
UNIVERSITI PUTRA MALAYSIA 

QUANTITATIVE ASSESSMENT OF VIBRATING INSOLE PROTOTYPE 
THAT INDUCED TRANSIENT COMFORT AMONG FEMALE SCHOOL 

TEACHERS 

AYUNI NABILAH BINTI ALIAS 

FPSK(p) 2021 29 



 

 
 

QUANTITATIVE ASSESSMENT OF VIBRATING INSOLE PROTOTYPE 
THAT INDUCED TRANSIENT COMFORT AMONG FEMALE SCHOOL 

TEACHERS 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

By 
 
 

AYUNI NABILAH BINTI ALIAS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Thesis Submitted to the School of Graduate Studies, Universiti Putra 
Malaysia, in Fulfillment of the Requirements for the Degree of Doctor of 

Philosophy 
 
 

July 2021 

© C
OPYRIG

HT U
PM



All material contained within the thesis, including without limitation text, logos, 
icons, photographs and all other artwork, is copyright material of Universiti Putra 
Malaysia unless otherwise stated. Use may be made of any material contained 
within the thesis for non-commercial purposes from the copyright holder. 
Commercial use of material may only be made with the express, prior, written 
permission of Universiti Putra Malaysia. 
 
Copyright © Universiti Putra Malaysia 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
© C

OPYRIG
HT U

PM



 i 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfillment of the requirement for the degree of Doctor of Philosophy 

 
QUANTITATIVE ASSESSMENT OF VIBRATING INSOLE PROTOTYPE 
THAT INDUCED TRANSIENT COMFORT AMONG FEMALE SCHOOL 

TEACHERS 
 

By 

AYUNI NABILAH BINTI ALIAS 

July 2021 

 
Chair  : Karmegam Karuppiah, PhD 
Faculty  : Medicine and Health Sciences  
 

Introduction: Musculoskeletal disorders (MSDs) are amongst the most 
significant and common occupational health issues in the teaching profession, 
which although was long neglected, this female-dominated profession has 
attracted growing attention in recent years. School teachers were found to be at 
risk of high prevalence of lower extremity MSDs (LEMSDs) compared to other 
occupational groups. Along with greater responsibilities, teachers are continually 
exposed to poor posture in unfit working circumstances during school hours, 
which contributes to a variety of health concerns. Teachers spend much of their 
time standing and moving about, often contributing to body pain and discomfort, 
muscle fatigue and even health problems such as musculoskeletal injuries, most 
of which involved the lower extremity of the body, especially the feet. Due to this, 
a vibrating insole prototype was assessed in this study to induce transient 
comfort among female school teachers. Method: This research was an 
experimental pre-posttest study (randomized controlled trial) that involved 
female primary school teachers in Terengganu.  In this study, a total of 124 
female school teachers were randomly assigned to experimental and control 
groups based on inclusion and exclusion criteria. Experimental group consisted 
of 62 teachers, they were asked to wear a shoe attached with a vibrating insole 
prototype and another 62 teachers in control group were asked to wear a shoe 
without a vibrating insole prototype attached. The experimental session took 
place during teaching session in a classroom (the first period in the morning) and 
each session lasted for one-hour. Every respondent had to attend an 
experimental session on two separate days, with a minimum interval of three 
days between the sessions. During the one-hour session, respondents were 
attached with wireless electromyography (EMG) on the right and left legs’ 
muscles. The EMG data was collected continuously for one-hour session. They 
were also needed to evaluate their discomfort level for all body parts in the Borg’s 
scale CR-10 questionnaire for every 15 minutes until the end of one-hour 
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experimental session. Results: Discomfort rating (Borg’s scale) revealed that, 
with the presence of the vibrating insole prototype, the ankles and feet showed 
highest reduction with 67% of discomfort level for the experimental group 
compared to the other parts of the body. All in all, there were 12% to 67% 
reductions of discomfort level for all body parts during one-hour prototype testing 
among female school teachers. Electromyography (EMG) measurements 
showed that there were 13% to 16% more reductions of exertion of muscle 
activity (%) for both right and left legs’ muscles for the experimental group 
compared to the control group during the one-hour prototype testing. The 
discomfort rating (Borg’s scale) for ankles and feet was substantially lower 
(p<0.05) in the experimental group relative to the control group from 15 minutes 
to the end of the experimental testing in the one-hour duration. Lastly, statistical 
results reported that there were significant exertion changes of muscle activity 
(EMG) within the one-hour prototype testing, (X2 (15) = 289.94, p<0.001) for the 
experimental group compared to the control group. Conclusion: Potential use 
of a vibrating insole prototype has offered valuable ergonomic support that helps 
to reduce muscle and body discomfort and improve the posture of school 
teachers with a positive effect on lower leg muscle activity. Therefore, vibrating 
insole prototype is capable of providing an ideal intervention to the school 
teachers’ feet and potentially reducing the progression of musculoskeletal 
disorders in a long-term health effect. Further development of the design 
specifications is required to make vibrating insole more acceptable to school 
teachers in order to improve the dynamics of body posture without placing 
excessive stress on the lower leg, especially the feet during school session. A 
long-term and high-quality study is needed before definitive conclusions can be 
drawn on the effect of vibrating insole prototype on comfort and muscle activity 
with a much wider population and more variations in measurements 
 
 
Keywords: Vibrating insole, prototype, ergonomic intervention, comfort, muscle 
activity, school teachers. 
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PENILAIAN KUANTITATIF PROTOTAIP TAPAK DALAM KASUT BERGETAR 
BAGI MENDORONG KESELESAAN SEMENTARA DALAM KALANGAN 

GURU SEKOLAH PEREMPUAN 
 
 

Oleh 
 
 

