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Personel se¢im problemi isletmeler i¢in olduk¢a 6nemli ve igerisinde birden fazla degerlendirme
kriterini barindiran ve belirsizligin oldugu ¢ok kriterli karar verme problemidir. Calismada, Bulanik
TOPSIS, Bulanik Gri iliskisel analiz, Bulanik Waspas, Bulanik Aras yéntemleri kullanilarak ¢oziim
amagli bir yaklagim onerilmistir. Personel se¢iminde kullanilacak kriterlerin agirliklar1 bulanik
SWARA yodntemiyle belirlenirken grup hiyerarsisi de degerlendirilmistir. Onerilen yaklagimin
uygulanabilirligini ve sonuglarini gostermek igin, liretim sektoriinde faaliyet gosteren bir isletmenin
depo sorumlusu segme siirecine dnerilen yaklagim uygulanmistir.
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Personnel selection problem is a multi criteria decision-making problem which is very important for
businesses and includes multiple evaluation criteria and uncertainty. In this study, fuzzy TOPSIS,
Fuzzy Gray relational analysis (GRA), Fuzzy WASPAS and Fuzzy Aras methods are proposed. The
criterion weights of the personnel selection problem are determined by using fuzzy SWARA method
and group hierarchy is also evaluated. In order to demonstrate the applicability and results of the
proposed methodology, the proposed methodology has been applied to the process of selecting a
warehouse supervisor for a business is in the production sector.

1. Introduction

Personnel selection is a problem that results in the evaluation
of candidates using more than one conflicting qualitative and
guantitative criterias. In order to make the right choice, it is
necessary to determine the evaluation criterias appropriate to
the position and to address the problem with the appropriate
multi criteria decision making (MCDM) method. The
process of personnel selection begins with the application
forms collected and then completed by eliminating the
candidates who do not meet the prerequisites determined for
the position and then making decisions according to the
interviews. Nowadays, interviews are conducted by a
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decision group. This group includes different experts. When
making an accurate assessment, it is very important to
consider the individual hierarchy of decision-makers within
the decision group.

In this study, criterion weights were determined by using
fuzzy SWARA method. The ranking was performed by using
fuzzy TOPSIS, fuzzy gray relational analysis (GRA), fuzzy
WASPAS, and fuzzy ARAS methods. Decision group
hierarchy was also considered. The proposed approach was
performed for the problem of selecting a warehouse manager
and the most suitable candidate was determined.
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In the second part of the study, literature review is presented,
methodology is discussed in the third part. The real life
application is examined in the fourth part. Conclusions and
recommendations are presented in the fifth part.

2. Literature Review

The studies related to the personnel selection problem were
investigated. Dagdeviren (2007), Giingér et al. (2009) and
Kabak and Kazangoglu (2012) presented a solution
methodology to the personnel selection problem by using
fuzzy AHP. Adigiizel (2009) and Unal (2011) proposed
analytical hierarchy process method to the personnel
selection problem. Dagdeviren (2010) addressed the
personnel selection problem. In this study, the weight of
personnel selection criteria is calculated by using analytical
network process method and determined the most suitable
candidate by sorting with TOPSIS method. Kelemis and
Askounis (2010) presented a solution approach based on
TOPSIS method. Lin (2010) developed a decision support
tool consists of analytical network process (ANP) and data
envelopment analysis (DEA) methods for the personnel
selection problem. Zhang and Liu (2011) discussed the
personnel selection problem using fuzzy gray relational
analysis method and presented a case demonstrating the
applicability of the model. BalezZentis et al. (2012) proposed
a fuzzy multimoora based model for the personnel selection
problem. Zolfani et al. (2012) presented a solution approach
to the quality control manager selection problem based on
AHP and gray-Copras methods. Yildiz and Deveci (2013)
addressed fuzzy VIKOR method for personnel selection
problem. Tepe and Gorener (2014) proposed a solution to the
personnel selection problem using analytical hierarchy
process and MOORA methods. Sang et al. (2015) presented
the solution methodology developed based on fuzzy
TOPSIS, and Karnik-Mendel algorithm. Senger and
Albayrak (2016) determined the weights of criteria of the
personnel selection problem using AHP method and used
GRA method for sorting alternatives. Degermenci and
Ayvaz (2016) identified the most suitable personnel with
fuzzy TOPSIS method. Akar and Cakir (2016) determined
the weight of the criteria for personnel selection of the
logistics company by using fuzzy AHP and determined the
most suitable candidate by MOORA method. Karabasevic et
al. (2016) presented SWARA and ARAS methods under
uncertainty, and determined the most suitable candidate by
evaluating the candidates for the position of sales manager.
Alguliev et al. (2017) proposed fuzzy Vikor methodology
based solution methodology for personnel selection
problem. Kenger and Organ (2017) determined the weight of
the criteria by appling entropy method for personnel
selection problem and determined the most suitable
candidate by ranking the candidates with ARAS method.
Turskis et al. (2017) proposed a hybrid approach to staff
selection. Personnel selection criteria were determined by
conducting analytical hierarchy process method. They
performed fuzzy ARAS and fuzzy EDAS methods and
obtained the same ranking in both methods. Urosevic et al.
(2017) solved the sales manager selection problem by using
the SWARA and WASPAS methods. Dahooie et al. (2017)
determined the criteria weights by using SWARA method
and the most suitable candidate by using gray-ARAS
method. Ulutas et al. (2018) solved the personnel selection
problem of a production company by using fuzzy AHP and
fuzzy GRA. Tlgaz (2018), I¢igen and Cetin (2017), Koyuncu

