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ABSTRACT
There is a need to support the occupational safety and health (OSH) practitioners defining their priorities action for
improving working environment condition and minimizing the risk factors in the early stage of development. This
paper aims to identify the critical risk factors of occupational ergonomics among production workers in an automotive
component manufacturer. The Analytic Hierarchy Process (AHP) was utilized to prioritize the level of four ergonomics
risk main factors and 26 sub-factors. The linear interpolation and a probability value were given by the practitioner to
identify the magnitude of risk. In conclusion, physical factors (0.3143) and psychosocial factors (0.2920) were ranked
as the two most important risks of occupational ergonomics. The main effective sub-factors initiating occupational
ergonomics risk were found that include force exertion in job task (15), carrying and lifting the heavy load (13.91),
high workload (13.04) and work stress (11.89). The simple and systematic approach for occupational ergonomics risk
factors analysis should help managers of safety and health, as well as production to conduct ergonomics intervention
programs that meet workers’ needs and enhance productivity. Such prioritization helps organizations to prioritize
their ergonomics intervention practices on job task thereby increasing the preventive strategies and proactively
reducing the occupational ergonomics risk factors.
Keywords: Occupational ergonomics, ergonomics risk factors, production workers, analytic hierarchy process (AHP).

(Drakopoulos, Economou, & Grimani, 2012). A
substantial OSH risk analysis has been done in
various manufacturing industries (Kwon & Kim,
2013; Li & Zhou, 2015; Silvestri, De Felice, &
Petrillo, 2012). Problems related to safety, health
and workers well-being are produced from any
combinations of causes that vary from one
industry to another. Risk is defined as a
combination of probability and consequences of
the occurrence of a specific dangerous event
(Card, Ward, & Clarkson, 2012; Routroy &
Pradhan, 2012).

INTRODUCTION
Risk investigation is among the main tasks for an
organization to avoid hazards (Badri, Nadeau, &
Gbodossou, 2012) and undesired events (Arunraj,
Mandal, & Maiti, 2013). The deep knowledge of
the working environment and perfect decisions
are required to survive in the industry
(Aminbakhsh, Gunduz, & Sonmez, 2013). As the
production grows, the demand for workforce
rises and the occupational well-being of the
employees needs to be addressed (J. M. Lu, Twu,
& Wang, 2016). However, the readiness of
production managers to focus on the concept of
employees’ well‐being and their ability to
monitor employees’ health‐related needs are
still poor in occupational safety and health
management (OSHM) (Mellor & Webster, 2013).
The company management gives more attention
to occupational health and safety than
employees well-being (Dickson-Swift, Fox,
Marshall, Welch, & Willis, 2014).

Several risk factors for OSH problems can result in
bad ergonomics condition at the workplace and
poor work organization. Occupational ergonomics
efforts are to improve the appropriateness
between the employees and the working
environment (Dickson-Swift et al., 2014) through
the enhanced design of job tasks and working
systems. Often times, occupational ergonomics
aims to avoid work-related musculoskeletal
disorders (WRMSDs) (Bidiawati & Suryani, 2015;
Occhipinti & Colombini, 2016; Thetkathuek &
Meepradit, 2016). However, there is an
inadequate
formal
system
to
reduce
musculoskeletal disorders (MSD) hazard in

Occupational safety and health (OSH) risk
management has concerned a great deal of
consideration from researchers and practitioners
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developing countries
Oakman, 2016).

(Maakip,

Keegel,

&

factors are mostly absent in the ergonomics
assessment using the AHP method. Therefore, this
current study prioritises the occupational
ergonomics
risk
factors
of
individual,
organizational, physical and psychosocial.

The industrial ergonomics have an excessive
challenge
in
merging
productivity
with
employees’ health, safety and well-being
(Cavatorta & DiPardo, 2012) especially in heavy
industries including automotive. Mellor and
Webster (2013) have suggested that the
production
managers
need
to
monitor
employees’ well-being using regular management
procedures like work planning, and formal and
informal interaction. Thus, the integration of
ergonomics to OSHM in the early stage aims to
guide industrial engineers and design the job
tasks and workplace with optimum productivity
without ignoring employees’ health, safety and
well-being.