AYUNI NABILAH BINTI ALIAS 

Julai 2021 

Pengerusi  : Karmegam Karuppiah, PhD 
Fakulti  : Perubatan dan Sains Kesihatan 
 

Pengenalan: Gangguan muskuloskeletal adalah salah satu masalah kesihatan 
pekerjaan yang paling lazim dan ketara dalam profesion perguruan dimana, 
walaupun diabaikan sejak sekian lama, profesion yang dikuasai oleh wanita ini 
telah menarik minat yang mendalam dalam beberapa tahun sejak kebelakangan 
ini. Guru sekolah didapati berisiko tinggi bagi mendapatkan gangguan 
muskuloskeletal bahagian bawah badan berbanding kumpulan pekerjaan yang 
lain. Seiring dengan tanggungjawab yang lebih besar, para guru terus-menerus 
terdedah kepada postur tubuh yang tidak bagus dalam keadaan kerja yang tidak 
sesuai pada waktu sekolah, yang menyumbang kepada pelbagai masalah 
kesihatan. Guru menghabiskan banyak masa untuk berdiri dan bergerak, sering 
menyumbang kepada sakit badan dan ketidakselesaan, keletihan otot dan juga 
masalah kesihatan seperti kecederaan muskuloskeletal, yang kebanyakannya 
melibatkan bahagian bawah badan, terutamanya kaki. Sehubungan dengan itu, 
prototaip tapak dalam kasut bergetar telah dinilai dalam kajian ini untuk 
mendorong keselesaan sementara dalam kalangan guru sekolah perempuan. 
Kaedah: Penyelidikan merupakan kajian eksperimen pra-ujian (percubaan 
terkawal secara rawak) yang melibatkan guru sekolah rendah perempuan di 
Terengganu. Dalam kajian ini, seramai 124 guru sekolah perempuan dibahagikan 
secara rawak kepada kumpulan eksperimen dan kawalan berdasarkan kriteria 
inklusi dan pengecualian. Kumpulan eksperimen terdiri daripada 62 orang guru, 
mereka diminta memakai kasut yang dilekatkan dengan prototaip tapak dalam 
kasut bergetar dan 62 orang guru bagi kumpulan kawalan  diminta untuk memakai 
kasut tanpa prototaip tapak dalam kasut bergetar tersebut. Sesi eksperimen 
berlangsung semasa sesi pengajaran di dalam kelas (tempoh pertama pada 
waktu pagi) dan setiap sesi berlangsung selama satu jam. Setiap responden harus 
menghadiri sesi eksperimen pada dua hari yang berbeza dengan selang tiga hari 
di antara mereka. Selama sesi satu jam dijalankan, responden dilengkapi dengan 

© C
OPYRIG

HT U
PM



 iv 

elektromiografi tanpa wayar (EMG) pada otot kaki kanan dan kiri. Data EMG 
dikumpulkan secara berterusan selama satu jam pada setiap sesi. Mereka juga 
diperlukan untuk menilai tahap ketidakselesaan mereka bagi semua bahagian 
badan dalam soal selidik skala Borg (CR-10) untuk setiap 15 minit sehingga akhir 
sesi eksperimen selama satu jam. Hasil: Peringkat ketidakselesaan (skala Borg) 
mendedahkan bahawa, dengan adanya prototaip tapak dalam kasut bergetar, 
pergelangan kaki dan kaki menunjukkan penurunan tertinggi dengan 67% tahap 
ketidakselesaan dalam kalangan kumpulan eksperimen berbanding dengan 
bahagian badan yang lain. Secara keseluruhan, terdapat penurunan tahap 
ketidakselesaan 12% hingga 67% untuk semua bahagian badan semasa ujian 
prototaip selama satu jam dalam kalangan guru sekolah perempuan. Pengukuran 
elektromiografi (EMG) menunjukkan bahawa terdapat 13% hingga 16% 
pengurangan aktiviti otot (%) untuk otot kaki kanan dan kiri di dalam kumpulan 
eksperimen berbanding dengan kumpulan kawalan semasa ujian prototaip satu 
jam. Peringkat ketidakselesaan (skala Borg) pada pergelangan kaki dan kaki jauh 
lebih rendah (p<0.05) dalam kalangan kumpulan eksperimen berbanding dengan 
kumpulan kawalan 15 minit sehingga akhir ujian eksperimen dalam jangka masa 
satu jam. Akhir sekali, hasil statistik melaporkan bahawa terdapat perubahan 
aktiviti otot (EMG) yang ketara dalam ujian prototaip satu jam (X2 (15) = 289.94, 
p<0.001) dalam kumpulan eksperimen berbanding dengan kumpulan kawalan. 
Kesimpulan: Potensi penggunaan prototaip tapak dalam kasut bergetar telah 
memberikan bantuan ergonomik yang bermanfaat yang dapat mengurangkan otot 
dan ketidakselesaan badan dan memperbaiki postur guru sekolah dengan kesan 
positif pada aktiviti otot bawah kaki. Oleh itu, prototaip tapak dalam kasut bergetar 
mampu memberikan intervensi yang ideal pada kaki guru sekolah dan berpotensi 
mengurangkan perkembangan gangguan muskuloskeletal dalam kesan kesihatan 
jangka panjang. Pengembangan spesifikasi reka bentuk lebih lanjut diperlukan 
untuk menjadikan tapak dalam kasut bergetar lebih dapat diterima oleh guru 
sekolah untuk meningkatkan dinamika postur badan tanpa memberikan tekanan 
yang berlebihan pada kaki bawah, terutamanya kaki semasa sesi persekolahan. 
Kajian jangka panjang dan berkualiti tinggi diperlukan sebelum kesimpulan pasti 
dapat dibuat mengenai kesan prototaip tapak dalam kasut bergetar pada 
keselesaan dan aktiviti otot dengan populasi yang lebih luas dan lebih banyak 
variasi pengukuran.  
 
 
Kata kunci: Getaran tapak dalam kasut, prototaip, intervensi ergonomik, 
keselesaan, aktiviti otot, guru sekolah. 
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CDCP  Centre for Disease Control and Prevention 
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NMDQ  Nordic musculoskeletal disorders questionnaire 
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EI  Ergonomic intervention 
 
TENS  Transcutaneous electrical nerve stimulation 
 
LBP  Low back pain 
 
NSP  Neck-shoulder pain 
 
LMD  Localized musculoskeletal discomfort 
 
APDF  Amplitude probability distribution function 
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MNF  Mean frequency 
 
MDF  Median frequency 
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HA  Hallux 
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T3-5  Lateral toes 
 
LF  Lateral forefoot 
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HF  Hindfoot 
 
LT  Lesser toes 
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MH  Medial heel 
 
LH  Lateral heel 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

1.1  Background of the Study 
 
 
The World Health Organization (WHO) has described occupational diseases as 
any diseases that are primarily resulted from exposure to occupational risk 
factors. WHO also claimed that work related-diseases have several causes, for 
which work environment and work performance contribute significantly but in 
varying degrees, along with other risks, to the development of the disease (WHO, 
2010). Musculoskeletal disorder (MSD) is one of the main work-related diseases 
commonly caused by occupational hazards that usually affect the working 
population (Arvidsson et al., 2016). MSDs are long-term disability in the work 
area because of pain or dysfunction in the musculoskeletal systems, affecting 
bones, joints, and soft tissues that protect and support the human body. One of 
the MSDs classifications is any fingers to shoulders or neck pain or disorder of 
the upper limb. A lower limb with pain or hip-toe disorders is another type of 
MSDs (Punnett and Wegman, 2004). 
 
