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ABSTRACT

This paper investigates the decision process relating to job change which mostly depends on
individual’s expectations about a job. Failing to fully understand the factors shaping these
expectations leads to dissatisfaction and poor work performance; which produces unwanted
consequences for both individuals and businesses. Since job change decision is defined as a multiple
criteria decision making (MCDM) problem. This study uses a hybrid approach as a methodology
combining fuzzy Analytic Hierarchy Analysis (AHP) and fuzzy TOPSIS (Technique for Order of
Preference by Similarity to Ideal Solution) for the job change decision of a faculty working in a
university. In this approach, while the use of fuzzy AHP method helps determine the weight of the
decision criteria; fuzzy TOPSIS enables the evaluation of the alternatives. In order to investigate the
methods’ applicability in multiple dimensions of decision problem space, a comparison analysis is
conducted with the three methodologies; fuzzy AHP, fuzzy TOPSIS and the proposed hybrid approach
(named fuzzy AHP-TOPSIS) in the same decision making context. Four factors are considered for the
comparison: adequacy to changes of criteria or alternatives; agility in the decision process;
computational complexity; and the number of criteria and alternatives. Analysis shows that three
methods achieve the same results. This verifies their robustness and indicates that MCDM methods
are viable in job change decisions. However; comparison analysis shows that based on the four
factors; the proposed hybrid fuzzy AHP-TOPSIS method provide more consistent results than fuzzy
AHP and fuzzy TOPSIS methods. Thus the proposed hybrid fuzzy AHP-TOPSIS method is more
appropriate to use on a wide range of job change decision problems.
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1.0 INTRODUCTION

Changing a job can be a daunting decision for any professional. However, it is a common practice in the
rapidly changing competitive business environment in modern society. According to a survey by the U.S.
Bureau of Labor Statistics (2015), average person born in the early 60s held 11.7 jobs from age 18 to 48.
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This creates a highly competitive job market for businesses as well for attracting and choosing the best
candidate for vacant positions. However, choosing the best candidate does not guarantee an adequate
performance on the job either. If the individual’s expectations from the job do not meet with the
business’ reality, ranging from the work environment to benefits, his/her dissatisfaction and poor
performance are almost inevitable. Therefore, while the business needs to make sure that the person its
hiring ideally fits the requirements of the position, the individual has to be certain that with all its
incentives and conditions, his/her employment will fulfill his/her needs. Thus understanding the factors
effecting the job change decision can help both individuals and businesses in a better match of the right
person with the right job.

By understanding factors affecting their choices, individuals assess job alternatives better and their
awareness increase in making an informed decision. On the other hand, knowing the factors attracting
the individual to the job position, businesses better communicate their expectations and may achieve a
better match between the candidate and the job. Recruiting the right person for the job plays a
considerable role in business success, and an extensive literature exists on the various aspects of
employee recruitment such as recruitment methods, recruiter effects and realistic job previews
(Breaugh, 2008). One of the factors that can hinder a successful recruitment process is job applicant’s
incorrect assessment of his/her true abilities or inability to identify exactly his/her expectations from a
job; both of which received little attention in the employee recruitment literature (Breaugh, Macan, &
Grambow, 2008). In order to overcome these problems and develop recruitment strategies, employer
needs to better understand job applicants’ decision processes. Since applicants’ professional career
states can be different such as the first-time, career changing or job changing; circumstances surrounding
each applicants’ decision making process needs to be investigated accordingly. The scope of this study
covers only the job change case.

Job changes are seldom easy decision making processes. They entail internal and external challenges in
terms of adjustments to new culture, changes in family and social life, relocation expenses, and potential
increase in the cost of living. Groysber and Abrahams (2010) argue that it is very easy to make mistakes
in the decision making process. They found that not doing enough research, overestimating oneself and
thinking short term are the common mistakes. Fundamentally, decisions are based on imperfect
information that individuals have about a prospective job, since it’s certain properties are difficult to
assess without actually experiencing the job (Halaby, 1988). Studies show that even if the job change is
involuntary; individuals generally tend to have a perception of a positive outcome including better pay
and benefits, opportunities for growth, job satisfaction, reduced stress and more job security (Fields et
al, 2005). Furthermore, studies show that factors effecting job search and the choice process for an
individual likely to vary at different stages of the process as he/she becomes more aware of other
opportunities and his/her own preferences (Boswell, 2003). The mismatch between expectations and
experience on the job can lead to dissatisfaction and poor work performance and initiate another job
search behavior.

