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Abstract 
Healthy workers and appropriate working conditions not only ensure en-
hancing the quality of life of individuals but also contribute to productivity of 
workplaces. To reach these benefits, occupational health and safety (OHS) 
risk management is the key concept for all kinds of organizations. In this 
study, a multiple criteria risk analysis model is proposed and applied in a 
workplace operating in the metal industry. The model integrates the Decision 
Making Trial and Evaluation Laboratory Technique (DEMATEL), the Ana-
lytical Network Process (ANP) and the Technique for Order of Preference by 
Similarity to Ideal Solution (TOPSIS). The model provides a scientific ap-
proach for risk assessment and suggests a precedence order of the workshops 
for the risk control stage. The study contributes to the literature by consider-
ing the interrelations between risk factors and determining a ranking order in 
order to put preponderant risks forward with an integrated approach. Fur-
thermore, in the application study, it is considered not only the traditional 
risk factors but also the psycho-social factors. The findings of the study offer 
fruitful inspirations to the managers in metal industry and the approach is 
believed to have a wide range of applications for risk assessment and analysis 
in the field of OHS. 
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1. Introduction 

The occupational health and safety (OHS) risk management has gained increas-
ing significance to ensure the continuity of production and to increase the 
business efficiency. The phases of the OHS risk management constitutes mainly 
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risk assessment and risk treatment. Risk assessment is composed of risk analysis 
and risk evaluation steps (Aven, 2011). Risk analysis traditionally concentrates 
on risk/hazard identification, evaluation and hierarchisation in order to put 
preponderant risks forward. 

The building blocks of the risk assessment and management have been 
constructed since 1970s and 1980s as a scientific field (Aven, 2016). In this 
duration the OHS risk management has become common by a variety of stan-
dards and guidelines. According to the European Union (EU) regulations 
(Council Directive 89/391/EEC) each member state of the EU has to establish 
national legislation to demand risk assessment procedures in enterprises of all 
sizes (EEC, 1989). OHS risk management interventions that are either manda-
tory arising from government legislation or voluntary arising through private 
organizations, have been giving promising results on employee health and safety 
and associated economic outcomes (Robson et al., 2007).  

The efficient implementation of an OHS risk management highly depends on 
assessing risks adequately (Silva & Amaral, 2019). Difficulties on measuring in-
dustrial risks required the development of alternative methods. The traditional 
risk assessment activities that are based mainly on the estimation of the probabili-
ty of occurrence of a certain event and the severity of its consequences do not con-
sider the interdependence of indicators and knowledge of the people having 
different types of competences who are participating in the risk analysis. To reach 
the valid risk assessment by handling these critics, the current study proposed a 
multiple criteria risk analysis model and presented its application in a workplace 
operating in the metal industry. The model integrates DEMATEL-ANP-TOPSIS 
techniques for risk analysis. The DEMATEL method is utilized to identify inter-
relationships between risk factors and convert them into the network structure 
that is the input for ANP. ANP is performed to compute relative weights of risk 
factors, which is risk assessment. The next step is the risk control stage. TOPSIS 
comes handy to find the precedence order of the workshops in the workplace 
based on the relative importance of risk factors. The proposed integrated ap-
proach is utilized for the risk analysis in a metal industry company.  

The remainder of the paper is organized as follows: In section 2, the literature 
on OHS risk analysis is reviewed in detail to highlight the contribution of this 
study. Section 3 introduces the existing methods. Section 4 is devoted to the 
proposed multiple criteria risk analysis model. Application study is presented in 
section 5. Section 6 presents the obtained results and discussion. Final section 
summarized conclusions and future directions. 

In the literature terminological differences exist: The term “risk analysis” is 
utilized over the term “risk assessment” or “safety analysis” that appears to be 
more common (Harms-Ringdahl, 2001). Throughout of this paper risk and 
hazard terms are used interchangeable. Although criteria and attribute terms are 
used interchangeable in the literature, throughout this study the term criteria are 
preferred and represent the risk factors. 
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2. Literature Review 

There are numerous researches on OHS risk management in the literature. The 
literature addressing risk assessment can be classified into two groups of studies 
that 1) review and/or propose risk analysis methodologies, 2) concentrate on risk 
analysis and assessment applications: 

When the first group of studies (see e.g. in Aven, 2010; 2011; 2016) is investi-
gated, it is observed that the historical evolvement of risk analysis methodologies 
started with the statistical data and analysis on occupational accidents. Jacinto 
and Aspinwall (2004) mentioned in their survey study for reporting occupation-
al accidents in the EU countries that the statistical data and analysis are 
commonly accepted tool. Although legislative action and statistical data are es-
sential to promoting better working conditions, some other instruments are also 
required to monitor progress and to make sure that objectives have been at-
tained (Silvestri et al., 2012). Therefore several techniques have been developed 
for risk analysis including Hazard and Operability Study (HAZOP), Failure 
Modes, Effects, and Criticality Analysis (FMECA), Fault Tree Analysis (FTA), 
Event Tree Analysis (ETA), Cause Consequence Analysis (CCA) (ECAST 2009, 
Health and Safety Laboratory, 2000). Tixier et al. (2002) reviewed 62 risk analy-
sis methodologies and mentioned their limitations and application fields. They 
also suggested that there is not only one general method to deal with the 
problematic of industrial risks. The type of the industrial sector and the problem 
specific requirements shape the needs in the risk assessment methodology. Dif-
ficulties on measuring risks required the development of alternative methods 
(Fargnoli et al., 2019). Evenly, in regulatory documents although there is no spe-
cific requirement concerning quality control of risk analysis (Goerlandt et al., 
2017), several authors have commented on the validity and validation in quan-
titative risk analysis (Aven & Heide, 2009; Goerlandt et al., 2017; Pasman et al., 
2009; Rae et al., 2014; Rosqvist, 2010; Metzler et al., 2019). 