and Ozcan (2014), Dogan and Onder (2014) determined the
criteria weights by using AHP and identified the most
suitable candidate by using TOPSIS method. Efe and Kurt
(2018) examined selection problem with fuzzy AHP and
fuzzy TOPSIS. Karabasevic et al. (2018) calculated the
selection criteria weights in personnel selection problem
with SWARA method. The most suitable candidate was
determined by using EDAS method in the ranking of the
candidates. Efe and Kurt (2018) evaluated the personnel
selection problem for assembly line by using fuzzy TOPSIS
method. Samanlioglu et al. (2018) determined the criteria
weights with fuzzy AHP and fuzzy TOPSIS method for
personnel selection problem. Ozder et al. (2019) used AHP
and PROMETHEE for researcher selection problem.
Generators et al. (2019) used fuzzy Mutimoora for personnel
selection problem in the aviation sector. They also discussed
the same problem with AHP and TOPSIS method. Lightning
et al. (2019) determined the most suitable candidate for the
personnel selection problem in the aviation sector by
appliying ARAS method.

In personnel selection problem, a research paper in the
related literature determining the criteria weight by using
fuzzy SWARA method considering group hierarchy and
selecting the most suitable candidate by using fuzzy
TOPSIS, fuzzy GRA, fuzzy ARAS, fuzzy WASPAS was not
encountered.

3. Methodology
3.1. Fuzzy Set Theory

The fuzzy set theory was introduced by Zadeh (1965). Fuzzy
set theory was presented as a tool for modeling environments
containing uncertainty information, such as the views of
decision-makers. Decision-makers make assessments using
linguistic expressions. Fuzzy set and membership functions
are used to convert linguistic expression to the number.
Fuzyy set A of a universal set X is defined by a membership
function 4 (x), which assigns element x a real number in the
interval [0,1]. Triangular fuzzy number is used in the study.
The triangular fuzzy number is a fuzzy number which is
defined by three points. Triangular fuzzy number is
presented by triple (I, my, Uc) and a graphical representation
is shown in Figure 1 (Deng, 1999: 217). This membership
function is given in Equation (1) (Kahraman et al., 2004:
174). ( la, mp, Uc ) denotes the smallest value, the most
promising value and the largest value, respectively. This
representation is interpreted under given conditions: lato mp
is an increasing function, my to uc is a decreasing function, I,
<mp<u. and outside of the domain is zero.

r::—l(lla forl, <x <my,
pa(x) =

X—Uc 1
Sl <x<
uc_mbformb <x<u 1)

t 0forx< lg,x>u,
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Figure 1. Triangle Fuzzy Number my

X

LY
r

I My, u,
X = (ay,a,,a3) and ¥ = (by, b,, b3) two triangular fuzzy
numbers and mathematical operations of these two fuzzy

numbers (addition, subtraction, multiplication, division) are
as follows (Kaufmann and Gupta, 1991):

F+¥=la,, a,.a;) + (b, by, by )=
(ay,bya; +baaz + by) @)
¥-¥=la,.a;.a5) — (b, by by)=

(a, — b0, —boag — by)

@)
Fx¥V=la, a,a;)x(b. b, by) =
(a,b,. asb., azhy.) (4)
X i¥=(a,.a,a;)/(by,byby) =
(a,/by.a./b., 6y [b,) )

The distance between X = (a,,a,, a3) and ¥ = (by, by, b3)
is defined as follows (Merig6 and Casanovas, 2011: 107):

1 [i'ﬂl —b,)% + (s, — b:j:]
WEFEELT ag—bor ©

Fuzzy numbers can be converted to real numbers in this way
(Merigo6 and Casanovas, 2011: 111):

Real(A) =220t 7

3.2. Definition of Linguistic Variables

It is important to identify appropriate linguistic terms to
determine the criterion weights, the criterion values for
alternatives, and the group hierarchy. Table 1, Table 2 and
Table 3 present the linguistic terms.

Table 1. Linguistic Variables Used in Determining Criterion
Weights

Linguistic Varables

Fuzzy Number

Very Low (VL) (0,01,02)
Low (L) (0.1,02,03)
Medium Low (ML) (0.2, 0.35,0.5)
Medium (M) (0.4,0.5,0.6)
Medium High (MH) (0.5, 0.65,0.8)
High (H) (0.7, 0.8,0.9)
Very High (VH) (0.8,09,1)

Table 2. Linguistic Variable To Evaluate Performance of

Candidates

Linguistic Vanables

Fuzzy Number

Very poor (VEF) (0.1,2)
Poor (F) (1.2,3)
Medium Poor (WME) (2.33.%)
Fair (F) (4,3, 6)
Medium Good (MG) (3.6.3,8)
Good (G) (7. 8,9
Very Good (VGE) (8,9.10)

Table 3. Linguistic Variable To Evaluate Group Hierarchy

Linguistic Varables

Fuzzy Number

Equally mmportant (EI) (1,1,1)
Moderately less important (MLI) (2/3,1,3/2)
Less important (LI) (2/5,1/2,2/3)
Very less important (VLI) (2/7,1/3,2/5
Much less important (MLI) (2/9,1/4,2/T)

3.3. Aggregated Fuzzy Matrix

Suppose that i is the candidate, j is the evaluation criterion
and k is the decision-maker. Decision-makers determine the
level of significance of the evaluation criterion considering
the linguistic terms of Tablel. Table 2 presents the linguistic
variables for decision matrix. It’s formed by each decision
maker and it’s presented in Equation (8). The decision matrix
of each decision maker is aggregated by Equation (9)
(Awasthi et al., 2011: 101).

