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Abstract
Driving is an instrumental activity of daily living that has become an essential mode of transportation. Good ergonomic practices are vital to ensure successful
driving. This study aimed to develop and validate a questionnaire that could be used to determine how personal, environmental, and occupational factors in-
fluence drivers' perceptions of seating ergonomics. This cross-sectional study was conducted in June-July 2022 among 250 drivers in the Klang Valley,
Malaysia, recruited via an online survey. The participants completed the questionnaire by assessing different constructs in the Person-Environment-Occupation
model and perceptions of seating ergonomics. Exploratory factor analysis (EFA) was conducted, followed by a path analysis. Test-retest reliability was
assessed in 30 participants. The final EFA generated a four-factor structure that accounted for 61.69% of the variance. The final version of the questionnaire
contained 19 items. The Cronbach's alpha values for all the constructs were above 0.7, and all the intraclass correlation coefficients were above 0.8. Based
on the path analysis results, personal and occupational factors emerged as significant predictors for drivers' perceptions of seating ergonomics. The developed
questionnaire was valid and reliable.

Keywords: musculoskeletal disorders, occupational therapy, Person-Environment-Occupation model, psychometric properties, rehabilitation 

Development and Validation of Perception of Seating
Ergonomics Questionnaire: A Study on Klang Valley Drivers in
Malaysia

Choy Min Yap, Hanif F M Rasdi*, Dzalani Harun, Wen Xin Lim

Occupational Therapy Program, Center for Rehabilitation & Special Needs Studies (iCaRehab), Faculty of Health Sciences, Universiti
Kebangsaan Malaysia, Kuala Lumpur, Malaysia

Introduction
According to the International Ergonomics Associat -

ion, the scientific discipline of ergonomics aims to devel-
op the understanding of interactions among humans and
other system elements.1 An ergonomist applies theory,
principles, data, and methods to design to optimize hu-
man behavior, well-being, and overall system perform-
ance.1 The term “human factor” is often used inter -
change  ably or as a unit with the term “ergonomics.”1

Ergo  no mics leads to safe and sustainable work systems
by considering the interrelatedness of human, technical,
and environmental components, as well as the potential
effects of work system design changes on all parts of the
system.1

Ergonomics is essential in reducing the risk of injury
and increasing productivity.1 Therefore, good ergonomic
practices should be incorporated into daily activities,
such as cooking, reading, and driving. As a developing
country, Malaysia is experiencing significant population
expansion, road length, and the number of registered ve-
hicles.2 According to the Census and Economic Inform -
ation Center, 17,486,589 vehicles were registered in

Malaysia in December 2020.3 This was a rise compared
to the 17,283,951 units identified in September 2020.3
Driving has become an essential mode of transportation.
As car ownership increases, drivers' seating ergonomics
becomes increasingly necessary to ensure community
safety and health. 

Driving is an instrumental activity of daily living that
requires complex cognitive processes and motor coordi-
nation.4 Successful driving can positively influence one's
health-related quality of life.5 Good driving performance
may rely on credible drivers, optimum vehicle conditions,
and smart road design.4 Driving posture is a critical fac-
tor impacting a driver's seating comfort.5 As the science
of ergonomics is essential to making road driving safe
and comfortable, drivers should adopt a more active role
in addressing the different ergonomics issues that may
occur while driving.

Perception is defined as the distinctive way an indi-
vidual or group views an occurrence, making it a potent
driving force for action.6 Although perception has been
widely studied, capturing the concept meaningfully is
problematic as it depends on self-reports of covert attri -
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butes. The most popular strategy for estimating percep-
tion is to use quantitative surveys, especially Likert-type
scales.6 A study by Yitayal, et al., found that ergonomics
awareness was a significant determinant of lower-back
pain among drivers.7 Moreover, AL-Dubai, et al., found
that lower-back pain was significantly associated with an
awareness of ergonomics factors among taxi drivers in
Malaysia (p-value<0.001).8 Most participants (52.5%)
stated they were unaware of good sitting posture and its
importance.8 In another study by Mohamad, et al., 77%
of survey subjects agreed that driving posture might in-
fluence discomfort while driving.9 Furthermore, ergo no -
mically designed drivers’ car seats were crucial as they
could enhance drivers' safety and comfort while driving
and controlling the car.9

This study applied the Person-Environment-Occu -
pation (PEO) model to assess drivers' perceptions of
seating ergonomics. This was developed to provide a
framework for delivering services that embrace a client-
centered approach.10 The model emphasizes occupation-
al performance shaped by interactions between person,
environment, and occupation.10 A better fit of the three
constructs indicates more meaningful participation. The
outcome of the fit between the transaction of three com-
ponents is defined by the quality of experience concern-
ing individual levels of satisfaction and functioning.10

Hutchinson, et al., conducted a qualitative study to
understand the lived experiences of drivers with disabil-
ities.11 The PEO model was applied to develop and inter-
pret the analysis, which had been extensively applied as
an orientating framework when evaluating occupational
performance issues and previously used in the transporta-
tion context.11 The study suggested that the model was
beneficial for conceptualizing how individuals interact
with the environment.11 The PEO model can be applied
to identify occupational performance issues, strengths,
and problems by, first, evaluating environmental condi-
tions and, second, analyzing client performance compo-
nents and occupational elements.10 In this study, driving
was regarded as the occupation, and the driver was the
person. Driving occurred in a context that comprised
physical, social, cultural, and socioeconomic factors. 

Ergonomics was first introduced in Malaysia in 1992
when an ergonomics division was established within the
National Institute of Occupational Health (NIOSH).12

The Social Security Organization (SOCSO), a govern-
ment agency under the Ministry of Human Resources,
was established to administer and implement social secu-
rity schemes under the Workers' Social Security Act
1969.13 According to an annual SOCSO report, the total
number of cases involving musculoskeletal problems
recorded in 2015 was 1,123. This figure increased in the
following four years (2016: 1,607 cases; 2017: 2,035 cas-
es; 2018: 2,099 cases; and 2019: 2,352 cases).13 A sum-

mary of the occupational accidents reported by the
International Labour Organization, SOCSO, and the
Department of Occupational Safety and Health revealed
the general deficiency of the health and safety situation
of workers worldwide.14 The number of reported cases
has been rising in recent years.14 In general, little is
known about ergonomics perception and practice among
drivers in Malaysia.

