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Abstract. It is difficult to evaluate ergonomic risk factors in occupations with unpredictable tasks, random demands, and
variable settings such as emergency medical services (EMS). This study deals with the problem of selecting an ergonomic risk-
evaluation method with Pythagorean Fuzzy Sets (PFSs) based Pythagorean Fuzzy AHP (PF-AHP) and Pythagorean Fuzzy
WASPAS (PF-WASPAS) methodology. The method selection criteria were obtained by consulting five different anonymous
experts on the candidate criteria obtained from the literature review. The final four main criteria and ten sub-criteria were then
decided. After the determination of the decision criteria, five experts were asked to evaluate the criteria and to express their
opinions on criteria-alternative scoring by means of a questionnaire for method selection. A two-step method is suggested
for the selection of the ergonomic risk-evaluation method. In the first step, PF-AHP is utilized in order to identify the weight
of criteria used in the method selection. In the second step, the PF-WASPAS method is proposed in order to OWAS, RULA,
and REBA methods. The accuracy and validity of the suggested hybrid model is tested with real data in Istanbul Ambulance
Service stations. A sensitivity analysis is catried out to test the reliability of the model. Moreover a comparative analysis
is carried out with AHP and Fuzzy AHP methods to identify criteria weights. Study results show that REBA is the most
appropriate ergonomic risk-evaluation method in EMS.

Keywords: Ergonomic risk assessment method, Pythagorean fuzzy sets, AHP, WASPAS, emergency medical service

1. Introduction

Musculoskeletal system disorders (MSDs) involve
damage and disorders that occur in joints and other
tissues and affect the back, neck, shoulders, and
extremities [1]. According to the World Health Orga-
nization, MSDs are the leading source of disability
in the workplace in developed countries [2]. In the
2019 report of the European Occupational Health
and Safety Agency, three of five employees on aver-
age report MSDs, while 60% of all employees who
have an occupational health problem define MSDs
as their most significant problem [3]. Kee [4] reveals
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in his study that 9440 occupational MSD cases were
reported in Korea in 2019, and that these cases con-
stituted around one-third of all occupational diseases
(67.3%) of that year.

As in other sectors, emergency medical service
(EMS) staff encounter complications due to occu-
pational MSDs [5]. Back pain is the most prevalent
problem among them and the risk of waist injury is
approximately 13 times higher than among nurses
[6]. Current studies emphasize that the most com-
mon MSD prevention policy is the implementation
of intervention programs to reduce exposure to
risk factors [4]. The observational method, one of
the ergonomic risk assessment methods, is still the
most common approach for assessing physical work-
load, identifying exposure risks, and monitoring
ergonomic enhancement [7].
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A review of observational method studies in the
field of emergency medical service shows us three
methods: the Ovako Working Posture Analyzing Sys-
tem (OWAS) [8], the Rapid Upper Limb Assessment
(RULA) [9], and the Rapid Entire Body Assessment
Method (REBA) [10]. OWAS was developed by 32
steel workers and ergonomists analyzing the postures
exemplified in a steel factory [8]. OWAS divides
possible postures into three categories: back, arms,
and legs. RULA is a method developed to assess
the load on the musculoskeletal system, and par-
ticularly to analyze upper-extremity postures. This
method analyzes the neck, body, upper extremity
(upper arm, lower arm, wrist), and leg postures with
applied load-force and muscle activity, assigning a
score [9]. REBA is a posture analysis method devel-
oped by Hignett and McAtamney to be sensitive to the
type of unpredictable working postures. It analyzes
body posture by adding coupling scores to the upper
extremity (upper arm, lower arm, wrist), and load-
force values to neck, body, and leg posture scores
[10].

Assessing ergonomic risk factors is a difficult
endeavor for jobs such as EMS, due to unpredictable
tasks, random demands, changing medical equip-
ment, and cases. Therefore, considering the limited
time and emergency of patients, it is inevitable to
choose the most appropriate method to assess the
staff’s exposure and identify the cases that require
ergonomic enhancement. Thus, the process of choos-
ing the most appropriate ergonomic risk factor assess-
ment method among the aforementioned three meth-
ods and their different variables breeds multi-criteria
decision-making problems. The Analytical Hierarchy
Process (AHP), one of the MCDM methods, is the
most common method in literature used to analyze
and order criteria by means of data analysis [11]. In
AHP analysis, the input is likely to be uncertain to an
extent, and the data are based on opinions [12].

Fuzzy sets presented by Zadeh (1965) have
been integrated with AHP to cope with vagueness
and impreciseness [13]. Intuitive fuzzy sets (IFs)
proposed by Atanasov (1986) have considered
the uncertainty deal with membership function,
non-membership function, and hesitancy degrees
[14]. The two membership functions and hesitation
degree in the IFs have limitations in terms of their
arithmetic addition particularly. The sum of the
two membership functions of the IFs is limited to
one. It puts forth that the IFs cannot address the
circumstances that the sum of two-membership
functions is higher than one. Yager [2013] presented

a Pythagorean fuzzy set (PFs) to handle this lim-
itation [15]. Pythagorean fuzzy sets provide more
freedom to decision makers in expressing their
opinions regarding vagueness and uncertainty (11).
Because, for the PFs, the sum of the two-membership
function can be more than one, but the sum of two
membership functions cannot be more than one
[16]. Therefore, PFSs are more powerful to handle
uncertainty and vague information than IFs [17].

