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Editorial: 

We cordially invite you to attend the 2nd International Conference on Science Technology 

and Management (ICSTM -22) on 24th–25th February, 2022.The main objective of ICSTM -

22 is to provide a platform for researchers, students, academicians as well as industrial 

professionals from all over the world to present their research results and development 

activities in Science Technology and Management. This conference will provide opportunities 

for the delegates to exchange new ideas and experience face to face, to establish business or 

research relationship and to find global partners for future collaboration. 

These proceedings collect the up-to-date, comprehensive and worldwide state-of-art 

knowledge on cutting edge development of academia as well as industries. All accepted 

papers were subjected to strict peer-reviewing by a panel of expert referees. The papers have 

been selected for these proceedings because of their quality and the relevance to the 

conference. We hope these proceedings will not only provide the readers a broad overview of 

the latest research results but also will provide the readers a valuable summary and 

reference in these fields. 

The conference is supported by many universities, research institutes and colleges. Many 

professors played an important role in the successful holding of the conference, so we would 

like to take this opportunity to express our sincere gratitude and highest respects to them. 

They have worked very hard in reviewing papers and making valuable suggestions for the 

authors to improve their work. We also would like to express our gratitude to the external 

reviewers, for providing extra help in there view process, and to the authors for contributing 

their research result to the conference. 

Since December 2021, the Organizing Committees have received more than 80 manuscript 

papers, and the papers cover all the aspects in Science Technology and Management. Finally, 

after review, about 22 papers were included to the proceedings of ICSTM -22. 

We would like to extend our appreciation to all participants in the conference for their great 

contribution to the success of ICSTM-22 We would like to thank the keynote and individual 

speakers and all participating authors for their hard work and time. We also sincerely 

appreciate the work by the technical program committee and all reviewers, whose 

contributions made this conference possible. We would like to extend our thanks to all the 

referees for their constructive comments on all papers; especially, we would like to thank to 

organizing committee for their hard work. 
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Prof. Mudawi Mukhtar Elmusharaf 
Professor, 

The National Ribat University, 

Khartoum, Sudan 

Message 

 
It is my honor and pleasure to welcome all the participants to the 2nd 

International Conference on Science Technology and Management 

(ICSTM-22) scheduled to take place on the 24th & 25th of February 2022 in 

Bangkok, Thailand organized by Institute For Engineering Research and 

Publication (IFERP). 

This two-day conference is expected to become one of the most important 

International events to bring out the latest trends in Multidisciplinary 

research and offer participants to interact with industry experts on the recent 

challenges in scientific research. 

We hope that the 2nd International Conference on Science Technology and 

Management (ICSTM-22) will provide you with state-of-the art and the 

opportunity to discuss various scientific issues and challenges with 

multidisciplinary aspects. 

Welcome and greetings extend to those from different countries and 

nationalities who will attend this important scientific event.  

Looking forward to seeing you in this important event. 

 
 
 
 
  



 

 
 
 

Dr. Chanthiran Veerasamy 
Group CEO 

Nexus Ace Sdn Bhd, Malaysia. 

HR Ace Solutions, Malaysia. 

 

Message 

 
It is a great honor for me to deliver, on behalf of Nexus Ace Sdn Bhd, a 

keynote speaker at this conference. I would like to first congratulate the 

Institute for Engineering Research and Publication (IFERP) in particular 

its organizing committee for the excellent arrangements for this 2nd  

International Conference on Science Technology and Management 

(ICSTM-22) despite the current challenges which is scheduled to take place 

on the 24th and 25th of February, 2022 in the Stunning city of Bangkok 

organized by Institute for Engineering Research and Publication (IFERP). 

According to McKinsey talent experts Bryan Hancock and Bill Schaninger, 

COVID-19 added a new set of employee demands, such as juggling work and 

children at a period when school doors close abruptly, and dealing with the 

24/7 aspect of working from home. These obligations also create additional 

challenges for CEOs and other leaders as they try to help overloaded 

workforces. This has profoundly shaken all organizations, creating a complex 

and challenging environment especially for managers and human resource 

management (HRM) practitioners who must devise innovative solutions to 

ensure the continuity of their businesses and assist their employees in 

dealing with this extraordinary crisis. I will be sharing more of these dynamic 

issues in the current working environment and how huge and small 

companies are changing their workflow process and adopting remote work 

strategies to maintain their competitiveness in the business fraternity. 

 Thank you very much for your kind attention and I hope the 

 2nd  International Conference on Science Technology and Management 

(ICSTM-22) will be a great success. Thank you. 

 



 

 
 



 
 
 

2nd International Conference on 

Science Technology and Management 
 

Bangkok|24th- 25th February, 2022 
 
 

 
 
 

CONFERENCE CHAIRS 

Dr. Lampong Klomkul 
Acting Director for Research, 
Information and Academic Services 
Division, ASEAN Studies Centre, 
MahaChulalongkornRajavidyalaya 
University, Bangkok, Thailand 

Dr shielilo R. Amihan 
Cluster Dean 
Social Sciences and Humanities 
University of Perpetual Help System DALTA 
Calamba, Philippines 

 

CONFERENCE CO-CHAIRS 

John Edgar Sualog Anthony 
Dean 
College of Computer Studies 
Mindoro State University 
Oriental Mindoro, Philippines 
 

Dr. Chonlatee Photong 
Associate Professor 
Faculty of Engineering 
Mahasarakham University 
MahaSarakham, Thailand 
 

Dr Mohd Ramzi Bin Mohd Hussain 
Associate Professor 
Department of Landscape Architecture 
International Islamic University Malaysia 
(IIUM) 
Kuala Lumpur, Malaysia 

Dr. Sanya Kenaphoom 
Associate Professor 
Faculty of Political Science and Public 
Administration, 
Rajabhat Mahasarakham University 
MahaSarakham, Thailand. 

 

  

ICSTM - 2022 

Organizing Committee 



 

ORGANIZING SECRETARY 

Dr.Fathmath Muna 
Director General 
Government of Maldives (civil service 
sector) 
Maldives Media Council, Maldives 
 

Dr Renjith V Ravi 
HOD & Associate Professor 
Department of Electronics and 
Communication Engineering 
MEA Engineering College 
Kerala. India. 
 