In recent years, Multiple Criteria Decision Making (MCDM) methods have 
been utilized to help decision-makers in prioritizing the risks and come handy 
for the needs of alternative risk analysis methods. Knowledge of the people hav-
ing different types of competences who are participating in the risk analysis is 
quite important (Tixier et al., 2002). Because MCDM methods heavily include 
human participation and judgments (Kubler et al. 2016), they serve to reach the 
valid risk assessment by representing and integrating expert knowledge in a 
scientific way that is the inspritation of the current study. In the literature there 
are several studies (e.g. Dabbagh & Yousefi, 2019; Samantra et al., 2017; Ilang-
kumaran et al., 2015; Mahdevari et al., 2014; Aminbakhsh et al., 2013; Silvestri et 
al., 2012) on OHS risk analysis by MCDM approaches. A recent critical 
state-of-the-art review of OHS risk assessment studies using MCDM-based ap-
proaches can be found in Gul’s (2018) study.  

Among the MCDM methods, DEMATEL and ANP are utilized in an inte-
grated way by Tzeng et al. (2007) in the literature for the first time in the evalua-
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tion of intertwined effects in e-learning programs. In the area of risk assessment, 
the DEMATEL-ANP integrated approach is utilized by Fazli et al. (2015) in 
crude oil supply chains and by Dehdasht et al. (2017) in oil and gas construction 
projects. Hatefi and Tamosaitiene (2019) utilized fuzzy versions of both methods 
in integrated way and analyzed risks in construction projects. However, the risk 
factors in supply chains and in construction projects are totally different from 
that of in metal industry that is the concentration point of the current study.  

When the second group of studies (2) which concentrate on risk analysis and 
assessment applications are investigated, it is observed that only few of them 
have dealt with the practical needs of the companies in metal industry and im-
plementing risk assessment: Welch et al (2007) presented an updated analysis for 
the change in prevalence of radiographic abnormalities and asbestos-related 
disease among 18,211 sheet metal workers examined between 1986 and 2004. 
The results of their study suggest that the efforts to reduce asbestos exposure in 
the 1980s through strengthened OHS Administration regulation have had a pos-
itive public health impact. Andersen et al. (2007) investigated owner attitudes 
and self-reported behavior towards modified work after injury-absence in small 
enterprises by conducting a survey study with twenty-two owners of small con-
struction and metal-processing enterprises. Hasle et al. (2009) interviewed own-
ers of 22 small (1 - 19 employees) construction and metal industry enterprises 
and concluded that there is a need for educating owners and workers about mul-
tiple contributing accident factors and attribution bias. Rajala and Vayrynen 
(2010) examined recorded occupational accidents in mechanical engineering 
and metal production companies in Finland. They mentioned that the outputs 
guide companies towards safer working. Kines et al. (2013) proposed an inte-
grated approach to safety management by combining behavior-based and cul-
ture change approaches. The approach was demonstrated in small (10–19 em-
ployees) metal industry enterprises and instructions and forms for the activities 
are given as a safety tool box. Laitinen et al. (2013) investigated the validity of 
the Elmeri+ observation method in predicting the accident risk of a workplace. 
Their study material consisted of 128 companies within the mechanical engi-
neering, the metal industry and the electronics industry. Reinhold and Pallon 
(2014) presented a survey study in Latia. They selected voluntary participants 
from 10 enterprises in metal industry as 95 male workers. The results of the 
conducted questionnaire showed that noise and chemicals exceeded the occupa-
tional exposure limits. Yilmaz and Senol (2017) ordered risk factors by fuzzy 
TOPSIS in a metal industry company.  

In the aforementioned studies the only study performed risk analysis in metal 
industry by MCDM belongs to Yilmaz and Senol (2017). However they did not 
consider the interrelations between risk factors and psycho-social working con-
ditions. Rests of the studies are mainly survey studies and their scientific ap-
proaches are statistical evaluations.  

The current study proposes a multiple criteria risk analysis model by the inte-
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gration of DEMATEL-ANP-TOPSIS. It contributes the literature by the fact that 
the model provides a scientific guide for risk assessment and its contribution 
goes further by suggesting a precedence order of workshops in the workplace to 
be utilized during the risk control stage. The current study also considers not 
only the traditional risk factors but also the psychosocial risk factors, and their 
interrelations in a metal industry plant. 

3. Methods 
3.1. DEMATEL (The Decision Making Trial and Evaluation  

Laboratory Technique) 

DEMATEL method, developed by the Science and Human Affairs Program of 
the Battelle Memorial Institute of Geneva between 1972 and 1976, was used for 
researching and solving the complicated and intertwined problems (Tzeng & 
Huang, 2011). The method was created based on expert knowledge to analyze 
factors that affect the system and expose both strength and influence among the 
factors in addition to solve the cause-and-effect relationship between factors 
(Dehdasht et al., 2017). The analysis is based on matrix calculations. In step 1, 
the direct-relation matrix “ ijA a =   ”, is constructed by asking the influential 
degree of the criterion i to the criterion j ( , , 1, 2, ,ija i j n=  ) on a 0 - 4 scale in 
which 0 (no influence), 1 (low influence), 2 (medium influence), 3 (high influ-
ence), and 4 (very high influence) by utilizing pairwise comparison of criteria. If 
there are multiple experts then the arithmetic mean of their response for each 
influence is recorded in the direct relation matrix. Then, the normalized direct 
relation matrix “M” is obtained through Equation (1). 

1 1

1 1min
max maxi ij j iji j

n nM A
a a

= =

  
  = ⋅
  
  ∑ ∑

           (1) 

where , 1, 2, ,i j n=  . 
In step 2, the total relation matrix “ ijT t =   ” that represents the sum of direct 

and indirect influences between the criteria relations is attained by the following 
Equation (2): 

( )1
1k

k M IM MT ∞ −

=
= −= ∑                     (2) 

where i is the identity matrix. 
In step 3, the sum of rows and the sum of columns of the total relation matrix 

ijT t =   , for , 1, 2, ,i j n=  ; are calculated and denoted as vector R and C re-
spectively. They are obtained by formulas in Equations (3) and (4). The vector 
(R + C) called “prominence” is calculated by adding R to C. The total relation 
strength of a criterion is represented by the value of i jr c+ , i j∀ = . The vector 
(R − C) called “relation” is obtained by subtracting R from C, which divides cri-
teria into a cause group and an effect group. A criterion is classified as a net 
cause (sender) if the value of i jr c− , i j∀ = , is positive, and it is classified as a 
net effect (receiver) if it is negative. 
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In step 4, the causal diagram can be acquired by mapping the all dataset of the 
prominence and relation vectors where the horizontal axis is R + C and the ver-
tical axis is R − C. A structural model called Network Relation Map (NRM) is 
built by considering influences that are greater than a threshold value (alpha) 
defined by the decision analyst based on expert opinions to visualize the com-
plex correlation. The main purpose of choosing a threshold value is to be filtered 
out the negligible relationships from the total relation matrix T. Therefore, NRM 
presents valuable insight for making decisions. 