 
Certain jobs can be very demanding and pose multiple health risks for the 
involved workers. Due to this, individuals from various occupational groups are 
likely to be exposed to work-related musculoskeletal discomfort or pain. School 
teachers are among those involved, a category which stands out the most 
(Vaghela and Parekh, 2017). School teachers in Malaysia can be regarded as a 
large-scale occupation with 455,904 teachers and specifically 237,317 from the 
total are primary school teachers (Figure 1.1), making the educational system 
with the highest number of general service workers. The Malaysia Government's 
aim of the teaching profession was to improve education's performance and 
value as reflected in the policy development and implementation based on the 
Master Plan for Education Development (2006-2010) and the Malaysia 
Education Blueprint 2013-2025. Each policy explicitly discusses the teaching 
profession and strongly concentrates on teachers' important role for Malaysian 
economic development in building strong professional services for the next 
generation (Ministry of Education Malaysia, 2019).  
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Figure 1.1:Percentage of Teachers at Primary Level by Gender(2017-2019) 
(Source: Ministry of Education Malaysia, 2019) 
 
 
Teachers empower children and offer them endless support, especially in their 
vulnerable years. Primary school teachers often provide a platform to project 
positive values to children, prepare them for further education and working life, 
and therefore, able to make a significant contribution to a great lifelong education 
for these children. Teachers are a sound and progressive element of society. 
Apart from their parents, teachers are the primary source of knowledge and 
values for children’s learning (Mesaria and Jaiswal, 2015). In addition to huge 
work responsibilities during the day, teachers perform various other tasks that 
could lead to serious issues in their physical wellbeing. The vulnerability of high 
prevalence MSDs is high for school teachers than other occupational categories 
(Cardoso et al., 2009). Teachers' job entails educating students and organizing 
classes, reviewing students' work, and engaging in various school events and 
activities. This may result in teachers' psychological and physical complications 
due to having to carry out various tasks during school hours (Chong and Chan, 
2010). Despite the connotation that schools are considered one of the best 
workplaces with the best working conditions, research studies indicate that 
teachers are still highly likely to suffer from MSDs (Mohseni-Bandpei et al., 
2014).  
 
 
Among the various populations surveyed, it was apparent that school teachers 
are at greater risk of suffering musculoskeletal disorders with a prevalence range 
of 23.7% and 95.1%, although prevalence among the studies is not uniform. 
Over the years, most of those associated with MSDs are either due to the 
demanding nature of teaching jobs, or workplace conditions. (Mohd Noor et al., 
2013). Musculoskeletal discomfort is the key reason for sick leave, days of 
absenteeism, and early retirement among school teachers (Kohlmann, 2003; 
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Cardoso et al., 2009; Korkmaz, Cavlak and Telci, 2011; Samad et al., 2010; Atlas 
et al., 2007; Jin, Sorock and Courtney, 2004; Kovess-Masfety et al., 2006).  
MSDs are often discovered particularly in the area of the lower back, neck, and 
shoulder region caused by prolonged clerical work, prolonged standing during 
teaching and repeated overhead writing on the board during lessons, prolonged 
sitting resulting from regular reading, preparing of lessons, grading on 
examination papers and even working from a screen (Erick and Smith, 2011; 
Cardoso et al., 2011; Korkmaz, Cavlak, and Telci, 2011; Yue, Liu, and Li, 2012; 
Durmus and Ilhanli, 2012). 
 
 
In Malaysia, the number of occupational musculoskeletal disorders (WMDs) 
increases annually as the overall pay out for WMSD has been significantly higher 
than the other occupational diseases. In 2018, 1,354 of 2,197 occupational-
related diseases were WMDs cases, according to figures from the Social 
Security Organization, Malaysia (SOCSO, 2018). Ergonomics and WMSDs are 
intertwined disciplines. Ergonomics is a multi-discipline with an open, safe, and 
comfortable workplace for the employee and their jobs. Therefore, it is called 
ergonomics when it comes to the interaction between humans and machines 
(Norman and Wells, 1998). As shown in the context of school teachers, 
ergonomics is intended to improve the interaction between teachers (comfort, 
posture, and body parts) and machines (support features or prototype) in the 
school environment, especially during the teaching process in the classroom 
(Figure 1.2). Ergonomics aims to alleviate discomfort symptoms that cause poor 
work performance due to the limited number of tasks that can be carried out and 
long-term impairment (Perreault et al., 2008).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2: Ergonomic Intervention Factors  
 
 
Ergonomic focuses on ensuring that individual needs for safe and productive 
jobs are addressed within the work processes' design (Schlick and 
Vanwonterghem, 2009). Ergonomic is the main intervention in terms of 
workplace’s risk factors. Ergonomic strategies minimize the exposure of a 
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worker, both physical and emotional, throughout a significant time to 
occupational risk factors, resulting in pain, muscle tiredness, and tension. Earlier 
studies have shown the need for ergonomics to address WMSDs (Boschman, 
Frings-Dresen, and Molen, 2015). Ergonomic risk is a new framework that 
explains risk factors that may lead to WMSDs developed during working hours 
(Veselinovic, Hedge, and Veselinovic, 2016). The human body's comfort or 
satisfaction is a must and an important factor in the current research and 
development of the industrial and non-industrial fields such as the academic line 
(Wahab et al., 2008). The words comfort and discomfort, in the working 
environment context, are likely hard to be described since they include objective 
and subjective feelings that are difficult to quantify, interpret, and linked to human 
physiological homeostasis and physical wellbeing (Karmegam et al., 2013).  
 