The aim of this study is to identify the critical risk
factors of occupational ergonomics among
production plant workers. In the paper, a
framework was presented for evaluating
occupational ergonomics risk factors by combining
the AHP and linear interpolation method. The
framework supports employees in prioritising the
occupational ergonomics risk factors as well as
estimating the probability and consequences of
the occurrence of a specific hazard. The value of
this case study is integrated by experienced
employees’ opinions on relative weighting to
identify critical occupational ergonomics risk
factors. A case study at an automotive component
manufacturer was used to show the relevance of
the method.

Exploratory occupational ergonomics risks factors
and developed MSD prevention strategies have
become increasingly important. Organization risk
management is proposed to reduce MSD hazard
and risk factors in the early stage of
development (Maakip et al., 2016). However,
most MSD diseases are caused by the overlapping
of more risk factors (Occhipinti & Colombini,
2016). To ensure that the critical risk factors are
firstly eliminated, the OSH practitioners within
an organization need a decision mechanism that
encompasses a rational, through participatory
ergonomics and risk-based approach to identify
severe hazards.

METHODS
Study framework
This study developed a systematic approach using
the AHP, a decision support methodology, for
multi-criteria analysis that permits the subjective
criteria. The hierarchy structure layout of AHP
includes a goal, four ergonomics main factors as
criteria and a couple of sub-criteria or sub-factors
to be prioritized. AHP is appropriate for results
including ranking and prioritising options as well
as in measuring views depending on individual
experience and knowledge (Chinda, 2016; Chinda
et al., 2017; Das et al., 2017).

Thus, this study developed a systematic
approach utilizing the AHP, a decision support
system for multi-criteria analysis. AHP is a
predominant and influential method for decision
making (Saaty, 2008), utilized to encourage
resolution on decisions in unsafe or unknown
conditions (Melemez, 2015). AHP is capable to
measure and synthesize a large number of
criteria in an order with the faster and easier
application (Huang, Keisler, & Linkov, 2011;
Russo & Camanho, 2015) and useful in complex
issues (Chang et al., 2016; Das et al., 2017).

The goal of developing a scoring model is to
estimate the magnitude risks just by and in terms
of occupational ergonomics risk factors. Thus, the
local weight for each risk sub-factor was used to
determine the severity of risks. The severity
values of remaining risk sub-factors were
determined according to their local weights using
linear interpolation equation. Moreover, a
probability value was assigned to each risk item by
the practitioner considering the possibility of
occurrence of each risk. Figure 1 displays the
study framework consisting of two main phases.

AHP method has been successfully applied in the
industry of OSH management (Anestis &
Kleopatra, 2017; Y. H. Chang et al., 2016;
Melemez, 2015; Petruni et al., 2017; Podgorski,
2015; Raviv, Shapira, & Fishbain, 2017).
Nevertheless, the AHP is still less frequently
applied in the sectors of occupational
ergonomics management. Moreover, AHP in
occupational ergonomics studies focuses directly
on physical ergonomics factors (Badri et al.,
2012; Bal, Arslan, & Tavacioglu, 2015; Chinda,
2016; Chinda, Ammarapala, & Suanmali, 2017;
Jung, 2001) and some on psychosocial
ergonomics factors
(Das, Mukhopadhyay, &
Koilakuntla, 2015; Das et al., 2017; Jung, 2001).
The personal and organizational ergonomics

Figure 1. Study framework
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factors and sub-factor. The goal of the research
study problem is to prioritize occupational
ergonomics risk factors. Twenty-six risk factors
addressed by each measure were recognized
through literature analysis and classified by the
viewpoints of the company OSH practitioners. The
data acquired were summarized to formulate AHP
hierarchy as shown in Figure 2. Once the hierarchy
was built, a numerical scale was assigned to each
pair of n alternatives (Ai, Aj) by the practitioners
(Table 1).