3.2. ANP (The Analytical Network Process) 

ANP is a generalization of the Analytic Hierarchy Process (AHP) developed by 
Thomas L. Saaty in 1965 (Saaty, 2004; Saaty & Vargas, 2006). ANP computes the 
relationships between decision elements (a goal, criteria, sub-criteria, and alter-
natives) with a network structure in which, feedback and interconnection are 
possible between clusters.ANP can be summarized in four steps: In step 1, the 
decision problem is defined and converted into a network structure, where all 
decision elements can communicate with each other. In step 2, similar to 
pairwise comparison performed in AHP, decision elements in each cluster are 
compared pairwise. Clusters themselves are also compared based on their role 
and effect on achieving goals as well as interdependencies between criteria of 
each cluster. The effect of criteria on each other can be provided through the ei-
genvector. The Saaty scale utilized in the decision making process ranges from 1 
to 9: 1 for equal importance; 3 for moderate importance; 5 for strong impor-
tance; 7 for very strong importance; 9 for extreme importance; and 2, 4, 6, 8 for 
respective compromises. When A is the pairwise comparison matrix of the crite-
ria, w is the eigenvector and λmax is the largest eigenvalue, the internal impor-
tance vector which represents the relative importance of elements or clusters, is 
obtained by Equation (5). Geometric mean approximation is usually used to 
calculate the eigenvector w. 

maxAw wλ=                          (5) 

ANP allows for the consistency of the decision makers to be assessed to de-
termine their accuracy in the overall decision making exercise. To test the con-
sistency of the eigenvector of the comparison matrix of the criteria, Saaty de-
fined the consistency ratio (CR) as the consistency index (CI)/random index 
(RI). CI is defined as ( ) ( )max 1n nλ − − , where λmax is the largest eigenvalue of 
the considered matrix of order n. The RI is calculated by simulation studies ac-
cording to the number of criteria. The recommended consistency ratio is less 
than or equal to 0.1. In step 3, a super-matrix is generated and it is converted to 
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a weighted super-matrix. In step 4, the best option is selected by utilizing the li-
mited super-matrix that is obtained from the weighted super-matrix.  

3.3. TOPSIS (The Technique for Order of Preference by Similarity  
to Ideal Solution) 

TOPSIS, developed by Hwang and Yoon (1981), is based on the idea that the 
chosen alternative should have the shortest Euclidean distance from the ideal 
solution and the farthest distance from the negative-ideal solution for solving 
multiple attribute decision making problems. The steps of the technique based 
on (Hwang & Yoon, 1981; Shih et al., 2007) are as follows:  

Step 1. Construct the decision matrix D. Ak, represents n alternatives for 
1,2, ,k n=  ; xj denotes m criteria for 1,2, ,j m=  . The decision matrix is de-

fined as D = [xkj] where xkj is the outcome of the kth. alternative for the jth crite-
rion. 

Step 2. Construct the normalized decision matrix R where kjR r =   ; rkj is 
calculated by vector normalization for 1,2, ,k n=   and 1,2, ,j m=  . 

2
1

, 1, 2, , ; 1, 2, ,
n

kj
kj

kjk

x
r k n j m

x
=

= = =
∑

                (6) 

Step 3. Calculate the weighted normalized decision matrix. The weight vector 
for the criteria is w, where { }, 1, 2, ,jw w j m= =   and 1jj w =∑ . The 
weighted normalized value vkj is calculated as follows: 

1,2, , ; 1, 2, ,,kj j kjv w r k n j m= = =                  (7) 

Step 4. Determine the ideal ( A+ ) and negative ideal ( A− ) solutions. These so-
lutions are calculated by using Equations (8)-(9) where J1 is associated with the 
benefit (maximization) criteria and J2 is associated with the cost (minimization) 
criteria. 

( ) ( ){ } { }1 2 1 2max | , mi |n 1,2, , , ,| ,x kj k kj mA v j J v j J k n v v v+ + + += ∈ ∈ = =   (8) 

( ) ( ){ } { }1 2 1 2min | , max | | 1, 2, , , ,,k kj k kj mA v j J v j J k n v v v− − − −= ∈ ∈ = = 
 (9) 

Step 5. Calculate the separation measures ( ),k kS S+ − . Originally, TOPSIS uti-
lized Euclidean distance to measure separations. The separations from the ideal 
solution and from the negative-ideal solution are calculated by Equations (10) 
and (11) respectively. 

( )2

1 1, 2,, ,k kj jj
mS v v k n+ +
=

== −∑                 (10) 

( )2

1 1, 2,, ,k kj jj
mS v v k n− −
=

== −∑                 (11) 

Step 6. Calculate the relative closeness to the ideal solution ( kC+ ) and Rank 
the preference order. If 1kC+ =  then the alternative k is close to the ideal solu-
tion; if 0kC+ = , then alternative k is close to the negative ideal solution. Alter-
natives can be ranked according to the descending order of the value of kC+ . 
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, 1, 2, , ; 0 1k
k k

k k

S
C k n C

S S

−
+ +

+ −= = ≤ ≤
+

              (12) 

4. The Proposed Multiple Criteria Risk Analysis Model 

The proposed model has interactive integration steps for three MCDM tech-
niques named DEMATEL, ANP and TOPSIS. Interdependencies between crite-
ria (risk factors) are determined by DEMATEL to construct the valid network 
structure that is the input of ANP. ANP is utilized to obtain the criteria weights. 
Thus, the relative importance of each risk factor is obtained. To find the prece-
dence order for the workshops in the workplace to be utilized during the risk 
control stage TOPSIS comes handy. However TOPSIS does not provide criteria 
weights. From this viewpoint, this study combines ANP to determine the criteria 
weights and TOPSIS. The steps of the integrated model (Figure 1) are as follows: 

Step 1) (DEMATEL Step 1, ANP Step 1, TOPSIS Step 1) Determine the crite-
ria (risk factors), define them clearly via corporation between the risk assessment 
team and the analyst.  
 

