Bacterial growth competition test 

This experiment aimed to study the possibility of PAW samples of each sampling 

point; MX, OV, AR, CR and EF (Figure 1) for treating by PB based on their growths. 

Rhodopseudomonas palustris strains P1 and PP803 isolated from the latex rubber sheet 

wastewater and paddy field (Kantachote et al., 2010; Nunkaew et al., 2015), were used as 

reference PB strains. To prepare inoculums, each strain was grown in glutamic acid and 

acetic acid (GA) broth with a little headspace to provide microaerobic conditions and 

incubate under light intensity at 3,000 lux by incandescent lamps. Based on preliminary 

work, activated cultures were rinsed and diluted to 10
8
 cells/ mL with sterile 0.85% saline 

solution by adjusting absorbance (A660) to 0.5 for use as inoculants. Individually inoculation 

of 10% inoculum size into each sample source, while control sets were prepared with sterile 

0.85% saline solution instead of PB inoculum. The microaerobic light conditions were set for 

48 hr-incubation and then measuring bacterial growth as dry cell weight at 105 °C, overnight. 

 

3. Isolation of PB from PAW samples 

Isolation of PB from PAW samples was to expand the opportunity of achieving the 

potent PB’s wastewater purifier to eliminate organic substances, produce cell biomass and 

release plant growth-promoting substances. Basic isolation (BI) medium as described by 

Khuong, Kantachote, Onthong, & Sukhoom (2017) was used to isolate PB by adding each 

PAW sample into double strength BI broth at a ratio of 1: 1 to have the possibility for 

obtaining PB (Kantachote, Torpee, & Umsakul, 2005). Inoculated samples were incubated 

under microaerobic light conditions as same as the previous experiment. After that, culture 

broths were spun with the rotational speed at 8,000 rpm, 20 min to compact bacterial cells for 

isolation. To obtain pure cultures, the streaking technique was employed on BI agar and 

incubating under microaerobic light conditions for 7 days. 

Influent 

Screen 

Oil Trap 

Equalization 

Pond 

Biogas 

Digester 

Effluent 

(EF) Aeration Pond 

(AR) 

Clarifier  

(CR) 

Mixing Tank 

(MX) 

Overflow Tank 

(OV) 

Wastewater flow 

Sludge return 

 



 

277 

4. Application of PB isolates to treat PAW 

To challenge the potential of wastewater treatment by PB, the inoculum size was 

reduced to 3% and incubating for 48 hr. The criterion for evaluating the effectiveness of 

wastewater treatment is soluble COD removal. Regarding the result of the previous 

experiment, the OV sample and PB inoculum were prepared as previously described. OV 

without PB inoculation served as a control set. The amount of soluble COD was determined 

at the beginning and the end (soluble CODb and CODe) of an experiment, and calculated as 

the percentage of soluble COD removal as equation (1): 

 

Soluble COD removal (%) = 
 soluble CODb – soluble CODe  

× 100 (1) 
 soluble CODb  

 

5. Statistical analysis 

All experiments were carried out with three replicas. Data were analyzed with SPSS 

statistics 25 (IBM, USA) and presented as means and standard deviations. The one way 

ANOVA was employed to compare means at a significance level of 5% (α = 0.05). Multiple 

comparisons that were tested by Tukey’s HSD were used to group the homogenous subsets at 

α = 0.05. 

 

Results 

1. Characteristics of PAW samples 

 

Table 1. Characteristics of MX, OV, AR, CR and EF samples 

Sample Soluble COD pH EC (µs/cm) TKN NO3
-
 PO4

3-
 

MX 809.3 ± 55.2 7.0 ± 0.1 752.0 ± 11.4 144.5 ± 67.2 0.8 ± 0.7 44.8 ± 19.0 

OV 147.3 ± 6.7 6.9 ± 0.2 1,274.0 ± 85.3 151.0 ± 42.4 1.0 ± 0.9 59.2 ± 34.5 

AR 802.0 ± 34.2 7.3 ± 0.4 877.3 ± 9.2 75.5 ± 14.8 1.0 ± 0.9 25.1 ± 7.0 

CR 23.3 ± 3.1 7.4 ± 0.4 876.0 ± 17.4 72.0 ± 11.3 0.7 ± 0.5 32.7 ± 14.0 

EF 22.7 ± 2.5 7.5 ± 0.3 935.7 ± 20.8 68.5 ± 7.8 0.9 ± 0.3 25.9 ± 8.2 

All parameters were in mg/L unless otherwise specified. 

 

Table 1 shows the physicochemical properties of the PAW samples. MX sample had 

the highest soluble COD at 809.3 ± 55.2 mg/L, followed by AR and OV samples at 802.0 ± 

34.2 and 147.3 ± 6.7 mg/L, respectively. Moreover, the soluble COD decreased in the 

arrangement of treatment ponds (see Figure 1) due to the serial depletion by bacteria. All 

samples were in a pH range of 6.9 to 7.5, while the number of EC was 752 to 1,274 micro-

siemens per centimeter (µs/cm). In addition, levels of TKN, NO3
-
 and PO4

3-
 were high in MX 

and OV samples. Almost all of the detected parameters in AR and CR samples were similar, 

except for soluble COD in the AR sample was higher. 

