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Abstract

Occupational risk assessment (ORA) is a process that consists of evaluating, ranking, and classifying the hazards and
associated risks arising in any workplace from the viewpoint of occupational health and safety. Many ORA methods have
been proposed in the literature, from a single independent expert to participatory methodologies made by group decision
and simple to complex ones. In this paper, a holistic ORA is presented, which uses two important multi-attribute decision
methods named Bayesian Best-Worst Method (Bayesian BWM) and VIseKriterijumska Optimizacija I Kompromisno
Resenje (VIKOR). Bayesian BWM is used to determine the importance weights of six different assessment criteria, which
are the probability of hazardous event (P), frequency (F), severity (S), detectability (D), cost (C) and sensitivity not to use
personal protective equipment (SNP). Since the classical BWM finds solution to the weights of a number of criteria from
only one expert’s judgment, Bayesian BWM is preferred in this paper (1) to enable participation of a group of experts, (2)
to aggregate the preferences of these multiple experts into consensus without loss of information and (3) to follow a
probabilistic way for solving the ORA problem. The hazards are then ranked by VIKOR. The approach is implemented in
the ORA process of a textile production plant. Results of risk analysis showed that electricity hazard and associated risks
constitute the highest risk ratings. These hazards arise from the product, process, human and working environment. The
associated risks are evaluated, prioritized, and detailed control measures are proposed. This study made comparisons with
the classical BWM-VIKOR approach to demonstrate the proposed approach’s difference and practicality. Results can also
help practitioners and risk analysts in formulating the improvement measures to increase the overall safety of the working
environment further.
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1 Introduction

The occupational risk assessment (ORA) covers evaluat-
ing, ranking, and classification of the hazards and associ-
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characteristics, risk factors and protecting employees from
risk factors working conditions (CSGB 2018). In the pro-
duction industries, the harmony and well management of
the workplace environment, production machines/tools,
and workers are necessary for the production to be carried
out by OHS principles. At this point, the government,
employer, and employee triangle should work in coordi-
nation and ensure cooperation (Kabakulak 2019). The
government is responsible for monitoring the elimination
of the nonconformities detected within the framework of
laws and regulations. The employer should minimize the
workplace environment’s unsafe conditions and production
and the employees’ unsafe movements by fulfilling the
necessary OHS conditions. On the other hand, employees
should notify the employer of any unsafe situations they
notice, ensure that necessary measures are taken, and
contribute to making the production process safe. ORA is
therefore crucial for production-based industries as well as
textile production.

Textile production is a risky sector in terms of both the
high density of employees and the availability of serious
hazards in its production phases in Turkey (CSGB 2018). It
involves numerous hazards (e.g., physical factors, powders,
chemical agents, biological factors, ergonomic factors,
psychosocial factors) that lead to human casualties, envi-
ronmental destruction and financial loss. According to the
work accidents and occupational diseases statistics by the
Social Security Institution of Turkey (SGK), for the recent
five years, the number of workers (insured) who has a work
accident by incapacity days in textile production has been
increased from 2015 to 2019 (Fig. 1). In 2015, the value of
this indicator was 12,041. It has almost a %41 increase in
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2019 with a value of 20,274. Similarly, the number of
insured people having an occupational disease has been
increased from 2015 to 2019. On the other hand, as an
optimistic indicator, the number of fatal accidents at work
follows a decreasing trend after 2016. These figures are
important in showing how risky the textile industry is. The
ability of such a risky sector to implement the necessary
activities in terms of OHS and prevent the hazards can be
achieved by selecting and applying an appropriate ORA
methodology considering all stakeholders’ participation.
A significant number of ORA methods, either in quan-
titative or qualitative/hybrid structures, are in use in the
academic and industry environment. An ISO standard of
IEC 31,010: 2019 ‘Risk management’ Risk assessment
techniques’ includes techniques for eliciting views from
stakeholders and experts (brainstorming, Delphi, Nominal
group, interviewing), identifying risks (checklist, FMEA,
HAZOP, scenario analysis, what-if analysis), determining
sources, causes and drivers of the risk (fishbone technique),
analyzing controls (Bow-tie analysis, LOPA), understand-
ing consequences and likelihood (Bayesian Network, ETA,
FTA, Markov analysis, Monte-Carlo simulation), analyzing
dependencies and interactions (causal mapping), including
a measure of risk (Value at Risk), evaluating the signifi-
cance of risk (Frequency-Number diagrams, Pareto charts),
selecting between options (cost-benefit analysis, decision
trees, Multi-criteria decision making, game theory), and
recording and reporting (Consequence/Likelihood matrix,
S-curve) (ISO 2019). From this ISO standard, it is easily
inferred that multi-criteria (MCDM) has an important place
among these ORA techniques (Ak 2020). The MCDM
concept is merged with the fuzzy set (with different
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Fig. 1 The last five years of work accidents and occupational diseases figures of Turkey’s textile production industry (SGK Statistics, 2015 to

2019)