In this study, we utilized the Analytical Hierar-
chy Process (AHP), which is one of the most popular
MCDM methods, to determine the weight of the main
and sub-criteria. However, the AHP method is crit-
icized for its incapability to handle uncertainty in
human judgments [18]. The use of the fuzzy set theory
in AHP helps in capturing the vagueness in preference
[19]. That’s why we used Pythagorean fuzzy sets,
which have the advantages mentioned in the previous
paragraph, based on AHP methods due to eliminating
the disadvantages of AHP.

Weighted Aggregated Sum Product Assessment
(WASPAS) is the combination of the Weighted Sum
Model (WSM) and the Weighted Product Model
(WPM) [11]. The advantage of the WSM method is
the easy evaluation of alternatives using the weighted
Sum, while the WMP prevents obtaining solutions
with low values. The WASPAS method combines the
advantages of both the WSM and WPM methods [20].
Furthermore, the WASPAS method provides a higher
level of accuracy than the WSM and WPM meth-
ods, accordingly [21]. The WASPAS method also
presents the following advantages: the steps of the
method are short and easy and it is useful for ranking
alternatives completely and as a whole. In this study,
PF-WASPAS is presented for the ranking of alterna-
tives. Accordingly, an extended version of WASPAS
is developed, while simultaneously considering the
PFSs advantages.

In light of previous studies, the main motivations
for this study are the following:

— This study aims to present a reliable and valuable
model to select an ergonomic risk assessment
method, in order to assess work-related muscu-
loskeletal system loads of employees based on
the criteria identified specifically for emergency
medical services.

— There is no study in the literature related to the
most appropriate ergonomic risk factor assess-
ment method selection. Despite its importance,
this topic has not been addressed.
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— In previous studies on the ergonomic risk-
assessment method selection, the fuzzy state set
was ignored. They have introduced their model
under the context that cannot handle the vague,
and uncertain information effectively. One of
the motivations of this study is to introduce a
novel multi-criteria decision-making approach
based on Pythagorean fuzzy numbers, in order
to consider information uncertainty.

The goal of this study is to identify the most appro-
priate ergonomic risk assessment method among
the three observation methods used in the field to
assess work-related musculoskeletal system loads of
employees, based on the criteria identified specif-
ically for emergency medical services. A two-step
method was suggested in this study for the selec-
tion of the ergonomic risk-evaluation method. In the
first step, the Pythagorean Fuzzy AHP (PF-AHP) is
applied to determine the weight of the criteria. In the
second step, the Pythagorean Fuzzy WASPAS (PF-
WASPAS) method is employed in order to rank the
ergonomic risk-evaluation method.

The main contributions of this study are as follows:

— To the best of the authors’ knowledge, this is
the first study that presents a comprehensive,
reliable and valuable framework to select an
ergonomic risk assessment method to evaluate
work-related musculoskeletal system loads of
emergency medical services employees.

— To the best of the authors’ knowledge, this is the
first study that hybridizes the AHP and WAS-
PAS methods based on PFs to select the most
appropriate ergonomic risk assessment method
for the study of work-related musculoskeletal
system loads of employees for emergency med-
ical services.

— The proposed PF-AHP & PF-WASPAS method
copes with uncertainty by enabling decision-
makers to express their opinions more flexibly.

— A sensitivity analysis is performed to reveal
the robustness of the suggested method to the
variation. And also to verify the validity of the
introduced method, we compared the PF-AHP&
PF-WASPAS approach with the proposed F-
AHP& PF-WASPAS, and AHP&PF-WASPAS
approach, respectively.

This study contains five sections after the intro-
duction. Section 2 presents a literature review on
observational methods in the field of emergency
medical service, while Section 3 explains the method-

ology deployed in the study. Next, in Section 4.1,
the suggested model is applied in a real-world case
study. Then, Section 4.2 provides a sensitivity anal-
ysis. Lastly, Section 5 concludes the research and
presents future research directions.

2. Literature review

In this section, firstly, we investigated studies in
the literature related to Ergonomic Risk Assess-
ment Methods and studies that deploy PF-AHP and
PF-WASPAS methods. Secondly, we discussed the
literature gaps.

2.1. Literature description

Studies that use observational methods in the
field of EMS are presented below. Doormaal et al.
[22] assess physical workload of ambulance assis-
tants with OWAS method. Ferreira and Hignett [23]
observed ambulance workers in 16 shifts (130 hours)
and applied the OWAS method. Gentzler and Stader
[24], analyzed the working postures of American
firefighters and emergency medical technicians with
REBA and RULA. Deros et al. [5] studied MSD
risk factors of EMS staff in Malaysia with REBA
method. Verjans et al. [25] used OWAS method to
identify workload in EMS during patient transfer and
associated it with a survey. Kahya and Sakarya [26]
used Cornell survey and REBA methods to analyze
physical strain during treatment and care.