Selection of input elements
The occupational ergonomics risk factors
affecting employee well-being and productivity
were the first to be identified. In the health,
safety, environment, and ergonomics (HSEE),
ergonomics are described as the environmental,
organizational and job factors, human and
individual
characteristics
that
influence
behaviour at work (Azadeh, Saberi, Rouzbahman,
& Valianpour, 2015). Based on literature review
and discussions with company management’s
team, the following four main ergonomics factors
were selected to develop the proposed AHP
decision model.
i.
Individual ergonomics.
Individual ergonomics concerns with individual
competence, background, skills, personality,
attitude and risk perception. Individual
characteristics influence behaviour in complex
ways. Individual factors such as age, gender,
body weight and being involved in physical
activities are meaningfully associated with
musculoskeletal symptoms of a different body
part (Dianat, Kord, Yahyazade, Karimi, &
Stedmon, 2015).

Creating pairwise comparison and obtaining the
matrices of factor and sub-factor
A set of questionnaire was designed to determine
the importance of each main factor and subfactor. This questionnaire was prepared using
pair-wise comparison. It comprised 78 questions
including 1 factor level (6) and 4 sub-factor levels
(72). The comparison of any two factors Ai and Aj
with respect to the higher level factor was made
using questions of the type: “When you are
considering occupational ergonomics risk factors
in the early phase of a project, how important is
the element Ai over the element Aj and how many
times more important?”.
A matrix of element evaluation denoted as A was
formed using the comparisons. Each entry aij of
the matrix in the position (i,j) was obtained
comparing the row element Ai with the column
element Aj (Equ.1):

ii.
Organizational ergonomics
Organizational ergonomics deal with the
optimization of sociotechnical systems including
organizational structures, policies and processes.
The organizational factors may produce the
following ergonomics risks such as shift work,
paced work, imbalanced work-rest ratios,
demanding work standards and lack of task
variety
(Pavlovic-Veselinovic,
Hedge,
&
Veselinovic, 2016).

𝑎11
𝑎21
𝑎31
⋮
A=
𝑎𝑖1
⋮
[𝑎𝑛1

𝑎12
𝑎22
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⋮
𝑎𝑖2
⋮
𝑎𝑛2
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𝑎23
𝑎33
⋮
𝑎𝑖3
⋮
𝑎𝑛3
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⋱
⋮
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⋱
⋮
⋯ 𝑎𝑛𝑗
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⋱
⋮
⋯ 𝑎𝑖𝑛
⋱
⋮
⋯ 𝑎𝑛𝑛 ]

(1)

iii.
Physical ergonomics
Generally, physical ergonomics is concerned with
biomechanical characteristics as they are related
to physical activity. Physical ergonomics is
required in design intervention (Sanjog, Patnaik,
Patel, & Karmakar, 2016) and connected to real
and potential quality deviation (Ivarsson & Eek,
2015) in the manufacturing industry.

where aij is the relative importance of the element
Ai with respect to the element Aj. The entries aij
were directed by the following rules: aij>0; aji =
1/aij; aii = 1 for i, j = 1, 2, ., n.

iv.
Psychosocial ergonomics
Psychosocial
ergonomics
is
related
to
interactions
among
job
content,
work
organization and management. WMSD was
initiated by a combination of many psychosocial
risks and high physical demand works (Oakman,
Macdonald, & Wells, 2014). A systematic process
operating at the organizational level is required
to prevent potential psychosocial risks at the
workplace (Janetzke & Ertel, 2017).

1
1⁄
𝑎12
1⁄
𝑎13
A=
⋮
1⁄
𝑎1𝑗
⋮
1
[ ⁄𝑎1𝑛

Based on these rules, the pairwise comparison
matrix A was positive and reciprocal (Saaty,
1987), which was rewritten in Equ. 2:
𝑎12
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⋯
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1 ]

Once the overall expert judgments were created
and calculated using the geometric mean (Equ. 3),
they were inserted into the comparison matrix B
(Equ. 4):

Developing AHP decision model
This phase involves formulating an appropriate
hierarchy of the AHP model consisting goal,

Geometric mean,
3
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𝑏11
𝑏21
𝑏31
B= ⋮
𝑏𝑖1
⋮
[𝑏𝑛1
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(3)
Where n = number of participants
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(4)