 

2. Growth competition between the PB strains and indigenous microbes 

To investigate a suitable point source of PAW for treating by PB, both strains of R. 

palustris grew well in PAW samples and better than control sets (Table 2). Strain P1 and 

PP803 showed their growth performances for all PAW samples with dry cell weight more 

than 0.80 g/L and 0.93 g/L respectively, while indigenous microbes in the controls had a 

mean of dry cell weight 0.61 to 0.86 g/L. Both PB strains gave the highest cell biomass from 

the MX sample followed by OV, AR, CR and EF samples. Although dry cell weight of 

controls was a similar trend to the group of R. palustris strains but it was significantly lower. 

Growth performance in AR, CR and EF samples were the lowest stimulator of PB strains by 

statistics.  
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Table 2. Growth of indigenous microbes and R. palustris strain P1 and PP803 in PAW 

samples under microaerobic light conditions for 48 hr 
 

Sample 
Dry Cell Weight (g/L) 

Control R. palustris P1 R. palustris PP803 

MX 0.86
 
± 0.11

A, a
 1.26

 
± 0.04

B, a
 1.25 ± 0.06

B, a
 

OV 0.79
 
± 0.12

A, ab
 1.09 ± 0.07

B, b
 1.10 ± 0.05

B, b
 

AR 0.61
 
± 0.05

A, b
 0.87 ± 0.01

B, c
 0.93 ± 0.06

B, c
 

CR 0.70
 
± 0.03

A, ab
 0.80 ± 0.01

B, c
 0.97 ± 0.05

C, c
 

EF 0.67
 
± 0.01

A, ab
 0.87

 
± 0.01

B, c
 0.98

 
± 0.01

C, bc
 

 

Superscript letters represent the homogenous subset between groups of data at α = 0.05.  The 

same or different majuscule and minuscule indicates the proximity of means between groups 

of bacteria and sampling point respectively. 

 

3. Isolated PB from PAW samples and their growth performance 

 

 
 

Figure 2. Growth performance (OD660 or A660) of isolated PB in OV under microaerobic light 

conditions for 48 hr 

 

A total of seventy-five PB isolates (59 from this study and 16 from our previous 

studies) were screened for using as inoculants for treating OV. The PB growth performance 

in OV as a culture medium based on turbidity was outstanding. All isolates of PB could grow 

in the OV with various growth performances (Figure 2). Forty-three isolates (57.3%) grew 

better than indigenous microbes in control (A660 of 0.098). Especially, three PB isolates 

(7.32%) had the highest turbidity which gave A660 greater than 0.15. 

 

Table 3. High growth performance group of PB isolates and their turbidity in OV sample 

under microaerobic light conditions for 48 hr 

 

Isolate Turbidity, A660 Isolate Turbidity, A660 

KK805 0.32 ± 0.08 PP803 0.33 ± 0.06 

LN401 0.35 ± 0.03 WS304 0.30 ± 0.03 

LN603 0.39 ± 0.07 WS308 0.25 ± 0.00 

LN703 0.35 ± 0.05 WS502 0.33 ± 0.05 

P1 0.28 ± 0.02 Control 0.10 ± 0.01 
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4. Treatment of soluble COD by selected PB isolates 

For efficiency of soluble COD removal by PB isolates, this experiment used the OV 

sample with initial soluble COD at 494 ± 7.5 mg/L. Strain LN401, LN603 and LN703 could 

reduce soluble COD at the highest efficiency at 93% followed by WS304 and KK805 at 92%, 

while indigenous microbes in control decreased 85% of soluble COD. Strain WS308 was the 

least effective to reduce soluble COD at 84%. 

 

 
 

Figure 3. Soluble COD removal in OV (initial soluble COD of 494 ± 7.5  mg/L) by selected 

PB isolates after incubating under microaerobic light conditions for 48 hr 
 

Conclusion 

R. palustris strains P1 and PP803 are able to grow well in all PAW samples.  Five PB 

isolated from PAW samples are promising strains to perform the highest soluble COD 

removal of 92-93%. Hence, the application of selected PB for treating OV should be possible. 

 

Discussions 
 

1. Characteristics of PAW samples and growth performance of the reference strains 

The results suggest a suitable range of soluble COD quantity for growing PB should 

be more than 100 mg/L (Table 1). All samples were in a pH range of 6.9 to 7.7 that are 

suitable for PB proliferation (Nunkaew et al., 2015). The number of EC was in a range of 752 

to 1,274 µs/cm indicates that mineral salt, inorganic compounds or suspended solids in PAW 

samples had high concentrations suggesting that the PAW might be not properly for direct 

use as irrigation. In addition, levels of TKN, NO3
-
 and PO4

3-
 in MX and OV samples were 

sufficient to grow PB. 