There are also studies in literature based on the
comparative analysis of methods used for measur-
ing postural stress. For example, Genaidy et al. [27]
classified observational methods used in postural
stress analysis, macro postural, micro postural and
postural work activity. Juul-Kristensen et al. [28]
assessed eight observational methods according to
the criteria used in the classification of body angles
and motion intervals. Denis et al. [29] categorized
the proposed observation procedures to character-
ize physical work with 7 observational variables.
Takala et al. [7] developed a systematic assessment
procedure to evaluate simultaneous and estimation-
based validity, repeatability and utility of methods.
Roman-Liu [30] grouped 10 methods according to
their characteristics. Sukadarin et al. [31] displayed
the strengths and weaknesses of the observational
methods.

In the second section of the literature review, we
investigated studies that employed PF-AHP and PF-
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WASPAS. We employed the PFSs-based AHP and
WASPAS methods in this study. The Analytical Hier-
archy Process (AHP) is one of the most popular
MCDM methods to determine the weight of main and
sub-criteria. The use of fuzzy set theory in AHP helps
capture the vagueness in preference [19]. In the lit-
erature, the fuzzy set theory has been widely utilized
to select problems that consider information uncer-
tainty [32]. However, the AHP method is criticized
for its incapability to handle uncertainty in human
judgments [18]. That is why we used the PFSs-based
AHP methods to eliminate the disadvantages of AHP.

We also used WASPAS, which is a combina-
tion of the Weighted Sum Model (WSM) and the
Weighted Product Model (WPM) [11]. The advan-
tage of the WSM method is the easy evaluation
of alternatives using the weighted sum, while the
WMP method prevents obtaining solutions with low
values. The WASPAS method combines the advan-
tages of both methods [20]. The WASPAS method
provides an optimal level of accuracy rather than
the WSM and WPM methods [21]. The WASPAS
method’s advantages are as follow: The calculation
steps of the method are short and easy, and it is
useful for listing alternatives completely and as a
whole. The method tries to achieve the highest level
of accuracy compared to the WSM and WPM meth-
ods. The PF-WASPAS provides both advantages of
the WASPAS and Pythagorean fuzzy sets. In this
study, PF-WASPAS is presented for the ranking of
alternatives. Accordingly, an extended version of
WASPAS is developed, while simultaneously con-
sidering the PFSs advantages. Appendix 1 shows the
prominent studies that utilize PFs-based PF-AHP and
PF-WASPAS methods.

2.2. Research gaps

When the literature studies are examined, OWAS,
RULA, and REBA methods are frequently used for
ergonomic risk assessment. However, there is no
study on the most appropriate ergonomic risk assess-
ment method and, no list of selection criteria. The gap
in the literature in this area is evident. Furthermore,
previous studies related to ergonomic risk assessment
comprise no application for emergency medical ser-
vices.

The current research attempts related to ergonomic
risk assessment and fuzzy multi-criteria decision-
making are dispersed in different sectors, such as
transportation, renewable energy, occupational health
and safety, refugee camp location selection, and

supply chain. We addressed the ergonomic risk eval-
uation method selection for the emergency medical
service. Despite its strategic importance, this topic
has not been addressed.

Therefore, in this study, we propose a novel PFs
-based method to determine the most appropriate
observational ergonomic risk assessment method in
the field of emergency medical services.

3. Methodology
3.1. Preliminaries of Pythagorean fuzzy sets

Since they were suggested by Atanassov [14] intu-
itive fuzzy sets have been used by researchers in order
to deal with uncertainty [45]. Pythagorean fuzzy set
(PFS) is a generalization of the intuitive fuzzy set and
is used in modeling uncertain data at the decision-
making stage [50]. These sets have more flexibility
than intuitive fuzzy sets in expressing uncertainty and
fuzziness during MCDM process [51]. As an exten-
sion of intuitive fuzzy sets, the goal of Pythagorean
fuzzy sets is to help decision-makers bypass the
membership and non-membership obligation forced
upon them, the sum of which must be maximum
1 [11]. Contrary to intuitive fuzzy sets, the sum of
membership and non-membership might exceed 1
in Pythagorean fuzzy sets while the sum of squares
cannot [11, 16].

Definition 1: Take X as a fixed set. A Pythagorean
fuzzy set P is an object having the form [52]

P= {(x, pp (), vp (¥)):x € X} 1)

Where the degree of membership is defined by the
function pup (x) : X = [0,1] and vy (x) : X = [0,1]
defines the degree of non-membership of the element
x € X to P,respectively and forevery x € X, itholds:

0<pi(0)* +v3(0)? <1 )

Here, also the degree of hesitancy condition is as
follows:

7 () = /1 - 102 — 2 ()

Definition 2: Let =A = (u;v;), B = (uav2) be two
PFNs, and 1>0, then the definitions of the operations
on these two PFNs are below [53]:

A®B= (Vi1 +p2 — pipz, viv2) (4
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AQ® B = (uip2, vVor +v2 —viw2) ()
AA = <\/1 —(1-u2), vk) (6)
At = (m, 1-(1- v2)k> )

Definition 3: Let Zi = (ujv;), i=(,2...,n)bea

collection of PFNsand w = (wy, wz ..., wy)! bethe
n

weight vector of X,-, i=(1,2...,n) with Y w; =

i=1

1, then the Pythagorean fuzzy weighted power geo-
metric (PFWPGQG) operator is [54]:

PFWPG (A A;.... A,) =

n 12 n 12
(1 -TTa- u?f“") : (1 -TTa- v%)'”’>
i=1 i=1

®)
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3.2. The presented PF-AHP and PF-WASPAS
methodology

This study proposes a two-stage method for select-
ing the most appropriate ergonomic risk-evaluation
method. In the first stage, PF-AHP is used to deter-
mine the weight of the criteria. In the second stage,
the PF-WASPAS method is employed to rank alterna-
tives. The suggested PF-AHP&FP-WASPAS Model
is presented in Fig. 1.