 
Figure 1. The multiple criteria risk analysis model. 
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Step 2) (DEMATEL Step 2-3-4, ANP Step 1) Determine the relationship be-
tween criteria and construct the network structure for the selected criteria.  

Step 3) (ANP Steps 2-3-4) Determine the weights for the criteria by pair-wise 
comparisons utilizing ANP. Check the consistency, and then revise the pair-wise 
comparisons; as needed. 

Step 4) (TOPSIS whole steps) Construct the decision matrix with a goal of 
prioritizing the workshops based on the weighted criteria. Find the rank order of 
the workshops.  

5. Application Study 

The data for the application study is obtained from a workplace that produces 
order-based steel constructions such as elevators, chain conveyors, air belts, belts 
used in crushing and screening plants in metal industry. In the workplace 66 
employees in manufacturing, 8 employees in paint, 2 employees sandblasting, 10 
employees in the assembly process; 4 employees work in the field of shipment. 
The remaining 10 employees serve in the administrative department. Employees 
in the manufacturing process take part in assembly processes in case of require-
ment. 

The numbers of occupational accidents occurred annually from year 2015 to 
2018are 12, 19, 17 and 26 respectively based on the workplace records. During 
same years there is no fatal occupational accident. The environmental measure-
ments are below the limit values (CSGB, 2009) specified in the legislation. The 
existing risk assessment team consisting of 5 people has difficulties in forming 
joint decisions. The risks in the workplace were leveled as acceptable risk, possi-
ble risk, significant risk, high risk and very high risk based on Fine-Kinney me-
thod. This method assesses the probability (probability of occurrence), frequen-
cy (frequency of exposure) and severity (estimated damage of the hazard) scale 
for a hazard. Because the identified hazards in the workplace have similar defini-
tions; they are confused for employees and the risk assessment team members. 
Although overloading, overtime, shift work and inappropriate working condi-
tions can cause work stress, psychosocial factors were not evaluated. Further-
more, the interrelations between risk factors are not considered.  

The aim of the application study is to determine the risk factors/hazards that 
may cause work accidents and occupational diseases in the workplace, and to 
determine the order in which the workshops should be handled while taking the 
risk control measures. For this purpose, the proposed integrated MCDM ap-
proach is utilized for risk analysis. Firstly, the hazard elements/risk factors (cri-
teria) that will cause occupational accidents and occupational diseases were de-
termined and the relationships between the criteria were analyzed by DEMATEL 
method. After the criteria weights were determined by the ANP method, the 
TOPSIS method was used to rank the workshops according to risk. The flow-
chart summarizing the steps of the application is presented in Figure 1. 

The implementation phase of the methods was carried out with 5 experts who 
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are employer representative, occupational safety specialist, workplace physician 
and two employee representatives having 10 years of professional experience in 
the workplace. They have been working in the risk assessment team for 5 years. 
The method used to obtain the data is to form group decisions by conducting a 
survey study (Ciftci, 2019). 

5.1. Determination of Risk Factors 

The most important risk factors that may cause health and safety problems in 
the workplace are listed (CSGB, 2014a) as risk factors for accidents (working at 
height, working in explosive atmosphere, working with equipment), chemical 
and toxic substances (solvents, cleaners), physical factors (noise, vibration, 
thermal comfort conditions, lighting), dust, gas and fibers (welding fumes, silica 
powder, sawdust, asbestos fibers), biological factors (tetanus, viral hepatitis B 
and C, HIV/AIDS), ergonomic factors (incorrect working positions, repetitive 
movements, heavy load lifting), psycho-social factors (shortage of time, over-
time, night work, conflict with chiefs). 

When identifying hazards in a workplace, all aspects that could harm the em-
ployer and employees must be addressed. At this stage, hazards are determined 
by evaluating the factors such as occupational accident and occupational disease 
records, environmental measurements, production methods, activities, materials 
used, work equipment. Apart from the above mentioned common risk factors, 
there are many risk factors that employees may encounter in the work environ-
ment. Even in the workplaces where the same product is produced, different 
risks are encountered due to different production methods and forms, machi-
nery and equipment and structural differences. There are different workplace-specific 
hazards due to the different activities, production processes, materials and ma-
chines used in each workplace (CSGB, 2014b). These hazards include hazards 
caused by working with electricity (e.g. ungrounded machines, faulty electrical 
installation, not insulating the floor, not periodically checking the electrical in-
stallation); mechanical hazards (e.g. absence of machine guards, failure of ma-
chines, periodic inspection and maintenance of machines); dangerous methods 
and processes (eg. deactivation of the machine guard, no PPE (Personal protec-
tive equipment), unsafe stacking of materials, failure to follow operating instruc-
tions); hazards arising from the workplace environment (for example, damaged 
workplace floor, irregular workplace, insufficient work area) are located. 

In determining the risk factors to be used in the current study, the risk factors 
stated in TS 13740 standard (TSE, 2017) and the risk factors investigated in the 
second group of studies mentioned in the literature survey section, which con-
centrated on risk analysis and assessment applications and dealt with the prac-
tical needs of the companies in metal industry were taken into consideration. 
Furthermore, field observations, interviews with employees, risk assessment re-
ports, occupational accident and near-incident records, workplace environment 
measurement results, health surveillance records were examined and evaluated 
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by the risk assessment team. In this context, 8 main criteria and 30 sub-criteria 
that can cause occupational accidents and occupational diseases in the workplace 
have been determined. The investigation is conducted to evaluate the 3 workshops 
in the production area in the workplace. Table 1 contains the determined crite-
ria by the risk assessment team. 
 
Table 1. Risk factors (i.e. criteria) in the workplace. 