Different points of wastewater treatment plant affected the growth of heterotrophic 

bacteria, which help to consume organic matters of wastewater (Table 2). Based on the 

results revealed that PB could thrive on nutrients of PAW samples, particularly for the MX 

sample, and this confirms the previous study that the MX was a suitable point source for 

treating by PB. However, the MX is a point source for treating by anaerobic digester for 

obtaining biogas. As the OV sample produced the second high growth performance of both 

strains of R. palustris (P1 and PP803); therefore, it was also a good source for treating by PB 

prior to discharge. This leads to reducing the cost of treatment as no requirement of the 

aeration pond, so the next experiments used the OV sample as the culture medium or source 

of wastewater for treating by PB isolates. 
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2. Growth performance and soluble COD removal by PB isolates  

As microaerobic light conditions promote the growth of PB, so this bacterial group 

could become the dominant organism in the OV sample as a culture medium. Meanwhile, 

these conditions together with limited nutrients also interrupted the growth of heterotrophic 

bacteria that prefer aerobic condition. Regarding the results of Table 3, nine PB isolates with 

high growth performances were effective strains for testing their abilities to treat OV. 

Regarding removal efficiency to treat wastewater (OV) by PB isolates suggests that a 

selection step was very important to select the promising strains as this was only five strains 

that were effective to reduce soluble COD between 92-93% (Figure 3). However, all tested 

PB isolates including the control could lower the COD to meet the standard guideline of 

Thailand (≤120 mg/L) for the effluent to discharge (Pollution Control Department, 1997; 

Royal Irrigation Department, 2018). It should be noted that more advantage of treating 

wastewater by PB is due to their biomass containing high protein with essential amino acid 

and photo-pigments (Chumpol, Kantachote, Nitoda, & Kanzaki, 2018) or live cells as 

biofertilizer (Kantachote, Nunkaew, Kantha, & Chaiprapat, 2016), while in the effluent 

containing plant growth-promoting substances as previously described.  

 

Recommendations 

According to the results of this study and the advantages of PB, this encourages the 

use of PB as inoculants for wastewater treatment to obtain beneficial by-products as the 

effluent containing biofertilizer and plant growth-promoting substances to apply in 

agriculture. Hence, the treated effluent of OV by PB could be considered to use as irrigation 

water as a source of biofertilizer; however, dilution of the treated effluent should be studied 

before applying in agriculture. 
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Abstract 

 Kluai Hin (Musa sapientum Linn.), one of an important and useful banana, is a 

famous banana planted in Thailand's Southern region provinces of Yala. Kluai Hin has a 

delicious flavor and high beta- carotene. This study aims to investigate the physical and 

mechanical properties of pulp and hand sheet from the waste of Kluai Hin by using the soda 

pulping process [temperature 120°C, pulping time (90, 120 mins) and soda concentration (20, 

30%)]. Results showed that acceptable physical and mechanical properties (pulp yield, tensile 

strength, ring crush index, and burst index) of pulps and paper could be achieved at 120°C, 

for 120mins, and 30% of soda concentration. These are the most suitable conditions for 

obtaining paper sheets with a high breaking length and ring crush and burst indexes. The 

Information obtained from this study can be used for Kluai Hin plantation for economic 

propose with creating employment opportunities in Yala in the future. 
 

Keywords: Kluai Hin (Musa sapientum Linn.), soda pulping, pulps and paper 

 

Introduction 

 Banana is a tropical fruit that economical important compared to other agricultural 

crops. Banana is also one of the most popular fruit due to numerous nutrients; vitamins and 

minerals including non-nutrients, polyphenolics compounds. Although various polyphenolic 

compounds are non-nutritive value. The intake of fruits or vegetables that are rich in 

polyphenols may have health benefits in the long run (Tohraman, et al., 2018).  

The banana crop produces large quantities of post-harvest biomass wastes. Currently, 

37, 40, 096 tons of waste are dumped annually as waste from which banana fiber can be 

extracted. Some of them are a potential resource of raw materials such as natural fibers, 

which can be used as reinforcement for composite materials. A good number of methods 

have so far been studied for the extraction of banana fiber. Anaerobic digestion of soft tissues 

of banana wastes separated fibers (Wobiwo, et al., 2017). Yilmaz, et al., (2017) extracted 

fibers from fruit and bunch stems of the banana plant by water retting and showed that bunch 

stem fibers were superior in terms of fineness, initial modulus and breaking strength. Ganan, 

et al. (2004) extracted banana fiber from the stem and bunches of banana waste by 

alkalization and salinization followed by mechanical treatment. 

 The extracted banana fiber has been studied for reinforcing material for 

lignocellulosic composite materials (Alavudeen, et al., 2015; Joseph, et al., 2006; 

Srinivasababu, et al., 2009), pulp (Rahman, et al., 2014), cellulose microfibrils (Cherian, et 

al., 2008; Elanthikkal, et al., 2010). The spin ability of banana fiber, fineness and tensile 

mailto:sidthipong.s@yru.ac.th
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strength make it usable in a number of different textiles with different weights and 

thicknesses, based on what part of the banana stem the fiber was extracted from. Enzymatic 

treatment of extracted banana fibers spinning showed the suitability of yarns production 

(Ortega, et al., 2016). 