@ Springer



Stochastic Environmental Research and Risk Assessment

versions) (Celik et al. 2015; Gul 2018), soft set (Khameneh
and Kilicman, 2019), neutrosophic set (Peng and Dai,
2020), computational intelligence (Doumpos and Grigor-
oudis, 2013) and probability theory (Zhang and Mohandes,
2020; Pelissari et al. 2018) in developing ORA methods
which for various sectors. This need for merging arises
from some of the deficiencies of the methods mentioned in
the ISO standard. These have been highlighted in the lit-
erature several times (Gul 2018). Methods such as Con-
sequence/Likelihood matrix, Fine-Kinney, FMEA, ETA,
FTA, and HAZOP have problematic aspects such as the
lack of importance weights of risk parameters, logical
problems due to numerical scale defined for the parameters,
and the insufficient number of parameters (Gul et al. 2021;
Valipour et al. 2021; Gul et al. 2020; Bashan et al. 2020a;
Nowak et al. 2020; Gul and Ak 2020; Bashan et al. 2020b).
Most of the ORA studies developed with the aid of the
MCDM concept follow a two-stage approach. While the
first stage concerns the determination of risk parameter
weights, the latter focuses on the risk priority values/
numbers of each emerged hazard of the system. In
assigning weights to the risk parameters specific for each
method (e.g., in Fine-Kinney, three parameters are avail-
able named probability, severity and frequency), pairwise
comparison-based MCDM methods are frequently pre-
ferred by the scholars. One of the most widely applied and
usable methods is the Analytic Hierarchy Process (AHP)
(Kaya 2020; Yucesan and Kahraman, 2019; Gul and Ak,
2018). BWM (Gul et al. 2020; Tang et al. 2020; Gul and
Ak 2020; Delice and Can, 2020; Ghoushchi et al. 2019;
Tian et al. 2018), SWARA (Liu et al. 2020) and non-pair
wise comparison based-MCDM tools (Yazdi et al. 2020)
are also used to determine risk parameter weights in
assessing the risk of occupational hazards. BWM has some
superiorities compared to other pairwise comparison-based
MCDM methods, including providing more consistent
matrices in expert judgment and requiring a lower number
of pairwise comparisons (Rezaei 2015; 2016; Mi et al.
2019; Liang et al. 2020). However, it seeks solutions to the
weights of a number of criteria from only one expert’s
judgment. To overcome shortcomings of conventional
arithmetic mean to integrate experts’ opinions into con-
sensus, Bayesian BWM is then developed by Mohammadi
and Rezaei (2020a) using statistical estimation methods. It
provides a group decision making without loss of knowl-
edge. A criterion with a higher weight indicates that it is
relatively more important in the assessment system. It has
been applied to some areas following its initial proposal,
but this area and problems are very limited since the
method (Bayesian BWM) is still new (Mohammadi and
Rezaei, 2020b; Guo et al. 2020). Mohammadi and Rezaei
(2020a) also proposed in Bayesian BWM a new ranking
method called “credal ranking” for the criteria. A

reliability value is defined in this credal ranking method by
a value between 0 and 1, where one criterion is more
important than another criterion, unlike the traditional
ranking. They constructed this probabilistic approach via
both Monte Carlo simulation and some statistical distri-
butions in its structure. This is not because the problem is
probabilistic, but to make the interpretation of the ranking
more robust for the criterion weights to be obtained by the
application of the method. Therefore, ultimately, this
method is also an MCDM method. As a matter of fact, it
can be easily used and applied to assign criterion weights in
a MCDM problem, as was done in previous literature via
AHP, entropy and their fuzzy versions etc. Therefore, we
used Bayesian BWM in an ORA problem to assign weights
to risk parameters by aggregating the judgments of multi-
ple experts. The idea of combining these two MCDM
methods (one completely new and sound for the scientific
community, other is very old and widely used) in an ORA
problem is novel and original. It has benefits and contri-
butions to the current ORA field. We believe that in
addition to proposing a method from scratch, we believe
that applying a hybrid approach to a field for the first time
contributes to knowledge.

Following the initial proposal of Bayesian BWM,
Mohammadi and Rezaei (2020b) evaluated and compared
ontology alignment systems using the Bayesian BWM.
Guo et al. (2020) proposed a risk assessment model for
electricity retail companies using a combination of Baye-
sian BWM and the improved matter-element extension
model. Yang et al. (2020) developed a Bayesian BWM-
VIKOR approach to sustainable tourism evaluation for
Taiwan. Li et al. (2020) introduced a new Bayesian BWM-
based multi-attribute competence analysis and applied it
for a Chinese takeaway delivery platform.

In addition to its narrow application domains, it has not
yet integrated with other MCDM methods from either
compromise or outranking categories. Therefore, in this
paper, Bayesian BWM is incorporated with VIKOR, which
is a touchstone compromise MCDM method for an ORA
problem. Here, it is used to determine the importance
weights of six different ORA parameters, which are
occurrence probability of hazardous event (O), frequency
(F), severity (S), detectability (D), cost (C) and sensitivity
not to use personal protective equipment (SNP). The sec-
ond step of the holistic approach is to rank hazards con-
cerning each of the six decision criteria by VIKOR.
Finally, the Bayesian BWM-VIKOR approach is imple-
mented for the ORA process of a textile production plant.