First Stage: Find criteria weight with PF-AHP

Steps of the presented PH-AHP to determine cri-
teria weight as follows [12].

Step 1: This step includes defining the problem
and the hierarchy construction of the goals, criteria,
sub-criteria, and alternatives.

Step 2: Construct Based on the inputs received
from the experts, build a pairwise comparison matrix
means of linguistic terms as displayed in Table 1 [11].

©)

Step 3: Using the lower and upper values of the
membership and non-membership functions, com-

X = (xik)mxn-

Pythagorean Fuzzy
AHP

Pythagorean Fuzzy
WASPAS

e I T e il
! Building painwise comparison matrix for LI - i _ !
Definition of the decision : main and sub-criteria with the help of fuzzy . Building decision matrix X
making problem and the \ numbers P '
goal ! [ } '
| No [ — - ]
I ' Identifying appropriate solutions 1
1 [ ]
; Yes Vo :
\ L 1 1 | Calculating Weighted Sum Model and Weighted 1
1 17 Product Model 1
Determining decision 1 Checking consistency of the operations [ ]
criteria set : : : l :
1 1 Finding threshold value I
1 [ ]
1 L [ l 1
1 1 i
: - Obain local weights of main and : : Rank alternatives from best to worst :
» sub-criteria 1 i
| I | Cmie oo i oo o i i J
Identifying linguistic | !
terms and relavant fuzzy I I
values to achieve the ! L '
goal : - Multiplying weights of main criteria and :
1 local weights of sub-criteria 1
I 1 Sensitvity Analysis p—=
! ]
1 ]
| 1
| ) ]
| ]
| Finding all criteria weights ]
|
| I g gy gy gy A

Fig. 1. The suggested PF-AHP&FP-WASPAS Model.
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Table 1

Weighing scale for the Pythagorean fuzzy AHP [38]

Linguistic terms

PFEN equivalents IVP numbers

233 MU vL vy
Certainly Low Importance — CLI 0 0 0.9 1
Very Low Importance — VLI 0.1 0.2 0.8 0.9
Low Importance — LI 0.2 0.35 0.65 0.8
Below Average Importance — BAI 0.35 0.45 0.55 0.65
Average Importance — Al 0.45 0.55 0.45 0.55
Above Average Importance — AAI 0.55 0.65 0.35 0.45
High Importance — HI 0.65 0.8 0.2 0.35
Very High Importance — VHI 0.8 0.9 0.1 0.2
Certainly High Importance — CHI 0.9 1 0 0
Equal importance (EI) 0.5 0.5 0.5 0.5
pute the differences matrix D = (djk),,x, using Table 2
Equations 10 and 11: An IVPEN scale to rate alternatives with respect to criteria [49]
Linguistic terms nr nwu vr vy
div, = u2, —v? (10)
ik, = Mik;, — Viky Very very bad—VVB 0.03 0.18 0.75 0.90
Very bad—VB 0.12 0.27 0.66 0.81
Bad—B 0.21 0.36 0.57 0.72
div. = w2, —? an )
iKy = Migy — Viky Medium bad—MB 0.3 0.45 0.48 0.63
Fair—F 0.39 0.54 0.39 0.54
Step 4: Compute the interval multiplicative matrix Medium good—MG 0.48 0.63 0.30 0.45
S = (Sik)mxn Using Equations 12 and 13: Good—G 0.57 0.72 0.21 0.35
Very good—VG 0.66 0.81 0.12 0.27

sik, = V 10009 (12)
Siky = V 10009V (13)

Step 5: Compute the determinacy value t =
(Tik)mxn Of the xj; using Equation 14:

Tik = - (M%KU - MZ'ZKL) - Ui2KU - Ui2KL (14)

Step 6: Determine the matrix of weights, T =
(tik)mxm» before normalization by multiplying the
determinacy degrees with S = (sjx),, x,n With matrix
using Equation 15:

Sik; + Sik
lix = <1L21U> Tik (15)

Step 7: Calculate the normalized priority weights,
w; using Equation 16:

m
t.
w; = Zk:l ik (16)

O Y ik

Second stage: Rank each alternative with the PF-
WASPAS method

The WASPAS (Weighted Aggregated Sum Product
Assessment) was introduced in literature by Zavad-
skas et al. [55]. The Interval-Valued Pythagorean
Fuzzy WASPAS (IVPF-WASPAS) is the integration
of the Pythagorean fuzzy sets and the WASPAS

Very very good—VVG 0.75 0.90 0.03 0.18

method [33]. With the help of a linguistic scale,
decision-makers assess certain alternatives in terms
of several criteria. Decision-making often requires
aggregating the judgment of decision-makers in a
single matrix [56] before carrying out the relevant
calculations required by the suggested method.