Several studies have investigated how ergonomic
practices affect the driving performance of professional
drivers.15 However, to date, a limited number of studies
have focused on global perceptions of seating ergonomics
among general drivers. Moreover, no study has applied
the PEO model to analyze drivers' perceptions of seating
ergonomics. Thus, this study aimed to develop and vali-
date a questionnaire based on the PEO model and inves-
tigate how person, environment, and occupation factors
influenced the perception of seating ergonomics among
drivers in the Klang Valley, Malaysia. This study may im-
prove the current driving rehabilitation practice in
Malaysia and worldwide.

Method
This quantitative study, which used a cross-sectional

design, was conducted in September 2021-July 2022 to,
first, develop the questionnaire related to drivers’ per-
ceptions of seating ergonomics and, second, determine
the influence of person, environment, and occupational
factors on drivers' perceptions of ergonomics. This study
was divided into two phases. The first focused on the
questionnaire development, while the second focused on
determining its reliability and validity and examining the
constructs' relationships.

During the first phase, the Drivers' Perception of
Seating Ergonomics Questionnaire was developed based
on the practice guidelines recommended by Ikart.16

Relevant literature on driving ergonomics and the PEO
model was reviewed to construct the questionnaire items.
Before developing the questionnaire, each construct be-
ing examined was defined to facilitate the item construc-
tion and content validation process.17 The initial version
of the questionnaire was distributed to six content ex-
perts with in-depth knowledge of this domain.18

Academic experts with a doctorate of philosophy in a
field related to rehabilitation or ergonomics (n = 2); cli-
nicians with at least five years of clinical experience in
the physical rehabilitation field (n = 2); and professional
drivers with at least two years of work experience (n = 2)
were recruited via purposive sampling. After approach-
ing the experts and obtaining their consent, a content
validat ion form was distributed. Modifications were
made based on their recommendations. 

The modified version of the questionnaire was again
subjected to the content experts' judgment to determine
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its validity. As a result, the questionnaire showed excel-
lent content validity. The item-level content validity in-
dexes (I-CVIs) and modified kappa values of all 28 items
were excellent, with all the values scoring above 0.80 for
relevance, simplicity, and clarity.17

The questionnaire was then distributed to target-pop-
ulation judges (n = 10) as part of a feasibility test.19 The
inclusion criteria were as follows: (a) Malaysians living
and working (if applicable) in the Klang Valley; (b) aged
18 years or above; (c) holding an active and valid license;
(d) with a minimum of one year of driving experience
and (e) had driven at least once a week in the past month.
The face validation form was created using Google Forms
and distributed to the target-population judges. A quan-
titative analysis of the percentage of agreement was con-
ducted, along with qualitative analysis, to determine the
clarity of wording, feasibility, readability, and question-
naire layout. After reviewing the feedback, minor
changes were made. The finalized questionnaire was then
administered to drivers in the Klang Valley.

The second phase was conducted among drivers in
the Klang Valley in June-July 2022. The required sample
size was calculated according to the recommendation giv-
en by Beavers, et al.,20 for exploratory factor analysis
(EFA) to feature at least 100 cases, and a subjects-to-
variables (STV) ratio of no less than five was achieved.20

The following inclusion criteria were applied in the study:
(a) Malaysians living and working (if applicable) in the
Klang Valley; (b) 18 years old or above; (c) holding an
active and valid license; (d) having a minimum of one
year of driving experience and (e) had driven at least once
a week in the past one month. Individuals over 60 years
and OKU card holders (a document for persons with dis-
abilities) were excluded. 

An informed consent form and a copy of the finalized
questionnaire were converted into Google Forms, links
for which were distributed publicly through online plat-
forms. The survey invitation text included a brief expla-
nation of the purpose. Eligible drivers could either ignore
the invitation or self-decide to take the survey by clicking
on the survey link in the text. The respondents had to
read and agree to points on the consent form before start-
ing the survey. A total of 263 responses were collected
via convenience sampling. The demographic data of the
respondents were screened. Thirteen responses were ex-
cluded for two reasons: five respondents were 60 years
old or above, while eight had no valid driving license.
After the screening, 250 respondents were recruited for
the study.

In the second phase, participants were required to
complete the self-administered questionnaire, which con-
tained questions regarding their demographic data, driv-
ing profile, person constructs, environment construct, oc-
cupation construct, and perception of seating ergonomics

construct. The questionnaire was divided into six sec-
tions. The first part of the questionnaire collected infor-
mation on sociodemographic characteristics, such as
each participant’s age and sex. The second part included
a driving profile (with features like years of driving and
daily driving hours). The remaining four parts included
items for different constructs, which were weighed by a
10-point Likert scale ranging from “Totally Disagree” to
“Totally Agree.” Seven items were used to measure each
construct, and the participants were asked to indicate
their level of agreement with each statement in the con-
text of driving. 

Descriptive statistics were conducted to analyze the
participants' demographic information using IBM SPSS
Statistics version 26 under license from the Universiti
Kebangsaan Malaysia. Using the same software, EFA was
performed using the principal component (PC) method
and varimax rotation. The minimum factor loading crite-
rion was 0.50.21 The internal consistency of the ques-
tionnaire was tested using Cronbach's alpha. Sub -
sequently, path analysis was conducted using IBM SPSS
AMOS version 26 to investigate the relationships be-
tween the PEO factors and drivers' perceptions of seating
ergonomics. The result obtained was compared with the
bootstrapping results, in which the resampling number
had been set to 1,000 times.22 Finally, the test-retest re-
liability of the questionnaire was assessed after two
weeks with a sample of 30 participants; to do this, a two-
way mixed effects model, single measurement, and ab-
solute agreement were used.23

Results
The sociodemographic characteristics of the partici-

pants are shown in Table 1. A sample numbering 250
drivers aged between 20 and 58 years participated in this
study. The mean age was 27.29±7.67 years old. Most
participants were female (72.0%) and Chinese (77.6%).
The respondents had relatively high educational levels,
with 83.6% completing undergraduate studies or above.
The distribution of the drivers by location was as follows:
54.8% were from Selangor, 44.8% were from the
Federal Territory of Kuala Lumpur, and 0.4% were from
the Federal Territory of Putrajaya. Most (92.4%) had a
class D license. The participants’ mean years of driving
were 7.75±6.79 years. Most drivers drove a five-seater
vehicle (86.8%). The mean daily driving hours during
weekdays were 2.09±2.21, while the mean daily driving
hours during the weekend were 3.40±4.11.