The current paper aims at presenting a holistic ORA
approach, which includes the integration of Bayesian
BWM with VIKOR in determining risk parameters’
importance and hazard rankings under a group of expert
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evaluations. The approach has contributions for the current
literature by the following aspects:

e Bayesian BWM is applied to an ORA problem for the
first time in the literature. It has strong features in
aggregating the preferences of multiple ORA experts
into consensus without loss of information.

e The credal ranking shows the degree of preference of
one criterion over another. Thus, it provides extra
information to decision-makers about the interrelation-
ship between the risk parameters. In addition, it shows
the degree of dominance graphically.

e In the approach, both ORA concept solved in a
probabilistic way (methodologically by Bayesian
BWM) and multi-criteria optimization and compromise
solution (via VIKOR) are utilized.

e Six different ORA parameters are considered, none of
which were used together in a problem before.

e The study results guide decision-makers and authorities
of the textile production industry to pay attention to the
prioritized hazards and their associated risks in the risk
control step of the OHS risk management cycle.

The paper is organized as follows. Section 2 presents the
literature review on the integration of BWM and VIKOR.
Section 3 describes the material and method. Section 4
demonstrates a case study for the implementation of the
approach in textile production. The final section presents
the  conclusion  with  limitations and  future
recommendations.

2 Applied methodology
2.1 Bayesian BWM

BWM is a fairly new MCDM method proposed by Rezaei
(2015). This method requires 2n-3 comparisons instead of
full comparison n(n-1)/2. First, the “best” (most important,
most desirable) and “worst (least important, least desirable)
criteria are determined. Then, these criteria are compared
with other criteria. The numbers between 1 and 9 are used
for comparison. Structure enables decision-makers to make
more reliable comparisons. The most significant disadvan-
tage of the original BWM is that it cannot aggregate more
than one decision-maker’s evaluation. Although the arith-
metic or geometric mean technique is used to combine the
evaluation of more than one decision-maker, it causes
information loss (Rezaei 2015, 2016; Mohammadi and
Rezaei 2020a). To aggregate decision-makers’ evaluations,
Hafezalkotob and Hafezalkotob (2017) proposed democratic
and autocratic decision-making styles. Mou et al. (2016)
used fuzzy multiplicative weighted geometric aggregation.
Bayesian BWM was proposed by Mohammadi and Rezai
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(2020a) to aggregate decision-makers’ evaluations in the
probabilistic environment, and it is an extension of the
BWM proposed by Rezai (2015).

Bayesian BWM consists of three steps. In the first step,
the criteria to be evaluated were determined. In the second
step, a survey was prepared in accordance with the original
BWM evaluation. In the third step, the problem was made
applicable to Bayesian BWM with a probabilistic per-
spective after evaluating according to the original BWM.
This step is divided into four sub-steps. Sub-steps 3.1-3.3
in Fig. 1 are done for all the experts, and then all the
obtained vectors are given to the BBWM. The implemen-
tation steps are presented in the following with an
acceptable level of detail and presented in Fig. 2.

2.2 VIKOR

The VIKOR method has been developed for multi-criteria
optimization of complex systems by Opricovic and Tzeng
(2004). It is a very effective method to solve Multiple
Attribute Decision-making (MADM) problems. In recent
years, its use has become widespread, especially in the
economy, business, and management (Gao et al. 2020). It
supports decision-making mechanisms by identifying cost
and benefit criteria and a ranking procedure under these
conditions (Rafieyan et al. 2020; Dong et al. 2017). It
allows sorting and selecting among conflicting criteria by
using pre-determined criteria weights. It further provides a
ranking index using a measure of closeness (S, R and
Q values) to the ideal solution (Opricovic 1998; Opricovic
and Tzeng, 2004; Jahan et al. 2011). Solution steps of the
VIKOR method can be found in Opricovic (1998) and
Opricovic and Tzeng (2004).

2.3 Overview to the holistic ORA approach

In this section, an overview of the holistic ORA approach is
introduced. First, as input to the first process of the
approach, the ORA context is described, and selection
criteria to organize the OHS expert team is determined.
The output of this initial step is an organized expert team
consisting of five experienced professionals. The second
step concerns the implementation of Bayesian BWM.
Inputs of this step include five filled questionnaire forms,
which are prepared as suitable for BWM style. This step’s
output is a weight matrix that contains the importance
weight values of five risk parameters, which are “occur-
rence, frequency, severity, detectability, cost, and sensi-
tivity to PPE non-utilization”. Third, the implementation of
VIKOR is performed to prioritize hazards. In this step, the
filled questionnaire forms are required as the second step to
providing inputs for the process. At the output step, final
VIKOR Q index values and ranking orders for each hazard
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Step 1 [ Determining the criteria to be evaluated

v
Step 2 [

Creating a survey in a form suitable for ]
Calculation of criterion weights based on
Step 3

BWM assessment
expert evaluations

Fig. 2 Implementation steps in Bayesian BWM

are obtained. The final step is regarding a comparative
analysis and sensitivity analysis. To provide the holistic
approach’s solidity, hazard ranking by VIKOR is carried
out considering a different weight matrix obtained from the
original BWM is used. Moreover, the maximum group
utility “v” value in VIKOR has been changed from 0 to 1
in 0.1 intervals to make a sensitivity analysis. Figure 3
shows the procedural steps of the proposed holistic ORA
approach in the form of a flowchart.

