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ABSTRACT 

Worldwide, the design of a workstation in many garment industries is usually done with 

minimal consideration of anthropometric data. This may cause hazards and reduce work 

efficiency as a result of sitting for long periods of time in uncomfortable positions. 

Ergonomically redesigned workstations are known to reduce Musculoskeletal 

Disorders (MSDs) and improve the motivation of the garment workers in the 

workstation environment. The main objective of this study was to redesign an 

ergonomic sewing workstations for garment manufacturing using selected 

anthropometric data collected at Rivatex East Africa Limited (REAL), Eldoret, Kenya. 

The specific objectives were: to assess work-related risks and hazards for garments-

making workers at sewing workstations; to determine the relevant anthropometric 

dimensions from garments-making workers for a sewing workstation; to redesign a 

sewing workstation for garments-making workers; to simulate the redesigned sewing 

workstation; to optimize the redesigned workstation for garments-making workers at 

sewing operations; and to fabricate the redesigned sewing workstation. Rapid Entire 

Body Analysis (REBA) method was used to assess the ergonomic risk of the existing 

workstation. The sample size of 100 was determined. Eleven anthropometric 

measurements were taken from workers using ISO 7250-1:2017 and compared using 

one-way analysis of variance (ANOVA). Using the anthropometric data, a redesigned 

sewing workstation model was proposed. The model was analyzed using Computer 

Aided Three-Dimensional Interactive Application (CATIA V5) software based on 

Rapid Upper Limb Analysis (RULA). The model was simulated using SolidWorks 

2024 software based on Finite Element Analysis (FEA). Aluminum alloy 1060 was 

selected for FEA. The FEA criteria included: stress, displacement, strain and Factor of 

Safety (FOS). The model was optimised using design study. The model was then 

fabricated in accordance with the necessary manufacturing process. ANOVA tests 

results failed to reject the null hypothesis in the data sets (P > 0.05), thus, there was no 

significant difference between the anthropometric data. The recommended dimensions 

for workstations are redesigned, significantly reducing the mismatches between 

workstation dimensions to the relevant body dimensions. Analysis results of the 

workers' posture for the existing sewing workstation had a final REBA score of 5, 

implying existence of medium ergonomic risk, hence, changes were necessary. The 

proposed sewing workstation had a final RULA score of 1, meaning that the ergonomic 

risk is negligible. The FEA results showed that the maximum stress was 7.175E-01 

MPa and did not exceed the yield strength; the maximum deformation was 0.03209 

mm, which was below the assigned safety level; the maximum strain was 6.258E-06 

and within the range for the material; and the minimum FOS distribution was 3 

implying that the model was within the safety range limits. The optimisation results 

showed that the optimal dimension of the model was 416.5 mm for seat height, 457 mm 

for seat depth and 472.8 mm for seat width; the optimal stress of the model was 

2.662E+01 MPa; and the optimal mass of the model was 19865.24 g. In conclusion, the 

dimensions of the redesigned sewing workstation was recommended. The proposed 

redesigned workstation should be suitable for all garment workers in Kenya.  
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TERMS AND DEFINITION 

For this thesis, the following terms and definitions are applicable: 

Anthropometry:    dimensions of the human body and how these are 

measured. It covers the size and proportions of 

people, the length and range of movement of their 

limbs, head and trunk.  

Biomechanics: The application of physics to the analysis of body 

posture and human movement. It deals with the levers 

and arches of the skeletal system and the forces 

applied to them by the muscles and gravity.  

End-user:                          A person who uses a product rather than one who 

makes or sells, especially a person who uses a product 

connected with computers.  

Ergonomics:     The study of working conditions, specifically the 

design of equipment and workstation furniture, to 

help people, work more professionally.  

Occupational ergonomics: Ergonomics is applied at work to the design of the 

workstation, equipment, tasks and work 

organisations. 

Fatigue:   A state of impairment that can include physical and 

mental elements, associated with lowered alertness 

and reduced performance.  

Harm:                                Physical injury or damage to the health. 

Hazard:                              Potential source of harm. 

Injury:                       Damage to the body caused by exposure to a hazard.  
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Risk:    Combination of the probability of occurrence of harm 

and the severity of that harm. 

Risk analysis:                 Combination of the specification of work/task 

description, hazard identification and risk estimation. 

Musculoskeletal disorders:  They are conditions that affect the body’s muscles, 

joints, ligaments, and nerves. 

Risk assessment:            The process used to determine the likelihood of 

people being exposed to injury, illness or disease in 

any situation identified during the hazard 

identification process; and, the severity of the illness, 

injury or disease. 

Risk estimation:       Defining the likely severity of harm and probability 

of its occurrence. 

Risk evaluation:             Judgment on the basic of successive risk analysis of 

whether the risk reduction objectives have been 

achieved.  

Standards:                       These are issued by the standard setting body in each 

country and provide guidelines relating to the design, 

operation and maintenance of equipment and systems. 

All standards have a specific number and date.  

Von Mises stress:           It is a number that gives an overall idea about the state 

of stresses at location.  

Work space:  It is the volume of space allocated to one or more 

persons in the work system to complete a work task.  
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Workstation:                  It is a place where the workers perform their tasks 

such as office, factory, etc. 
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CHAPTER ONE: INTRODUCTION 

1.0 Introduction 

This first chapter of the current thesis provides the general background information for 

this study. It also outlines the research problem, justification the study, and details the 

research objectives and scope. Following this, the purpose and significance of the study 

are presented. 

1.1 Background of the Study 

Worldwide, the design of workstations in many garment industries is often done with 

minimal consideration. This oversight can lead to hazards and decreased work 

efficiency due to prolonged periods of sitting in uncomfortable positions. 

Ergonomically redesigned workstations are known to reduce musculoskeletal disorders 

(MSDs) and enhance the motivation of garment workers in their work environment. 

The main objective of this study was to redesign ergonomic workstations for garment 

manufacturing using selected anthropometric data collected at Rivets East Africa 

Limited (REAL). The REAL factory is a vertically integrated textile plant, 

encompassing spinning, weaving, wet processing, and garment operations. This factory 

is located in Eldoret, Uasin Gishu County, Kenya (Musau, 2018 and East & Limited, 

2020). See Appendix I for the research area map. 

In many developing countries, export-led industrial expansion has been ignited, 

particularly through the garment industry (Natsuda et al., 2010). The garment sector 

plays a crucial role in the economic development processes of these nations (Kaya, 

2015). The early industrialisation of both industrialised and developing nations was 

characterised by the garment and textile industries, which required only a modest 

degree of production technology and a sufficient amount of inexpensive labor (Yang & 
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Zhong, 1998 and Wang et al., 2010). The garment sector, primarily composed of small 

and medium-sized enterprises (SME), is one that demands a significant amount of 

manual labor. Further, the occupational health and safety programs in developing 

countries typically focus on large-scale organisations (Ahmad et al., 2021). The most 

frequent occupational health risk among workers is musculoskeletal pain (MSP), and it 

is unclear what drives their health-seeking behavior (Akinpelu et al., 2016). Likewise, 

the most common issue is that nearly every worker experiences musculoskeletal 

complaints due to non-adjustable and non-ergonomic work desks and chairs (Kaya, 

2015; Lindh et al., 1991). According to Zeynep et al., (2019), work-related 

musculoskeletal disorders (WRMSDs) are among the most prevalent health issues 

affecting workers at their workstations. Operators of sewing machines in the fashion 

industry are exposed to dangers and discomfort that accumulate over time (Okareh et 

al., 2021). Moreover, the majority of clothing manufacturing still occurs in cramped, 

unfriendly environments where little attention is paid to the layout and conditions of 

the workstation, putting workers at risk (Sohn et al., 2021). 

According to Herbert et al., (2001), thirty-six (36) garment workers involved in the 

spooling process were examined to assess the impact of an ergonomics intervention 

program on the frequency and severity of upper extremity symptoms. Additionally, 

hazardous technologies have been introduced into the industry, resulting in a high 

accident rate, occupational diseases, and unpleasant working conditions (Malik et al., 

2010). Research by Ansari et al., (2014) indicates that most small-scale manufacturing 

is still performed manually, and the issues of WRMSDs and injuries in various body 

sites are of utmost priority. In the garment industry, for instance, many sewing machine 

workers are subjected to conditions that jeopardise their health atting. Previous research 

by Patil et al., (2017) indicates that workers operating machines face a significantly 
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higher risk of muscle pain and injury compared to those in other occupations. Research 

by the mendeley support team & shih, (2010) noted that uncomfortable body positions 

of sewing machine operators can lead to an increase in MSDs complaints, which in turn 

affects operators’ productivity. 

Research by many scholars, including Biadgo et al., (2021); Norhidayah et al., (2016); 

Okareh et al., (2021); Parimalam et al., (2006) has observed that poorly designed 

workstations, inappropriate workstation furniture, inadequate ventilation, poor lighting, 

excessive noise, and insufficient protection from hazardous chemicals, dust, and poor 

housekeeping, along with a lack of personal protective equipment (PPE), are just a few 

examples of these hazards. These factors can increase workers' vulnerability to pain and 

occupational diseases. Given the rising proportion of manual activities in production 

processes, there is a persistent risk of MSDs and work-related injuries. Consequently, 

the risk of these issues is heightened by the trend toward an aging workforce (Greggi 

et al., 2024). Ergonomics is the study of the interaction between humans and machines, as well 

as the factors influencing this interaction. It is a broad science encompassing various working 

conditions that impact workers’ comfort and health. Therefore, it examines humans in relation 

to their work environment. Ergonomics primarily focuses on individuals and their interactions 

with products, equipment, facilities, and the environments utilized in workplaces. European 

legislation is advocating for enhanced working conditions to mitigate health risks for workers, 

which are often linked to the ergonomic design of workstations (Tee et al., 2017).  

According to Caputo et al., (2006), the goal of industry is to apply ergonomic criteria 

to minimize accidents at the workstation and enhance productivity. Additionally, there 

are various methods for incorporating ergonomics into workstation design using 

anthropometric measurements. Research by Mousumi, (2015) indicates that the term 

“anthropometry” encompasses different types of measurements that accurately describe 
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the human form. Furthermore, anthropometry is the science of measuring the human 

body, which helps to elucidate the complexities of the human form and its interaction 

with the work environment (Igbokwe et al., 2019). Further, an anthropometric 

measurement involves the collection of physical characteristics of the human body that are 

relevant to ergonomic design, clothing size, physical anthropology, tool redesign, consumer 

product design, and equipment, among other fields (Fahad & Althuwaini, 2025). These 

characteristics include size, body shape, strength in both dynamic and static conditions, and the 

capacity to perform tasks. When anthropometric measurements are considered for design, they 

help reduce low back pain, improve comfort levels, decrease MSDs, enhance productivity, and 

increase user performance as well (Mahantesh et al., 2023).  

For designing any product, engineers must rely on scientific anthropometric data to 

create spaces that accommodate the largest number of people. Otherwise, the result may 

be a non-ergonomically designed product. This can also lead to biomechanical stresses 

and increase the risk of cumulative trauma and carpal tunnel syndrome for workers. 

Research by  Mousumi, (2015) recommended that for the design and implementation 

of safe tools, it is essential to utilize anthropometric data that can impact job 

performance quality and productivity, as well as the safety and health of workers. To 

minimize poor anthropometric correspondence between the workstation product and 

users, the designer and engineer must use validated, accurate, and updated 

anthropometric measurements (Leilanie, 2004). Additionally, to enhance usability and 

reduce negative effects on the user, creating a work environment that is more 

comfortable, safe, and friendly enables higher performance and fosters a productive 

working atmosphere (Del, 2007). 

All products, including clothing, consumer goods, and systems of products such as 

office workstations, vehicles, and PPE, need to be tailored to users to enhance product 
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usage throughout a person’s lifetime (Nadadur & Parkinson, 2013). According to 

Eladly et al., (2020), in the case of ergonomic design for workstations, it is crucial to 

achieve a balance between the workstation’s dimensions and the worker’s 

anthropometric measurements to reflect the man-machine relationship. Therefore, this 

study aims to establish anthropometric data for garment workers at the sewing 

workstation to improve their physical responses and overall performance. 

1.2 Statement of the Problem 

As the global workstation environment becomes increasingly dynamic, organizations 

and businesses are compelled to continuously seek the best strategies for planning and 

managing innovation through new methods and paradigms that effectively cater to both 

new and existing markets with innovative products and services (Koirala, 2022). 

Kinnunen & Liira, (2014) noted that working conditions are influenced by globalization 

and changes in the work environment due to new technologies and practices. Attwood 

et al., (2003) discussed that work-related injuries, such as back injuries and carpal 

tunnel syndrome, are the most prevalent, costly, and preventable workstation injuries. 

The Occupational Safety and Health Administration (OSHA) estimates that over 

647,000 workdays are lost annually (Ankara, 2022; Dergisi & Sciences, 2014a). 

In developed countries, ergonomics is applied across various fields, including health 

care, education, the service sector, agriculture, industry, and production (Kinnunen & 

Liira, 2014; Lundgren et al., 2013; Patil et al., 2017; Eugene, 2017; Li et al., 2019). 

However, developing countries still lag significantly in implementing ergonomic 

principles in the workplace (Jilcha & Kitaw, 2016). Previous study by Shah et al., 

(2016) have shown that the garment manufacturing industry is highly labor-intensive, 

particularly in developing nations. Often, workers must operate under adverse 
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conditions, typically enduring long hours with only one lunch break during the day. 

These laborers are seldom provided with suitable workstations, and inadequate social 

infrastructure further increases the risk of discomfort and illness. Kahare, (2014) notes 

that many researchers in Kenya have, over the years, demonstrated little interest in the 

subject of ergonomic principles. In a developing country like Kenya, sewing garment 

manufacturing plays an important role in overall economic development (Gok, 2015; 

Musau, 2018). It is essential to consider the measurement of human body dimensions 

for workers to decrease physical workload, enhance performance efficacy, and improve 

health conditions as well (Manivel, 2019; Hsue et al., 2025). 

Many researchers, such as Nadadur & Parkinson, (2013); Halpern & Dawson, (1997) 

and; Li et al., (1995), have shown that the repetitive nature of sewing tasks performed 

in uncomfortable postures, due to inappropriately designed tools, may be a risk factor 

contributing to the significant incidence of MSDs in the sewing industry. Sealetsa & 

Thatcher, (2011) found that the design of the sewing machine and workstation layout, 

despite being adjustable, did not align with the anthropometric measurements of the 

workers. Consequently, the operators were unable to make appropriate adjustments to 

the workstation during their work activities. An existing work by Kalınkara et al., 

(2011) showed that over 55.5% of workers face issues stemming from their working 

environment and equipment. Previous research by Talapatra & Mohsin, (2020) 

confirmed that the workstation in garment manufacturing is associated with various 

risks and hazards that negatively impact both worker health and the environment. 

Consequently, ergonomic evaluations often occur after physical models have been 

developed and typically take place late in the design phase (Soana et al., 2025). This is 

due to the low priority given to meeting established ergonomic standards, which can 

lead to costly and time-consuming revisions and/or a decline in the quality of the final 
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product. Integrating ergonomic principles into workstation design for garment 

manufacturing could represent a significant advancement. 

The workstation layout is a significant factor contributing to movement instability when 

transferring parts and/or products that workers may hold, lift, pull, or push. 

Furthermore, workers in the garment industry engage in sewing services due to the 

nature of their job, and the poor design of physical workstations has likely led to 

physical complaints and health-related issues (Mousumi, 2015). Ergonomic principles 

are not well recognized among companies, and their importance is not widely 

disseminated. Additionally, implementing ergonomic improvements is part of a 

company's strategy to integrate health and safety with ergonomic principles in 

workstation design. Thus, combining anthropometric data with ergonomic principles 

can enhance work pace, workload, and overall efficiency. This may positively impact 

well-being and safety while empowering workers by providing better conditions, 

simplifying processes, and equipping them with the tools to make a difference. 

The design of workstations in the garment industry often lacks sufficient consideration 

of anthropometric data. There exists a mismatch between workstation dimensions and 

workers' anthropometric characteristics. This can lead to hazards and negatively impact 

working efficiency due to prolonged sitting in awkward positions. Ergonomically 

designed workstations are known to reduce hazards and enhance the mindfulness and 

attentiveness of workers in the workstation environment. This study focused on the 

ergonomic redesign of workstations to bridge the gaps between sewing workstation 

dimensions and workers' anthropometric measurements, aiming to improve both 

worker performance and well-being. 
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1.3 Justification of the Study 

To be effective and efficient, the garment industry needs to continuously identify work-

related problems and, more importantly, implement solutions to reduce WRMSD in 

situations where these issues arise. Additionally, ergonomic research on workstation 

design aims to enhance work performance (both in quality and quantity) (Of, Alberta, 

2021) to: 

1. Minimize the physical stress and workload of the individual worker; 

2. Reduce hazards by modifying the design of the work environment to align with 

the abilities of the workers; 

3. Facilitate job performance, i.e., ensuring seamless information exchange within 

the workstation environment; 

4. Minimize physical constraints; 

5. Ensure occupational health and safety (OHS); 

6. Achieve user-friendly workstation design; 

7. Enhance worker performance and satisfaction; 

8. Reduce long-term discomfort in workers; 

9. Improve the production process; 

10. Refine the design of the workstation to promote physical health; 

11. Alternate between sitting and standing postures while performing a job; 

12. Boost workers' performance and the productivity index in workstations; 

13. Decrease Work-Related Musculoskeletal Disorders (WRMSDs); 

14. Enhance overall productivity. 
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This study aims to enhance the human-machine interface for garment-making workers 

and their workstation environment. This will lead to significant improvements in work 

conditions and ergonomic practices that focus on reducing work stress, health issues, 

and applying ergonomic principles. The findings of this study should contribute to a 

better understanding of the working conditions associated with sewing activities in the 

garment manufacturing industry. These insights could aid in designing ergonomic 

integrations that minimize miscalculated symptoms for garment workers and enhance 

job quality, ultimately boosting work productivity as well. 

1.4 Objectives of the Study  

Basically, the present study was conducted by the following objectives:  

1.4.1 Main Objective 

The main objective of the study was to redesign an ergonomic sewing workstations for 

garments manufacturing based on the selected anthropometric data at REAL, Eldoret, 

Kenya. 

1.4.2 Specific Objectives 

The lists of the specific objectives that need to be achieved for the successful 

achievement of this present research were to:  

1. Assess work related risks and hazards for garments-making workers at sewing 

workstation. 

2. Determine the relevant anthropometric dimensions from garments-making workers 

at sewing workstation. 

3. Redesign a workstation for garments-making workers at sewing operations.  

4. Simulate the redesign of workstation for garments-making workers at sewing 

operation.   
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5. Optimise the redesign of workstation for garments-making workers at sewing 

operation.  

6. Fabricate the redesign of workstation for garments-making workers at sewing 

operation.  

1.5 Scope of the Study 

The scope of the study is carefully aligned with the specific objectives that the thesis 

aims to achieve. This study utilized standard procedures for anthropometric 

measurements from garment-making workers at a sewing workstation in REAL, 

Eldoret, Kenya. It will focus on assessing, determining, redesigning, simulating, 

optimizing, and fabricating a workstation redesign based on the selected 

anthropometric measurements collected from workers. This study will concentrate on 

the optimal ergonomic sewing workstation redesign that accommodates the physical 

dimensions of workers according to engineering ergonomic criteria. 

1.6 Significance of the Study 

Ergonomics principles can significantly impact any organisation, offering numerous 

benefits when applied. These include reducing ergonomic risks and enhancing safety at 

the sewing workstation, lowering costs by minimising worker injuries, and boosting 

productivity through a better-designed sewing workstation that ensures good posture, 

fewer motions, and less exertion for workers. Additionally, improved quality results 

from addressing poor ergonomics, which can lead to fatigued and frustrated workers 

who may not perform at their best. When workers do not experience discomfort and 

fatigue during their daily activities, their overall performance improves. 
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This can lead to reduced absenteeism, enhanced morale, and improved worker 

involvement, as well as healthier human performance due to a safe and health-conscious 

culture established in society. The success of the study will ultimately benefit garment 

workers by creating an anthropometric database for workstations in sewing operations 

at REAL, Eldoret, Kenya. 

The rationale for selecting the subject, which focuses on creating an anthropometric 

database alongside integrated ergonomics principles, lies in its “novel” nature, aiming 

to explore and study this area. There is confidence that significant benefits can arise 

from a broader incorporation of ergonomics principles in the improvement plans of 

garment companies. The availability of ergonomic workstation furniture will yield 

advantages for garment manufacturing in Kenya. Garment companies are obligated to 

provide sufficient facilities and infrastructure to support workers' activities. 

This research aims to utilize anthropometric measurements as a design tool for 

innovative ergonomic sewing workstation furniture suitable for garment workers in 

Kenya. This study will employ anthropometry (a branch of human factors 

engineering/ergonomics) as one of the research tools for redesigning, simulating, 

optimizing, and fabricating sewing workstations to be used by garment-making 

workers. It seeks to improve the physical posture, comfort, and overall performance of 

garment workers. 

This study aims to reduce, in the long run, the discomfort experienced by workers and 

WRMSDs during prolonged sitting in sewing workstation environments. The research 

will provide a database for future studies and is potentially beneficial to similar sewing 

workstations, regardless of their geographical location. This study will hopefully serve 

as a reference point for scholars and researchers in the future within this novel field. 
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1.7 Purpose of the Study  

The purpose of this study was to redesign an ergonomic sewing workstation for garment 

manufacturing, based on selected anthropometric data from the REAL factory in Eldest, 

Kenya. This redesign aims to improve the alignment between workstation dimensions 

and the workers' anthropometric characteristics. To reduce musculoskeletal disorders 

(MSDs), operators have reported the need for more favorable posture angles to enhance 

productivity rates. This research examines the relationships between the anthropometric 

data of sewing workers to optimize their performance. The study recommends utilizing 

anthropometric data in workstation redesigns for Kenyan sewing workers to improve 

their health and productivity in the long term. 
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CHAPTER TWO: LITERATURE REVIEW 

2.0 Introduction  

This chapter provides an overview of the key literature relevant to the present research. 

It is organised into seven sections: (1) Assessing work-related risks and hazards: 

ergonomic risk factors and methods for evaluating workstation ergonomics; (2) 

Determining anthropometric measurements: an overview of anthropometry, a brief 

history, applications of anthropometric data, types of anthropometric measurements, 

anthropometric body dimensions, the importance of integrating anthropometric data in 

workstation design, and anthropometric considerations for the workstation; (3) 

Designing an ergonomic workstation: an overview of ergonomics science, a brief 

history of ergonomics, benefits of an ergonomics process, the importance of 

ergonomics, workstation problems and ergonomic responses, ergonomics within 

constrained design realities, designers as users of ergonomics information, challenges 

in contributing from an ergonomics perspective, the significance of integrating 

ergonomics in design, engineering and general design considerations, applications of 

ergonomics, ergonomic impacts on worker performance, ergonomics at industrial 

workstations, industrial workstation design, the evolution of ergonomics in workstation 

development, ergonomic design integration, and workstation furniture prototype 

testing; (4) Simulating the workstations: manikin simulation, an overview of 

ergonomics simulation for the Rapid Upper Limb Assessment (RULA) test, software 

packages for performing RULA analysis, and finite element analysis (FEA); (5) 

Optimising workstations: an overview of optimisation, design optimisation, and 

optimisation analysis; (6) Fabricating workstations: an overview of workstation 

furniture manufacturing systems and the workstation furniture design process; (7) 

Research gaps. 
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2.1 Assessing Work-Related Risks and Hazards 

2.1.1 The Ergonomic Risk Factors 

There are three main risk factors, which are fundamentally physical in nature, as 

illustrated and shown in Figure 2.1 (Cheng et al., 2016): 

2.1.1.1 The Forceful Exertions  

The forceful exertions typically create greater demands on the joints, muscles, and 

tendons. Increased force also indicates heightened physical needs, such as greater 

muscular effort. The level of strain on the muscles and joints is influenced by several 

factors, including the height at which the load must be lifted and the frequency of lifts. 

There are no specific limitations, such as weight restrictions, in the regulations. High 

force loads are manageable for the human body across various work tasks, and high 

force demands cause muscles to exert more effort, which increases associated fatigue 

and can lead to MSD (Wang & Chen, 2012). 

Keir et al., (2021) found a strong correlation between intense exertion and carpal tunnel 

syndrome (CTS), epicondylitis, and conditions related to the hand and wrist tendons. 

The relationship between epicondylitis and the dosage response of CTS was identified. 

Additionally, the multiplicative effects of risk factors on injury risks and hazards are 

demonstrated through interactions. A dosage response between the risk factors and 

injuries is further supported by animal models and laboratory research that show clear 

correlations between task demands and the biomechanical measurements associated 

with upper extremity injuries. 

2.1.1.2 The High Task Repetitions 

The high task repetition refers to jobs and processes that require performing the same 

actions repeatedly. Consequently, they are usually managed through work procedures 
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and hourly or daily production targets. Many jobs and cycles are inherently repetitive, 

typically governed by these work processes and production targets. Moreover, when 

combined with other risk factors, such as uncomfortable postures and high force, high 

task repetition may contribute to the development of MSDs (Ghoual, 2019; Pavlovic, 

2013). 

2.1.1.3 Awkward Postures 

An awkward body posture refers to a position that significantly deviates from the 

neutral stance while performing work and task activities (Yale & Safety, 2018). 

Additionally, when lowering, lifting, or handling loads with the back bent and twisted, 

as opposed to keeping the back straight, extra stress is placed on the back discs, which 

is influenced by body postures. Similarly, jobs that require extensive time spent 

working above shoulder height can be very demanding and stressful (Wang & Chen, 

2012; Rupasinghe & Panuwatwanich, 2020; Hambali et al., 2019; Safety et al., 2009). 

According to Chen et al.,'s (2017), awkward postures in construction operations present 

significant risks and hazards for both short-term stress and long-term injuries. Reducing 

and avoiding workers' exposure to awkward and uncomfortable postures is achievable 

with the aid of motion capture technologies for body posture recognition. Additionally, 

research by Ezugwu et al., (2020) indicates that, despite variations in awareness levels 

among the variables, there is a positive correlation between awareness of awkward body 

postures and repetitive motions as ergonomic factors related to MSDs.  

 
Figure 2.1: The risk factors  
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2.1.2 Methods for Assessing the Ergonomics of Workstations 

There are numerous tools available for assessing the ergonomic of the workstations, 

including the Rapid Entire Body Assessment (REBA) and the Rapid Upper Limb 

Assessment (RULA), as well as various forms of ergonomic equipment and 

questionnaires to monitor the extent of existing symptoms. These evaluation methods 

are essentially analytical processes that measure job task behaviors over time to assess 

the physiological demands of job tasks on workers. In essence, these assessment 

methods involve measuring the requirements placed on both a person and a machine, 

their interactions, and the effects of various environmental conditions (Rittel, 2010):  

2.1.2.1 Ovoko Working Analysis System (OWAS) 

The ovoko working analysis system (OWAS) is a method developed in 1977 for the 

steel manufacturing industry, but due to its simplicity of application, it has been 

generalised to other fields. Furthermore, one of the earliest software implementations 

occurred in 1991 using the OWAS method. Professionals have assessed the results of 

the OWAS method over time. Similarly, the OWAS method allows for the assessment 

and validation of the physical load resulting from work postures. This strategic method 

considers postures from a comprehensive perspective; it may be less precise than other 

strategic methods. Despite being one of the older methods, it remains one of the most 

popular approaches to assessing postural load in the manufacturing industry, as it can 

account for numerous postures over time. This is the primary method used to evaluate 

ergonomic risks and hazards, making it the most widely described today. 

The OWAS method is an observational and strategic approach. The procedures of the 

OWAS method are (ergonomic workplace design in an assembly line, 2022): 
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1. Determine whether the job is simple or complex (which may be divided into simpler 

job tasks). 

2. Determine the duration of the observation based on the amount and frequency of 

the adopted postures. 

3. Establish the sample rate, which is the period during which the worker's posture 

will be measured. 

4. Observe and record body postures. 

5. Codify the observed postures. 

6. Assign hazard and risk categories. 

7. Determine the percentage of repetitions and the relative frequency of each 

participant's position. 

8. Assess the hazard and risk category for each body part based on relative frequency. 

9. Determine appropriate corrective and design measures based on the results 

obtained. 

10. If changes have been made, re-evaluate the work task using the OAS approach to 

ensure that the enhancements and improvements are effective. 

2.1.2.2 Rapid Upper Limb Assessment (RULA) 

The Rapid Upper Limb Assessment (RULA) is a method developed in 1993 by 

McAtamney & Corlett at the University of Nottinham, aimed at evaluating hazards and 

risk factors for workers. They also noted that the RULA method imposes a high load 

on body posture, which can be detrimental to the upper limbs of the human body. To 

assess the RULA method, factors such as posture, duration, frequency of exposure, and 

forces exerted are considered (Khan et al., 2022). Each body posture is scored, 

establishing a performance level. This performance level indicates whether the body 
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posture is acceptable or what changes are necessary for the workstation. It is essential 

to observe several work cycles and select the postures for evaluation. The RULA 

method should be applied to the right and left sides of the human body separately or to 

the side with greater postural loads. The procedures of the RULA method are 

(ergonomic workplace design in an assembly line, 2022):    

1. Establish job cycles and observe the worker during several of these work cycles. 

2. Select the postures for evaluation. 

3. Determine which side—right, left, or both—will be evaluated. 

4. Take the angular measurements. 

5. Measure directly on the worker using angle protractors, electronic goniometers, or 

any device that allows for angular data collection; photos can also be utilised to 

ensure that the angles measured are accurately represented in the images. 

6. Determine the scores and ratios for each part of the human body. 

7. Calculate the partial and final scores and ratios of the RULA method to assess 

hazards and risks associated with each body posture and develop an action plan. 

8. Identify the measures to implement within the action plan. 

9. Design the workstation according to the previous point. 

10. Re-evaluate the new body posture using the RULA to check the effectiveness of the 

measures. 

2.1.2.3 Rapid Entire Body Assessment (REBA)  

The Rapid Entire Body Assessment (REBA) is a method that evaluates the load posture 

of the human body based on the RULA method. In this context, it also includes an 

assessment of the lower extremities. The REBA method takes into account other factors 
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such as the load handled, the grip, and the muscular activity exerted by the worker. The 

repetition of poor body postures leads to risks and fatigue that can result in health issues. 

This is typically linked to the high postural loads that can be caused by MSDs. 

Therefore, it is crucial to assess these loads in a workstation environment. It is important 

to consider the presence of sudden changes in postures and/or instabilities. The main 

steps for using the REBA method are (ergonomic workplace design in an assembly line, 

2022): 

1. Determination of work cycles and observation of the worker during multiple work 

cycles. 

2. Select work cycles where posture, duration, and frequency exceed neutral body 

position. 

3. Determine the side to be measured and tested. 

4. Obtain angular measurements of body position. 

5. Determine scores and ratios for each part of the human body using the standard 

tables of the method. 

6. Calculate the final score to assess risks and establish if actions are necessary. 

7. Identify potential actions that could be taken. 

8. Design positions that implement the changes. 

9. Re-evaluate body posture using the REBA method to assess the effectiveness of the 

improvement. 

2.1.2.4 Rapid Postural Assessment (RPA)  

The Rapid Postural Assessment (RPA) is not a standalone method; rather, it serves as 

a tool for a brief and swift evaluation of the body postures adopted by the worker. If the 
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RPA indicates a high level of static load, a more comprehensive study should be 

conducted using more precise postural evaluation tools such as RULA, OWAS, and 

REBA. This tool generates a numerical value based on the body postures the worker 

adopts and the duration for which they are maintained. 

2.1.2.5 Vibration Monitor 

A vibration monitor controls the oscillatory signals to which the worker is subjected 

within an organised system of three orthogonal axes. An accelerometer, which is a 

component of the vibration monitor, measures properties such as the magnitude of 

acceleration, direction, frequency, and exposure time. Additionally, the accelerometer 

generates an analysis by producing an electrical signal that is proportional to the 

acceleration it detects. This measurement is displayed in meters per second squared 

(m/s²) to correlate with the units of acceleration received. It serves as a common tool 

for evaluating both the vibration of the tool itself and the vibrations transmitted to the 

worker through their interaction with the machinery (Harada & Griffin, 1991). 