 
The Cambridge Advanced Learner's Dictionary describes comfort as a good 
feeling of relaxation and pain-freeness, while discomfort is described as feeling 
with slight pain and slight unease. Prevention of discomfort on the body parts is 
one of the key objectives of ergonomics. Numerous approaches and strategies 
have been suggested for defining and assessing risk factors for WMDs. 
Ergonomic methods and approaches are built by adapting the ergonomic 
expertise to enhance the working system and operation. Ergonomic approaches 
have become more popular and among the recommended methods for 
treatment and prevention of WMSD conditions. For school teachers who have 
been subjected to prolonged standing during school hours, established types of 
ergonomic assessments such as electromyography (EMG), Borg's scale, and 
Nordic Musculoskeletal Disorders Questionnaire may be implemented. EMG 
may provide a real-time examination of muscle weakness or discomfort to 
enhance the body part's individual perception using Borg's scale and Nordic 
Musculoskeletal Disorders Questionnaire. In a very convenient process, these 
ergonomic assessments and experimental techniques can be viewed as one of 
the methods to assess school teachers' health (Alias et al., 2020). 
 
 
Footwear interventions, such as shoe insoles, therefore draw interest in to be 
used within healthy populations. Various shoe insoles promote simple, 
inexpensive, and non-invasive interventions that could reduce lower limb pain 
(Collins et al., 2007). A wide selection of shoe insoles is offered and designated 
with innovative design features such as vibrating components (Novak and 
Novak, 2006; Priplata et al., 2003). Glycerine-filled shoe insole has been recently 
designed and developed to provide a foot massaging effect to the foot that may 
function like other interventions to enhance sensory information of skin contact. 
Parallel with the rapid growth of the current footwear industry, interventions on 
shoe insole is becoming an increasingly important area (Hatton et al., 2015) for 
research, especially for occupational groups that require prolonged standing, 
sitting, and performing repetitive physical movements when they are working. 
Compared to other occupational groups, minimal studies provide footwear 
intervention for school teachers, especially when it comes to using vibrating 
insoles. It is therefore interesting to conduct this similar type of study among 
female school teachers.   
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1.2  Problem Statement 
 
 
MSDs are one of the most prominent and critical concerns in the education 
sector, which was ignored for such a long time but has been seriously paid 
attention to in recent years. MSDs involve a vast range of inflammatory 
conditions that affect muscles, joints, tendons, ligaments, nerves, bones, and the 
mechanism of circulation triggered or worsened by working activities and the 
consequences of working in the surrounding environment. School teachers 
generally have demonstrated high rates of MSDs, approximately 40% and 95% 
in contrast with other different occupations (Eric and Smith, 2015). MSDs are 
one of the leading health complications in the world. Throughout the working 
population, MSDs have contributed to increased health issues, as mentioned by 
the International Labour Organisation (ILO, 2009). MSD is caused by repetitive 
motion, stressful working conditions, unfavourable and static posture. Various 
researchers had explored the nature of MSDs and alternative methods of 
treatment. MSDs seem to be the world’s leading and severe disease cause for 
teachers, as several studies have recorded a high rate of MSDs among teachers. 
Studies have strongly indicated that teachers are at greater risk of developing 
MSDs. It is also stated that MSDs are most probably an under-researched issue 
among primary school teachers (Ebied, 2015). 
 
 
In Malaysia, a total number of 553 claims were recorded related to MSD between 
years 2009 until 2014 which corresponds to 25.22% of the overall occupational 
diseases that lead to temporary and permanent disability (Jafri et al., 2016). MSD 
problems are generally caused by the work-related physical risk factors such as 
repetitiveness, work environment, and psychosocial factors. This MSD will give 
employee experience of pain or discomfort in the muscles, nerves and tendons 
regions including other soft tissue (Nur, Dawal and Dahari, 2014; Asih et al., 
2017). The percentage of claimants will be vary depending on the scale of 
sectors. There is a study shows that MSD commonly occurred at lower back 
(48%), shoulder (13%), upper extremities (5%), knee (5%), ankle or foot (2%) 
and multiple sites (5%) (Davis et al., 2014). In Malaysia, MSD (25.2%) has the 
highest cases claimed among the other diseases. For the year 2014, the total 
cost was costlier compare for the year 2012, with almost RM3 million. This led 
to the total cost of 537 MSD claims to be almost RM13 million. Occupational 
morbidity imposes major health and economic burden on individual workers, 
employers, and society. Based on SOCSO database provided, MSD total direct 
cost was reported to be amount RM11 billion for the five-year period, from 2009 
till 2014, including private and government sectors. This cost incurred shows that 
there is a need to concern on MSDs disease from the bottom line to the top level 
(Zainal Abidin et al., 2018).  
 
 
In Malaysia, a high prevalence of MSDs was reported by Ng et al., (2019), with 
a six-month prevalence of 80.1% of primary school teachers. Specifically, the 
only baseline data for MSDs prevalence in Terengganu was discovered recently 
by Alias et al., (2020) with a 40.1% MSDs prevalence of primary school teachers. 
In recent studies, the prevalence of MSDs among primary schools in Malaysia 
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has also been found to range between 40.4% and 74.5% (Zamri, Moe and Hoe, 
2017; Nur Farahwahida et al., 2016; Samad et al., 2010).  As a highlight, Alias 
et al., (2020) recorded a high prevalence of feet MSD, 32.5% for the past 12 
months, and 36.8% for the past seven days among female primary school 
teachers in Terengganu. Ng et al., (2019) also found a high prevalence of feet, 
with 87.7% among primary school teachers in Kuala Lumpur. Globally, there was 
a high prevalence of feet documented in Botswana with 37.8% (Eric and Smith, 
2014), Iran's high school teachers with 46.8% (Mohammadi, 2013), and physical 
education subject teachers in Slovenia with 60% (Kovac et al., 2013). These 
prevalence rates are comparatively greater than that of teachers in primary 
schools and secondary schools in Turkey with 21.8% and 7.3% (Korkmaz, 
Cavlak and Telci, 2011; Baskurt, Baskurt, and Gelecek, 2011), music teachers 
in Sweden, with 9.0% and 5.5% (Fjellman-Wiklund and Sundelin, 1998; 
Fjellman-Wiklund, Brulin, and Sundeline, 2003) and school teachers in Bolivia 
(30.4%) respectively (Solis-Soto et al., 2017).  
 