The 28 original questionnaire items were submitted
for EFA (n = 250) to assess the factor structure. The
Kaiser-Meyer-Olkin (KMO) measure of sampling ade-
quacy was 0.916, and Bartlett's Test of sphericity was
statistically significant (p-value<0.001). Both tests indi-
cated that it was appropriate to conduct EFA. In addi-
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tion, five factors had Eigen-values >1, indicating that the
factor solution derived from this analysis produced five
factors for the questionnaire. 

In this initial EFA, an item was loaded in a factor
alone. It was thus excluded, and the EFA was repeated
with the remaining 27 items. The factor solution derived
from the second analysis produced four factors for the
questionnaire. An item with a commonality below 0.4

was excluded. To assist the factor interpretation and
naming, four items loaded onto a factor other than its
underlying factor were excluded. Lastly, three items that
failed to load significantly on any dimension were re-
moved. 

The final analysis results produced four factors for the
questionnaire. The Person, Environment, Occupa t ion,
and Perception of Seating Ergonomics constructs were

Table 1. Descriptive Statistics of the Questionnaire (n = 250)

Variable                                                Category                                                    n (%)           Mean ± Standard Deviation

Age (years)                                                                                                                                              27.29±7.67
Sex                                                        Male                                                         70 (28.0)                                      
                                                             Female                                                   180 (72.0)                                      
Ethnicity                                               Chinese                                                  194 (77.6)                                      
                                                             Malay                                                       42 (16.8)                                      
                                                             Indian                                                        13 (5.2)                                      
                                                             Sikh                                                             1 (0.4)                                      
Highest educational level                      Diploma and lower                                  41 (16.4)                                      
                                                             Undergraduate                                       202 (80.8)                                      
                                                             Postgraduate                                                7 (2.8)                                      
Living location                                      Selangor                                                 137 (54.8)                                      
                                                             Federal Territory of Kuala Lumpur        112 (44.8)                                      
                                                             Federal Territory of Putrajaya                      1 (0.4)                                      
Employment status                               Employed                                              164 (65.6)                                      
                                                             Currently a student                                  82 (32.8)                                      
                                                             Currently unemployed                                 1 (0.4)                                      
                                                             Had retired                                                  3 (1.2)                                      
Type of driving license                          D                                                           231 (92.4)                                      
                                                             DA                                                             15 (6.0)                                      
                                                             E                                                                  1 (0.4)                                      
                                                             E2                                                                3 (1.2)                                      
Number of years of driving                                                                                                                       7.75±6.79
Daily driving hours during weekday                                                                                                          2.09±2.21
Daily driving hours during weekend                                                                                                         3.40±4.11
Type of vehicle transmission                 Automatic                                              232 (92.8)                                      
                                                             Manual                                                       18 (7.2)                                      
Engine size of vehicle (in cc)                1,000 cc and below                                  52 (20.8)                                      
                                                             1,001 cc to 1,200 cc                                30 (12.0)                                      
                                                             1,201 cc to 1,400 cc                                48 (19.2)                                      
                                                             1,401 cc to 1,600 cc                                93 (37.2)                                      
                                                             1,601 cc to 1,800 cc                                  11 (4.4)                                      
                                                             1,801 cc to 2,000 cc                                    9 (3.6)                                      
                                                             2,000 cc and above                                      7 (2.8)                                      
Number of seats in the vehicle              2 seats                                                        10 (4.0)                                      
                                                             4 seats                                                          1 (0.4)                                      
                                                             5 seats                                                    217 (86.8)                                      
                                                             7 seats                                                        21 (8.4)                                      
                                                             7+1 seats                                                      1 (0.4)                                      
Body part that feels pain during           Neck                                                        95 (38.0)                                      
driving                                                  Shoulder                                                  72 (30.0)                                      
                                                             Upper back                                              34 (13.6)                                      
                                                             Upper arm                                                 13 (5.2)                                      
                                                             Elbow                                                          8 (3.2)                                      
                                                             Wrist                                                          14 (5.6)                                      
                                                             Finger                                                          9 (3.6)
                                                             Lower back                                              54 (21.6)                                      
                                                             Hips                                                         45 (18.0)                                      
                                                             Thigh                                                         11 (4.4)                                      
                                                             Knees                                                         20 (8.0)                                      
                                                             Calf                                                            23 (9.2)                                      
                                                             Ankle                                                        20 (8.0)                                      
                                                             Foot                                                           22 (8.8)                                      
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the four factors determined by the EFA. The KMO meas-
ure of sampling adequacy was 0.905, and Bartlett's Test
was significant (p-value<0.001). All the commonalities
were above 0.4. These factors could explain 61.69% of
the total scale variance. Therefore, the construct validity
of the questionnaire was established. The final version of
the Drivers' Perception of Seating Ergonomics Quest ion -
naire consisted of 19 items. The commonalities and fac-
tor loadings are presented in Table 2.