3 Case study: occupational risk assessment
in textile production
3.1 Design of expert team

The selection of a suitable expert team is essential for an
ORA problem in the industry. Similarly, it enables support

Step [ Determine the best and worst criterion ]

Step Compare the best criterion with other

3.2 criteria

Step Compare other criteria with the worst

33 criterion

Step Take the two vectors as inputs in the BWM

3.4 and conduct the computations from
probabilistic perspective

in the determination of the risk parameters and hazard
identification. In this case, five OHS experts were finally
chosen to participate in the ORA process: four engineers
from different disciplines and a production line manager,
all well-experienced in occupational safety and have dif-
ferent certification levels in OHS management. The
experts’ profile is presented in Table 1. Experts with Cer-
tificate C are eligible to work in the less dangerous
industries, Certificate B in less dangerous and dangerous
classes, and Certificate A in all hazard classes (including
the most serious and dangerous industries) (Demir et al.
2020).

The scientific literature regarding classical ORA meth-
ods such as decision matrix, Fine-Kinney, and FMEA has
been served as a basis for defining our risk parameters for
this study. In classical FMEA, three risk parameters of
severity, occurrence, and detectability are used for failure
ranking (Gul et al. 2020). Also, in the Fine-Kinney method,
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Fig. 3 INPUT-PROCESS-OUTPUT demonstration of the holistic approach
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Table 1 Description of experts

participating in the ORA team Title Educational Stage Age
Expert-1 Mechanical Engineer (OHS expert, Certificate B) Master of Science 40
Expert-2 Textile Engineer (OHS expert, Certificate B) PhD 48
Expert-3 Mechatronic Engineer (OHS expert, Certificate B) Master of Science 37
Expert-4 Production Engineer (Production Line Manager) Master of Science 49
Expert-5 Mechanical Engineer (OHS expert, Certificate A) PhD 51

a different parameter of “frequency” is available. There-
fore, as highlighted before in this study, more and different
risk parameters must be attached to reflect the real-world
problem and assess the risk of hazards precisely and in a
reliable way. In the current study, we consider three more
risk parameters in addition to the current three of FMEA.
They are frequency, cost, and sensitivity to PPE non-uti-
lization. An explanation of each ORA parameters are
presented in Table 2.

The other important argument in an ORA study is haz-
ards and their associated risks. Due to the space limitations,
the hazard list is demonstrated as an online supplementary
file. In this file, hazard sources and associated risks, con-
sequences of it are also presented.

3.2 Bayesian BWM implementation

The calculation steps in Bayesian BWM are presented in
detail in Sect. 3.1. First of all, all experts determine “best”
(most important) and “worst” (least important) one from
six risk parameters. The 1-9 scale is used in pairwise
comparison. “1” means equally important, while “9”
means extremely important. In the following, Ap is the
matrix in which the rows refer to the best-to-others vector
of each decision-maker. Similarly, A,, has been given as
well, which corresponds to the others-to-worst vector of
each decision-maker.

Table 2 Description of ORA parameters

2 41 3 8 2
2213 7 2
Ag=15 212 5 2],
21 1 2 8 1
311 2 7 1
6 4 85 1 6
557415
A,=|1 4 5 4 1 4
6 8 7 6 1 7
47 6 5 1 6

The Bayesian BWM handled and solved the ORA
problem via a probabilistic perspective and estimated the
weight of each risk parameter. By following the calculation
steps in Fig. 2, the optimal weights of the risk parameters
are determined. The calculation platform (Matlab, version
2018) used in this study to perform Bayesian BWM was
the same as Mohammadi and Rezaei (2020a). The average
weights of the six risk parameters are given in Table 3.

The factor of “Severity” was determined as the most
important risk factor with an importance value of 0.248. It
helps determine the magnitude of the impact of a potential
risk factor in manufacturing processes (Sotoodeh 2020;
Lipol and Haq, 2001). Therefore, improvements made in a
production system can significantly contribute to reducing
failures. The second most crucial factor was “Sensitivity to
PPE non-utilization” with a value of 0.2038. This criterion
means to what extent the use of personal protective

Risk parameter Parameter description

Reference

Occurrence (O) The probability of the hazard

Frequency (F)
Severity (S)

Exposure factor

Detectability (D)
realized
Cost (C)
OHS measures
Sensitivity to PPE non-

utilization (PPE) affect the severity of the risk

The seriousness (consequence) of the hazard
The ability to detect the hazard before the impact of the effect is
Percentage of the total annual budget fixed by the company for