Dr.P.Selvaraj 
Professor 
Department of Electrical and Electronics 
Engineering 
S.V.Engineering College 
Andhra Pradesh, (INDIA) 
 

Hadi Erfani 
Scientist 
Department of Chemical Engineering 
Islamic Azad University 
Iran 

Dr. Osman Adiguzel 
Professor 
Department of Physics 
Firat University 
Elazig, Turkey 
 

Dr.Parames Chutima 
Professor 
Department of Industrial Engineering 
Chulalongkorn University 
Bangkok 10330, Thailand. 
 

Sumit Kumar Maitra 
Lecturer 
Electrical & Computer Engineering 
Wachemo University 
Hossana Ethiopia 
 

PROGRAM CHAIR 

Paquito G. Fernando Jr 
Program Chairperson 
BS Computer Engineering, 
Mindoro State University-Bongabong 
Campus, 
Oriental Mindoro, Philippines 
 

Dr. Subarna Shakya 
Professor 
Department of Electronics and Computer 
engineering 
Tribhuvan University 
Pulchowk Campus, Nepal 
 

 

  



ORGANIZING COMMITTEE 

Rohit Sahu 
Assistant Professor 
Mechanical Engineering 
G. L. Bajaj Institute of Technology and 
Management, 
Greater Noida, UP, India 
 

Agung Kristanto 
Lecturer, 
Industrial Engineering Department, Faculty 
of Industrial Technology, 
Universitas Ahmad Dahlan 
Yogyakarta, Indonesia 
 

Stefano Cirillo 
Researcher 
Department of Computer Science 
University of Salerno, Salerno, Italy 
 

Dr. Ahmad Rasmi Albattat 
Assistant professor 
Management and Science University 
Postgraduate Center 
Selangor, Malaysia 
 

Harshit P.Bhavsar 
Assistant professor 
Department of Mechanical Engineering 
Sal College of Engineering 
Ahmedabad, india 

Jeffrey John R. Yasay 
Assistant Professor 
Department of Computer Studies 
Tarlac Agricultural University 
Camiling Tarlac, Philippines 
 

 

  



 



CONTENTS 
 SR.NO       TITLES AND AUTHORS   PAGE NO 

1.  Top Technological Trends in Fintech and Their Impact on the Financial 
Sector 

 Prof. Dr. Yoser Gadhoum 
 

1 

2.  Implementation of Factor Analysis in Education Industry 
 Ritu Bhasin 
 Vamsikrishna A 

 

10 

3.  Slot Loaded Microstrip Triangular Patch Antenna for dual frequency 
applications in L and S band 

 Manik Chandra Borah 
 Parimita Saikia 
 Anup Kr Bordoloi 
 Bhairab Sarma 

 

14 

4.  ASEAN and APEC Perspectives of Philippine ICT Roadmaps 
 Ravenal A. De Jesus 

 
19 

5.  Financial Literacy Web-based Learning Application Tool for Students of 
Higher Education Institutions 

 Virgie Liza S. Mamauag 
 Maricris M. Usita 

 

28 

6.  The Effects of Muddy Terrain on Lower Extremity Loading During the 
Paddy Planting Activity 

 Agung Kristanto 
 Farid Ma’ruf 
 Choirul Bariyah 

 

35 

7.  Developing University Course Scheduling Model using Genetic Algorithm 
 Hayati Mukti Asih 
 Akhsanul Maulana, 
 Raden Achmad Chairdino Leuveano 

 

42 

8.  Graduates Employability Analysis using Classification Model: A Data 
Mining Approach 

 Maricris M. Usita 
 

48 

9.  Use of Machine Learning to mitigate challenges in Digital Supply Chain 
 Ankita Maiti 
 Rupesh Khare 

 
55 

10.  SVM Hyperplane Misclassification Control by Finding Optimum Cost of 
Misclassification with Boundary Value Analysis Technique 

 Kumar Gaurav Kapoor 
 Avadhesh Kumar 

 

60 

11.  Medical Images Augmentation via GAN Image patches segmentation using 
Yolo with Neural Style 

 Kumar Gaurav Kapoor 
 Avadhesh Kumar 

 

65 

  



CONTENTS 
 SR.NO       TITLES AND AUTHORS   PAGE NO 

12.  Development of Cost Planning Standards for Design Development, Sitework, 
and Structure for Stadium Area Works on Integrated Contracts for Main 
Stadium Building Based on Indonesian Minister of Public Works Regulation 
Number 22 of 2018 to Improve Cost Accuracy 

 Siburian, Jonathan Hasian 
  Latief, Yusuf 

 

68 

13.  Land use and Climate Change Impact Assessment of Hydrological 
Characteristics of Addalam Watershed using Soil and Water Assessment 
Tool (SWAT) 

 Sean L. Agbanlog 
 

76 

14.  Yield Performance of Hybrid Glutinous Corn as Influenced by Third 
Generation Nutrition Bio-Fertilizer 

 CIPRIANO M. TICMAN JR 
  MARCIAL M. TICMAN 

 

83 

15.  Growth and Yield Performance of Transplanted Sweet Corn Applied with 
Organic–Based Foliar Fertilizer 

 ISAIAS C. DELA PENA 
 

90 

16.  Increasing Success Rates of Capital Expenditure Procurement Process by 
Machine Learning Algorithms Development in Owner Estimate (OE) Price 
Analysis 

 N H A Amiri 
 M A Berawi 
 M Sari 

 

95 

17.  An Exploratory Research on Service Quality of the Urban Public Transport 
Companies and Sustainable City Logistics 

 Kavita Sharma 
 Sachin Sharma 

 

103 

18.  Impact of Organizational Culture on Organizational Citizenship Behavior in 
IT Sector of India: An Exploratory Study using PLS-SEM 

 Dr. Bhanupriya Khatri 
 Dr. Harshita Shrimali 
 Shaina Arora 

 

114 

19.  The Impact of Human Resource Management Practices on Employee 
Retention 

 Lwin, N.N 
 

127 

20.  Employees Job Satisfaction and Retention at Workplace 
 Htun, W.T 

 
131 

21.  Integration of Technology Continuance Theory towards LMS acceptance 
after COVID 19 among Business Administration, Marketing, and Social 
Sciences Instructor 

