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ABSTRACT

The present study explores ergonomic workstation factors to explain work stress outcomes. Proportionate stratified 
random sampling method is utilized to collect data from 500 production operators. The production operators are 
employees of 11 manufacturing electronics organizations that joined Malaysian International Chamber of Commerce 
and Industry (MICCI). The data samples are based upon self-administered questionnaires. Following data analysis, 
ergonomically designed workstations are proven to be a significant strategy to help organizations minimize work stress 
outcomes. Additionally, the multiple regression analysis shows that ergonomic workstation element collectively has 
significant relationship with work stress outcomes. 
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ABSTRAK

Kajian ini meninjau faktor stesen kerja ergonomik yang dapat menerangkan stres di tempat kerja. Kaedah pensampelan 
rawak berstrata digunakan untuk mengumpul data daripada 500 operator pengeluaran. Mereka ini adalah pekerja di 11 
buah syarikat pengeluar barangan elektronik yang menjadi ahli kepada Badan Antarabangsa Perniagaan dan Industri 
Malaysia (MCCI). Responden telah diminta untuk menjawab soal selidik secara kendiri. Daripada analisis data, stesen 
kerja yang direka bentuk dengan ciri-ciri ergonomik merupakan strategi yang signifikan dalam membantu organisasi 
meminimumkan kesan stres di tempat kerja. Tambahan pula, analisis regresi berbilang juga menunjukkan setiap elemen 
stesen kerja ergonomik secara kolektif mempunyai hubungan yang signifikan dengan kesan stres di tempat kerja.

Kata kunci: Ergonomik; stres; persekitaran stesen kerja; operator pengeluaran 

INTRODUCTION

Stress occurs in almost all organizations. However, stress 
is often ignored and considered an unimportant issue by 
employers (Loveday 2012). Smith (1994) stated stress as 
what happens when the body does not adjust to some new 
or additional internal or external stimulus. In conjunction 
with this statement, Ket de Vries (1979) pointed out that 
stress is a result of the imbalance between the demands 
of the environment and the ability of the individual to 
adapt. The nature and effects of stress might be best 
understood by saying that some environmental variables 
(stressors), when interpreted by the individual (cognitive 
interpretation), may lead to stress (Dua 1994). Whatever 
interpretations given by the scholars or researchers, the 
experience of stress in the workplace has undesirable 
consequences both for the health and safety of individuals 
and well being of their organizations. Work stress can 
affect workers in any number of ways, from lowering 
resistance to illnesses and depriving them of sleep, to 
interfering with their concentration so that more injuries 
and accidents occur. 

According to Tarcan et al. (2004), an effective 
ergonomic process can minimize stress at the workplace. 
Derived from the Greek words ergo (work) and nomos 

(natural laws), ergonomics literally means the laws of 
work. According to Rowan & Wright (1995), ergonomics 
refers to the complex relationship between workers and 
their work that permeates every aspect of the workplace. 
Originally defined by Bernadino Ramazinni (1633-1714), 
an Italian physician credited as the founder of occupational 
medicine, it is only recently that ergonomics has attracted 
widespread attention. Ergonomics defined by Fernandez 
(1995), is the design of the workplace, equipment, 
machine, tool, product, environment, and system, taking 
into consideration the human’s physical, psychological, 
biomechanical, and psychological capabilities, and 
optimizing the effectiveness and productivity of work 
systems while assuring the safety, health, and wellbeing 
of the workers. In a nutshell, ergonomics encompasses 
the relationship between humans, machines systems, 
job design and the work environment. Tarcan et al. 
(2004) and Jamieson and Graves (1998) also posit that 
an ergonomically designed workstation is one of the 
strategies that companies can utilize to minimize work 
stress. Thus, in the process of designing a workstation, 
ergonomic factors shouldalso be taken into account (Yeow 
& Sen 2003; Khan et al. 2005). If an organization fails to 
apply the ergonomic principles at the workplaces, it could 
lead to emotional depression, physical exhaustion, and 
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waning productivity and products quality (Shikdar & 
Sawaqed 2003; Shahraki & Nooh 2011). Despite the fact 
that ergonomics can significantly impact occupational 
safety and health, little attention and consideration is 
given to ergonomics when designing work environments 
(Ahasan & Imbeau 2003; Shikdar & Sawaqed 2003; Zafir 
& Fazilah 2007).