Job change decision involves an employee’s decision to change his/her career or just to change the
organization that he/she is working for. Most of the related studies in decision making are about the field
of career decision making. Murtagh et al. (2011) categorize the theories explaining career decision making
process into two streams of research: rational and other-than-rational perspectives. Rational decision
making models explain career decision making as a systematic and objective process. Such models (i.e.
Pitz & Harren, 1980) try to explain how career decisions should be made. In these models, in order to
reach an optimal outcome, individuals need to consider different values of options in relation to their
probabilities and select the highest valued option. However, in the applications of the rational models,
individuals often fail to accomplish the correct quantification and calculation due to the limited capacity
of human cognition (Murtagh et al. 2011). Following these studies in 2001, Gati and Asher proposed to
enhance cognitive processes in order to overcome the problems of rational models and increase usability
in applications.
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In contrast, other-than-rational perspective models argue that career decision making cannot be a
systematic or sequential process. The decision process is essentially an unconscious one and can be
influenced by emotions and intuition (Murtagh et al. 2011). Influence of emotions in the decision making
process has been acknowledged as a part of unconscious evaluation process in psychology (Johnson-
Laird & Oadey, 2004). These studies are still improving our understanding and knowledge about career
decision making. However there is no prescriptive model available to follow yet for all decision making
cases.

These theories in the career decision making research can help understand the job change decision
making process. However, in terms of the real-world applications, both rational and other-than-rational
perspective models fail to offer a comprehensive solution due to the limitations of human cognition and
influential mechanism shaped by emotions. Using tools and methods as decision aids could be useful in
easing the cognitive burden and forming a systematic thinking process. One of the research areas that
can contribute to career decisions is MCDM research. Mardani et al. (2015) describe that MCDM is
concerned with designing computational and mathematical tools for supporting subjective evaluation of
decision makers, offering various methods that can be applied in diverse types of decision problems.
However, there is no consensus in the literature on which method to use since many MCDM methods
may yield different results when they are applied on the same problem. Thus justification of results of
analysis needs to always be included when comparing the results of multiple MCDM methods.

General structure of job change decision involves the evaluation of preferences of the decision maker,
job alternatives, and other factors to be considered. This multi-faceted characteristic makes it a typical
decision problem where various multiple criteria decision making (MCDM) methods could be employed
in aiding decision making. MCDM methods are used in various decision making problems for the ranking,
selection, and prioritization of alternatives. Analytic Hierarchy Process (AHP) (Saaty, 1980) and Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS) (Hwang and Yoon, 1981) are the two most
preferred methods in applications.

Parallel to the developments of new methods; in order to take advantage of each method’s predominant
features, using two or more MCDM methods and creating hybrid methods have also gained popularity.
Developments have led to another stream of research called fuzzy MCDM, when various fuzzy versions
of these methods have been introduced to account for the linguistic evaluation of subjective perception
or preferences of individuals. A recent survey of these studies by Mardani et al. (2015) shows that interest
in hybrid fuzzy MCDM methods combining different methods grown exponentially. In this study, in order
to assess the applicability of MCDM methods to job change decision problems, a faculty’s job change
decision is modeled and evaluated using three multi criteria decision making methods namely fuzzy AHP,
fuzzy TOPSIS and a proposed hybrid of fuzzy AHP-TOPSIS. Then, comparative analyses are conducted to
assess the three methods’ performance on the decision problem at hand.

In this paper, the researcher analyses a job change decision making process from a job applicant
perspective and suggests a decision making method that enables decision maker to identify and evaluate
the factors and requirements related with the job that is important to him. The purpose of this study is
twofold: first to analyze job change decision making process and demonstrate the applicability of MCDM
methods for job change decision problems that will help individuals to determine what he/she wants in
a job and evaluate alternatives accordingly. Then, evaluate the performance of the chosen MCDM
methods comparatively based on four factors named as adequacy to changes of criteria or alternatives;
agility in the decision process; computational complexity; and the number of criteria and alternatives.