Criteria Sub-Criteria 

Physical Factors 
(K1) 

Noise (K11) 

Vibration (K12) 

Ventilation (K13) 

Thermal comfort (K14) 

Lighting (K15) 

Chemical Factors 
(K2) 

Toxic gas, smoke and vapor exposure (K21) 

Chemical contact with skin or eye (K22) 

Dust exposure (K23) 

Electrical Source Factors 
(K3) 

Ground (K31) 

Status of electrical installation (K32) 

Status of electrical panels (K33) 

Mechanical Factors 
(K4) 

Periodic control and maintenance of work equipment (K41) 

Machine/equipment status (K42) 

Machine/equipment protectors (K43) 

Status of control devices (K44) 

Insecure Behaviors 
(K5) 

Freight transport with work equipment (K51) 

Comply with the operating instructions  (K52) 

Use of Personal Protective Equipment (PPE) (K53) 

Material stacking (K54) 

Factors arising from the 
workplace environment 

(K6) 

Order and cleanliness of the working environment (K61) 

Condition of floors, ways and stairs (K62) 

Warnings and warning signs (K63) 

Emergency readiness (K64) 

Ergonomic Factors 
(K7) 

Repetitive movements (K71) 

Improper working positions (K72) 

Manual lifting transport (K73) 

Psychosocial Factors 
(K8) 

Work stress (K81) 

Clarity of duties and responsibilities (K82) 

Communicatıon Level (K83) 

Chiefs’ support (K84) 
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5.2. Determination of the Relationships between Risk Factors by  
DEMATEL 

Matrix calculations for DEMATEL are obtained by Microsoft Excel. Step 2.1: 
The direct-relation matrix, A, is a square matrix of order 30. The influence of 
each criterion is obtained by the arithmetic mean of the 5 experts’ responses for 
each influence. The direct relationship matrix is given in the appendix. The 
normalized direct relation matrix, M, is obtained by Equation (1). Step 2.2: The 
total relation matrix, T is obtained by Equation (2). Step 2.3: Table 2 shows the  
 
Table 2. Sender and receiver groups of criteria. 

 Risk Factor R C R + C R − C Sender/Receiver 

1 (K11) 0.3024 0.3949 0.6972 −0.0925 Receiver 

2 (K12) 0.2266 0.3591 0.5857 −0.1325 Receiver 

3 (K13) 0.4386 0.2688 0.7074 0.1699 Sender 

4 (K14) 0.2031 0.1366 0.3397 0.0666 Sender 

5 (K15) 0.1278 0.0325 0.1603 0.1115 Sender 

6 (K21) 0.3466 0.5002 0.8468 −0.1536 Receiver 

7 (K22) 0.1038 0.3228 0.4266 −0.2190 Receiver 

8 (K23) 0.2791 0.4567 0.7357 −0.1776 Receiver 

9 (K31) 0.1890 0.1736 0.3619 0.0146 Sender 

10 (K32) 0.2215 0.3074 0.5149 −0.0999 Receiver 

11 (K33) 0.0674 0.1138 0.1808 −0.0469 Receiver 

12 (K41) 0.6696 0.3288 0.9972 0.3397 Sender 

13 (K42) 0.5118 0.4487 0.9601 0.0626 Sender 

14 (K43) 0.1684 0.1720 0.3404 −0.0036 Receiver 

15 (K44) 0.1717 0.1739 0.3456 −0.0023 Receiver 

16 (K51) 0.1561 0.5769 0.7329 −0.4207 Receiver 

17 (K52) 1.1044 0.2090 1.3133 0.8954 Sender 

18 (K53) 0.7133 0.3109 1.0242 0.4023 Sender 

19 (K54) 0.1984 0.1422 0.3405 0.0562 Sender 

20 (K61) 0.2442 0.2342 0.4784 0.0100 Sender 

21 (K62) 0.1556 0.1612 0.3167 −0.0054 Receiver 

22 (K63) 0.5963 0.1240 0.7199 0.4721 Sender 

23 (K64) 0.2261 0.4782 0.7040 −0.2524 Receiver 

24 (K71) 0.1770 0.2314 0.4084 −0.0544 Receiver 

25 (K72) 0.1908 0.3435 0.5343 −0.1525 Receiver 

26 (K73) 0.2431 0.2036 0.4467 0.0396 Sender 

27 (K81) 0.1018 1.2706 1.3724 −1.1677 Receiver 

28 (K82) 0.3111 0.2615 0.5726 0.0497 Sender 

29 (K83) 0.3042 0.2914 0.5956 0.0128 Sender 

30 (K84) 0.3971 0.1188 0.5158 0.2783 Sender 
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calculations related with the determination of the sender and receiver groups of 
risk factors. A high i jr c+ , value of a criterion i j∀ =  shows that it has a high 
relationship with other criteria. 

Based on the R + C column in Table 2 bold case numbers indicates the crite-
ria which are work stress (K81) with 1.3724 value, comply with the operating 
work instructions (K52) with 1.3133 value, use of PPE (K53) with 1.0242 value, 
periodic control and maintenance of work equipment (K41) with 0.9972 value, 
and machine/equipment status (K42) with 0.9601 value have high correlation 
with other criteria in the workplace. If a i jr c− , value of a criterion i j∀ =  is 
positive, it affects the other criteria, it is a cause (sender) and if it is negative, it is 
affected by other criteria; it is an effect (receiver). 

It is observed (Table 2) that the criteria of comply with the operating work 
instructions (K52), warnings and warning signs (K63) use of PPE (K53) affect 
other criteria more; the work stress (K81), freight transport with work equip-
ment (K51), and emergency readiness (K64) are affected more. Step 2.4: Deter-
mination of a threshold value and obtaining the Network Relation Map. The 
threshold value (α) is determined as 0.0173 by the risk assessment team so as not 
to ignore the interaction between the criterion ventilation (K12) and use of PPE 
(K53) and the periodic control and maintenance of work stress and work 
equipment (K41). The Network Relation Map represents the network structure 
of interrelated risk factors. These interrelations are represented by the influence 
matrix in Table 3, which is obtained based on R + C and R − C values.  

5.3. Determination of Relative Importance of Risk Factors by ANP 

The relationships between the criteria (Table 3) are the input of ANP and 
they are utilized to construct network structure between risk factors. A pair-
wise comparison questionnaire was conducted among 5 experts and the group 
decision is determined by the geometrical averages of the expert responses 
based on Saaty’s (Saaty, 2004) nine point scales. Super Decision  
(http://www.superdecisions.com/) software was utilized for the application of 
ANP.  