Agg e Ayj Xin
¥=|iu X;; i [i=1.2,..mj=12.n (8)
T Emj Emn
ay; = ming{a; ) b=~ by ;= max (9
4 kLMK i = pok=1"ijk ij — K .

%;j = (ayj, byj, c;;) expresses an aggregated fuzzy number.
After performing the integration procedure, the normalized
integrated  decision matrix should be calculated.
Normalization method makes different scale alternatives
non-measurable (0,1) to provide value between (Fenton and
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Wang, 2006: 431). The integrated fuzzy decision matrix R =
[7i]mxn is normalized as follows:

o aii bii cij .. . . .
i = (i,i,i>,cj = max{c;;} maximization criteria
e’ e d

~ Cj—Cij Cj_byj; C]'_aij) .

7 = (—,—, 27—, ¢; = minjc;;
)

minimization criteria (10)

The same aggregation and normalization methods were
applied in all methods in order to compare the results
obtained from all the methods used in this study.

3.4. Group Hierarchy and Fuzzy Criteria Weight
Determination

A model has been developed for the situation where there is
a difference in hierarchy among the individuals in the group
decision. The group hierarchy usually occurs in real life
problems. Hierarchy may change over time or may vary
according to the business problem being addressed. In this
study, the hierarchy is determined by using fuzzy SWARA
method. The hierarchy is integrated into the criterion
weighting phase and criterion weights are determined for
each decision-maker. This value is weighted by using group
hierarchy values. Then the final criteria weights are obtained
by integrating the results of the decision makers.

SWARA was introduced in 2010 by Kersuliene, Zavadskas
and Turskis. SWARA is one of the multi-criteria decision-
making methods used by experts in complex problems where
multiple decision-making factors exist (Mavi et al., 2017:
2405). SWARA obtains the criterion weights by taking into
account the importance levels of the criteria used. SWARA
steps are given (KerSuliene et al., 2010: 247):

First, the evaluation criteria are determined and the criterias
are sorted by decreasing importance levels. In the second
step, criteria significance levels are calculated. Each criterion
is compared with the previous criterion starting from the
second criterion and the relative significance (s;) is obtained.
In the third step, coefficient values (k;) are calculated as
indicated in Equation (11). In the fourth step, the significance
vector (q;) is found with the help of Equation (12). In the last
step, criterion weights (w;) are obtained by using Equation
(13).

i i=1
k= . 11
i {sj+ i j>1 (1)
1 =
.= e ] (12)
G=E=2 1 =
k;
e
F. = 13
YT EE )

3.4.1. Fuzzy TOPSIS

Hwang and Yoon (1981) developed TOPSIS method. This
method is based on that the best alternative is the farthest
alternative to the negative ideal solution and the closest to
the positive ideal solution. It is one of the most preferred
multi-criteria decision making methods in the literature.
Fuzzy TOPSIS method steps are as follows (Celik et al.,
2009: 4550). The fuzzy decision matrix is converted to the

normalized fuzzy decision matrix by Equation (10). The
fuzzy criterion weights (W;)are multiplied by the
normalized fuzzy decision matrix (R)and the weighted
normalized fuzzy decision matrix (V) is obtained.

V= [Vij]mxn (14)
The largest normalized value equals the positive ideal

solution (A*), and the smallest normalized value equals the
negative ideal solution (A~) (Sun, 2010: 7748).

A = {BF, 08, o, B (16)
A= =D, D5, e, Uy} (17)
where

7=(1,1,1) and 57=(0,0,0), j=1.2,...,n. (18)

The distance of each candidate to the positive ideal solution
(d*) and the negative ideal solution (d™) is calculated.

d;-: ;l=1 d(vij ,U]ﬂ.) (19)
di=Y7_d(vij ,vj) (20)

where d represents the distance between two triangular fuzyy
numbers and is calculated by using Equation (21).

I Iy Tfa, —b,1% + (a. — b.)*
d{ X.¥ )= —[ Loy ]
( :I ng +i{ag — bg)?

(21)

where X =(a;, by, c1) and Y=(ay, by, ¢2) are two triangular
numbers. Using these distance values, the proximity index
(CI) of each candidate is calculated by Equation (22). The
proximity index is between 0 and 1. The candidate with the
highest affinity value is determined as the best candidate
(Dagdeviren et al., 2009: 8145).

Proximity index (CI) = (d7) / ((d7)+ d})) (22)
3.4.2. Fuzzy Gray Relational Analysis

Gray relational analysis method was first introduced by
Dong (1982). It aims to show the degree of similarities and
differences between the ideal solution and the alternatives.
The method is generally preferred in the absence of precise,
clear information. Fuzzy GRA method is used in cases of
uncertainty (Liu et al., 2015; Li and Zhao, 2016). The steps
of the method are given (Kuo et al., 2008: 81; Kuo and
Liang, 2011: 1306). After the decision matrix is formed, the
integrated matrix is obtained by utilizing Equation (9). The
normalized decision matrix is formed by using Equation
(10). The reference set is determined by using Equation (23).