The paper is organized into two consecutive sections. The first section explains the methodology in four
subsections, respectively; fuzzy MCDM methods, fuzzy AHP method, and fuzzy TOPSIS method and
proposed hybrid fuzzy AHP-TOPSIS methodology. Next section discusses the application results of the
fuzzy MCDM methods to a job change decision problem. The following subsection compares the three
methods’ results. The last section presents a comparative analysis of the three methods.
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2.0 METHODOLOGY
2.01 FUZZY MCDM METHODS

In the applications of MCDM methods, as stated by Vasant et al. (2008), decision making is facilitated by
an analysis that incorporates classification of decision makers’ judgements, calculating numerical values
and converting the results into a numerical evaluation of alternatives. Basically, it is about making
selections among alternatives under usually conflicting multiple decision criteria. MCDM problems are
expected to have a limited number of decision alternatives that need to be sorted and ranked according
to their attributes (Kahraman, 2008). Liou and Tzeng (2012) categorize MCDM models into three classes;
evaluating or choosing models (e.g., input-output analysis, linear structure equation models, Decision
Making Trial and evaluation Laboratory (DEMATEL)), weighting models (e.g., AHP, Analytic Network
Process (ANP), Entropy measure), and normalizing models (e.g., simple additive weight (SAW), TOPSIS,
ELECTRE, VIKOR, PROMETHEE). Very often in real world cases, application of MCDM methods may be
hindered by imprecision or vagueness inherent in the criteria or judgements of the decision maker. For
these decision situations, fuzzy MCDM methods are developed. Fuzzy MCDM methods build on fuzzy
sets theory (Zadeh, 1965) and first applied in decision making by the seminal work of Bellman and Zadeh
(1970). Since then, fuzzy versions of various MCDM methods are proposed to tackle decision problems
in ambiguous conditions (Dubois, 2011).

There are different types of fuzzy numbers (such as triangular, trapezoidal and s-functions) which are
used for analyzing various conditions. Triangular fuzzy numbers are preferred the most since they
sufficiently describe fuzzy information and are computationally simple (Chen and Hung 2010). A
triangular fuzzy number N is a subset of the real numbers and defined by three numbers a < b < c. It’s
characterized by a grade of membership based on the interval [0, 1]. Triangular membership function is
defined as;

(x—a)/(b—a), a<x<bh,
uy(x) ={(c—x)/(c—b), b<x<c, (o1)
0, otherwise

Alternatively, a fuzzy number N can also be expressed by its intervals (Zimmermann, 2001), using a-cuts
(N,) of the fuzzy number as;

N=UgaN, o<asit (02)

where, No =[min{x eX|uy(x) = a}, max{x eX|uy (x) = a} (03)

Some of the fuzzy MCDM methods that have received much attention are fuzzy AHP (e.g., Cheng and
Mon, 1994; Cheng, 1997; Chan and Kumar, 2007; Rajput et al., 2011; Jing et al., 2013); fuzzy TOPSIS (e.g.,
Chen, 2000; Wang and Elhag, 2006; Wang and Lee, 2007; Kahraman et al., 2007; Boran et al., 2011; Kilic,
2013; Zhang & Xu, 2014); fuzzy ELECTRE (e.g., Montazer et al., 2009; Vahdani & Hadipour, 2011); and fuzzy
DEMATEL (e.g., Lin & Wu, 2008; Lee et al., 2011). In addition, as it is observed in classic MCDM applications;
hybrid fuzzy MCDM methods combining multiple fuzzy methods are also suggested. Most of the hybrid
fuzzy MCDM methods employed fuzzy AHP and combined it with other methods (e.g., Tuzkaya et al.,
2010; Hadi-Vencheh & Mohamadghasemi, 2011). The second most preferred fuzzy MCDM in the hybrid
models is fuzzy TOPSIS (e.g., Dursun and Karsak, 2010). By far most preferred fuzzy MCDM methods
combined in hybrid models are fuzzy AHP and fuzzy TOPSIS (e.g., Ertugrul & Karakasoglu, 2007; Oniit et
al., 2008; Gumus, 2009; Chen & Hung, 2010; Paksoy et al., 2012; Yazdani-Chamzini, 2014).

