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Abstract
The objectives of this study were three-fold: (i) to investigate new occupational health and safety risks that may arise 
with the integration of Industry 4.0 in production environments; (ii) to identify and group these risks into various cat-
egories; and (iii) to prioritize these groups. With this prioritization, a number of recommendations will be made to take 
into account new risk groups that may arise during the reorganizing of production environments according to Industry 
4.0. This study used the Hesitant Fuzzy Analytic Hierarchy Process prioritization approach to determine the ranking of 
risks, which arose with the use of Industry 4.0. In this paper, possible occupational health and safety risks of the selected 
method consisted of eye-related disorders, mental fatigue, disorders stemming from the static working position, exposure 
to unknown dangerous particles as a result of cooperation with robots, and psychological pressure (stemming from the 
problems of adaptation to duties that require creativity). According to the results, the two most important risk factors 
were mental fatigue and psychological pressure. Mental fatigue as the principal risk factor was not unexpected owing to 
the many encounters between humans and machines. However, with respect to psychological pressure, we were unable 
interpret the results in the same way as the mental fatigue case. Psychological pressure is a complicated problem, and 
a more in-depth and detailed investigation is needed.
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1 Introduction

As time passes, traditional machinery workplaces have 
converted to smart machine workplaces; therefore, inter-
actions among workplace elements also changes. New 
industries, such as those related to technology, robot-
ics, computerization, and digitalization, can have seri-
ous implications for employment status and expertise, 
and workers and can face new obstacles in managing 
human–machinery contacts. New technology and its vari-
ous facets were named "Industry 4.0" in 2011 following the 
initiation of the digital production project at the Hannover 
Fair by Germany. Since then it has become widely used 
with the word "Industry 4.0." Industry 4.0′s development 

phases are summarized by some as "Economy 4.0" and 
some call it "4th Wave Industrial Revolution," in the context 
that the “Industry 1.0” referred to the technology created 
by the Industrial Revolution; “Industry 2.0” implied Fordist 
Mass Production in the early 1900′s, and “Industry 3.0” was 
a period in which production grew. Industry 4.0 is now 
“the fourth wave of technological progress” that relates 
to the integration of development with the "intelligent" 
digital revolution [1]. Industry 4.0 is some sort of break-
through point in production environments with concepts 
such as the Internet of things and robots for the last dec-
ade. Industry 4.0 has both positive and negative effects 
on employees in terms of occupational health and safety. 
Thanks to Industry 4.0, occupational diseases caused by 
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the use of physical labour force and repetitive actions 
were prevented. On the other hand, with the increase of 
human’s machine interaction new occupational health and 
safety risks arose.

I n   a n   i n t e l l i g e n t   w o r k i n g   e n v i r o n -
ment,  a  large  number  of  sensors  gather  environ-
mental  data  in  real  time  and  personal  characteris-
tics can be captured through face recognition systems. 
Wearable devices are capable of tracking human condi-
tion and collecting data (humidity, brightness, noise, etc.), 
representing the adaptation of the individual setting and 
ensuring a safe and scientific work/life environment. 
The  intelligent  terminal  offers  insights  into  the  work-
ing practices and activities of employees. When employ-
ees have unusual activities, they may recall operators by 
voice or other data and terminate their operations in order 
to generate a code of conduct command. In addition, the 
focus of the work of employees has changed, including 
the transition from information acquisition to intelligibil-
ity and information screening to information integration. 
Physical workload factors include, among others, manual 
lifting and carrying, repetitive work, work with display 
screen equipment and other physical strain, such as dif-
ficult or static working positions also decreases, but the 
worker in the design class increases. Several studies have 
evaluated the positive and negative effects of Industry 4.0 
on production or office environment. These studies have 
concluded that advanced technology complements skilled 
labor [2–6].

It has been emphasized that technological changes 
based on skills lead to structural changes in employment 
and to new threats in occupational health and safety, as 
demand for skills increases. The use of digital tools to track 
employees’ behavior, productivity and performance can 
create an atmosphere of workplace ambiguity, privacy 
invasion, and psychological pressure [7]. In addition, by 
increasing work-related stress and having negative health 
effects in the long term, conflict between employees and 
supervisors as well as among staff could be increased [4, 
8].