When entering data of the pairwise comparisons of risk factors in the Super 
Decision program, “the node” option is chosen for the sub-criteria and” the 
cluster option” is chosen for the main criteria. The consistency ratio is less than 
0.10. The weight of each factor is obtained by the limited super-matrix. Table 4 
gives the summary of the software outputs. 

The top 10 risk factors (Table 4) are “comply with the operating instructions 
(K52)”, “emergency readiness (K64)”, “warnings and warning signs (K63)”, “use 
of PPE (K53)”, “status of electrical installations (K32)”, “periodic control and 
maintenance of work equipment (K41)”, “clarity of duties and responsibilities 
(K82)”, “work stress (K81)”, “freight transport with work equipment (K51)” and 
“machine/equipment status (K42)”. Among these 10 sub-criteria, 3 of them are  
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Table 3. Influence matrix for ANP. 

 

Physical 
Factors 

Chemical 
Factors 

Electrical 
S. Factors 

Mechanical 
Factors 

Insecure 
Factors 

Workplace 
Env. Factors 

Ergonomic 
Factors 

Psychosocial 
Factors 

K11 K12 K13 K14 K15 K21 K22 K23 K31 K32 K33 K41 K42 K43 K44 K51 K52 K53 K54 K61 K62 K63 K64 K71 K72 K73 K81 K82 K83 K84 

Ph
ys

ic
al

 
Fa

ct
or

s 

K11  +          + +    + +    +         

K12 +           + +    + +    +         

K13    +  +  +          +             

K14   +               +             

K15          +                     

C
he

m
ic

al
 

Fa
ct

or
s 

K21   + +   +     + +    + +    +         

K22   +   +           + +    +         

K23   +   +      + +    + +    +         

El
ec

tr
ic

al
 

S.
 F

ac
to

rs
 K31          + + +           +        

K32         +  + + +         + +        

K33         + +            +         

M
ec

ha
ni

ca
l 

Fa
ct

or
s 

K41 + +        +   + + +                

K42 + +       + +  +  + +  +              

K43            + +    +              

K44            + + +        +         

In
se

cu
re

 
Fa

ct
or

s 

K51     +       + +  +  +  + + + +         

K52                +  +    +      +   

K53      + +          +     +         

K54                 +    +          

W
or

kp
la

ce
 

En
v.

 F
ac

to
rs

 K61                 +  +  +          

K62                 +  + +           

K63                       +        

K64          +       +     +      + + + 

Er
go

no
m

ic
 

Fa
ct

or
s 

K71                 +   +     + +     

K72                 +  + +    +  +     

K73                 +       + +      

Ps
yc

ho
so

ci
al

 
Fa

ct
or

s 

K81 + + + + + + + +    +     + +  +    + + +  + +  

K82                           +  + + 

K83 +                          + +  + 

K84                            + +  

 
classified under the main criteria “insecure behaviors (K5)”, 2 of them are classi-
fied under the main criteria “environmental factors arising from workplace 
(K6)”, 2 of them are classified under the main criteria” mechanical factors (K4)”, 
2 of them are classified under the main criteria “psychosocial factors (K8)”. 

https://doi.org/10.4236/ojbm.2020.85125


S. E. Ciftci, F. Arikan 
 

 

DOI: 10.4236/ojbm.2020.85125 2062 Open Journal of Business and Management 

 

Table 4. Weights of criteria/risk factors. 

Criteria Sub-Criteria Local Weights Global Weights Global Weights (%) Priorities 

K1 

K11 0.6356 0.0285 2.85 12 

K12 0.2374 0.0106 1.06 18 

K13 0.076 0.0034 0.34 26 

K14 0.0404 0.0018 0.18 29 

K15 0.0105 0.0004 0.04 30 

K2 

K21 0.461 0.0083 0.83 22 

K22 0.3627 0.0065 0.65 23 

K23 0.1763 0.0032 0.32 27 

K3 

K31 0.2756 0.0283 2.83 13 

K32 0.5413 0.0556 5.56 5 

K33 0.1831 0.0188 1.88 15 

K4 

K41 0.4917 0.0536 5.36 6 

K42 0.3009 0.0328 3.28 10 

K43 0.0887 0.0096 0.96 21 

K44 0.1187 0.0129 1.29 17 

K5 

K51 0.1252 0.0366 3.66 9 

K52 0.5284 0.1545 15.45 1 

K53 0.2981 0.0872 8.72 4 

K54 0.0482 0.0141 1.41 16 

K6 

K61 0.0368 0.0102 1.02 19 

K62 0.0364 0.0101 1.01 20 

K63 0.4533 0.1260 12.6 3 

K64 0.4735 0.1316 13.16 2 

K7 

K71 0.1677 0.0023 0.23 28 

K72 0.3706 0.0051 0.51 25 

K73 0.4616 0.0064 0.64 24 

K8 

K81 0.2901 0.0408 4.08 8 

K82 0.3102 0.0437 4.37 7 

K83 0.2288 0.0322 3.22 11 

K84 0.1708 0.0240 2.4 14 

 

5.4. Determination of the Risk Control Precedence Order of  
Workshops by TOPSIS 

A questionnaire was conducted among experts to determine a risk precedence 
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order of three workshops based on the risk factors. The group decision is deter-
mined by geometrical averages of the expert responses based on 1 - 10 scale from 
less to high risk levels and the decision matrix is constructed in Table 5. The 
original 3 × 30 sized decision matrix is represented by 3 × 15 sized two matrices 
in Table 5. Matrix calculations for TOPSIS are obtained by Microsoft Excel. The 
normalized (R3×30) and weighted normalized (V3×30) decision matrices are built 
up based on Equations (6) and (7). Ideal (A+) and negative ideal (A−) solutions 
are calculated by using Equations (8)-(9).  