2.02 FUZZY AHP METHOD

Saaty (1980) developed AHP based on pair-wise comparisons to derive priority scales. AHP uses nine
point scale to capture decision maker’s evaluations. Even though this crisp value scale has the advantage
of simplicity in applications, it cannot sufficiently capture inherent uncertainty in human judgements.
Scholars suggested various fuzzy AHP methods to extend the AHP’s applicability in subjective and
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imprecise decision making cases. For example, Van Laarhoven and Pedrycz (1983) developed logarithmic
least squares method and Buckley (1985) proposed a method using geometric means. Chang (1996)
suggested a synthetic extent analysis. Csutora and Buckley (2001) used the lambda-max method. Each
model has different characteristics and computational structure; thus adaptations of these models in
applications mostly depend on their complexity. One important aspect of AHP compared to the other
MCDM methods is that it offers a mechanism to measure the reliability of decision maker’s judgements.
Researchers suggested some methods for the fuzzy AHP in measuring consistency of pairwise
comparisons. However; the idea has not been fully accepted in the applications yet, since some studies
skip reporting the consistency of judgements. In this study, consistency of decision maker’s judgements
are measured using the widely accepted AHP method. The consistency ratio (CR) calculations are done
using crisp values of the fuzzy numbers as suggested by Chen & Hung (2010). According to Saaty (1980),
consistency ratio is approximated via Amax and consistency ratio of an evaluation matrix should not
exceed the acceptable level of 0.1.

Cl=(Amax-n)/(n-1) (04)

CR=CI/RC (05)

2.03 FUZZY TOPSIS METHOD

Hwang and Yoon (1981) suggested TOPSIS method for the ranking of alternatives in MCDM problems.
The performance measure of alternatives are calculated on the basis of their relative distance from
positive and negative ideal solutions. An alternative’s performance increases as its distance is closer to
the positive ideal solution and farther to the negative ideal solution (Abo-Sinna & Amer, 2005). TOPSIS
requires precise and crisp ratings of alternatives. However, for the problems requiring uncertain or
imprecise human judgement, crisp data are inadequate to model the real-life decision problems (Ertugrul
& Karakasoglu, 2007). In order to overcome this problem, the fuzzy TOPSIS method is proposed and used
in various decision problems (e.g., Chen, 2000; Abo-Sinna & Amer, 2005; Jahanshahloo et al., 2006). Fuzzy
TOPSIS uses fuzzy numbers to represent evaluations presented in linguistic terms.

2.04 HYBRID FUZZY AHP-TOPSIS METHOD

This section presents a hybrid fuzzy AHP-TOPSIS method for job change decision of a faculty. Application
of MCDM methods related to job change decision problem is very limited in the literature. One related
study is Alp and Ozkan’s (2015) study of job choice problem. They consider an individual’s selection of
occupation as a MCDM problem and analyze it using fuzzy TOPSIS method. Differing from their study,
this research applies fuzzy AHP and fuzzy TOPSIS methods and introduces a hybrid fuzzy AHP-TOPSIS
method for job change decision problem, where the evaluation of alternatives and subjective criteria are
represented in linguistic terms. In the proposed hybrid method, the use of fuzzy AHP allows for
evaluation of the relative importance between criteria using pairwise comparisons in linguistic terms. The
use of fuzzy TOPSIS enables an efficient procedure to rank the performance of the alternatives. The
method of Csutora and Buckley (2001) is chosen for the fuzzy AHP procedure and Chen’s (2000) method
is chosen for the fuzzy TOPSIS procedure. In both models, linguistic scales represented by triangular
fuzzy numbers are preferred for criteria (Table 1) and alternatives’ (Table 2) evaluations.

Table o1: Linguistic scale for importance and preferences

Linguistic scales for importance Linguistic scales for Triangular Fuzzy Scale
weights of criteria alternative preference

Equally important Equally preferred (1,1,1)
Weakly important Weakly preferred (1,3,5)
Essentially important Essentially preferred (3,5,7)
Very strongly important Very strongly preferred (5,7,9)
Absolutely more important Absolutely more preferred (7,9,9)

http://www.thejournalofbusiness.org/index.php/site 64



An analysis of job change decision ...

Table 2: Linguistic scale to evaluate the ratings of the alternative jobs.