According to Koc & Liu, (2013), the measurement taken on the production of the 

instrument will not necessarily reflect the contact that the worker experiences. This is 

due to the transmissibility and the instrument's ability to transfer vibrations to the 

operator's and user's hands. The transmissibility is highly variable and genuinely 

depends on the materials from which the tool is made and their capacity to transfer and 

absorb individual vibrations. According to Wiley, (2004), workers with high hand 

vibration exposures are typically subjected to acceleration levels of four to five meters 

per second squared (4 to 5 m/s²). Vibration monitoring employs an accelerometer to 

record information that determines the magnitude of acceleration, direction, frequency, 
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and exposure duration to manage and mitigate hazardous vibrations affecting human 

body posture. 

2.1.2.6 Manual Goniometer 

The manual goniometer is a tool used to measure joint angles and control the range of 

motion stresses for a specific job task. The manual goniometer is effective in managing 

the precise range of motion utilised. When paired with recorded video footage, it 

becomes possible to track the entire range of motion throughout the completion of the 

task. The recorded angles of flexion and extension can be compared to the practical 

limits estimated for the task. 

2.1.2.7 Video Analysis 

Recorded video analysis is the process of using a camera or camcorder to capture the 

interactions between the worker and the equipment they use. For the researcher to 

assess combined movement effectively, the video analysis should be recorded at a 90-

degree angle to the subject. This allows the manual goniometer to be utilised most 

efficiently, enabling researchers to break down the procedure step by step. The current 

literature review on evaluation and motion (2023) states that before researchers begin 

recording, they should have a clear understanding of the purpose of using adhesive tape. 

A camera and camcorder are excellent tools for capturing countless details that cannot 

be fully conveyed through specifications, proving that a picture is worth more than a 

thousand words. Furthermore, video analysis can document movements and gestures 

involved in a work task that note-taking or still images might overlook, providing the 

scholar with a more reliable method of recording actions. It is also advisable for the 

video analysis to begin wide to showcase the entire process and then zoom in on specific 

aspects of the procedure from various angles. The video analyses serve as instant 



22 
 

replays, giving the economist a second perspective and an additional opportunity to 

make the right decision. 

2.1.2.8 Force Gauge 

The force gauge is an instrument designed to assess the muscular effort exerted by a 

worker while performing a task. This device typically features a mechanism that 

compresses a weight continuously, which is recorded by the gauge and dial to 

demonstrate the task that has been performed. These devices are used to evaluate forces 

involved in tasks such as pulling, pushing, and tensile tests. There are two distinct types 

of force gauges: hydraulic dynamometers and spring mechanical gauges. Spring scales 

generally have an accuracy within one percent of the full scale and are available at load 

levels ranging from just a few grams to thousands of kilograms. Being within 1% of the 

full scale means that the force gauge accuracy should be within 99% of the actual force 

being recorded. Hydraulic dynamometers provide results that are more accurate than 

their spring mechanical counterparts. 

2.1.2.9 Questionnaire  

A questionnaire is a quick and straightforward method to gather relevant information 

on the work-related risk factors that contribute to the tasks being performed. By 

analysing the evidence provided, it is possible to determine which worker groups and 

workstations should be prioritised for further ergonomic assessment. However, the 

determination of exposure levels has its limitations with the questionnaire method. The 

data collected may be substantial enough to rank the units according to their exposure 

and contact levels (Hildebrandt et al., 2001). Research by Dickinson et al., (1992) stated 

that a questionnaire typically includes several sections, such as an overview of the 

survey and its significance. Additionally, it provides information on how to complete 
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the survey and scores the questions designed to meet the survey's objectives. A 

questionnaire is a quick and simple method to acquire information about the 

relationship between work practices and the associated risk symptoms arising from 

these tasks. The core questions of the survey are designed to gather information in these 

sections (Rittel, 2010): 

1. Background variables (gender, age, and length of employment). 

2. Tasks (demands of the tasks). 

3. Miscalculated risk workload (forces, postures, and movements). 

4. Health related to miscalculated risk symptoms. 

5. Workers' lifestyle (smoking, sports, and activities). 

6. Suggestions for process development. 

2.1.2.10 National Institute for Occupation Safety and Health (NIOSH) 

The National Institute for Occupation Safety and Health (NIOSH) is a lifting tool that 

collects information about the tasks performed and records this data to calculate the 

Recommended Weight Limit (RWL). Furthermore, the RWL is determined by 

multiplying various task variables, and data will be gathered through interviews and 

direct observations of workers involved in the tasks. Additionally, the NIOSH equation 

is utilised to assess manual handling at workstations and to identify hazards and risks 

associated with tasks such as lowering and lifting (Khan et al., 2022).  

2.2 Determining Anthropometric Measurements 

2.2.1 An Overview of Anthropometry  

Anthropometry is the science of human body measurements and serves as an indicator 

of well-being and health. It is a division of human disciplines focused on measuring the 
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weight, size, and parts of the human body to achieve usability, comfort, and fit (Dorjee 

& Sen, 2018). According to Chao & Wang, (2010) and Klamklay et al., (2008), 

anthropometric data also provides insights into the static dimensions of the human body 

in standard postures. The measurement of the human body and limbs is essential 

information for designing workstations, clothing, and hand tools, as well as workstation 

furniture, machines, devices, and working environments for individuals with 

disabilities, along with many other products for human use. 

In industrialised countries, numerous studies have been conducted on the 

anthropometric measurements of various workers across different sectors. However, 

research focusing on the anthropometric dimensions within the garment sector is 

limited. Furthermore, there is a lack of studies specifically addressing the 

anthropometric measurements of garment workers. Among these studies, Del, (2007); 

and Leilanie, (2004) highlighted the importance of height anthropometry measurements 

of garment workers in their working postures. An earlier study by Sealetsa & Thatcher, 

(2011) emphasised the significance of anthropometry in designing work tasks (e.g., 

work task cycles and cooperative work), workstations (e.g., task height, table shape, 

task angle, and adjustable tables and chairs), and workstation equipment (e.g., needle 

angle and sewing machine table design). 

Several previous studies by Hanson et al., (2009); Pessiot et al., (2010); and Sheta et 

al., (2018) have stated that anthropometry is the science of measuring human body 

form, which can help clarify the challenges posed by the human body and its interaction 

with the working environment. When designing any product, designers and engineers 

must rely on scientific anthropometric measurements to create seats that accommodate 

the largest number of people. Otherwise, the result may be a non-ergonomically 
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designed product, contributing to biomechanical strains and increasing the hazards and 

risks of cumulative trauma and carpal tunnel syndrome for workers. Therefore, using 

anthropometric data is also essential for the design and implementation of safe tools. 

Additionally, a previous study by Taifa & Desai, (2017) notes that anthropometry has 

three main principles, which are primarily followed in the design of various products 

depending on the final outcome. The first principle is “design for the extreme 

individual”, which may involve designing for the maximum population, usually 

referred to as the 95th percentile male/female, and/or designing for the minimum 

population, typically referred to as the 5th percentile male/female. The second principle 

is “designing for an adjustable range”, which considers both the 5th percentile 

male/female and the 95th percentile male/female to accommodate 90% of the 

population. Many researchers have suggested that the adjustability principle is the main 

ergonomic guideline to follow when designing workstation furniture. The last and third 

principle is “designing for the average”, which is typically used when adjustability is 

impractical. 

2.2.2 A Brief History of Anthropometry 

Anthropometry has long been used as a measure of human body variation, and since it 

assesses external morphology, it is intuitively understood at an elementary level. By 

standing at any major junction in a city around the world, one can easily marvel at the 

variety of human physical diversity, such as: tall, short, thin, long-legged, fat, and 

stumpy. Native wit lends authority to the study of anthropometric measurement 

variation and its applications (Ulijaszek & Komlos, 2010). Previous research by 

Komlos, (2018) stated that the concepts of biological variance among human 

populations are of great antiquity but became quantitatively formalised in the nineteenth 
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century. Additionally, early attempts to address this issue took place in the eighteenth 

century, prior to innovations that identified variation at microscopic levels, including 

physiological, biochemical, endocrinological, and genetic factors. Morphology was the 

primary means of classifying nature. 

In the earlier study by Floud, (2004), the strength of anthropometry as a measure of 

human body variation lies in its relative affordability and simplicity of application, 

although accuracy remains a concern. It is unsurprising that anthropometric measuring 

methods have changed little during the nineteenth century. The interpretation and 

significance of anthropometric data variation have evolved alongside new 

understandings of how human body variation is maintained and generated. With this 

shift in meaning has come a change in usage as well, transitioning from racial 

classification to international public health and the history of anthropometric 

measurement. 

2.2.3 Application of Anthropometric Data 

The application of anthropmetric data is described for designing industrial 

workstations. It is necessary to obtain relevant information on work task performance, 

body posture, equipment, and the working environment. In cases of new workstation 

design, it is advantageous to gather more information from similar task situations, such 

as several tools and methods. These may include direct observation, one-on-one 

interviews with experienced workers, videotaping, and questionnaires (Gupta, 2014). 

Before designing any workstation in the industry, it is desirable to conduct a worker 

survey using appropriate questionnaires to assess the impact of existing and current 

equipment. The existing equipment must prioritise worker comfort, health, ease of use, 

and maintenance, while the objectives of such a survey should be documented and/or 
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recorded. For example, the general rating of various tools and equipment, system 

design, and environmental factors such as noise, temperature, light, and the workstation 

should be considered (Gupta, 2014). 

2.2.4 Anthropometric measurements 

People have always analysed and studied the human body, the anthropometric data is 

measured from childhood to old age, encompassing a wide diversity of ethnic groups, 

serving as an indicator of health and nutritional status (Lu, 2003). In addition to the 

dimensions of the human body, such as stature, breadth, and length, anthropometry also 

describes the mass of the human body. This including weight, center of gravity, and 

parameters of human body strength and motion that establish mass properties, physical 

geometry, and the strength capabilities of the human form (Khadem & Islam, 2014). 

According to previous studies by various researchers, such as Hsiao et al., (2002); İşeri 

& Arslan, (2009); and Kalınkara et al., (2011), anthropometric data is one of the 

essential factors in designing the human body, machines, devices, tools, vehicles, and 

PPE to achieve optimal design for high performance and productivity. Anthropometric 

data has been measured as the fundamental core of ergonomics in an effort to address 

the issue of fitting people to machines, which should be ergonomically adjusted to 

products and workstations. Several earlier studies, including (Kalınkara et al., (2011); 

and Wang et al., (1999), stated that anthropometric data pertains to the division of the 

human body that deals with body measurements, which indicate people's health status. 

Earlier research by Chuan et al., (2010) noted that any designs incompatible with the 

anthropometric measurements of a workforce could lead to undesirable incidents. 

Previous research by Hsu & Yu, (2010) indicated that the accidental causal factors 

included the use of hand tools and machinery, unsafe mechanical and physical 
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conditions, and unsafe practices. Hand anthropometry tools are valuable for assessing 

various aspects of industrial machine hygiene, medicine, and other applications related 

to designing tools and machines for improved efficiency and enhanced human comfort. 

According to Chao & Wang, (2010), quickly and accurately obtaining and estimating 

anthropometric measurements significantly impacts society today. Designing a product 

without incorporating the anthropocentric measurements of users is problematic, as 

human body dimensions and measurements vary by age, gender, race, and nationality. 

Therefore, it is advisable to consider essential anthropometric measurements and 

dimensions when designing workstations for workers. 

According to Mousumi, (2015), one of the most important natural variables that 

emotionally impact the physical characteristics of the human body is hereditary 

structure. Moreover, gender is a factor that affects physiology and body ratios, revealing 

significant differences between males and females that should not be overlooked in a 

single design. Anthropometric data has significantly contributed to the ergonomic 

design of workstations in the manufacturing industry. Creating an anthropometric 

database typically requires considerable resources, including equipment, workforce, 

machinery, and funding. As previously mentioned by M. Ali, et al, (2014), 

anthropometric data is utilized in ergonomic workstation design to specify the physical 

dimensions of workspaces, equipment, workstation furniture, and clothing. 

Additionally, the phrase “in shape the task to the man” emphasises the importance of 

avoiding physical mismatches between product dimensions and equipment dimensions 

that align with user dimensions. Generally, anthropometric measurements are 

expressed as percentiles, with a percentile defined as a statistical measure representing 

the value below which a given percentage of observations in a group fall. For example, 
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the 95th percentile is the value below which 95 percent of the observations may be 

found. 

2.2.5 Types of Anthropometric Measurements 

There are two types of anthropometric measurements: static (structural) anthropometry 

and dynamic (functional) anthropometry (Man, (2011): 

2.2.5.1 Static (Structural) Anthropometry 

Static (structural) anthropometry refers to skeletal dimensions that measure the 

distances between the joint centers of bones, it also includes some soft tissue 

measurements in contour dimensions, such as the wobbly staff that encompasses all 

body muscle, skin, fat, and bulk. 

2.2.5.2 Dynamic (Functional) Anthropometry 

Dynamic (functional) anthropometry refers to the measurements taken when the human 

body is in motion and engaged in physical activities, such as reach (e.g., the arm plus 

the extended torso), clearance (e.g., two people passing through a doorway), volumetric 

data (e.g., the effective area for a specific work task), and kinetochore. 

2.2.6 Anthropometric body dimensions 

The anthropometric body dimension refers to the measurement of the human body, 

which provides the foundation for developing information for models used in pattern 

making. There are subtle differences among individuals, and human body dimensions 

fit within a standard range that has varied significantly across different times and 

regions. The anthropometric human body dimension also offers a recommended list of 

data requirements for gathering human body measurements  (Khadem & Islam, 2014). 

A previous study by the Mousumi, (2015) noted that anthropometry consistently 
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examines human body dimensions in either the coronal or sagittal plane. It also 

maintains two standard postures: standing body posture and sitting body posture, which 

are described below (Pereira et al., 2014): 

2.2.6.1 Standing Body Posture 

The standing body posture involves the person looking straight ahead and standing erect 

with a relaxed demeanor. For standing measurements, the posture should generally 

include looking straight ahead, heels together, an upper body that is relaxed, and normal 

breathing (Pereira et al., 2014). 

2.2.6.2 Sitting Body Posture 

The sitting body posture involves the person looking straight ahead and sitting upright, 

with the sitting surface adjusted so that the thighs are parallel to the ground and the 

knees form a 90º angle, with the feet flat on the floor. Additionally, the upper arm 

should be comfortable and vertical to the horizontal surface, while the forearm is 

positioned at the correct angle to the upper arm, remaining parallel to the ground. 

Furthermore, measurements in a sitting posture are taken using a horizontal reference 

point, either the floor or the seat, and a vertical reference point is an imaginary line that 

traces the back of the uncompressed shoulder blades and buttocks of the individual. 

Consequently, in the standard body posture, the person should be measured with the 

major joints, such as the knees, ankles, hips, and elbows, positioned at 90º angles  

According to Chuan et al., (2010), variations in lifestyles, nutrition, and national groups 

among populations lead to differences in human body dimensions, necessitating regular 

updates to anthropometric data collections. The variation in body dimensions among 

individuals, based on race and sex, can complicate product design. Designing 

equipment and/or tools to accommodate all human body types and sizes is challenging; 
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therefore, designers and engineers must prioritize the significance of these dimensions. 

For measurements of sitting postures, the torso should be erect, shoulders relaxed, the 

subject should look straight ahead, and the feet should be supported so that the femurs 

are horizontal and parallel to each other. Achieving horizontal femurs can be facilitated 

by an adjustable foot platform or a series of platforms of varying thickness that can be 

combined to attain the desired posture. 

2.2.7 Significance of Integrating Anthropometric Data in Workstation Design 

All products of the workstations are ideally designed using user-centered design 

processes, where data is taken into account. Anthropometry data is the branch of human 

body sciences that focuses on the measurements of weight, size, and proportions of 

human body posture to achieve fit, comfort, and usability. In an ideal design process, 

the data is compared with relevant product workstation dimensions, such as chair height 

relative to personal height (Hanson et al., 2009). According to Pentikis et al., (2002), 

all product designs, including consumer products, clothing, and product systems, as 

well as the fit between different workstation products and users, are not consistently 

optimal. 

Westgaard & Aarås, (1984) argue that improper product design of workstation 

adjustments to anthropometric features results in pain, discomfort, and disorders in the 

neck, arm, shoulder, hand, wrist, and back. Furthermore, the resulting MSDs have been 

observed in various contexts, including the driver environment and the office of the 

electronic assembly line (Sundelin & Hagberg, 1989). To minimize the poor 

anthropometric alignment between product design, workstation design, and users, 

designers and engineers must utilize accurate and updated anthropometric data for each 

object group (Nickpour & Dong, 2011). According to Williams et al., (2004), 
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integrating anthropometric data (measurements of human body sizes and dimensions) 

into new product design can provide a more precise foundation for evidence-based 

design decision-making. 

2.2.8 Anthropometric Considerations for the Workstation  

Anthropometry is the collection and measurement of the physical dimensions of the 

human body and posture, ultimately used to enhance human fit in the workstation and 

identify issues between facilities, equipment, and the workers using them. Research by 

Mayfield, (2007) indicates that clearance, reach, posture, and strength are the four 

primary constraints utilised in ergonomic design. The 95% confidence level signifies 

that the design accommodates the smallest and largest users within the 95th percentile 

of a specific population. This implies that the smallest 2.5% and the largest 2.5% of the 

population are excluded from design considerations. These percentages are omitted 

because the 95th percentile between them ensures the greatest accommodation, 

operability, compatibility, and maintainability for average-sized users (Iberes & 

Giovana 2000). 

According to Iberes & Giovana (2000), the approach allows the workstation to be 

designed to accommodate the maximum number of workers possible within the selected 

percentile. Some key ideas that can help determine the distances needed for certain 

controls indicate that clearance should always accommodate the maximum number of 

users, while reach should always accommodate the minimum. A workstation is 

designed to fit each individual worker, but with shrinking budgets and workforces, it 

becomes increasingly difficult for a company to afford changes that fit the worker. 

Anthropometrics is critical in ergonomics because it takes the dimensions of workers 

and applies them to the design of workstations, tools, jobs, and equipment. Several 
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features characterize a well-designed job, such as: physical dimensions that ensure 

reaches, clearances, and work heights accommodate the capabilities and features of at 

least 90 percent of workers; peak loads that remain within the strength and/or endurance 

capacities of at least 90 percent of workers; environmental factors that do not impose 

improper risks and/or performance limits on the healthiest workers; cognitive, 

perceptual, and visual demands that align with the dimensions of most workers, 

including older ones; job repetition rates and striding that are not excessive; and 

workers having control over their job patterns. 

When designing a workstation, it is best practice to use dimensions that accommodate 

at least 90 percent of workers. This approach allows for greater interchangeability, 

enabling multiple workers to perform the same tasks in the workstation environment. 

By maintaining average mental and physical demands, designers and engineers enable 

a diverse range of workers to complete the tasks effectively. The principle behind 

ergonomic workstation design is that a healthy, normal adult should be able to perform 

the tasks within a company, allowing managers to recruit from the primary pool of 

available workers (Rittel, 2010). A study by Young, (2009) indicated that in job design, 

reducing static exertion without the motion element of any task may prevent local 

muscle weakness from limiting productivity. Most industrial work involves both static 

and dynamic tasks. While static work is more likely to limit productivity, it is generally 

advisable to minimize the static component of tasks whenever possible. 

Furthermore, there are several guidelines for workstation and task design aimed at 

reducing static effort, which include: avoiding forward reaches of more than 15 inches 

while sitting and more than 20 inches in front of the body when standing; designing 

foot pedals to minimize or eliminate the need for sustained pressure and providing rest 
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breaks for highly repetitive job tasks. These design guidelines are recommended to 

ensure that a task is not exhausting or overworking the worker. By reducing the manual 

effort required in a task, the company will create a more favorable environment for the 

worker, promoting higher productivity (Rittel, 2010). 

2.3 Designing an Ergonomic Workstation 

2.3.1 An Overview of Ergonomics Science 

The fundamental philosophy of ergonomics is to design workstations that promote 

safety, comfort, convenience, and physical health, while also motivating individuals in 

their studies (Taifa & Desai, (2017). According to Koirala, (2022), ergonomics is the 

careful design of equipment that enables people to work more efficiently and effectively 

in their environments. To achieve this, it applies physiological and psychological 

principles to the engineering and design of workstation systems and processes. The 

ergonomics approach involves studying task design in relation to the psychological and 

physiological capabilities of individuals. The goal of ergonomics is to evaluate and 

design jobs, facilities, environments, training methods, and tools to align with the 

abilities of users and workers, thereby reducing the potential for errors, fatigue, and 

unsafe actions. Furthermore, from an ergonomics perspective, when most potential 

workers can perform well without excessive stress, it is essential to ensure thoughtful 

design (By & Meister, 1995). 

Research by Cañas et al., (2011) and Wibowo & Mawadati, (2021) indicates that 

ergonomics science can be applied across a wide range of disciplines within the 

manufacturing industry. For instance: architecture, anatomy, product design, 

physiotherapy, physics, psychology, occupational therapy, and industrial design 

engineering. Additionally, numerous studies have reported improvements in efficiency 
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and product quality in the manufacturing sector, alongside reductions in injury rates 

and increases in job comfort and satisfaction for workers. Ergonomics science involves 

the application of scientific principles, approaches, and data drawn from various 

disciplines to develop manufacturing systems where people and societies play a 

significant role. Key disciplines include cognitive science, psychology, physiology, 

biomechanics, applied physical anthropometry, and industrial engineering systems 

(Shamsuddin et al., 2015). According to Dul et al., (2012), the international ergonomics 

association (IEA) defines the field of ergonomics as follows: Ergonomics, or human 

factors, is the scientific discipline concerned with understanding the interactions 

between the human body and other essential components of the system. Ergonomics is 

also a profession that applies principles, theories, data, and approaches to design in 

order to optimise human well-being and overall industrial system performance. 

Economists contribute to the design and evaluation of tasks, jobs, products, 

environments, and industrial systems to ensure they align with the needs, abilities, and 

limitations of people.  

Research by Simonsen & Berlin, (2017) states that the primary purpose of ergonomics 

is to study the conditions of people at work and play, thereby improving the overall 

situation for individuals. Ergonomics is always user-centered and focused on the user's 

well-being rather than solely on productivity. Although directors and designers 

sometimes require justification for enhanced productivity and efficiency to implement 

ergonomic science in industrial systems, the aim of ergonomics can be described as 

aligning the system and product with the user. Furthermore, among the fundamental 

disciplines contributing to ergonomics are psychology, cognitive science, physiology, 

biomechanics, applied physical anthropometry, and industrial systems (Interaction 

Design Foundation, 2017). According to Krishna, (2019), ergonomics originated from 
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the importance of design and the operational challenges presented by new work systems 

that have evolved with technological advancements. Two approaches, namely: fit the 

man to the job (FMJ) and fit the job to the man (FJM), have been recommended as 

viable alternatives to enhance and sustain the productivity and efficiency of human-

machine work systems, with work satisfaction, health, and the capabilities of the human 

body as core issues or objectives. It has also become evident that FJM is almost always 

the superior method for designing work systems. 

The underlying expectations of the FJM method are that a suitable set of worker 

characteristics can be identified for which a task can be designed, and this can be 

applied to any task. The content of ergonomics primarily focuses on relating these 

characteristics at the physiological, anatomical, and psychological levels and 

explaining their design implications; only under specific circumstances can the FMJ 

method be the sole option. For example, workers who need acclimatisation must 

operate in hot conditions that should remain unchanged, and there may be various FJM 

options, such as creating a better work-rest schedule and providing protective clothing 

(Krishna, 2019). According to Mehta, (2016) and Zhang & Zhang, (2005a), the field of 

ergonomics was established by economists to address practical issues in the design and 

manufacturing of workstation products and systems, and it is typically divided into the 

areas of physical ergonomics, cognitive ergonomics, and organizational ergonomics. 

Some explanations of the sub-fields of ergonomics are provided by (Zhang & Zhang, 

2005b), which include cognitive ergonomics, related to mental processes such as 

awareness, thinking, cognition, and response, as these affect the relationships between 

the human body and various factors of the engineering system. Issues related to 

cognitive ergonomics encompass psychological workload, human dependability, 
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decision-making, skilled performance, capability, and training, all stemming from the 

interaction between individuals and the system. Additionally, physical ergonomics 

focuses on human structure concerning anthropometric, physiological, and biological 

features in relation to bodily activity. The principles of physical ergonomics are 

commonly applied in the design of both consumer and manufacturing workstation 

products. 

Moreover, the most prevalent types of work-related tasks associated with injuries are 

MSDs linked to repetitive tasks, integrated into work processes, and poor working 

environments (Britnell et al., 2006). Therefore, to enhance worker efficiency and reduce 

the risk of MSDs, the workers must assess their body postures and implement 

appropriate measures. A significant issue in industrialised countries today is the 

WRMSDs associated with repetitive work environments. These issues can be defined 

as weak human bodily structures, including muscles, joints, tendons, ligaments, nerves, 

bones, and the local circulatory system, which arise primarily from similar procedures 

or work conditions (Britnell et al., 2006). According to Scott & Erin, (2006) and Bailey 

et al., (2023), organisational ergonomics focus on improving social systems. This 

encompasses organisational structure, processes, and policies related to 

communication, resource management, participatory and collaborative teamwork, 

community work conditions, new work programs, virtual organisations, and quality 

management. Additionally, the areas of specialisation within the field of ergonomics or 

human factors can be broadly categorised as illustrated in Figure 2.2. 
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Figure 2.2: Classification of the sub-fields of ergonomics  

2.3.2 A Brief History of Ergonomics 

Although ergonomics has undergone many changes throughout its long history, some 

developments, such as cognitive ergonomics in the 1960s, organisational ergonomics 

in the 1970s, positive ergonomics in the 1980s, emotional ergonomics in the 1990s, and 

spiritual ergonomics in the new millennium, have sparked debate. Positive ergonomics 

typically focuses on enhancing the human-machine system to create a more enjoyable 

work environment, allowing individuals to feel comfortable and satisfied. Emotional 

ergonomics examines how people's emotions interact with machines. Spiritual 

ergonomics is based on the idea that workers' passions significantly influence their 

success and well-being (Koirala, 2022). As noted by Krishna, (2019), the emergence of 

ergonomics as a distinct field of study is a relatively recent phenomenon. The concept 

of ergonomics has roots in ancient times; during the Stone Age, individuals designed 

hand tools to suit both the user and the task. Additionally, during the Industrial 

Revolution, efforts were made to apply human-centered design principles to tools, 

aiming to assign engaging jobs to people while relegating repetitive tasks to machines. 

When ergonomics was formally recognized after World War II in the United Kingdom, 
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its focus shifted to equipment and workstation design. See Appendix II for some ISO 

standards related to ergonomic design, which encompass relevant subjects such as 

physiology, anatomy, industrial medicine, architecture, design, and illumination 

engineering. 

In Britain, the ergonomics research society was established in 1950, and in various parts 

of Europe, particularly Germany, France, the Netherlands, and the Scandinavian 

countries, ergonomics is a well-established discipline and research field. Even labor 

unions are actively focusing on its advancement, recognising its importance for health, 

safety, convenience, and comfort. In the United States, human factors or ergonomics 

emerged as a discipline in the early fifties. As previously mentioned by Krishna, (2019), 

ergonomics or human factors share much in common, although their development has 

followed different paths. Ergonomics or human factors have achieved remarkable 

success in designing large systems within the workstation industry at the National 

Aeronautics and Space Administration (NASA) and its space system programs.  

The Eastman-Kodak and International Business Machines (IBM) are two companies, 

among others, where ergonomics have been significantly applied, with many of these 

programs undertaken by company nurses and industrial engineers. Other agencies in 

the field of ergonomics and human factors have sponsored studies on civilian 

applications, including the design of highways and road signs, human capabilities and 

limitations in space, car design, the effects of drugs and alcohol on driving, industrial 

safety, ergonomics in underground mining, workstation injuries, job stress, safe design 

of consumer products, design requirements for nuclear power plants, and aviation 

safety. Recently, the Human Factors Society (HFS) in the United States has changed its 

name to the Human Factors and Ergonomics Society (Krishna, 2019). Both human 
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ergonomics and factors engineering utilise the FJM method, asserting that jobs should 

be tailored to fit people rather than the other way around. Basic human features in the 

context of job design and analysis have been examined by economists; however, as this 

is a developing and interdisciplinary subject, the limitations of ergonomics remain 

unclear. 

Additionally, in India, the application of ergonomics has been quite controversial thus 

far, given the vast size of its industrial and agricultural sectors. Only a few individual 

efforts have been made. The design of productive job systems, operated by motivated, 

healthy, and efficient individuals, becomes a core issue to remain competitive with the 

cost-effective approaches and procedures currently in use. It is essential for 

organisations involved in any product to apply ergonomic principles as a crucial 

concept for better workstation design, services, and the working environment in the 

future. 

The term ergonomic is derived from the Greek words ERGON, meaning work, and 

NOMOS, meaning law or usage. According to Esmaeel, (2022) and Gade et al., (2015), 

the word “ergonomic” was first used in 1857 by a Polish researcher named Wojciech  

Jastrzębowski when he published the book “The Work Environment or Business 

Science.” Similarly, ergonomics emerged as a response to the design and operational 

challenges posed by technological advancements in the last century. Its development is 

linked to the same historical processes that led to the establishment of other fields such 

as occupational medicine and industrial engineering. Ergonomics involves applying 

scientific knowledge about the human body to the design of objects and systems utilised 

by people (Sepehri et al., 2013). Ergonomics, or human factors, is a method of working 

smarter, not harder, by designing tools, equipment, workstations, and tasks to align the 
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job with the worker, rather than forcing the worker to adapt to the job (Al-Hinai et al., 

2018). Ergonomics, or human factors, is a profession that employs principles, theories, 

and data to understand the interaction between the human body and other elements 

within the system (Kurban et al., 2015).  

2.3.3 Benefits of an Ergonomics Process 

The benefits of an ergonomics process are explored in the subsequent sections (Khan 

et al., 2022):  

2.3.3.1 Ergonomics Reduces Costs 

By systematically reducing ergonomic hazards and risk factors, economists can prevent 

the costly burden of MSDs, with approximately 1 United States dollar (USD) out of 

every 3 USD in workers' compensation costs attributed to these disorders. This presents 

an opportunity for significant cost savings.  

2.3.3.2 Ergonomics Improves Productivity 

The best ergonomic solutions often enhance workstation productivity by designing 

tasks that promote good posture, reduce motions, minimise exertion, and optimise 

heights and reach, thereby making the workstation increasingly efficient.  

2.3.3.3 Ergonomics Improves Quality 

Poor ergonomics results in frustrated and fatigued workers who are unable to perform 

at their best. When a task is too physically demanding, workers may struggle to 

complete it as effectively as they were trained. For example, a worker might not tighten 

a screw sufficiently due to the high force required, which could lead to issues with 

product quality. 



42 
 

2.3.3.4 Ergonomics Improves Worker Engagement 

A workers' announcement when the factory is making its best efforts to ensure their 

safety and health. For instance, if a worker does not experience discomfort or fatigue 

during their workday, it may decrease absenteeism, reduce turnover, improve morale, 

and increase worker involvement. 

2.3.3.5 Ergonomics Creates a Better Safety Culture 

Ergonomics demonstrates the company’s commitment to health and safety as a 

fundamental value. The cumulative impact of the previous four benefits of ergonomics 

results in a more robust health and safety culture within the company. Health workers 

are the most valuable asset, nurturing and establishing the safety and health culture in 

an organisation, which ultimately leads to improved performance. 

2.3.4 Importance of Ergonomics 

Industries increasingly require higher production rates and technological advancements 

to remain competitive and sustain operations. Consequently, jobs today may involve: 

frequent lifting, carrying, and pushing or pulling loads without assistance from other 

workers or devices; heightened specialisation that necessitates the worker to perform a 

single function or movement for extended periods, day after day, and working more 

than eight (8) hours daily; and maintaining a quicker pace in tasks, such as faster 

assembly line speeds and having restricted grips when using tools (Berlin, 2011). 

2.3.5 Problems at the Workstation and the Ergonomics 

There are several types of problems associated with the task to be performed, such as: 

humans being responsible for the work; the environment in which human beings 

operate; and the interfaces between work, humans, and the environment. All of these 

factors influence and determine the level of human performance and production output 
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at the workstation, regardless of the type and level of technology employed. Moreover, 

the issues related to these aspects cannot be entirely eliminated. As the technology in 

use is continuously assessed, no two individuals can perform the same job task in 

precisely the same manner due to variations in inherent abilities and responses to the 

work environment and systems among human beings. 