 Filipinas L. Bognot 
 Adegbite Ganiu Adewale 
 Solomon Ayodele Oluyinka 

 

135 



CONTENTS 
 SR.NO       TITLES AND AUTHORS   PAGE NO 

22.  Development Of Cost Planning Standard For Mechanical And Miscellaneous 
Work On Stadium Field Of Play Works In Integrated Contracts Of State 
Building Design Based On Indonesian Minister Of Public Works Regulation 
No 22 Of 2018 To Improve Cost Accuracy 

 Pardamean, Yosua Manaek  
 Latief, Yusuf 

 

146 

23.  Swarm Intelligence Based Maze Solver 
 Digya Acharya 
 Pranish Bhagat 
 Pratik Bhandari 
 Sijan Bhattarai, 
 Dinesh Baniya Kshatri  

 

152 

24.  The Pattern of Principal Instructional Leadership at Indonesian Senior High 
Schools 

 Rahayu, S 
 Usman,H. 
 Wibawa, S 

 

158 

25.  Understanding the Importance of Project Planning and Scheduling in Indian 
Construction Projects 

 Sagar Gaur 
 

166 

26.  Strengthening Farmers’ Social Capital to Build the Sustainable Agriculture in 
Tidal Swamplands, South Sumatra, Indonesia 

 Bunaiyah Honorita 
 Muhammad Yazid 
 Riswani 

 

173 

27.  Analysis of the Sustainability of Oil Palm Farming on Plasma Farmers in 
Sungai Lilin District Musi Banyuasin Regency South Sumatra Province 
Indonesia 

 Destiya Rospiani 
 Lifianthi 
 Dwi Wulan Sari 

 

179 

28.  Artificial Intelligence Trends and Ethics: Issues and Alternatives for 
Investors 

 Prof. Dr. Yoser Gadhoum 
 

186 

29.  The Impacts of the Covid-19 Pandemic on Developing Countries versus 
Developed Countries 

 Prof. Dr. Yoser Gadhoum 
 

193 

30.  A Pragmatic Strategy Approach to Optimize Performance of Parent 
Company and Its Business Entities through Policy Alignment 

 Subramaniam Anbanathan 
 Ernie Tisnawati Sule 
 Nury Effendi 
 Aldrin Herwany 

206 

  



CONTENTS 
 SR.NO       TITLES AND AUTHORS   PAGE NO 

31.  Quality Concerns in Higher Education with Reference to State Private 
Universities in Rajasthan, India 

 J. Ernest Samuel Ratnakumar 
207 

 



 

ICSTM-22 

      
Organized by 

Institute For Engineering Research and Publication  

 

 

 

2
nd
 International Conference on  

Science Technology and Management  

     

     
 
 
 
 
 
 
 
 
 
 
 

PAPERS 

ICSTM -22 

Bangkok 

24th – 25th February, 2022 
 



 
2nd International Conference on Science Technology and Management 
Bangkok |24

th 
& 25

th
, February 2022 

 

 
24th-25th  February 2022                                            ICSTM – 2022 
                        

     Page | 35 
 

The Effects of Muddy Terrain on Lower Extremity 
Loading During the Paddy Planting Activity 

 
[1] Agung Kristanto, [2]Farid Ma’ruf, [3]Choirul Bariyah   

[1][2][3] Industrial Engineering Department, Faculty of Industrial Technology, Universitas Ahmad Dahlan, Yogyakarta, 
Indonesia 

 
Abstract 
In this research, 30 rice farmers were examined to investigate the effect of muddy terrain on lower extremity loadings during 
planting chores associated with rice production. A comparison was made against the force loadings on each lower extremity 
joint when rice cultivating on a flat, firm surface (rigid ground; "no-force") and muddy terrain (mud-force) using 3D Static 
Strength Prediction Program (3DSSPP). This research choses the toe-off stage of gait for the study since this is when a 
person raises their right foot off the work surface while planting. Each farmer's tensile viscosity force of mud was calculated 
individually. The study's findings indicate that muddy working surfaces place an increased load on lower extremity joints. 
The strain on all joints was found to be much greater in the mud-force condition than in the no-force condition (p<0.05). 
According to the descriptive data for the lower extremity joints, the tensile force of the right and left ankles rose by a ratio of 
1.03 to 2.46 times. This study may result in reworking the work-rest schedule and designing an assistive device to decrease 
lower extremity harm caused by working in a muddy work environment. 
 
Keywords 
Biomechanical loads, Work environmental hazard, Musculoskeletal disorders, Muddy work environment, Lower extremity 

injury, Rice planting process 

 

I. INTRODUCTION 
Rice is the predominant carbohydrate source in the majority 
of Asian countries. Rice consumption is lower in countries 
outside of Asia, including the United States, Australia, and 
Europe, according to the International Rice Research 
Institute (IRRI). Indonesia will be the fourth largest milled 
rice producer in the world by 2021, according to Mundi Index 
[1]. The Indonesian Central Bureau of Statistics (BPS) 
reported that rice production increased by 0.08 percent from 
2019 to 2020 [2]. Rice production and consumption are both 
predicted to increase in the future. As a result of this growth, 
the necessity for a safe and healthy working environment for 
rice farmers becomes critical in order to ensure labor 
availability. 
Musculoskeletal disorders (MSDs) are prevalent among rice 
farmers and might manifest in any part of the body within a 
year [3]. Rice farmers are the four most frequent outpatients. 
Over 95% of rice farmers suffer from MSDs or accidents, and 
95% have chronic pain. Lower extremity MSDs are prevalent 
among rice farmers. Previously, the prevalence of lower 
extremity musculoskeletal disorders (MSDs) was believed to 
reach between 10% and 41% [5]. Other rice growers 
experienced hip discomfort at a rate of 41%, knee pain at a 
rate of 35.44 percent, and ankle and foot pain at a rate of 10.3 
percent [3]. Rice farmers had a higher prevalence of lower 
extremity MSDs than those in other manual jobs [6].  
MSDs can be discovered at every stage of the rice cultivation 
process, from plowing to seeding, planting, and nursing. Rice 
planting has been shown to produce lower extremity pain and 
ergonomic problems [7]. The knee bends and the right arm is 
extended away from the body in an extreme forward bent and 