In Thailand, a wide range of species of banana was found. However, the only unique 

type of banana named "Kluai Hin" was first originated in the Southern area of Thailand, 

Yala. Kluai Hin belongs to the genus Musa from the family sapientum. However, no previous 

study on the polyphenolic compounds in the unique banana, Kluai Hin (Musa sapientum 

Linn.). Kluai Hin is a kind of banana, similar to Kluay Nam Wa when boiled or glazed will 

have a nutty taste (Tohraman, et al., 2018; Utaipan, et al., 2018).  

Yala province is a southern province in Thailand that people focus on herbal 

transformation in particular of processing and developing. A training course about quality 

product development, product transformation, and local herbal marketing was provided for 

people in order to increase people’s knowledge and skills of planting herbs in a fit area as 

well as improve the quality of the local products, for example, saba (Kluai-Hin), garcinia and 

fruits. 

Fruits are one of the economic crops of Yala and these are becoming the main income 

of Yala province. Kluai-Hin banana is one of the herbs in Yala province and is registered in a 

geographical indication (GI) named ‘Kluai-Hin Bannangstar’. Many local herbs could be 

promoted in worldwide marketing, producing, and transforming especially in an agriculturist 

member. As a result, family and community would gain more income and the community 

would gain a sustainable income. 

Kluai Hin is a famous product of Yala province with huge demands from consumers. 

Its price is as high as 25-35 THB/ cluster, while during the rainy season, the price rises to 40-

50 THB/ cluster. The product can be transformed into other products for higher value, 

enabling local farmers to earn around 40-41 million THB a year (Utaipan, et al., 2018). 

 In the present day, the use of the spent banana plant (after harvesting the bunch) for 

fiber extraction has slowly gained recognition worldwide because of the multifarious uses of 

banana fiber in the pulp and paper industry, in small-scale art and handicraft, and in the 

production of a wide range of goods. Therefore, banana pulp can be an alternative material 

used for making handmade paper. However, no organization brings waste of Kluai Hin to 

produce a handmade paper or a packaging product. Therefore, the researcher team was 

interested in transformation the waste of Kluai-Hin to the pulp sheet in various patterns that 

might encourage a Thai farmer in the community to produce a handmade product to 

economic crop in general and sustainable. 

 

Objectives 

1) To study the chemical properties of the pulp sheet of Kluai-Hin. 

2) To study the mechanical properties of the pulp sheet of Kluai-Hin. 

3) To explore a guideline of handmade packaging product development from an economic 

crop. 

 

Research Methodology 

 

Raw material and chemical analysis 

 The waste of Kluai-Hin (Musa sapientum Linn) (KH) was used as raw material for the 

preparation of banana pulp that was derived from the banana plantation in Yala, Thailand. 

NaOH and other chemicals were purchased from Merck, Germany. 

 Chemical composition of KH was analyzed such as cellulose (Applied from Van 

Soest and Wine, 1967), lignin (Applied from Van Soest and Wine, 1967), ash (TAPPI T211 
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om-85), moisture content (TAPPI T264), pentosans (TAPPI T223 om-84), solvent extractive 

of wood (TAPPI T204 om-88), solubility in hot and cold water (TAPPI T207 om-88) and 

solubility in 1% NaOH (TAPPI T212 om-88). 

 

Preparation of chemical pulp sheet from Kluai-Hin 

 The waste from Kluai-Hin (KH) was cleaned with water at least 5 times before 

chopped into small pieces and then dried in a hot air oven for at least 72 h. A suspension of 

chopped KH was produced by the soda pulping process. The KH with 20% and 30% NaOH 

solution (1:15 w/v) was cooked at 120
◦
C for 90 and 120 minutes. After cooling, the fibers 

were separated by a wire mesh test sieve. The screened pulp yield of soda pulping was 

calculated and then the pulp sheets were made by a laboratory papermaking machine at a 

final grammage of 140 g/m
2
. 

 

Testing of mechanical properties of chemical pulp sheet 

 

Ring crush and tensile tests 

  Ring crush and tension properties of the pulp sheets were investigated with a 

Universal Testing Machine (Model LR30 K, from LLOYD Instrument Co., Ltd., UK). A 

tensile test was performed in accord with TAPPI T494. A specimen (15 × 1.5 cm
2
) was set in 

the clamps (the distance between clamps was fixed at 10 cm) and then the tension force was 

applied to the specimen with the strain rate of 15 mm/min. A ring crush test was also 

performed in accord with TAPPI T818. A specimen (6 × 0.5 in.2) was set in a circular block, 

and then compressive force was applied via the plate to the center of the specimen at a rate of 

0.5 in/min. To avoid the effect of different thicknesses, the maximum loads of both tests 

recorded were divided with the basic weight of the tested paper, and reported as the ring 

crush index and tensile strength 

 

Burst test 

The bursting strength of the pulp sheets was determined using a Mullen 

Bursting Tester (Model GT-7013-AD, from GOTECH Testing Machines Inc., Taiwan). A 

specimen (at least 4 × 4 in.
2
 in dimension) was inserted between the clamp ring and 

diaphragm plate, and then 100 psi of pneumatic pressure was applied to the specimen until it 

ruptured. To avoid the effect of different thicknesses, the bursting strength recorded was 

divided with the basic weight of specimen and reported as the bursting index. 