The primary focus of ergonomics is the design of the workstation as a cohesive system 

to achieve optimal performance from humans consistently and continuously. 

Additionally, interdisciplinary knowledge in relevant fields such as physiology, 

biomechanics, psychology, engineering, systems design, and cybernetics is essential. 

These fields are necessary to understand functional requirements, formulate system 

goals, analyse the system, implement the system, and design new systems. To address 

any issues of this nature in workstation environments, ergonomics is likely to provide 

a range of solutions (not just one, but a variety of alternative solutions) that can lead to 

increased productivity of resources and efficiency of production equipment, safe 

working practices, improved health and well-being of individuals by minimising risks 

and hazards, and the design of a maintenance plan for a comfortable work environment. 

In the long term, operations at the workstation should aim for minimal costs and 

maximum product quality while ensuring acceptable and standard quality of work life 

for individuals (Esmaeel et al., 2024). 

Moreover, as economists hail from a variety of professional fields, it becomes easier 

for them, as a collective, to tackle workstation problems in an integrated and holistic 

manner. For several reasons, the potential of ergonomics has not yet been fully realised, 

except in some developed Western nations. In developing countries, ergonomic 

principles have rarely been applied in workstation design. Additionally, a survey 



44 
 

indicated that individuals outside the field of ergonomics are largely unaware of its 

significance. As technology grows more complex, the design of the interface between 

advancing technical programs and their human users becomes increasingly critical. In 

the near future, the necessity for successful implementation of ergonomics at 

workstations is anticipated to be recognised by designers, engineers, and users alike 

(Ahmed, 2018). 

2.3.6 Ergonomics in the Constrained Design Reality 

Product design is typically conducted as a development task where stringent constraints 

on product performance, costs, and timelines are prevalent. Throughout the 

development process, the design team must consider a comprehensive range of 

requirements, including technical performance, environmental concerns, market 

limitations, manufacturing, competition, materials, weight, costs, aesthetics, safety, 

quality and reliability, installation, packaging, and ergonomics. All these factors must 

be carefully balanced and ultimately synthesised into an innovative, competitive 

product that is available on the market at the right time and price. 

2.3.7 Designers as Users of Ergonomics Information 

To make any real contributions to the design, ergonomics consultants need ways to 

influence the thinking and behavior of people with significantly different perspectives 

from their own. The challenge for ergonomics consultants is to establish methods for 

stimulating, informing, and influencing a design team to effectively address important 

ergonomics issues throughout the product design process. It should be the ergonomics 

specialist's responsibility to interpret research findings and begin bridging the research 

gap by learning to communicate in the language of design. Research by Fulton & 

Marsh, (2000) notes that ergonomics consultants must create a relationship between 
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synthesis and analysis. They need to facilitate the translation of ergonomics information 

into a format that stimulates well-conceived and user-centered design ideas. In product 

design, designers often prefer to obtain precise data rather than general guidelines. 

Several economists seem to believe their task is complete once they have provided 

general guidelines and handed them over to designers for implementation and 

interpretation. 

A study by Burns & Vicente, (2000) considers that the influence of ergonomics on 

design must extend beyond laboratory results and guidelines. Although end users are 

the recipients of ergonomics, they are not typically the ones utilising the ergonomic 

outcomes. The actual users are designers and those who create the products and 

systems, whose decision-making must be guided by ergonomic considerations. 

According to Bezerra et al., (2017), design is the central achievement of the engineering 

profession. In today’s context, human-machine interface design, or simple interface 

design, has become a critical issue; thus, it is essential for design engineers and 

technologists to be informed about ergonomic principles and human factors. Ergonomic 

design and analysis have emerged as key areas of study, with extensive research over 

the past decades aimed at creating workstations that are ergonomically designed, 

operationally safe, and productive as well. 

2.3.8 Difficulties of the Contribution from an Ergonomics Perspective 

Usually, economists work in product development, and reports indicate that one of the 

major sources of dissatisfaction is the potential to make a difference, such as 

contributing relevant and usable design insights. However, economists argue that 

ergonomic factors are often overlooked in the design process, relegating ergonomics to 

a post-design evaluation. This leaves economists with limited opportunities to 
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implement crucial design changes and highlights the significance of the product (Abid 

et al., 2017). According to Simonsen & Berlin, (2017), most ergonomics professionals 

have cultivated a strong practice in both written and oral presentations of materials. 

Many designers and engineers are impatient with lengthy written arguments and tend 

to prefer visual materials, seeking to grasp the main point quickly and move on. A study 

by Ullman, (2018) states that design problems are characterised by being ill-defined, 

having multiple potential solutions, and lacking a clear best solution.  

2.3.9 Significance of Integration of Ergonomics in Design 

The workers need to have as much ergonomic motivation as possible during the 

conceptual design phases of the task to ensure that their struggles are directed 

appropriately. However, today's workers operate at a distance from the broadly diverse 

societies of the users (Fulton & Marsh, 2000). In many cases, designers are expected to 

rely on other professional functions, such as ergonomics and market research, to 

interpret people's wants and desires. The researcher adds that, with support from the 

authorities, designers and engineers should be provided with ample opportunities to 

step outside their own culture and experiences to understand what it is like to be 

someone else. Clearly, mutual understanding, interest, and respect among engineers and 

economists for each other's capabilities are central to facilitating the efficient 

incorporation of ergonomics in workstation design. Research by Haslegrave & Holmes, 

(1994) indicates that it is crucial for economists to grasp the key aspects of design. Both 

are connected to the process, the product, and business limitations, and it is also 

essential for engineers to receive formal education in ergonomics, so that both 

professions can understand each other's approaches to problem-solving. 
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2.3.10 Engineering and Design 

The American Heritage Dictionary of the English Language (AHDEL) defines 

engineering as the application of scientific and mathematical principles to practical 

ends, such as the design and manufacture of machines, the operation of efficient 

processes, and the creation of economical structures and systems. Conversely, the verb 

"engineer" can mean to manage, plan, and implement. Research by Engelmann et al., 

(2021) states that engineers' primary task is to apply scientific information to solve 

technical problems and then optimise that solution within given material, economic, 

and technological constraints. 

2.3.11 Engineering Design and General Design Considerations 

Engineering design is a part of human problem-solving activity that begins with 

recognising a gap in user knowledge, leading to a plan for a new object and culminating 

in the production of that object (Starovoytova, 2019; Starovoytova et al., 2016). Product 

design involves conceiving and shaping the goods and services that meet user needs. 

The following aspects are considered during the design process: simplicity, ease of use, 

ergonomics, safety, ease of manufacture, aesthetics, availability of materials and labor, 

durability, reliability, weight and size, operational and maintenance costs, 

environmental soundness, efficiency, life cycle cost, utility, and function (Madara et 

al., 2016). Thus, Table 2.1 illustrates the elements of product design using the Ducati 

Monster motorcycle as an example of a highly popular and successful artifact 

established in 1993. 



48 
 

Table 2.1: The elements of product design 

What are the user needs? The motorcycle sounds powerful Reference 

What are the target values of the 

product attributes? 
0-100 km/hr. acceleration time ˂ 4.0 seconds, etc. 

Starovoytova, (2019). 

 

What is the core product concept? A naked bike as a raw counterpoint to the faired sport-bikes in the market. 

What will be the overall physical form 

and appearance of the product? 

Typically, the form is initially represented with a sketch and eventually in 

represented by a 3D (Three-dimensional) computer model. 

What is the product architecture? 

Welded tubular frame; Ducati L-Twin engine/transmission hung from 

frame at four points; chain derive; rear swing arm suspended from 

transmission casing, etc. 

What variants of the product will be 

offered? 

M900 initial, to be followed by M400, M600 and M750 (differing 

primarily in engine displacement). 

Which components will be shared 

across which variants of the product? 
Most components except engine shared across all models. 

What are the values of the key product 

parameters? 
90cc engine displacement; 1440mm wheelbase; 14-liter fuel capacity. 

What is the detailed design of the 

components? 

Usually, the detailed design of components is represented with 3D 

computer models plus annotations for finishes, materials, and other 

attributes. 
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2.3.12 Application of Ergonomics 

The primary aim of ergonomics is to optimise the work system's performance by 

improving the interactions between machines and users. Enhanced performance can be 

defined more precisely, such as achieving greater output with fewer inputs (increased 

productivity) and enhanced reliability and efficiency (reduced likelihood of 

inappropriate connections among the work system components). The precise definition 

of a better working system varies based on the contexts and principles of ergonomics 

(Woo et al., 2016). 

2.3.13 Ergonomic Impact on Workers' Work Performance 

The impact of ergonomic factors on workers' performance in production areas can be 

leveraged by all industrial initiatives. Ergonomics is a strategy that helps companies 

attract and retain their best workers at the workstation (Ravindran, 2019). The goal of 

ergonomics is to enhance the workstation to accomplish more tasks in the least amount 

of time, energy, and money. Research by Kahare, (2014) suggests that when workplace 

ergonomics are improved, workers perform better and are less likely to miss tasks or 

leave their jobs. Ergonomics considers workers’ physical, social, mental, 

organisational, and environmental factors when designing workstation products, jobs, 

and working environments to ensure they align with their abilities, needs, and 

limitations. Ergonomics aims to enhance both human well-being and overall work 

performance using data, theory, principles, and methods. According to Ahmadi et al., 

(2015) and Mihartescu et al., (2021), ergonomics is a scientific discipline that focuses 

on how people interact with other components of the system. 

A study by Merino et al., (2017) posits that workstation ergonomics is a comprehensive 

science that examines various factors affecting a worker’s comfort and health, including 
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lighting, heavy lifting, noise, temperature, workstation design, tool design, vibration, 

repetitive motion, machine design, chair design, shoe design, and table design, among 

others. Research by Hoff & Öberg, (2015) suggests that enhancing work conditions, 

reducing physical exhaustion, and minimising strain from all activities can improve 

individuals’ well-being and quality of life at the workstation. According to Al Horr et 

al., (2016), a poorly designed workstation can significantly impact workers' task 

performance and overall satisfaction in the work environment. Soewardi et al., (2016) 

noted that most garment factories strive to make their workstations increasingly 

comfortable, and the number of garment companies implementing ergonomics in their 

operations has been on the rise. 

Using good ergonomic principles, workers’ well-being and safety can be enhanced, 

leading to increased productivity. According to Dimberg et al., (2015), the rapid 

changes in technology have altered the roles of ergonomics; to adapt to these changes, 

management must involve direct worker participation and awareness in workstation 

design. A study by Burgess, (2018) suggests that participatory ergonomics systems are 

the most effective way to rethink and design manual jobs, thereby reducing the 

incidence of occupational MSDs. Koirala, (2022) argues that for a workstation to 

comply with ergonomic principles and standards, it must utilise the latest technology to 

ensure worker comfort. Pickson et al., (2017) believe that regular training at the 

workstation can help workers understand how to significantly improve ergonomic 

practices. Furthermore, several reviews indicate that most research on ergonomics is 

conducted in garment manufacturing and developed countries.  
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2.3.14 Ergonomics at Industrial Workstation 

The ergonomics at the industrial workstation avoid the interactive methodology, where 

damage-causing tasks are modified to a practical approach that emphasises the 

assessment of each job. This pertains to safety and feasibility, as the workstation and 

processes are designed (Attwood et al., 2003). Ergonomics can be an integral part of 

design, manufacturing, and use. Users can gain a better understanding of ergonomics 

and see how it impacts the study of human body measurements, repetitive motion, 

movement, and workstation design as it relates to their needs. According to Attwood et 

al., (2003), the principles of integrating ergonomics into workstation production aim to 

enhance procedures through ergonomic involvement in the planning stage of 

workstation design. 

2.3.15 Industrial Workstation Design 

Good workstation design relies on the physiological, physical, and psychological needs 

of the worker. There are two key concepts in workstation design: the workstation itself 

and the physical area where an individual performs tasks. The main types of 

workstation designs include sitting workstations, standing workstations, and hybrid 

workstations that accommodate both sitting and standing. Each type has features that 

make it more suitable for certain tasks while being less effective for others. Therefore, 

workstation design should be evaluated alongside process and task data during analysis. 

The steps to designing a new workstation are: 1) Adaptation; 2) Problem identification; 

3) Basic information; 4) Data gathering and analysis; 5) Assessment; 6) 

Recommendations; 7) Design; and 8) Development (Eswaramoorthi et al., 2010). 
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2.3.16 Development of Ergonomics in the Workstation 

In the design stages of new processes, frameworks, tools, and products, it is common 

for advanced organisations to consistently prioritise ergonomics. This level is achieved 

by approximately 5% of all organisations, which can accomplish this through a 

common and ongoing phase access review process, along with standard design 

guidelines for ergonomic principles such as accessibility, work height, force, weight 

limits, and the engineers and designers responsible for product quality. According to 

Arezes et al., (2015), in recent years, the percentage of people using online software 

and solutions for office ergonomics has increased from 27% to over 50%. Table 2.2 

illustrates the development of ergonomics in the workstation (Kuorinka, 2000a).
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Table 2.2: Development of Ergonomics in the Workstation 

Period Event References 

400 Before 

Christ (BC) 

Archaeologists discovered sketches and paintings of Ancient Greek civilizations depicting chairs with back 

contouring. 

 

Kuorinka, 

(2000b). 

1700s. Bernardino Ramazzini (1633–1714), an Italian physician, produced an article titled “De Morbis Artificum”. 

1890s. Frederick Winslow Taylor started out on a mission to make the workstation more efficient. 

1900s. Lillian and Frank Gilbreth started looking into ‘Time and Motion Studies. 

1914-1918s. During World War I, ergonomic innovations for screens, controls, and seats were integrated into airplanes. 

1939-1945s. Ergonomic ideas found their way into armament and machinery throughout World War II. 

1949s. 
The term “ergonomics” was coined by physiologists and psychologists at the Admiralty in the United 

Kingdom. 

1950s. Military Ergonomics. 

Helander, (1997). 

1960s. Industrial ergonomics. 

1970s. Consumer products ergonomics. 

1980s. 
Human-computer interaction and software ergonomics. As computers were more widely used, ergonomic 

research changed once again to try to understand the human issues involved. 

1990s. Cognitive ergonomics and organizational ergonomics. 

2000s. Ergonomics has progressed in leaps and bounds as technology has improved. 

2001s. OSHA Ergonomic Standard. Renewed efforts underway to re-invent a version. 
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2.3.17 Ergonomic Design and Integration 

2.3.17.1 A Case Study of Rivatex East Africa Limited (REAL) 

The Rivatex East Africa Limited (REAL) is recognised as the home of quality textile 

products both locally and regionally. The REAL factory has been facing challenges 

related to machinery and obsolete technology, which have hindered the exploitation of 

potential opportunities in the local and regional markets. Despite these challenges, the 

REAL factory has taken several steps toward a complete revival on its path to 

sustainable growth and profitability. REAL is a vertically integrated textile factory that 

transforms cotton lint through various processes into finished fabrics (Ednah et al., 

2016). It was officially opened on the 4th of August in 2007 as the Moi University 

facility for training, teaching, consultancy, project work, research, product evaluation, 

development, and extension. REAL is fully owned by Moi University and was 

incorporated on the 16th of August, 2007, with the objective of utilising the facility for 

training, research, learning, extension, and commercial purposes. Additionally, the 

factory has established an ultramodern apparel and garment-making unit that is well-

equipped with state-of-the-art equipment to produce all kinds of outfits from cotton and 

cotton blend fibers (Ednah et al., 2016). 

Through the support of the Kenyan Government, the REAL factory has been able to 

invest in new and ultra-modern equipment in the textile industry, which is unique and 

the only one of its kind in Eastern and Central Africa. The REAL factory is a vertically 

integrated textile plant that includes spinning, weaving, wet processing, and garment 

operations (East & Limited, 2020). In this study, the garment operations department is 

selected as one of the pioneering garment industries in Kenya for producing high-

quality and excellently finished fabrics. This REAL factory is located at Kipkaren Rd 

South, 4744-30100, Eldoret, Kenya. See the REAL factory profile in Table 2.3. 

https://www.businesslist.co.ke/location/eldoret
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Table 2.3: REAL factory profile 

Factory name Rivtax East Africa Limited, factory 

Address Kipkaren Rd South, 4744-30100, Eldoret, Kenya. 

Product Finished fabrics 

Buyers African and Chinese firm. 

Number of workers 1000 

Certification ISO 

Worker productivity 55% - 60% 

Reference https://rivatex.co.ke 

 

2.3.17.2 Ergonomic Design Principles 

The ergonomic design principles, including the use of anthropometric data, workstation 

design, and the science of seating, are prioritised in creating an ergonomic workstation. 

Previous studies by researchers such as Chung & Wong, (2007); De et al., (2015); 

Eladly et al., (2020); Gorce et al., (2022); Khadem & Islam, (2014); Oyewole et al., 

(2010); Saguyod et al., (2021); Sheta et al., (2018) have indicated that ergonomic 

workstations promote good body posture, influenced by personal factors, task 

requirements, and workstation design. Additionally, body posture requirements are 

illustrated in the postural triangle, as shown in Figure 2.3, while work task requirements 

encompass cycle time, visual demands, force, manual tasks, rest periods, paced, and in-

paced tasks. Personal factors include workers' anthropometric dimensions, age, sex, 

body mass index (BMI), existing MSDs, and injuries, while workstation design 

involves seat design, seat dimensions, and work surface dimensions. Furthermore, 

while work task requirements and personal factors may rarely change, workspace 

design can be modified when creating an ergonomic workstation. Ultimately, good 

body posture reduces postural strain and stress, enhancing worker comfort. Utilising 

anthropometric data in workstation design, along with principles of motion economy 

https://www.businesslist.co.ke/location/eldoret
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and seating science, can aid in developing an ergonomic workstation. The ergonomic 

design principles that should be integrated into workstation design are discussed in the 

following sections (Ahmed, 2018): 

 
Figure 2.3: Postural triangle  

2.3.17.2.1 Use of Anthropometric Data in the Workstation Design  

The anthropometric data in the Middle East generally, and in Egypt specifically, 

possess unique attributes that must be considered when designing an ergonomic 

workstation (Eladly et al., 2020). According to M. Ali, et al, (2014), the primary 

purpose of ergonomic principles is to create a workstation that achieves an appropriate 

balance between workers' anthropometric data and workstation dimensions. The 

anthropometric data serve as the foundation for designing an ergonomically fitted 

workstation. Typically, designers, engineers, and economists need to apply the 

anthropometric data effectively so that at least 90% of users can comfortably use the 

workstation furniture. Furthermore, to address specific workstation design challenges, 

three general principles must be taken into account: designing for the extreme 

individual, designing for the adjustable range, and designing for the average worker, 

which are discussed in detail below (Ahmed, 2018): 
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2.3.17.2.1.1 Designing for Extreme Individuals 

Designing for extreme individuals is an effective strategy, as utilising the maximum 

(high) anthropometric data values can accommodate all users. Conversely, designing 

for the minimum population value is a suitable approach when the minimum (low) 

anthropometric values are considered to accommodate all users. According to a study 

by Esmaeel et al., (2020), (2022), for seat depth (SD) design, the 5th percentile of 

buttock-popliteal length (BPL) population distribution is recommended to 

accommodate all users, as illustrated in Figure 2.4 (2). Furthermore, for seat width (SW) 

design, the 95th percentile of hip breadth (HB) population distribution is utilised to 

accommodate all users, as shown in Figure 2.4 (3). 

 
Figure 2.4: Designing for extreme individuals  

Source: (Ahmed, 2018). 

2.3.17.2.1.2 Designing for Adjustable Range 

The design of the adjustable range is an effective strategy if the critical dimensions can 

be adjusted by all users themselves. In the seated work task, the seat height (SH) and 

table height (TH) are critical dimensions that should be adjustable by all users. The SH 

should not be lower than the popliteal height (PH). Furthermore, the TH must align 

with the sitting elbow height (EH). Additionally, when designing workstation furniture 

that requires adjustment, it is standard practice to provide adjustments that 
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accommodate the range from the 5th percentile female to the 95th percentile male of the 

relevant population characteristics. Consequently, the SH is recommended to have an 

adjustable range from the 5th percentile female to the 95th percentile male PH, as 

indicated in the population distribution to accommodate all users. See Figure 2.4 (1) 

mentioned above. 

2.3.17.2.1.3 Designing for Average 

An individual can be average in one or two dimensions. Designers and engineers often 

design for the average as a compromise, as they do not have to deal with anthropometric 

data. 

2.3.17.2.2 Designing of Workstations 

The normal and maximum work areas for seated workers are zones where they can 

effectively minimise wasted motion, reduce searching, and maintain a rhythm in their 

work environments. The normal task area is defined as the space that can be 

comfortably reached with the sweep of the forearm while the upper arm hangs naturally 

at the side, while the maximum task area encompasses the reach achieved by extending 

the arm from the shoulder. General guidelines for workstation design include: 

positioning materials and tools as close as possible within the operator's normal 

working area; arranging materials and tools in the order they are used on the assembly 

line; utilising gravity whenever possible to facilitate the movement of raw materials to 

the operator and to the next workstation; designing the workstation height and other 

dimensions to maximise operator comfort; and incorporating foot pedals whenever 

feasible (Deschênes, 2017). 
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2.3.17.2.3 Science of Seating in Workstation  

The people spend a major portion of their time sitting at the office, workstation, in 

transport, or elsewhere. Additionally, any inappropriate design of the workstation may 

affect people's performance and can also contribute to backaches and other back 

problems. The workstation should provide the utmost comfort to all users after sitting 

for a few hours. Furthermore, when designing a proper workstation, the following 

aspects of seating parameters need to be considered (Ahmed, 2018): 

2.3.17.2.3.1 Promoting Lumbar Lordosis 

Whenever standing in an erect position, the lumbar portion of the spine (the small of 

the back, just above the buttock) is obviously curved inward (concave), a condition 

known as lordosis. Conversely, when one is seated with the thighs at a 900 angle, the 

lumbar area of the back levels out and may even adopt an outward curve (convex), 

resulting in kyphosis. This occurs because the hips rotate only at 600, forcing the pelvis 

to tilt backward around the 30-degree mark to achieve the 900 thigh angle. Furthermore, 

lumbar kyphosis may increase pressure on the discs situated between the vertebrae of 

the spine. A previous study by Michael et al., (2007) recommended using a forward-

tilting chair to prevent flattening or kyphosis of the lumbar spine. Earlier research by 

Bendix, (1984) suggested that the chair should be tilted from 500 backward to 100 

forward above the transverse axis. The forward-tilted chair should alleviate lumbar 

symptoms in the lumbar region, and a slanted task surface angled between 100 to 150 

toward the user may enhance the benefits of forward tilting while reducing trunk and 

neck flexion in individuals engaged in sedentary work. This should decrease the visual 

angle and promote a more upright trunk posture (Bridger, 1988). 

 



60 
 

2.3.17.2.3.2 Minimising Disc Pressure 

The disc pressure between the vertebrae may be compromised due to excessive disc 

pressure and an unsupported sitting posture. For instance, not utilising a backrest can 

significantly elevate disc pressure compared to standing. Furthermore, an unsupported 

erect sitting posture, such as forced lordosis, may increase disc pressure by 40% 

compared to standing, while unsupported sitting in a forward slumped posture can raise 

disc pressure by 90% compared to standing. Several factors can help reduce disc 

pressure, including the use of a reclined backrest, which has a notable effect on 

alleviating pressure on the discs. 

2.3.17.2.3.3 Minimising Static Loading of the Back Muscles 

The muscular activities, as measured by electromyography (EMG), are similar whether 

standing or sitting, and the EMG activities decrease when a person adopts a forward 

slumped posture. A reduction in muscular activity in the back occurs when the backrest 

is reclined up to 1100, indicating a slight increase in relaxation. Additionally, the effects 

of lumbar support on EMG activities have shown mixed results. 

2.3.17.2.3.4 Reducing Postural Fixity 

Postural fixity is defined as maintaining a sitting or standing position for extended 

periods without significant postural movement. The human body is not designed to 

remain in one position for long durations. Additionally, the intervertebral discs rely on 

changes in pressure to obtain nutrients and eliminate waste, as they lack a direct blood 

supply; fluid exchange occurs through osmotic body pressure. Prolonged sitting or 

standing in a fixed posture can diminish nutritional exchanges and may lead to 

degenerative changes in the discs. This postural fixity results in static loading on the 

back and shoulders, potentially causing pain, while also restricting blood flow to the 
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legs, which can lead to discomfort and swelling. Chairs that accommodate a variety of 

human postures may help reduce both back and MSDs and postural fixity, as illustrated 

in Figure 2.5 (a and b). Therefore, prolonged sitting and standing are generally 

discouraged to mitigate postural fixity. 

 
Figure 2.5: Reducing the postural fixity 

Source: (Ahmed, 2018). 

2.3.17.2.4 Ergonomically Design Workstation 

The reduction of postural strain or stress is fundamental to ergonomic workstation 

design, and a multifaceted approach is typically required to create ergonomic 

workstations for different workers. A study by Deschênes, (2017) suggested that task 

areas should be considered when designing ergonomic workstations to minimise 

workers’ wasted motion. Recommendations by Arezes et al., (2015) and other scholars, 

such as Imberg Et Al., (2015); Fulder Et Al., (2005); Hambali Et Al., (2021); Kaya, 

(2015) also emphasise the importance of considering task areas in ergonomic 

workstation design. Similarly, Scott & Erin (2006) highlighted that the Business and 

Institutional Furniture Manufacturers Association (BIFMA) ergonomic guidelines and 
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ergonomic design principles must be taken into account when designing workstations 

for workers. 

2.3.18 Workstation Furniture Prototype Testing  

The primary goal and achievement of the previous study was to attain high customer 

satisfaction through the realisation of ergonomically derived comforts and the 

application of product design methodology (research papers ergonomic based design 

and survey, 2014). The study's recommendations suggested that such designs could be 

implemented in various industries and could be further enhanced with aesthetic 

modifications, including motivational colours and images. A prior study by Gross et 

al., (2011) emphasised that when designing a chair for workers, it is crucial to ensure 

that the chair accommodates the user’s body and maintains a comfortable posture, with 

the feet typically resting on the floor. Moreover, when designing products in a virtual 

environment, it is easy to lose track of scale, resulting in products that are either too 

large or too small. Before any actual production, professionals often create a full-sized 

cardboard mock-up of a product to confirm that the proportions are accurate; however, 

constructing a full-sized prototype of a designed chair can be challenging for novices. 

Research by Fulton & Marsh, (2000) indicated that later in the design process, 

prototypes will be subjected to evaluation in user tests. According to Nadadur & 

Parkinson, (2013), one method for incorporating comfort considerations is to develop 

an experimental design model based on the observed interactions of a sample 

population of users with the product prototypes. 
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2.4 Simulating the Workstations  

2.4.1 Manikin Simulation 

In ergonomics and human-factor engineering, the term model is often defined as a 

representation, as well as a mathematical or physical system that adheres to specific 

conditions and rules, whose behavior is utilised to understand a real (physical, human-

technical, biological, etc.) system that shares certain similarities with the current 

system. A previous study by Harari et al., (2017) indicated that it focused on multi-

objective optimisation and manikin simulation to develop an optimisation process for 

workstation design that considers both ergonomic and production measures. According 

to Blanchonette, (2010), when evaluating workstation design, human factors 

(ergonomics) practitioners have traditionally employed various approaches. Moreover, 

during the initial stages of the design process, workstation design could be assessed 

using 3D drafting mannequins. Furthermore, at a later stage in the design process, a 

prototype of the workstation could be constructed, and the design would be evaluated 

using anthropometric data models and “live” test subjects. 

In the early years of the 1960s, 3D computer-aided design (CAD) engineering and 

simulation software became more accessible. Additionally, aerospace and automotive 

industrialists recognised the potential for more design processes to occur in a virtual 

environment. This recognition led to the emergence of tools aimed at accelerating the 

design process while optimising the human-digital machine interface and digital human 

modeling in the late 1960s. Today, 3D CAD human digital modeling software is widely 

utilised in engineering, automotive, and manufacturing machining industries. As noted 

by Rana et al., (2020), virtual ergonomics (human factors) and digital human models 

(DHM) have rapidly become significant technologies in workstation design among 

various applications. 
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2.4.2 Overview of Ergonomics Simulation for Rapid Upper Limb Assessment 

(RULA) Test 

The RULA analysis was conducted on three different chair models to identify 

ergonomically suitable options for Indian users. This task can be expanded by 

manufacturing and fabricating the proposed model, followed by validating the design 

through experimental work. According to a previous study by Rana et al., (2020), 

several studies in the literature focus on postural body analysis using ergonomic 

assessment methods such as the RULA analysis (Mahantesh et al., 2023). Additionally, 

a prior study by Mohamad et al., (2013) indicated that the working body posture was 

developed and reconstructed using the Computer-Aided Three-dimensional Interactive 

Application (CASSIA V5) software, after which the RULA assessment was performed. 

The RULA analysis revealed several awkward postures that posed high risk factors and 

hazards. The risky body postures include postures 1, 2, and 5, which primarily involve 

lifting heavy products and excessive bending. In conclusion, this scholar noted that the 

RULA assessment successfully identified problematic postures, and further 

improvements could be implemented to mitigate discomfort or prevent additional 

health issues. 

According to the study by Ansari & Sheikh, (2014), the assessment using postural 

analysis, such as RULA analysis, indicates that workers are often operating above safe 

limits. A significant percentage of workers exhibit awkward postures, placing them at 

moderate to high risk of MSDs. Research by Levanon et al., (2014) found the RULA 

method to be valid for evaluating computer workers, with one observation being 

sufficient to assess work-related risk factors. According to the study by Upasana & 

Vinay, (2017), the results of the postural analysis using the RULA method indicate that 

over 58%, 60%, and 65% of respondents were at high risk while performing stitching, 
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ironing, and cutting activities at their workstations. A previous study by Mohamad et 

al., (2013) noted that the RULA analysis is a subjective method for analysing human 

body posture, focusing on the upper extremities, particularly the trunk, neck, and upper 

limbs. Research by Marshall & Armstrong, (2004) stated that among the more 

established methods for evaluating extreme and awkward human body postures are the 

OWAS and RULA 

2.4.3 The Software Packages for Achieving the RULA Analysis Test  

The common 3D human digital modeling software is now widely utilised in the defense, 

manufacturing, and automotive industries, including: The Computer-Aided Three-

dimensional Interactive Application (CATIA), JACK, Realistic Anthropological 

Mathematical System for Interior Simulation (RAMSIS), SafeWork, System for Aiding 

Man-Machine Interactive Evaluation (SAMMIE), Digital Enterprise Lean 

Manufacturing Interactive Application (DELMIA) and 3D Static Strength Prediction 

Program (3DSSPP) (Nadadur & Parkinson, (2013) and Rana et al., (2020). 

Additionally, at the higher end of the market, a variety of powerful and costly human 

digital modeling tools are now available (Blanchonette, 2010): 

2.4.3.1 Computer-Aided Three-dimensional Interactive Application (CATIA)  

To evaluate the human digital model in a virtual environment using digital human 

modeling as a CAD software like CATIA (Submitted et al., 2015), the study by 

Latinovic et al., (2015) generated a 3D model using the CATIA V5 software to animate 

and simulate the models. According to Hambali et al., (2019) the CATIA V5 software 

is used for the human digital model (HDM) development and the DELMIA V5 is used 

to simulate product design. 
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2.4.3.2 JACK human digital modeling tool 

The JACK human digital modeling tool (initially called tempus software) was 

developed at the Center for Human Digital Modeling and Simulation at the University 

of Pennsylvania in the mid-1980s by a team led by Dr. Dr. Norman Badler. The primary 

impetus for the development of JACK software was to support the design and 

development of workstations, with an emphasis on optimising the human-machine 

interface. Funding for the development of JACK software came from various sources, 

including significant support from NASA and the United States Army. Furthermore, 

JACK software is commonly used across a wide range of manufacturing industries by 

companies and organisations such as John Deere, BAe Systems, NASA and the US 

Army.  

2.4.3.3 Realistic Anthropological Mathematical System for Interior Simulation 

(RAMSIS) 

The RAMSIS model was developed in the late 1980s as a cooperative effort between 

German automobile manufactures Tecmath and the Technical University of Munich, 

Germany. RAMSES is widely used in the automotive manufacturing industry for 

designing vehicle interiors and exteriors by many companies, including Audi, 

Volkswagen, Daewoo, Ford, Honda, Mazda and Renault. Additionally, the Australian 

automotive industry and Ford Australia have utilised RAMSES for several years. 