CRITICAL OCCUPATIONAL ERGONOMICS RISK FACTORS

INDIVIDUAL
FACTORS

PHYSICAL
FACTORS

ORGANISATIONAL
FACTORS

PSYCHOSOCIAL
FACTORS

Worker’s age

Noise condition

Poor working
posture

Work very fast

Worker’s body
weight

Ventilation
condition

Poor working
practice

High work load

Worker’s working
experience

Work space

Carrying and lifting
heavy loads

Work stress

Workers easily
bored

Irregular working
schedule

Equipment & tools
heavy weight

Fatigue

Worker’s lose focus
when high work
pace

Frequent workdays

Hand tools and
vibration

Emotional tiredness

Low skill discretion
of worker

Frequent
occupational lifting

Force exertion in
job task

High job demands

Heavy physical
work

Exposed to physical
demands at work

Figure 2. AHP model of occupational ergonomics risk factors
Table 1 Saaty’s Ratio scale for pair wise comparison of the importance of weights of criteria (Saaty,
1980)
Intensity of
importance
1
3

Definition

Explanation

7

Equal importance
Moderate importance of
one over another
Essential
or
strong
importance
Very strong importance

9

Extreme importance

5

2,4,6,8
Reciprocals
Rational

Two elements contribute equally to the property
Experience and judgment slightly favour one over
another
Experience and judgment strongly favour one over
another
An element is strongly favoured and its dominance is
demonstrated in practice
The evidence favouring one element over another is
one of the highest possible orders of affirmation
Comprise is needed between two judgements

Intermediate
values
between two adjacent
judgements
When activity I compared to j assigned one of the above numbers, the activity j
compared to I assigned its reciprocal
Ratios arising from forcing consistency of judgments

Table 2 Random index (Saaty, 1994)
n

1

2

3

4

5

6

7

8

9

10

RI

0

0

0.58

0.9

1.12

1.124

1.32

1.41

1.45

1.49

4
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Determining local weight and global weight of
elements
The pairwise comparisons produced the matrix
of ranking for each level in the hierarchy after
all matrices were developed and all pairwise
comparisons were obtained. After that, a
vector of local weights or priorities of elements
in matrix B was calculated. The principal
eigenvector w of the matrix was calculated
using Equ. 5 ;
𝐺𝑀𝑖

Eigenvector = wi = ∑𝑛

determined according to their local weights
using linear interpolation formula as shown in
Equ. 11.
y2 =

Eigenvalues = local weight =

∑𝑛
i 𝑤i
𝑛

(6)

Where n = number of elements

ʎ𝑚𝑎𝑥 −𝑛
𝑛−1

Consistency ratio (CR),
Consistency index (CI)
CR = Random index (RI)

(11)

Subjects
The determination of decision criteria began by
forming a panel of experts as decision makers.
Ten senior and experienced employees from
different departments namely production (4),
engineering (3), and safety, health, and
environment (3) were invited to participate in
this study. The employees or production plant
practitioners were selected according to their
job tasks, roles and influences on OHSM system
practices. They had at least 10 years of working
experience.

(7)

Where, ʎmax = maximum eigenvalue of matrix B
and n is the number of elements
Consistency index (CI) =

+ 𝑦1

APPLICATION OF PROPOSED AHP MODEL

Verifying the consistency of comparisons
After identifying the local priority vector, the
consistency of the pairwise comparison matrix
was determined. The consistency index was
calculated using the maximum eigenvalue ʎmax
(Saaty, 1987) (Equ. 7). The consistency index
and consistency ratio were represented in Equ.
8 and Equ. 9;
𝑛
ʎmax = ∑𝑛
𝑖=1[(∑𝑖=1 𝐺𝑀𝑖 )(𝑤𝑗 )]

(𝑥3 −𝑥1 )

A probability value between 1 and 3 (1 = low, 2
= medium, 3 = high) was assigned to each risk
sub-factor by the practitioner considering their
possibility of occurrences to the workers. The
magnitude of each risk sub-factor was
calculated using Equ. 12:
= (𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦 𝑣𝑎𝑙𝑢𝑒)(𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑣𝑎𝑙𝑢𝑒)
=SxP
(12)

(5)

𝑖=1 𝐺𝑀𝑖

(𝑥2 −𝑥1 )(𝑦3 −𝑦1 )

Hierarchy and factor evaluation
As explained earlier, the pairwise comparison
judgment matrices were obtained from 10
evaluators in the measurement. Each matrice
was translated into the corresponding largest
eigenvalue problem and solved to find the
normalized or eigenvector and eigenvalues or
high priority weights for each factor. Examples
of the result are as shown in Table 3, 4 and 5.