A* = (0.42; 0.16; 0.04; 0.03; 0.01; 0.08; 0.08; 0.03; 0.52; 0.43; 0.18; 0.53; 0.28; 0.1; 
0.2; 0.41; 0.81; 0.45; 0.09; 0.07; 0.15; 1,52; 2,12; 0.02; 0.04; 0.06; 0.38; 0.6; 0.56; 
0.42) 

A− = (0.14; 0.08; 0.02; 0.01; 0; 0.01; 0.02; 0.02; 0.28; 0.23; 0.14; 0.18; 0.18; 0.03; 
0.11; 0.14; 0.7; 0.33; 0.08; 0.05; 0.04; 1.00; 1.53; 0.01; 0.03; 0.04; 0.28; 0.33; 0.41; 
0.34) 

The separation from the ideal solution ( kS + ) and from the negative-ideal solu-
tion ( kS − ) are calculated by Equations (10) and (11) respectively. Relative close-
ness ( kC+ ) to ideal solution is calculated based on Equation (12) for workshops 
according to their ideal and negative ideal solutions. According to founded rela-
tive closeness, the workshops are ranked in Table 6. 
 
Table 5. (a) First part of the decision matrix , 1,2,3kjD x k = =   and 1,2, ,15j =   

in TOPSIS; (b) Second part of the decision matrix , 1,2,3kjD x k = =   and  

16,17, ,30j =   in TOPSIS. 

(a) 

 
K11 K12 K13 K14 K15 K21 K22 K23 K31 K32 K33 K41 K42 K43 K44 

A1 4.96 3.73 4.13 3.57 1.32 4.78 3.78 4.74 2.49 5.38 3.52 4.37 4.78 5.38 2.55 

A2 2.55 1.74 3.37 1.52 3.18 5.75 3.95 4.18 2.35 6.55 4.54 2.17 3.37 1.74 2.00 

A3 1.64 2.70 2.17 2.77 1.74 1.00 1.00 2.17 1.32 3.57 3.73 6.38 5.14 4.54 3.64 

(b) 

 K51 K52 K53 K54 K61 K62 K63 K64 K71 K72 K73 K81 K82 K83 K84 

A1 2.93 6.76 7.79 6.09 6.19 5.38 3.57 2.77 5.14 4.37 4.37 4.57 3.95 2.55 2.17 

A2 2.35 6.38 7.58 5.38 5.38 1.32 3.37 2.35 3.57 3.78 3.57 4.13 2.93 2.17 2.17 

A3 6.79 7.38 5.70 5.38 4.37 2.55 2.35 2.00 5.58 5.58 5.75 3.29 2.17 1.89 1.74 

 
Table 6. Separation measures, relative closeness and precedence order of workshops. 

Workshop kS +  kS −  kC +  (%) Order 

Manufacturing 0.32 0.98 0.76 48 1 

Painting 0.66 0.63 0.49 31 2 

Assembly 0.97 0.48 0.33 21 3 
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6. Results and Discussion 

In the study, 30 risk factors that may cause occupational accidents and occupa-
tional diseases were identified as hazard factors in metal industry. Determina-
tion procedure considers OHS risk assessment regulations in the country, the 
risk assessment studies in the open literature on metal industry and the risk fac-
tors mentioned in TS 13740 (TSE, 2017) for metal industry and combine them 
the expertise and knowledge of the risk assessment team. In the first stage of the 
study, DEMATEL method reveals (Table 2, (R + C) column) that “periodic con-
trol and maintenance of work equipment (K41)”, “machine/equipment status 
(K42)” “comply with the operating instructions (K52)”, use of PPE (K53), and 
“work stress (K81)” have high relationships with other criteria in the workplace. 
When the impact aspects of the criteria are examined; it is observed (Table 2, (R 
− C) column) that the criteria of “comply with the operating work instructions 
(K52)”, “warnings and warning signs (K63)”, “use of PPE (K53)” affect other 
criteria more; the criteria of “work stress (K81)”, “freight transport with work 
equipment (K51)”, and “emergency readiness (K64)” are affected more. 

Based on DEMATEL method, the criteria of “comply with the operating in-
structions (K52)”, “emergency readiness (K64)” are influenced by “clarity of du-
ties and responsibilities (K82)”, “communication level (K83)” and “chiefs’ sup-
port (K84)” that is placed in psychosocial factors. The criteria of “comply with 
the operating instructions (K52)”, “use of PPE (K53)”, “periodic control and 
maintenance of work equipment (K41)” affects “work stress (K81)”. In addition, 
all sub-criteria under “physical”, “chemical” and “ergonomic” factors were 
found to be effective on the occurrence of “work stress (K81)”. 

The first 5 “risk factors (criteria code)” with (global weight percentage men-
tioned in Table 4) having the highest severity according to ANP method are 
“comply with the operating instructions (K52)” with (15.45%), “emergency rea-
diness (K64)” with (13.16%), “warning and warning signs (K63)” with (12.6%), 
“use of PPE with (K53)” (8.72%) and “status of the electrical installation with 
(K32)” with (5.56%). These 5 criteria have an impact on the incidence of occu-
pational accidents and occupational diseases in the workplace within a total of 
55.49%. Evaluation results show that the main criterion “insecure behaviors” 
coded K5 and the main criterion “factors arising from workplace environment” 
coded K6 are more important in terms of OHS in the workplace. These criteria 
are followed by “periodic control and maintenance of work equipment (K41)” 
with (5.36%), “clarity of duties and responsibilities (K82)” with (4, 37%) and 
“work stress” (K81) with (4.08%). 

The previous risk assessment study in the workplace did not consider the 
psychosocial factors and ignored the relationships between the risk factors. The 
proposed risk analysis reveals that hazard factors have relations to each other 
and these relationships were effective on the importance levels of the hazards. 
The proposed risk analysis shows that the psychosocial factors have remarkable 
high importance. 
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Although OHS activities must be carried out simultaneously in each section of 
the workplaces, in practical applications executer need to make a decision to take 
precaution. At the last stage of the study, the criteria weights determined by the 
ANP method were used as input in the TOPSIS method and 3 workshops were 
made in the workplace. As a result of the analysis carried out by TOPSIS me-
thod, it was determined that when the workplace was evaluated in terms of fac-
tors causing occupational accidents and occupational diseases, precautions 
should be taken in manufacturing, painting and assembly workshops respective-
ly. 

7. Conclusion and Future Directions 

Risk analysis has strict effects on the quantitative and qualitative outputs of the 
OHS system. Valid and effective risk assessment should proper the needs of the 
industry and the problem specific requirements which are vital to guaran-
tee/develop a well working OHS system. In order to reach the most appropriate 
results, the current study proposed a multiple criteria risk analysis model and 
utilized it for the solution of an OHS risk analysis problem in metal industry. 
The proposed risk analysis model is an integrated multi criteria decision making 
approach. It takes into consideration of all the risk factors as criteria that affect 
the risk analysis problem and also the relations of these risk criteria with each 
other. The approach has the ability to involve a large number of individuals in 
the decision-making process to bring their expertise and knowledge together and 
express them in a valid and mathematically effective way for the benefit of the 
problem solution.  