The Cronbach's alpha coefficients were computed to
assess the internal consistency of the final version of the
questionnaire. The Drivers' Perception of Seating Ergo -
no mics Questionnaire had an overall Cronbach's alpha
of 0.9. The Cronbach's alpha values for the Person,

Environment, Occupation, and Perception of Seating
Ergo nomics constructs were 0.817, 0.704, 0.879, and
0.811, respectively. All these values were above the ac-
ceptance value of 0.7. For test-retest reliability, the dif-
ferences between the total scores for both measurements
for each construct were plotted against the average score
of the two measures, with an upper and lower limit of
agreement. An exemplary Bland and Altman plot was ob-
tained for the Occupation Construct, as shown in Figure
1. For a 95% confidence interval, the intraclass correla-
tion coefficients (ICC) for the Person, Environment,
Occupation, and Perception of Seating Ergonomics con-
structs were 0.848, 0.893, 0.834, and 0.874, respective-
ly. All four constructs displayed good reliability, as all

Table 2. The Results of Exploratory Factor Analysis and Reliability Testing

Factor                                                      Item         Communality         Factor Loading         Cronbach's alpha              ICC             SEM

Factor 1: Person construct                       P1                  0.632                        0.717                           0.817                      0.848            0.539
                                                                P4                  0.606                        0.612
                                                                P6                  0.729                        0.783                                                                                       
                                                                P7                  0.644                        0.696                                                                                       
Factor 2: Environment construct              E2                 0.503                        0.573                           0.704                      0.893            0.664
                                                                E3                 0.493                        0.658                                                                                       
                                                                E4                 0.737                        0.802                                                                                       
                                                                E5                 0.561                        0.633                                                                                       
Factor 3: Occupation construct                O1                 0.678                        0.534                           0.879                      0.834            0.930
                                                                O3                 0.683                        0.726                                                                                       
                                                                O4                 0.722                        0.784                                                                                       
                                                                O5                 0.762                        0.827                                                                                       
                                                                O6                 0.616                        0.684                                                                                       
Factor 4: Perception of seating ergo-
nomics construct                                      SE1               0.518                        0.599                           0.811                      0.874            0.957
                                                                SE2               0.623                        0.756                                                                                       
                                                                SE3               0.572                        0.664                                                                                       
                                                                SE4               0.539                        0.719                                                                                       
                                                                SE6               0.527                        0.592                                                                                       
                                                                SE7               0.577                        0.604

Notes: ICC = Intraclass Correlation Coefficient, SEM = Standard Error Measurement

Figure 1. Bland and Altman Plot for Occupation Construct
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the ICC values were above 0.75. The standard error of
measurement (SEM) for the four constructs ranged from
0.54 to 0.96, with the Person construct having the SEM
lowest value. The reliability testing results are shown in
Table 2.

A path analysis was conducted to examine the associ-
ation between the Person, Environment, Occupation, and
Perception of Seating Ergonomics constructs. The first
three were used as observed indicators of a latent vari-
able: the perception of seating ergonomics. The path
model is shown in Figure 2, while the bootstrapping re-
sults are reported in Table 3, with the Person and Occu -
pat ion constructs emerging as significant predictors.
Accord ing to the results, the Occupation construct
(Sum_Occupation) had the most excellent significant re-
lationship with drivers' perceptions of seating ergonom-
ics (β = 0.333, p-value<0.05), followed by the Person
construct (Sum_Person) (β = 0.298, p-value<0.05). On
the other hand, the Environment construct
(Sum_Environment) did not have a significant relation-
ship with the drivers' perceptions of seating ergonomics
(β = 0.099, p-value = 0.118, p-value>0.05). 

Discussion
This study described the development and validation

of the Drivers' Perception of Seating Ergonomics
Questionnaire. The finalized questionnaire contained 19
items. This is the first questionnaire to apply the PEO
model to explore predictors of drivers' perceptions of
seating ergonomics in the development process. The PEO
model has previously been used when developing instru-
ments to examine the dynamic relationships between per-
son, environment, and occupation in different contexts,24

thus supporting the appropriateness of using the model
as the theoretical foundation of the questionnaire de -
velop ment process in this study. This study examined the
relationships between drivers, driving activities, environ-
ments, and drivers' perceptions of seating ergonomics.
The proposed model incorporated the finalized items in
the PEO constructs as direct predictors of drivers' per-
ceptions of seating ergonomics. The psychometric prop-
erties within the questionnaire were examined using a
sample of 250 Malaysian drivers in the Klang Valley. 

The initial version of the questionnaire consisted of
28 items. However, modifications would be needed for

new instruments.17 Content validity is essential for re-
searchers to realize whether the instruments they use are
appropriate for the constructs, population, and sociocul-
tural background of their particular studies.17 Face va-
lidity is used as a subsidiary form of validity to support
content validity.17 It concerns item judgments after an
instrument has been constructed. Hence, the question-
naire’s validity was first confirmed using the content and
face validity approaches. After conducting the initial
EFA, the questionnaire items were found to be catego-
rized into five factors. The factor analysis and item dele-
tion procedures were then performed based on the rec-
ommendations and guidelines from previous studies.25

During factor analysis, nine items from the initial ques-
tionnaire that had been content-validated were excluded.
The EFA revealed that three items were deemed useless
for measuring the specific constructs due to their low
factor loading.22 Based on the final EFA results, the com-
ponents were named based on the PEO model. The first
three constructs in the questionnaire referred to a range
of personal, environmental, and occupational factors in
the context of driving. Through EFA, the questionnaire’s
construct validity was established. 

The reliability of the Drivers' Perception of Seating
Ergonomics Questionnaire was confirmed by examining
its internal consistency and test-retest reliability. The in-
ternal consistency among the 19 items for the whole
questionnaire was 0.9, while Cronbach's alpha values for

Figure 2. The Proposed Model for Path Analysis

Table 3. Bootstrapping Results of Path Analysis

Hypothesis                                                            Estimate         Standard Error       Lower Bound         Upper Bound           p-value            Result

Sum_Ergonomics <--- Sum_Person                         0.298                  0.076                     0.167                      0.421                   0.003            Significant
Sum_Ergonomics <--- Sum_Environment                0.099                  0.068                    -0.007                      0.211                   0.118            Non-significant
Sum_Ergonomics <--- Sum_Occupation                  0.333                  0.083                     0.207                      0.475                   0.001            Significant
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the four constructs ranged from 0.704 to 0.879; thus, all
were within an acceptable range.26 The questionnaire
had good test-retest reliability as all four constructs had
ICC values over 0.75.27 Some outliers ranging from one
to three were detected in the Bland and Altman plots for
the four constructs. After investigation, the outliers were
found to have arisen from data collected from Chinese
participants. Therefore, the presence of these outliers
may have been due to the differences when interpreting
items in Malay after two weeks. Previous studies have
identified how Malaysian Chinese tend to use Mandarin
as their primary language in their daily lives.28