Work stress is a negative emotional and physiological 
state that employees suffer from when faced with adverse 
work conditions beyond their control. It can also be an 
outcome of employee’s negative perception of his/her 
work environment. Stress can be caused by environmental 
conditions, stimuli and events, which are referred to as 
stressors. In relation to the work environment, elements 
of inappropriate physical infrastructure can be considered 
stressors, such as lighting; humidity system; work area 
design; and acoustics systems. As stated by Sutton 
and Rafaeli (1987), extreme heat, dim lighting and 
congested works area could be associated with stress in 
the workplace. Such phenomena are especially apparent 
in manufacturing industries where production operators 
work in shift systems that may lead to chronic stress 
problems. Thus, it is important to increase awareness 
of the importance of ergonomic design as a mechanism 
to reduce stress, particularly in production facilities. 
Research that aims to explicate the relationship between 
ergonomics and performance would definitely assist the 
manufacturing sector to take advantage of the principles 
of ergonomics in maximizing work performance (Yeow 
& Sen 2003).

This phenomenon is also evident in Malaysia, 
which depends highly on its manufacturing industries. 
Between 1999 and 2003, the manufacturing sector in 
Malaysia reported the highest number of industrial 
accidents compared to other industries (Khan et al. 2005; 
Zafir & Fazilah 2007) and it is apparent that blue collar 
workers are more exposed to work-related health risks 
than white collar and professional workers (Cooper & 
Williams 1991). The frequent health risks faced by blue 
collar workers principally relate to exposure to chemical 
substances and dust; psychological work stress; and 
ergonomic related problems (Liang & Xiang 2004). In 
addition, blue collar workers are exposed to noise, air 
pollution, physical burdens, unsatisfactory shiftwork, long 
working hours, poor social interaction in the workplace 
and bad relationships with superiors (McLean 1974). 
With all these possibilities, incidence of stress is likely to 
occur and hence, the evaluation of stress is of considerable 
importance.

The focal point of the present research is to examine 
the relationship between factors relating to ergonomic 
workstation components (human, machine, work area, 
and environment) and work stress. The objective of the 
present research is to identify the significant factors among 
ergonomic workstation variables that contribute to stress 
in organizations. 

LITERATURE REVIEW

The concern among researchers to identify significant 
relationships between organizational factors and work 
stress escalates as stress becomes a major factor affecting 
productivity (Wilson 2000). Sharpley et al. (1996) 
conclude that extreme and unremitting exposure to stress 
lessens the competency of individuals to perform at 
work. Since ergonomics are now a theme in management 
research, on the use of ergonomic design as a mechanism 
to reduce stress in work place has become more legitimate. 
However, research on the application of ergonomics as a 
mechanism to mitigate stress is still sparse, especially in 
the Malaysian context, since knowledge and awareness 
on the importance of ergonomic concepts are still minimal 
(Shahnavas 1996; Lee 2005; Zafir & Fazilah 2007; Zafir 
et al. 2011). 

When designing workstations, the main variables of 
ergonomic considerations involve the human, in regards 
to body posture and health; the machine, in terms of 
tools suitability and maintenance; the work area, which 
includes, but is not limited to, working chair and work 
area design; and the work environment, which includes 
factors such as humidity, acoustics, lighting, shiftwork 
and working hours.

Tarcan et al. (2004) suggest that body posture 
can lead to work stress. For example, prolonged static 
movement can reduce blood flow to tendons, which is 
likely to cause fatigue and strain (Wojcikiewicz 2003). 
Another example is stress resulting from frequently 
working with hands above shoulder level (Dahlberg et 
al. 2004). Additionally, stress related to body posture 
may be triggered by neck, shoulder, arm, thigh, and knee 
problems (Magnusson & Pope 1998). 