(8)

(9)

The random index (RI) is shown in Table 2. The
CR is acceptable if the value is less than or
equal to 0.10 (10%). Otherwise, the results are
considered inconsistent and the pairwise
comparison has to be repeated again.

As can be seen in Table 4, the physical risk
factor (PYF) was perceived as the most
significant occupational ergonomics risk factor
followed by psychosocial risk factor (PSF),
organizational risk factor (OF) and individual
risk factor (IF), respectively. The same
procedure was applied to all sub-factors to
determine their influence on the main factor.
Pairwise comparisons were made to prioritize
sub-factors placed beneath each level in the
hierarchy.

Synthesizing the weight of each element
After the local priority, the vector was
determined with the consistency ratio
evaluated to obtain the synthesized weight.
The synthesized weight or global priority vector
for elements was represented in Equ. 10;
Global weight,Wi
Wi
= (𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑎 𝑙𝑜𝑐𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡)(𝑆𝑢𝑏𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 𝑙𝑜𝑐𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡)
= 𝑏𝑖 𝑐𝑖𝑗
(10)

For the physical risk factor group (Table 5),
‘force exertion in job task (PYF6)’ was
identified to give more effects compared to
other factors. In this group, ‘carrying & lifting
heavy load (PYF3)’ was assessed to be the
second important factor.

Classifying the risk factors
The local weight for each risk sub-factor was
used to determine the severity of risks. The risk
sub-factor with the highest local weight was
assigned with a severity scale of 5 while the
risk sub-factor with the lowest local weight was
assigned with a severity scale of 1. The severity
values of remaining risk sub-factors were

Consistency validation
It is necessary to execute a consistency
validation for each hierarchy and framework as
a whole for every judgment matrix form. If the
5
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hierarchy does not passed the validation, the
experts are required to adjust their forms until
they passed. Table 6 presents the percentage
of CR for all levels that were less than 10%.
Hence, the hierarchy had pass consistency
validation.

Table 3 Pairwise comparison matrix of occupational ergonomics risk main factor
IF

OF

PYF

PSF

1

1.0254

0.6384

0.5435

Organizational factor (OF)

0.9752

1

0.6279

0.8089

Physical factor (PYF)

1.5664

1.5926

1

1.1161

Psychosocial factor (PSF)

1.8399

1.2362

0.8960

1

5.3815

4.8543

3.1623

3.4686

Individual factor (IF)

Column Sum

Table 4 Normalization and calculation for weightages of ergonomics risk main factors
IF

OF

PYF

PSF

Average

Individual factors (IF)

0.1858

0.2112

0.2019

0.1567

0.1889

Percentage,
%
18.89

Organizational factors (OF)

0.1812

0.2060

0.1986

0.2332

0.2047

20.47

Physical factors (PYF)

0.2911

0.3281

0.3162

0.3218

0.3143

31.43

Psychosocial factors (PSF)

0.3419

0.2547

0.2833

0.2883

0.2920

29.20

1

100

Total

Table 5 Normalization and calculation for weightages of physical factors
PYF1

PYF2

PYF3

PYF4

PYF5

PYF6

PYF7

Average

%

PYF1

0.1052

0.1558

0.0981

0.1326

0.0747

0.0922

0.0723

0.1044

10.44

PYF2

0.0920

0.1361

0.2066

0.1830

0.1199

0.1055

0.1066

0.1357

13.57

PYF3

0.2019

0.1240

0.1882

0.1327

0.2261

0.3480

0.1772

0.1997

19.97

PYF4

0.1279

0.1198

0.2285

0.1610

0.1769

0.1262

0.2030

0.1633

16.33

PYF5

0.0789

0.0635

0.0466

0.0510

0.0560

0.0409

0.0794

0.0595

5.95

PYF6

0.2179

0.2462

0.1033

0.2437

0.2610

0.1909

0.2403

0.2148

21.48

PYF7

0.1763

0.1546

0.1286

0.0961

0.0854

0.0962

0.1211

0.1226

12.26

Total

1

100

Table 6 Consistency validation
ʎmax

CI

CR

Occupational ergonomics risk factors

4.0174

0.0058

0.0064

Consistency
validation
0.64%

Individual risk factors
Organizational risk factors
Physical risk factors
Psychosocial risk factors