The 30 risk factors identified in this study offer handy sources for future risk 
assessment studies in metal industry. However, considering the specific product 
and production processes of each enterprise, risk factors can be revised by add-
ing or qualifying to the criteria determined in this study.  

The detailed literature review reveals that the current study is the first one 
which utilizes DEMATEL-ANP integrated approach in metal industry and it 
provides a guide to perform DEMATEL-AHP-TOPSIS integrated method for 
risk analysis. DEMATEL-ANP integration helps the analyst and the risk assess-
ment team to reach the valid and effective risk assessment by developing the in-
terrelationships between risk factors. Integration of TOPSIS suggests a prece-
dence order for the workshops for the risk control activities.  

Psychosocial risk assessment is becoming increasingly important for research 
and OHS due to legislative amendments obliging employers to implement psy-
chosocial work factors into general risk assessment (Metzler et al., 2019). The 
current study considers the psychosocial factors beside the traditional risk fac-
tors.  

The findings of the study offer fruitful inspirations to the managers in metal 
industry and the approach is believed to have a wide range of applications for 
risk assessment and analysis in the field of OHS. 
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The proposed risk analysis model can be utilized for different sectors and also 
can be revised based on proper different multiple criteria methods. 
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Appendix: The Direct Relation Matrix   ijA a i j, , 1, 2, , 30= =  , in DEMATEL 
 

 K11 K12 K13 K14 K15 K21 K22 K23 K31 K32 K33 K41 K42 K43 K44 K51 K52 K53 K54 K61 K62 K63 K64 K71 K72 K73 K81 K82 K83 K84 

K11  0.6 0 0 0 0 0 0.2 0 0 0 1.2 0.8 0 0 0 0 0.2 0 0 0 0 0.4 0 0 0 3.6 0 0.6 0 

K12 0.6  0 0 0 0 0 0 0 0 0 1 1.4 0 0 0 0 0.2 0 0 0 0 0 0 0 0 2.2 0 0 0 

K13 0 0  1.8 0 3 0.8 2.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.2 0 0 0 

K14 0 0 1.2  0 0.8 0 0 0 0 0 0 0 0 0 0 0 0.4 0 0 0 0 0 0 0 0 2.8 0 0 0 

K15 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0.6 0 0 0 0 0.4 0.2 0 0 0.2 0 2.2 0 0 0 

K21 0 0 2.2 0.2 0  1.8 0.4 0 0 0 0.4 0.4 0 0 0 0 0.6 0 0 0 0.2 0.4 0 0 0 2 0 0 0 

K22 0 0 0 0 0 0.6  0 0 0 0 0 0 0 0 0 0.2 0.6 0 0 0 0 0 0 0 0 1 0 0 0 

K23 0 0 2.6 0 0 0 0  0 0 0 0.4 0.4 0 0 0 0 0.4 0 0 0 0.4 0.4 0 0 0 2 0 0 0 

K31 0 0 0 0 0 0 0 0  1.8 1.2 0.2 1.2 0 0 0 0 0 0 0 0 0 0.4 0 0 0 0 0 0 0 

K32 0 0 0 0 0.6 0 0 0 1.4  0.8 0.6 1 0 0.2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

K33 0 0 0 0 0 0 0 0 0.6 1  0 0 0 0 0 0 0 0 0 0 0 0.2 0 0 0 0 0 0 0 

K41 1.8 1.8 0 0 0.2 1.4 0 0.6 0.8 2.6 0.2  3 1.4 1 2 0 0 0 0 0 0 0.2 0 0 0 0 0 0 0 

K42 1.6 1.6 0 0 0 1 0 1 0.4 0.8 0.2 2  1.4 0.8 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

K43 0 0 0 0 0 0.2 0.4 0.2 0 0 0 0.8 1  1.2 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

K44 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.4  2.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

K51 0 0 0 0 0 0 0 0 0 0.2 0 0.4 0.2 0 0.2  1.2 0.2 0.2 0.2 0 0 0.2 0 0 0 0 0 0 0 

K52 1.6 1.4 0 0 0 1.2 1.4 1.6 0 0 0 0 0.8 1 0.4 3  3 2.2 1.8 0.8 0 2 1.6 2 1.8 0 0.2 0.2 0 

K53 3.2 3 0 1.4 0 3.2 2.8 3.2 0 0 0 0 0 0 0 0.2 0.6  0 0 0 0.2 0.2 0 0 0 0 0 0 0 

K54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.2 0  2.2 1 0 0 0.2 0.6 0 0 0 0 0 

K61 0 0 0 0 0 0 0 0.2 0 0 0 0 0 0 0 0.6 0 0 0.2  2 0 0.2 0.6 1 0.4 1.6 0 0 0 

K62 0 0 0 0 0 0 0 0 0 0.2 0 0 0 0 0 1 0 0 0.8 1.6  0 0.2 0 0 0 0.4 0 0 0 

K63 1 0.4 0 0 0 0.8 0.8 0.8 0 0.6 0.6 0 0.2 0 0.6 2 1 1.8 0.4 0.4 0.2  2.8 0 0 0 0 0 0 0 

K64 0 0 0 0 0 0.4 0 0.4 1 0.6 0 0 0 0 0 0 0 0.4 0 0 0 1.8  0 0 0 0 0.4 0.2 0 

K71 0 0 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  2.6 1 1 0 0 0 

K72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0 0 0 1.8  2 1.2 0 0 0 

K73 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0.2 0 0 0 0 0 0 1.8 2.8  1.6 0 0 0 

K81 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0 0 0 0 0 0 0 0 0  0.6 1.6 0 

K82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.2 0 0 0 0 0 1.4 0 0 0 2.6  1.2 1 

K83 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0.2 0 0 0 0 0 1 0 0 0 1.6 2.6  2 

K84 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0 0 0 0 1.6 0 0 0 3.4 2.6 2.6  
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