To what extent the use of personal protective equipment can

Gul et al. (2020); Bashan et al. (2020a),
Bashan et al. (2020b)

Gul et al. (2021)

Gul et al. (2020); Bashan et al. (2020a),
Bashan et al. (2020b)

Gul et al. (2020); Bashan et al. (2020a),
Bashan et al. (2020b)

Di Bona et al. (2018)

Grassi et al. (2009)
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equipment can affect the severity of risk (Grassi et al.
2009). Therefore, the use of PPE in the enterprise should be
given importance. The third most important risk factor was
“Frequency” with 0.1917. Corrective actions need to be
planned if the risks are higher than the threshold (Lee et al.
2019). The fourth most important risk factor was “De-
tectability” with 0.1638. Although detectability does not
pose a direct risk, it is included in the final risk score
calculation (Ahn et al. 2017). The fifth most important
factor was “Occurrence” with 0.142. The occurrence factor
indicates the likelihood of injury due to an accident (Gul
et al. 2020; Grassi et al. 2009). The relative lowness of this
value is an indication that the chemical, physical, biolog-
ical, and ergonomic risks in the enterprise have little
impact on human health. The least important factor is
“Cost” with 0.0506. This shows the firm’s annual budget
(Di Bona et al. 2018). It indicates the firm’s potential
budget for risk prevention activities.

When determining the weights with MCDM, it is con-
sidered more important than the criterion calculated as
high. However, there may be a slight difference between
the two criteria when ranking. This becomes even more
important for group decision-makers, especially when
weighing. “Credal ranking”, which determines the degree
to which a criterion is superior to another criterion, was
proposed by Mohammadi and Rezaei (2020a). Figure 4
shows the credal ranking results of our studied risk
parameters. A —” B shows that the A criterion is more
important than the B criterion in D reliability. D takes a
value between O and 1. For example, according to Credal
ranking, “Severity” is definitely more important than the
“Cost” parameter. (Severity —1 Cost). Also, the “Cost”
parameter to which all arrows point is the least important.
Although the criterion importance threshold is 0.5, it shows
variation from problem to problem (Mohammadi and
Rezaei, 2020a).

3.3 VIKOR implementation

In the third stage of the proposed approach, VIKOR has
been implemented to determine the final priority values of

Table 3 Final risk parameter weights obtained from Bayesian BWM

Risk parameter Weight Rank
Occurrence 0.142 5
Frequency 0.192 3
Severity 0.248 1
Detectability 0.163 4
Cost 0.051 6
Sensitivity to PPE non-utilization 0.203 2

each hazard. By utilizing the weights of six risk parameters
obtained from Bayesian BWM, the expert evaluations of
each hazard concerning the observed textile production
facility’s risk parameters are aggregated. In the paper, the
OHS experts made their subjective judgments against each
hazard using the scale, as shown in Fig. 5.

In this study, while three risk parameters (frequency,
severity, and sensitivity to PPE non-utilization) use a
6-point scale, two of them (detectability and cost) use a
10-point scale. The only occurrence parameter uses a
7-point scale as in the classical Fine-Kinney method (Gul
et al. 2021). The aggregated evaluations of OHS experts in
numerical variables (the corresponding linguistic terms are
given in Fig. 5) for each hazard with respect to six risk
parameters are demonstrated as in Table 4. In the last
column of this Table, the weight values obtained from
Bayesian BWM have been attached.

Following the remaining steps explained in Sect. 3.3,
final VIKOR index values (S, R and Q) are obtained. The
results are given in Table 5. The ranking orders are also
determined based on Q values. The ranking results are
demonstrated in Fig. 6.

The Q values of VIKOR indicate that the most crucial
hazard is Hazard-7 (Rank = 1): Electricity. This stems
from uncovered cables and electrical outlets. It is related to
the electrical equipment maintenance-repair activity field
of the plant. The least crucial hazard is Hazard-16
(Rank = 53), which emerged as a result of the employee’s
personal materials in the workplace. It leads to theft and
workplace disorganization.

After carrying out the risk assessment, the most serious
risks as determined by the proposed approaches. Regarding
the electricity hazard (Hazard-7), which had the highest
possible risk rating, the following preventive measure was
suggested: To prevent electric shocks and electrical fires,
the power cable’s end should not be exposed. Periodic
control should be provided with a checklist. Since the
working area is a wet and dusty environment, it should be
ensured that the electrical sockets are a closed system and
the lighting should be watertight. The current situation
should be checked simultaneously (Singh 2016). Personnel
productive equipment (PPE) should be at the maximum
protection level in CE standards and desired norms (Flores
et al. 2016). Authorized and trained personnel should be
employed in maintenance work. Regarding the electricity
hazard (Hazard-6), which had the second-highest possible
risk rating, the following preventive measure was sug-
gested: It should be ensured that the extension cables are
checked frequently. The cables whose insulation is dam-
aged should be replaced. It should also be ensured that the
extension cables are collected and stored in the designated
place after the work is completed. Work should be done
using double insulated, shock, and crush-resistant
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Fig. 4 Credal ranking Severit)h
representation of risk ”
parameters
ol )
Sensitivity to PPE non-utilizatio e
a
o
©
@
o Detectabi
-
e e
10 Might well be expected Continuous (Hourly) Catastrophic (Many fatalities or $107 damage)
6 Quite possible 6 Frequent (Daily) 40 Disaster (Few fatalities or $10° damage)
3 Unusual but possible 3 Occasional (Weekly) 15 Very serious (Fatality or $10° damage)
1 Only remotely possible 2 Unusual (Monthly) 7 Serious (Serious injury or $10* damage)
0.5 Conceivable but very unlikely 1 Rare (A few per year) 3 Important (Disability or $10° damage)
0.2 Practically impossible 0.5 Very rare (Yearly) 1 Noticeable (Minor first aid accident or $10% damage)
0.1 Virtually impossible Definition of «Detectability» Definition of «Cost»