6.1770
6.2577
7.2639
7.1862

0.0354
0.0515
0.0440
0.0310

0.0285
0.0416
0.0333
0.0235

2.85%
4.16%
3.33%
2.35%

Judgement matrix

Factor scores and final results
The local and global weights for each factor in
the hierarchy were calculated according to
their perceived contribution to the risk factors
affecting the safety, health, well-being and
productivity of workers (Table 7). Among the
individual factors, ‘lose work focus (IF5)’
showed the highest value. Meanwhile, the
‘frequent occupational lifting (OF6)’ is the
most critical compared to other factors in the
organizational risk factor group. For the
psychosocial factor group, ‘lose work focus

(IF5)’ was identified
compared to others.

with

more

effects

The global weights discovered that ‘force
exertion in job task (PYF6)’ had an overall
weight of 0.0675 (see Table 7) and perceived as
the item with the most significant impact. A
second significant impact was identified from
‘Carrying & lifting heavy loads (PYF3)’ with
overall weights of 0.0628.
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Table 8 illustrates the occupational ergonomics
risk factor magnitudes assessed through the risk
matrix. The results indicated that with a risk
magnitude of 15, the item ‘force exertion in
job
task’
required
the
most
significant
improvement among the 26 sub-factors.
Temporarily, the sub-factor ‘carrying & lifting

heavy load’ has the second-highest risk with a
magnitude of 13.91, followed by ‘high work
load’, ‘work stress’, ‘lose work focus’, and
‘equipment & tools heavy weight’.

Table 7. Composite priority weights for occupational risk factors
Main factor
Individual
Factors
(IF)

Local weight
0.1889

Organizational
Factors
(OF)

0.2047

Physical
Factors
(PYF)

0.3143

Psychosocial
Factors
(PSF)

0.2920

Sub-factor
Age (IF1)
Body weight (IF2)
Working experience (IF3)
Easily feel bored (IF4)
Lose work focus (IF5)
Low skill discretion (IF6)
Noise condition (OF1)
Ventilation condition (OF2)
Work space (OF3)
Irregular working schedule (OF4)
Frequent workdays (OF5)
Frequent occupational lifting (OF6)
Poor working posture (PYF1)
Poor working practice (PYF2)
Carrying & lifting heavy load (PYF3)
Equipment & tools heavy weight (PYF4)
Hand tools and vibration (PYF5)
Force exertion in job task (PYF6)
Heavy physical work (PYF7)
Work very fast (PSF1)
High work load (PSF2)
Work stress (PSF3)

Local weight
0.1525
0.1073
0.1506
0.1847
0.2724
0.1325
0.0749
0.1921
0.1795
0.2094
0.1230
0.2211
0.1044
0.1357
0.1997
0.1633
0.0595
0.2148
0.1226
0.1159
0.2020
0.1849

Global weight
0.0288
0.0203
0.0284
0.0349
0.0514
0.0250
0.0153
0.0393
0.0367
0.0429
0.0252
0.0453
0.0328
0.0426
0.0628
0.0513
0.0187
0.0675
0.0385
0.0339
0.0590
0.0540

Fatigue (PSF4)

0.1052

0.0307

Emotional tiredness (PSF5)

0.1181

0.0345

High job demands (PSF6)

0.1587

0.0463

Exposure to physical demands at work
(PSF7)

0.1151

0.0336

Total

7
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Table 8. Occupational risk factors magnitudes assessed through the risk matrix
Risk factors

Probability of
occurrence

Severity of
risks

Magnitudes of
risks

3
3
3
3
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
3
2
1
1
1
1

5.00
4.64
4.35
3.96
3.77
3.76
3.38
3.29
2.78
2.47
2.40
2.34
3.11
3.09
2.84
2.64
2.50
2.42
2.18
2.00
1.26
1.75
2.03
1.74
1.38
1.00