ﬁO = [7701; 7702, ...... 'fOn]
where fo; = max(#;) j = 12..,n (23)

The distance (6;;) of each alternative to the reference set is
calculated by using Equation (24). Gray relationship
coefficient is defined in Equation (25) (Lin et al., 2002: 273).

8 = |70: — fij' (24)
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é‘min + p6max

8ij + POmax Omax = max(8;;),

Pij =

6min

= min(é‘ij) ,pel0,1] (25)

The fuzzy criterion weights convert to real number by
applying Equation (7) and then these are divided by the sum
of real numbers. The sum of criterion weights is equal to one.
Equation 26 is used to calculate the degree of the gray
relationship. Alternatives are ranked according to the gray
relational degree and the alternative with the highest value is
the best alternative (Wang et al., 2013: 102).

n
Vi= Z W] (pij; i= 112!"'m (26)
=1

3.4.3. Fuzzy ARAS

Zavadskas and Turskis introduced Aras method in 2010. The
method is effective and ease of use. The method can be
applied to different MCDM problems. In Aras method, the
alternative value is compared with the optimal value. Aras
method can be adapted and modeled by fuzzy logic and gray
theory (Omiirbek et al., 2017; Zavadskas et al., 2010). The
four steps of the method are as follows (Zavadskas and
Turskis, 2010: 3). In the second step, the decision matrix is
normalized with the help of Equation (10). In the third step,
the weighted normalized decision matrix is obtained by
multiplying the criterion weights with the normalized
decision matrix. In the fourth step, the optimal function value
of each alternative is calculated with the help of Equation
(27).

‘S'i' = E.‘l f'.‘: 1:].2=m

j=1-"1]

Si: The ith alternative optimal functional value
(27)

The optimal function value with the highest value (So) is the

most effective alternative. The utility value (K;) of each

alternative is calculated as presented in Equation 15 by the

ratio of the optimal function value (S;), optimal value (So).
Si .

Ki=—,i=12,..,m (28)
So

The Ki benefit values obtained by equation (28) are between

[0,1]. These values are listed from top to bottom and the

alternative with the largest value is the most suitable

alternative (Turskis and Zavadskas, 2010: 427).

3.4.4. Fuzzy WASPAS

The WASPAS method is described by Zavadskas et al.
(2012). It is developed by combining the methods of the
weighted total model (WSM) and the weighted product
model (WPM). The method aims to achieve high consistency
in estimation by optimizing the weighted integrated function
(Lashgari et al., 2014: 735).

The method steps are as follows (Zavadskas et al., 2013: 108;
Zavadskas et al., 2015: 15927): Decision matrix is
constructed and the integrated decision matrix is obtained by
using Equation (9). The decision matrix is normalized using
Equation (10). The relative significance values of each
alternative are determined according to the weighted total
model (Qi) and weighted product model (P;) (Turskis et al.,

2015: 119). In the last step, the total relative values of the
alternatives (K;) are calculated as indicated in Equation (29).
The coefficient (1) is between zero and one. The alternative
with the highest significance level is identified as the best
alternative.

4. Experimental Study

To depict the application of the proposed methodology, a
case study in production sector is presented. In this study,
fifteen candidates who applied for the position of warehouse
expert were examined. The proposed multi-criteria decision-
making model process steps are presented in Figure 2.

Step 1: In the first stage, decision group is determined by the
business manager. The decision group consists of human
resource manager, purchasing manager and production
planning manager. Decision makers will be called KV1-
KV2-KV3 respectively.

Step 2: The hierarchy in the group decision is determined by
using the fuzzy SWARA method. The linguistic variables are
depicted in Table 3 and the managers use these linguistic
variables to evaluate the importance level of decision group
members. First, decision-makers are ranked in descending
order according to their importance. Table 4 presents the
ranking in the first column. s; values are obtained by the
evaluation of the business manager. The results are given in
the third column in Table 4. Then, k;, gj and w; are calculated
by using Equation (11), Equation (12), Equation (13),
respectively.

Figure 2. Personnel Selection Process

Formation of DecisionGroup |
e

Calculation of Group Hierarchy by Fuzzy SWARA
Methaod

I

Determinationof Criteriafor Personnel Selection

g

| Calculation of Criterion Weights
b

Determinationof the candidatesto be evaluated
by pre-selection

On
| Constructing Fuzzy Decision Matrix |

I

Obtaining the NormaleedFuzzy Decision Matrix

|
Implementation of MCDM Methods (TOPSIS,
Aras, GlA, WASPS) to be used in personnel
selection

o

Determination of the most suitable candidate by
evaluating the resulis ocbtained from all methods

Step 3: After determining the group hierarchy, the criterion
to be used in personnel selection is determined. Computer
knowledge, work experience, foreign language skills,
education, personal characteristics and general interview
evaluation are the criteria to be used in personnel selection.
These six criteria are shown in order of KR1-KR6.
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Step 4: The criteria weights are determined in this step.
Using linguistic expressions in Table 1, decision-makers
evaluate personnel selection criterions. Table 5 shows the
criterion evaluations of decision-makers. The criterion
weights are weighted using group hierarchy and the
integration criterion (Equation 9) is applied to obtain final
criterion weights as follows.

W = [(0.09,0.27,0.55), (0.08,0.20, 0.37), (0.06,0.15,0.31),
(0.06,0.27,0.55), (0.04,0.16,0.37), (0.06, 0.28,0.61)]

Step 5: The candidates to be evaluated are determined. A
prerequisite examination is conducted and the candidates
who meet the requirements are identified. Six candidates
meet the requirements are considered. Candidates will be
shown as Al-A6 respectively. The decision group make
interviews with candidates.