2.4.3.4 SafeWork Software 

The SafeWork software is extensively utilised in the automotive, manufacturing, and 

defense sectors by various companies, including General Dynamics, Daimler Chrysler 

and Boeing, along with government organisations such as Defense Research and 
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Development Canada. SafeWork was originally developed at Ecole Polytechnique, 

Canada during the 1980s and is currently being advanced by Dassault Systemes. 

2.4.3.5 System for Aiding Man-Machine Interactive Evaluation (SAMMIE) 

The SAMMIE model was initially developed at the University of Nottingham and later 

at Loughborough University. It has been applied to a wide variety of the problems 

across numerous fields, including tram driver workstations, aircraft cockpit design, and 

more.  

2.4.3.6 Digital Enterprise Lean Manufacturing Interactive Application 

(DELMIA) 

The DELMIA human work task simulation is a robust tool designed to create, validate, 

and simulate worker activities using the Digital Process for Manufacture (DPM) 

planning and simulation infrastructure. Workers perform these activities within a 

workstation environment, where they can navigate to specific locations, ascend and 

descend stairs, transition between various body postures, climb ladders, follow the 

trajectories of kinematic devices or object paths, and automatically grasp, pick, and 

place parts in the work area. Users can also establish part relationships to constrain 

specific segments of the worker to the parts and tools in the garment environment 

(Dassault Systemes, 2008a). Position constraints are stored from the selected segments 

to the chosen 3D objects in the garment environment or the standard V5 catalogs. These 

constraints are subsequently resolved to update the human body posture for the next 

instance, modifying the activity accordingly. DELMIA’s virtual ergonomics can be 

integrated with DELMIA’s DPM assembly to analyse the relationships between 

workers and other entities within the simulation object. They can also be simulated and 

validated using powerful process simulation tools and capabilities within the DPM. 
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This allows users to test and optimise multiple alternatives for tasks that must be 

accomplished in specific manufacturing, maintainability, and assembly environments 

(Dassault Systemes, 2008b).  

2.4.3.7 3D Static Strength Prediction Program (3DSSPP) 

The 3DSSPP software predicts the static strength required for tasks such as pressing, 

lifting, pushing, and pulling. The program offers an estimated job simulation that 

incorporates human body posture data, force parameters, and male or female 

anthropometric data. The DHMs are rapidly becoming an effective tool for conducting 

proactive ergonomics design and analysis. DHM software, such as: The JACK, 

SafeWork, RAMSIS, SAMMIE and the 3DSSP, is designed to assist designers early in 

the product development process, particularly when they are working to improve the 

physical design of vehicle interiors and manufacturing workstations (3D Static Strength 

Prediction Program, (1996). These tools, as previously mentioned, feature human 

models (manikins) with complex kinematic linkages that closely resemble the human 

skeletal structure, joints that adhere to physiological motion limits, and a geometric 

shell that accurately reflects the human shape. 

The models of the human body (manikins) can be developed based on recent 

comprehensive civilian and military anthropometric surveys. The SafeWork software 

accommodates over 100 anthropometric variables, including buttock-knee length, foot 

length, stature, and span (Chaffin, 2007). The workspace software can be created and 

modified using a variety of native modeling tools along with libraries of standard 

objects, such as workstation furniture. Additionally, the workspace software can be 

imported from third-party software packages. A range of human body factors analysis 

equipment is available to support workstation assessment. For instance, reach 
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envelopes can be created, and collision detection algorithms may be employed to 

determine if a task was completed safely (Chaffin, 2007). 

2.4.4 Finite Element Analysis (FEA) 

2.4.4.1 The FEA Overview 

The FEA is a numerical analysis method used to address challenges in various 

engineering fields, including machine design, acoustics, electromagnetism, fluid 

dynamics, soil mechanics, and more. Mathematically, FEA is a numerical technique 

employed to solve numerous field problems represented by a set of partial difference 

equations. In mechanical engineering, FEA is extensively utilised for resolving 

structural, thermal, and vibration issues. While FEA is a prominent tool for numerical 

analysis, other methods such as the finite difference technique, boundary element 

technique, and finite volume technique also exist. Due to its versatility and numerical 

efficiency, FEA has come to dominate engineering analysis within the CAD software 

market. Other methods have been relegated to niche applications; when integrated into 

modern marketable 3D software, both FEA theory and the numerical problem 

formulation become entirely transparent to the user (Mahantesh et al., 2023). 

The FEA is a reliable numerical method for analysing engineering designs, 

transforming a complex problem into several simpler ones. According to Mod & As 

(2021a), the FEA is a numerical technique for addressing issues in mathematical 

physics and engineering design. It is particularly useful for tackling problems with 

intricate geometries, material properties, and loadings where analytical solutions may 

not be feasible. The FEA employs virtual simulation technology to assess how a product 

design responds to physical effects, including vibration, bending, fluid flow, heat, and 

other impacts. According to Madara et al., (2016), the FEA is a computational technique 
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used to derive estimated solutions for boundary or field value problems in engineering 

design. The FEA was selected as one of the best tools for this study because it enables 

us to identify the optimal design with a high degree of confidence. An earlier study by 

Haraga & Goantǎ, (2017) noted that the FEA is a significant computerised numerical 

technique that provides approximate solutions for structural and thermal analysis across 

various application areas. Additionally, a previous study by Mahantesh et al., (2023) 

stated that the FEA is a numerical tool used to analyse physical phenomena in fluid and 

solid mechanics, as well as in the structural field, and is employed for solving boundary 

problems. In the workstation furniture industry, the FEA is utilised to determine 

strength, equivalent stress, and total deformation. 

A previous study by Sciences, (2014) observed that the finite element models produced 

exhibited values close to the actual behavior of chair frames. Furthermore, the highest 

strains and deformations occurred in models lacking a stretcher. Therefore, the use of 

stretchers is expected to decrease the deformation and strains of chair frames under 

loads, consequently reducing material consumption in workstation manufacturing. 

According to Mustafa  (2012) in the literature review, the first research on the FEA in 

workstation furniture design dates back to 1966. A previous study by Haraga & Goantǎ, 

(2017) focused on the FEA in a multi-functional armchair, which had the following 

main specific objectives: to select eco-friendly materials commonly used in furniture 

manufacturing; to implement adaptive mesh refinement; to visualise the results of 

structural analysis; to reduce the global error rate; and to provide reasonable estimates. 

Current research by Ceylan et al., (2021) aimed to provide significant information about 

the cyclic loading performance of wooden chairs and to demonstrate the application of 

structural analyses through the FEA in workstation furniture manufacturing. According 
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to previous research by Mahantesh et al., (2023), the FEA was conducted on three 

different chair models to achieve an ergonomically suitable chair for Indian users. 

2.4.4.2 Finite Element Analysis (FEA) Used by Design Engineers 

The FEA is a powerful engineering analytical tool useful for solving a range of 

problems, from the very simple to the highly complex. Additionally, design engineers 

utilise the FEA during the workstation product development process to analyse the 

design in progress. The time constraints and limited availability of workstation product 

data necessitate numerous simplifications of the computer models. Conversely, 

specialised analysts employ the FEA to tackle intricate problems, such as vehicle crash 

dynamics, airbag deployment, and hydroforming. Moreover, modern design is 

conducted using SolidWorks, making the model the starting point for FEA analysis. 

Since the models describe the geometric information for the FEA, it is essential to 

understand how to prepare the model geometry to produce accurate FEA results and 

how these models differ from the FEA models. Meanwhile, the FEA is a design 

engineering tool that should be used concurrently with the design engineering process. 

It should also drive the design engineering process rather than follow it (Mahantesh et 

al., 2023). 

2.4.4.3 Objectives of the Finite Element Analysis (FEA) for the Design Engineers 

The ultimate goal of utilising the FEA as a design engineering tool is to transform the 

design engineering process from repetitive cycles of design, prototyping, and testing 

into a streamlined process where prototypes are not employed as design engineering 

tools and are only required for final design validation. Additionally, with the 

implementation of the FEA, design engineering iterations are shifted from the physical 

realm of prototyping and testing to the virtual domain of computer engineering 
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simulations, as illustrated in Figure 2.6. Furthermore, traditional product development 

relies on prototypes to support ongoing design engineering. In simulation-driven 

product development, numerical models are used instead of physical prototypes to 

guide the development. Whenever a simulation FEA is influenced by the product design 

engineering process, the prototype is not included as part of the iterative design 

engineering loop (Haraga & Goantǎ, (2017). 

 
Figure 2.6: Traditional and simulation driven product development 

2.4.4.4 Limitations of the Finite Element Analysis (FEA) for Design Engineers 

A clear question arises: Would it be better to have a dedicated specialist perform the 

FEA while allowing designers and engineers to focus on what they do best for new 

product designs? The answer depends on the size of the business, company 

organisation, products, culture, and many other tangible and intangible factors. 

Furthermore, there is a general consensus that design engineers can handle relatively 

simple types of analysis, but they should do so quickly and reliably. Moreover, analyses 
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that are very complex and time-consuming cannot be executed alongside the design 

engineering process. These are often better managed by a dedicated analyst and/or 

contracted out to specialist consultants (Haraga & Goantǎ, 2017). 

2.5 Optimising Workstations 

2.5.1 An Overview of Optimisations 

Optimisation plays a crucial role in both design and mechanical engineering. An 

optimisation process assists designers and engineers in meeting technical requirements 

while reducing material and industrial costs (Tien et al., 2021). Furthermore, traditional 

automatic structures are often optimised based on experimental results. In this manner, 

a design must be fabricated and tested multiple times to identify the optimal 

configuration for the workstation. This leads to increased costs and extends the design 

time needed to develop a new product, potentially causing a company to fall behind in 

the market race. Additionally, a previous study by Scurtu et al., (2015) indicated that 

various engineering design optimisation methods have been explored, which can be 

utilised to create the optimal design of workstation furniture based on existing 

requirements. 

2.5.2 Designing Optimisation 

The FEA packages are primarily parametric and include components such as the airfare 

intercostal, webs, ribs, etc. Additionally, the design can be modeled using the variables. 

Geometrical shape optimisation can be achieved with FEA, which is very useful in 

reducing the number of iterations needed for an optimal design and minimising 

engineering design hours. Strength and stiffness optimisation can also be performed 

through FEA packages, which can decrease the overall weight of a furniture structure 

(Javidinejad & Ph, 2021). 
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2.5.3 Optimisation Analysis 

The optimisation analysis automates the search for the optimal design. Additionally, 

the SolidWorks simulation software enables designers and engieers to vary a single 

design variable to identify the best solution for that specific criterion. SolidWorks also 

offers further optimisation capabilities such as (Systemes, 2021): 

2.5.3.1 The Manual Process 

In the quest for the optimal design, it is necessary to manually test various dimensions, 

geometric configurations, materials, loads, and fixtures. Each time a change is made, 

designers and engineers must rerun the study and analyse the results (Systemes, 2021). 

2.5.3.2 The Automated Process 

The optimisation analysis automates the manual procedure for the specific 

configuration (Systemes, 2021). Trends can be detected swiftly, allowing for the 

identification of the optimal solution in the fewest number of test runs. Furthermore, 

the optimisation analysis requires the following inputs, as shown in Table 2.4 below: 

Table 2.4: Requires for optimisation analysis (Systemes, 2021) 

Objective 
States the objective, or goals, for example, the designer/engineer 

should specify minimum material. 

Design 

Variables 

or 

Geometry 

Constraints 

Selects the dimensions, or variables, that can change and set their 

ranges. For example, the designer/engineer specify that the diameter of 

a hole can vary from 0.5 inch to 1.0 inch while the extrusion of a sketch 

can vary from 2.0 inch to 3.0 inch. 

Behavior 

Constraints 

Sets the conditions, or constraints, that the optimum design must 

satisfy. For example, the designer/engineer specify that stresses, 

displacements, temperatures should not exceed certain values and the 

natural frequency should be in a specified range. 
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2.5.3.3 The Output 

The output of the SolidWorks simulation aims to identify the optimal solution that 

meets the geometric and behavioral constraints (Systemes, 2021).   

2.6 Fabricating Workstations 

2.6.1 Overview of Workstation Furniture Manufacturing Systems 

In general, workstation furniture encompasses both decorative art and design. Beyond 

its utilitarian role, workstation furniture has also served a symbolic and religious 

purpose in human civilisation. It is crafted from various types of materials, and its 

construction has evolved from primitive tools to techniques based on woodworking 

joints that reflect local culture and the craftsman's skills. In the early days, 

manufacturing workstation furniture was time-consuming, as craftsmen transformed 

ideas into tangible products using rudimentary tools (Bambura et al., 2020; Miller, 

1989; and Ratnasingam, et al., 2020). Research by Miller, (1989) indicated that the 

industrial revolution, marked by the advent of electric power and mechanical wood 

processing technology, prompted the evolution of workstation furniture manufacturing 

to keep pace with advancements. Furthermore, power tools and machines were 

integrated into the manufacturing processes, and the craftsman’s skills were surpassed 

by the precision and speed of technology. However, many woodworking mechanisms 

were adapted from the principles of metalworking machines. Nonetheless, this 

adaptation completely revolutionised workstation furniture and the woodworking 

industry. 

According to Ratnasingam et al., (1999), the advent of machine woodworking led to 

improved design and manufacturing productivity in the workstation furniture and 

wood-based manufacturing industry. Two important characteristics of machine 
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woodworking applications are faster production rates and increased machining 

accuracy, which skilled craftsmen had not been able to achieve, particularly for 

repetitive operations. Previous studies by Ratnasingam, (2022) and Simek & Sebera, 

(2010) indicate that the introduction of information and computer technology into the 

workstation furniture and woodworking industries further revolutionised the sector. 

Additionally, a previous study by Zhao & Li, (2014) stated that the combination of 

these technologies enabled manufacturers to enhance their design and manufacturing 

processes to levels of speed and accuracy that had not been reached before. 

Furthermore, SolidWorks software is a powerful tool that enables designers and 

engineers to visualise, improvise, and modify designs quickly on computer screens. 

Additionally, it allows for the depiction of workstation furniture designs, significantly 

enhancing design ideation and product development. The improved clarity of design 

ideas, along with the ability to rotate, modify, and render colours swiftly, means that 

the lead time for workstation product development is significantly reduced. Moreover, 

the CAD software enhances creativity, speed, precision, and accuracy in product 

development while lowering costs (Kaprol, 2016; Miller, 1989; Das, 1996; 

Ratnasingam et al., 2020; Eyers & Potter, 2017; Koren et al., 2017; Csanády et al., 

2019; Release, 2011; Mohammadi et al., 2020; Quesada & Gazo, 2006). 

Research by Gawroński, (2013) stated that the interface between computers and 

machines through computer languages, such as G-codes and M-codes, resulted in 

computer-controlled machines. For instance, the Computer Numerical Controlled 

(CNC) routers, guided by CAD data, perform machining operations with high precision 

and quality finishes. The CNC workstations have replaced humans in several repetitive 

tasks across numerous industries and allow a variety of machining operations to be 

executed with quick automated tool changes. The CNC router easily machines 
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mechanisms and decorative parts for workstation furniture once the desired shapes and 

dimensional data are programmed into the computer. According to Yao & Carlson, 

(2003), workstation furniture manufacturing systems have correspondingly evolved 

over time. Moreover, traditional craftsmanship has been supplanted by technology to 

facilitate mass production systems. These mass production systems were simplified by 

machine technology, enabling furniture products to be manufactured in large quantities 

with minimal diversity. The manufacturing flow is continuous, where every 

workstation and operation on the product is carried out as it moves along the line until 

completion, as seen in Figure 2.7. 

According to a previous study by Mohammadi et al., (2020), as the demand for product 

diversity increased—particularly in fashion-sensitive items such as workstation 

furniture—the batch production system evolved. This system is characterised by small 

production quantities alongside greater product diversity. Furthermore, with the advent 

of Industry 4.0 nearly a decade ago, the batch size-1 production system was introduced 

in the furniture manufacturing sector. Batch size-1 production represents a 

fundamentally different model from traditional mass production. As batch sizes 

decrease, machines must become more flexible and intelligent. Manufacturers need to 

adapt their equipment, methods, and planning for workstation furniture production. 

A study by Hunter, (2008) highlights that, despite the constant availability of 

technological advancements in the marketplace, one aspect of the production system is 

occasionally tailored to meet individual customer requirements for unique workstation 

furniture pieces. For example, replicating antique workstation furniture using 

exceptional raw materials is essential to create a one-of-a-kind replica of the highest 

quality. Craftsmanship, aesthetic appeal, and the expertise of master craftsmen are 
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indispensable in this process. Furthermore, such a production system remains rare due 

to the scarcity of master craftsmen and the high costs involved. 

 
Figure 2.7: Evolution of the workstation furniture production system 

2.6.2 Workstation Furniture Design Process 

Workstation furniture design is the process of conceptualising a new product that can 

be manufactured and sold to customers. The ideas generated through a market-sensitive 

thinking process often lead to the development of innovative workstation furniture 

products (Miller, 1989; and Ratnasingam et al., 2019). Figures 2.8 and 2.9 illustrate the 

various steps involved in the workstation furniture design process. Moreover, the scope 

of innovations within the workstation furniture industry is relatively limited, with most 

sources of innovation being external. It must be emphasised that without innovation, 

the opportunity to advance further along the value chain diminishes. Workstation 

furniture designers conceptualise and evaluate ideas, transforming them into tangible 

inventions and novel products (Kanduč & Rodič, 2015, Desch & Dinwoodie, 1996, 

Stokke, 2013, Zhao et al., 2022, Musgraves et al., 2019, Ratnasingam & Scholz, 2004, 

Huang & Intarakumnerd, 2019; Xu et al., 2015, Ratnasingam, (2022, Ciupan et al., 

2018, Staneva et al., 2018; Dutta & Sharma, 2023, Csanády et al., 2019, and Kumar, 

2018). 

In the previous research by Xiong et al., (2017), it was stated that the role of workstation 

furniture designers is to blend science, art, and technology to create innovative 
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workstation furniture products for users. Additionally, their evolving role has been 

enhanced by advancements in digital tools and technology, which now enable 

workstation furniture designers to visualise, communicate, analyse, create 3D models, 

conduct rapid prototyping, utilise 3D printing, and analyse big data to predict consumer 

behavior. Furthermore, these advancements have significantly reduced the lead time 

from design concepts to tangible prototypes. 

 
Figure 2.8: Workstation Furniture Design Ideation Process 

 
Figure 2.9: Workstation furniture design process 
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2.7 Research Gaps 

Limited to the aforementioned literature review, previous researchers Al-Hinai et al., 

(2018) recommended that the compatibility between workstation dimensions and 

workers' anthropometric characteristics is a key factor in enhancing workers' physical 

responses. Additionally, numerous researchers worldwide, including Chung & Wong, 

(2007), Milanese & Grimmer, (2004), Saarni et al., (2007, Castellucci et al., (2015), 

Dianat et al., (2013), Gopura & Amarasena, (2008), and Taifa & Desai, (2017), have 

confirmed a clear mismatch between workers' anthropometric characteristics and 

workstation dimensions. The design of workstations in the garment industry often lacks 

adequate consideration of anthropometric measurements. This mismatch can lead to 

MSDs and negatively impact working efficiency due to prolonged sitting in 

uncomfortable positions. Furthermore, ergonomically redesigned workstations are 

known to reduce MSDs and enhance the motivation of garment workers in their work 

environment. This research will address existing gaps by establishing an ergonomic 

redesign of sewing workstations for garment manufacturing based on selected 

anthropometric data at REAL, Eldoret, Kenya. This will ensure comfort, safety, 

adaptability, and suitability, improve productivity, and ultimately guarantee user 

satisfaction while reducing MSDs and work-related risks and hazards. 
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CHAPTER THREE: RESEARCH METHODOLOGY 

3.0 Introduction  

This third chapter of the current thesis discusses the methods employed to achieve the 

objectives of this research. Furthermore, the experimental section can be detailed 

according to the specific objectives in the following sub-sections, as illustrated in 

Figure 3.1. 

 

Figure 3.1: Sub-sections of the research methodology 

Section 
3.1:

• Assessing work-related risks and hazards for garments-making
workers at the sewing workstation.

Section 
3.2: 

• Determining the relevant anthropometric dimensions from garments-
making workers at the sewing workstation.

Section 
3.3:

• Redesigning a workstation for garments-making workers at the
sewing operations.

Section 
3.4:

• Simulating the redesign of workstations for garments-making
workers at the sewing operation.

Section 
3.5:

• Optimizing the redesign of workstations for garments-making
workers at the sewing operation.

Section 
3.6:

• Fabricating the redesign of workstations for garments-making
workers at the sewing operation.
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3.1 Assessing Work-Related Risks and Hazards for Garments-Making Workers 

at the Sewing Workstation 

3.1.1 Introduction 

The Rapid Entire Body Assessment (REBA) serves as a comfort analysis tool and a 

means to evaluate the risk of Work-Related Musculoskeletal Disorders (WRMSDs). 

Furthermore, to assess the ergonomics of a sewing workstation, it is essential to 

understand the characteristics of the worker who will be using it. To achieve the first 

specific objective of this research, the entire methodology can be outlined in the 

following section: 

3.1.2 Rapid Entire Body Assessment (REBA) Procedure Methodology 

Assessment utilising the Rapid Entire Body Assessment (REBA) method has been 

carried out by Dr. Hignett and Dr. Mcatamney through multiple stages, as illustrated in 

Figure 3.2 (Kusuma, 2020; Wibowo & Mawadati, 2021):  

 
Figure 3.2: Rapid Entire Body Assessment (REBA) procedure methodology 
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3.1.2.1 Collecting the Workers’ Posture Data Using Documentation (Photos) 

To obtain a detailed description of the workers’ attitude (posture) and their neck, back, 

arms, wrists, and feet. The recorded photos involve using a camera and/or camcorder 

to capture images of the worker and the equipment utilised by them. Furthermore, in 

order for the researcher to effectively assess combined movement, the photo analysis 

should be conducted at a 900 angle to the subject. Thus, the manual goniometer can be 

used most efficiently. This allows the researchers to break down the procedure step by 

step. Additionally, it was carried out by documenting the workers’ body posture 

(photos) as illustrated in Figure 3.3. Consequently, the researcher obtains detailed 

(valid) body posture data from the recorded photos, as well as accurate data from the 

calculation and subsequent analysis stages. The photos can also be utilised to ensure 

that the angles to be measured appear in accurate magnitude in the images. 

 
Figure 3.3: Postures adopted during working at the existing sewing workstation 



84 
 

3.1.2.2 Determination of the Angles of the Workers’ Body Part 

After recording the photos of the workers’ postures, the angles of each body segment 

were calculated, including the back, neck, upper arms, forearms, wrists, and feet. 

Additionally, in the implemented REBA method, the body segments were divided into 

two groups: group A and group B. Group A consists of the back, neck, and knee, while 

group B includes the upper arms, lower arm, and wrist. Furthermore, based on the angle 

data of the body segments in each group, the scores for group A and group B can be 

found in Tables 3.1 and 3.2, as well as in Figure 3.4, referencing the REBA employee 

assessment worksheet. 
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Table 3.1: Determination of the angles of the workers’ body part (Group A) 

The score of neck movement 

Movement Score Change score Figure Reference 

00 – 200 flexion 1 

+1 if twisting or side flexed 

 

Beatrix, (2021). 
> 20 flexion or in extension 2 

The score of back movement 

Movement Score Change score Figure Reference 

Straight/natural/upright 1 

+1 if twisting or side flexed 

 

McAtamney & 

Hignett, (2004). 

00 – 200 flexion 
2 

00 – 200 extension 

20 – 60 flexion 
3 

> 200 extension 

> 600 flexion 4 

The score of knee movement 

Movement Score Change score Figure Reference 

The feet is supported, the load is 

uniformly distributed, walking or 

sitting 

1 
+1 if the knee(s) between 300 and 

600 flexion. 

 

Wibowo & 

Mawadati, 

(2021). The feet is supported, the load is not 

uniformly distributed, and the body 

posture is unstable. 

2 2+ if the knee(s) are > 600 flexion. 
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Table 3.2: Determination of the angles of the workers’ body part (Group B) 

The score of upper arm movement 

Movement Score Change score Figure Reference 

200 extension to 200 flexion. 1 
+1 if the position of the arm is 

abducted or rotated 

 

Fan et al., 

(2022), 

Kusuma, 

(2020), and 

McAtamney & 

Hignett, (2000). 

> 200 extension and/or 200 – 450 

flexion. 
2 +1 if the shoulder is raised 

450 – 900 flexion. 3 -1 if leaning, supporting weight of 

arm or if body posture is gravity 

assisted 
> 900 flexion. 4 

The score of lower arms movement 

Movement Score Change score Figure References 

600 – 1000 flexion. 1 

No change should be done.  

 

 McAtamney & 

Hignett, (2004), 

and  Wibowo & 

Mawadati, 

(2021). 

< 600 flexion or > 1000 flexion. 2 

The score of wrists movement 

Movement Score Change score Figure Reference 

00 – 150 flexion / extension. 1 

+1 if wrists are deviated or twisted. 

 

McAtamney & 

Hignett, (2000). > 150 flexion / extension. 2 
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3.1.2.3 Determination of the Weight of the Object that is Lifted, Coupling and the 

Workers’ Activities  

To calculate the score for each body segment, several additional factors must be 

considered, including the weight lifted, coupling, and the workers' activities. 

Furthermore, each of these factors has its own scoring category, as illustrated in Table 

3.3 and Figure 3.4. 

Table 3.3: Determination of the weight, coupling and the workers’ activities 

Load/force 

Weight Score Reference 

< 5 kg 0 

Wibowo & 

Mawadati, 

(2021). 

5 – 10 kg 1 

> 10 kg 2 

Shock or rapid build-up of 

force 
+1 

Table coupling 

Coupling score Action Reference 

0 Good 
Well-fitting handle and a mid-

range-power grip. 

McAtamney & 

Hignett, (2004). 

1 Fair 

Hand hold acceptable, but not 

ideal; or coupling is acceptable 

via another part of the body. 

2 Poor 
Hand hold not acceptable, 

although possible. 

3 Unacceptable 
Coupling is unacceptable if 

using other parts of the body. 

Activity Score 

Activity description Score Reference 

One or more parts are static, 

e.g., holding more than 1 

minute. 

+1 

Ansari & Sheikh, 

(2014). 

Repeated small range action, 

e.g., repeated more than 4 

times per minute. 

+1 

Action cause rapid large 

range changes in postures or 

an unstable base. 

+1 
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3.1.2.4 Calculation of the REBA Score for Posture 

After obtaining the scores from Table A, they should be added to the weight of the load 

lifted, resulting in the part A score. Meanwhile, the scores obtained from Table B should 

be combined with the score from the coupling Table, leading to the part B score. 

Additionally, part A and part B scores are used to calculate the part C score based on 

Table C. Furthermore, the final REBA score is derived from the sum of the part C scores 

and the scores of the workers’ activities. See Table 3.4 and Figure 3.4. 

Table 3.4: Calculation of the REBA score for posture (Middlesworth, 2014) 

Table A 

 

Knee 

Neck 

Back 
1 2* 3 

1 2 3 4 1 2* 3 4 1 2 3 4 

1 

2* 

3 

4 

5 

1 2 3 4 1 2 3 4 3 3 5 6 

2 3 4 5 3 4* 5 6 4 5 6 7 

2 4 5 6 4 5 6 7 5 6 7 8 

3 5 6 7 5 6 7 8 6 7 8 9 

4 6 7 8 6 7 8 9 7 8 9 9 

Table B 

 
Lower arm 

 ٭2 1

 

Upper 

arm 
Wrist 1 2 3 1 2* 3 

1 

 ٭2

3 

4 

5 

6 

1 2 2 1 2 3 

 4 ٭3 2 3 2 1

3 4 5 4 5 5 

4 5 5 5 6 7 

6 7 8 7 8 8 

7 8 8 8 9 9 

Table C 

 
Score B 

 12 11 10 9 8 7 6 5 4 ٭3 2 1

Score A 

1 1 1 1 2 3 3 4 5 6 7 7 7 

2 1 2 2 3 4 4 5 6 6 7 7 8 

3 2 3 3 3 4 5 6 7 7 8 8 8 

 9 9 9 8 8 7 6 5 4 *4 4 3 ٭4

5 4 4 4 5 6 7 8 8 9 9 9 9 

6 6 6 6 7 8 8 9 9 10 10 10 10 

7 7 7 7 8 9 9 9 10 10 11 11 11 

8 8 8 8 9 10 10 10 10 10 11 11 11 

9 9 9 9 10 10 10 11 11 11 12 12 12 

10 10 10 10 11 11 11 11 12 12 12 12 12 

11 11 11 11 11 12 12 12 12 12 12 12 12 

12 12 12 12 12 12 12 12 12 12 12 12 12 
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3.1.2.5 Check the Results of the REBA 

The final score of the REBA is categorised into five degrees of ergonomic risk severity: 

score 1 indicates negligible risk, with no action necessary; scores 2 to 3 represent low 

risk, suggesting that changes may be needed; scores 4 to 7 indicate medium risk, 

requiring changes soon; scores 8 to 10 signify high risk, necessitating investigation and 

implementation soon; and score 11 denotes very high risk, demanding immediate 

change. Based on the required level of action, it is evident that addressing the risk levels 

associated with muscles and actions is essential to reduce the risk of work-related 

injuries and enhance work quality. Additionally, the application of the REBA method 

and the corresponding risk levels can be found in Table 3.5 and Figure 3.4, referencing 

the REBA employee assessment worksheet. 

Table 3.5: REBA action level 

REBA 

level 

REBA 

score 

Risk level 

Action 

description 

References 

0 1 Negligible None necessary. 

Fan et al., (2022), Hignett & 

McAtamney, (2000), 

Kusuma, (2020), and Sheba 

et al., (2009). 

1 2 – 3 Low May be necessary. 

2 4 – 7 Medium Necessary. 

3 8 – 10 High Necessary soon. 

4 11+ Very high Necessary now. 
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Figure 3.4: REBA Employee Assessment Worksheet 

Source: (Mcatamney & Hignett, 2000; Middlesworth, 2014).
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3.2 Determining the Relevant Anthropometric Dimensions from Garments-

Making Workers at the Sewing Workstation 

3.2.1 Introduction  

To determine the relevant anthropometric measurements for the workers from REAL, 

Eldest, Kenya, is the second specific objective of this research. Anthropometric data 

was collected from garment workers. Additionally, eleven anthropometric 

measurements (sitting height, shoulder height sitting, popliteal height sitting, elbow 

height sitting, buttock popliteal length, buttock knee length, thigh clearance, eye height 

sitting, knee height sitting, forearm fingertip length, and hip breadth sitting) were taken 

from workers using anthropometric tools. This research applied fundamental 

engineering principles of product design and was conducted in compliance with ISO 

7250-1:2017 (Basic human body measurements for technological design part 1: Body 

measurement definitions and landmarks), which was sourced from the Kenya Bureau 

of Standards (KEBS) website; see Appendix III for the ISO standard. Furthermore, the 

anthropometric data from workers was compared using a one-way ANOVA analysis 

test. Additionally, the data obtained was analysed using Minitab software to determine 

the mean, standard deviation, minimum, maximum, 5th, 50th, and 95th percentiles. 

Moreover, to achieve the second specific objective of this research, the entire 

methodology can be followed using the procedure outlined in Figure 3.5. 
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Figure 3.5: Main steps of the anthropometric measurements 

 

Data Analysis and interpretation

Field test 

Exclusion criteria 
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Anthropometric Measurements procedure

Body dimensions

Sample determinations

Ethical consideration
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3.2.2 Ethical Consideration 

An introductory letter from the head of the department was addressed to the managing 

director of REAL, as seen in Appendix IV, and the REAL factory was approved to 

engage with the research, as noted in Appendix V. Approval for data collection was 

obtained from the ethics committee of the National Commission for Science, 

Technology and Innovation (NACOSTI), Republic of Kenya, as indicated in Appendix 

VI. Additionally, the roles of the participants in the current research were explained and 

discussed, along with the fact that the research had received ethical approval and posed 

no harm to the participants. Furthermore, consent from the workers was obtained prior 

to the commencement of the measurements, and the participants were informed about 

the anthropometric measurements, enabling them to understand the study's aims and 

objectives clearly. The female data was collected in accordance with local cultural 

practices (a female assistant was hired to measure the female workers). 