Numerical value Definition of «Sensitivity to
PPE non-utilization» 9

Too far
5 Maximum
8 Far
4 Absolutely high
7 Very low
3 Higher than low
6 Low
2 Lower than high
59 Moderately
1 Absolutely low
4 Moderately high
0.5 Negligible
3 High
2 Very high
1 Almost certain

Fig. 5 Scales for the applied six risk parameters

extension cables constantly on the ground. Regarding the
electricity hazard (Hazard-51), the following preventive
measure was suggested: the electrical installation should be
checked to comply with the standards, and inappropriate
electrical installation should be changed. Periodic checks
of the electrical installation should be carried out by
authorized persons once a year and recorded. In case of
failure in the electrical installation, earth leakage relays
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11%-20%
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should be activated. Regarding the electricity hazard
(Hazard-4), the following preventive measure was sug-
gested: It should be ensured that there are residual current
protection relays that automatically break the circuit in a
short time when there is any leakage current in the panels.
Leakage current relays should be in the main panels and the
interior panels and machine panels within the whole
enterprise. Regarding the electricity hazard (Hazard-5,
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Table 4 Aggregations of OHS expert judgments on hazards

Hazard Risk parameter Hazard Risk parameter

o F S D C SNP (0} F S D C SNP
Hazard-1 4.8 2 11.8 5 5 2.8 Hazard-28 1.8 22 18.4 2.8 4.8 3.2
Hazard-2 2.8 1.8 4.6 4.8 34 22 Hazard-29 2 22 11.8 22 3.8 34
Hazard-3 2.6 1.2 52 22 2 42 Hazard-30 2 22 8.6 2.4 3.6 34
Hazard-4 1.7 1 64 2.4 3.8 4.4 Hazard-31 3.6 2.8 13.6 2.4 3.8 3.8
Hazard-5 2.1 1.8 35 2 2 4 Hazard-32 1.5 1.2 11.8 3 42 3.8
Hazard-6 3.8 22 47 1.8 2.8 4 Hazard-33 3 2 4.6 5.4 32 22
Hazard-7 34 2 52 22 2.8 4 Hazard-34 3 2.6 6.2 4.8 3 22
Hazard-8 2 2.8 5.4 22 42 2.8 Hazard-35 42 2.8 7 5.6 3 3.6
Hazard-9 4.8 4.8 3.8 32 5.4 2.6 Hazard-36 2.6 1.2 3 5.8 2 1
Hazard-10 2.2 22 8.6 44 34 2.8 Hazard-37 4.2 1.8 3 2.8 32 2.8
Hazard-11 1.8 4.4 3.8 44 4.8 1.8 Hazard-38 3 1.6 3 2.8 2.6 34
Hazard-12 3.6 42 4.6 5.6 2.6 1 Hazard-39 1.8 1.4 54 34 34 3.6
Hazard-13 2.6 3.6 6.2 4.8 3.6 1.4 Hazard-40 1.4 1.6 54 3.8 4.8 3.6
Hazard-14 1 14 34 6 14 1.6 Hazard-41 2.6 24 6.2 1.8 3.8 34
Hazard-15 2.6 2.6 6.2 3 2.8 2.6 Hazard-42 2.6 1.6 3.8 1.8 2.8 3.8
Hazard-16 0.9 0.7 22 6.2 1.8 1.4 Hazard-43 42 22 6.2 1.2 3.6 5
Hazard-17 3.6 3.8 3 44 3 24 Hazard-44 1.8 1.6 6.2 1.8 3.6 3.8
Hazard-18 1.8 1.4 3 32 2.8 2 Hazard-45 3 1 4.6 2.8 2.8 34
Hazard-19 2.6 2 134 3.8 3 2.6 Hazard-46 1.2 2 35 3.2 4.6 24
Hazard-20 2.5 1.2 8.6 3 6.6 34 Hazard-47 1.4 1 7.8 4.8 3.8 2.8
Hazard-21 2.6 2 10.2 3 3.8 34 Hazard-48 3 1.6 54 32 3.6 3
Hazard-22 1.8 1.1 11.8 2.4 3.8 3.8 Hazard-49 3 1.2 10.2 2.4 32 3.6
Hazard-23 3.6 1.8 11.8 2.8 3.6 4 Hazard-50 2.6 1 7 2.4 3 3
Hazard-24 2.6 2.6 7 34 2.8 44 Hazard-51 3.8 1.7 35 22 5.6 3.6
Hazard-25 3 32 3.8 32 2.8 3.8 Hazard-52 4.4 0.9 25 1.2 52 3.8
Hazard-26 1.8 1.4 5.4 42 3.2 3.8 Hazard-53 3 1.8 13.4 3.8 5.8 34
Hazard-27 3.2 0.6 4.6 5.6 2.2 2.8 Weight 0.142 0.192 0.248 0.164 0.051 0.204