15.00
13.91
13.04
11.89
11.31
11.28
10.13
9.88
8.34
7.40
7.21
7.02
6.22
6.19
5.68
5.28
5.00
4.84
4.36
4.01
3.77
3.51
2.03
1.74
1.38
1.00

Force exertion in job task
Carrying & lifting heavy load
High work load
Work stress
Lose work focus
Equipment & tools heavy weight
High job demands
Frequent work lifting
Heavy physical work
Emotional tiredness
Exposure to physical demands at work
Poor working posture
Irregular working schedule
Poor working practice
Ventilation condition
Work space
Easily feel bored
Work very fast
Fatigue
Working experience
Hand tools and vibration
Frequent workdays
Age
Low skill discretion
Body weight
Noise condition

DISCUSSION
The occupational ergonomics risk factors
assessment is an active method to evaluate the
conditions of the working environment. Since
the decision makers need to prioritize their
actions to arrange their implementation, the
ergonomics risks factors need to be ranked. For
this purpose, the importance weight of the
measures is needed. Hence, this study proposed
the production plant practitioner-judgment
estimations using combined AHP and linear
interpolation methods to determine the
weights of the measures in this regard.

the rank that can bring the advantage of AHP
(Caputo, Pelagagge, & Salini, 2013). The
geometric mean of individual judgements has
been used through the AHP method in group
decision making to minimize bias (Aminbakhsh
et al., 2013; Grošelj & Stirn, 2012).
Furthermore, hierarchy provides support for
the OSH’ practitioners and production
managers, regardless of industry and country.
Compared to the hierarchies in previous studies
done by Das et al. (2017) and Das et al. (2015),
the current case study has defined a hierarchy
more complete because the set of sub-factor is
variety and comprehensive since it covers
ergonomics, safety and health, and productivity
aspects. If compared with hierarchies produced
by Bal et al. (2015), the criteria were almost
similar, but the sub-criteria were dissimilar due
to different industry.

The benefits of using AHP are that it is capable
of checking and reducing the inconsistency of
expert judgment as well as reducing bias in the
decision-making process since it provides a
group’s decision (Aminbakhsh et al., 2013). AHP
is also flexible and easy to use, apart from
being able to provide consistent judgment to
the decision makers (Arunraj et al., 2013).
Moreover, the AHP is a straightforward and
effective instrument (Forman & Gass, 2001;
Vaidya & Kumar, 2006).

The AHP results of this study have disclosed the
physical risk factor (PYF) as the most significant
occupational ergonomics risk factor followed by
psychosocial risk factor (PSF) (Table 7). These
results were in line with the risk factors for
WMSDs in general physicians by Das et al.
(2015), which found that physical risk factors
are more critical than psychosocial risk factors.
Production managers in a manufacturing
company are more focused on ergonomics study
for reducing the physical risk factors in the
workplace (Otto & Battaïa, 2017). Furthermore,
physical and psychosocial factors may interact

The proposed framework and method allowed
the combination of numerous tools used in
practice namely know-how and feedback from
experience to fill databases. The strategic
knowledge of the employee representatives is
significant to activate risk management
(Janetzke & Ertel, 2017).The analyst’s
judgements are self-consistent to determine
8
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with each other (Vandergrift, Gold, Hanlon, &
Punnett, 2012; Widanarko, Legg, Devereux, &
Stevenson, 2015). Despite the importance of
ergonomics risk factors preventative practices,
Gupta et al. (2018) discovered that
the
participatory
physical
and
psychosocial
intervention are still not yet effective for
enhancing the working performance of
manufacturing workers. Thus, other ergonomics
domains including personal and organization
interventions need to be implemented.

Aziz, & Wuensch, 2017) can avoid employees
from experiencing high work load.
Referring to the high-level risk results (Table
8), the sub-factors of force exertion in job task,
carrying and lifting a heavy load, high work
load, work stress, lose work focus, and
equipment and tools heavy weight were the
most important sub-factors and should be given
more attention than the others. ‘Carrying and
lifting heavy load’ was ranked as the second
most critical ergonomics risk factor by the
employees. This finding was supported by
Mohammadi et al. (2013) stating that lifting and
bringing down task is critical and should be
prioritized in conducting restorative activities.
In industry, carrying and lifting movement are
required for completing the main tasks and it’s
a common source for ergonomics hazards like
WMSD (Dodge, 2012; Peppoloni, Filippeschi,
Ruffaldi, & Avizzano, 2016; Roffey, Wai,
Bishop, Kwon, & Dagenais, 2010). The manual
lifting and treatment of substantial burdens are
typically joined by unnatural and awkward body
stances that must be redressed (Savino, Mazza,
& Battini, 2016).