twisted position to plant rice sprouts below the knee. This 
pose is completed by holding a bundle of rice sprouts in the 
left hand. Lower extremity loading is increased as a result of 
an unpleasant position and excessive exertion [8-9]. As a 
result of exposure, this force produces tissue damage and 
inflammation. Prolonged exposure might result in pain, 
which can result in an decrease in productivity. Additionally, 
rice planting is typically carried out barefoot on muddy 
terrain. The viscosity of the mud increases the force loading 
on the lower extremity joints during the stepping phase due to 
the mud's density [12]. 
Mud requires a finite yield stress (i.e., the plot of shear stress 
versus shear strain does not intersect the origin) and is a 
non-Newtonian fluid in order to flow. When subjected to 
mild stress, it behaves like a solid, but when subjected to high 
stress, it behaves like a viscoplastic substance (Bingham 
plastic). When a farmer walks through mud, the farmer's 
lower extremity muscles must work harder due to the higher 
viscosity generated by their combined weight. The purpose of 
this study is to determine the effect of muddy ground on 
lower extremity loads associated with rice planting activity. 
The researchers compared the forces experienced by 
employees on a flat, solid surface to those encountered on a 
real work surface using force measurements at each lower 
extremity joint (muddy terrain). 

II. MATERIAL AND METHODS 
A. Participants 

Thirty experienced rice farmers (male and female, aged 38 to 
70) were chosen from a community of rice farmers in the 
Sewon subdistrict, Bantul District, Yogyakarta Province, 
Indonesia. Participation in this event needed at least one year 
of rice farming expertise. To be eligible for the trial, 
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individuals had to be free of lower extremity injuries or prior 
histories that would have impacted their alignment. 
Participants were not permitted to participate in the study if 
they had a prior medical history that could affect their lower 
extremity alignment.  
B. Description of the activity 

The figures 1 and 2 illustrate the instructions provided to 
participants to complete the simulated rice planting activity 
under two distinct conditions: without force and with 
mud-force (conducting task on muddy terrain). In this 
investigation, rice planting was conducted in an actual rice 
field. In both testing scenarios, farmers were asked to hold a 
rice sprout with an average weight force of 1.5 kg in the left 
hand and 0.15 kg in the right hand. A high-angle video 
camera was used to record every action throughout the 
planting performance simulation. Three perspectives of 
motion were filmed during the planting process (front, rear, 
and side). The sequence of the conditions was chosen at 
random at the commencement of the experiment. To simulate 
planting, the farmers were instructed by their instructors to 
use the right hand to force a tiny package of rice sprouts into 
the ground. Participants are instructed to take a step 
backward by raising and laying their right foot ere 
commencing the next row. Each participant was directed to 
take six steps backward and counterclockwise, then repeat six 
steps backward at a step length of 35 to 40 cm and a speed of 
60 beats per minute. The metronome was utilized to regulate 
the speed of upper-body mobility and steps during planting 
chores. Each condition required a total of four replications. 
To avoid having to redo anything or making a mistake, 
participants first practiced the movement rate and stepped 
length. This study established a 5-minute interval between 
conditions on the advice of [13]. Five minutes of rest or 
relaxation time was proven to be useful in alleviating muscle 
fatigue in a study.  
 

 
 

Figure 1. Simulated planting task performance without 
force condition (hard surface; without extra external 

force on feet) 
 
The depth of the mud layer was based on the average 
immersion depth of farmer's legs in the mud, namely 20 cm 
regained from direct measurements in the field. 
 
 
 
 

 
 
 

 
Figure 2. Simulated planting task performance with mud 
force (muddy terrain; including tensile viscous force on 

feet) 
 
C. Mud viscous force calculation 

Shear viscous force of mud were estimated with equation (1) 
as follows [14]: 
 

                                                        (1) 
A = 2πrh                                                         (2) 
 
Newton's shear viscous force, F, is used to determine the 
shear viscosity of mud. The average viscosity property of 
mud ( = 3598.07 Ns/m2) was determined using the 
Rotational Rheometer Gemini 200Hr nano during laboratory 
testing of dynamic shear force on samples (taken from the 
rice field). To estimate one geometry of each farmer's lower 
legs, it was assumed that the lower extremities were 
cylindrical objects. Thus, using the equation (2), the area of 
the lower extremities impacted by viscous force (A, m2) may 
be calculated. The velocity of a farmer's foot lifting out of 
mud is measured in meters per second using the Suunto 9 
Black wrist band (Suunto Oy, Finland). While l denotes the 
width of the fluid in meters perpendicular to the velocity, m 
denotes the volume of the fluid in cubic meters (equivalent to 
the radius of lower extremity, r, in this state). r is the radius of 
the farmer's lower extremities, which is determined from 
their leg radius measurements. Additionally, h denotes the 
lower extremity height, which is the average height of the 
farmer's legs settling into the mud. 
D. Force analysis on lower extremity joints 

Compressive and tensile forces were estimated on the right 
and left hips, knees, and ankles utilizing the 3D Static 
Strength Prediction Program version 6.0.6. (3DSSPP; Center 
of Ergonomics, University of Michigan). The static position, 
which happens when lifting the foot off the planting area, was 
the subject of this study. Each farmer's demographic 
information was entered into the 3DSSPP software. For all 
farmers, a bundle of rice sprouts weighted 15 N on the left 
hand and 1.5 N on the right hand. The forces exerted on each 
lower extremity joint are depicted in figures 1 and 2 under the 
no-force and mud-force circumstances (with and without 
tensile viscous force acting on the feet, respectively). All 
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external inputs were calculated using only vertical force 
inputs. 
E. Hypotheses 

Based on literature reviews, this study predicted an increase 
in loading on lower extremity joints when farmers conduct 
rice planting in muddy terrain, compared with flat rigid 
terrain. The reviews showed that the lower extremity joints 
stand a high risk of injury when exposed to muddy terrain 
conditions. 
F. Statistical analyses 

The independent variable used to conduct this study is the 
working surface conditions for rice cultivation, namely (1) 
rigid (baseline) and (2) muddy terrains. Meanwhile the 
dependent variables, which are response measures retrieved 
from 3DSSPP software, include forces acting on the right and 
left hip, knee and ankle joints. This research used a paired 
t-test to contrast biomechanical force on the lower extremity 
of farmers when they performed the planting task on both 
surfaces. Furthermore, the Shapiro-Wilk test was used for the 
normal distribution confirmation test for mud viscous force 
on each the lower extremity of farmers since the data set in 
this study was smaller than 2000. The analyses used the SPSS 
version 26.0 software (IBM Corporation) on a significance 
level of α=0.05. 