Step 8. Decision makers are asked for their judg-
ments in linguistic form and transformed into interval
valued Pythagorean fuzzy numbers (IVPFNs) with
the scale presented in Table 2. Equation 17 presents
these IVPFNs aggregated with the interval-valued
Pythagorean fuzzy weighted average (IVPFWA)
operator [57]. Where n is the number of decision-
makers.

1V PFWA =
n n n n
S wipk > T winl D> wivk Y wiof
i=1 i=1 i=1 i=1
a7)

Step 9. To normalize the values in the aggregated
decision matrix as in Equations 19-20, max; p;; must
be obtained using the defuzzification formula pre-
sented in Equation 18. This defuzzification formula
is developed based on the formula used in [58] for the
defuzzification of interval valued intuitionistic fuzzy
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Table 3
Linguistic terms to rate the importance of criteria [41]
Linguistic Term nL e vL vU
Very important (VI) 0.70 0.90 0.06 0.26
Important (I) 0.54 0.74 0.22 0.42
Medium (M) 0.38 0.58 0.38 0.58
Unimportant (U) 0.22 0.42 0.54 0.74

Very unimportant (VU) 0.06 0.26 0.70 0.90

Step 12. The calculation of the Pythagorean fuzzy
weighted product values, QEZ) , is performed as pro-
vided in Equation 25. Criteria weights are defuzzified
through Equation 18 to be able to make this calcula-
tion. Then, Equations 23 and 26 [57] are employed
to complete the calculation procedure.

n

J=1

ﬁ*:(ubuu {\/1 (1-V3) \/1 (1—v}) D (26)

numbers. After obtaining 1/(max; p;;), Equation 21 is
used to calculate the multiplication of a crisp number
and an IVPFN.

ML+MU+\/1—U%+\/1—U%]+MLMU—\/ 1—U2L l—v%]

Step 13. Qi(l) and Qi(z) values are combined through
Equations 21 and 24 [57] to obtain the total rela-
tive importance of alternatives, Q; as presented in
Equation 27.

4
s
Fij u (19)
max; pjj
_ mini; pjj
rij% (20)
t

ﬁz({\/l (1-u?) \/1 (1-ug) 7],[

Step 10. Criteria weights are obtained in linguis-
tic terms and the corresponding IVPFNs provided in
Table 3. The aggregation of these IVPFNs is carried
out by using Equation 17.

Step 11. The calculation of Pythagorean fuzzy
weighted sum values, QEI) is performed as presented
in Equation 22. Thus, the IVPFNs operators given in
Equations 22 and 23 [57] are utilized to obtain QED
from the normalized decision matrix.

n
o = Zﬁj Wij (22)

j=l1

(18)

0, =201 +1-10P, ref0,11. @7

Step 14. Q; values are defuzzified by using Equa-
tion 18 and the alternative with the highest defuzzified
value is selected to be the best alternative among
others.

vi g ]) Q1)

4. Application

4.1. Selection ergonomic risk assessment
method for emergency medical services

The choice of method to analyze the musculoskele-
tal loads arising from working postures is made
according to the purposes of use, the characteristics
of the work to be evaluated, the person who will use

(23)

pop= (Vi + () = b6’ V) + () = ) ()] kot ot 8]) 2
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Criteria, sub-criteria and definitions

Main Criteria Sub-criteria

References

Definition

Entry Parameter (C1) Reference (C1.1)
Versatility (C1.2)
Data Range(C1.3)

Force Applied (C2) Load (C2.1)

Repetition (C2.2)
Final Assessment (C3) Risk Output (C3.1)
Prioritization (C3.2)

Utility (C4) Universality-Prevalence(C4.1)

Repeatability (C4.2)

Flexibility (C4.3)

[7, 30,59, 60]

[27, 30, 31, 59]

[30, 31, 59]

[28, 30, 59, 61]

[7, 30, 59]

The method is easy to use for implementers, has no data
requirement is a simple and comprehensive method

The method enables assessment of the whole body,
including upper and lower organs

[30, 31] The number of angles and value range of the method is

sufficient to define many various postures

The method takes the force applied into account and
load classification range is sufficient in identification
of the load

The method considers the frequency of repetition in the
analysis of musculoskeletal load

[7, 30] Risk output of the method is related to the

musculoskeletal load of the posture
The method identifies the priorities for reducing the
risks and load of musculoskeletal system disorders

[59, 61] The sector is commonly used in the sector
[7, 30, 61]

Results are consistent when the method is repeated in
the same observer and with the same working posture

[59, 60] The method is flexible enough to carry out multiple and

complex tasks and comprehensive enough for a series
of risk factors

the method, and the rources (7). Therefore, method
selection is a multidimensional and slippery problem.
First of all, a detaid literature review was conducted
for the method section problem. Decision criteria
were determined by literature review. In the decision
criteria, the final decision was made by consulting five
different anonymous experts. Experts were selected
based on their experience in occupational health and
safety practices in 112 emergency health services.