From the path analysis, the Occupation construct
emerged as the most significant predictor of the percep-
tions of seating ergonomics. In this questionnaire, the
Occupation construct consisted of items concerned with
drivers' self-perceptions of driving-related occupation de-
mands, organization, time, change, and routines. The
findings suggested that such occupational factors signifi-
cantly influenced drivers' perceptions of seating er-
gonomics. First, it is essential to note that according to
the International Ergonomics Association definition of
ergonomics,1 cognitive ergonomics, which aims to sup-
port human well-being when executing tasks, studies hu-
man cognitive capacities (including memory, attention,
and problem-solving) and performance outcomes (in-
cluding the time taken when performing a task).29 There -
fore, the occupational factors included in the finalized
version of the questionnaire developed in this study align -
ed with the focus on cognitive ergonomics. Furthermore,
a previous study suggested that human error while driv-
ing could be understood based on individual differences
in abilities to process information.30 These findings sup-
ported the view that occupational factors concerned with
human cognitive capacities and performance outcomes
could be vital in influencing drivers' perceptions of seat-
ing ergonomics.

Besides the Occupational construct, the Person con-
struct had a significant relationship with drivers' percep-
tions of seating ergonomics. The findings indicated that
personal factors, including drivers' perceptions of their
role, self-conceptualization, health, physical perform-
ance, and sensory capabilities, significantly influenced
their perceptions of seating ergonomics. Deng, et al.,31

supported these results, stating that visual abilities are
essential for driving, especially driving safely. A similar
result was observed in a study by Karali, et al.,32 men-
tioning that a decline in physical capabilities could affect
those driving a vehicle. Besides the need for drivers to
have sufficient ability, Xu, et al.33 stated that the factors
of motivation, beliefs, and personal values were also im-
portant for driving safely as they could determine one's
driving habits. A previous study further verified these no-
tions, stating that individual perceived control to perform

driving was significantly related to driving status.34

These findings justified the results from the present
study, which also revealed that personal factors had a
significant relationship with drivers' perceptions of seat-
ing ergonomics.

In this study, the Environment construct was an in-
significant predictor of the perception of seating er-
gonomics. This might have been due to personal and oc-
cupational factors having a more powerful influence on
perceptions of seating ergonomics, which subsequently
overshadowed the impact of environmental factors on
drivers' perceptions while driving. This explanation
could be supported by the argument of Hughes, et al.,35

claiming that current road safety strategies could not
cope with the impact of societal issues on road safety.
However, the relationship between environmental fac-
tors and drivers' perceptions of seating ergonomics must
be interpreted with caution as the findings of the present
study contrasted with those of previous studies, which
revealed that environmental factors, including weather
conditions, were related to a driver’s health, mental state,
and driving performance.36

One strength of the current study was the sample size
recruited. This was considerable, ensuring the adequacy
of sampling for conducting factor analysis. However, this
study had several limitations to consider when interpret-
ing the results. First, convenience sampling was used to
recruit drivers in the Klang Valley. Although the online
survey permitted access to a larger respondent popula-
tion, the disadvantage of conducting an online survey
through convenience sampling was the risk of self-select -
ion bias, as all the individuals were fully allowed to de-
cide whether to participate.37

Furthermore, there was limited literature on develop-
ing an instrument based on the PEO model. Thus, it is
recommended that the psychometric properties of the
Drivers' Perception of Seating Ergonomics Question -
naire should be investigated further via confirmatory fac-
tor analysis. Additionally, the low percentage of males
(28%) might limit the generalization of the results to
male drivers.5 Furthermore, the large proportion of
Chinese respondents (77.6%) might affect the applica-
bility of the findings in Malaysia's multi-ethnic popula-
tion. Last, the cross-sectional design did not permit in-
vestigation of the eventual causal relationship between
the three constructs and the drivers' perceptions of seat-
ing ergonomics. Although drivers' perceptions of seating
ergonomics were explored using the newly developed
questionnaire, the results were not quantified or inter-
preted by cut-off scores. Hence, further study is recom-
mended to determine the questionnaire cut-off scores.

Conclusion
The questionnaire developed and validated in this
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study could be used as a reliable instrument to measure
and determine how personal, environmental, and occu-
pational factors influence drivers' perceptions of seating
ergonomics, which can, in turn, influence their ergono -
mic practices while driving. However, further study is
recommended to examine the questionnaire's psychome-
tric properties. As ergonomic driving posture is especially
essential for drivers, future investigations may build upon
this study by utilizing the questionnaire to guide investi-
gations or interventions in study and clinical settings.

Abbreviations
PEO: Person-Environment-Occupation; NIOSH: National Institute of
Occupational Health; SOCSO: Social Security Organization; EFA:
Exploratory Factor Analysis; KMO: Kaiser-Meyer-Olkin measure; ICC:
Intraclass Correlation Coefficients; SEM: Standard error of Measure -
ment.

Ethics Approval and Consent to Participate
This study received ethical approval from the Research Ethics
Committee of Universiti Kebangsaan Malaysia (Reference number:
UKM PPI/111/8/JEP-2021-909). Before filling in the questionnaire, re-
spondents must read and agree to the consent form to participate in
this study.

Competing Interest
The authors declare no significant competing financial, professional, or
personal interests might have affected the performance or presentation
of the work described in this manuscript.

Availability of Data and Materials
The datasets generated and analyzed during the current study are avail-
able from the corresponding author upon reasonable request.

Authors’ Contribution
HFR, DH, and YCM contributed to the design and implementation of
the research and the analysis of the results. YCM and HFR verified the
analytical methods, while DH and HFR supervised the findings of this
work. HFR, DH, YCM, and LWX were responsible for the preparation
of the manuscript, as well as the accuracy of all content in the proof, in-
cluding the co-authors, addresses, and affiliations. All the authors dis-
cussed the results and contributed to the final manuscript.