3.2.3 Sample Determinations  

The total number of workers included in this research was one hundred thirty-four 

(134), comprising both male and female employees from the sewing workstation 

department at REAL, Eldoret, Kenya. Additionally, the sample size for this study was 

calculated using equations (3.1) (Madara, 2016; Homkhiew et al., 2012): 

Sample-size = 

Z2 ∗ P (1−P)

e2

1+ 
Z2 ∗ P (1−P)

e2 N

 ………………………………………...…………...  (3.1). 

Whereby: 

N  is total number of the workers, which is 134 (both male and female).  

Z  is the standard normal deviation for a 95% confidence level (the Z-score of 95% is 

the 1.96),  
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P  is the proportion in the target population estimated to possess a particular 

characteristic. For instance, if P is considered to be 50%, then (1-P) represents the 

proportion in the target population lacking that characteristics.  

e     is the margin of error (degree of accuracy) required, typically set at 5% level as 

established by Homkhiew et al., (2012). To determine the appropriate Z-score, it 

is advisable to refer to Table 3.6 as well as Figure 3.6.  

Table 3.6: The Z-score is based on the desired confidence level 

Desired confidence level (%) Z-score Reference 

80 1.28 

Berengolts & Lindenbaum, (2004). 

85 1.44 

90 1.65 

95 1.96 

99 2.58 

 

 
Figure 3.6: Confidence level of 95% 

Source: (Berengolts & Lindenbaum, 2004).  
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The sample size, in this present research was =  

(1.96)2 ∗ 0.5 (1−0.5)

(0.05)2

1+ 
(1.96)2 ∗ 0.5 (1−0.5)

(0.05)2 ∗ 134

     =                100.     

Therefore, the sample size was 100 (50% male and 50% female) workers.  

3.2.4 Body Dimensions   

Redesigning the sewing workstation requires direct involvement of anthropometric 

measurements. Various researchers (Habib, 2015; Patil et al., 2017; and Rittel, 2010), 

suggested that the body dimensions essential for redesigning a sewing workstation, 

specifically the sewing chair and adjustable sewing machine table for garment-making 

workers, should be considered. All anthropometric data collected was based on ISO 

7250-1:2017. The actual dimensions of the sewing workstation were determined by 

measurements of the human body. Likewise, the two most relevant anthropometric 

measurements for the sewing chair redesign are the popliteal height sitting and buttock 

popliteal length (Esmaeel, 2021). The popliteal height sitting is the distance from the 

underside of the foot to the underside of the thigh at the knees, and it is sometimes 

referred to as “stool height”. The term “sitting height” is reserved for the height to the 

top of the head when seated. Conversely, the popliteal height, after adjusting for heels, 

clothing, and other factors, is used to determine the height of the sewing chair seat. 

Similarly, according to Igbokwe et al., (2019), the buttock popliteal length is the 

horizontal distance from the rearmost part of the buttocks to the back of the lower leg. 

This anthropometric data was used to determine the seat depth. Based on the ISO 7250-

1:2017, therefore, Table 3.7, shows the serial number and descriptions of the selected 

worker’s body dimensions. Additionally, see Appendix VII for basic workers' body 

dimensions and their significance. Figure 3.7 illustrates the exact location of all selected 

eleven anthropometric dimensions.
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Table 3.7: Selection of body dimensions to be measured for workstation redesign 

No. S/NO. 

According to 

ISO 7250 

Basic workers' body 

dimensions 
Description according to ISO 7250-1:2017 Reference 

1 
6.2.1 Sitting height (erect) 

The vertical distance from a horizontal sitting surface to 

the highest point of the head (vertex). 

Esmaeel & 

Order, (2017) 

2 
6.2.4 Shoulder height, sitting 

The vertical distance from a horizontal sitting surface to 

the acromion. 

3 

6.2.11 Popliteal height, sitting 

The vertical distance from the foot-rest surface to the 

lower surface of the thigh immediately behind the knee 

bent at right angles. 

4 

6.2.5 Elbow height, sitting 

The vertical distance from a horizontal sitting surface to 

the lowest bony point of the elbow bent at a right angle 

with the forearm horizontal. 

5 
6.4.7 

Buttock popliteal length 

(seat depth) 

The horizontal distance from the hollow of the knee to the 

rearmost point of the buttock. 

6 
6.4.8 Buttock knee length 

The horizontal distance from the foremost point of the 

knee-cap to the rearmost point of the buttock. 

7 
6.2.12 Thigh clearance 

The vertical distance from the sitting surface to the 

highest point on the thigh. 

8 
6.2.2 Eye height, sitting 

The vertical distance from a horizontal sitting surface to 

the outer corner of the eye (ectocanthus). 

9 
6.2.13 Knee height, sitting 

The vertical distance from the floor to the highest point of 

the superior border of the patella (suprapatella, sitting). 

10 

6.4.6 Forearm fingertip length 

The horizontal distance from olecranon (back of the 

elbow) to the tip of the middle finger, with the elbow, bent 

at right angles. 

11 
6.2.10 Hip breadth, sitting 

The breadth of the body measured across the widest 

portion of the hips. 
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Keys: 

1 Sitting height (erect) 7 Thigh clearance References 

2 Shoulder height sitting 8 Eye height, sitting Kapuria, 

(2018), 

Esmaeel & 

Order, (2017). 

3 Popliteal height, sitting 9 Knee height, sitting 

4 Elbow height, sitting 10 Forearm fingertip length 

5 Buttock popliteal length 
11 Hip breadth sitting 

6 Buttock knee length  

Figure 3.7: Anthropometric data required in sewing workstation redesign 

3.2.5 Anthropometric Measurements Procedure   

Anthropometric measurement procedures are (Johan & Renate, 2005; Castellucci et al., 

2014): First, before commencing the anthropometric measurements, several activities 

should be undertaken, such as identifying the target population, defining the sample 

size, determining the anthropometric data, preparing the assessment team(s), and 

obtaining approval from the ethics committee. Second, during the anthropometric 

measurements, it is crucial to adhere to a standard procedure. Third, after collecting the 

anthropometric measurements, it is essential to verify the data by observing the mean, 

standard deviation (St. Dev.), minimum (min), maximum (max), 5th, 50th, and 95th 

percentiles. In general, the sample size was randomly collected from garment workers 
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at REAL, Eldoret, Kenya. Additionally, the body size of each worker was assessed 

using standard anthropometric measurement techniques, adapted from various 

researchers' findings on anthropometric body dimensions relevant to the working 

posture at a workstation. Similarly, measurements were taken from participants at a 

fixed date and time during their free time. In this research, all dimensions were 

measured while the workers sat erect on an adjustable desk with their knees bent at 900. 

Each worker was asked to sit at the adjustable desk, which was modified to ensure 

maximum comfort. Furthermore, all anthropometric measurements were taken from the 

right side of the subjects while they are seated, with subjects wearing light clothing 

(shorts and t-shirts) in a relaxed and erect posture, without shoes to ensure quick and 

accurate measurements of the human body, as illustrated in Figure 3.8. The time 

required to complete all measurements for each subject was approximately 10 to 15 

minutes. Additionally, measurements were taken every working day for 20 days in July 

2023. Correspondingly, the workers' measurements were conducted in a quiet area 

rather than in the sewing department. All anthropometric measurements were recorded 

in centimeters (cm). 

  

Figure 3.8: Measurements in a sitting position 
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3.2.6 Measuring Instruments and Materials 

To measure the various body dimensions of workers, there are several techniques and 

tools that are commonly used. Some of the methods include: (1) 3D scanners, which 

are quite expensive and not accessible to all researchers; and (2) traditional 

anthropometric tools, which are considered simpler, cheaper, and more accessible to 

many researchers compared to 3D body scanners. Additionally, it is well-known that 

using standard mechanisms may yield more accurate results. The equipment used in 

this present research comprises:  

1. Anthropometer, which was used to measure, sitting height, elbow height sitting, 

shoulder height sitting, knee height sitting, popliteal height sitting eye height sitting, 

buttock popliteal length and buttock knee length as shown in Figures 3.9 (1).   

2. Large sliding caliper (Range 0-600 mm with error 0.1 mm), which was used to 

measure, hip breadth sitting and forearm fingertip length as shown in Figure 3.9 (2). 

3. Digital vernier height gauge (with a measuring range of 0-300 mm and resolution 

of 0.01mm), which was used to measure thigh clearance as shown in Figure 3.9 (3).   

4. A metal tape, which was used to measure, sewing furniture dimensions as shown in 

Figure 3.9 (4). While a Goniometer was used to measure the backrest angles, seat 

angle and desk angle of the sewing furniture as shown in Figure 3.9 (5).   

5. Adjustable desk, which was used to make the subjects sit while measurements were 

being taken as shown in Figure 3.9 (6).     
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Figure 3.9: Measuring instruments and materials 
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3.2.7 Data Acquisition 

The dimensions measured are documented in a form, see Appendix VIII. Additionally, 

the form includes personal information such as data number, sex, and department name. 

Participants were asked to complete the forms with their personal information before 

the measurement process began. This form also offers spaces for all eleven 

anthropometric dimensions mentioned above. 

3.2.8 Inclusion Criteria 

The inclusion criteria for this study are as follows: 

 Only garments workers in the sewing department were selected for participation 

in the study. 

 Both males and females. 

 Kenyan origin. 

 Voluntary participants. 

3.2.9 Exclusion Criteria 

The following exclusion criteria for this research are:  

 Garments workers with fracture or any body deformities were excluded because 

such conditions could lead to inaccurate data results.  

 Pregnant women were excluded from the study due to the various complications 

they may face related to changes in body structure.  

3.2.10 Field Test 

Before commencing the final data collection, it was essential to conduct a field test that 

helped refine the data collection plan. A field test was carried out with ten participants 

of varying genders who had experience in the sewing workstation department. From 

the field test, the researcher gained insights into the condition of the area and participant 
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reactions, allowing for assumptions about the data from male and female participants 

and identifying which parts of the procedure posed difficulties for them. During the 

field test, the participants were informed about the aims and objectives of the study; 

they were cooperative and adhered to all instructions properly, resulting in the 

appropriate collection of data. 

3.2.11 Data Analysis and Interpretation 

The data recorded was analysed statistically with the help of Minitab 17.0, a statistical 

package. On the other hand, one-way ANOVA analysis was used to check for any 

variation in the results achieved. Additionally, the anthropometric data was analysed 

using mean, standard deviation (SD), minimum (min), maximum (max), 5th, 50th, and 

95th percentiles as discussed in detail below: 

3.2.11.1 Analysis of Variance (ANOVA) using Minitab 17.0 Software  

One-way ANOVA analysis was developed by the English mathematician and 

statistician R. Fisher (Bower, 2018). Typically, scientists aim to detect differences in 

means across various levels of a factor or among different groups. For instance, the one-

way ANOVA procedure can be demonstrated using the popular statistical software 

Minitab 17.0. In this research, one-way ANOVA analysis was employed as a statistical 

technique to compare three or more means. When conducting one-way ANOVA, three 

key assumptions must be met, as outlined by Altincicek, (2014): 

1. The observations are obtained independently and randomly from the populations 

defined by the factor levels. 

2. The population at each factor level is (approximately) normally distributed. 

3. These normal populations share a common variance. 
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3.2.11.2 Mean and Standard Deviation Calculation 

Mean and standard deviation calculations for the collected anthropometric data are 

presented in the following formulas (Kapuria, 2018, and Silviana et al., 2022): 

Mean (𝑥) =  ∑  =1 (xk)n
k

n
 …………...…………...…………………………….… (3.2). 

Where,  

x      Sample 

𝑥     Mean   

n      No. of sample data 

Standard deviation (S) = √
∑ (𝑥−(𝑥)𝑛

𝑘=1 

𝑛−1
………………….………….........………. (3.3). 

Where,  

x      Sample 

𝑥     Mean    

S      Standard deviation 

n      No. of sample data 

3.2.11.3 Calculation Pth Percentiles using Minitab 17.0 

The percentile indicates the position of the z-score within a distribution, as illustrated 

in Table 3.8. Percentiles range from 1 to 99, with anthropometric dimensions for each 

population typically ranked by size and defined as a percentile (Hse, 2005). 

Additionally, the percentile is depicted in Figure 3.10 and can be selected from 0.01 to 

99.99 ((Of, Process & data, 2019).   
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Table 3.8: Z-values for normally used percentiles 

Percentile Z-values Percentile Z-values Reference 

1st -2.326 75th 0.675 

http://sphweb.bumc.bu.edu/otlt/

MPHModels/BS/BS704_Probabi

lity/BS704_Probability10.html. 

2.5th -1.960 90th 1.282 

5th -1.645 95th 1.645 

10th -1.282 97th 1.960 

25th -0.675 99th 2.326 

Percentile Z-values 

50th 0 

 
Figure 3.10: Percentiles illustration 

Source: (Of, Process & data, 2019). 

The calculations for the 5th, 50th, and 95th percentiles using the normal distribution are 

shown in the following formulas (3.4), (3.5), and (3.6) (Deros et al., 2009):   

For 5th percentile = 𝑢 − 1.65 α ……………………………..…………………… (3.4). 

For 50th percentile = 𝑢 + 𝑧 α …...………...………...………..…………………… (3.5). 

http://sphweb.bumc.bu.edu/otlt/MPHModels/BS/BS704_Probability/BS704_Probability10.html
http://sphweb.bumc.bu.edu/otlt/MPHModels/BS/BS704_Probability/BS704_Probability10.html
http://sphweb.bumc.bu.edu/otlt/MPHModels/BS/BS704_Probability/BS704_Probability10.html
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For 95th percentile = 𝑢 + 1.65 α …...…...….………………..…………………… (3.6). 

Where α represents the standard deviation, µ denotes the mean, and z indicates the 

score. For better understanding, a basic normal distribution graph is illustrated in Figure 

3.11, clearly depicting 90% of the distribution. 

 
Figure 3.11: The normal distribution graph 

Source: (Deros et al., 2009). 

The process of calculating the percentile of a database set using Minitab is as follows 

(Borges, 1990): 

1. Arrange the data so that the entries range from the smallest to the largest values 

(ascending order). 

2. Calculate an index i (the position of pth percentile) using the following formula 

(3.7) (Borges, 1990): 

𝑖 = (
𝑃

100
) ∗  n ……………………………….……..………..…………………… (3.7). 

Where:  

P     is the percentile and n is a number of values present in the data. If i is not an integer, 

round it up, the next integer greater than i indicates the position of the pth percentile. 

If i is an integer, the pth percentile is the average of the values in positions i and i 

+ 1.  
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To calculate the 5th, 50th, and 95th percentiles of the collected data, as used in the 

following formula (3.8) (Of & Student, 2021): 

Xp = 𝑥 +  Zp ∗  S…………………………………………………………………(3.8). 

Where,  

Xp     is the Pth percentile value of variable x. 

Zp    is the standard normal values corresponding to the Pth percentile value x are: for 

the 5th    percentile, Z0.05 = -1.645; for the 50th percentile, Z0.5 = 0; and for the 

95th percentile, Z0.95 = 1.645. These values can be found in the standard normal 

Table in the Appendix IX.  

3.2.11.4 Characteristics of the Sewing Workstation in the Garment Manufacturing 

The incorporation of anthropometric data in the ergonomic redesign of the sewing chair 

and the adjustable sewing machine table for the workers at REAL, Eldoret, Kenya was 

based on the following criteria:   

1. Seat height: The popliteal height while sitting should be taken into account in the 

redesign of the seat height. Furthermore, the study by Ismaila et al., (2013), 

recommended using the 5th percentile of popliteal height, plus an allowance of 0.45 

cm for shoe heel. Additionally, the 5th percentile of sitting popliteal height is 41.20 

cm, and when this is combined with the shoe heel allowance of 0.45 cm, the seat 

height should be 41.65 cm. 

2. Seat depth: The anthropometric dimension to consider in the redesign of the seat 

depth is the buttock popliteal length. Moreover, research by Mohamed et al., (2010) 

recommended using the 5th percentile of the buttock popliteal length to determine 

the seat depth. In this research, the 5th percentile of the buttock popliteal length is 

46.20 cm, thus the seat depth is 46.20 cm. 
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3. Seat width: The hip breadth while sitting should be considered in the redesign of 

the seat width. Research by Musa & Ismaila, (2014) recommended using the 95th 

percentile of hip breadth sitting, plus a clothing allowance of 15 percent. In this 

research, the 95th percentile of hip breadth sitting is 41.55 cm, with an allowance of 

15 percent (6.23 cm), resulting in a seat width of 47.78 cm. 

4. Backrest width: According to Ismail Ismaila et al., (2013), the backrest width is 

the same with seat width of the redesign, which is 47.78 cm as determined above. 

5. Backrest height (Upper) above seat: In redesigning the upper section of the backrest, 

the 5th percentile shoulder height while seated is taken into account, as noted by 

Mohamed et al. (2010). Furthermore, the 5th percentile shoulder height measured 

for this study is 49.50 cm. 

6. Backrest height (Lower) above seat: The lower section of the backrest is determined 

by the height of the armrest. This value corresponds to the 5th percentile of sitting 

elbow height, which is 13.25 cm. 

7. Armrest height: The sitting elbow height is a key factor in the proposed redesign of 

armrest height. Furthermore, previous research by Ismaila et al., (2013) indicated 

that while the lowest value is accommodated, others can also be accommodated; 

thus, the 5th percentile of elbow height was considered in the redesign, which is 

13.25 cm. 

8. Backrest angle: According to Ismaila et al., (2013), the backrest should have a 

rearward slope between 90° and 110°, while research by Mohamed et al., (2010), 

recommended 96°. Consequently, a rearward slope of 109° is adopted in this present 

research to ensure effective backward support. 

9. Seat angle: As proposed by Igbokwe et al., (2019), the seat angle should be 110°. 
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10. Sewing table height: According to Ismaila et al., (2013), the maximum table height 

is calculated as seat height (41.65 cm) + functional elbow height + shoe heel 

allowance (0.45 cm). The functional elbow height was determined using the 

equation provided by Ismaila et al., (2013) as follows: 0.8517 * 5th percentile of 

elbow height sitting (13.25 cm) + 0.1483 * 5th percentile of shoulder height sitting 

(49.50 cm). Thus, the functional elbow height = (0.8517 * 13.25) + (0.1483 * 49.50) 

= 11.29 + 7.34 = 18.63 cm. Therefore, the maximum sewing table height for this 

study is 41.65 cm + 18.63 cm + 0.45 cm = 60.73 cm. 

11. Sewing table depth: The distance between the elbow and the hand should be a key 

dimension when determining the table depth. According to Ismaila et al., (2013), 

the average redesign concept for the sewing table depth is based on the 50th 

percentile of forearm fingertip length, which is 45.72 cm. 

12. Sewing table width: The study by Ismaila et al., (2013) recommended that the 

table width should be based on the 95th percentile of hip breadth of the user, with 

allowances for clothing and clearance. The 95th percentile of hip breadth (41.55 

cm) plus 15 percent for clothing allowance (6.23 cm) and another 15 percent for 

clearance (6.23 cm) is adopted in this study. The sewing table width for this study 

is 41.55 cm + 6.23 cm + 6.23 cm = 54.01 cm. 

13. Sewing table angle to horizontal: A study by Ahmed, (2018) proposed that the 

sewing table should be positioned at an angle of 15° towards the user to reduce the 

visual angle and promote an upright trunk posture. Research by Ismaila et al., 

(2013) suggested that the table should have an angle of inclination between 15° and 

20°. Therefore, the sewing table angle for this study should tilt towards the user at 

an angle of 15°. 
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3.2.11.5 Data Collection for Existing Sewing Furniture Dimensions 

In a REAL factory, the sewing furniture utilised by garment workers is not designed 

according to ergonomic principles. The dimensions of the sewing furniture are assessed 

to determine the compatibility or incompatibility between these dimensions and the 

workers' anthropometric data. Additionally, the following dimensions were collected 

directly using a measuring tape and goniometer. Table 3.9 presents the definitions of 

the existing sewing workstation furniture dimensions. Refer to Appendix X for the form 

detailing the sewing workstation furniture dimensions. 

Table 3.9: Existing Sewing Furniture dimensions 

No Dimensions Description Reference 

1 Seat height 

Minimum distance measured vertically from 

the floor to the highest point on the front of 

the seat. 

M. Ali, et al., 

(2014). 

2 Seat depth 
Minimum distance measured horizontally 

from the front edge of the sitting surface. 

3 Seat width 
Horizontal distance between the larger edges 

of the seat. 

4 
Sewing table 

height 

Minimum distance measured vertically from 

the upper edge of sewing table to floor. 

 

3.2.11.6 Mismatch between Garments Furniture and Body Dimensions 

The comparison of the anthropometric dimensions of workers with the corresponding 

dimensions of existing sewing furniture is crucial for designing ergonomic garment 

furniture. Therefore, the anthropometric data of the workers is compared to the relevant 

garment furniture dimensions. Furthermore, the researchers recommend measuring the 

popliteal height against the seat height, the buttock-popliteal length against the seat 

depth, the hip breadth against the seat width, and the sitting elbow height against the 

sewing table height to determine the garment furniture's compatibility using match 

criterion equations. The literature indicates that relationships have been identified to 

ascertain matches and mismatches. Additionally, mismatch equations have been 
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established. Consequently, these equations are presented in the following sections 

(Ahmed, 2018): 

3.2.11.6.1 Popliteal Height (PH) Against Seat Height (SH) 

The Seat Height (SH) must be adjusted in relation to the Popliteal Height (PH). 

Researchers have indicated that the SH should be lower than the PH, allowing the lower 

leg to form angles between 50 and 300 degrees relative to the vertical (M. Ali, et al., 

2014). Furthermore, an excessively low SH increases weight on the ischial tuberosities, 

while an excessively high SH raises pressure at the popliteal fold (the underside of the 

knee), which may impair blood circulation and elevate pressure on the nerve. The 

matching criterion for the SH is defined by the following equation (3.9) (Ahmed, 2018): 

(PH + 3) COS 300  ≤  SH ≤  (PH + 3) COS 50………………………....…..… (3.9). 

3.2.11.6.2 Buttock Popliteal Length (BPL) Against Seat Depth (SD) 

The Buttock Popliteal Length (BPL) is the anthropometric measurement used to 

determine the size of the Seat Depth (SD). If the SD exceeds the BPL, workers will 

struggle to use their backrests for lumbar spine support without compressing the 

popliteal surface. To counter this, workers typically shift their buttocks forward toward 

the seat's edge. This improper use of the backrest can lead to a kyphotic posture. 

Conversely, if the SD is significantly shorter than the BPL, workers’ thighs will not 

receive adequate support. Therefore, most researchers recommend that the SD should be 

at the 5th percentile of the BPL, ensuring that the seat's backrest can support the lumbar 

spine without compressing the popliteal surface (Gouvali & Boudolos, 2006). 

Additionally, the matching condition is established by the following equation (3.10) 

(M. Ali, et al., 2014):  
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0.80 BPL ≤  SD ≤  0.95 BPL………………………………..……..…....…..… (3.10). 

3.2.11.6.3 Hip Breadth (HB) against Seat Width (SW) 

The Hip Breadth (HB) is the anthropometric dimension that defines the Seat Width 

(SW). Furthermore, the SW should be sufficiently large to accommodate users with the 

largest HB (M. Ali, et al., 2014). Additionally, most researchers recommend that the 

SW be at the 95th percentile of the HB to ensure a proper fit in the seat. It should be at 

least 10% larger (to accommodate hip breadth) and at most 30% larger than the HB for 

space efficiency. Moreover, the matching criterion for the SW is established by the 

following equation (3.11) (Ahmed, 2018): 

1.1 HB ≤  SW ≤  1.30 HB…………………………………..……..…....…..… (3.11). 

3.2.11.6.4 Elbow Height (EH) Against Table Height (TH) 

The Elbow Height (EH) is regarded as a key factor in determining the sewing Table 

Height (TH). For example, if the TH is too low, workers will have to bend their torsos 

forward to see the point of operation, which can lead to kyphosis and a rounded shoulder 

posture. Conversely, if the TH is too high, workers will need to flex and abduct their 

upper arms while raising their shoulders. Additionally, the researchers found that the 

TH is influenced by the workers’ shoulder flexion and abduction (Ankara, 2022, 

Castellucci et al., 2020, and Castellucci et al., 2015). The TH is defined by the following 

equation (3.12) (Dianat et al., 2013). 

PH +  EH ≤  TH ≤  PH +  EH +  5 ………………………….…..…....…..… (3.12). 
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3.3 Redesigning a Workstation for Garments-Making Workers at the Sewing 

Operations  

3.3.1 Introduction  

The third specific objective of this research is to redesign a workstation for garment-

making workers at the sewing operation. Utilising the collected anthropometric data, 

an ergonomic sewing workstation for garment workers was proposed. SolidWorks was 

employed to develop eight different conceptual redesigns of the ergonomic sewing 

chair workstation, from which one option was selected using the Concept Scoring 

Method (CSM). To determine the best option, relevant data was gathered from the 

workers through a survey. To achieve the third specific objective, the entire 

methodology can be divided into the following steps, as illustrated in Figure 3.12. 

 

Figure 3.12: Main steps of the sewing workstation redesign methods 

 

Complete assembly of the sewing chair + sewing table + HDM/manikin 

Complete model of the selected sewing chair proposed redesign 

Sketches of the selected sewing chair proposed redesign 

Concept selection methods 
Concept screening matrix  Concept scoring matrix

Concept generation

Requirements of the workers
Arranging the importance of the needs Arranging the importance of the factors  

Complete model of the proposed sewing workstation redesign

Sketches of the proposed sewing workstation redesign

SolidWorks design model overview
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3.3.2 SolidWorks Design Model Overview 

Nowadays, the SolidWorks software environment is an outstanding and powerful 3D 

design tool that assists designers and engineers in designing, simulating, and optimising 

the workstation (Paper et al., 2013). According to previous studies by many researchers, 

including Planchard, (2018), Planchard & Planchard, (2006), SolidWorks, (1995), 

(2010), and Systèmes, (2020), SolidWorks is recognised as an industrial design 

automation tool. It allows users to quickly understand and design, sketch out ideas, and 

incorporate features and dimensions to produce effective models and detailed drawings. 

The SolidWorks model consists of 3D geometry that encompasses all edges, faces, and 

surfaces. Additionally, SolidWorks enables the rapid and precise creation of any design 

model. A 3D geometry serves as a model sketch that designers and engineers aim to 

develop and generate various manufacturing products. SolidWorks is an exceptional 

3D engineering and design tool, providing engineers and designers the capability to 

visualise ideas, experiment with features and dimensions, and produce models and 

detailed drawings. Furthermore, the 3D design approach in SolidWorks begins with an 

initial sketch on paper, which is then transferred to SolidWorks to construct the parts 

from the initial sketch. Subsequently, these parts are combined into one assembly to 

achieve the final design. Additionally, SolidWorks primarily utilises three programs, as 

outlined in Table 3.10, and Figure 3.13 illustrates the systematic steps involved in 

designing with SolidWorks. 
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Table 3.10: Model of SolidWorks software 

S. no. Programmed Programmed discussion Reference  

1. Part 

This model is used for design methods, 

tools, and features mainly used to make 

parts. 

SolidWorks, 

(1995) 

2. Assembly 

In this model the designer assemble all the 

parts which are developed in the part model 

section. This section, identifies interference, 

specify mate, and is used for context design 

purpose. 

3. Drawing 

This is basically a discussion of a drawing 

sheet format, dimension views, full 

annotation, and also the Bill of Material 

(BOM). 

 
Figure 3.13: Systematic steps in redesigning using SolidWorks software 
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3.3.3 Requirements of the Workers 

A current study targeting key stakeholders at REAL, Eldoret, Kenya was conducted. 

Additionally, 100 respondents (50% male and 50% female) were randomly selected 

from garment workers at the sewing workstation. A survey was chosen as the most 

common and suitable method, which was pre-tested to ensure its validity and reliability. 

Furthermore, the questionnaire data was analysed list-wise in Minitab 17.0 software 

based on the following sections: 

3.3.3.1 Arranging the Importance of Needs 

The eight conceptual sewing chair redesigns were organised according to the 

importance of the needs, which are: A. Adjustable height and back sewing chair, B. 

Adjustable height sewing chair, C. Arrow and craft sewing chair, D. Camping sewing 

chair, E. Arm sewing chair, F. Armless sewing chair, G. Sindre sewing chair, and H. 

Folding sewing chair. This ranking was conducted on a scale from 1 to 5 (1 being the 

lowest and 5 the highest). 

3.3.3.2 Arranging the Importance of Factors 

The important factors that can be arranged for workers’ requirements include: 

aesthetics, ergonomics, safety, durability, ease of use, reliability, ease of manufacture, 

usability, social appeal, maintainability, life cycle cost, environmental soundness, 

economic value, utility, and function. 

3.3.4 Concept Generation 

The idea for redesigning the current sewing chair workstation emerged from a thorough 

analysis of the workers' requirements. At this stage, eight distinct concepts for the 

sewing chair workstation redesign were developed based on the needs of the workers. 
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3.3.5 Concept Selection Methods 

The concept selection method involves evaluating concepts based on workers’ needs 

and other criteria, comparing their relative strengths and weaknesses, and selecting one 

or more concepts for further investigation and development. Furthermore, concept 

selection encompasses both concept screening and concept scoring processes, each 

supported by a matrix as discussed below (Nanyang Technology University, 2014): 

3.3.5.1 Concept Screening Matrix 

The concept screening matrix is a method used to quickly narrow down the number of 

concepts and enhance their quality. Furthermore, the concept screening matrix is 

regarded as a means to reduce the number of selected concepts and ultimately choose 

one final concept. 

3.3.5.2 Concept Scoring Matrix 

After generating all eight sewing chairs, redesign the workstation concepts. The next 

step was to select the best sewing chair to redesign the workstation for simulation, 

optimisation, and fabrication. Furthermore, both the concept screening matrix and 

concept scoring matrix processes are guided by a six-step procedure, which leads the 

sewing chair redesign team through the concept selection matrix activity. These six 

steps are (Pdd, 2014): 

1. Preparing the selection matrix according to the worker’s requirements: 

Additionally, employing hierarchical relations effectively clarifies the criteria. 

2. Evaluating the proposed redesigns of the sewing workstations based on the worker’s 

requirements: A suggested scale ranges from 1 to 5 (1 being the lowest and 5 the 

highest) according to the workers' requirements, which are defined and categorised 

in Table 3.11. 
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Table 3.11: Relative performance and their rating 

Relative performance Rating Reference 

Much worse than the reference 1 

Nanyang Technology 

University, (2014). 

Worse than the reference 2 

Same as the reference 3 

Better than the reference 4 

Much better than the reference 5 

3. Ranking the concepts of the proposed redesigns for the sewing workstations based 

on the workers' requirements. After entering the ratings for each concept, the 

weighted scores were calculated by multiplying the raw scores by the criteria 

weights. Once all concepts were rated, a total score for each design was computed 

using the following formula (3.14) (Xiao et al., 2011, and Nanyang Technology 

University, 2014): 

Total score = ∑ 𝑤𝑛 ∗  𝑑𝑛
𝑛
1  …………………………………..………………… (3.14). 

Where:  

n  is the number of selection criteria,  

wn  is the weight of nth criteria, and,  

dn  is the rating of the nth criteria.  

4. Integrating and enhance the concepts of the sewing workstations with suggested 

redesigns tailored to the worker’s needs. 

5. Choosing one or more concepts for the sewing workstation redesigns based on the 

worker’s needs. 

6. Evaluating the outcomes and the process of the proposed redesigns for the sewing 

workstations according to the worker’s requirements. 

the overall performance of the proposed ergonomic sewing concept redesigns is ranked 

according to their total score. 
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3.3.6 Sketches of the Selected Concept Sewing Workstations Proposed Redesign 

The sketches of the proposed redesigns for the concept sewing workstation were 

developed after analysing all the workers’ anthropometric measurements, which were 

conducted using ISO 7250-1:2017 as a technical standard procedure. Furthermore, the 

inspiration for the sketch derives from the automotive redesign for the sewing 

workstation, where workers are required to be seated, and this sketch of the sewing 

workstation was elaborated in detail. In this research, SolidWorks was utilised for 

accurate and appropriate drawing processes. 