III. RESULTS  
G. Participants 

The demographic characteristics and descriptive statistics of 
the participants are shown in table 1, where eighty percent 
had a normal body mass index.  
 
Table 1. The demographic characteristics and descriptive 

statistics for the participant (n = 30) 
Characteristics N (%) Mean ± SD 
Sex   
     Male 11(36.67)  
     Female 19(63.33)  
Age (years)  56.33 ± 8.87 
Height (cm)  158.23 ± 

6.97 
Weight (kg)  54.58 ± 

10.29 
BMI  (kg/m2)  21.55 ± 3.77 
Working experience (years)  21.93 ± 

13.42 
 
H. Determination of farmer lower limb geometry and mud 

shear force 

The descriptive statistics for the determination of the right 
and left sides of farmers lower limb geometry and shear 
viscous force data are shown in the table 2. 
 
Table 2. Descriptive statistics of determination of farmer 

lower limb geometry and shear viscous force data 
 Male Female Total 
 Mean SD Mean SD Mean SD 
h 
(m) 

0.21 0.02 0.20 0.01 0.20 0.02 

v 
(m/s

0.17 0.07 0.16 0.08 0.17 0.08 

) 
r (m) 0.03 0.01 0.04 0.01 0.03 0.01 
A 
(m2) 

0.04 0.02 0.04 0.01 0.04 0.01 

F 
(N) 

416.5
4 

170.4
4 

356.5
0 

170.3
0 

378.5
2 

172.7
9 

 
The geometric data of lower extremity of the participants 
include height (h) and radius (r) of lower extremity, which 
ranges from 0.18 to 0.25 m and 0.01 to 0.05 m, respectively. 
The area of lower extremity (A) calculated for each 
participant resulted in values ranging from 0.01 to 0.06 m2. 
Meanwhile, the individual average speed of foot (v) captured 
based on video analysis ranged from 0.04 to 0.34 m/s. Based 
on equation (1), external shear viscous force acting on farmer 
lower extremity from walking on the mud (F) ranged from 
103.62 to 769.28 N. 
I. Biomechanical force analysis 

Biomechanical force analysis was conducted to determine the 
effect of force acting on lower extremity joints of farmers 
during the planting stage of rice cultivation. This force was 
calculated on lower extremity using the 3DSSPP software 
based on factors of gender, height, weight, posture, and 
external force, such as hand loads and mud viscosity. The 
results of Paired T-Test of biomechanical force between 
muddy work surface condition and flat hard condition are 
shown in figure 3. 
In this study, heavy weight led to increased leg immersing 
height (h) with a rise in the area of mud surface (A) and the 
viscous force acting on the leg (F). Correlation analyses were 
conducted to investigate the relationships among individual 
factors of weight, BMI, leg immersing height and area, foot 
lifting velocity, and biomechanical force on hip, knee, and 
ankle joints as shown in tables 3 to 8. 
The body weight and BMI indicated a positive correlation 
between mud force and the right and left sides of participants 
hips and knees. Subsequently, the height indicated a positive 
correlation between mud force and left hip and left ankles of 
participants. Furthermore, the velocity of foot lifting out of 
mud indicated a positive correlation between mud force to 
ankle (both right and left side) of participants. 

IV. DISCUSSION 
Differences in individual characteristics and foot lifting 
speed were due to the mud force acting on lower extremity 
parts of the participants. Based on equation (2), farmers with 
greater height of the legs settling in the mud tend to 
experience a more significant contact area with increased 
viscosity force. Therefore, it is positively correlated to weight 
of the individual [15]. Furthermore, farmers with more 
weight are likely to immerse deeper into the mud terrain, 
compared with those with less weight. Farmers with the 
ability to lift their legs out of the mud terrain with higher 
speed, then leads to greater dragging force thereby leading to 
mud viscosity. 
Biomechanical force analysis was conducted to determine the 
effect of force acting on lower extremity joints of farmer 
during the planting stage of rice cultivation. This force was 
calculated by 3DSSPP software based on various factors, 
such as gender, height, weight, posture, and external force. 
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The Paired T-Test results revealed significant force effects on 
hip, knee, and ankle of lower extremities due to muddy work 
surface conditions, which are significantly higher than the 
load from flat hard condition. The ratio of differences on right 

(2.46 times) and left (2.37 times) ankle joints was much 
higher than those on hip and knee joints at 1.04 and 1.03, 
respectively. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Comparison of biomechanical force on each lower extremity joint between no force and mud force condition 
(* indicated significant difference at p<0.05) 
 

Table 3. Correlation analyses between force acting to right hip of subjects and demographic characteristics 
 Height Weight BMI h v A 
Pearson correlation 0.289 0.466** 0.355 -0.284 0.142 -0.310 
Sig.(2-tailed) 0.122 0.009 < 0.0001 0.128 0.454 0.096 
N 30 30 30 30 30 30 
 

Table 4. Correlation analyses between force acting to left hip of subjects and demographic characteristics 
 Height Weight BMI h v A 
Pearson correlation 0.453* 0.790** 0.639** 0.142 -0.110 0.123 
Sig.(2-tailed) 0.012 < 0.0001 < 0.0001 0.453 0.563 0.518 
N 30 30 30 30 30 30 
 