 

Statistical data analysis 

 All mechanical properties of the paper were determined at least six replicates. The 

mean and standard deviations were calculated and reported. Analysis of variance (ANOVA) 

was operated by using Duncan’s new multiple range test (DMRT) to decide the significant 

differences in paper properties. All significant values were expressed at a 95% confidence 

level. 

 

Result and Discussion 

 

Raw material and chemical analysis  

 The chemical composition of KH was investigated and compared to the other sources 

of fiber were also shown in Table 1. 
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Table 1: Chemical composition of KH and other fibers based on dried wood basis. 
 

Items KH 

Rice straw 

(Tulus et 

al., 2004) 

Bamboo 

(Sharma et 

al., 2011) 

OPEFB 

(Sathawong 

et al., 

2018) 

Wheat 

straw 

(Jiménez 

et al., 

2005) 

Moisture 7.06 5.32 5.63 4.86 8.27 

Ash 1.12 16.61 2.61 5.12 7.22 

Cold water 

solubility 
14.88 10.74 3.74 14.35 11.44 

Hot water solubility 20.13 16.23 6.68 19.80 13.80 

1% NaOH solubility 40.55 41.22 24.70 42.40 30.04 

Cellulose 61.62 48.25 47.67 34.62 59.04 

Lignin 5.10 17.27 23.97 25.10 18.94 

Pentosan 18.08 - - 12.18 20.48 

Ethanol-benzene 

solubility 
8.46 - - 3.76 11.49 

 

 Table 1 demonstrated the chemical composition of KH compared to those previously 

obtained for rice straw, bamboo, and various non-wood raw materials (viz. Oil palm empty 

fruit bunches, and wheat straw) (Jiménez et al., 2005; Sathawong et al., 2018a and 

Sathawong et al., 2018b). The moisture content of KH was higher than rice straw, bamboo, 

and Oil palm empty fruit bunches (OPEFB) but lower than wheat straw. The ash content is 

lower than those of the other raw materials. The ash contents of the nonwood fiber are still 

high for industrial processing, especially given the higher ash than in wood due to the 

nonwood fibers generally have higher silicon, nutrient and hemicelluloses contents than wood 

fibers (Hunter, 1988). Hot and cold-water solubility materials of KH were higher than rice 

straw, bamboo, and wheat straw but similar to the OPEFB. Both hot and cold water for those 

of the other raw materials were suggesting higher contents of inorganic compounds, tannins, 

gums, sugars, coloring matter or starches in the sample. 

 Wood and nonwood fibers were extracted with 1% sodium hydroxide solution for 1 

hour. Alkali solution extracts low molecular weight carbohydrates in pulps. The solubility of 

KH in alkali solution was similar to rice straw and OPEFB but higher than bamboo and wheat 

straw. The solubility of fibers indicates the extent of cellulose degradation during pulping 

processes and it has been related to strength and other properties of pulps.  

 The solubility of KH in ethanol-benzene solutions was 8.46% d.b., lower than wheat 

straw, but it was higher than OPEFB. The solubility of fibers in ethanol-benzene solution 

indicates an extractable content of wood consists of certain other dichloromethane-insoluble 

components, such as low molecular-weight carbohydrates, salts, waxes, fats, resins, non-

volatile hydrocarbons in during pulping processes. The cellulose of KH was slightly high 

compared to other raw materials. Cellulosic fibers have many features that fulfill the 

requirement of papermaking for paper manufactures.  

Lignin contents of KH were lower than those of the other raw materials. Lignin is one 

of the main components of wood cell walls and has a critical effect on the mechanical 

properties of paper pulp and wood fiber-based composites. 
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 The pentosans content of KH was 18.08%. It was lower than wheat straw but higher 

than OPEFB. The pentosans contents indicate the retention or loss of hemicelluloses during 

pulping processes, and since hemicelluloses contribute to the strength of paper pulps, high 

pentosans content is likable. Frequently, pentosans content in softwood and hardwood were 

6-9% and 17-25%, respectively (TAPPI, 1984). 

 

The mechanical properties of KH’s pulp 

 The key performances of the optimal pulping were the pulp yield of KH and the 

quality of pulp sheets (shown in Figure 1 and Figure 2). The highest pulp yield of the soda 

pulping process was 46.67% (d.b.) which obtained from the soda pulping condition of 30% 

(w/w) NaOH solution, cooking time 120 minutes and cooking temperature of 120°C 

(30/120/120). Moreover, this condition contributed to the highest tensile indices are 

illustrated in Figure 2. Tensile strength of the pulp sheets were the range of 47.88-66.52 MPa. 

The tensile strength is a measure of the material resistance under fracture stress. It depends on 

the strength, length and surface area of the fibers and the strength of bonding between them 

(Sathawong et al., 2018a; Sathawong et al., 2018b and Aisyah et al., 2013). The results 

demonstrated that a maximum Tensile strength of pulp sheets obtained from the soda pulping 

condition of 30% (w/w), cooking time 120 minutes, and cooking temperature of 120°C 

(30/120/120) was 66.52 MPa. 

 

 
 

Figure 1. Pulp yields of KH obtained from soda pulping conditions. 
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Figure 2. Tensile strength of pulp sheets obtained from soda pulping process. 