Bold inidicates weight values obtained from Bayesian BWM

Hazard-3, and Hazard -52), the following preventive
measure was suggested: Panel covers must be kept closed
at all times. Panels whose covers are left open must be
closed. Training should be given to employees. Employees
should always have informed about the risk. New staff
must be trained. Insulating mats should be placed in front
of the panels to prevent electric shock. It should be ensured
that worn mats are replaced with new ones. Insulating mats
should be provided for the departments’ electrical panels,
and warning signs should be added. Regarding the electric
heater and power tools (Hazard-46), the following pre-
ventive measure was suggested: While working with power
tools, there should be no deformation in the cable and tool.
Simultaneously, while working with a power hand tool,
care should be taken that the working area is not wet and
damp due to the risk of possible electrical leakage. Before
the work, the environmental conditions for a safe working
area should be established under the work instructions.

Regarding the hazard, which is prolonged standing and
sitting at work (Hazard-1), the following preventive mea-
sure was suggested: Practical training should be given to
the employee about musculoskeletal disorders. It should be
ensured that newly recruited personnel receive training.
More resting periods should be supplied. Employees
should have rest hours and rest areas (Upadhyay and
Pandey 2016). Regarding the Hazard-36 and similar haz-
ards, the following preventive measure was suggested: Due
to the working principle of the machine, it is necessary to
have emergency stops and wires to reduce the severity of
the damage in case the employee’s hands, clothes, etc. are
caught in rotating parts that cannot be completely pro-
tected. The operational status of the current system is
checked periodically and documented. Regarding the other
hazards which had the relatively low possible risk rating,
the following common preventive measure was suggested:
Personnel productive equipment (PPE) should be at the
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Table 5 Results of VIKOR-

specific indexes (S, R & Q) Hazard S R Q Hazard S R Q
Hazard-1 0.504 0.209 0.416 Hazard-28 0.632 0.183 0.479
Hazard-2 0.668 0.238 0.766 Hazard-29 0.670 0.209 0.645
Hazard-3 0.509 0.164 0.230 Hazard-30 0.678 0.222 0.712
Hazard-4 0.469 0.173 0.213 Hazard-31 0.550 0.202 0.449
Hazard-5 0.585 0.138 0.220 Hazard-32 0.683 0.209 0.664
Hazard-6 0.455 0.144 0.069 Hazard-33 0.634 0.238 0.719
Hazard-7 0.446 0.131 0.000 Hazard-34 0.621 0.232 0.674
Hazard-8 0.695 0.235 0.790 Hazard-35 0.468 0.229 0.448
Hazard-9 0.474 0.242 0.511 Hazard-36 0.751 0.245 0.908
Hazard-10 0.638 0.222 0.656 Hazard-37 0.660 0.245 0.783
Hazard-11 0.609 0.242 0.698 Hazard-38 0.688 0.245 0.822
Hazard-12 0.572 0.238 0.633 Hazard-39 0.694 0.235 0.788
Hazard-13 0.625 0.232 0.680 Hazard-40 0.672 0.235 0.759
Hazard-14 0.767 0.243 0.924 Hazard-41 0.675 0.232 0.748
Hazard-15 0.677 0.232 0.751 Hazard-42 0.710 0.242 0.838
Hazard-16 0.807 0.248 1.000 Hazard-43 0.565 0.232 0.597
Hazard-17 0.561 0.245 0.645 Hazard-44 0.722 0.232 0.813
Hazard-18 0.797 0.245 0.973 Hazard-45 0.707 0.238 0.820
Hazard-19 0.647 0.203 0.586 Hazard-46 0.625 0.132 0.255
Hazard-20 0.657 0.222 0.682 Hazard-47 0.708 0.226 0.767
Hazard-21 0.637 0.216 0.628 Hazard-48 0.676 0.235 0.764
Hazard-22 0.700 0.209 0.688 Hazard-49 0.675 0.216 0.679
Hazard-23 0.582 0.209 0.523 Hazard-50 0.744 0.229 0.830
Hazard-24 0.569 0.229 0.587 Hazard-51 0.506 0.141 0.128
Hazard-25 0.577 0.242 0.653 Hazard-52 0.588 0.178 0.397
Hazard-26 0.659 0.235 0.740 Hazard-53 0.573 0.203 0.484
Hazard-27 0.663 0.238 0.759
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Fig. 6 Hazard ranks by VIKOR Q values
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maximum protection level, maintenance procedures should
be established, instructions should be prepared and notified
to employees, and compliance with these instructions
should be constantly monitored. Care should be taken that
dust on the part being cleaned does not come to the worker
or the machinery in the vicinity. glasses should be used for
this procedure, making a sufficient fire extinguishing
device, employees should be informed and trained in
locking, labeling, and the continuity of the necessary
environment for safe maintenance work should be ensured.
If the shelves used in the work area are not fixed in case of
an earthquake, the employee may fall over them. It should
be ensured that the shelves in the work area are fixed to the
wall. Authorized and trained personnel should be employed
in maintenance work. Maintenance, repair, cleaning, and
lubrication should not interfere with the machine in oper-
ation. Employees should always have informed about the
risk. According to the hazard groups, lack of knowledge
about the danger symbols on the chemical substances
increases the risk of accidents. To reduce the risk of work
accidents, it should be ensured that employees are informed
about the hazard signs (Ak 2019). For this, the plate should
be provided and hung. Ancillary personnel should be
assigned after explaining the work to be done when
necessary.