3.3.7 Complete Model of the Selected Concept Sewing Workstations Proposed 

Redesign 

The final modeling processes of the sewing workstation were completed using 

SolidWorks 2024 software, incorporating the rendering processes for the ergonomic 

redesign based on the workers' anthropometric data at REAL, Eldoret, Kenya. 

3.3.8 Complete Assembly of the Sewing Workstation Redesign  

After modeling in SolidWorks, the models were imported into CATIA V5 software to 

complete the assembly of the selected sewing chair, adjustable sewing machine table, 

and HDM for the simulation test.  

3.4 Simulating the Redesign of Workstations for Garments-Making Workers at 

the Sewing Operation 

3.4.1 Introduction 

The fourth specific objective of the present research is to simulate the redesign of 

workstations for garment-making workers at the sewing operation. Using the collected 

anthropometric data, an ergonomic sewing workstation for garment workers was 

modeled and proposed. Additionally, the Rapid Upper Limb Assessment (RULA) 
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analysis and Finite Element Analysis (FEA) were conducted on the models of the 

Human Digital Model (HDM) and the sewing chair workstation to create an 

ergonomically suitable workstation for the users. Furthermore, the RULA ergonomic 

analysis method was applied to assess the sitting posture of the ergonomic HDM for 

comfort. The FEA method was also utilised on the proposed model of the selected 

sewing chair to evaluate its capacity to support the weight of the human body. To 

achieve the fourth specific objective, the entire methodology can be divided into the 

following sections: 

3.4.2 Simulation Methods of the Rapid Upper Limb Assessment (RULA) 

Ergonomic Analysis 

The Rapid Upper Limb Assessment (RULA) is an ergonomic analytical tool that 

evaluates the biomechanical and postural load requirements of job demands on the 

neck, trunk, and upper extremities (Manzoor et al., 2019). Furthermore, ergonomic 

principles can be understood as the science of enhancing efficiency to meet user needs 

while minimising discomfort during use. Additionally, ergonomics aims to achieve the 

best possible alignment between the product and its user in the context of intended 

applications. The main steps for simulating an HDM on a seated body posture using 

CATIA V5, based on RULA analysis, are illustrated in Figure 3.14. 
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Figure 3.14: Main steps of the simulation of human modeling using RULA analysis 

3.4.2.1 Creating Models in SolidWorks Software  

The 3D models of the sewing workstation were developed in SolidWorks to simulate 

the sitting body posture of the HDM. 

3.4.2.2 Importing the Models in CATIA V5 for Ergonomics Design and Analysis  

After modeling in the SolidWorks simulation software, the sewing workstation models 

were imported into CATIA V5 to conduct the RULA ergonomic simulation and obtain 

results. Furthermore, the comfort of the sewing workstation relies on aesthetics, 

maintainability, material quality, ergonomics and safety, structure, ease of manufacture, 

shape, utility and function, handling, durability, and stability. Additionally, the 

structure and shape in the redesign of a sewing workstation depend on the available 

anthropometric data of the users. Figure 3.15 illustrates the method adopted for the 

redesign of a sewing workstation by HDM using CATIA V5 ergonomics design and 

Obtaining ergonomic simulation results 

Performing RULA analysis 

Importing the models in CATIA V5 ergonomics design and analysis

Anthropometric data HDM (Manikin)

Creating the models
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analysis software based on the RULA analysis, as suggested by Paul et al., (2019), and 

Ye et al., (2013), and defined by four sub-models which are: 

1.  Human Measurement Editor Model (HMEM).  

2.  Human Activity Analysis Model (HAAM). 

3. Human Builder Model (HBM).   

4. Human Posture Analysis Model (HPAM).  

 
Figure 3.15: Ergonomics model in CATIA V5 

3.4.2.2.1 Anthropometric Data for Manikin  

Table 3.12 presents the essential 50th percentile of the sewing workers’ anthropometric 

data inputs utilised in the development of the DHM in CATIA V5 ergonomics design 

and analysis software based on RULA analysis. 
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Table 3.12: 50th percentile of the workers' anthropometric data for HDM 

Variables (Sitting) 50th percentile Units Input method 

Sitting height 800.5 mm Manual 

Eye height, sitting 685.5 mm Manual 

Hip breadth, sitting 355.4 mm Manual 

 

3.4.2.2.2 Human Digital Model (HDM) 

The focus of the Human Measurement Editor Model (HMEM) is to create an 

anthropomorphically detailed digital human for advanced ergonomic design and 

analysis, as well as accommodating a global target audience. Furthermore, the HMEM 

provides anthropometric data from five default populations: Japanese, American, 

French, Canadian, and Korean. Additionally, the digital human can be displayed in 

various body postures, such as sitting and standing, from different viewpoints, along 

with the related anthropometric variables (John et al., 2020, Paul et al., 2019, and Romli 

& Aminian, 2018). For this ergonomic design analysis, the digital human has been 

generated for the 50th percentile of workers' anthropometric data. This setup is chosen 

to redesign a sewing workstation for the average user, which fits all. To conduct the 

analysis, the HDM must be integrated into section HAAM. This research was applied 

to a HDM using the HMEM. Furthermore, the specific postural analysis in CATIA V5 

was based on the ergonomic body posture analysis of the RULA. Additionally, there 

are two steps that must be addressed before the final evaluation can be made: (1) to 

develop a HDM and (2) to assess the recommended redesign of the sewing workstation 

through ergonomic body posture and design analysis. 
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3.4.2.2.2.1 Development of a Human Digital Model (HDM) 

A Human Digital Model (HDM) was created using the Human Builder Model (HBM) 

in CATIA V5. The tools in the HBM included HDM generation, gender specification, 

and percentile specification, as illustrated in Figure 3.16. Figure 3.17 displays the HDM 

in a sitting posture, based on the worker’s anthropometric data. Furthermore, Figure 

3.17 (a) presents the HDM generated, while a body posture editor is depicted in Figure 

3.17 (b). Additionally, Figure 3.17 (c) demonstrates how dimensions were assigned to 

the HDM/manikin’s variables. 

 
Figure 3.16: HDM (Manikin) insertion for this study 
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 Figure 3.17: HDM in the sitting posture using workers’ anthropometric data  
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3.4.2.2.2.2 Assessment of the Recommended Sewing Workstation  

The measurements of the sewing workers were integrated to develop the assembly of 

the sewing workstation, which includes a selected sewing chair, an adjustable sewing 

machine table, and an HDM setup, to enhance the work environment for garment 

manufacturing workers. 

3.4.2.3 Performing RULA Analysis  

The RULA analysis refers to a rapid upper limb assessment that evaluates the 

ergonomic risks associated with the upper limb extremities. This method is used to 

analyse disorders of the upper limb in various working environments and conditions. 

Furthermore, the primary aim of the RULA analysis is to assess the postural load 

requirements for human body parts. The RULA analysis generates a scorecard ranging 

from 1 to 7, accompanied by a colour code from green to red. If the score is 1 or 2, the 

work posture is deemed acceptable; otherwise, further investigation of body posture is 

necessary. To conduct a RULA ergonomic analysis, the following section can be 

discussed: 

3.4.2.3.1 RULA Method and RULA Score  

The RULA analysis tool is launched to select HDM (manikin). Additionally, Figure 

3.18 displays the RULA dialog box in CATIA V5 for the final score and the actions 

required for this study. The side of the HDM for analysis and the predetermined best-

suited body posture were selected. There are three types of posture: static, intermittent, 

and repeated. The intermittent posture involves repeating tasks four times or fewer 

within one minute, while the static and repeated options entail repeating the task more 

than four times in one minute. In the same body posture option within the parameters, 

the load is specified to indicate the weight of the object manipulated by the person. The 
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RULA analysis method is based on scores and colours, which are interrelated. The 

colours are green, yellow, orange, and red; green indicates that the body posture is good 

and acceptable, while red signifies that the body posture is poor and needs immediate 

adjustment. The scores are divided into four scales, each with its own description Romli 

& Aminian, (2018). See Table 3.13 for the RULA analysis score descriptions. 

 
Figure 3.18: The RULA dialog box in CATIA V5 

Table 3.13: RULA analysis score description 
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3.4.2.4 Obtaining Ergonomic Simulation Results 

The ergonomic simulation results for the RULA analysis were obtained, and the 

redesign of the sewing workstation based on anthropometric data was finalised. 

3.4.3 Simulation Methods for Finite Element Analysis (FEA) Static Analysis  

The Finite Element Analysis (FEA) is a crucial computerised numerical method that 

offers approximate solutions for structural and thermal analysis across various 

application areas. Additionally, to conduct the FEA static simulation and obtain results, 

the following steps can be utilised, as illustrated in Figure 3.19 (Esmaeel et al., 2024). 

 
Figure 3.19: Main steps of the simulation models using FEA static analysis 

Preparing the models.

Assigning the material. 

Starting a simulation study.

Applying the fixtures. 

Applying the loads.

Generating the mesh. 

Running the study. 

Viewing the study results. 

Simulation advisor.
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3.4.3.1 Preparing the Model Using SolidWorks 

The model of the chosen sewing chair was designed and constructed using part design 

in SolidWorks, a 3D finite element program based on the worker’s anthropometric data. 

This model was utilised for FEA as the experimental simulation. 

3.4.3.2 Assigning the Material  

The response of a part model is determined by the material assigned to it. In the material 

dialog box, the material is selected and applied, as illustrated in Figures 3.20. 

 
Figure 3.20: Assigning materials for the part model 
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3.4.3.2.1 Material Selection for Finite Element Analysis (FEA) Test 

The properties considered in the materials selection were limited to (Madara et al., 2016; 

Miller, 1989): Technical properties of the materials such as density, conductivity, and 

strength; manufacturing aspects such as ease of production with existing facilities; 

economic factors like material cost and availability; and ecological properties including 

recyclability and sustainability. The aluminum alloy 1060 was chosen for the FEA test 

because it is the most widely used metal in furniture manufacturing due to its 

competitive cost, lightweight nature, corrosion resistance, simplicity in production, and 

excellent working properties, particularly for molded metal chairs. Furthermore, metals 

remain the preferred choice for furniture making due to their contemporary appearance, 

charm, and character. Additionally, the FEA static analysis was conducted on the 

selected sewing chair model to assess its ability to support the weight of the human 

body. Table 3.14 presents the specifications of the materials used. 

Table 3.14: Specification of used material properties 

Properties/Materials 
Aluminium alloy 1060 

References 
Value Units 

Elastic modulus 69000 MPa 

Kureshi et al., (2014), and 

Paper et al., (2013). 

Poisson’s ration  0.33 N/A 

Shear modulus  27000 MPa 

Mass density 2700 
Kg/ m3 

Tensile strength  6.893E + 01 MPa 

Yield strength 2.757E + 01  MPa 

Thermal conductivity  200 W/(m.k) 

Specific heat 900  J/(kg.k) 
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3.4.3.3 Starting a Simulation Study 

The simulation study for this research begins with the use of SolidWorks software to 

conduct the FEA static analysis on the selected sewing chair model, as illustrated in 

Figure 3.21. 

 
Figure 3.21: Starting a simulation study for the model 
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3.4.3.4 Applying the Fixtures 

For the simulation analysis, the initial steps involve applying fixtures to the faces or 

edges of the model part. In this study, the fixtures were applied to the five faces of the 

selected sewing chair model, as illustrated in Figure 3.22 and detailed in Table 3.15. 

 
Figure 3.22: Applying fixtures in the five faces of the selected sewing chair model 

Table 3.15: Applying fixtures in the selected sewing chair model 

Fixture name Fixture Image Fixture Details 

Fixed-1 

 

Entities: 5 face(s) 

  Type: Fixed Geometry 
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3.4.3.5 Applying the Loads 

In the SolidWorks simulation, the loads on a redesigned part can consist of applied 

forces, pressure, or both, acting on the face and edges of the model. According to 

Mahantesh et al., (2023), an average human weight of 800 N (80 kg) was applied at the 

base seat of the selected sewing chair model, while an average human weight of 150 N 

(15 kg) was applied at the backrest of the same model, as illustrated in Figure 3.23 and 

detailed in Tables 3.16 and 3.17. 

Table 3.16: Loads acting on the selected sewing chair 

SI. No Parts Load (N) Reference 

1 Base seat of the selected sewing chair model 800 
Mahantesh et 

al., (2023). 
2 Backrest seat of the sewing chair model 150 

 
Figure 3.23: Applying the loads in the selected sewing chair model 
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Table 3.17: Applying the loads in the selected sewing chair model 

Load name Load Image Load Details 

Force-1 

 

Entities: 1 face(s) 

Type: Apply normal force 

Value: 800 N 
 

Force-2 

 

Entities: 1 face(s) 

Type: Apply normal force 

Value: 150 N 
 

 

3.4.3.6 Generate the Mesh 

The mesh was generated and analysed as shown in Figure 3.24 and Table 3.18. The 

element shapes used were tetrahedral and quadrilateral, with fine sizing. The generated 

mesh data included: maximum element size of 54.0261 mm; minimum element size of 

2.70131 mm; high mesh quality; total nodes of 69,620; total elements of 39,657; 

maximum aspect ratio of 34.349; percentage of elements with aspect ratio < 3 at 98.8%; 

percentage of elements with aspect ratio > 10 at 0.00504%; percentage of distorted 

elements at 0; and the time to complete the mesh was 00:00:13 hh:mm:ss. 
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Figure 3.24: Mashing generated for the selected sewing chair mode 

Table 3.18: Mashing generated information for the selected sewing chair model 

Mesh type Solid Mesh 

Mesher used: Blended curvature-based mesh 

Jacobian points for high quality mesh 16 Points 

Maximum element size 54.0261 mm 

Minimum element size 2.70131 mm 

Mesh quality High 

Total nodes 69620 

Total elements 39657 

Maximum aspect ratio 34.349 

% of elements with aspect ratio < 3 98.8 

Percentage of elements with aspect ratio > 10 0.00504 

Percentage of distorted elements 0 

Time to complete mesh (hh:mm:ss) 00:00:13 
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3.4.3.7 Running the Study 

Simulation prepares the model for analysis and then calculates stress, displacements, 

strain, and factor of safety (FOS). At this stage, a static analysis was conducted using a 

FEA of the studied part (the selected sewing chair model), with default settings for the 

finite element and mesh density. For these elements, either the default settings or 

modified settings can be used, as described by Iancu, (2017). These settings were 

applied for the simulation and analysis, as shown in Figure 3.25. Furthermore, a linear 

static analysis was performed on the selected sewing chair model to determine the 

maximum stress and strain. This is essential because, before fabricating a design, the 

designer and engineer need to understand the performance of the object to be fabricated. 

It also helps to prevent potential issues. For instance, fabricating an object without 

understanding its performance may result in wasted energy and money, as the object 

may not meet the desired specifications. Therefore, conducting a simulation test on the 

redesign in SolidWorks can help avoid unwanted occurrences. 

 
Figure 3.25. Running the static analysis for selected sewing chair model by FEA 
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3.4.3.8 Viewing the Study Results  

After successfully conducting a study for the FEA analysis, the results were examined 

for the sewing workstation (selected sewing chair) model, focusing on stress, strain, 

displacement, and FOS results. Figure 3.26 displayed the study results for the FEA 

static analysis. 

 
Figure 3.26: Viewing the study results 

3.4.3.9 Simulation Advisor  

The simulation advisor is a collection of tools that assist designers in the analysis 

process by answering a series of questions. These tools gather the necessary data to 

enable designers to conduct their analysis. The simulation advisor operates with the 

SolidWorks simulation interface by initiating the appropriate property managers and 

linking to online help topics for further information, as illustrated in Table 3.19 and 

Figure 3.27. 
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Table 3.19: Simulation advisor 

Simulation advisor 
Helps designer define sensors and creates studies 

automatically. 

Bodies and materials 

advisor 

Let’s designer specify how to treat bodies within a 

part and apply materials to components. 

Mesh and run advisor Helps designer specify the mesh and run the study. 

Results advisor 
Provides tips for interpreting and viewing the 

output of the simulation.  

 

Figure 3.27: Simulation advisor 
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3.5 Optimising the Redesign of Workstations for Garments-Making Workers at 

the Sewing Operation 

3.5.1 Introduction  

The fifth specific objective of this research is to optimise the redesign of workstations 

for garment-making workers in the sewing operation. Utilising the collected 

anthropometric data, a worker’s sewing workstation was modeled, simulated, and 

optimised. The optimisation analysis is part of the redesign study conducted in 

SolidWorks simulation, a program frequently used in the industry. The design study 

model is a powerful feature that is not widely utilised. This model allows users to 

quickly adjust a solid model’s parameters across a grid of predetermined values and 

measure one or more critical outputs. Furthermore, advanced users can rapidly iterate 

geometry to perform FEA and optimise for mass and thermal properties. Previous 

studies by Iancu, (2017), and Iancu & Gutsalenko, (2019) indicated that a study can be 

conducted using either simulation express or simulation model, which enables a 

reduction in time to market by decreasing the number of product development cycles. 

Additionally, the design can be optimised simultaneously, thus reducing costs by 

testing the model on the computer rather than through laboratory tests. 

Moreover, the SolidWorks simulation, including simulation express, simulation, and 

design study, is an enhanced version of a feature from simulation express. This tool can 

help reduce costs and time to market by allowing designs to be tested on the computer 

instead of relying on expensive and time-consuming field tests. Without utilising an 

optimisation study, achieving the best part design typically requires costly and lengthy 

product development cycles. Consequently, researchers usually need to first create the 

model in the SolidWorks system, prototype the design, test the prototype in the field, 

evaluate the results of the field tests, and modify the design based on those results. This 
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process can continue until a satisfactory solution is achieved. Conversely, using 

SolidWorks models (SolidWorks Simulation Express/Simulation/Design Study) for 

preliminary studies can facilitate tasks such as testing the model on the computer rather 

than through field tests. Thus, there are benefits in reducing costs and time to market 

by minimising the number of product development cycles and optimising designs by 

simulating concepts and scenarios before making final decisions (Iancu & Gutsalenko, 

2019).  

The optimisation analysis is a component of the design study within the SolidWorks 

simulation. This simulation can determine the optimal dimensions for most features in 

the SolidWorks model based on results such as stress, strain, displacement, and factor 

of safety. After conducting a stress analysis, strain analysis, displacement analysis, and 

factor of safety assessment, the optimisation analysis is performed to identify the 

optimal value for a specific model dimension while adhering to a defined criterion. For 

example, to find the optimal length of a part, the maximum stress should not exceed a 

specified limit. The design study is a feature of the SolidWorks system that can help 

achieve the aforementioned goals. There are two primary modes for conducting a 

design study: The first mode is evaluation, where discrete values are specified for each 

variable, and sensors are used as constraints. The CAD software executes the study 

using various combinations of these values and reports the output for each combination. 

The second mode is optimisation, which utilises values for each variable, either as 

discrete values or within a range. Additionally, sensors can serve as constraints or goals. 

The CAD software performs iterations of the values and reports the optimal 

combination to meet a specified goal (such as minimum mass). Furthermore, to achieve 

the fifth specific objective, the entire methodology can be divided into the following 

steps, as illustrated in Figure 3.28. 
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Figure 3.28: Main steps of the optimisation sewing workstation redesign methods 

 

3.5.2 Creating the Model Using SolidWorks 

The design of the chosen sewing chair was developed using SolidWorks for 

optimisation. 

3.5.3 Creating the Finite Element Analysis (FEA) Model Using Simulation Results  

The results of FEA were utilised to create the optimal model. For this optimisation, the 

objective function is defined as minimising the material volume needed for the final 

product of the chosen sewing chair redesign. Furthermore, in the context of sewing 

production, this leads to cost savings (less material, reduced machining, lower energy 

consumption) and is environmentally friendly (less waste, easier recycling at the end of 

the product's life). 

3.5.4 Performing Optimisation Using Design Study 

After the simulation of the model is complete, the next steps involve optimising the 

selected sewing chair's modeled part. This option enables the optimisation of a model's 

dimensions based on specified criteria and constraints. SolidWorks performs 

dimensional optimisation rather than shape optimisation, using it as an objective 

Creating CAD model

Creating FEA model using simulation results

Performing optimisation using design study
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function to minimise mass. Upon completing a stress analysis, the optimisation analysis 

is employed to determine the optimal values for the selected sewing chair model's 

dimensions while satisfying the specified criteria. A design study can address a variety 

of CAD challenges. Additionally, the designer and engineer can resolve the following 

issues using SolidWorks (Iancu, 2017): 

1. The designer and engineer can define multiple variables using any simulation 

parameters or global driving variables. 

2. The designer and engineer can utilise sensors to establish a variety of constraints. 

3. The designer and engineer can create several objectives through the use of sensors. 

4. Designers and engineers can analyse models without considering the outcomes of 

simulations. For example, they can use the variables of density and model 

dimensions along with the constraint of volume, and also minimise the mass of an 

assembly. 

5. The designer and engineer can evaluate design decisions by defining a parameter 

that directs bodies to utilise variables specifying materials. 

These sections outline the basics of establishing and executing an optimisation. 

Additionally, the flowchart illustrating the essential steps for conducting the 

optimisation process through a design study is shown in Figure 3.29. 
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Figure 3.29: Flowchart of the optimisation using design study 
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To optimise using a design study, the following steps are taken (Iancu, 2017): 

3.5.4.1 Defining Initial Simulation Studies 

The designer and engineer must conduct at least one preliminary study when using 

simulation data sensors in a design study. These initial studies lay the groundwork for 

the optimisation process, evaluation, and the program executes these studies with 

various variables during each iteration. 

3.5.4.2 Evaluating the Results of the Initial Studies  

If the designers and engineers utilise simulation studies in the design process, 

evaluating the results of the preliminary studies will aid in defining the optimisation 

program. Furthermore, examining the specifics, the designer intends to use constraints 

as beneficial. 

3.5.4.3 Setting the Properties of an Optimisation  

Setting the properties for optimisation was accomplished during the optimisation phase, 

as shown in Table 3.20 and Figure 3.30. Additionally, the study quality in the property 

manager under design study quality was chosen. Likewise, a folder for the default 

location in the results directory was selected. 

Table 3.20: Setting the properties of an optimisation  

Study name Design study 1 

Analysis type Optimisation  

Design Study Quality High quality (slower) 

Result folder SolidWorks document: Selected sewing chair model 
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Figure 3.30: Setting the properties of an optimisation  

3.5.4.4 Starting a Design Study for Optimising the Model  

The new design study has commenced, and a design study tab now appears at the 

bottom of the graphics area, as shown in Figure 3.31. 

 
Figure 3.31: Starting a design study for optimising the selected sewing chair  
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3.5.4.5 Defining Variables  

To conduct an optimisation, the continuous variables were defined. These continuous 

variables are not suitable for evaluating the optimisation, which serves as an 

introductory version of the optimisation tools available in SolidWorks. This means that 

one can analyse only one variable at a time, which can be defined across several 

parameters to be used as design variables. In the optimisation, under variables, input 

the minimum and maximum values, which represent the allowable limits for the 

dimension. When specifying these values, ensure they do not contradict other 

relationships defined in the model. In the graphics area, a model dimension (design 

variable) was selected for optimisation. The model dimension appears in the add 

parameters dialog box as a defined design variable: 416.5 mm for seat height, with a 

minimum value set to 411.5 mm and a maximum value set to 421.5 mm, with a step of 

1 mm; 462 mm for seat depth, with a minimum value set to 457 mm and a maximum 

value set to 467 mm, with a step of 2 mm; and 477.8 mm for seat width, with a minimum 

value set to 472.8 mm and a maximum value set to 482.8 mm, with a step of 3 mm to 

achieve optimal results for the model. The defining variable for the optimisation is 

shown in Table 3.21 as well as in Figure 3.32. 

Table 3.21: Defining variables for optimisation  

Name Model dimension Type Value Units 

Seat 

hei

ght 

416.5 
Range with 

step 

Min: 411.5 

Max: 421.5 

Step: 1 

mm 

Seat 

de

pth 

462 
Range with 

step 

Min: 457 

Max: 467 

Step: 2 

mm 

Seat 

wi

dth 

477.8 
Range with 

step 

Min: 472.8 

Max: 482.8 

Step: 3 

mm 
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Figure 3.32: Defining variables for optimisation  
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3.5.4.6 Defining Constraints 

The constraints were established to outline the requirements that the design must fulfill, 

and the global variables or sensors may regulate the mass characteristics, dimensions, 

and simulation data. The maximum stress value can be specified; thus, a constraint was 

defined for the compressive stress, set at 10 times less than the yield limit for the 

selected material (Aluminum alloy 1060), which is 27,570 MPa, as shown in Table 3.22 

and Figure 3.33. 

Table 3.22: Defining constraints for optimisation  

Sensor name Condition Bounds Units Study name 

Stress 4 Is less than Max: 27570 MPa Static 

 
Figure 3.33: Defining constraints for optimisation 
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3.5.4.7 Defining Goals 

The goals were established for optimisation to clarify the objective functions. Based on 

these goals, sensors were chosen according to mass properties such as mass, volume, 

surface area, and center of mass. In the SolidWorks simulation, the main objective is to 

reduce the mass by a factor of ten, as illustrated in Table 3.23 and Figure 3.34. It can 

be noted that for the selected variables and the increasing steps, there are a total of 330 

potential active scenarios. 

Table 3.23: Defining goals for optimisation  

Name Goal Properties Weight Study name 

Mass 2 Minimising  Mass 10 - 

 
Figure 3.34: Defining goals for optimisation  



149 
 

3.5.4.8 Running the Study  

The optimisation runs, necessitating a certain number of iterations. The results appeared 

in the results view, and the model was updated to reflect the optimal value. 

Additionally, in the simulation wizard for the optimisation, the initial value was 

selected to reset the parameter to the original value in the chosen sewing chair model. 

Furthermore, the optimal value was selected to set the parameter to the optimised value. 

It can be observed that for the selected variables and the increasing steps, there were 

332 possible active scenarios that ran successfully, as shown in Figure 3.35. 

 
Figure 3.35: Running the study for optimisation  
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3.5.4.9 Viewing the Results of the Optimisation  

The optimisation findings were derived by selecting the results view table. Upon 

clicking the results view table, all 332 scenario variables were incorporated into the 

model of the ergonomic sewing chair in the graphics window, as illustrated in Figure 

3.36. 

 
Figure 3.36: Results view 
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3.5.4.10 Optimisation Outcomes 

The assessment of the optimisation should refrain from using continuous variables, as 

a range of variable values cannot sufficiently define the discrete scenarios. 

3.5.4.11 Creating Design Scenarios by Modifying the Design Variables 

Creating design scenarios by modifying the design variables is a vital step in performing 

optimisation in SolidWorks. This allows the designer to explore various design 

alternatives and evaluate their performance under different conditions. There are 

specific steps for creating design scenarios in SolidWorks, which are ( SolidWorks, 

2010): 

1. Identifying the design variables that the designer wants to change: The design 

variables can include dimensions, material properties, and other parameters that 

affect the behavior of the model. Identifying which variables to change allows 

exploration of different design options. 

2. Defining the range of values for each design variable: This can be done manually 

or by using the design table feature in SolidWorks. 

3. Creating the design scenarios: Utilise the design study feature to create multiple 

scenarios with different combinations of the design variable values. Each scenario 

represents a distinct design option that the designer wishes to evaluate. 

4. Running the simulation for each scenario: For each design scenario, the designer 

must run the simulation and collect the results. This can be done automatically using 

the design study feature in SolidWorks. 

5. Analysing the results: Once the results have been collected for each design scenario, 

analyse the data and compare the performance of each design option. This can help 

designers identify the best design option for their thesis, dissertation, and project. 
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3.6 Fabricating the Redesign of Workstations for Garments-Making Workers at 

the Sewing Operation 

3.6.1 Introduction 

The sixth specific objective of this research is to fabricate a redesign of workstations 

for garment-making workers at the sewing operation. Following this, simulation and 

optimisation were conducted on models of the sewing work to achieve an 

ergonomically suitable workstation for the workers. The work was furthered by 

fabricating and manufacturing the proposed model and validating the redesign of the 

sewing workstation through experimental tasks. The fabrication process commenced 

after the redesign, simulation, and optimisation of the sewing workstation. This process 

involves the fabrication of all parts that have been redesigned according to the 

dimensions using various manufacturing methods. The fabrication process includes: 

material selection, measuring, cutting, drilling, grinding, assembling, welding, painting, 

and finishing. To accomplish the sixth specific objective, the entire methodology can 

be divided into the following steps, as illustrated in Figure 3.37. 
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Figure 3.37: Main steps of the fabrication process of the sewing workstations 

redesign 

Finshing process

Painting process

Welding process

Assembling process

Drilling process

Grinding process 

Cutting process

Measuring process

Materials selection process 
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3.6.2 Fabrication Process 

In creating the ergonomic redesign of the sewing workstation, particularly the sewing 

chair and adjustable sewing machine table, several fabrication processes must be 

employed, including: 

3.6.2.1 Materials Selection Process  

The properties considered in the material selection were limited to: the technical 

properties of the materials, such as conductivity, density, strength, etc.; the 

manufacturing aspects, including ease of production with existing facilities; the 

economic properties, like material cost, production expenses, and availability; and the 

ecological properties, such as recycling capability and sustainability (Madara et al., 

2016). The materials selection was done according to Miller, (1989). Aluminum alloy 

1060 was chosen for the fabrication of a sewing workstation because it is currently the 

most widely used metal in the furniture industry due to its lightweight, competitive cost, 

corrosion resistance, and excellent working properties, particularly for molded metal 

sewing chairs. Metal remains the preferred material for sewing furniture due to its 

contemporary appearance, charm, and character. Meanwhile, wood was selected for the 

fabrication of an adjustable sewing machine table because it is the most common 

material used in furniture (table) manufacturing and is comparatively low in cost. The 

selection of materials and their properties for each part is shown in Tables 3.24 and 

3.25, respectively. Additionally, Table 3.26 presents the Bill of Materials (BOM) as the 

total parts or components required for the assembly of the worker’s sewing workstation, 

which is to be fabricated with consideration of the redesign dimensions based on 

anthropometric data. In simple terms, the BOM is a list of all the parts needed to 

assemble a redesigned worker's sewing workstation. Typically, the BOM includes the 

item or part number, quantity/length per assembly, size, and specifications required per 
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assembly. This BOM is primarily for the fabrication of the redesigned worker's sewing 

workstation.   

Table 3.24: Materials selection for sewing workstation redesign 

SI. No Parts Materials References 

1 Base seat and backrest seat 

Polyvinyl Chloride 

(PVC) form 

Madara et al., 

(2016), and 

Miller, (1989). 

2 

Base support and Base 

frame 

Aluminium Alloy 1060 

3 Hardwoods for table 

White wood oak (flat-

sawn) 

Table 3.25: Materials Properties 
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Aluminium Alloy 1060 2700 27.57 68.94 27000 0.33 

PVC foam 60 26.6 - 70 3 

Woods oak 560 - - - - 
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Table 3.26: Bill of Materials (BOM) 

No. Material Size Quantity/Length 

1 Furniture paint 2 liters 2 pes 

2 Flat washers 14 mm 3 pes 

3 Aluminium Alloy 1060 1in * 1.5 mm 2 pes/20 ft 

4 PVC foam 2 m2 * 3 in 2 pes/2 m 

5 Custom leather upholstery 2 m2 * 3 in 2 pes/2 m 

6 Thinner 3 liters 1 pes 

7 White wood oak (flat-sawn) 4 ft * 8 ft * 1 in 2 pes 

8 Hinges ¾ in 12 pes 

9 Nuts 1 * 3/4 * 8 mm 12 pes 

10 Screws 2 * ¾ in * 3 mm 12 pes 

11 Nut for adjustability 
M25*1 mm 

1 pes 

12 Tilting support for top table 
170*10 mm 

1 pes 

13 Tilting bar for table top 330*30*2.6 mm 1 pes 

14 Back support rods 460*21.3 mm 2 pes 

15 L shape ruler metal 
16 * 24 in 

1 pes 

16 
Tilt control for chair design 7.9 * 5.8 in 

1 pes 

17 Protective glasses 
ANSI Z87.1 

1 pes 

18 Steel marker pen 
3-5 mm 

1 pes 

19 
Metal tape measure 8 mm 

1 pes 

20 
Goniometer 6/8/12 in 

1 pes 

21 Back support block board 430*300*19 mm 1 pes 

22 Bag shelf metal sheet 920*530*1 mm 1 pes 

23 
Bag support angles 

520*310*20 mm 1 pes 

24 Wheel  2.5 in 1 pes 
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3.6.2.2 Measuring Process  

The measuring process is the fabrication process that measures the materials cut to the 

proposed dimensions of the sewing workstation redesign (Qaidir & Abdillah, 2008). To 

measure the selected materials to the required dimensions, refer to the chosen sewing 

chair and adjustable sewing machine table redesign. This measuring process was 

conducted using an L-shaped ruler, measuring tape, and steel marker, as illustrated in 

Figure 3.38. 