Step 6: Fuzzy decision matrix is constructed. Table 6
presents the evaluations of decision makers. Fuzzy decision
matrices of decision makers are integrated using equation (9)

Table 4. Group Hierarchy

958

and fuzzy decision matrix was obtained in accordance with
the equation (8) and presented in Table 7.

Step 7: Normalized fuzzy decision matrix is generated. The
normalized fuzzy decision matrix presented in Table 8 is
obtained by applying the normalization procedure specified
in Equation (10) to the fuzzy decision matrix presented in
Table 7. The normalization procedure specified in Equation
(10) is adapted to the fuzzy decision matrix presented in
Table 7. The normalized fuzzy decision matrix presented in
Table 8 is obtained.

Step 8: The final values and rankings obtained as a result of
MCDM methods presented in the third section are presented
in Table 9.

Step 9: In this study, four different hybrid MCDM methods
are discussed in fuzzy environment. The sequence is as
follows: Alternative 5> Alternative 2> Alternative 3>
Alternative 4> Alternative 1> Alternative 6 and the most
suitable candidate is the fifth candidate.

Decision Makers

Sj K aj Wi
KV1 - - - - 10 10 10|10 10 10|050 055 0.61
KV3 MLI 07 10 15|17 20 25|04 05 06020 0.27 0.36
KV2 LI 04 05 07|14 15 17|01 02 03012 0.18 0.26
Table 5. Criteria Evaluation of Decision makers
Deciston makers ER1 ER2 KRS ER4 KR53 KR4
EV1 High Medmm Medm Low High Meadmm Wery High
EV2 High Medmm High Meadium Very High Medium Low High
EV3 Very High Hizh Medium High Medium High Medium High Liedium High
Table 6. Evaluation of Candidates by Decision makers
Decizsion makers  Altematives ER1 ER2 ER3 ER4 KR35 ER6
EV1 Altemative 1 F VP MP MG G MG
Altemative 2 G F F F F G
Altemative 3 G VG MP F G G
Altemative 4 MP VP F G G F
Altemative 5 VG Vi F VG it VG
Altemnatrve & VP VP P F F F
EV2 Altematrve 1 MG P P F F F
Altarnative 2 VG MG MG MG MG G
Altarnative 3 F G F F e G
Altenative 4 F P MG F F F
Alternative 3 G G MG G G G
Alternative § P P F MP il MP
EV3 Alternative 1 MP MP MP F il MP
Alternative 2 G G G G G G
Alternative 3 MG G MG MG G G
Altenative 4 F MP G MG F F
Alternative 3 VG G G MG G G
Altemative § MP P MP P MP MP
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Table 7. Fuzzy Decision Matrix

Alternative/ Criteria KR1 KR2 KR3 KR4 KR5 KR6
Alternativel 2 5 8 |0 22 5 |1 3 5(4 55 8 (2 55 9|2 5 8
Alternative2 7 83 10|4 65 9 |4 65 9(4 65 9 (4 65 9|7 8 9
Alternative3 4 65 9 (7 83 102 5 8|4 55 8 (7 8 9|7 8 9
Alternative4 2 45 6 |0 22 5 |4 65 9|4 65 9 |4 6 9|4 5 6
Alternative5 7 87 107 83 10(4 65 9(5 78 107 8 9|7 83 10
Alternative6 0 22 5 |0 17 3 1 25 5|1 35 6 |2 4 6|2 4 6
Table 8. Normalized Fuzzy Decision Matrix
>
=
= 8 KR1 KR2 KR3 KR4 KR5 KR6
g2
<O
Alternativel 0.20 0.50 0.80|0.00 0.22 0.50|0.11 0.33 0.56(0.40 0.55 0.80(0.22 0.61 1.00{0.20 0.50 080
Alternative2 0.70 0.83 1.00|0.40 0.65 0.90|0.44 0.72 1.00(0.40 0.65 0.90(0.44 0.72 1.00{0.70 0.80 0.90
Alternative3 0.40 0.65 0.90|0.70 0.83 1.00|0.22 0.56 0.89|0.40 0.55 0.80(0.78 0.89 1.00(0.70 0.80 0.90
Alternative4 0.20 0.45 0.60|0.00 0.22 0.50|0.44 0.72 1.00(0.40 0.65 0.90(0.44 0.67 1.00[0.40 0.50 0.60
Alternative5 0.70 0.87 1.00|0.70 0.83 1.00|0.44 0.72 1.00(0.50 0.78 1.00(0.78 0.89 1.00(0.70 0.83 1.00
Alternative6 0.00 0.22 0.50{0.00 0.17 0.30|0.11 0.28 0.56|0.10 0.35 0.60(0.22 0.44 0.67[0.20 0.40 0.60
Table 9. Multi Criteria Decision Making Method Result VValues and Rankings
Methods FUZZY SWARA+ FUZZY SWARA+ FUZZY SWARA+ FUZZY SWARA+
FUZZY TOPSIS FUZZY GRA FUZZY ARAS FUZZY WASPAS
Proximity Gray Utility Importance
Alternative index Ranking relgtlonshlp Ranking Value Ranking value Ranking
egree
Alternativel 0.378 5 0.431 5 0.626 5 0.538 5
Alternative? 0.468 2 0.773 2 0.943 2 0.738 2
Alternative3 0.455 3 0.738 3 0.917 3 0.708 3
Alternative4 0.380 4 0.535 4 0.686 4 0.553 4
Alternative5 0.494 1 0.989 1 1.000 1 0.799 1
Alternative6 0.284 6 0.346 6 0.474 6 0.376 6

5. Results

Personnel selection is a decision making process under
multiple decision makers and decision makers use linguistic
terms to express their opinions and multiple factors are used
in personnel selection. This process aims to make a more
objective evaluation by using MCDM methods.