  

 The trend of burst index (BI) was observed to be similar to that of the tensile index. 

Burst testing is the method to evaluate the behavior of paper when the perpendicular forces to 

the surface. It can indicate the rupture resistance of paper materials (Sathawong et al., 2018a 

and Sathawong et al., 2018b). The pulp sheets of the soda pulping condition of 30% (w/w) 

NaOH solution, cooking time 120 minutes and cooking temperature of 120°C (30/120/120) 

revealed the greatest burst index (BI) of 2.17 kPa.m
2
/g. Nevertheless, the results similar to 

that of burst index (BI) obtained from the soda pulping condition of 30% (w/w) NaOH 

solution, cooking time 90 minutes and cooking temperature of 120°C (30/120/120), shown in 

Figure 3. 

 A ring crush test is often used as a standard method for testing the compressive 

strength of corrugated containers (Nordstrand, 2004). The ring crush indices (RCI) of pulp 

sheets obtained from the soda pulping condition of 30% (w/w) NaOH solution, cooking time 

120 minutes, and cooking temperature of 120°C (30/120/120) has the higher compressing 

force, in Figure 4. They contributed the highest RCI which was about 0.821-0.852 Nm/g. 

Figure 1, 2, 3, and 4 illustrates the relationship between the pulp yields of KH and the 

mechanical properties of KH's pulp sheets obtained from the soda pulping process. It was 

found that the conditions the soda pulping condition of 30% (w/w) NaOH solution, cooking 

time 120 minutes, and cooking temperature of 120°C (30/120/120) has better the mechanical 

properties than other conditions, then selected for preparation of pulp sheets for coated with 

the composite latex in the next step. 
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Figure 3. Burst indices of pulp sheets obtained from kraft pulping process. 

 

 
 

Figure 4. Ring crush indices of pulp sheets obtained from kraft pulping process. 

 

Conclusion 

 KH contains very high levels of cellulose and can dissolve well in 1% NaOH. 

Furthermore, KH has very low ash and lignin content. These properties are suitable for paper 

production. High yield and good mechanical properties are the requirements of pulping in this 

research. The highest pulp yield of KH’s pulp was 46.67% (d.b.) which obtained from the 

soda pulping condition of NaOH solution 30% (w/w), cooking time 120 minutes, and 

cooking temperature of 120°C. This soda pulping condition has higher mechanical properties 

than other conditions. The pulp sheets of KH can be used in handmade paper packaging 

product development from an economic crop which will mitigate the pollution problem along 

with creating employment opportunities in the rural area. It gives for a point of view with 

respect to further possible developments. 
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Abstract 

In the present paper the magneto convection of double diffusive chemically reacting 

fluid with cross diffusion is studied under flow past a low heat resistance sheet. The 

combined effect of heat and mass transfer is affected with the cross diffusion. The flow 

dynamics is presented in terms of physical model. The similarity transformation is taken into 

account to transform the system of PDE into ODE. The Finite element method is used for the 

solution of system of ODE physical parameter w.r.t. the Soret and Dufour parameters. The 

internal heating is neglected in this work since it has no meaning when the solutal is 

dominated over heat effect. A detailed study is made in this work for physical parameter to 

understand the physical changes while inclusion Soret & Dufour parameter. 

Keywords: MHD, SEM, Soret and Duffor parameter 

 

Introduction 

Heat and mass transfer play an important role in manufacturing industries for the 

design of fins, steel rolling, nuclear power plants, gas turbines and various propulsion devices 

for aircraft, combustion and furnace design, materials processing, energy utilization, 

temperature measurements. A number of studies have been reported in the literature focusing 

on the problem of mixed convection about different surface geometries in porous media 

Extensive reviews on this subject can be found in the books by Ingham and Pop (2005), Vafai 

(2005), Nield and Bejan (2006). 

Coupled heat and mass transfer by natural convection in a fluid saturated porous 

medium has received great attention during the last decades due to the importance of this 

process which occurs in many engineering, geophysical and natural systems of practical 

interest such as geothermal energy utilization, thermal energy storage and recoverable 

systems and petroleum reservoirs. When heat and mass transfer occurs simultaneously 

between the fluxes, the driving potential is of more intricate nature, as energy flux can be 

generated not only by temperature gradients but by composition gradients as well. The energy 

flux caused by a composition gradient is called the Dufour or diffusion-thermo effect. 

Temperature gradients can also create mass fluxes, and this is the Soret or thermal-diffusion 

effect. The Dufour and Soret effects were neglected in many reported research studies, since 

they are of a smaller order of magnitude than the effects described by Fourier’s and Fick’s 

laws. Anghel et al. (2000) investigated the Dufour and Soret effects on free convection 

boundary layer over a vertical surface embedded in a porous medium. M. B. K. Moorthy et 

al. (2012) studied Soret and Dufour effects on natural convection flow past a vertical surface 

in a porous medium with variable viscosity. 