Table 5. Correlation analyses between force acting to right knee of subjects and demographic characteristics 
 Height Weight BMI h V A 
Pearson correlation 0.338 0.721** 0.598** -0.280 0.107 -0.310 
Sig.(2-tailed) 0.067 < 0.0001 < 0.0001 0.134 0.575 0.096 
N 30 30 30 30 30 30 
 

Table 6. Correlation analyses between force acting to left knee of subjects and demographic characteristics 
 Height Weight BMI h v A 
Pearson correlation 0.328 0.650** 0.551** 0.060 -0.067 0.063 
Sig.(2-tailed) 0.077 < 0.0001 0.002 0.752 0.726 0.742 
N 30 30 30 30 30 30 
 

Table 7. Correlation analyses between force acting to right ankle of subjects and demographic characteristics 
 Height Weight BMI h v A 
Pearson correlation 0.223 0.175 0.096 -0.042 0.868** 0.195 
Sig.(2-tailed) 0.237 0.355 0.615 0.827 < 0.0001 0.303 
N 30 30 30 30 30 30 

* * * * * * 
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±  
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±  
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±  
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±  
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±  
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±  
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±  
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±  
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Table 8. Correlation analyses between force acting to left ankle of subjects and demographic characteristics 

 Height Weight BMI h v A 
Pearson correlation 0.518** 0.345 0.145 -0.011 0.784** 0.225 
Sig.(2-tailed) 0.003 0.062 0.445 0.956 < 0.0001 0.232 
N 30 30 30 30 30 30 
* Indicated correlation is significant at the 0.05 level (2-tailed) 
** Indicated correlation is significant at the 0.01 level (2-tailed) 
 
 Planting tasks were commonly carried out with bare feet on a 
slippery, muddy walking surface. This represents a challenge 
for controlling body alignment [16], and therefore, leads to an 
increased risk of leg injury [17-18]. The abnormal 
biomechanics of leg joints are due to adverse effects between 
ground reaction force and abnormal rotational alignment of 
the lower extremities. Such effects usually occurred on the 
weight-bearing surface during prolonged walking in the 
stance phase of gait [16][19-20]. Also, the muddy 
environment condition also increases the force acting on 
lower extremity joints due to viscous force [21].  
Work related MSDs due to muscle and nervous tissue 
supported structure injury as well as excessive joint loading. 
Hip and knee osteoarthritis are identified to be common for 
lower extremity MSDs in rice farmers [22], and are 
associated with heavy labor osteoarthritis [23-24]. In line 
with preliminary studies, this study found that load on hip, 
knee, and ankle joints from muddy work surface condition 
was significantly higher than those from flat hard condition. 
Force exertion in planting tasks, due to mud viscosity in 
addition to heavy lifting, carrying, and prolonged standing 
while performing awkward postures, tends to overload 
muscles, tendons, ligaments and joints [25-26]. The joint, 
bone and cartilages can be injured due to increased shear, 
torsion and load on the joint. This was also in line with the 
physical examination study of [27], which indicated the 
structural origin of pain in rice farmers to be most prominent 
at knee (54.61%) and hip (22.18%) joints. 
According to preliminary studies, dragging forces due to mud 
viscosity are also related to individual factors, such as weight 
and foot lifting velocity, which are correlated to 
biomechanical loads on lower extremity joints. Previous 
study on demographic risk factors of rice farming activity [7] 
found that individual factors of farmers BMI are associated 
with MSDs [5][18][28-29]. Furthermore, high BMI is related 
with lower extremity MSDs, particularly knee pain in 
overweight individual (BMI ≥ 25 kg/m2) [30-31]. Weight 
increase in individual would lead to upsurge in lower limb 
joint loadings, thereby resulting in leg injury. In this study, 
heavy weight led to increased leg immersing height (h), a rise 
in the associated mud surface area (A) and increase in viscous 
force acting on leg (F). Correlation analyses were conducted 
to investigate the relationships among individual factors of 
weight, BMI, leg immersing height and area, foot lifting 
velocity, and biomechanical force on hip, knee, and ankle 
joints, which are shown in tables 3 to 8. The relationships 
also supplement those in preliminary studies [7] indicating 
weight as one of the risk factors of lower extremity MSDs, 
which contribute to compression and tensile forces. These 
findings can function as an extra guideline for specific 
high-weight rice farmer populations when performing 

planting tasks in order to minimize risk of lower extremity 
injury. Furthermore, the positive relationship results between 
leg lifting velocity and force on lower extremity joints can be 
also used as a movement strategy guideline, specifically 
slower lifting velocity recommendation, to rice farmers in 
order to expose them to less viscous force while working on 
the muddy terrain. Previous studies also indicated slower 
motion requirements lead to lower risk exposure and 
decreased discomfort [8-9]. 
Therefore, by analyzing all results, it can be perceived that 
muddy work terrain posed risk to all lower extremity parts. 
The findings can act as supplementary support toward the 
high prevalence of lower extremity in farmers as indicated in 
preliminary studies [3][5][32-33]. Regarding specific lower 
extremity, this study found that the highest effects in terms of 
force, muscle activity and pain are found on farmers knees. 
According to knee alignment, a distribution of loading is 
generated from control alignment of hip, knee and ankle 
[34-35]. This is because planting tasks involve repetitive 
awkward postures performing in extreme environment, 
which might result in increasing risk factors for knee injury 
[18][36-37][38-39]. These exposures are associated with 
knee pain due to increased excessive load, which leads to 
fatigue and pain. Also, prolonged walking in slippery ground, 
repetitive lower limb motion and heavy weight carried out 
during this process represented a challenge for controlling the 
lower limbs. Hence, such body control difficulty leads to 
abnormal alignment and risk of injury, especially to lower 
legs and feet.  
The findings of this study are in line with previous studies 
focusing on work injury for Thai rice farmers [27], showing 
that during planting, knee part endangered to the highest 
hazard in terms of pain perception, ergonomic risk, joint and 
muscle impairments, as well as structural malalignment. 
With additional impacts from planting activity on muddy 
terrain, farmers knees need to be emphasized for developing 
movement guideline, personal protective equipment or 
assistive device to prevent lower extremity injury during rice 
cultivation task performance. Subsequently, this research 
covered some limitations and assumptions, with the viscous 
force measured by calculating farmer leg and foot as a 
single-cylinder object. Further research needs to add more 
accurate farmer lower limb geometry.  