This study proposed a fuzzy hybrid solution approach for
solving personnel selection problem. Fuzzy SWARA was
used to calculate criterion weights considering the group
hierarchy. It was decided to apply more than one MCDM
methods to validate and compare the results of discussing
MCDM methads, since different rankings can be obtained in
each of the MCDM methods. Fuzzy TOPSIS, fuzzy gray
relational analysis, fuzzy WASPAS, fuzzy Aras methods
were used to sort the alternatives. The most appropriate

personnel selection was realized by integrating the results
obtained from different multi criteria decision making
methods. The proposed approach was adapted to the
personnel selection problem for a production company. The
same sequence was obtained from all methods. This means
that the result is consistent, feasible and the multi-criteria
decision making methods discussed in this study are suitable
methods for the personnel selection problem.

In this study, the fuzzy SWARA approach was applied to
weight the criteria considering group hierarchy. Fuzzy
TOPSIS, fuzzy Gray relational analysis, fuzzy WASPAS,
fuzzy Aras methods were used to rank the candidates. The
final ranking was obtained by evaluating the results of more
than one method and a real life problem was discussed. In
the future studies, the hybrid solution approach can be
applied to different type of decision making problems.



Madenoglu, F. S. / Anemon Mus Alparslan Universitesi Sosyal Bilimler Dergisi, 2020 8(3) 953-962 960

References

Adigiizel, O. (2009). Personel Seciminin Analitik
Hiyerarsisi Prosesi Yontemiyle Gergeklestirilmesi.

Dumlupinar Universitesi Sosyal Bilimler Dergisi,
(24).

Akar, G. S., & Cakir, E. (2016). Lojistik Sektoriinde
Biitiinlestirilmis Bulanik Ahp-Moora Yaklagimi ile
Personel  Se¢imi.  Yonetim Ve  Ekonomi
Arastirmalart Dergisi, 14(2), 185-199.

Awasthi A., Chauhan S.S., & Goyal S. K. (2011). A multi
criteria decision making approach for location
planning for urban distribution centers under
certainty. Mathematical Computer Modelling,
53(1-2), 98-1009.

Balezentis, A., Balezentis, T., & Brauers, W. K. (2012).
Personnel selection based on computing with words
and fuzzy MULTIMOORA. Expert Systems with
Applications, 39(9), 7961-7967.

Celik, M., Cebi, S., Kahraman, C., & Er, I. D. (2009).
Application of axiomatic design and TOPSIS
methodologies under fuzzy environment for
proposing competitive strategies on Turkish
container ports in maritime transportation network.
Expert Systems with Applications, 36(3), 4541-
4557,

Dagdeviren, M. (2007). Bulanik analitik hiyerarsi prosesi ile
personel se¢imi ve bir uygulama. Gazi Universitesi
Miihendislik-Mimarlik Fakiiltesi Dergisi, 22(4).

Dagdeviren, M., Yavuz, S., & Kiling, N. (2009). Weapon
selection using the AHP and TOPSIS methods
under fuzzy environment. Expert Systems with
Applications, 36(4), 8143-8151.

Dagdeviren, M. (2010). A hybrid multi-criteria decision-
making model for personnel selection in
manufacturing systems. Journal of Intelligent
Manufacturing, 21(4), 451-460.

Degermenci, A., & Ayvaz, B. (2016). Bulanik ortamda
TOPSIS yontemi ile personel secimi: katilim
bankaciligi sektoriinde bir uygulama. Istanbul
Ticaret Universitesi Fen Bilimleri Dergisi, 15(30),
77-93.

Deng, H. (1999). Multicriteria analysis with fuzzy pairwise
comparison. International Journal of Approximate
Reasoning, 21(3), 215-231.

Dogan, A., & Onder, E. (2014). Insan Kaynaklari Temin Ve
Se¢iminde Cok Kriterli Karar Verme Tekniklerinin
Kullanilmasi Ve Bir Uygulama (Using Multi
Criteria Decision Techniques in Recruiting and
Selection of Human Resources and an Application).
Journal of Yasar University, 9(34), 5796-5819.

Dong, J.L. (1982). Control problems of grey systems.
Systems & Control Letters, 1(5), 288-294.

Efe, B., & Kurt, M. (2018). Bir Liman Isletmesinde Personel
Se¢imi Uygulamasi. Karaelmas Science and
Engineering Journal, 8(2), 417-427.

Efe, B., & Kurt, M. (2018). A systematic approach for an
application of personnel selection in assembly line
balancing problem. International Transactions in
Operational Research, 25(3), 1001-1025.

Fenton, N., & Wang, W. (2006). Risk and confidence
analysis for fuzzy multicriteria decision making.
Knowledge-Based Systems, 19(6), 430-437.

Glingor, Z., Serhadlioglu, G., & Kesen, S. E. (2009). A fuzzy
AHP approach to personnel selection problem.
Applied Soft Computing, 9(2), 641-646.