In the industry 4.0 environment, more new technolo-
gies and related possible risks about the implementation 
of OHS principles will emerge, which is one of the main 
objectives of this study. This study also aims to identify 
and group the risks into various categories, and prioritize 
these groups using multi-criteria decision-making (MCDM) 
methods. With this prioritization, a number of recommen-
dations will be made to take into account new risk groups 
that may arise during the reorganizing of production 
environments according to Industry 4.0. Therefore, in the 
current, early phase of knowledge on this topic, a precau-
tionary risk management approach should be adopted 
to achieve a sustainable development of Industry 4.0 

innovations. There are several fuzzy linguistic scales, which 
can be used in the decision-making processes, like triangu-
lar fuzzy numbers, Intuitionistic fuzzy numbers, Pythago-
rean fuzzy numbers, Rough numbers, hesitant fuzzy num-
bers, etc. [9–11] However, their attributes and necessities 
are different from each other. The reason why the Hesitant 
Fuzzy Linguistic Term set (HFLTS) was utilized to evaluate 
new risk groups is that HFLTS allows to decision-makers to 
express their opinion about the decision-making process 
more flexible way [12]. Because it depends on comput-
ing with word approach and provides different linguistic 
phrase decision-maker to evaluate alternatives or criteria. 
The details of this term set will be explained in Sect. 2. The 
remainder of the paper is structured is as follows. Section 2 
details the methodological steps including Hesitant Fuzzy 
Analytic Hierarchy Process (AHP). Section 3 addresses the 
application of Hesitant Fuzzy approach. Section 4 repre-
sents the results. Ultimately, in Sects. 5 and 6, respectively, 
the discussion and conclusions are presented.

2  Materials and methods

2.1  Hesitant fuzzy AHP

AHP, which is the most preferred technique among the 
other MCDM techniques, was presented by Saaty in the 
1970s [13]. The AHP’s logic is based on the linear algebra 
and pairwise comparisons the elements of the decision-
making process. AHP expresses a decision-making prob-
lem in a hierarchy. The superiority of this technique can be 
explained as that it can calculate the weights of elements 
of decision-making problem whether tangible or intangi-
ble. As it is a widely known and frequently used method, 
the details of the calculation step of AHP are not given in 
this study, and information about the general method is 
given. So researchers interested in AHP method can refer 
to [10, 11] for more information.

Saaty proposed this method based on a scale, which 
is termed Saaty’s 1–9 scale. However, this scale has been 
criticized by researchers as not possessing the capacity to 
handle the fuzziness of the decision-making environments 
in Industry 4.0. Fuzzy logic is an analysis method that was 
purposefully developed to incorporate uncertainty into 
the decision model [14]. To eliminate the aforementioned 
criticism, researchers began to apply fuzzy logic to MCDM 
problems, which are under the fuzzy environment [10, 11, 
15]. Moreover, Zadeh’s fuzzy logic has been improved and 
diversified by other researchers [12, 16–18]. One of the 
developed fuzzy numbers is the hesitant fuzzy number. 
Hesitant fuzzy numbers were previously introduced to 
the MCDM literature by [12]. Since 2012, HFLTS have been 
integrated into different MCDM techniques [19–22]. In this 
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study, we have applied the hesitant fuzzy extension of AHP 
adapted from [23]. Table 1 represents the linguistic scale 
used in this study [23]. The explanations of the linguistic 
expressions are given as follows:

• ni= no importance
• vli= very low importance
• li= low importance
• mi= medium importance
• hi= high importance
• vhi= very high importance
• ai=absolute importance

In addition, the linguistic expressions above, there are 
conjunction words like "more than", "at least", "at most", 
etc. With the help of production rules [9], phrases are pro-
duced like "more than very high importance", "at least 
medium importance", etc. The main steps of the method 
could be described in 5 points, such as: [23]:

1. Take linguistic expressions from experts
2. Utilize arithmetic mean for criteria values to gain opti-

mistic and pessimistic collective preferences
3. Utilize arithmetic mean for each row of collective pref-

erences matrix to obtain linguistic intervals.
4. Compute the midpoints of linguistic intervals.
5. Obtain the weights of criteria by normalizing mid-

points.

For a detail explanation of each step please read [23].