V. CONCLUSION 
The load on hip, knee, and ankle joints from muddy work 
surface is significantly higher than the flat hard condition. 
Furthermore, the biomechanical loads on lower extremity 
joints were related to individual factors, such as weight and 
foot lifting velocity. Specifically, farmers with more weight 
and those with the ability to lift their feet faster, contributed 
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to higher biomechanical force on joints. The results can 
perform as an extra guideline when performing planting tasks 
in order to minimize risk of lower extremity injury, especially 
in hip, knee, and ankle. 

ACKNOWLEDGMENTS 
Gratitudes are expressed to the Institute of Research and 
Community Service (LPPM) Universitas Ahmad Dahlan 
(Contract No. PD-380/SP3/LPPM-UAD/V/2021) for their 
financial assistance through a research grant. The opinions 
expressed in this research are those of the authors and do not 
necessarily reflect the views of LPPM. 
    

REFERENCES 
 

1. I. Mundi, “Milled Rice Production by Country in 1000 
MT - Country Rankings.” 
https://www.indexmundi.com/agriculture/?commodity=
milled-rice&graph=production(accessed Feb. 25, 2021). 

2. “Statistics Indonesia.” 
https://www.bps.go.id/pressrelease/2021/03/01/1855/lu
as-panen-padi-pada-tahun-2020-mengalami-penurunan-
dibandingkan-tahun-2019-sebesar-0-19-persen-dan-pro
duksi-padi-pada-tahun-2020-mengalami-kenaikan-diba
ndingkan-tahun-2019-sebesar-0-08-persen.html 
(accessed Oct. 09, 2021). 

3. R. Puntumetakul, W. Siritaratiwat, Y. Boonprakob, W. 
Eungpinichpong, and M. Puntumetakul, “Prevalence of 
musculoskeletal disorder in farmer: case study in Sila, 
Muang Khon Kaen, Khon Kaen Province,” J Med Tech 

Phys Ther, vol. 23, no. 3, pp. 297–303, 2011. 
4. M. S. Pengseesang, “Ergonomic problems and risk 

factors of farmers in Sriwichai Subdistrict WanonNiwat 
District of Sakon Nakon Province,” Chiang Mai, 2009. 

5. A. Osborne et al., “Risk factors for musculoskeletal 
disorders among farm owners and farm workers: A 
systematic review,” American Journal of Industrial 

Medicine, vol. 55, no. 4, pp. 376–389, 2012. 
6. O. Saetan, J. Khiewyoo, C. Jones, and D. Ayuwat, 

“Musculoskeletal Disorders Among Northeastern 
Construction Workers with Temporary Migration,” 
Srinagarind Medical Journal, vol. 22, no. 2, pp. 165–
173, 2007. 

7. U. Karukunchit, M. Swangnetr, and R. Puntumetakul, 
“Individual risk factors for foot and knee malalignment 
among rice farmers,” presented at the Translational 
Research from Molecular Basis to Health Care, Khon 
Kaen, Thailand, 2014. 

8. C. R. Reid, P. McCauley Bush, W. Karwowski, and S. K. 
Durrani, “Occupational postural activity and lower 
extremity discomfort: A review,” International Journal 

of Industrial Ergonomics, vol. 40, no. 3, pp. 247–256, 
2010. 

9. N. Jaffar, A. H. Abdul-Tharim, I. F. Mohd-Kamar, and 
N. S. Lop, “A Literature Review of Ergonomics Risk 
Factors in Construction Industry,” Procedia 

Engineering, vol. 20, pp. 89–97, 2011. 

10. M. F. Barbe and A. E. Barr, “Inflammation and the 
pathophysiology of work-related musculoskeletal 
disorders,” Brain Behav Immun, vol. 20, no. 5, pp. 423–
429, 2006. 

11. W. S. Marras, R. G. Cutlip, S. E. Burt, and T. R. Waters, 
“National occupational research agenda (NORA) future 
directions in occupational musculoskeletal disorder 
health research,” Applied Ergonomics, vol. 40, no. 1, pp. 
15–22, 2009. 

12. C. Tropea, A. Yarin, and J. F. Foss, Eds., Springer 

Handbook of Experimental Fluid Mechanics. Berlin 
Heidelberg: Springer-Verlag, 2007.  

13. A. Danielsson, C. Willén, and K. S. Sunnerhagen, 
“Measurement of energy cost by the physiological cost 
index in walking after stroke,” Arch Phys Med Rehabil, 
vol. 88, no. 10, pp. 1298–1303, 2007. 

14. K. Juntaracena and M. Swangnetr, “Effect of Muddy 
Work Terrain on Force of Rice Farmer Lower Extremity 
Joints During Rice Planting Process,” presented at the 
The 4th IIAE International Conference on Industrial 
Application Engineering, Japan, 2016. 

15. K. Juntaracena, “Effect of muddy work terrain on lower 
extremity loading during the planting stage of rice 
cultivation process,” Thesis, Khon Kaen University, 
Khon Kaen Thailand, 2016. 

16. R. A. Donatelli and M. J. Wooden, Orthopaedic 

Physical Therapy, 4th ed. Churchill Livingstone, 2009. 
17. K. Messing, F. Tissot, and S. R. Stock, “Lower limb 

pain, standing, sitting and walking: the importance of  
freedom to adjust one’s posture,” presented at the the 
16th Congress of the International Ergonomics 
Association, Netherlands, 2006. 

18. S. Yu, M.-L. Lu, G. Gu, W. Zhou, L. He, and S. Wang, 
“Musculoskeletal symptoms and associated risk factors 
in a large sample of Chinese workers in Henan province 
of China,” Am J Ind Med, vol. 55, no. 3, pp. 281–293, 
2012. 

19. A. Letafatkar, S. Zandi, M. Khodaei, and J. Belali, “Flat 
Foot Deformity, Q Angle and Knee Pain are Interrelated 
in Wrestlers,” Novel Physiotherapies, vol. 3, 2013. 