Acknowledgment
This work was supported by the Malaysian Ministry of Higher
Education (MHE) Fundamental Research Grant Scheme (FRGS) No.
FRGS/1/2020/SS0/UKM/03/4.

References
1. International Ergonomics Association. What is ergonomics (HFE)?

Geneva: International Ergonomics Association.

2. Khan Su, Khalifah ZB, Munir Y, et al. Driving behaviours, traffic risk

and road safety: Comparative study between Malaysia and Singapore.

Int J Inj Contr Saf Promot. 2015; 22 (4): 359-367. 

DOI: 10.1080/17457300.2014.925938

3. Census and Economic Information Center. Malaysia Number of

Registered Vehicles. Kuala Lumpur: Census and Economic

Information Center; 2021.

4. Masuri MG, Mohd Asib NA, Dahlan A, et al. Human Factors and

Attitude towards Safe Driving Scale among Young Adults in Malaysia.

E-BPJ. 2019; 4 (11): 203-209.

5. Gowtham S, Ramnaath M, Sudharsan S, et al. Seating comfort analy-

sis: A virtual ergonomics study of bus drivers in private transportation.

IOP Conf Ser: Mater Sci Eng. 2020; 912: 022018. 

DOI: 10.1088/1757-899X/912/2/022018

6. Ho GW. Examining Perceptions and Attitudes. West J Nurs Res. 2017;

39 (5): 674-689. DOI: 10.1177/0193945916661302 

7. Yitayal MM, Ayhualem S, Fiseha B, et al. Occupational lower back

pain and associated factors among taxi drivers in Mekelle City, North

Ethiopia: A cross-sectional study. Int J Occup Saf Ergon. 2022; 28 (4):

2046-2051. DOI: 10.1080/10803548.2021.1952773 

8. AL-Dubai SAR, Qureshi AM, Ismail NH, et al. Prevalence and deter-

minants of low back pain among taxi drivers in Malaysia. A cross sec-

tional study. J Adv Med Res. 2012; 2 (4): 129-143.

9. Mohamad D, Deros BM, Daruis DD, et al. Comfortable driver's car

seat dimensions based on Malaysian anthropometrics data. Iranian J

Public Health. 2016; 45 (Supple 1): 106-113.

10. Wong C, Leland NE. Applying the Person-Environment-Occupation

Model to improve dementia care. North Bethesda, MA: American

Occupational Therapy Association; 2018.

11. Hutchinson C, Berndt A, Gilbert-Hunt S, et al. Modified motor vehi-

cles: the experiences of drivers with disabilities. Disabil Rehabil. 2020;

42 (21): 3043-3051. DOI: 10.1080/09638288.2019.1583778

12. National Institute of Occupational Safety and Health. Occupational

Safety and Health in Malaysia: Securing the Future. Selangor: National

Institute of Occupational Safety and Health; 2021.

13. Social Security Organization. Annual Report 2019. Kuala Lumpur:

Social Security Organization; 2019.

14. Department of Statisctics Malaysia. Big Data Analytics: National

Occupational Accident and Disease Statistics 2021. Kuala Lumpur:

Ministry of Economy; 2022.

15. Pickard O, Burton P, Yamada H, et al. Musculoskeletal Disorders

Associated with Occupational Driving: A Systematic Review Spanning

2006-2021. Int J Environ Res Public Health. 2022; 19 (11): 6837.

DOI: 10.3390/ijerph19116837

16. Ikart EM. Survey questionnaire survey pretesting method: An evalua-

tion of survey questionnaire via expert reviews technique. Asian J Soc

Sci Stud. 2019; 4 (2). DOI: 10.20849/ajsss.v4i2.565 

17. Zamanzadeh V, Ghahramanian A, Rassouli M, et al. Design and

Implementation Content Validity Study: Development of an instru-

ment for measuring Patient-Centered Communication. J Caring Sci.

2015; 4 (2): 165-78. DOI: 10.15171/jcs.2015.017

18. Yusoff MSB. ABC of content validation and content validity index cal-

culation. Educ Med J. 2019; 11 (2): 49–54. 

DOI: 10.21315/eimj2019.11.2.6 

19. O'Cathain A, Hoddinott P, Lewin S, et al. Maximising the impact of

qualitative research in feasibility studies for randomised controlled tri-

als: Guidance for researchers. Pilot Feasibility Stud. 2015; 1: 32. 

Yap, et al. Development and Validation of Perception of Seating Ergonomics Questionnaire: A Study on Klang Valley Drivers in Malaysia