In relation to machines, research demonstrates that 
injuries at the workplace occurred because of tools used by 
employees in performing their tasks (Wickens, Lee, Liu & 
Becker 2004). Pain and stress could be minimized, as well 
as the work environment being made more comfortable, 
if minor adjustments of the tools are introduced, such as 
table, chair, machine, and other apparatus (Wojcikiewicz 
2003). For example, chairs used by workers to perform 
their tasks fulfil three principal functions: increasing 
individual effectiveness; minimizing fatigue and stress at 
the workplace; and fitting the body posture (Wojcikiewicz 
2003). However, adjustable chairs and chairs with armrests 
will help to minimize strains on the neck, shoulder and 
arm muscles (Cook et al. 2004). An ergonomic chair 
will not only allow employees to perform their tasks, 
but also aids in the quicker completion of tasks and, 
most importantly, minimizes work stress (Beckett 1995). 
This is further supported by epidemiology research that 
acknowledges the importance of the physical environment 
of the ergonomic workstation in miminimizing stress, 
including factors such as lighting, anthropometry control 
and improving work conditions (Aaras et al. 2001).

Extreme factors in the working environment can also 
act as stressors. For example extreme heat in the workplace 
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creates mental depression and affects work performance 
(Clark 2002). On the other hand, extreme cold impedes 
mental abilities and eventually leads to absenteeism and 
non-performance (Smith et al. 2000). It is common for 
workers to complain about discomfort resulting from 
extreme environments and the failure of the employer to 
address these complaints may lead to job dissatisfaction 
(Leaman 1995). Work stress resulting from uncomfortable 
workstation environments should be avoided because it 
affects workers’ abilities to perform well and thus affect 
productivity levels. Another common stressor in the work 
environment is extreme noise, a variable that is more 
prevalent in stress issues among blue collar workers 
(Melamed et al. 1992; Leather et al. 2003). Noise from 
the telephone ringing, piped-in background music, loud 
telephone conversations and typewriters affects the ability 
of employees to focus on performing tasks. Fairbrother 
and Warn (2003) conclude that minimizing noise levels 
will definitely reduce work stress. In addition to noise, 
Sutton and Rafaeli (1987) find that appropriate lighting 
also plays an important role in minimizing work stress. 
The findingis supported by Aaras et al. (2001) and Leather 
et al. (2003),who suggest that high levels of glare and 
minimum lighting can cause eye strain and lead to stress 
in the workplace. 

Another stressor related to work environment is 
shiftwork (Kundi 2003).  20 to 30 percent of workers 
dislike shift system because it causes insomnia, problems 
in the digestive system and impedes mental functions that 
will all ended with stress (Costa 2003). Iacovides et al. 
(2003) find that long working hours can cause acute stress 
in the workplace. Long working hoursand insufficient 
rest can result in chronic fatigue (Ahasan 2002), and, 
expectedly, extreme fatigue will lead to stress (Savery & 
Luks 2000; Tucker 2003). Both chronic fatigue and stress 
are also a contributing factor to accidents at the workplace 
(Savery & Luks 2000).

Based on the review of extant research, the present 
paper hypothesizes that: 

H1	 The human variables and work stress are significantly 
related. 

H2	 The machine variables and work stress are significantly 
related.

H3	 The work design variables and work stress are 
significantly related.

H4	 The environment variables and work stress are 
significantly related.

H5	 The combination of ergonomics factors significantly 
affects work stress. 

METHODOLOGY

Approximately 51,000 production operators work for 
multinational electronic manufacturing companies that 
are registered with Malaysian International Chamber of 
Commerce and Industry (MICCI). The sample utilized in the 
present study is obtained through a proportionate stratified 
random sampling method. The multinational companies 
are located in industrial areas in Penang, Wilayah 
Persekutuan, Selangor, Malacca and Johor. Krejcie and 
Morgan’s (1970) table is utilized to determine the sample 
size. According to the table, once the population reaches 
50,000, 381 of them must be drawn as the sample of the 
study. Due to the significant size of the population being 
examined in the present research, 500 samples are obtained 
in an effort to minimize sampling error. 

Data for the present study was collected via 
questionnaire distributions. The questionnaires were 
developed based upon extant research related to 
ergonomics and work stress. New items are also added in 
the measurement to strengthen the research and achieve 
the research objectives. The items use a 5-point Likert 
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scale, ranging from (1) strictly disagree to (5) strictly 
agree. The questionnaire consisted of positive and negative 
statements, with the negative statements being recoded 
accordingly. 