Recently, Shyam et al. (2010) examined the Soret and Dufour effects on the MHD 

natural convection over a vertical surface embedded in a Darcy porous medium in the 

presence of thermal radiation. Numerical investigation of Dufour and Soret effects on 

unsteady MHD natural convection flow past vertical plate embedded in non-Darcy porous 

medium was investigated by Al-Odat and Al-Ghamdi (2012). Ali-Chamkha and Mansour 
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(2011) examined the effect of chemical reaction, thermal radiation, and heat generation or 

absorption on the unsteady MHD free convective heat and mass transfer along an infinite 

vertical plate. Soret and Dufour effects on mixed convection from an exponentially stretching 

surface were discussed by Srinivasacharya and Ram Reddy (2011). Bég et al. (2009) used the 

finite element method to analyze reactive micropolar magneto-convective boundary layers 

from a nonlinear stretching surface in porous media with applications in liquid metal flows 

with inclusions. Makinde and Bég (2010) studied Bejan number effects in reactive 

hydromagnetic channel flow, also describing criticality in the solutions. In above studies, 

Soret–Dufour effects were assumed to be negligible. However, when chemical species are 

introduced at a surface in fluid domain, with different (lower) density than the surrounding 

fluid, both Soret (thermo-diffusion) and Dufour (diffusion-thermal) effects can be influential.  

Bég et al. (2009) presented a numerical study of free convection magnetohydrodynamic heat 

and mass transfer from a stretching surface to a saturated porous medium with Soret and 

Dufour effects. Recently, O. D. Makind et al. (2012) investigated the hydromagnetic flow 

and mass diffusion of chemical species with first and higher-order reactions of an electrically 

conducting fluid over a moving vertical plate considering diffusion-thermo (Dufour) and 

thermal-diffusion (Soret) effects with convective heat exchange at the plate surface. 

Many researchers have done credible work in the mention fields. Chamkha et al. 

(2008) studied MHD mixed convection radiation interaction along a permeable surface 

immersed in a porous medium in the presence of Soret and Dufour effects. Prabhu et al. 

(2005) considered the effects of chemical reaction, heat and mass transfer on MHD flow over 

a vertical stretching surface with heat source and thermal stratification effects. Postelnicu 

(2007) studied the influence of chemical reaction on heat and mass transfer by natural 

convection from vertical surfaces in porous media by considering Soret and Dufour effects. 

Ibrahim et al. (2008) analyzed the effects of chemical reaction and radiation absorption on 

the unsteady MHD free convection flow past a semi infinite vertical permeable moving plate 

with heat source and suction. Unsteady natural convective power-law fluid flow past a 

vertical plate embedded in a non-Darcian porous medium in the presence of a homogeneous 

chemical reaction was studied by Chamkha (2010). 

S. Kapoor et al. (2011) considered two-dimensional laminar natural convection flow 

and heat transfer of a viscous incompressible, electrically conducting fluid past a vertical 

impermeable flat plate in presence of a uniform transverse magnetic field in porous media. 

Recently, Pal and Mondal (2012) studied the influence of chemical reaction and thermal 

radiation on mixed convection heat and mass transfer over a stretching sheet in Darcy porous 

medium with Soret and Dufour effects. D. Srinivasacharya (2015) made an attempt to obtain 

similarity solutions for mixed convection heat and mass transfer along a vertical plate 

embedded in a power-law fluid saturated porous medium. It is established that similarity 

solutions are possible only when variation in the temperature and concentration flux are 

linear functions of the distance from the leading edge measured along the plate. S. Rawat  et 

al. (2012)  focused  to develop a mathematical model for the comparative study of combined 

effects of free convection active heat and mass transfer  on the steady two dimensional, 

laminar fluid flow past a moving permeable vertical surface subjected to a transverse uniform 

magnetic field.  B. Madhusudhanara et al. (2012) examined the hydro magnetic boundary 

layer flow with heat and mass transfer over a vertical plate in the presence of magnetic field 

with Soret and Dufour effects, chemical reaction and a convective heat exchange at the 

surface with the surrounding has been studied. 
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Mathematical Model 

Let us consider the problem of cooling of a low-heat-resistance sheet that moves 

downwards in a viscous fluid when the velocity of the fluid far away from the plate is equal 

to zero. The variations of surface temperature are linear. The flow configuration and 

coordinate system is shown in Figure 1. All the fluid properties are assumed to be constant 

except for the density variations in the buoyancy force term of linear momentum. The 

magnetic Reynolds number is assumed to be small, so that the induced magnetic field is 

neglected. Electric field is assumed to exist and both viscous and magnetic dissipation are 

neglected. The Hall Effect, viscous dissipation and the joule heating term are neglected. 

Under these assumption along with the Bousineque approximation, the boundary layer 

equation for the problem. 

 
 

Figure 1: The flow configuration and coordinate system 

 

Governing Equation 
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Where J is Current density,                                            

Neglecting the displacement current, the Maxwell equation and Ohm’s law becomes  

                           
  

  
       (5) 

Where B is magnetic field strength 

                       (6) 
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Where   is electrical conductivity 

And    is the magnetic permeability  

E is the electric field  

The imposed and induced electric fields are assumed to be negligible under the assumption of 

low magnetic Reynolds number  
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i.e., equation reduces to  
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Subject to the boundary conditions 
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  The boundary conditions becomes 
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                              (24) 

Numerical Computation 

The finite element method is used to find the numerical solution of the system of 

differential Equations (19)-(21) with the boundary condition (22)-(24). 