Within the scope of the study, four main crite-
ria were determined. These are general and difficult
to evaluate directly, so ten sub-criteria have been
decided for the selection of the observation method.
After the determination of the decision criteria, five
experts were asked to evaluate the criteria and express
their opinions on criteria-alternative scoring in a
questionnaire for method selection.

Table 4 shows the criteria used to select the
most appropriate observation method to analyze the
musculoskeletal loads resulting from the working
postures of 112 emergency health workers, and the
references and definitions of these criteria.

Step 1: This step includes defining the problem
and the hierarchy construction of the goals, criteria,
sub-criteria and alternatives. The decision hierar-
chy of the method selection problem is presented in
Fig. 2.

Step 2: It is developed into a pairwise compar-
ison matrix based on the inputs received from the
experts panel using linguistic terms as givenin Table 5

for main criteria and Appendix 2-3-4-5 for the sub-
criteria, respectively.

Step 3: The lower and upper values of the member-
ship and non-membership for main and sub-criteria
calculated as given in Appendix 6-10.

Step 4: Compute the interval multiplicative matrix
estimated as given in Appendix 11-15.

Step 5: The determinacy value is computed as
shown in Appendix 16-20.

Step 6: The matrix of weights before normaliza-
tion is calculated in Appendix 21-25.

Step 7: It is estimated the normalized priority
weights as depicted in Table 6.

According to Table 6, the most significant
main criterion in selecting an ergonomic risk-
evaluation method is the Final Assessment (0.347).
In the main criteria, the most significant sub-
criteria for the Entry Parameter is Versatility (0.412),
Repetition for the Force Applied (0.565), Prioriti-
zation for the Final Assessment (0.573), and the
Repeatability for Utility (0.5). The most signifi-
cant 3 criteria in global weights are Prioritization
(0.20), Risk Output (0.15) and Repeatability (0.14),
respectively.

Step 8-9: In this step, we established the
Pythagorean fuzzy decision matrix by criteria using
the linguistic terms presented in Table 7 and the nor-
malized decision matrix is given in Table 8.

Step 10: It can be seen the weighted sum model
(Q') matrix as depicted in Appendix 26.
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Fig. 2. Decision hierarchy of method selection problem.
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Table 5
The aggregated pairwise comparison matrix for the main criteria
Cl C2 C3 C4
ML MU VL VU ML MU VL VU ML MU VL VU ML MU VL VU
Cl1 0500 0.500 0.500 0.500 0.385 0.523 0.385 0.523 0.359 0484 0.429 0.554 0.000 0.000 0411 0.547
C2 0487 0.617 0304 0.443 0.500 0.500 0.500 0.500 0.366 0475 0438 0.544 0209 0.336 0.643 0.746
C3 0429 0.554 0359 0484 0438 0.544 0366 0475 0.500 0.500 0.500 0.500 0.617 0.728 0.240 0.376
C4 0.000 0.000 0520 0.645 0.643 0.746 0.209 0336 0.240 0.376 0.617 0.728 0.500 0.500 0.500 0.500
Table 6
Priority weights of the main and sub-criteria
Weights Local weights global weights

Entry Parameter (C1) 0.169 Reference (C1.1) 0.265 0.04

Versatility (C1.2) 0.412 0.07

Data Range (C1.3) 0.323 0.05

Force Applied (C2) 0.195 Load (C2.1) 0.435 0.08

Repetition (C2.2) 0.565 0.11

Final Assessment (C3) 0.347 Risk Output (C3.1) 0.427 0.15

Prioritization (C3.2) 0.573 0.20

Utility (C4) 0.289 Universality-Prevalence (C4.1) 0.309 0.09

Repeatability (C4.2) 0.500 0.14

Flexibility (C4.3) 0.191 0.06

Step 11: It can be seen the weighted product model
(0?) matrix as depicted in Appendix 27.

Step 12-13-14: It is take the threshold value (1)
as 0.5. The weighted sum model and the weighted
product models are combined with A =0.5. The

Defuzzified weighted sum model, the defuzzified
weighted product model and the results of each alter-
native can be seen in Table 9.

According to Table 9, the highest score among
three observation methods belongs to REBA (0.66).