Table 6 Risk parameter weights obtained from classical BWM

Risk parameter Weight Rank
Occurrence 0.149 5
Frequency 0.194 3
Severity 0.255 1
Detectability 0.158 4
Cost 0.036 6
Sensitivity to PPE non-utilization 0.207 2

3.4 Validation study

In this section, some validation tests for obtained ranking
results are provided. These tests include a comparative
study and a sensitivity analysis. The existing approach
(Bayesian BWM and VIKOR) and an alternative approach
that uses classical (the original and proposed by Rezaei
2015) BWM integrated with VIKOR are compared for the
comparative study. The risk parameter weights obtained
from classical BWM are shown in Table 6.

Figure 7 shows that the comparison results regarding
hazard ranks and VIKOR Q index values by both approa-
ches. When we compare the results obtained by both
approaches, we observe very few rank variations between
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Fig. 7 Comparative study results: comparison in hazard ranks and VIKOR Q index values by two approaches
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Fig. 8 Sensitivity study results: VIKOR Q value changes in times of ten different v value experiments

them. We calculated a Spearman rank correlation coeffi-
cient between the ranking results of both approaches. The
coefficient is observed as 1. At the same time, we also
applied a correlation analysis between the Q values of both
approaches. The correlation coefficient is obtained as 0.99.
Although we do not observe drastic rank variations
between the current study and the benchmarking model, it
can be claimed that the application of this proposed
approach is novel in the ORA domain.

The second validation work is a sensitivity analysis that
has been performed by the varying value of maximum
group utility (indicated with “v” in the text). Initially, we
have set the v value to 0.5 in the proposed holistic

@ Springer

approach. Ten different experiments from 0.0 to 1.0, with
0.1 intervals are run. Results of Q values from these
experiments are combined in Fig. 8.

It is easily inferred from Fig. 8. the Hazard-7 has the
best rank for each experiment, Hazard-16 has the worst
rank for each v value experiment.

4 Conclusion

Activities in the textile industry involve various hazards,
from harmful chemicals to mechanical and electricity-re-
lated risks. These hazards arise from the product, process,



Stochastic Environmental Research and Risk Assessment

human and working environment, and the risks associated
with them should be evaluated and prioritized. In this
context, comprehensive methods are developed from
classical ORA methods and eliminate classical techniques’
troublesome aspects. Previous studies have shown that
classical techniques require a time-consuming and bur-
densome data collection process and that experts’ evalua-
tions without group decisions in full consensus are not
sufficiently objective. Regarding this situation, it has
become important to engage a group of experts, bring
together these multiple experts’ choices, reach a consensus
without loss of knowledge, and provide a probabilistic
perspective for the ORA problem.

Therefore, the current study suggests a decision-making
approach that can address these concerns. This approach is
achieved by the integration of Bayesian BWM and VIKOR
multi-criteria decision methods. The proposed model pro-
vides a framework for prioritizing risks in the textile pro-
duction process based on multiple expert evaluations. To
demonstrate the model’s applicability, 53 types of risks
emerging at the observed factory were prioritized with the
proposed framework. In summary, the main contributions
of the proposed approach are as follows.

(1) Bayesian BWM method has been applied for the first
time in the literature in a real-life (for a production facility)
ORA problem.

(2) There is a structure in the procedural steps of the
holistic Bayesian BWM and VIKOR that allows experts to
explain their evaluations easily.

(3) The case study is shown in an an easy-to-apply
structure for all practitioners and researchers who are
interested in risk assessment issues.

(4) A benchmark study with the integrated classic BWM
and VIKOR approach is provided to observe risk ranking
changes.

Although this study will add innovation to the literature
within the scope of practice and methodology, the fol-
lowing issues may be considered in future studies. The
accident statistics experienced in the past periods in the
factory can be used to calculate the occurrence probability
of hazardous event parameters. Risk parameters can be
weighted by establishing a large number of experts. Fuzzy
extensions of the methods used can be used to express
better the hesitations experienced by decision-makers.
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