Hwang, C.L., & Yoon, K. (1981). Multiple attribute decision
making: methods and applications. New York:
Springer-Verlag.

llgaz, A. (2018). Lojistik Sektoriinde Personel Se¢im
Kriterlerinin Ahp Ve Topsis Yontemleri ile
Degerlendirilmesi. Siileyman Demirel Universitesi
Sosyal Bilimler Enstitiisti Dergisi, 1(32), 586-605.

Icigen, E. T., & Cetin, E. 1. (2017). AHP temelli TOPSIS
yontemi ile konaklama isletmelerinde personel
se¢imi. Balkan Sosyal Bilimler Dergisi, 7(13), 179-
187.

Kabak, M., & Kazangoglu, Y. (2012). Bulanik Analitik
Hiyerarsi Yontemiyle Ogretmen Segimi Ve Bir
Uygulama. Afyon Kocatepe Universitesi Iktisadi ve
Idari Bilimler Fakiiltesi Dergisi, 14(1), 95-111.

Kahraman, C., Cebeci, U., & Ruan, D. (2004). Multi-
attribute comparison of catering service companies
using fuzzy AHP: The case of
Turkey. International Journal of Production
Economics, 87(2), 171-184.

Karabasevic, D., Zavadskas, E. K., Turskis, Z., & Stanujkic,
D. (2016). The framework for the selection of
personnel based on the SWARA and ARAS
methods under uncertainties. Informatica, 27(1),
49-65.

Karabasevic, D., Zavadskas, E. K., Stanujkic, D., Popovic,
G., & Brzakovic, M. (2018). An Approach To
Personnel Selection In The It Industry Based On
The Edas Method. Transformations In Business &
Economics, 17(2).

Kaufmann, A., & Gupta, M. M. (1991). Introduction to fuzzy
arithmetic. New York: VanNostrand Reinhold
Company.

Kenger, M. D., & Organ, A. (2017). Banka personel
se¢iminin ¢ok kriterli karar verme yontemlerinden
entropi temelli aras yontemi ile degerlendirilmesi.
Adnan Menderes Universitesi Sosyal Bilimler
Enstitiisii Dergisi, 4(4), 152-170.

Ker$uliene, V., Zavadskas, E. K., & Turskis, Z. (2010).
Selection of rational dispute resolution method by
applying new step-wise weight assessment ratio
analysis (SWARA). Journal of Business Economics
and Management, 11(2), 243-258.

Koyuncu, O., & Ozcan, M. (2014). Personel segim siirecinde
analitik hiyerarsi siireci ve TOPSIS ydntemlerinin
karsilastirilmasi:  Otomotiv ~ sektoriinde  bir



961 Madenogluy, F. S. / Anemon Mus Alparslan Universitesi Sosyal Bilimler Dergisi, 2020 8(3) 953-962

uygulama. Hacettepe Universitesi Iktisadi ve Idari
Bilimler Fakiiltesi Dergisi, 32(2), 195-218.

Kuo, Y., Yang, T., & Huang, G. W. (2008). The use of grey
relational analysis in solving multiple attribute
decision-making problems. Computers & Industrial
Engineering, 55(1), 80-93.

Kuo, M. S., & Liang, G. S. (2011). Combining VIKOR with
GRA techniques to evaluate service quality of
airports under fuzzy environment. Expert Systems
with Applications, 38(3), 1304-1312.

Lashgari, S., Antucheviéiené, J., Delavari, A. & Kheirkhah,
0. (2014). Using QSPM and WASPAS methods for
determining outsourcing strategies. Journal of
Business Economics and Management, 15(4): 729-
743.

Li, N., & Zhao, H. (2016). Performance evaluation of eco-
industrial thermal power plants by using fuzzy
GRA-VIKOR and combination  weighting
techniques. Journal of Cleaner Production, 135,
169-183.

Lin, C. L., Lin,J. L., & Ko, T. C. (2002). Optimisation of the
EDM process based on the orthogonal array with
fuzzy logic and grey relational analysis method. The
International Journal of Advanced Manufacturing
Technology, 19(4), 271-277.

Lin, H. T. (2010). Personnel selection using analytic network
process and fuzzy data envelopment analysis
approaches. Computers & Industrial Engineering,
59(4), 937-944.

Liu, J., Guo, L., Jiang, J., Hao, L., Liu, R., & Wang, P.
(2015). Evaluation and selection of emergency
treatment technology based on dynamic fuzzy GRA
method for chemical contingency spills. Journal of
Hazardous Materials, 299, 306-315.

Mavi, R. K., Goh, M., & Zarbakhshnia, N. (2017).
Sustainable third-party reverse logistic provider
selection with fuzzy SWARA and fuzzy MOORA
in plastic industry. The International Journal of
Advanced Manufacturing Technology, 91(5-8),
2401-2418.

Merigo, J. M., & Casanovas, M. (2011). Induced and
uncertain heavy OWA operators. Computers &
Industrial Engineering, 60(1), 106-116.

Omiirbek, V., Aksoy, E., & Akcakanat, O. (2017).
Bankalarin  Siirdiiriilebilirlik  Performanslarinin
Aras, Moosra Ve Copras Yontemleri Ile
Degerlendirilmesi. Visionary E-Journal/Vizyoner
Dergisi, 8(19).

Ozder, E. H., Bedir, N., & Eren, T. (2019). Researcher
Selection Problem in Higher Education by Using
Multi  Criteria Decision Making: A Case
Study/Yiiksekogretimde Arastirmact  Secgiminde
Cok Olgiitli  Karar Verme Yontemlerinin
Kullanilmasi: Bir Ornek Uygulama. Alanya
Akademik Bakis Dergisi, 3(1), 19.