 
According to Ozturk (2011), teachers' roles have changed due to the 
advancement of technology, globalisation, and the transformation of educational 
prerequisites. With the rapid technological growth, the tasks and duties of 
teachers are becoming more challenging and demanding. Skilled teachers can 
creatively integrate the knowledge with learning and teaching methodologies to 
help students' understanding during the learning process (Taharim et al., 2017). 
Studies stated that MSDs are most likely affected by school teachers' 
psychosocial factors such as hectic schedules or responsibilities, high levels of 
stress due to work demand, and lack of job quality and satisfaction (Erick and 
Smith, 2011; Erick and Smith, 2014). A teacher spends most of the school hours 
standing in the classroom, working between desks in small spaces, educating 
students, writing on the board, planning lessons, grading assignments, and 
doing extra school administrative work, which can develop mental and physical 
health issues over time (Chong and Chan, 2010).  
 
 
As per the Organisation for Economic Cooperation and Development (OECD) 
(2014), statistics showed that school teachers in Malaysia mostly spend 70% of 
their working hours per week in actual teaching and learning sessions, 18% for 
keeping order in the classroom, and the rest of their time, and 12% in 
administrative tasks (Figure 1.3). As indicated earlier, the demands of this 
profession normally happen for long hours daily in one year or more with 
excessive pressure on the body’s musculoskeletal system, which may result in 
WMSDs with added poor body motions (Damayanti, Zorem and Pankaj, 2017). 
Extended static pose, body posture, and continuous work nature without 
adequate rest periods expose high-risk teachers to establish WMSDs (Liping, 
Pengying and Fengying, 2012). School teachers are susceptible to WMSDs with 
a large prevalence of back, shoulder, neck, and wrist/hand and leg pain. School 
teachers devote most of their working days for activities involving movements 
and postures that stress their bodies (Cheng, Cheng, and Ju, 2013). 
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Figure 1.3: Distribution of teachers’ task per week 2014 
(Source: OECD, 2014) 
 
 
MSDs are the product of contact between an individual with a host of risk factors, 
including personal, physical, and psychosocial nature. The most significant risk 
factors among teachers include gender, age, smoking habits, weekly working 
hours, length of employment, and postures. One of the risk factors highlighted is 
long working hours which subsequently forced teachers to undergo prolonged 
sitting, prolonged standing, or working in an awkward posture. This risk factor 
has been confirmed by results that were documented regarding teachers with 
neck pain, shoulder pain, upper limb pain, back pain and lower limb pain (Erick 
and Smith, 2013). Analysis of logistic regression done by Alias et al., (2020) 
showed that long working hours in teaching is indiscriminately and substantially 
associated with MSDs (p=0.04) with a probability of 2.39 times among female 
school teachers. Ultimately, if working hours were increased, the recovery time 
from musculoskeletal stress among school teachers would be decreased. This 
can accumulate and expedite disorders due to the disproportionate impact of 
MSDs caused by long working hours (Ono et al., 2002).  
 
 
School teachers suffer from MSDs on the lower extremities due to long working 
hours, especially during teaching sessions, posture discomfort in the classroom, 
an uncomfortable sitting posture of the lower back, repetitive and uncomfortable 
bend (Yue, Liu, and Li, 2012). Even so, school teachers are still faced with social 
and psychological difficulties both within and after school hours every day and 
have reported less time to relax after teaching because of extra work. This could 
lead to chronic musculoskeletal problems (Shimizu et al., 2011; Vignoli et al., 
2015). A teacher is considered to be subject to prolonged standing if they spend 
more than half of the school hours every day in a standing position (Darwish and 
Al-Zuhair, 2013).  When teachers spend a long time standing throughout the 
school hours, they may experience pain and muscle exhaustion at the end of the 
working day. They may have suffered musculoskeletal injuries over a long 
period. Slow posture deterioration may be caused by standing for long periods. 
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Normally, while standing in the classroom, teachers would sluggishly shift 
weights of the body from one foot to the next to ease the pressure. Slouching 
encourages a standing posture that makes teachers to be less alert and inactive. 
When this uncomfortable pose is maintained for long, it may lead to circulation 
problems such as swollen legs and feet. Standing for a long time also renders 
the joints in the back, knee, and feet partially immobilised or stiff (Vaghela and 
Parekh, 2017). 
 
 
Teachers’ work task involve a wide range of tasks and responsibilities that may 
be handled under unfavourable working conditions, particularly in developing 
countries. These may include or lead to prolonged standing and awkward 
posture while writing on the table, helping students with their research or helping 
students during extracurricular activities, especially during physical education 
period. Therefore, these factors have been strongly associated with the teaching 
profession’s development of WMSDs (Cardoso et al., 2009; Chong and Chan, 
2010). Based on systematically reviewed studies by researchers, the self- 
reported prevalence among school teachers related to WMSDs varies from 39% 
to 95%, with upper limbs and lower limbs being the affected symptom areas. The 
role of school teachers involves teaching students, planning classes, marking 
homework, and administrative school work that may trigger discomfort on upper 
limb and lower limb body parts (Chong and Chan, 2010; Yue, Liu and Li, 2012). 
School teachers are very vulnerable to MSDs due to their nature of work, 
particularly primary school teachers. They spend most of their time standing and 
moving around to monitor progress in teaching and to ensure comprehensibility 
of lessons for their students. A similar study was carried out by Mariammal et al., 
(2012) who found the teaching culture was greatly affected by physical illness 
induced by the profession. This form of physical impairment found among 
teachers may be due to their prolonged standing and frequent walking inside the 
classroom, as well as repeated hand-raising while writing in the board (Ebied, 
2015). It was clear that awkward posture among teachers was significantly 
associated with MSDs. This includes twisting, such as turning from the board to 
the class and back again (Delcor et al., 2009) during standing.  
 