3  Hesitant fuzzy application in risk 
prioritization

Industry 4.0 has a two-way impact on production environ-
ments. While some of these effects are positive, others are 
negative. To illustrate the former positive effects, it can be 
said that industry 4.0 causes a decrease in quality prob-
lems and repetitive actions. For the latter, it can be stated 
that industry 4.0 facilitates creation of new occupational 
health and safety problems. We have analyzed the related 
published papers to determine novel risks about indus-
try 4.0 in terms of OHS. Moreover, experts from industry, 
who are enthusiastic about Industry 4.0 and its effects on 
human resources, were interviewed to investigate possible 
negative consequences of Industry 4.0 on occupational 
health and safety issues. Occupational health and safety 
risks used in this study are derived from [24] and listed as 
follows:

• Eye related disorders (R1).
• Mental fatigue (R2).
• Disorders stemming from the static working position 

(R3).
• Exposure to unknown dangerous particles as a result 

of cooperation with robots (R4).
• Psychological pressure (stemming from the problems 

of adaptation to duties that require creativity) (R5).

The linguistic evaluations of the experts can be seen in 
Table 2. In this study, two experts were asked to evaluate 
new risk groups.

After taking linguistic evaluations from the experts, 
these evaluations were expressed as intervals (please see 
Table 3) optimistic and pessimistic collective preferences 
were computed (please see Table 4) via the arithmetic 

Table 1  The scale for linguistic 
expressions [23]

ni vli li mi hi vhi ai

0 1 2 3 4 5 6

Table 2  Linguistic evaluations of Expert-1 and Expert-2

R1 R2 R3 R4 R5

Expert-1
R1 – mi Between mi and hi at least hi Between vli and hi
R2 mi – Between mi and vhi Ai mi
R3 Between li and mi Between vli and mi – At least mi vli
R4 At most li ni At most mi – li
R5 Between li and vhi mi vhi hi –
Expert-2
R1 – At least hi mi Between mi and hi between vli and hi
R2 At most li – hi Between vhi and ai mi
R3 mi li – At least mi li
R4 Between li and mi between ni and vli at most mi – Between li and mi
R5 Between li and vhi mi hi Between mi and hi –
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mean operator, which does not allow data loss. To illustrate 
this process, the following calculation was shown.

Other cells were computed in the same way (Table 4). 
For R1 to R3, optimistic preferences and pessimistic prefer-
ences were calculated using Eq. (1) and Eq. (2):

From the values of Table 4, interval utilities were calcu-
lated (arithmetic mean of each rows of Table 4). After that, 
interval utilities were computed. Finally, the weights of 
risk groups were calculated by normalizing the midpoints. 
According to Table 5, the two most important risk groups 
are “mental fatigue” and “psychological pressure” followed 
by “eye related disorders”.

(1)

P
+

R3
= Δ

(

1

2
(Δ−1(mi, 3) + Δ−1(mi, 3)

)

= Δ

(

1

2
(3 + 3)

)

= Δ(3) = (mi,+0.0)

(2)

P
−

R3
= Δ

(

1

2
(Δ−1(hi, 4) + Δ−1(mi, 3)

)

= Δ

(

1

2
(4 + 3)

)

= Δ(3.5) = (mi,+0.5)

4  Results

According to the results, the two most important risk 
factors were mental fatigue and psychological pressure. 
Mental fatigue as the principal risk factor was not unex-
pected owing to the many encounters between humans 
and machines. However, with respect to psychological 
pressure, we were unable interpret the results in the same 
way as the mental fatigue case.. Psychological pressure is 
a complicated problem, and a more in-depth and detailed 
investigation is needed. This becomes especially apparent 
as the relationship between workforce (variety, cycle, skills, 
uncertainties, exposure, etc.), company (team scheduling, 
overtime, rush orders, etc.), management (responsibilities, 
communication, roles, relations, problem solving, etc.) and 
other organizational influences becomes growing. It was 
stated that state that such encounters are at the center of 
many forms of hazards at work, in particular psychologi-
cal hazards [25]. Engineers and programmers of complex 
devices sometimes neglect threats like this, which might be 
the most critical to handle. It should be noted that in terms 
of regulation and OHS management framework, psycho-
logical threats have now been a significant problem.