 
Figure 3.38: Measuring process 

3.6.2.3 Cutting Process  

The cutting process is a fundamental fabrication method in the manufacturing industry 

(Qaidir & Abdillah, 2008). The laser cutting machine, illustrated in Figures 3.39, was 

utilised to cut materials into parts according to the specified dimensions of the sewing 

workstation. 

 
Figure 3.39: Cutting process using a laser cutting machine 
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3.6.2.4 Grinding Process 

The grinding process is a fabrication and finishing process in manufacturing that 

involves less machining and offers high precision, making it widely used in the industry 

(Qaidir & Abdillah, 2008). The hand grinder machine, as shown in Figure 3.40, was 

used to adjust the materials of the sewing workstation redesign to ensure they meet the 

recommended dimensions of the proposed redesign. Additionally, Personal Protective 

Equipment (PPE) such as goggles, gloves, and safety boots were worn before the 

grinding process began. 

 
Figure 3.40: Grinding process 

3.6.2.5 Drilling Process  

The drilling process is a crucial fabrication method that involves cutting to create holes 

with a circular cross-section in solid materials (Qaidir & Abdillah, 2008). The sewing 

chair and adjustable sewing machine table were marked and drilled using a drilling 

machine, following the dimensions of the redesigned sewing workstation, as illustrated 

in Figure 3.41. 

 
Figure 3.41: Drilling process 
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3.6.2.6 Assembling Process 

The assembly process is the culminating stage in fabrication, integrating all upstream 

processes of design, engineering, manufacturing, and logistics to produce an object that 

serves a specific function. The assembly process is illustrated in Figure 3.42. 

 
Figure 3.42: Assembling process 

3.6.2.7 Welding Process  

The welding process is a fabrication technique that joins one part to another through a 

permanent connection (Qaidir & Abdillah, 2008). This task is performed using arc 

welding, as illustrated in Figure 3.43. 

 
Figure 3.43: Arc welding process 
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3.6.2.8 Painting Process  

The painting process is the final step in the fabrication of the sewing workstation 

redesign (Qaidir & Abdillah, 2008). This process begins with cleaning using sandpaper 

to remove all rust, followed by a thorough cleaning with thinner to ensure the sewing 

workstation redesign product is completely clean. The product was painted in a 

black/red oak colour and received two layers of paint. Once the painting process was 

complete, the sewing workstation redesign product was dried under the sun, as shown 

in Figure 3.44. 

 
Figure 3.44: Painting process 

3.6.2.9 Finishing Process 

The finishing process in the fabrication of the sewing workstation redesign is a crucial 

part of the manufacturing process. In this finishing process, the final product of the 

sewing workstation redesign was created. 
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CHAPTER FOUR: RESULTS AND DISCUSSION 

4.0 Introduction  

This fourth chapter of the thesis presents the findings and results discussed in the 

specific objectives outlined in the following sub-sections, as illustrated in Figure 4.1. 

 
Figure 4.1: Results and discussions structure  

Assessing work-related risks and hazards for garments workers

Determining the relevant anthropometric dimensions from garments workers

Redesigning a workstation for garments workers

Simulating the redesign of workstations for garments workers

Optimising the redesign of workstations for garments workers

Fabricating the redesign of workstations for garments workers
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4.1 Assessing Work-Related Risks and Hazards for Garments 

The results of the work-related risks and hazards faced by garment-making workers at 

the sewing workstation are discussed in detail below: 

4.1.1 Rapid Entire Body Assessment (REBA) Results 

The processing of the worker's body posture data is conducted in the sewing 

workstation environment as part of the ergonomic redesign of the selected sewing chair 

workstation and adjustable sewing machine table for garment manufacturing. This 

involves marking a straight line along with the angles of the captured photos. Following 

the data processing, an analysis is performed, and the work body posture is scored using 

the REBA method. The body segments are categorised into two groups: group A and 

group B. Group A includes the neck, back, and knee, while group B comprises the upper 

arm, lower arm, and wrist. Additionally, based on the angle data of the body segments 

in each group, the scores for group A and group B can be determined. Based on the 

dimensions of the angles of the sewing worker’s body parts: Group A (the score for 

neck movement was 2 at 28.070, which is > 200 flexion; the score for back movement 

was 2 at 16.930, which is between 00 - 200 flexion; and the score for knee movement 

was 2 at 73.230, which is > 600 flexion). See Table 3.1 in the methodology section. 

Group B (the score for upper arm movement was 2 at 28.860, which is between 200 - 

450 flexion; the score for lower arm movement was 2 at 54.880, which is < 600 flexion; 

and the score for wrist movement was 2 at 35.120, which is > 150 flexion). See Table 

3.2 in the methodology section. Figure 4.2 and Table 4.1 illustrate the body posture of 

the sewing worker who has been assigned a body posture scale. Based on the group A 

scores, using Table A in the methodology section (Table 3.4), it can be observed that 

the value of the Table A score is 4. The score for A is calculated by adding the Table A 

score of 4 to a load score of 0, resulting in a score of 4. Similarly, based on the group 
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B scores using Table B in the methodology section (Table 3.4), it can be seen that the 

value of the Table B score is 3. The score for B is calculated by adding the Table B 

score of 3 to a coupling score of 0, thus, the score for B is 3. Based on score A and 

score B, using Table C in the methodology section (Table 3.4), it can be seen that the 

value of score C is 4. The final REBA score is calculated by adding score C of 4 to an 

activity score of 1, resulting in a final REBA score of 5. In this study, the final REBA 

score for the existing design of the sewing workstation for garment manufacturing is 5, 

indicating that postures are at medium risk, corresponding to action level 2, and require 

necessary changes. Additionally, Table 4.2 and Figure 4.3 present the final REBA score 

for the existing design of the sewing workstation worker's posture. 

 

Figure 4.2: Sewing Worker’s body posture for ergonomic assessment 
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Table 4.1: REBA angle dimensions for sewing worker’s body posture 

Group Dimensions Angle 

A 

Neck 

Back 

Knee 

28.070 

16.930 

73.230 

Load 0 kg 

B 

Upper arm 

Lower arm 

Wrist 

28.860 

54.880 

35.120 

Coupling 0 kg 

Table 4.2: REBA score on the sewing workstation worker's work posture 

Group Dimensions Angle Score Table A Score A Score C 
REBA 

score 

A 

Neck 

Back 

Knee 

28.070 

16.930 

73.230 

2 

2 

2 

4 
4 

4 
5 

Load 0 

Group Dimensions Angle Score Table B Score B 

B 

Upper arm 

Lower arm 

Wrist 

28.860 

54.880 

35.120 

2 

2 

2 

3 
3 

Coupling 0 

Activity score 1 

 

Figure 4.3: The REBA score sheet 
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4.1.2 Comparison of REBA results of the Present Study with the Previous Studies 

The comparison of the REBA results from this study with previous research on work-

related risks and hazards for workers in various industries is presented in Table 4.3. The 

current findings align more closely with those of Kusuma, (2020) and Shah et al., 

(2016), who reported a REBA score of 5 (medium level of risk requiring necessary 

changes) for workers at a single-head sandpaper machine and in garment 

manufacturing, respectively. Ahmad et al., (2021) determined that the final REBA score 

was 8 (high risk requiring immediate changes) for workers in the clothing industry. 

Earlier studies by Wibowo & Mawadati, (2021), AI Madani & Dababneh, (2016), and  

Beatrix, (2021) found a final REBA score of 11 (very high level of risk requiring 

immediate changes) for workers' body posture in the garment industry. This study 

corroborates previous research indicating that the REBA method effectively assesses 

work-related risks and hazards in the current design of sewing workstations for garment 

manufacturing. Furthermore, this study supports earlier findings that the REBA method 

can yield comprehensive results in evaluating work-related risks and hazards for 

garment workers, helping to determine whether immediate repairs are necessary based 

on ergonomic principles. 
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Table 4.3: A summary comparison of REBA score of the present study with the previous studies 

Objectives Methods 
REBA 

score 
Action level References 

To analyse the work activities of the 

finishing process. 

REBA 

5 
Medium level of risk and requires necessary 

change. 
Kusuma, (2020). 

To identify the level of ergonomic risk. 5 
Medium level of risk and requires necessary 

change. 
Shah et al., (2016). 

To assess work-related risks and hazards. 5* 
Medium level of risk and requires necessary 

change. 
Esmaeel, (Present study) 

To assess WRMSDs.  8 
High risk and requires necessary change 

soon. 
Ahmad et al., (2021). 

To improve workers’ comfort and 

workplace safety by reducing WRMSDs. 
8 

High risk and requires necessary change 

soon. 
Ahmed, (2018). 

To analyze the work body posture of 

workers at the garments manufacturing. 
11 

Very high level of risk and requires 

necessary change now. 

Wibowo & Mawadati, 

(2021). 

To provide a summary of the REBA, in 

terms of validity. 
11 

Very high level of risk and requires 

necessary change now. 

AI Madani & Dababneh, 

(2016). 

To assess work-related MSDs. 12 
Very high level of risk and requires 

necessary change now. 
Beatrix, (2021). 

*REBA score of the present study
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4.2 Determining the Relevant Anthropometric Dimensions from Garments 

Workers 

The results of 100 sewing workers' anthropometric data were obtained from garment 

workers (50% males and 50% females) at the sewing workstation, REAL, Eldoret, 

Kenya. The anthropometric data were analysed using one-way ANOVA and Minitab. 

See Appendix XI for the anthropometric data record. The results of this objective are 

described in the following sections: 

4.2.1 Anthropometric Dimension of the Males and Females Workers at the Sewing 

Workstation  

A summary of the descriptive statistics results for the recorded anthropometric data sets 

of male and female garment workers at the sewing workstation, REAL, Eldoret, Kenya. 

These statistics include the 5th, 50th, and 95th percentiles, mean, standard deviation (SD), 

minimum (min), and maximum (max) of the entire anthropometric data collected for 

garment-making workers. A summary of the descriptive statistics results for the 

recorded anthropometric data sets of male and female workers is shown in Table 4.4.
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Table 4.4: A summary of descriptive statistics results of the recorded anthropometric data sets for male and female workers 

Variable 

Male Female 

Mean SD Min Max 
Percentiles Unit 

Mean SD Min Max 
Percentiles Unit 

5th 50th 95th 

Cm 

5th 50th 95th 

Cm 

Sitting height 82.98 2.48 79.50 89.10 79.80 82.25 87.20 79.22 3.68 70.80 94.30 73.50 79.20 86.50 

Shoulder height 55.89 2.53 52.10 60.70 52.40 55.60 60.30 53.52 2.55 47.10 60.50 49.20 53.40 57.10 

Popliteal height 46.87 2.54 43.10 52.80 43.70 46.10 52.30 43.35 1.74 40.20 48.00 40.60 43.25 46.50 

Elbow height 17.34 3.04 12.80 24.40 13.30 17.55 22.30 17.53 3.05 11.20 27.50 13.20 17.50 22.40 

Buttock popliteal 

length 
52.66 3.12 47.10 60.50 49.20 52.20 58.30 50.86 2.97 42.00 59.00 45.40 51.00 56.00 

Buttock knee length 62.69 3.44 57.10 71.40 59.00 62.15 69.10 60.72 2.91 54.10 67.70 56.10 60.50 65.40 

Thigh clearance 11.80 2.05 8.80 15.70 09.00 11.60 15.30 13.12 2.70 08.30 19.30 08.60 13.15 18.00 

Eye height sitting 71.56 2.25 67.30 75.70 67.90 71.50 75.50 67.59 2.54 59.80 74.00 63.00 68.00 71.30 

Knee height sitting 52.77 3.46 48.20 60.60 49.40 51.40 59.40 50.11 2.28 45.80 55.30 47.00 49.65 55.00 

Forearm fingertip 

length 
47.93 2.61 42.48 53.41 43.85 47.70 52.86 45.04 2.16 37.99 50.32 41.78 45.24 48.89 

Hip breadth sitting 33.50 2.56 29.18 39.09 29.92 32.94 36.85 36.67 3.01 30.49 46.41 32.98 35.98 42.16 
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4.2.2 One-Way Analysis of Variance (ANOVA) Results 

The eleven anthropocentric parameters obtained from the workers (both males and 

females) were compared for variability using the one-way ANOVA analytical tool. 

Additionally, the following hypotheses were analysed and tested: 

H0: All samples means are significantly equal.  

H1: At least one mean is significantly different.  

Significance level (α = 0.05).  

Rejection criterion:  

Reject H0 if the p-value is less than the significance level (P < 0.05).  

Fail to reject H0 if p-value is greater than the significance level (P > 0.05).  

The ANOVA test results failed to reject the null hypothesis in the data sets (P > 0.05). 

This indicates that the means of the different samples are equal, demonstrating that 

there was no significant difference among the anthropometric data sets between male 

and female workers. These findings align with the study by Ezugwu et al., (2020), 

which reported no significant differences (P > 0.05) among the anthropometric data sets 

between genders for Nigerian workers at the sewing workstation. Table 4.5 presents the 

one-way ANOVA results. 
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Table 4.5: One-way ANOVA results 

Variable 
Source of 

variation 
SS df MS F P-value F-crit 

Sitting height (erect) 

Between workers 

(male and female) 

258.3634 1 258.3634 21.88586 9.27E-06* 3.938111 

Shoulder height sitting 99.36267 1 99.36267 15.3365 0.000166 3.938111 

Popliteal height sitting 226.7844 1 226.7844 59.22882 1.12E-11* 3.938111 

Elbow height sitting 0.768505 1 0.768505 0.082836 0.774098* 3.938111 

Buttock popliteal length 58.96807 1 58.96807 6.520585 0.012205 3.938111 

Buttock knee length 70.6427 1 70.6427 7.61407 0.006912 3.938111 

Thigh clearance 31.7497 1 31.7497 4.832133 0.030288 3.938111 

Eye height sitting 291.0086 1 291.0086 47.54426 5.28E-10* 3.938111 

Knee height sitting 129.0887 1 129.0887 18.95459 3.29E-05* 3.938111 

Forearm fingertip length 152.2521 1 152.2521 29.44268 4.16E-07* 3.938111 

Hip breadth sitting 183.3858 1 183.3858 21.68026 1.01E-05* 3.938111 

*No significant at P-value > 0.05 
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4.2.3 Anthropometric Dimension of the Workers at the Sewing Workstation 

The analyses of the anthropometric data sets of the workers are presented in Table 4.6, 

including means, standard deviations, and the 5th, 50th, and 95th percentiles, as well as 

the minimum and maximum dimensions. In anthropometry, the percentiles of various 

body dimensions are utilised to determine the redesign dimentions. For seat height, the 

5th percentile (lower percentile) of the population's popliteal height is typically 

recommended, ensuring that a larger portion of the population is accommodated, thus 

allowing shorter individuals to use the redesigned sewing workstation. The 5th 

percentile of the buttock-popliteal length is considered for seat depth, shoulder height 

sitting for upper backrest height, and armrest height for lower backrest height. The 95th 

percentile (higher percentile) of hip breadth sitting is generally suggested in the 

redesign of seat widths to accommodate as many individuals as possible, allowing taller 

persons to utilise the sewing workstation redesign. The data obtained from this study is 

beneficial for the sewing workstation redesign in garment manufacturing. With these 

characteristics, the study can establish and integrate an anthropometric database for an 

ergonomically innovative sewing workstation suitable for garment-making workers. 

Table 4.6 summarises the anthropometric measures based on the average of the 

collected data, which can be used in redesigning a sewing workstation for garment 

workers in Kenya.
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Table 4.6: A summary of anthropometric dimensions for workers (n = 100 and all dimensions in cm). 

Variable Mean SD Min Max 
Percentiles 

5th 50th 95th 

Sitting height (erect) 80.12 3.78 70.80 94.30 74.00 80.05 87.05 

Shoulder height sitting 54.08 2.72 47.10 60.70 49.50* 54.15 58.65 

Popliteal height sitting 44.19 2.47 40.20 52.80 41.20* 43.85 48.65 

Elbow height sitting 17.48 3.03 11.20 27.50 13.25* 17.50 22.35 

Buttock popliteal length 51.29 3.09 42.00 60.50 46.20* 51.30 56.25 

Buttock knee length 61.19 3.15 54.10 71.40 56.30 61.05 66.60 

Thigh clearance 12.80 2.61 08.30 19.30 08.90 12.25 17.10 

Eye height sitting 68.56 3.00 59.80 75.70 63.59 68.55 73.65 

Knee height sitting 50.75 2.84 45.80 60.60 47.10 50.25 55.75 

Forearm fingertip length 45.73 2.58 37.99 53.41 42.14 45.72* 50.02 

Hip breadth sitting 35.91 3.19 29.18 46.41 31.16 35.54 41.55* 

*Relevant anthropometric measures for the recommended sewing workstation (sewing chair and adjustable sewing machine table) redesign. 
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4.2.4 Proposed Dimensions of the Ergonomic Redesign of the Sewing Workstation 

After analysing all eleven anthropometric measurements of the workers at REAL, 

Eldoret, Kenya, a final specification for the ergonomic sewing workstation redesign 

was proposed, aiming to accommodate the maximum number of workers in garment 

manufacturing. The recommended dimensions for the redesigned ergonomic sewing 

workstation, based on workers’ anthropometric data, are as follows: seat height is 41.65 

cm, seat depth is 46.20 cm, seat width is 47.78 cm, backrest width is 47.78 cm, backrest 

height (upper) above the seat is 49.50 cm, and backrest height (lower) above the seat is 

13.25 cm. Similarly, research by Harrison et al., (2008) also designed an ergonomic 

sewing workstation based on workers’ anthropometric data, establishing that the design 

of the workstation and the principles of ergonomics are effectively integrated into the 

sewing workstation redesign for garment manufacturing. The recommended 

dimensions for redesigning a workstation, along with their criteria for use in the sewing 

workstation at REAL, Eldoret, Kenya, are summarised and presented in Table 4.7. 
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Table 4.7: Proposed dimensions for a redesign for use in sewing workstations by garments workers at REAL, Eldoret, Kenya 

S. No. Seat feature Anthropometric measure Dimensions (cm) Criteria/Determinant References 

1.  Seat height Popliteal height sitting 41.65 
5th percentile of popliteal height 

+ 0.45 cm shoe heel allowance 
Ismaila et al., (2013). 

2.  Seat depth Buttock popliteal length 46.20 
5th percentile of buttock 

popliteal length 
Mohamed et al, (2010). 

3.  Seat width Hip breadth sitting 47.78 
95th percentile of hip breadth + 

15% allowance for clothing 

Musa & Ismaila., (2014). 

 

4.  Back rest width Hip breadth sitting 47.78 As with seat width Ismaila et al., (2013). 

5.  
Backrest height (Upper) 

above seat 
Shoulder height sitting 49.50 5th percentile of shoulder height Mohamed et al., (2010). 

6.  
Backrest height (Lower) 

above seat Elbow height sitting 13.25 
5th percentile of 

elbow height sitting 
Ismaila et al., (2013). 

7.  Arm rest height 

8.  Backrest angle - 1090 Literature review suggestions Mohamed et al., (2010). 

9.  Seat angle - 1100 From literature review Igbokwe et al., (2019). 

10.  Sewing table height Functional elbow height 60.73 
Seat height + functional elbow 

height + shoe heel allowance 

Ismaila et al., (2013). 
11.  Sewing table depth Forearm fingertip length 45.72 

50th percentile of forearm 

fingertip length 

12.  Sewing table width Hip breadth 54.01 

95th percentile of hip breadth + 

15% allowance for clothing + 

15% allowance as clearance 

13.  
Sewing table angle to 

horizontal 
Table with horizontal 150 Literature review suggestions Ahmed, (2018). 
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4.2.5 Dimensions of the Existing Sewing Workstation 

The essential dimensions of the existing sewing workstation furniture for workers at 

the REAL factory have been gathered to identify mismatches between the workstation 

dimensions and the workers' body measurements. The summarised measurements are 

displayed in Table 4.8. 

Table 4.8: Dimensions of the existing sewing workstation furniture for workers 

Abbreviations Dimensions of the existing sewing workstation Unit 

SH Seat height 40.00 

Cm 

SD Seat depth 38.90 

SW Seat width 37.20 

TH Table height 75.80 

 

4.2.6 Comparison of the Existing and Proposed Sewing Workstation Dimensions 

with Worker’s Body Measurements 

The sewing workstation dimensions and the corresponding worker body measurements 

are calculated and compared using equations (3.9), (3.10), (3.11), and (3.12) as outlined 

in the methodology section. The summarised mismatch between the existing and 

proposed sewing workstation dimensions and the worker body dimensions are 

presented in Table 4.9 and Figure 4.4. The results indicate a significant mismatch 

between the existing sewing workstation dimensions and the worker’s anthropometric 

measurements. In this study, the mismatches for the existing design are found in seat 

height at 63%, seat depth at 81%, seat width at 79%, and sewing table height at 98%. 

These findings are consistent with a previous study by Ahmed, (2018), which reported 

mismatches in seat height at 64.86%, seat depth at 100%, seat width at 81%, and sewing 

table height at 100%. Additionally, this present study also, aligns with earlier research 

by M. Ali, et al., (2014), which found considerable mismatches between body 
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dimensions and sewing furniture dimensions, with seat height at 79%, seat depth at 

94%, seat width at 36%, and sewing table height at 79%.  

The results comparing existing and proposed sewing workstation dimensions with the 

worker’s anthropometric measurements were analysed before and after the integration 

of anthropometric data. It was found that the seat height (SH) against to popliteal height 

(PH) reduced from 63% to 33%, seat depth (SD) against to buttock-popliteal length 

(BP) reduced from 81% to 21%, seat width (SW) against to hip breadth (HB) reduced 

from 79% to 67%, and table height (TH) against to elbow height (EH) also reduced 

from 98% to 55%. The findings of the present study indicate that the ergonomically 

redesigned workstation, based on workers’ anthropometric data, can significantly 

reduce the mismatch between sewing workstation dimensions and the worker’s body 

dimensions. Table 4.9 and Figure 4.4 illustrate the summary of the mismatch between 

sewing workstation dimensions and worker’s body dimensions. 

Table 4.9: A summary of the mismatch between sewing workstation dimensions 

and worker’s body dimensions  

Dimensions  

Existing design Proposed redesign 

Percentage of mismatch  Percentage of mismatch  

PH and SH 63% 33% 

BPL and SD 81% 21% 

HB and SW 79% 67% 

TH and EH 98% 55% 
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Figure 4.4: A summary of the mismatch between sewing workstation dimensions 

and worker’s body dimensions 

4.3 Redesigning a workstation for garments workers 

In the case of the ergonomic redesign of the sewing operation workstation, it is essential 

to achieve a balance between the workstation’s dimensions and the operator’s 

anthropometric measurements to reflect the man-machine relationship. The results of 

the workstation redesign for garment-making workers at sewing operations are 

discussed in detail below: 

4.3.1 Sketches and Complete Model of the Proposed Redesigns  

The redesign process commenced with concept creation rooted in a user-centered 

design that prioritised safety and health to mitigate ergonomic risks. This is crucial, as 

user-centered design is a fundamental technique for sewing product redesign that will 
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be integrated with anthropometric data and user recommendations. The redesign 

approach must accommodate 95% of the workers, and effective conceptual design 

enables users to anticipate the consequences of their actions. This implies that a well-

conceived redesign of the workstation will encourage or inspire workers to use it 

comfortably and confidently. Following the analysis of the recorded data, as illustrated 

in the previous Tables 4.6 and 4.7, the proposed ergonomically innovative sewing 

workstation (including the adjustable sewing chair and adjustable sewing machine 

table) was developed using SolidWorks, as depicted in Figures 4.5, 4.6, 4.7, and 4.8 

respectively. 
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Keys: 

No. Seat feature Dimensions (cm) 

1 Seat height 41.65 

2 Seat depth 46.20 

3 Seat width 47.78 

4 Back rest width 47.78 

5 Backrest height (Upper) above seat 49.50 

6 Arm rest height 13.25 

7 Backrest angle 1090 

Figure 4.5: Sketches of the proposed adjustable workers' sewing chair workstation  
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Keys: 

No. Seat feature Dimensions (cm) 

1 Seat height 41.65 

2 Seat depth 46.20 

3 Seat width 47.78 

4 Back rest width 47.78 

5 Backrest height (Upper) above seat 49.50 

6 Arm rest height 13.25 

7 Backrest angle 1090 

Figure 4.6: Complete model of the proposed adjustable workers' sewing chair  
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Keys: 

Table feature Dimensions (cm) 

Sewing table height 60.73  

Sewing table depth 45.72  

Sewing table width 54.01  

Figure 4.7: Sketches of the proposed workers' adjustable sewing machine table  
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Keys: 

No. Table feature Dimensions (cm) 

1 Sewing table height 60.73 

2 Sewing table depth 45.72 

3 Sewing table width 54.01 

Figure 4.8: Complete model of the proposed workers' adjustable sewing machine 

table  
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4.3.2 Workers' Requirements Survey Results 

The sample of 100 respondents (50% male and 50% female) was randomly selected 

from the workers at REAL, Eldoret, Kenya. Additionally, a questionnaire was chosen 

as the most suitable method, which was pre-tested to ensure its reliability and validity. 

The questionnaire data was analysed list-wise using Minitab, and the results are 

presented in the following details: 

4.3.2.1 Arranging the Importance of the Needs 

The ranking of the importance of the needs was conducted after all the questionnaire 

data was analysed using Minitab. Refer to the questionnaire form in Appendix XII. 

Table 4.10 presents the importance of the needs of the sewing workstation based on the 

workers' requirements survey results. See Appendix XIII for the complete data record. 

This ranking was performed on a scale from 1 to 5 (1 being the lowest and 5 the 

highest). The results were analysed to obtain an average, and only a summary of these 

results is displayed. 

Table 4.10: Importance of the needs of the sewing workstation 

No. Functional requirements Importance 

A. Adjustable height and back sewing chair 4 

B. Adjustable height sewing chair 3 

C. Arrow and craft sewing chair 4 

D. Camping sewing chair 3 

E. Arm sewing chair 3 

F. Armless sewing chair 5 

G. Sindre sewing chair 2 

H. Folding sewing chair 2 
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4.3.2.2 Arranging the Importance of the Factors 

The factors of importance were organised through a questionnaire and analysed using 

Minitab software. Table 4.11 displays the significance of the factors in the ergonomic 

sewing chairs redesign based on the workers' requirements survey results. This ranking 

was conducted on a scale of 1 to 5 (where 1 is the lowest and 5 is the highest), which 

was converted into weights, and the results are presented only as a summary. 

Table 4.11: Importance of the factors of the sewing workstation 

No. Selection factors Weight  

1. Ergonomics and safety 9% 

2. Ease of use 7% 

3. Ease of manufacture 9% 

4. Durability 8% 

5. Aesthetic 7% 

6. Reliability 7% 

7. Maintainability 9% 

8. Social appeal 6% 

9. Environmental soundness 9% 

10. Economic value 8% 

11. Utility and function 6% 

12. Life cycle cost 8% 

13. Availability 7% 

 

4.3.3 Concepts Generation 

From the review of the previous designs of the sewing chairs and the ideas, eight 

concepts for the current ergonomic sewing chair workstation were generated after 

analysing all the workers' needs. At this stage, eight distinct concepts of the ergonomic 

sewing chair workstation were developed based on the workers' requirements, with 

each concept featuring its own unique functionalities. These eight conceptual sewing 

chairs were: A. Adjustable height and back sewing chair, B. Adjustable height sewing 

chair, C. Arrow and craft sewing chair, D. Camping sewing chair, E. Arm sewing chair, 

F. Armless sewing chair, G. Sindre sewing chair, and H. Folding sewing chair. These 

eight conceptual sewing chairs were created using SolidWorks software and are 

presented in Figures 4.9 (A), (B), (C), (D), (E), (F), (G), and (H). 
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Figure 4.9: Eight concept redesign of the sewing chairs 
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4.3.4 Concept Scoring Matrix 

After generating all eight redesign concepts for the sewing chairs workstation, the next 

step was to select the best sewing chair redesign using the Concept Scoring Matrix 

(CSM) method to simulate, optimise, and fabricate it as well. The purpose of the CSM 

is to identify the optimal conceptual redesign of the proposed ergonomic sewing 

workstation among the eight redesigns (A, B, C, D, E, F, G, and H) as illustrated in 

Figure 4.9 above. In this process, all selection criteria are assigned specific weights in 

percentage, based on the results from the workers' requirements survey. These weights 

are distributed among the selection criteria, and the total of all weights must equal 100, 

as shown in Table 4.12. After distributing the weights among the 13 criteria, the next 

step is to rate the redesign concepts, with ratings assigned on a scale of 1 to 5 (1 being 

the lowest and 5 the highest). Each weighted score for the selection criteria is calculated 

by multiplying the rating by the specific weight, which is then summed to obtain the 

total weighted score. The results from the CSM are presented in Table 4.12, where it is 

noted that concept (F) was selected with the highest net score of 5 and was used for 

simulation, optimisation, and fabrication as outlined in the research objectives. 
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Table 4.12: Display of the Concept Scoring Matrix (CSM) 

Selection criteria Weight  

Conceptual redesigns 
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Ergonomics and safety 9% 4 0.36 3 0.27 4 0.36 3 0.27 3 0.27 5 0.45 2 0.18 2 0.18 

Ease of use 7% 4 0.28 3 0.21 4 0.28 3 0.21 3 0.21 5 0.35 2 0.14 2 0.14 

Ease of manufacture 9% 4 0.36 3 0.27 4 0.36 3 0.27 3 0.27 5 0.45 2 0.18 2 0.18 

Durability 8% 4 0.32 3 0.24 4 0.32 3 0.24 3 0.24 5 0.40 2 0.16 2 0.16 

Aesthetic 7% 4 0.28 3 0.21 4 0.28 3 0.21 3 0.21 5 0.35 2 0.14 2 0.14 

Reliability 7% 4 0.28 3 0.21 4 0.28 3 0.21 3 0.21 5 0.35 2 0.14 2 0.14 

Maintainability 9% 4 0.36 3 0.27 4 0.36 3 0.27 3 0.27 5 0.45 2 0.18 2 0.18 

Social appeal 6% 4 0.24 3 0.18 4 0.24 3 0.18 3 0.18 5 0.30 2 0.12 2 0.12 

Environmental soundness 9% 4 0.36 3 0.27 4 0.36 3 0.27 3 0.27 5 0.45 2 0.18 2 0.18 

Economic value 8% 4 0.32 3 0.24 4 0.32 3 0.24 3 0.24 5 0.40 2 0.16 2 0.16 

Utility and function 6% 4 0.24 3 0.18 4 0.24 3 0.18 3 0.18 5 0.30 2 0.12 2 0.12 

Life cycle cost 8% 4 0.32 3 0.24 4 0.32 3 0.24 3 0.24 5 0.40 2 0.16 2 0.16 

Availability 7% 4 0.28 3 0.21 4 0.28 3 0.21 3 0.21 5 0.35 2 0.14 2 0.14 

Net score 

Rank 
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4.3.5 Sketches of the Selected Proposed Redesign of the Sewing chair Workstations 

This research utilised a 3D model of the redesigned sewing chair, beginning with the 

creation of sketches and subsequently integrating them into a complete assembly to 

achieve the final 3D model. The sketches of the selected ergonomic concept sewing 

chair workstations were reimagined according to ergonomic principles. Utilising 

anthropometric data, the ergonomic sewing chair was restructured for garment-making 

workers at REAL in Eldoret, Kenya, using SolidWorks. The sketches of the 

ergonomically redesigned sewing chair workstation are presented in Figures 4.10 and 

4.11, respectively. 

 
Figure 4.10: Sketches of the selected proposed workers' sewing chair workstation  
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Keys: 

No. Seat feature Dimensions (cm) 

1 Seat height. 41.65 

2 Seat depth. 46.20 

3 Seat width. 47.78 

4 Back rest width. 47.78 

5 Backrest height (Upper) above seat. 49.50 

6 Backrest height (Lower) above seat. 13.25 

7 Backrest angle. 1090 

8 Seat angle. 1100 

 

Figure 4.11: Sketches of the proposed workers' sewing chair workstation selected 



190 
 

4.3.6 Completing Model of the Selected Proposed Redesign of the Sewing chair  

The model of the concept redesign of the ergonomic sewing chair was completed using 

SolidWorks, based on the average anthropometric data mentioned earlier in Table 4.7. 