Linguistic scales for ratings of alternatives Triangular Fuzzy Scale
Very Low (VL) (0,0, 2.5)
Low (L) (O, 2.5, 5)
Medium (M) (2:5,5,7.5)
High (H) (5,7.5,10)
Very High (VH) (7.5, 10, 10)

The proposed hybrid method consists of three main stages;

Stage 1. Identify the evaluation criteria that are important for the decision maker.
Stage 2. Calculate the weights of criteria through the application of fuzzy AHP method.
Stage 3. Conduct fuzzy TOPSIS method to achieve the final ranking results.

Although job change decision involves basic factors to consider such as wage, benefits and location; each
factor may incorporate a problem or criteria that are specific to the decision maker. Thus, the first stage
applying the method requires the involvement of the decision maker to identify the problem-specific
criteria. In this study, a semi-structured interview is conducted with the decision maker involving a
predetermined set of open-ended questions in order to determine the important decision criteria.

In the following part, stages of the proposed method are summarized in steps. The fuzzy AHP method is
used for the calculation of fuzzy weights of the criteria as described by Csutora and Buckley (2001).

Step 1: Determine the fuzzy relative importance of different criteria. Construct a pairwise comparison
matrix using linguistic scale, represented by triangular fuzzy numbers in Table 1. For n criteria, the
pairwise comparison of criterion i with j yields a square matrix C as:

(LL1)  x2 Xan
~ X
c=| *a D (06)
Xni Xnz o (L11)

where x;; = (a;j, byj, ¢;j) and xj;" = (1/le. , 1/bji ) 1/ajl.> =120, N, i %]
Step 2: Calculate the fuzzy weights of criteria using decision maker evaluation matrix C.
a) Let a=1 then, use modal value (b) of the fuzzy evaluations and apply AHP to calculate the
weight matrix wy,.
wp = [wpl, =123.....n (07)
b) Leta=0 then, use lower (a) and upper (c) bounds of the fuzzy evaluations and apply AHP to
calculate the weight matrices, w, and w,

We= W], i=123.....n (08)
we= [wi], i=123.....n (09)
¢) Inorderto ensure the fuzziness of weights, calculate two constants, C, and C, as follows:
Co = min{r;—iz where 1<1i<n} (10)
C. = max{% where 1<1i<n} (11)
c
d) The lower bound (w;) and the upper bound (w;) of the weight matrix are defined as
wg = [wi], wiy = Cawig i=123......n (12)
we = [wil, wie = C.wy i=123......n (13)
e) Construct the fuzzy weights of the criteria as follows:
w; = (wg, wp, wp), i=123.......n (14)

Step 3: Assemble the fuzzy decision matrix D of the alternatives and the criteria according to Eq. (15),
where x;; = (aij, bj, cij) is the fuzzy evaluation value of decision maker of each alternatives (A;) for each
criterion (G):

Ci Cp .. Cp

D = A1[X11 X12 - Xin (15)
Ay | X21 X2 .. Xan
AmlX*m1 Xmz2 - Xmn
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Step 4: Establish a normalized fuzzy performance matrix R using the linear scale transformation.
R=[ry] =~ i=1L2.m j=12.n (16)
a) Egs.(17) and (18) can be used to obtain a value [rl-j]which is within [0, 1]. B and C are the set of
benefit criteria and cost criteria respectively;

— (% by cij) e p.
TL} - (C]* ’ c]*- ’ C;f ] € B; (17)
a; a; a;
==L 2L ) g .
r <ci,-'bi,-'aij)' jec; (18)

¢ =maxc if JEB; a;
L

Step 5: Calculate the weighted normalized fuzzy performance matrix using the fuzzy weight matrix of

criteria W = [wy, wy, ..., Wy ].

V=[v,] i=12.m j=12..n (19)

=mina;; if JEC
l

where v;; = 1;;® w; and v;;, V i, j are normalized positive triangular fuzzy numbers and have values in
the range [o, 1].
Step 6: Determine fuzzy positive ideal solution (FPIS) and fuzzy negative ideal solution (FNIS) as follows:

FPIS: A™ = (v{,v5 ... V) (20)