Moreover, the remaining risk groups are ranked as “eye 
related disorders”, “disorders stemming from the static 
working position”, and “exposure to unknown dangerous 
particles as a result of cooperation with robots”. In addi-
tion, interacting with screens will also cause eye health 
problems. Depending on these results, eye fatigue can be 
reduced by preventing employees from sitting for a long 
time with some office activities, which will allow them to 

Table 3  Enveloped values of experts’ opinions

R1 R2 R3 R4 R5

Expert-1
R1 – [mi,mi] [mi,hi] [hi, ai] [vli hi]
R2 [mi, mi] – [mi, vhi] [ai,ai] [mi,mi]
R3 [li, mi] [vli,mi] – [mi, ai] [vli,vli]
R4 [ni,li] [ni,ni] [ni,mi] – [li,li]
R5 [li, vhi] [mi,mi] [vhi,vhi] [hi,hi] –
Expert-2
R1 – [hi, ai] [mi,mi] [mi, hi] [vli, hi]
R2 [ni, li] – [hi,hi] [vhi, ai] [mi,mi]
R3 [mi,mi] [li,li] – [mi,ai] [li,li]
R4 [li, mi] [ni, vli] [ni,mi] – [li,mi]
R5 [li, vhi] [mi,mi] [hi,hi] [mi, hi] –

Table 4  Optimistic and 
pessimistic collective 
preferences

R1 R2 R3 R4 R5

R1 – [mi, + 0.5;hi + 0.5] [mi, + 0.0;mi + 0.5] [mi + 0.5;vhi + 0.0] [vli + 0.0;hi + 0.0]
R2 [vli + 0.5;li + 0.5] – [mi + 0.5;hi + 0.5] [vhi + 0.5;ai + 0.0] [mi + 0.0;mi + 0.0]
R3 [li + 0.5;mi + 0.0] [vli + 0.5;li + 0.5] – [mi + 0.0;ai + 0.0] [vli + 0.5;vli + 0.5]
R4 [vli + 0.0;li + 0.5] [ni + 0.0;ni + 0.5] [ni + 0.0;mi + 0.0] – [li + 0.0;li + 0.5]]
R5 [li + 0.0;vhi + 0.0] [mi + 0.0;mi + 0.0] [hi + 0.5;hi + 0.5] [mi + 0.5;hi + 0.0] –

Table 5  Interval utilities and the weights of risk groups

Interval utilities Midpoints Weights

R1 [2.75;4.25] 3.50 0.233
R2 [3.375;4.0] 3.69 0.246
R3 [2.125;3.25] 2.69 0.179
R4 [0.75;2.125] 1.43 0.095
R5 [3.25;4.125] 3.69 0.246
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take a break from time to time in the production and office 
environment. Disorders stemming from the static work-
ing position can be prevented by applying job rotation 
approaches efficiently.

5  Discussion

The big challenge confronting Industry 4.0 companies 
here is the recruitment of current and increasingly well-
potential workers to learn. In the future, there would 
be a wide number of occupational threats [26, 27]. 
Improved connectivity and communication between 
robots and staff is the cornerstone of Industry 4.0 [28]; 
however, this does not imply further applications for 
human–machine coordination but instead innovative 
methods of exchanging assignments to accomplish 
complicated operations further efficiently [29–31]. In 
order to avoid the development of unintended hazards 
in the manufacturing process, it is important to schedule 
activities more carefully and explain each participant’s 
limits more thoroughly. In very complex manufacturing 
settings, the idea of risk management in real time often 
becomes relevant [32–34]. Artificial intelligence may play 
an important role in that sense by promoting decision-
making and thus growing workplace risk because of the 
complexities of the new world [35, 36]. Fernández and 
Pérez [37] notice that innovative manufacturing methods 
will pose new risks for occupational health and safety 
but that conventional laboratory risk analysis techniques 
do not seem to be capable of detecting such risks. This 
study suggests that in order to solve this issue, the lat-
est risk analysis models should be applied, able to track 
all occupational health and safety threats (conventional 
and emerging).

6  Conclusion

In this study, we have conducted Hesitant Fuzzy AHP tech-
nique to investigate new occupational health and safety 
risks that may arise with the integration of Industry 4.0 in 
production environments. First of all; we have identified 
the related risk groups that can arouse with the Industry 
4.0. Secondly, we have evaluated the risk groups using 
Hesitant Fuzzy AHP. Finally, we have given some recom-
mendations based on the gained results to related com-
panies to prevent their employees from the new emerging 
occupational risks. According to the results, the two most 
important risk factors were mental fatigue and psychologi-
cal pressure. The companies, especially on the edge of the 
transition to Industry 4.0, should consider these two risk 
groups seriously.

For future research, existing different linguistic scales 
and MCDM methods can be applied to this MCDM prob-
lems, and the results can be compared. At the same time, 
different risk factors may be investigated and included in 
this study. In this study, we assumed that there is no con-
nection or internal dependence among the determined 
risk factors while performing the analysis. Future studies 
may take into account the fact that these new occupa-
tional health and safety risks are dependent on and trigger 
each other.
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