Table 7
Aggregated decision matrix in the form of IVPFN
Gl G2 G3 Ul U2
ML MU VL VU ML MU VL VU ML MU VL VU ML MU VL VU ML MU VL VU
REBA  0.678 0.828 0.102 0.252 0.678 0.828 0.102 0.252 0.660 0.810 0.120 0.270 0.516 0.666 0.264 0414 0552 0.702 0228 0.378
RULA 0552 0.702 0.228 0.378 0462 0.612 0318 0468 0570 0.720 0210 0360 0426 0.576 0354 0.504 0.534 0.684 0.246 0.396
OWAS 0552 0.702 0.228 0.378 0.552 0.702 0.228 0378 0462 0.612 0318 0468 0498 0.648 0.282 0432 0390 0.540 0.390 0.540
N1 N2 K1 K2 K3
ML MU VL VU ML MU VL VU ML MU VL VU ML MU VL VU ML MU VL VU
REBA  0.624 0.774 0.156 0306 0.606 0.756 0.174 0324 0.678 0.828 0.102 0252 0.606 0.756 0.174 0324 0.624 0.774 0.156 0.306
RULA 0570 0.720 0.210 0.360 0.570 0.720 0.210 0360 0.588 0.738 0.192 0342 0.588 0.738 0.192 0.342 0570 0.720 0.210 0.360
OWAS 0516 0.666 0264 0414 0462 0.612 0318 0468 0462 0612 0318 0468 0.624 0.774 0.156 0.306 0480 0.630 0.300 0.450
Table 8
Normalized decision matrix
Gl G2 G3 Ul U2
ML MU VL VU ML MU VL VU ML MU VL VU ML MU VL VU ML MU VL VU
REBA 0.612 0.766 0.176 0.350 0.612 0.766 0.176 0350 0.589 0.741 0.199 0369 0417 0.550 0.362 0.511 0458 0.597 0324 0476
RULA 0492 0.636 0.324 0476 0409 0.548 0418 0.561 0.504 0.648 0304 0459 0341 0469 0453 0.593 0442 0.579 0343 0.494
OWAS 0492 0.636 0324 0476 0492 0.636 0.324 0476 0405 0543 0418 0561 0401 0.534 0381 0527 0318 0447 0488 0.625
N1 N2 K1 K2 K3
ML MU VL VU ML MU VL VU ML MU VL VU ML MU VL VU ML MU VL VU
REBA 0544 0.692 0.243 0406 0.522 0.668 0.264 0424 0.612 0.766 0.176 0350 0.528 0.673 0.264 0.424 0544 0.692 0.243 0.406
RULA 0494 0.637 0304 0459 0489 0.632 0304 0459 0526 0672 0284 0441 0511 0.655 0284 0441 0494 0.637 0304 0459
OWAS 0445 0.584 0362 0511 0392 0528 0418 0561 0409 0548 0418 0561 0.544 0.692 0.243 0406 0413 0550 0399 0.544

00t

$128 £22nf una108vYILd ym poyiaut JUIUISSISSD YSIL DNUOUOSID [0 UONII]IS / [V 12 NSOGUDE "I



M. Hatiboglu et al. / Selection of ergonomic risk assessment method with pythagorean fuzzy sets 401

Table 9
Final score of each alternative

Alternatives  Defuzzified Defuzzified Final  Rank
weighted weighted score
sum model product model
REBA 0.690 0.625 0.66 1
RULA 0.613 0.568 0.59 2
OWAS 0.566 0.525 0.55 3
Table 10

Weights of the main criteria with different scenarios

Entry Force Final

Scenarios | Parameter | Applied Assessment U(tcﬂit)y
(Cl) (C2) (C3)

(urrent 0.17 020 035 0.29
Solution

CASE 1 0.20 0.17 0.35 0.29
CASE 2 0.35 0.20 0.17 0.29
CASE 3 0.29 0.20 0.35 0.17
CASE 4 0.17 0.35 0.20 0.29
CASE 5 0.17 0.29 0.35 0.20
CASE 6 0.17 0.20 0.29 0.35

4.2. Sensitivity analysis

In this section, we conducted a sensitivity analysis
to validate our framework. In the proposed approach,
the weight of the main criteria plays a significant role
in ranking the alternatives. That is why, first of all,
the main criteria weights obtained from the PF-AHP
are changed to test the accuracy of the results of the
presented approach. For this purpose, six scenarios
are considered as given in Table 10.

Figure 3 shows the effect of the main criteria
weights on the perrmance scores of each alternative
in the proposed method.

According to Fig. 3, the sensitivity analysis shows
that the ranking of the alternatives is not sensitive
to the changes, considering the weights of the main
criteria. Thus, the presented model is robust in terms
of the main criteria weights.

Secondly, the sensitivity analysis is performed by
changing the threshold parameter (1) in the process
of the WASPAS method. Figure 4 shows the effect
of A parameter on the performance scores of each
alternative in the presented PF-AHP&PF-WASPAS
method.
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0.600

0.500
0.400
0.300
0.200
0.100
0.000

Current CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6
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Fig. 3. Results of sensitivity analysis.
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Fig. 4. Final performance score with differentA values for PF-
AHP&PF-WASPAS model.

According to Fig. 4, the result of the presented
model is robust with different for the A values.