 
On the other hand, teachers must wear appropriate attire during school hours 
including the selection of style of shoes, often teachers will wear two type of 
shoes during school hours which were shoe with heels and flat shoe. According 
to study done by Alias et al., (2020), teacher wearing shoes with heels have a 
substantial correlation of calf MSD (p=0.02) relative with teachers wearing flat 
shoes. This significant value is parallel to the study in Saudi, showing that 
teachers wearing high-heel shoes had a strong positive relationship with 
musculoskeletal pain disorders (p<0.01). This can be attributed to the 
disturbance of gait and posture for the whole body causing severe muscles and 
ligament strain. Chaiklieng and Suggaravetsiri (2012) have found significant 
correlation in teachers (OR=1.60) between high heels use and repetitive strain 
injury. Gastwirth et al., (1991) observed that proximal symptomatology 
associated with wearing high heels, such as the knee, hip and back problems, 
may be linked to the limitation of the subtalar joint. The subtalar joint pronation 
in shock absorption that occurs typically at heel strike aids. If this pronation is 
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limited, the joints proximal to the foot need to absorb an increased shock wave. 
Because of the use of heels, misalignment of the spine and lower limbs may 
predispose to musculoskeletal disorders in adolescents, and low back pain is 
one of the main issues described in the literature in high-heels users. 
Nevertheless, the increased activity of the spinal error muscles and abdominal 
distension during heel use may be associated with the user-reported pain and 
discomfort. A high-heeled shoe causes damage to the musculoskeletal system 
when the height of the sole promoted an inclination that is characterized by an 
elevation of the heel region of support over the forefoot (Santos et al., 2008). 
 
 
To overcome these health problems among school teachers, several 
researchers proposed that insole interventions could be adopted due to their 
practicality when applied to different types of footwear (Nagano and Begg, 2018). 
Other than that, research in pain reduction through the application of vibration 
had been extensively used and, in some cases, were shown to be even more 
effective (Radl and Kroop, 2011). It is also supported by a statement from Ohio 
State University Medical Centre (2017) that says vibration massage was known 
as a method of pain relief by inducing numbness in the affected area. Vibration 
can also help to relax the muscles around the sore site, further minimising 
muscle aches and discomfort (Hijmans et al., 2007). However, there has been 
no studies conducted using this type of intervention among school teachers, 
especially in Malaysia. In this regard, the vibrating insole prototype was 
assessed in this study to indicate the levels of discomfort rating (Borg’s scale) 
and electromyography (EMG) data distribution among female school teachers.  
 
 
1.3  Study Justification 
 
 
In Malaysia, the educational system needs to be very progressive to achieve 
better outcomes in for future generations. Traditionally, teachers are primarily 
responsible to teach according to the guidelines and designated syllabus 
provided by the Ministry of Education. However, nowadays, teachers' roles and 
responsibilities have evolved and become more challenging with higher 
demands and requirements to prepare the future generations for the 21st century. 
According to Ozturk (2011), teachers' roles have changed due to the 
advancement of technology, globalisation, and changes in educational needs 
and demands. Studies stated that MSDs among school teachers are most likely 
influenced by psychosocial factors such as high workload or demands, high 
perceived stress levels, low job satisfaction, and poor work quality (Erick and 
Smith, 2011; Erick and Smith, 2014). 
 
 
MSDs constitute common occupational health problems (Guo et al., 2004; Halim 
et al., 2014) and one of the most prevalent health disorders that cause 
occupational disability (Karimi et al., 2016). Essentially, MSDs are a state 
wherein the muscles are under tension. It is attributed to muscle sensitivity to 
static and repeated movements for a prolonged period, resulting in damage to 
ligaments, tendons, and joints (Sholihah et al., 2015). There are numerous 
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musculoskeletal health problems, both for men and women, which presumably 
reflect their division into different opportunities. Teaching is a professional field, 
and in most countries, the proportion of female teachers is significantly higher 
than their male counterparts. Numerous research has shown that women have 
become less qualified for a job with a low wage and have had less time to handle 
a considerable workload and greater demand than men, which have shown 
disparities in the employment of males and females (Arauja et al., 2006). The 
prevalence of musculoskeletal problems is positively linked to female teachers 
(Chiu and Lam, 2007; Chong and Chan, 2010; Korkmaz et al., 2011). MSDs for 
the first episode of 2-4 weeks can be treated (McKeon et al., 2006). In contrast, 
teachers who have long-term musculoskeletal disorders may experience various 
physical, psychological, and emotional consequences detrimental to their 
teaching jobs (Tavafian et al., 2007). 
 
 
The main workspace for school teachers is their classrooms. Teachers typically 
try to modify their existing work environment to cater for the diverse needs of 
students. A classroom with an improper design can directly impact the 
effectiveness of teachers' performance, leading to poor health, and resulted in 
low quality teaching. Teachers have to perform various tasks in a single day, 
such as teaching multiple subjects to students, checking students' notebooks, 
maintaining class discipline, writing on the blackboard, dictating notes to 
students, and taking students' attendance. Szeto (2003) found that many schools 
have non-adjustable furniture, which made it harder to match teachers’ different 
physical needs, which could result in poor posture and long-term negative impact 
on the musculoskeletal health. It was reported that teachers sometimes feel pain 
in different parts of the body while doing school tasks. Musculoskeletal disorders, 
such as low back pain, neck/shoulder pain, arm pain, joint pain, bones, and 
muscles, are common and often occurring diseases that arise from abnormal 
posture over time. Teachers are often pressured to take an uncomfortable 
posture due to a poor classroom design. Teachers can also experience many 
kinds of physical discomfort during teaching, which can lead to MSDs. If this 
conflict persists for a lengthy period, it could significantly impact teachers in 
conducting their daily teaching tasks (Mesaria and Jaiswal, 2015).   
 
 
Nonetheless, the epidemiology of lower extremity of musculoskeletal disorders 
(LEMSDs) had been given much less consideration compared to work-related 
MSDs in the upper extremity. LEMSDs is different from MSDs, for which it 
impacts the back, neck, and upper limbs since they often contribute to higher 
levels of immobility and thus would considerably deteriorate the quality of health 
and wellbeing (Lohmander et al., 2004). In recent research in Terengganu 
showed that female teachers from primary schools have reported feet was the 
highest prevalent with 32.5% and followed with other LEMSDs which were knee 
(28.8%), lower back (25.0%), and calf (24.1%) (Alias et al., 2020). In Bentong, 
Pahang, many secondary school teachers had severe low back pain compared 
to minor back pain (50.6% vs. 40.5%) (Balakrishnan, Chellapan, and Thenmozhi, 
2016). Cardoso et al., (2009) examined the frequency and association of MSDs 
with their work-related variables among school teachers in Brazil with a high 
prevalence of lower limb (41.1%). A previous study among school teachers in 
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India documented a significant prevalence of knee (33.7%), ankle, and foot 
(25.4%), and hip and thigh discomfort (7.1%) as results of long-standing at 
school, especially in the classroom for several hours and repetitive staircase 
climbing during school periods. In Kenya, teachers that taught between one to 
two hours recorded a higher prevalence of MSDs affecting knee part (Ndawa, 
Nyamari, and Ireri, 2019).  
 