The questionnaires divided into several sections. 
Section 1 includes items related to ergonomic workstation 
factors. These items were adapted from House and Rizzo 
(1972), Brief and Aldag (1976), Lemasters and Atterbury 
(1996), Hedge and Erickson (1997), Tate, Whatley and 
Clugston (1997), Miles (2000), Hilderbrant et al. (2001), 
Nag and Nag (2004) and Tarcan et al. (2004). Section 
2 includes physiological, psychological and behavioral 
items, which are modified from the works of Karasek 
(1979), Ekman and Ehrenberg (2002) and Mearns et al. 
(2003).

DATA ANALYSIS AND RESULTS

Table 1 depicts the comprehensive analysis of the 
respondents’ background. The majority of the respondents 
are women (81.6%), which are expected because 
manufacturing production operators in Malaysia are 
predominantly female. The analysis also demonstrates 
that more than 80% of the employees are engaged in 
shiftwork, which is a principal area of concern in the 
present study. In terms of working hours, the majority 
(90.6%) of employees work between 46 to 65 hours per 
week, which involves working a maximum of 11 hours 
per day in a 6 day work week.  

TABLE 1. Respondents’ Demographic Information

		     Frequency	 %

Gender		
	 Male	 92	 18.4
	 Female	  408	 81.6
Age		
	 < 25 years old	 188	 37.6
	 26 – 30 years old	 132	 26.4
	 31 – 35 years old	 64	 12.8
	 36 – 40 years old	 53	  10.6
	 41 – 45 years old	 49	  9.8
	 > 46 years old	  14	 2.8
Education Attainment		
	 LCE/SRP/PMR	 96	 19.2
	 MCE/SPM	 316	 63.2
	 HSC/STPM	 41	 8.2
	 Diploma	 47	 9.4
Shiftwork		
	 Yes	 421	 84.2
	 No	 79	 15.8
Total of working hour per week		
	 36 hours – 45 hours	  29	  5.8
	 46 hours – 55 hours	 323	 64.6
	 56 hours – 65 hours	 130	 26.0
	 66 hours – 75 hours	 13	 2.6
	 76 hours – 85 hours	 5	 1.0

Table 2 illustrates the reliability and item loading 
for each variable. Factor loading for each construct 
demonstrate that it is acceptable as the value for every 
loading exceeds 0.30. (Field 2003; Aron et al. 2005). 
Although values lower than 0.4 are considered low, 
the result is negligible due to the large sample size 
(Guadagnoli & Velicer 1988).

TABLE 2. Loading for Each Construct for Construct 
Validity and Reliability

Constructs	 Loading	 α	

Body posture	 .38 – .65 	 .79	
Health	 .42 – .68 	 .73	
Tools	 .41 – .67 	 .86	
Working chair	 .70 – .81 	 .84	
Work area design	 .48 – .57 	 .70	
Humidity	 .31 – .67 	 .78	
Noise/Acoustics	 .48 – .57 	 .71	
Lighting	 .48 – .74 	 .75	
Shiftwork	 .58 – .72 	 .75	
Working hours	 .56 – .71 	 .77		
	
Loading based on varimax rotation

MULTIPLE REGRESSION ANALYSIS

Table 3 presents the findings of the multiple regression 
analysis. The findings indicate that 38.4% of changes 
in the workplace stress outcomes are related to human; 
machine; work area; and environmental factors. In 
conjunction with this, Table 4 validates that the ergonomic 
factors examined significantly (p < 0.01) correlate to the 
workplace stress outcomes. This result supports H5, which 
states that the combination of ergonomic workstation 
components significantly influences stress outcomes in 
the workplace. 

TABLE 3. Multiple Correlation Coefficients and 
Other Statistics

	Model	 R	 R Square	 Adjusted R	 Std. Error of	 Durbin- 
				    Square	 the Estimate	 Watson	

	 1	 .620	 .384	 .381	 .41429	 1.905

TABLE 4. Summary of Hypotheses Testing, T-Value and 
Significant Level

Hypotheses	     t	  Sig.
	