Result and Discussion 

The Prandtl number was taken to be Pr=0.72 which corresponds to air, the value of 

Schmidt number (Sc) were chosen to be Sc=0.24,0.62, 0.78,2.62, representing diffusing 

chemical species of most common interest in air like H2, 2 3,H O NH and Propyl Benzene 

respectively. Attention is focused on positive value of the buoyancy parameters that is, 

Grashof number Gr>0 (which corresponds to the cooling problem) and solutal Grashof 

number Gc>0 (which indicates that the chemical species concentration in the free stream 

region is less than the concentration at the boundary surface. 

Effects of parameter variation on velocity profiles: 

The effects of various parameters on velocity profiles in the boundary layer are 

depicted in Figures 2-7. It is observed from Figures 2-7, that the velocity starts from a zero 

value at the plate surface and increase to the free stream value far away from the plate surface 

satisfying the far field boundary condition for all parameter values. 

In Figure 2, the effect of increasing the magnetic field strength on the momentum 

boundary layer thickness is illustrated. It is now a well established fact that the magnetic field 

presents a damping effect on the velocity field by creating drag force that opposes the fluid 

motion, causing the velocity to decease. However, in this case an increase in the (Ha) only 

slightly slows down the motion of the fluid away from the vertical plate surface towards the 

free stream velocity, while the fluid velocity near the vertical plate surface increases. 

Figure 3 shows a slight decrease in the fluid velocity with an increase in the Schmidt 

number (Sc) and chemical reaction parameter ( r ). 

Effects of parameter variation on temperature profiles: 

Generally, the fluid temperature attains its maximum value at the plate surface and 

decreases exponentially to the free stream zero value away from the plate satisfying the 

boundary condition. This is observed in figures 4 & 5. 

From Figure 4, it is interesting to note that the thermal boundary layer thickness 

decreases with an increase in the intensity of magnetic field Ha, the buoyancy forces (Gr, 

Gc), Prandtl number parameter (Pr) and Soret number (Sr). Moreover, from figure 5, the 

fluid temperature increases with an increase in the Schmidt number (Sc), chemical reaction 

parameter ( r ) and Dufour number (Du) leading to an increase in thermal boundary layer 

thickness. 

Effects of parameter variation on concentration profiles: 

Figures 6 & 7 depict chemical species concentration profiles against span wise 

coordinate η for varying values physical parameters in the boundary layer. The species 

concentration is highest at the plate surface and decrease to zero far away from the plate 

satisfying the boundary condition. From these figures, it is noteworthy that the concentration 
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boundary layer thickness decreases with an increase in the magnetic field intensity Ha, the 

buoyancy forces (Gr, Gc), Schmidt number (Sc), Dufour number (Du) and chemical reaction 

parameter ( r ) and moreover, the fluid concentration increases with an increase in the Soret 

number (Sr) leading to an increase in thermal boundary layer thickness. 

Conclusion 

From the above study we conclude the following 

i) The Spectral collocation method gives much similar result as we obtained in Finite 

difference method 

ii) Every profile (Velocity or temperature and concentration) has shows an asymptomatic 

behavior and converges for the large value of    

iii) The Soret and Dufour affected the velocity, temperature and concentration profile 

significantly  

iv) The species concentration is highest at the plate surface and decrease to zero far away 

from the plate satisfying the boundary condition 

v) The magnetic is effect cursively in presence of Soret and Dufour parameter, the 

thermal boundary layer thickness decreases with an increase in the intensity of 

magnetic field Ha, 

vi) The velocity starts from a zero value at the plate surface and increase to the free 

stream value far away from the plate surface satisfying the far field boundary 

condition for all parameter values 

vii) Increasing Schmidt number  reduces mass transfer function both in the reactive and 

non-reactive flow cases, although mass transfer function values are always higher 

for any Sc value in the non-reactive case (Kr = 0). 
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Figure 2: Variation of the velocity component f   with Ha for Pr=0.72, Sc=0.62, 

Gr=Gc=0.1, Kr=0.5, Du=0.2, Sr=1.0. 
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Figure 3: Variation of the velocity component f with Kr for Pr=0.72, Sc=0.62, 

Gr=Gc=Ha=0.1, Du=0.2, Sr=1.0. 
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Figure 4: Variation of the temperature θ with Ha for Pr=0.72, Sc=0.62, Gr=Gc=0.1, Kr=0.5, 

Du=0.2, Sr=1.0. 

0 1 2 3 4
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35



 

Kr = 0.5,1.0,1.5,2.0

 

Figure 5: Variation of the temperature θ with Kr for Pr=0.72, Sc=0.62, Gr=Ha=0.1, Du=0.2, 

Sr=1.0. 
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Figure 6: Variation of the concentration  with Ha for Pr=0.72, Sc=0.62, Gr=Gc=0.1, 

Kr=0.5, Du=0.2, Sr=1.0. 
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Figure 7: Variation of the concentration  with Kr for Pr=0.72, Du=0.2, Sc=0.62, 

Gr=Gc=Ha=0.1, Sr=1.0. 
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