20. D. F. Murphy, D. a. J. Connolly, and B. D. Beynnon, 
“Risk factors for lower extremity injury: a review of the 
literature,” Br J Sports Med, vol. 37, no. 1, pp. 13–29, 
2003. 

21. M. A. Horn, H. L. Drake, and A. Schramm, “Nitrous 
Oxide Reductase Genes (nosZ) of Denitrifying 
Microbial Populations in Soil and the Earthworm Gut 
Are Phylogenetically Similar,” Applied and 

Environmental Microbiology, vol. 72, no. 2, pp. 1019–
1026, 2006. 

22. K. Walker-Bone and K. T. Palmer, “Musculoskeletal 
disorders in farmers and farm workers,” Occup Med 

(Lond), vol. 52, no. 8, pp. 441–450, 2002. 
23. P. Baker, I. Reading, C. Cooper, and D. Coggon, “Knee 

disorders in the general population and their relation to 
occupation,” Occup Environ Med, vol. 60, no. 10, pp. 
794–797, 2003. 

24. R. Juhakoski et al., “Risk factors for the development of 
hip osteoarthritis: a population-based prospective 
study,” Rheumatology, vol. 48, no. 1, pp. 83–87, 2009. 



 
2nd International Conference on Science Technology and Management 
Bangkok |24

th 
& 25

th
, February 2022 

 

 
24th-25th  February 2022                                            ICSTM – 2022         
                

     Page | 41 
 

25. N. Jaffar, A. H. Abdul-Tharim, I. F. Mohd-Kamar, and 
N. S. Lop, “A Literature Review of Ergonomics Risk 
Factors in Construction Industry,” Procedia 

Engineering, vol. 20, pp. 89–97, 2011. 
26. K. Messing, F. Tissot, and S. Stock, “Distal 

Lower-Extremity Pain and Work Postures in the Quebec 
Population,” American Journal of Public Health, vol. 
98, no. 4, pp. 705–713, 2008. 

27. U. Karukunchit, “Physical ergonomics risk factor 
analyses of lower extremity impairments in rice 
cultivation,” Dissertation, Khon Kaen University, Khon 
Kaen, Thailand, 2015. 

28. B. R. da Costa and E. R. Vieira, “Risk factors for 
work-related musculoskeletal disorders: a systematic 
review of recent longitudinal studies,” American Journal 

of Industrial Medicine, vol. 53, no. 3, pp. 285–323, 2010. 
29. H. Xiao, S. A. McCurdy, M. T. Stoecklin-Marois, C.-S. 

Li, and M. B. Schenker, “Agricultural work and chronic 
musculoskeletal pain among latino farm workers: The 
MICASA study,” American Journal of Industrial 

Medicine, vol. 56, no. 2, pp. 216–225, 2013. 
30. S. Holmberg, A. Thelin, E. Stiernstrom, and K. 

Svardsudd, “The impact of physical work exposure on 
musculoskeletal symptoms among farmers and rural 
non-farmers,” Ann Agric Environ Med, vol. 10, no. 2, pp. 
179–184, 2003. 

31. M. Fransen, M. Agaliotis, L. Bridgett, and M. G. 
Mackey, “Hip and knee pain: Role of occupational 
factors,” Best Practice & Research Clinical 

Rheumatology, vol. 25, no. 1, pp. 81–101, 2011. 
32. J. Rosecrance, G. Rodgers, and L. Merlino, “Low back 

pain and musculoskeletal symptoms among Kansas 
farmers,” Am J Ind Med, vol. 49, no. 7, pp. 547–556, 
2006. 

33. C. Kolstrup, M. Stål, S. Pinzke, and P. Lundqvist, “Ache, 
Pain, and Discomfort,” Journal of Agromedicine, vol. 
11, no. 2, pp. 45–55, 2006. 

34. H. Daneshmandi, F. Saki, S. Shahheidari, and A. Khoori, 
“Lower extremity Malalignment and its linear relation 
with Q angle in female athletes,” Procedia - Social and 

Behavioral Sciences, vol. 15, pp. 3349–3354, 2011. 
35. A.-D. Nguyen and S. J. Shultz, “Identifying 

Relationships Among Lower Extremity Alignment 
Characteristics,” Journal of Athletic Training, vol. 44, 
no. 5, pp. 511–518, 2009. 

36. G. T. Jones, E. F. Harkness, E. S. Nahit, J. McBeth, A. J. 
Silman, and G. J. Macfarlane, “Predicting the onset of 
knee pain: results from a 2‐year prospective study of new 
workers,” Ann Rheum Dis, vol. 66, no. 3, pp. 400–406, 
2007. 

37. K. D. Allen et al., “Associations of occupational tasks 
with knee and hip osteoarthritis: the Johnston County 
Osteoarthritis Project,” J Rheumatol, vol. 37, no. 4, pp. 
842–850, 2010. 

38. J. C. D’Souza et al., “Analysis of the third national 
health and nutrition examination survey (NHANES III) 
using expert ratings of job categories,” American 

Journal of Industrial Medicine, vol. 51, no. 1, pp. 37–46, 
2008. 

39. [39]  P. Baker, I. Reading, C. Cooper, and D. Coggon, 
“Knee disorders in the general population and their 
relation to occupation,” Occup Environ Med, vol. 60, no. 
10, pp. 794–797, 2003.         



 



Advancements and Innovations in Civil Engineering

SUPPORTED BY

UPCOMING CONFERENCES

�������������������������������
�������������

https://icstm.net/ |  info@icstm.net

Hybrid Conference

�������������������������������
����������������������������
����
	���������������

���������������������������������������

����

������������
������	��� ��������������������������

�	������������ ���

Organized by

Institute For Engineering Research

 and Publication (IFERP)

info@icasetm.org https://icasetm.org/+91 73054 77495

Applied Sciences, Engineering,

Technology and Management

21ST & 22ND APRIL 2022

ICASETM-22

5th

International Conference on

3rd International Conference on
Applied Sciences, Engineering, Technology

& Management

17th & 18th March 2022 

Virtual Conference

Organized by
Crown University Int'l Chartered Inc in USA official partners 

constituent campuses at government regulated
 Universities worldwide and online operation

In Association with
Institute For Engineering Research and Publication (IFERP)