H1. Human – Stress	 11.893	 0.000**	
H2. Machine – Stress 	 0.391	 0.696	
H3. Work area – Stress	 -0.343	 0.732	
H4. Environment – Stress 	 6.536	 0.000**	
H5. Ergonomics workstation – Stress 	 5.761	 0.000**	
		
**p < 0.01
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DISCUSSION

The multiple regression analysis on the major 
components of ergonomic workstation reveals that 
38.4% of the changes in workplace stress outcomes are 
due to the relationship between stress and ergonomic 
factors, which include human; machine; work area; 
and environmental factors. Among the four major 
components, only human (β = 0.459) and environment 
(β = 0.287) factors are significantly related to stress, 
while machine and work area are not significantly 
related to workplace stress outcomes. The findings 
support H1 and show that the human variable (health 
and body postures) has a significant relaitonship with 
workplace stress outcomes. The result is in accordance 
with Wickens et al. (2004), who find that the health 
level of employees is closely related to workplace 
stress outcomes. 

The research findings also support H4. Based on 
the findings, components of thework environment (such 
ashumidity, lighting, acoustics, shiftwork and working 
hours) play a siginificant role in stress outcomes. This 
finding is similar to Nag and Nag (2004) and Tarcan 
et al. (2004) who suggest that ergonomic workstations 
that address all of these issues could curb workplace 
stress problems. Additionally, Leaman (1995) and Clark 
(2002) agree that excessive organizational temperature 
could trigger mental depression and negatively affect 
work performance. 

The findings also suggest that a good lighting 
system can minimize stress outcomes in the workplace, 
which is supported by the findings of several scholars’ 
(i.e., Sutton & Rafaeli 1987; Aaras et al. 2001; Leather 
et al. 2003; Wojcikiewicz 2003). The significance of 
the relationship between work environment and work 
stress (H4) also supports findings by Melamed et al. 
(1992), Fairbrother and Warn (2003), and Leather et 
al. (2003), who emphasize that acoustic systems play 
an important role in minimizing stress problems in the 
workplace. Furthermore, anumber of extant studies 
link shiftwork to workplace stress outcomes (Costa 
2003; Kundi 2003). The findings in relation to H4 also 
support Savery and Luks (2000), Ahasan (2002), Clark 
(2002), Tucker (2003), and Iacovides et al. (2003). The 
aforementioned researchers argue that long working 
hours without proper breaks increase the likelihood of 
depression and bring about stress.

From the analysis, only two ergonomics workstation 
factors are significantly related to workplace stress 
outcomes: human and environmental factors. The 
findings do not support the existence of a relationship 
between machine (H2) and work area (H3); and stress. 
The findings of the present research contradicts those 
of Caplan et al. (1975) and Wojcikiewicz (2003), 
who propose that the machine factor of ergonomics 
are  a significant contributor to stress outcomes in the 
workplace. The insignificant relationship maybe due to 
the nature of operators’ jobs, which is highly routinized. 

In addition, production operators do not use computers 
or machines that are linked to stress at the workplace 
as described in the literature (Minter 1999). 

Literature states that ergonomic chairs and comfortable 
work areas can minimize work stress (Sutton & Rafaeli 
1987; Beckett 1995; Aaras et al.2001; Cook et al. 2004). 
However, the result for H3 is not significant. This may 
be due to the fact that the job descriptions of production 
operators’ jobs require them to move speedily, thus 
eliminating the need for comfort in the form of working 
area and chairs. Thus, chairs and work area that meet their 
minimum needs are more than sufficient. 

Multiple regression analysis shows that all components 
and ergonomic workstation are significantly related to 
workplace stress outcomes. The analysis supports H5 
and this finding parallels extant studies, whose findings 
indicate that ergonomic workstations can minimize work 
stress (Beckett 1995; Miles 2000; Khan et al. 2005). The 
results in regards to H5 support the findings of extant 
research that conclude that ergonomic workstations reduce 
stress and can assist organizations in increasing their 
productivity (Miles 2000; Clark 2002). 

CONCLUSION

The findings of the present study have influential 
effects in regards to the organizational management. 
Management should assess each workstation factors 
being examined in the present study, as the assessment 
could assist in reducing the elements of existing work 
stations that result inwork stress outcomes. A thorough 
evaluation must be performed in relation to employees’ 
health factors; work area design; shiftwork; humidity; 
and working hours, particularly since all variables have a 
significant relationship with workplace stress outcomes. 
An ergonomically designed working environment can 
reduce human resource problems, including fatigue, job 
dissatisfaction and intention to quit. To guarantee the 
success of such a strategy, management must ensure that 
the work environment suits the workers by matching 
human resources anthropometry distinctiveness and 
employee demands. 
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