 
In several studies, musculoskeletal pain or painful feeling has been checked in 
teachers as a major health issue. These pain and feelings are mainly because 
of the musculoskeletal systems disorders are the main causes of absenteeism 
and professional diseases in this category. MSD decreases the productivity at 
work due to sick leave, absenteeism, and early retirement (Cardoso et al., 2009; 
Vaghela and Parekh, 2017). Everyone, excluding individuals with congenital 
insensitivity, has already felt discomfort and pain sometimes in their lives. 
However, when symptoms continue, they become a problem, a reason for 
reducing work activity, work leave and absence, in addition to the possibility of 
developing depression. Several sociodemographic, psychosocial, physical and 
organizational factors are related to triggering, developing and maintaining the 
musculoskeletal pain (Vaghela and Parekh, 2017). Darwish and Zuhair (2013) 
reported the findings in their study that secondary school female teachers 
showed high prevalence of MSDs (79.17%) and more than half (53.3%) of those 
suffering pain were considered significant/disabling and were associated with 
more days of absenteeism. The days of absenteeism among these female 
school teachers have been positively associated with higher Orebro 
musculoskeletal pain score (p=0.015). Similar finding done in Natal, Brazil, the 
musculoskeletal pain was the main cause of absenteeism in school teachers of 
Natal (Porto et al., 2004). Musculoskeletal pain is the main cause of absenteeism 
from work, decreased quality of life and early retirement of school teachers, 
limiting physical and professional functions and, finally, causing a huge 
economic loss for the state (Althomali et al., 2021). 
 
 
Various motor task including daily, and sport activities induce fatigue. Fatigue 
can induce postural instability and even lead to falls. Multiple studies have 
quantified the effect of fatigue on postural stability and found that fatigue 
diminishes postural control ability and causes higher variability of joint movement 
and unintentional body tremor (Gribble and Hertel, 2004; Cortes, Onate and 
Marrison, 2014). However most current methods to delay or reduce fatigue 
require long prepatory time or large and expensive equipment. Collins, Imhoff 
and Grigg (1996) have shown that noise can increase somatosensory perception 
when stochastic resonance (SR) amplifies the necessary signal to exceed the 
detection threshold. More specifically, application of sub-threshold mechanical 
vibration enhances the sensitivity of degraded somatosensory systems in the 
elderly and patients with peripheral neuropathy, resulting in an increase in 
postural stability (Dettmer et al., 2016; Dettmer et al., 2015). In the case of young 
healthy adults, application of SR can improve postural control and reduce fatigue 
as well as discomfort on body parts especially feet. The sub-threshold 
mechanical vibration generated by an active insole can counteract the 
degradation of postural stability after fatigue (Allen, Lamb and Westerblad, 
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2008). Moon et al., (2020) stated that this effective sub-sensory vibration can be 
implemented compactly. In their study, the vibration was applied by embedding 
the active insole units in shoes. The rechargeable battery and the actuator were 
all inside the shoes as well as wireless vibrating insole. The efficacy in improving 
balance and the simple implementation of the active insole vibration unit 
suggests the use of the devised system as a convenient intervention to 
compensate for deterioration in balance due to fatigue. 
 
 
Considering the higher prevalence of MSDs among school teachers, the 
ergonomics approach as one of the preventive measures that can mitigate the 
incidence of these disorders, particularly in those at higher risk, should be 
practiced by the teachers. Since teachers are the leading resource for 
unleashing the next generations' potential and making them progressive citizens 
of the country, priority should be given to their health. Therefore, preventing 
teachers' MSDs at the workplace should be an essential aim of rehabilitation 
(Damayanti, Zorem, and Pankaj, 2017). More intervention approaches should be 
implemented among school teachers to reduce the prevalence of MSDs. Alias 
et al., (2020) suggested that teachers should be supported with ergonomic 
design shoes or insoles to wear, especially during classroom activities which 
require prolonged standing and repetitive leg movements. Teachers should be 
supplied with this ergonomic footwear to reduce discomfort or pain in lower limbs 
during school hours, especially in the middle of the teaching session. Only a few 
studies focused on the prevalence of lower limbs among school teachers, 
specifically footwear ergonomic interventions, which play a significant role in 
maintaining a healthy posture during the teaching process. Past researchers 
have reported that ergonomic interventions, such as shoe insoles, can minimize 
pain and discomfort, particularly in the lower legs (King, 2002; Sousa et al., 
2016). A study by Sousa et al., (2016) indicated that putting on steady shoes in 
standing posture can enhance the individual's posture control system's efficacy 
and effectiveness and provide them with more comfort during the working 
process. In this regard, a vibrating insole prototype was assessed in this study 
to improve comfort level among female school teachers. 
 
 
Lastly, this study expected to fill the gap as there has been no reliable ergonomic 
intervention for school teachers in the school setting and with this vibrating 
insole, school teachers may adapt well without disrupting their daily routine and 
activities, particularly during teaching process in the classroom. In fact, with this 
dynamic and built-in intervention, vibrating insole is an appropriate option for 
footwear intervention as school teachers are involved with various movements 
and postures. To be highlighted in this study, it is beneficial to occupational 
groups especially school teachers as vibrating insoles have previously only been 
applied as treatment and rehabilitation for individuals with health issue. The main 
purpose of this vibrating insole is to induce comfort among healthy individuals as 
previously, research on vibration and massage effect only focused to improve 
fall and balance control among elderly and Parkinson patients, postural stability 
among diabetic patients and plantar sensation for those who have nerve injury. 
Most importantly, this intervention of vibrating insole will provide health-care 
professionals and practitioners with some new insight on the potential application 
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of vibrating insole on comfort and muscle activity and at the same time optimize 
the current insole’ design and development for daily use and working activity. 
 