The frame and the complete model of the ergonomic concept redesign of the selected 

sewing chair workstation are illustrated in Figures 4.12 and 4.13, respectively. 

 
Figure 4.12: Complete frame of the proposed workers' sewing chair selected 

 
Figure 4.13: Complete model of the proposed workers' sewing chair selected 

4.3.7 Completing Assembly of the Ergonomically Sewing Workstation 

After modeling in SolidWorks, the models were imported into CATIA V5 ergonomics 

design and analysis 3D CAD software to complete the assembly of the models (selected 

sewing chair + adjustable sewing machine table + DHM for RULA analysis, as shown 

in Figure 4.14).
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Figure 4.14: Complete assembly of the models (selected sewing chair + adjustable sewing machine table + manikin) done by 3D CATIA 
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4.4 Simulating the Redesign of Workstations for Garment Workers 

The results of the objective simulation regarding the redesign of workstations for 

garment-making workers in sewing operations have been achieved. RULA assessments 

were conducted on the sitting posture of the HDM, while FEA analyses were performed 

on the model of the selected sewing chair. These results are discussed in the following 

section: 

4.4.1 Simulation Results of the Rapid Upper Limb Assessment (RULA) Analysis  

The findings from the ergonomic analysis conducted on the sitting posture of the HDM 

are discussed in the following details: 

4.4.1.1 The Evaluation Results of the Upper Limb Analysis  

The assembly of the sewing workstation was assessed using a HDM representing the 

50th percentile of workers. The RULA analysis was conducted in a sitting position while 

a worker performed a task (sewing) in the sewing workstation environment. The RULA 

analysis method evaluates based on a score and colour, which are interrelated. The 

colours are green, yellow, orange, and red. Green indicates that the body posture is good 

and acceptable, while red signifies that the body posture is poor and requires immediate 

changes. The RULA analysis combines postural evaluations of different muscle groups 

characterised as: muscle group A (comprising the upper arm, lower arm, and wrist) and 

muscle group B (comprising the neck, trunk, and leg). The total score was calculated 

based on the combinations of both muscle groups. The evaluation results of upper limb 

analysis for the sitting posture of the HDM, based on anthropometric data, fell within 

the acceptable score range. The final RULA score of 1 indicated a negligible risk of 

MSDs, and thus the proposed redesign of the sewing workstation is deemed acceptable, 

as shown in Table 4.13. 
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Table 4.13: The evaluation analysis results of the upper limb  

Place Scores and colours Recommendation 

Upper arm 1  The evaluation analysis results of upper 

limb analysis for the sitting body 

posture of the HDM, based on the 

anthropometric data, were within the 

acceptable range. The final RULA 

score of 1 indicated a negligible risk of 

MSDs. Consequently, the redesign is 

deemed acceptable, and the dimensions 

of the proposed sewing workstation are 

finalised. 

Forearm 1  

Wrist 1  

Wrist twist 1  

Posture A 1  

Muscle 0  

Force/load 0  

Wrist and arm 1  

neck 1  

Trunk 1  

Legs 1  

Posture B 1  

Neck, trunk and leg 1  

Final/total score 1  

 

4.4.1.2 Simulation Results of the RULA Ergonomic Analysis  

The simulation results of the RULA ergonomic analysis were conducted on the 

complete assembly of the models (selected sewing chair + adjustable sewing machine 

table + manikin) using 3D CATIA V software. Consequently, the analysis of the sitting 

body posture of the HDM for the proposed ergonomic model yielded a final RULA 

score of 1, indicating that the ergonomic risk for MSDs was negligible. Thus, this study 

contributes to the comfort of workers at the workstation. Figure 4.15 illustrates the 

simulation results of the RULA ergonomic analysis for the complete assembly of the 

models at the sewing workstation. 
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Figure 4.15: Simulation results of the RULA ergonomic analysis for HDM (manikin)
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4.4.1.3 Comparison of RULA results of this study with the previous studies 

The comparison of the RULA results from this study with those of previous analyses 

of HDM at the sewing workstation is presented in Table 4.14. Previous studies by 

Upasana & Vinay, (2017) on the work body posture in the sewing workstation and 

Öztürk & Esin, (2011) on ergonomic risk factors among female sewing machine 

operators found a final RULA score of 7, indicating a high level of risk that requires 

immediate changes. Previous rsearch by Saguyod et al., (2021) on ergonomic 

workstation design for apparel manufacturing workers and Shah et al., (2016) on 

awkward body postures in the garment manufacturing industry confirmed a final RULA 

score of 5, which signifies a medium level of risk that necessitates prompt changes. 

This study aligns with previous findings that indicate a final RULA score of 1 can yield 

maximum results in simulating an HDM in the proposed redesign of an ergonomically 

innovative sewing workstation for garment manufacturing. Furthermore, this study 

concurs with earlier research by Saguyod et al., (2021) and Shah et al., (2016), which 

asserts that RULA score results provide a comprehensive assessment in simulating an 

HDM to determine the acceptability of the sewing workstation redesign based on 

ergonomic principles. 
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Table 4.14: Comparison of RULA ergonomic analysis results of this present study with the previous studies 

Titles of the Studies Final RULA score Risk Level Recommendation References 

Work Posture Assessment of Tailors By RULA and REBA 

Analysis. 
7 

High 

Investigation and 

changes required 

immediately 

Upasana & Vinay, (2017) 

Investigation of Musculoskeletal Symptoms and 

Ergonomic risk Factors among Female Sewing Machine 

Operators in Turkey. 

7 Öztürk & Esin, 2011) 

Working Conditions of Iranian Hand-Sewn shoe Workers 

and Associations with Musculoskeletal Symptoms. 
6 

Medium 

Investigation and 

changes required 

soon 

Dianat & Salimi, (2014) 

Analysis of Working Posture on Musculoskeletal 

Disorders of Vocational Garment Student’s in Garment 

Assembly Operations Practice. 

5 Aribowo et al., (2020) 

An Ergonomic Workstation Design for Apparel 

Manufacturing Workers in the Philippines. 
5 Saguyod et al., (2021) 

Ergonomic Risk Factors for Workers in Garments 

Manufacturing: A Case Study from Pakistan. 
5 

Shah et al., (2016) 
Prevalence of Musculoskeletal Problems and Awkward 

Posture in a Pakistani Garments Manufacturing Industry. 
5 

An Ergonomic Analysis of the Seat-Sewing. 4 Low 

Further 

investigation and 

changes may be 

needed 

Rittel, (2010) 

Integration of Anthropometric Data in the Ergonomic 

Design of Sewing Workstation for Garments 

Manufacturing. Case Study At REAL, Eldoret, Kenya. 

1* Negligible Acceptable Present study 

*RULA score of the present study
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4.4.2 Simulation Results of FEA Static Analysis for the Selected Sewing Chair 

A FEA static simulation study was conducted on the selected sewing chair model with 

a deformation scale of 30,050.2 to verify the model's capability to support the weight 

of the human body. An external force of 800 N (80 kg) was applied to the upper side of 

the sewing chair, while a force of 150 N (15 kg) was applied to the backrest. The FEA 

static test utilised aluminum alloy 1060 with the following properties: elastic modulus: 

69,000 MPa; yield strength: 27.57 MPa; tensile strength: 68.93 MPa; specific heat: 900 

J/(kg·K); Poisson's ratio: 0.33; mass density: 2,700 kg/m³; thermal conductivity: 200 

W/(m·K); and shear modulus: 27,000 MPa, to assess the chair's ability to support 

human weight. The complete report of the FEA static simulation results can be found 

in Appendix XIV. Additionally, the findings of the FEA static simulation studies are 

discussed in the following details: 

4.4.2.1 Results of Stress Analysis of the Selected Sewing Chair Model 

The stress analysis results for the selected sewing chair are presented in Figure 4.16 and 

Table 4.15, detailing the maximum and minimum stress values for the model acting on 

the seat and backrest. The maximum stress at the seat is 7.175E – 01 MPa, occurring at 

node 67581, while the minimum stress is 1.414E – 05 MPa, at node 48336. The 

maximum stress value for the model does not exceed the yield strength of the selected 

material, which is 2.757E + 01 MPa, remaining below the assigned safety level. 

Therefore, the model part will not break or fail under applied external loads. 
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Figure 4.16: Results of stress analysis of the selected sewing chair model 

Table 4.15: Results of stress analysis of the selected sewing chair model 

Linear static analysis Value/Units  

Yield strength for the selected material  2.757E + 01 MPa 

Max stress of the sewing chair model  

7.175E – 01 MPa 

Node: 67581 

Min stress of the sewing chair model  

1.414E – 05 MPa 

Node: 48336 
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 4.4.2.2 Results of Displacement Analysis of the Selected Sewing Chair Model 

The displacement analysis results for the selected sewing chair model are presented in 

Figure 4.17 and Table 4.16, detailing the maximum and minimum displacement values 

for the model affecting the seat and backrest. The maximum displacement at the seat is 

3.209E – 03 mm, occurring at node 26013, while the minimum displacement is 1.000E 

– 30 mm, at node 36303. The model's maximum deformation is quite small, measuring 

0.03209 mm, which is below the assigned safety threshold. Therefore, the maximum 

displacement was observed when the model was subjected to the specified loads, which 

was barely noticeable; thus, it was determined that the part is acceptable for operation 

under those conditions. 

 
 Figure 4.17: Results of displacement analysis of the selected sewing chair model  

Table 4.16: Results of displacement analysis of the selected sewing chair model 

Linear static analysis Value/Units  

Maximum deformation for model 0.03209 mm   

Max displacement of the sewing chair model  
3.209E – 03 mm 

Node: 26013 

Min displacement of the sewing chair model  
1.000E – 30 mm 

Node: 36303 
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4.4.2.3 Results of Strain Analysis for the Selected Sewing Chair Model 

The strain analysis results for the chosen sewing chair model are presented in Figure 

4.18 and Table 4.17. The maximum strain value at the chair's seat is 6.258E – 06, 

associated with element 35287, while the minimum strain is 1.502E – 10, linked to 

element 27300. The maximum strain occurs at the center of the seat, indicating that 

elongation takes place when the seat is subjected to a load. Since the strain value does 

not exceed the tensile strength of the selected material, which is 6.893E + 01 MPa, the 

seat model will not break or fail under this applied load. 

 
Figure 4.18: Results of strain analysis of the selected sewing chair model 

Table 4.17: Results of strain analysis of the selected sewing chair model 

Linear static analysis Value/Units  

Tensile strength for the selected material  6.893E + 01 MPa 

Max strain of the sewing chair model  
6.258E – 06  

Element: 35287 

Min strain of the sewing chair model  
1.502E – 10 

Element: 27300 
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4.4.2.4 Results of Factor of Safety (FOS) analysis for the Selected Sewing Chair 

Model 

The Factor of Safety (FOS) analysis results for the selected sewing chair model are 

presented in Figure 4.19 and Table 4.18. The maximum FOS value at the chair's seat is 

3.000E + 00, associated with node 1, while the minimum FOS is also 3.000E + 00, 

linked to node 1. The results further indicate a minimum FOS distribution value of 3 

from the model analysis. This suggests that the model requires three times the loads 

applied to deform the selected material, which can be considered within the acceptable 

safety limits. 

 
Figure 4.19: Results of FOS analysis of the selected sewing chair model 

Table 4.18: Results of FOS analysis of the selected sewing chair model 

Linear static analysis Value/Units  

Min FOS distribution for sewing chair model 3   

Max FOS of the sewing chair model 
1.000 + 00 

Node: 1 

Min FOS of the sewing chair model 
1.000 + 00 

Node: 1 
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4.4.2.5 Comparison of FEA Results of This Study with the Previous Studies 

The comparison between the FEA results of this study and previous studies simulating 

the sewing workstation is presented in Table 4.19. According to several earlier studies 

by Madara et al., (2016) on an innovative conceptual design of a manual concrete block-

making machine; Mohd & Esa, (2021) on design, analysis, and optimisation using 

SolidWorks simulation of a chair ladder; Mahantesh et al., (2023) on design and 

modeling using FEA for the sitting posture of computer users from an ergonomic 

perspective; Paper et al., (2013) on mechanical design and simulation of a two-wheeled 

wheelchair using SolidWorks; Paper & Aksaray, (2015) on FEA (fatigue) of wooden 

furniture strength; and Langová et al., (2019) on the construction of wood-based lamella 

for increased load on seating sewing furniture, these studies found that the maximum 

stress is less than the yield strength. Therefore, their models will not break or fail due 

to the applied external loads. This study aligns with previous research, indicating that 

the maximum stress of the sewing workstation model is less than the yield strength of 

the selected material. Thus, the proposed sewing chair model will not break or fail under 

these applied external loads. Furthermore, this study concurs with earlier findings that 

FEA is the most common analytical tool used to evaluate the strength of redesigned 

sewing furniture chairs, and the resultant stiffness matrix structural analyses will 

identify the weak points in the models' structures. 
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Table 4.19: Comparison of FEA results of this present study with the previous studies 

Titles of the studies Materials used Human weight applied 
FEA Results 

References 
Max stress Remarks 

Innovative Conceptual Design of 

Manual-Concrete-Block-Making-

Machine. 

Alloy steel, with yield strength is 620.422 

MPa. 
981 N applied at the base 

plate. 

0.590262 

MPa. 

The maximum 

stress is less 

than the yield 

strength. Thus, 

the part will 

not broke or 

fail due the 

applied 

external loads. 

Madara et al., 

(2016). 

Design, Analysis and Optimisation 

Using SOLIDWORK Simulation of 

Chair Ladder. 

Pine wood, with the yield strength is 20 MPa.  1500 N applied at the seat. 
2.988E + 00 

MPa. 

Mohd & Esa, 

(2021). 

Design and Modeling Using Finite 

Element Analysis for the Sitting 

Posture of Computer Users Based on 

Ergonomic Perspective. 

Aluminium alloy 6061, with the yield strength 

276 MPa.  

 

800 N on the base seat and 

150 N on the backrest of 

the seat. 

29.99 MPa. 
Mahantesh et 

al., (2023). 

Mechanical Design and Simulation of 

Two-Wheeled Wheelchair Using 

SolidWorks. 

Aluminium alloy 1350, with the yield 

strength is 27.57 MPa. 
980 N on the upper side of 

the frame. 

1.761E – 01 

MPa. 

Paper et al., 

(2013). 

Finite Element Analysis (Fatigue) of 

Wooden Furniture Strength. 

Scots pine wood, with the yield strength is 72 

MPa. 

440 N applied on the seat 

and 330 N applied on the 

backrest. 

40.98 MPa. 

Paper & 

Aksaray, 

(2015). 

Construction of Wood-Based Lamella 

for Increased Load on Seating 

Furniture. 

Wood, with the yield strength is 23,781 MPa. 150 kg applied on the seat. 28.157 MPa. 
Langová et al., 

(2019). 

Ergonomic Redesign of Sewing 

Workstation for Garments 

Manufacturing: A Case Study of 

REAL, Eldoret, Kenya. 

Aluminium alloy 6061, with the yield strength 

is 2.757E + 01 MPa. 

800 N on the base seat and 

150 N on the backrest of 

the seat. 

7.175E – 01 

MPa. 
Present study 
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4.5 Optimizing the Redesign of Workstations for Garment Workers 

The results of the optimisation and redesign of workstations for garment-making 

workers at sewing operations are discussed in detail below: 

4.5.1 Optimisation Results 

Based on the calculations and the simulation analysis results, the selected sewing chair 

was optimised using SolidWorks. The overall dimensions of the chosen ergonomic 

sewing chair model, based on the anthropometric data, have general measurements of 

41.65 cm for seat height, 46.20 cm for seat depth, and 47.78 cm for seat width. After 

successfully running the optimisation, the program cycled through 332 of 332 possible 

scenarios and provided optimal results as seen in scenario no. 1, which are: The optimal 

dimensions of the model were 416.5 mm for seat height, 457 mm for seat depth, and 

472.8 mm for seat width; the optimal stress of the model, established from the results, 

was 2.662E+01 MPa; and the optimal mass of the model was 19865.24 g. The 

optimisation results for this study are presented in Tables 4.20 and Figure 4.20. 

Additionally, the full report of the optimisation can be found in Appendix XV. 
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Table 4.20: Optimisation results of sewing chair model for scenarios (1 to 52) 
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Figure 4.20: Optimisation results of the selected sewing chair model
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4.6 Fabricating the Redesign of Workstations for Garment Workers 

The results of fabricating the redesign of workstations for garment-making workers at 

sewing operations are discussed in detail below: 

4.6.1 The Complete Sewing Chair Redesign Product 

After all the necessary fabrication processes were completed, the final selected redesign 

of the sewing chair is shown in Figure 4.21. 

 
Figure 4.21: The complete sewing chair redesign product 

4.6.2 The Complete Adjustable Sewing Machine Table Redesign Product 

After all the necessary fabrication processes were completed, the redesigned adjustable 

sewing machine table is shown in Figure 4.22. 

 
Figure 4.22: The complete adjustable sewing machine table redesign product 
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4.6.3 The Complete Assembling of the Sewing Workstation Redesign Product 

After the selected sewing chair and adjustable sewing table were fabricated, the 

redesigned sewing workstation intended for use by the workers at the garment 

manufacturing facility, REAL, in Eldoret, Kenya, is illustrated in Figure 4.23. 

 
Figure 4.23: The complete assembling of the sewing workstation redesign  

4.6.4 Cost Estimation of the Complete Sewing Workstation Redesign Product 

The total cost for the fabrication of the proposed sewing workstation (sewing chair and 

adjustable sewing table) redesign product is presented in Table 4.21 below, assuming 

the labor cost is 30% of the total material cost. From Table 4.21, it can be seen that the 

total cost, including materials, labor, and overhead, is 22,501.00 KES (1 USD = 129.00 

KES), which is equivalent to USD 174.43. This is more affordable compared to the 

available sewing workstation (sewing chair and adjustable sewing machine table) 

redesign products on the market, which range from USD 300.00 to USD 500.00. 

Additionally, the manufacturability of this proposed sewing workstation redesign 
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product is less time-consuming and more operator-friendly compared to the existing 

sewing workstation. 

Table 4.21: Total cost of the complete sewing workstation redesign product 

No. Items Size Quantity Cost (KES) 

1 Wheel 2.5 in 4 pes 1,000.00 

2 Washer 14 mm 3 pes 150.00 

3 Aluminium (AA 6061) 1 in * 1.5 mm 2 pes/20 ft 4,800.00 

4 PVC foam 2 m2 * 3 in 2 pes/2 m 1,000.00 

5 Custom leather upholstery 2 m2 * 3 in 2 pes/2 m 800.00 

6 Thinner 3 liters 1 pes 600.00 

7 Wood white oak (flat-sawn) 4 ft * 8 ft * 1 in 2 pes 5,200.00 

8 Hinges ¾ in 12 pes 720.00 

9 Nuts 1 * 3/4 * 8 mm 12 pes 480.00 

10 Screws 2 * ¾ in * 3 mm 12 pes 420.00 

11 Paint 2 liters 2 pes 600.00 

12 Labor cost 4,731.00 

13 Overhead cost 2,000.00 

Total cost 22,501.00 

4.6.5 The Complete Sewing Workstation Resign Product Specification 

Every final product must have its own specifications. In this research, the redesigned 

sewing workstation product (specifically the sewing chair and adjustable sewing 

machine table) was categorised into several aspects such as colour, weight, width, and 

others. The specifications for the redesigned sewing workstation product are shown in 

Table 4.22 below. 

Table 4.22: The complete sewing workstation redesign product specification 

Category Specification 

Colour Black / Red oak 

Maximum height of the adjustable sewing table 75.73 cm 

Minimum height of the adjustable sewing table 55.73 cm 

Height of the sewing chair 41.65 cm 

Weight of adjustable sewing table 28 kg 

Weight of the sewing chair 19.86 kg 

Other specification Ergonomically redesigned 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 

5.0 Introduction  

This fifth chapter of the thesis summarises the conclusions and recommendations 

derived from the study's results and analysis. It also highlights areas for further research, 

limitations and challenges, as well as potential beneficiaries of the study. 

5.1 Conclusions  

From the results and discussion of this study, the following unique conclusions of the 

researcher have been drawn based on the specific smart objectives that were achieved 

through: 

1. The analysis of the worker's body posture at the current sewing workstation resulted 

in a final REBA score of 5, indicating a medium ergonomic risk and the need for 

changes. 

2. The ANOVA tests results were failed to reject the null hypothesis in the data sets 

(P > 0.05). Therefore, there was no significant difference in the anthropometric data. 

The recommended dimensions for an innovative, ergonomically suitable sewing 

workstation, redesigned based on anthropometric data, significantly reduced the 

mismatches between the sewing workstation dimensions and the relevant body 

dimensions. 

3. From the present study, it is anticipated that a criterion determinant for a sewing 

workstation should be utilised whenever designers and engineers aim to create an 

ergonomic workstation that incorporates ergonomic principles. This research 

proposed a redesign of an innovative ergonomically suitable sewing workstation to 

enhance the match between workstation dimensions and workers' anthropometric 

characteristics. 
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4. Analysis of the sitting body posture of the HDM for the proposed ergonomic model 

yielded a final RULA score of 1, indicating that the ergonomic risk for MSDs was 

negligible. Thus, this study contributes to the comfort of workers in the workstation. 

The FEA results demonstrated that the aluminum model passed the test 

satisfactorily, based on several criteria: the maximum stress was 7.175E-01 MPa 

and did not exceed the material's yield strength, which was acceptable; the 

maximum displacement was 3.209E–03 mm, resulting in a maximum deformation 

of 0.03209 mm, which was below the assigned safety level; the maximum strain 

derived from the results was 6.258E-06, which can be considered within the 

acceptable range for the material, indicating that the model would not break or fail 

due to the applied loads. Additionally, the results established a minimum FOS 

distribution value of 3 from the model analysis. This implied that the model requires 

three times the applied loads to deform the selected material, which can be 

considered within the safety limits. 

5. After successfully running the optimisation, the program cycles through all 332 

possible scenarios and presents the optimal results found in scenario no. 1: the ideal 

dimensions of the selected sewing chair model are 416.5 mm for seat height, 457 

mm for seat depth, and 472.8 mm for seat width; the optimal stress of the model is 

2.662E+01 MPa; and the optimal mass of the selected sewing chair model was 

19865.24 g. 

6. The sewing workstation redesign product was fabricated and produced using all the 

necessary manufacturing processes, including the materials selection process, 

measuring process, cutting process, drilling process, grinding process, assembling 

process, welding process, painting process, and finishing process. This product 
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differs from others in the current market because it is an innovative, ergonomically 

suitable redesigned sewing workstation based on the worker’s anthropometric data. 

5.2 Recommendation  

It is highly recommended that the anthropometric data set from this research be utilised 

for the redesign of sewing workstations for workers not only in the selected REAL 

factory in Eldoret, Uasin-Gishu County, but throughout Kenya. This is because the 

REAL factory chosen for this research is a public facility that promotes equal 

opportunities for Kenyans from all regions of the country. The data collected for an 

innovative, ergonomically suitable redesigned sewing workstation should be applicable 

for all workers in garment manufacturing across Kenya. This will ensure safety, 

comfort, adaptability, and suitability, ultimately guaranteeing user satisfaction and 

reducing the incidence of MSDs. 

5.3 Areas of Further Research 

After the above, unique findings on an innovative ergonomic sewing workstation 

redesign based on workers' anthropometric data were collected according to ISO 7250-

1:2017 international standards. It is therefore fully suggested that in the future, similar 

scientific research should be conducted in other countries to establish an adequate 

database of anthropometric measurements. This can assist designers, engineers, and 

economists in developing solutions for workers who continue to suffer from using un-

ergonomically designed workstations in their companies. Additionally, there are many 

types of materials that can be used in fabricating a sewing workstation. However, the 

most important factors to consider when selecting materials are strength, durability, and 

toughness. Lastly, the final redesigned of the sewing workstation should be prepared 
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for the marketing stage, as there are few ergonomic workstation products available in 

the market. 

5.4 Limitations/challenges  

Although the unique present research has achieved its objectives and was wisely 

prepared, there were some limitations that need to be carefully considered in future 

studies. In addition to designing an innovative, ergonomically suitable sewing 

workstation based on the workers' anthropometric data, there is also a need to conduct 

proper sensitization on postures, disabilities, safe practices, and ergonomic methods 

that promote comfort, health, and safety among sewing workers. Furthermore, during 

the collection of anthropometric measurements, challenges arose in finding the 

appropriate time and place for the sewing workers. 

5.5 Potential Beneficiaries of the Present Study  

While proud and pleased with the unique outcomes of this study, there are hopes that: 

 The findings and their procedures have significant implications; thus, the outcomes 

may contribute to improving ergonomic safety in garment manufacturing and 

provide comfort to the workers.  

 This study can also assist garment manufacturers in enhancing workers’ health and 

safety. 
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APPENDICES 

Appendix I: Research Area Map 

 

Source: (mapsworld.com). 
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Appendix II: Some ISO Standards for Ergonomists 

Standard  Year published  Title  

General: 

-ISO 7317  1987  Ergonomics: Standards guidelines for 

designers.  

-ISO 6385  1981  Ergonomics principles in the design of 

work-systems.  

-ISO 18529  2000  Ergonomics-Ergonomics of human 

system interaction-human-centered 

lifecycle process descriptions.  

-ISO 13407  1999  Human-centered design processes for 

interactive systems.  

Physical-workload: 

-ISO 1128-1-3  2000  Ergonomics-manual handling parts 1 to 3  

-ISO 53120  1996  Equipment for manual handling.  

-ISO 11226  2000  Ergonomics-evaluation of static work 

postures.  

Workspace design:  

-ISO 9241  1990S  Ergonomics requirements for office work 

with visual display terminals-parts 1-9.  

-ISO 11064-1  

  

-  Ergonomic design of control centers. 

Control room layout.  

Physical environment:  

-ISO 13340-1  1995  Protective equipment in general.  

-ISO 1996  1996  Protective gloves.  

Physical work/stress: 

-ISO 8996  1990  Ergonomics-determination of metabolic 

heat production.  

Mental work/HCI: 

-ISO 9241  1990s  Ergonomic requirements for office work 

with visual display terminals-parts 1017. 
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Display and controls:  

-ISO 9355  1999  Ergonomic principles for the design of 

signals.  

-ISO 11429  1996  Ergonomics-system of auditory and 

visual danger and information signals.  

-ISO 7731  1986  Ergonomics. Danger signals for public 

and work areas auditory danger signals.  

Work environment: 

-ISO 13731  1995  Ergonomics of the thermal environment. 

Vocabulary and symbols.  

-ISO 11399  2001  Ergonomics of the thermal environment-

principles and application of relevant 

international standards.  

-ISO 9116-1   1989  Lighting in general.  

-ISO 91160-10  1989  Interior lighting.  

-ISO 8995  1989  Principles of visual ergonomics-the 

lighting of indoor work systems.  

-ISO 1996-1  1982  Acoustics-description and measurement 

of environment noise.  

-ISO 9921-1  1996  Ergonomic assessment of speech 

communication.  

Safety:  

-ISO 15534-1-3  2000  Ergonomic design for the safety of 

machinery, parts 1-3.  

-ISO 14121  1999  Safety of machinery-principles of risk 

assessment.  

-ISO 13854  1996  Safety of machinery-minimum gaps to 

avoid crushing parts of the human body.  

Source: (Woo et al., 2016 and Parsons, 1995) 
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Appendix III: ISO 7250-1 International Standard 
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Appendix IV: Introductory Letter 
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Appendix V: Research Authorization 
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Appendix VI: Research Permit 
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Appendix VII: Basic Workers Body Dimensions and Their Importance 

Basic workers body 

dimensions  

Importance  Critical  

Eye height  Eye height is important for  

TV height in house, 

blackboard for study-room 

or in school, soft board, 

etc.  

If TV height is not-according 

to the eye-height of human 

than person will not feel 

comfortable while watching 

TV in-sitting-posture  

Shoulder height  Shoulder-height is 

important for designing  

backrest of chair  

If backrest of your chair is not 

according to the shoulder 

height than to use that chair is 

not-comfortable for user.  

Elbow height   Elbow height is important 

for designing a-height of 

arm rest in chair & table 

(study table, Dining table, 

etc.).  

If height of arm rest is not 

according to the elbow height, 

it will give pain to the user’s 

hand.  

Knee height  Knee height is important 

for designing a-sitting 

height of the-chair.  

If sitting height of chair is not 

according to the knee height, 

then your legs will hang 

without any support & will 

pain in your legs.  

Buttock popliteal 

length   

Buttock to popliteal-length 

is important for designing 

depth of the chair.  

If depth of the chair is not 

according to this, user will not 

feel comfortable.  

Popliteal height  Popliteal height  is 

important for designing 

chair & WC sitting-height, 

bed height,  stool-height, 

etc.  

If the height of WC pan is not 

according to the popliteal 

height then person will not 

feel-comfortable while using 

it.  

Hip breadth   Hip breadth is important to 

design a breadth of chair.  

Person  will  not  feel 

Comfortable if the breadth of 

chair sitting is not according to 

the hip-breadth.  

Forearm hand length   Forearm hand length is 

important for designing 

width of study table, 

working table, dining 

table, etc.  

If the distance between chair & 

table is not according to the 

forearm hand length  then 

person will not feel 

comfortable while working, 

writing, or eating.  
 

Source: (Baharampour et al., 2013)  

  



258 
 

Appendix VIII: Anthropometric Data Collection Form 

Department of Manufacturing Industrial and Textile Engineering, 

School of Engineering, 

Moi University, Eldoret, Kenya 

                                            Worker’s anthropometric data   

Data No.    

Sex    

Department Sewing 

 

No.   Anthropometric data     Unit/cm   

1.   Sitting height (erect)      

2.   Shoulder height sitting      

3.   Popliteal height, sitting      

4.   Elbow height, sitting      

5.   Buttock popliteal length (seat death)      

6.   Buttock knee length      

7.   Thigh clearance      

8.   Eye height, sitting      

9.   Knee height sitting      

10.   Forearm fingertip length      

11. Hip breadth sitting  
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Appendix IX: Standard Normal Table 

 

Source: (Anonymous, 2021). 
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Appendix X: Sewing workstation furniture dimensions’ form 

Department of manufacturing industrial and textile engineering, 

School of engineering, 

Moi University, Eldoret, Kenya 

No Abbreviations Dimensions of sewing workstation furniture Unit/cm 

1. TW Table width  

2. TD Table depth  

3. TH Table height  

4. BH Backrest height  

5. SW Seat width  

6. SD Seat depth  

7. SH Seat height  

8. LSH Lumber support height  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



261 
 

Appendix XI: Anthropometric Data Record For Workers from REAL (n = 100) 
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Appendix XII: Survey on Workers' Requirements of the Sewing Chair Form 

Department of Manufacturing Industrial and Textile Engineering, 

School of Engineering, 

Moi University, Eldoret, Kenya 

A. Arranging the Importance of the needs    

1. What is the important need of the chair for a sewing workstation? Ranking is 

in a scale from 1 to 5 (1 is the lowest and 5 is the highest).   

No. Functional requirements Importance 

A. Adjustable height and back sewing chair  

B. Adjustable height sewing chair  

C. Arrow and craft sewing chair  

D. Camping sewing chair  

E. Arm sewing chair  

F. Armless sewing chair  

G. Sindre sewing chair  

H. Folding sewing chair  

 

B. Arranging the Importance of the Factors   

2. What is the important factor of the chair for sewing workstation?  Ranking is 

in a scale from 1 to 5 (1 is the lowest and 5 is the highest).   

No.   Selection factors   Importance   

1.   Ergonomics and safety       

2.   Ease of use      

3.   Ease of manufacture      

4.   Durability      

5.   Aesthetic      

6.   Reliability      

7.   Maintainability      

8.   Social appeal      

9.   Environmental soundness      

10.   Economic value      

11.   Utility and function      

12.   Life cycle cost      

13.   Availability      

Thank you!!! 

 



263 
 

Appendix XIII: Workers' Survey Data Record 
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Appendix XIV: FEA Report for Selected Sewing Chair 
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Appendix XV: Optimisation Report 
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