Samanlioglu, F., Taskaya, Y. E., Gulen, U. C., & Cokcan, O.
(2018). A fuzzy AHP-TOPSIS-based group

decision-making approach to IT personnel
selection. International Journal of Fuzzy Systems,
20(5), 1576-1591.

Sang, X., Liu, X., & Qin, J. (2015). An analytical solution to
fuzzy TOPSIS and its application in personnel
selection for knowledge-intensive enterprise.
Applied Soft Computing, 30, 190-204.

Senger, O., & Albayrak, O. K. (2016). Gri iliski Analizi
Yontemi {le Personel Degerlendirme Uzerine Bir
Calisma. International Journal of Economic &
Administrative Studies, (17).

Sun, C. C. (2010). A performance evaluation model by
integrating fuzzy AHP and fuzzy TOPSIS methods.
Expert Systems with Applications, 37(12), 7745-
7754,

Tepe, S., & Gorener, A. (2014). Analitik hiyerarsi siireci ve
moora  ydntemlerinin  personel  Segiminde

Uygulanmasi. Istanbul Ticaret Universitesi Fen
Bilimleri Dergisi, 13(25), 1-14.

Turskis, Z., & Zavadskas, E. K. (2010). A new fuzzy additive
ratio assessment method (ARAS-F). Case study:
The analysis of fuzzy multiple criteria in order to
select the logistic centers location. Transport, 25(4),
423-432.

Turskis, Z., Zavadskas, E. K., Antucheviciene, J.,, &
Kosareva, N. (2015). A hybrid model based on
fuzzy AHP and fuzzy WASPAS for construction
site selection. International Journal of Computers
Communications & Control, 10(6), 113-128.

Turskis, Z., Ker Uliené, V., & Vinogradova, 1. (2017). A
New Fuzzy Hybrid Multi-Criteria Decision-Making
Approach To Solve Personnel Assessment
Problems. Case Study: Director Selection For
Estates And Economy Office. Economic
Computation & Economic Cybernetics Studies &
Research, 51(3).

Ulutas, A., Ozkan, A. M., & Tagraf, H. (2018). Bulanik
Analitik Hiyerarsi Siireci Ve Bulanik Gri Iliskisel
Analizi Yontemleri Kullanilarak Personel Se¢imi
Yapilmasi. Elektronik Sosyal Bilimler Dergisi,
17(65), 223-232.

Urosevic, S., Karabasevic, D., Stanujkic, D., & Maksimovic,
M. (2017). An Approach To Personnel Selection In
The Tourism Industry Based On The Swara And
The Waspas Methods. Economic Computation &
Economic Cybernetics Studies & Research, 51(1).

Unal, O. F. (2011). Analitik Hiyerarsi Prosesi Ve Personel
Se¢imi Alaninda Uygulamalart. Journal of Alanya
Faculty of Business/Alanya Isletme Fakiiltesi
Dergisi, 3(2).

Wang, P., Meng, P., Zhai, J. Y., & Zhu, Z. Q. (2013). A
hybrid method using experiment design and grey
relational analysis for multiple criteria decision
making problems. Knowledge-Based Systems, 53,
100-107.

Yildiz, A., & Deveci, M. (2013). Bulanik VIKOR
Yontemine Dayali Personel Secim Siireci/Based on



Madenoglu, F. S. / Anemon Mus Alparslan Universitesi Sosyal Bilimler Dergisi, 2020 8(3) 953-962 962

Fuzzy VIKOR Approach to Personnel Selection
Process. Ege Akademik Bakis, 13(4), 427.

Zavadskas, E. K.; Turskis, Z. (2010). A new additive ratio
assessment  (ARAS) method in  multicriteria
decision-making, Technological and Economic
Development of Economy 16(2): 159-172.

Zavadskas, E. K., Turskis, Z., & Vilutiene, T. (2010).
Multiple criteria analysis of foundation instalment
alternatives by applying Additive Ratio Assessment
(ARAS) method. Archives of civil and mechanical
engineering, 10(3), 123-141.

Zavadskas, E. K., Turskis, Z., Antucheviciene, J.,, &
Zakarevicius, A. (2012). Optimization of weighted
aggregated sum product assessment. Elektronika ir
elektrotechnika, 122(6), 3-6.

Zavadskas, E.K., Antucheviciene, J., Saparauskas, J. &
Zenonas Turskis, Z. (2013). Multicriteria
assessment of facades’ alternatives: peculiarities of

ranking methodology. Procedia Engineering, 57:
107 - 112,

Zavadskas, E.K., BauSys, R. & Lazauskas, M. (2015).
Sustainable assessment of alternative sites for the
construction of awaste incineration plant by
applying WASPAS method with single-valued
neutrosophic set. Sustainability, 7: 1592315936

Zhang, S. F., & Liu, S. Y. (2011). A GRA-based
intuitionistic fuzzy multi-criteria group decision
making method for personnel selection. Expert
Systems with Applications, 38(9), 11401-11405.

Zolfani, S. H., Rezaeiniya, N., Aghdaie, M. H., & Zavadskas,
E. K. (2012). Quality control manager selection
based on AHP-COPRAS-G methods: a case in Iran.
Economic  Research-Ekonomska IstraZivanja,
25(1), 72-86.