 
1.4  Conceptual Framework 
 

 
Figure 1.4: Conceptual Framework of Quantitative Assessment of Vibrating 
Insole Prototype That Induced Transient Comfort Among Female School 
Teachers 
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1.5  Study Objectives 
 
 
1.5.1  General Objectives 
 
 
To assess the prototype of vibrating insole by quantitative assessment of 
discomfort rating (Borg’s Scale) and muscle activity (Electromyography) to 
induce transient comfort among female school teachers. 

 
 

1.5.2  Specific Objectives 
 
 

1. To identify the perception of footwear comfort among female school 
teachers. 

2. To identify the plantar pressure distribution of feet among female school 
teachers. 

3. To determine the product design specifications (PDS) of vibrating insole 
prototype conceptual design for female school teachers. 

4. To determine data distribution of discomfort rating (Borg’s scale) and 
exertion of muscle activity (electromyography) of tibialis anterior and 
peroneus longus muscles among female school teachers. 

5. To compare the differences of discomfort rating (Borg’s scale) for ankle and 
feet between experimental and control groups among female school 
teachers.  

6. To compare the differences in the exertion of muscle activity 
(electromyography) of tibialis anterior and peroneus longus muscles 
between experimental and control groups among female school teachers. 

 
 
1.5.3  Study Hypothesis 
 
 
1. The vibrating insole prototype induce transient comfort within one-hour with 

the reductions of discomfort rating (Borg’s scale) and exertion of muscle 
activity (electromyography) of tibialis anterior and peroneus longus muscles 
among female school teachers. 

2. There are significant differences in discomfort rating (Borg's scale) for ankle 
and feet between experimental and control groups among female school 
teachers.  

3. There are significant differences in muscle activity exertion 
(electromyography) for tibialis anterior and peroneus longus muscles 
between experimental and control groups among female school teachers. 
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1.6  Definition 
 
 
1.6.1  Body Mass Index 
 
 
Conceptual Definition 
 
The Body Mass Index (BMI) is a weight-for-height measurement that is widely 
used to identify underweight, overweight, and obese in adults (WHO, 2020). 
 
 
Operational Definition 
 
Body weight and the height of a person are calculated using this formula: Body 
mass index = weight (kg) / Height2 (m2). 
 
 
Table 1.0: The Classification of BMI by WHO(2020) 
Classification BMI (kg/m2) 

Underweight 
Normal  

<18.50 
18.50-24.99 

Overweight 25.00-29.99 
Obese >30.00 

 
 
1.6.2 Plantar Pressure Distribution 
 
 
Conceptual Definition 
 
Plantar pressure analysis is one of the most prevalent methods used to study 
the relationship of foot posture with the lower limb’s biomechanical interposition. 
It refers to the calculation of the magnitude and intensity distribution exerted to 
the plantar surface of the foot during the period of standing posture and walking 
processes (Buldt et al., 2018; Landorf and Keenan, 2000).  
 
 
Operational Definition 
 
Insole pressure sensor technology enables the recording of data from multiple 
steps in a single dataset. When the foot posture is positioned on the relative 
sensor, data from multiple steps can be measured seamlessly, thereby lessening 
measurement errors than platform devices that can be generated at a time. 
Insole technique also allows a more natural movement of the gait between study 
subjects (Chun et al., 2018). 
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1.6.3 Discomfort 
 
 
Conceptual Definition 
 
Discomfort is a "phenomenon of perception" related to pain, fatigue, and 
perceived exertion and arises when physical activities have excessive bodily 
energy beyond the human body's potential (Korhan, 2012). Discomfort occurs 
when there is a limitation of blood supply in the lower legs and individuals may 
experience pain in the lower limb muscles (lower back, thighs, knees, and feet) 
(Halim et al., 2012). 
 
 
Operational Definition 
 
Discomfort is assessed by subjective rating assessment, which allow individuals 
to assess their discomfort or fatigue using a diagram of their body position 
(Waters and Dick, 2015). The Borg's scale (CR-10) body discomfort chart (a 
figure accompanied by the written assessment) are used to determine the level 
of perceived discomfort on the part of the body (Karmegam et al., 2012).  
 
 
1.6.4 Electromyography (EMG) 
 
 
Conceptual Definition 
 
Electromyography is the calculation of electrical potential on the skin due to the 
contraction of neuromuscular activities. Non-invasive techniques like EMG are 
suitable for ergonomics applications to assess muscle fatigue characteristics and 
measurements (Merlo and Campanini, 2010). 
 
 
Operational Definition 
 
A measuring, recording, and evaluation process of right and left leg muscles 
(tibialis anterior and peroneus longus muscles) with the surface electrode is 
attached to the leg region. The biopotential electrodes and lead wires were 
attached at the left and right leg for both muscles and measured using 
electromyographic measurement.  
 
 
1.6.5 Muscle Activity 
 
 
Conceptual Definition 
 
Muscle activity is any muscle recruitment that takes place and is a good measure 
to use in ergonomic design cases to determine a tool or a posture that minimises 
the effort of a given work task. Muscle activity can be measured as the number 
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of stimulated motor units varies according to the force requirement. More action 
potentials are produced in a muscle per unit time. The amplitude of the EMG 
thus increases with an increase in force (USDHHS, 1992). 
 
 
Operational definition 
 
Time series recordings of muscle activities during the teaching process for one-
hour were obtained with wireless electromyography (EMG) and analysed with 
standard root-mean-square (RMS) amplitude measurements and converted 
from the time domain to frequency domain. The mean power frequencies of the 
RMS-processed with the Maximum Voluntary Contraction (MVC) signals of 10 
seconds were then calculated to estimate exertion frequency known as the 
percentage of exertion (%). Thus, the increasing value of exertion percentage 
indicated increasing muscle activity on leg muscles.  
 
 
1.6.6 Vibrating Insole Prototype  
 
 
Conceptual Definition 
 
Vibrating insole prototype is a feature that has been ergonomically designed. 
The prototype will be attached to the shoes in order for them to have a vibration 
effect on their feet without interrupting their teaching routines in the classroom.  
 
 
Operational definition 
 
Experimental testing in the classroom involved two different sessions, one with 
a vibrating insole prototype attached to the shoes for the experimental group, 
and one without a vibrating insole prototype attached to the shoes for the control 
group. 
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