Referring to the physical sub-factor weights
(Table 7), the sub-factors of force exertion in
job task (PYF6) was the most serious
ergonomics risk factor. This was in agreement
with earlier studies revealing that hand force
exertion in working process increases the risk
of WMSD among workers (Widanarko et al.,
2014, 2015; Zare et al., 2015). Hence, Weston
et al. (2017) introduced a new preventive
strategy for occupational ergonomics risks
utilizing the biomechanical model to determine
the pushing and pulling risk limits assessed via
hand forces and turning torque. Moreover, the
humeral angel of worker is more important to
be considered for decreasing the potential
overexertion injury risk (Cudlip & Dickerson,
2018).

‘Work stress’ is a common symptom among
automotive industry workers came in next as
the fourth most important ergonomics risk
factors. This was similar to that of Drakopoulos
et al., (2012) who reported that work stress in
workplace has attracted many researchers. The
effective management of work-related stress in
the workplace requires participation from all
including
senior
management,
junior
management and shop floor workers (McVicar
et al., 2013; Mellor et al., 2013). For instance,
work stress can be decreased through
organization support from the immediate
supervisor by enhancing the effectiveness of
formal work schedule flexibility (Løkke &
Madsen, 2014).

The most significant individual risk factor was
the lose of work focus (IF5). This finding
indicated that workers are not comfortable in
their workplace and find it difficult to focus on
their tasks. As reported by Lu et al. (2015),
enjoy the work and cooperation in a team will
make workers focus more on their jobtask. In
addition, the lengthened working day caused
worker to become annoyed very easily and not
focus on their work (Coulson, McKenna, &
Field, 2008).
The frequent work lifting (OF6) was perceived
as the most critical for organizational risk
factors. This finding was in line with previous
studies discovering that frequent work lifting is
often associated with a high risk of workplace
musculoskeletal injury (Choi and Brings, 2016;
Oranye et al., 2016). Antwi-Afari et al. (2017)
described that the increment of the danger of
falling is related to worker’s inbalance control
on the unstable supporting surface due to the
repetitive lifting of heavy weights. The smallest
lifting index is recommended by designing the
workplace with tiny twisting and moderate
lifting frequency (Singh & Kumar, 2012).

‘Equipment and tools heavy weight’ was ranked
as the sixth most important ergonomics risk
factor out of the 26 ergonomics risk factors
investigated. This finding has supported the
latest study done by Weston et al. (2018)
claiming that the effects of using heavy hand
tools to perform tasks have received great
attention. Authors have designed exoskeletal
interventions to support occupational work by
diminishing bio-mechanical risks to the
shoulders resulting from the use of heavy hand
tools. Powered hand tools can increase
productivity but intensify the musculoskeletal
injuries and diseases due to heavy tool weight
and a great tool vibration (C.-H. Chang & Wang,
2000). Thus, WMSD complaints were growing
among industry workers who handled and lifted
heavy equipment and tools (Abdul Aziz,
Ghazalli, Mohamed, & Isfar, 2017; Yassierli,
2017).

The most important psychosocial risk factor
chosen by the practitioners was the high work
load (PSF2). Serious stress and physically tired
are caused by high workloads and long working
hours (Perry, Mulligan, & Smith, 2017). Thus,
better design of re-engineering process
(Spagnoli & Balducci, 2017) and job control
(Ilies, Dimotakis, & De Pater, 2010; Moyer,
9
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The proposed framework decomposed the
decision problem into a hierarchy of more
easily
comprehended sub-problems that
enhanced the assignment of weights to the
factors and sub-factors. The proposed method
provided
an
effective
approach
for
prioritization of occupational ergonomics risk
factors. The results of the present study are
supposed to support safety and health
practitioners to manage the ergonomics risk
factors and plan for ergonomics intervention
activities.
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