https://iea.cc/what-is-ergonomics/
https://iea.cc/what-is-ergonomics/
https://pubmed.ncbi.nlm.nih.gov/24974915/ 
https://pubmed.ncbi.nlm.nih.gov/24974915/ 
https://pubmed.ncbi.nlm.nih.gov/24974915/ 
https://pubmed.ncbi.nlm.nih.gov/24974915/ 
https://www.ceicdata.com/en/indicator/malaysia/number-of-registered-vehicles
https://www.ceicdata.com/en/indicator/malaysia/number-of-registered-vehicles
https://www.ceicdata.com/en/indicator/malaysia/number-of-registered-vehicles
https://ebpj.e-iph.co.uk/index.php/EBProceedings/article/view/1726
https://ebpj.e-iph.co.uk/index.php/EBProceedings/article/view/1726
https://ebpj.e-iph.co.uk/index.php/EBProceedings/article/view/1726
https://iopscience.iop.org/article/10.1088/1757-899X/912/2/022018
https://iopscience.iop.org/article/10.1088/1757-899X/912/2/022018
https://iopscience.iop.org/article/10.1088/1757-899X/912/2/022018
https://iopscience.iop.org/article/10.1088/1757-899X/912/2/022018
https://pubmed.ncbi.nlm.nih.gov/27456460/
https://pubmed.ncbi.nlm.nih.gov/27456460/
https://pubmed.ncbi.nlm.nih.gov/34229566/ 
https://pubmed.ncbi.nlm.nih.gov/34229566/ 
https://pubmed.ncbi.nlm.nih.gov/34229566/ 
https://pubmed.ncbi.nlm.nih.gov/34229566/ 
https://www.researchgate.net/publication/234836474_Prevalence_and_determinants_of_low_back_pain_among_taxi_drivers_in_Malaysia_A_cross_sectional_study
https://www.researchgate.net/publication/234836474_Prevalence_and_determinants_of_low_back_pain_among_taxi_drivers_in_Malaysia_A_cross_sectional_study
https://www.researchgate.net/publication/234836474_Prevalence_and_determinants_of_low_back_pain_among_taxi_drivers_in_Malaysia_A_cross_sectional_study
https://ijph.tums.ac.ir/index.php/ijph/article/view/6162
https://ijph.tums.ac.ir/index.php/ijph/article/view/6162
https://ijph.tums.ac.ir/index.php/ijph/article/view/6162
https://pubmed.ncbi.nlm.nih.gov/30907156/
https://pubmed.ncbi.nlm.nih.gov/30907156/
https://pubmed.ncbi.nlm.nih.gov/30907156/
http://www.niosh.com.my/images/book/OSHIM.pdf
http://www.niosh.com.my/images/book/OSHIM.pdf
http://www.niosh.com.my/images/book/OSHIM.pdf
https://www.perkeso.gov.my/images/laporan_tahunan/AR_2019_FINAL.pdf
https://www.perkeso.gov.my/images/laporan_tahunan/AR_2019_FINAL.pdf
https://www.dosm.gov.my/portal-main/release-content/big-data-analytics-national-occupational-accident-and-disease-statistics-2021- 
https://www.dosm.gov.my/portal-main/release-content/big-data-analytics-national-occupational-accident-and-disease-statistics-2021- 
https://www.dosm.gov.my/portal-main/release-content/big-data-analytics-national-occupational-accident-and-disease-statistics-2021- 
https://pubmed.ncbi.nlm.nih.gov/35682420/
https://pubmed.ncbi.nlm.nih.gov/35682420/
https://pubmed.ncbi.nlm.nih.gov/35682420/
https://pubmed.ncbi.nlm.nih.gov/35682420/
https://doi.org/10.20849/ajsss.v4i2.565
https://doi.org/10.20849/ajsss.v4i2.565
https://doi.org/10.20849/ajsss.v4i2.565
https://pubmed.ncbi.nlm.nih.gov/26161370/
https://pubmed.ncbi.nlm.nih.gov/26161370/
https://pubmed.ncbi.nlm.nih.gov/26161370/
https://pubmed.ncbi.nlm.nih.gov/26161370/
https://doi.org/10.21315/eimj2019.11.2.6  
https://doi.org/10.21315/eimj2019.11.2.6  
https://doi.org/10.21315/eimj2019.11.2.6  
https://doi.org/10.1186/s40814-015-0026-y
https://doi.org/10.1186/s40814-015-0026-y
https://doi.org/10.1186/s40814-015-0026-y


234

DOI: 10.1186/s40814-015-0026-y

20. Beavers AS, Lounsbury JW, Richards JK, et al. Practical considerations

for using exploratory factor analysis in educational research. Pract

Assess Res Eval. 2013; 18. DOI: 10.7275/qv2q-rk76

21. Tran TCT, Nguyen NT. Identify factors affecting business efficiency of

small and medium enterprises (SMEs): Evidence from Vietnam.

Manag Sci Lett. 2019; 9 (12): 1987-1998. 

DOI: 10.5267/j.msl.2019.7.007

22. Awang Z. Structural equation modeling using AMOS Graphic. Shah

Alam, Selangor Darul Ehsan: UiTM Press; 2012.

23. Sirajudeen MS, Pillai PS. Test-retest reliability of a questionnaire to as-

sess the ergonomic knowledge of computer professionals. Int J Health

Rehab Sci. 2015; 4 (4): 239-243. DOI: 10.5455/ijhrs.000000096

24. Lombard K, Nolan C, Heron E. Refining the psychometric properties

of the Trinity Student Occupational Performance Profile–A self-report

measure of occupational performance difficulties within the student

role. Brit J Occup Ther. 2022: 03080226221107762. 

DOI: 10.1177/03080226221107762

25. Taherdoost H, Sahibuddin S, Jalaliyoon N. Exploratory factor analysis;

Concepts and theory. Adv Appl Pure Math. 2022; 27: 375-382.

26. Taber KS. The use of Cronbach's alpha when developing and report-

ing research instruments in science education. Res Sci Educ. 2018; 48:

1273-1296. DOI: 10.1007/s11165-016-9602-2

27. Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass

Correlation Coefficients for Reliability Research. J Chiropr Med. 2016;

15 (2): 155-163. DOI: 10.1016/j.jcm.2016.02.012

28. Coluzzi P. Language planning for Malay in Malaysia: A case of failure

or success? Int J Sociol Lang. 2017; 244: 17-38. DOI: 10.1515/ijsl-

2016-0055

29. Wollter Bergman M, Berlin C, Babapour Chafi M, et al. Cognitive

Ergonomics of Assembly Work from a Job Demands-Resources

Perspective: Three Qualitative Case Studies. Int J Environ Res Public

Health. 2021; 18 (23): 12282. DOI: 10.3390/ijerph182312282

30. Ge Y, Sheng B, Qu W, et al. Differences in visual-spatial working

memory and driving behavior between morning-type and evening-type

drivers. Accid Anal Prev. 2020; 136: 105402. 

DOI: 10.1016/j.aap.2019.105402 

31. Deng M, Wu F, Gu X, et al. A comparison of visual ability and its im-

portance awareness between novice and experienced drivers. Int J Ind

Ergon. 2021; 83: 103141. DOI: 10.1016/j.ergon.2021.103141

32. Karali S, Gyi DE, Mansfield NJ. Driving a better driving experience: A

questionnaire survey of older compared with younger drivers.

Ergonomics. 2017; 60 (4): 533-540. 