4.3. Comparative analysis

In this section, the suggested PF-AHP&PF-
WASPAS method AHP and F-AHP were compared.
Table 11 displays the main criteria and sub-criteria
weights calculated with AHP, F-AHP and PF-AHP.
AHP, and F-AHP analysis also show that the most
significant main criterion is Utility (0.40, 0.39,
respectively). In terms of global weights, the most sig-
nificant sub-criterion for AHP and F-AHP was found
to be Repeatability (0.253, 0.250, respectively) and
reliable results.
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Table 11
Priority weights of the main and sub criteria
PF-AHP AHP F-AHP PF-AHP AHP F-AHP
Main criteria Weights Sub-criteria Local Global Local Global Local Global
weights weights weights weights weights weights
Entry
Parameter (C1) 0.169 021 0.21 Reference (C1.1) 0.265 0.045 0.23 0.047 0.221 0.046
Versatility (C1.2) 0412 0.069 0.35 0.073  0.356  0.075
Data Range (C1.3) 0.323  0.055 0.42 0.087 0423  0.089
Force Applied (C2) 0.195 024 024 Load (C2.1) 0.435  0.085 0.70  0.168  0.701  0.168
Repetition (C2.2) 0.565 0.110 030 0.071 0299 0.072
Final Assessment (C3) 0.347 0.15 0.16 Risk Output (C3.1) 0.427  0.148 0.55 0.084  0.553  0.088
Prioritization (C3.2) 0.573  0.199 0.45 0.068 0.447 0.072
Utility (C4) 0.289 0.40 0.39 Universality-Prevalence(C4.1)  0.309  0.089 0.21 0.084 0.203  0.079
Repeatability (C4.2) 0.500 0.144  0.63 0.253  0.641  0.250
Flexibility (C4.3) 0.191  0.055 0.16 0.065 0.155 0.060
Table 12

Final score of each alternative

PF-AHP& PF-WASPAS AHP&PF-WASPAS

F-AHP&PF-WASPAS

Alternatives  Final score Rank Final score Rank Final score Rank
REBA 0.66 1 0.65 1 0.65 1
RULA 0.59 2 0.58 2 0.58 2
OWAS 0.55 3 0.56 3 0.56 3

Using the weights in Table 11, PF-WASPAS solu-
tions were brought as Table 12. It is seen that results of
3 methods are almost the same. Thus, it is understood
that the suggested PF-AHP&PF-WASPAS method
yields consistent and reliable results.

4.4. Policy implications

In this study, a new method based on PF’s is pro-
posed to specify the most appropriate observational
ergonomic risk assessment method in the field of
emergency health services. As a result of proposed
method, it was found that REBA (0.66) was the most
appropriate method for emergency health services
among OWAS, RULA and REBA (Table 9). The
result of this study is directly proportional to the ease
of application in the field.

REBA is a postural analysis system sensitive to
musculoskeletal risks in a variety of tasks, especially
for the assessment of working postures in health-
care and other service sectors. We found that the
cost-effectiveness ratio is good, the application is
easy, and only pen and paper are sufficient for data
collection. Even the most contradictory ergonomic
aspects are determined from the individual score
obtained after evaluating each part of the body
19).

Each technique has its own strengths and
weaknesses depending on the assumptions made.
However, unless some morbidity measures are ana-

lyzed, the best method to reflect the underlying risks
for the tasks will remain unknown.

5. Conclusion

This study suggests a two-step method to iden-
tify the most appropriate ergonomic risk assessment
observation method for determining MSD loads of
EMS workers. In the first step of the analysis, PF-
AHP was used to identify the weights of the four
main criteria and the sixteen sub-criteria that were
used in the method selection. In the second stage,
the PF-WASPAS method was developed to rank the
methods. A sensitivity analysis and a comparative
analysis were carried out to test the reliability of the
suggested model. The sensitivity analysis was per-
formed by altering the threshold parameter (1) in the
WASPAS method. In the comparative analysis, the
method suggested in this study was compared with
AHP and F-AHP.

As a result of the proposed model, it has been
revealed that the most suitable alternative for EMS
is the REBA method (0.66). Output results are
listed as RULA (0.59) and OWAS (0.55). It tran-
spires that the most significant main criterion is the
Final Assessment (0.347). The mean weight of other
alternatives was calculated as Utility (0.289), Force
Applied (0.195) and Entry Parameter (0.169). The
most significant sub-criteria are Versatility (0.412)
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for Entry Parameter; Repetition (0.565) for Force
Applied; Prioritization (0.573) for Final Assessment;
and Repeatability (0.5) for Utility. Global weights
show that the most important 4 criteria are Prioriti-
zation (0.20), Risk Output (0.15), and Repeatability
(0.14), respectively.

The contributions of this article can be summa-
rized as follows: (1) the criteria and sub-criteria were
determined by the Multi-Criteria Decision-Making
method in the decision process of method selection
in emergency health services, (2) While the PF-AHP
method was developed for determining the criteria
weights, the PF-WASPAS method ranked the REBA,
RULA and OWAS methods. (3) The PF-AHP and
PF-WASPAS methodology based on PFSs and the
problem of ergonomic risk assessment method selec-
tion are examined for the first time as far as we know.
(4) It is also the first study to address the problem
of method selection for the field of emergency health
services. These pioneering features reveal the contri-
butions of this article to the literature.

In future studies, multiple experts can be involved
in the ergonomic risk assessment method selection
process by referring to the consensus-trust driven
Bidirectional Feedback Mechanism for improving
consensus in large group decision making [62—64].
The other fuzzy sets, such as hesitant fuzzy sets [65],
neutrosophic fuzzy sets [66], or spherical fuzzy sets
[67] can be deployed in order to handle uncertainty
in decision making process. In addition, the best-
worst method might be used instead of PF-AHP for
the identification of weights. It is recommended to
try newly developed methods such as EDAS, ARAS,
MAIRCA and MARCOS.
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