DOI: 10.1080/00140139.2016.1182648 

33. Xu J, Liu J, Sun X, et al. The relationship between driving skill and

driving behavior: Psychometric adaptation of the Driver Skill

Inventory in China. Accid Anal Prev. 2018; 120: 92-100. 

DOI: 10.1016/j.aap.2018.07.032

34. Chihuri S, Mielenz TJ, DiMaggio CJ, et al. Driving Cessation and

Health Outcomes in Older Adults. J Am Geriatr Soc. 2016; 64 (2):

332-341. DOI: 10.1111/jgs.13931

35. Hughes BP, Anund A, Falkmer T. A comprehensive conceptual frame-

work for road safety strategies. Accid Anal Prev. 2016; 90: 13-28.

DOI: 10.1016/j.aap.2016.01.017

36. Hakim S, Mohsen A. Work-related and ergonomic risk factors associ-

ated with low back pain among bus drivers. J Egypt Public Health

Assoc. 2017; 92 (3): 195-201.

37. Etikan I, Musa SA, Alkassim RS. Comparison of convenience sam-

pling and purposive sampling. Am J Theor Appl Stat. 2016; 5 (1): 1-4.

DOI: 10.11648/j.ajtas.20160501.11

Kesmas: Jurnal Kesehatan Masyarakat Nasional (National Public Health Journal). 2023; 18 (4): 226-234

https://doi.org/10.1186/s40814-015-0026-y
https://doi.org/10.7275/qv2q-rk76
https://doi.org/10.7275/qv2q-rk76
https://doi.org/10.7275/qv2q-rk76
http://growingscience.com/beta/msl/3317-identify-factors-affecting-business-efficiency-of-small-and-medium-enterprises-smes-evidence-from-vietnam.html
http://growingscience.com/beta/msl/3317-identify-factors-affecting-business-efficiency-of-small-and-medium-enterprises-smes-evidence-from-vietnam.html
http://growingscience.com/beta/msl/3317-identify-factors-affecting-business-efficiency-of-small-and-medium-enterprises-smes-evidence-from-vietnam.html
http://growingscience.com/beta/msl/3317-identify-factors-affecting-business-efficiency-of-small-and-medium-enterprises-smes-evidence-from-vietnam.html
https://www.researchgate.net/publication/293009578_Test-retest_Reliability_of_a_Questionnaire_to_Assess_the_Ergonomic_Knowledge_of_Computer_Professionals
https://www.researchgate.net/publication/293009578_Test-retest_Reliability_of_a_Questionnaire_to_Assess_the_Ergonomic_Knowledge_of_Computer_Professionals
https://www.researchgate.net/publication/293009578_Test-retest_Reliability_of_a_Questionnaire_to_Assess_the_Ergonomic_Knowledge_of_Computer_Professionals
https://journals.sagepub.com/doi/full/10.1177/03080226221107762
https://journals.sagepub.com/doi/full/10.1177/03080226221107762
https://journals.sagepub.com/doi/full/10.1177/03080226221107762
https://journals.sagepub.com/doi/full/10.1177/03080226221107762
https://journals.sagepub.com/doi/full/10.1177/03080226221107762
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4178683
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4178683
https://link.springer.com/article/10.1007/s11165-016-9602-2
https://link.springer.com/article/10.1007/s11165-016-9602-2
https://link.springer.com/article/10.1007/s11165-016-9602-2
https://pubmed.ncbi.nlm.nih.gov/27330520/
https://pubmed.ncbi.nlm.nih.gov/27330520/
https://pubmed.ncbi.nlm.nih.gov/27330520/
https://doi.org/10.1515/ijsl-2016-0055
https://doi.org/10.1515/ijsl-2016-0055
https://doi.org/10.1515/ijsl-2016-0055
https://pubmed.ncbi.nlm.nih.gov/34886007/
https://pubmed.ncbi.nlm.nih.gov/34886007/
https://pubmed.ncbi.nlm.nih.gov/34886007/
https://pubmed.ncbi.nlm.nih.gov/34886007/
https://pubmed.ncbi.nlm.nih.gov/31862644/
https://pubmed.ncbi.nlm.nih.gov/31862644/
https://pubmed.ncbi.nlm.nih.gov/31862644/
https://pubmed.ncbi.nlm.nih.gov/31862644/
https://www.sciencedirect.com/science/article/pii/S0169814121000597
https://www.sciencedirect.com/science/article/pii/S0169814121000597
https://www.sciencedirect.com/science/article/pii/S0169814121000597
https://pubmed.ncbi.nlm.nih.gov/27244443/
https://pubmed.ncbi.nlm.nih.gov/27244443/
https://pubmed.ncbi.nlm.nih.gov/27244443/
https://pubmed.ncbi.nlm.nih.gov/27244443/
https://www.sciencedirect.com/science/article/abs/pii/S0001457518303580
https://www.sciencedirect.com/science/article/abs/pii/S0001457518303580
https://www.sciencedirect.com/science/article/abs/pii/S0001457518303580
https://www.sciencedirect.com/science/article/abs/pii/S0001457518303580
https://pubmed.ncbi.nlm.nih.gov/26780879/
https://pubmed.ncbi.nlm.nih.gov/26780879/
https://pubmed.ncbi.nlm.nih.gov/26780879/
https://www.sciencedirect.com/science/article/abs/pii/S0001457516300239
https://www.sciencedirect.com/science/article/abs/pii/S0001457516300239
https://www.sciencedirect.com/science/article/abs/pii/S0001457516300239
https://pubmed.ncbi.nlm.nih.gov/30341998/
https://pubmed.ncbi.nlm.nih.gov/30341998/
https://pubmed.ncbi.nlm.nih.gov/30341998/
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=146&doi=10.11648/j.ajtas.20160501.11
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=146&doi=10.11648/j.ajtas.20160501.11
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=146&doi=10.11648/j.ajtas.20160501.11

	Development and Validation of Perception of Seating Ergonomics Questionnaire: A Study on Klang Valley Drivers in Malaysia
	Recommended Citation

	tmp.1705395963.pdf._2uK2