FNIS: A~ = (v{,v5 ... V)

where v*;; = (1,1,1) and v~;; = (0,0, 0)
Step 7: Calculate the distance of each alternative from FPIS and FNIS. Chen (2000) used the Euclidean
distance between two fuzzy numbers as a crisp value to obtain the ranking order of the decision
elements:

d;(vi,-,v—ij)=J1/3[(via—0)2+((vib—0)2)+<<vic—0)2)] i=1,2.m (21)

df (vij,v*j) = Jl/g [(Vig — D? + ((vip — D?) + (v — D?)] i=12.m (22)
Step 8: Define a closeness coefficient (CG) to rank all the alternatives as;

dr
CC; =

dif+d;
where d; (v;j,v™;;) and djf (v, v*;;) are Euclidean distance of two triangular fuzzy numbers.

i=12.m (23)

3.0 RESULTS
3.01 THE APPLICATION OF FUZZY MCDM METHODS TO JOB CHANGE DECISION

A job changing decision of a faculty working in a university is used as an illustrative example in the
comparison of the three fuzzy MCDM methods namely; fuzzy AHP, fuzzy TOSIS, and the hybrid fuzzy
AHP-TOPSIS as explained in the previous section. Buckley’s (1985) method and the method of Csutora
and Buckley (2001) applied for the fuzzy AHP analysis. Both methods show almost identical results. Thus,
in this study, only the result of Csutora and Buckley (2001) method is reported. For the fuzzy TOPSIS
analysis Chen’s (2000) extension of the TOPSIS for group decision-making method is adapted for the
single decision maker case. This section presents only the fuzzy AHP-TOPSIS method’s steps for
illustrative purposes. Final results from the three methods are used for the comparison of the methods.
The job change decision at hand involves five job alternatives in different universities located in five
different cities. In the first stage of the study, a semi-structured interview is conducted with the decision
maker to identify the factors that he would consider in his job change decision. Five factors identified as
decision criteria in the evaluation of five alternative jobs. These criteria are; salary (C1), cost of living (C2),
social relations (C3), work environment (C4), and effects on the family (C5). Then, two sets of evaluation
questionnaire using linguistic scale (Table 1 and 2) represented by triangular fuzzy numbers are
administered to determine the importance weight of the criteria and evaluation of alternatives. One
questionnaire set involves the separate fuzzy pairwise comparisons of criteria and alternatives that is
required for the fuzzy AHP method. The other set includes individual evaluation of criteria and evaluation
of alternatives according to each criterion which is required for the fuzzy TOPSIS method. For the fuzzy
AHP-TOPSIS method, decision maker’s evaluation of fuzzy pairwise comparison of criteria and evaluation
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of alternatives for each criterion are used in the analysis. Table 3 shows decision maker’s pairwise
comparison matrix of the criteria.

Table 3: Criteria pair-wise comparison matrix
1 (@) (5} C4 Cs
C1 (1.00,1.00,1.00) (3.00,5.00,7.00) (3.00,5.00,7.00) (1.00,3.00,5.00) (0.20,0.33,1.00)
C2 (0.14,0.20,0.33) (1.00,1.00,1.00) (3.00,5.00,7.00) (1.00,1.00,1.00) (0.20, 0.33,1.00)
C3 (0.14,0.20,0.33) (0.14,0.20,0.33) (1.00,1.00,1.00) (0.14,0.20,0.33)  (0.11, 0.11, 0.14)
C4 (0.20,0.33,1.00) (1.00,1.00,1.00) (3.00,5.00,7.00) (1.00,1.00,1.00) (0.20,0.33,1.00)

¢s  (1.00,3.00,5.00) (1.00,3.00,5.00) (7.00,9.00,9.00) (1.00,3.00,5.00) (1.00,1.00,1.00)
CR=0.08

Using the Egs. (7)-(11) decision maker’s weight matrix is calculated. Results are shown in Table 4.

Table 4: Weight matrix

Wq Wh We
1 3 3 1 0.2 1 5 5 3 0.3 1 7 7 5 1
0.14 1 3 1 0.2 0.2 1 5 1 0.3 0.3 1 7 1 1
0.14 0.4 1 0.14 0.1 0.2 0.2 1 0.2 041 0.3 0.3 1 0.3 0.14
0.2 1 3 1 0.2 0.3 1 5 1 0.3 1 1 7 1 1
1 1 7 1 1 3 3 9 3 1 5 5 9 5 1

C,=0.748, C,=1.114

Applying Egs. (12)-(14) gave the fuzzy importance weights of each criterion according to the decision
maker’s judgment (Table 5).

Table 5: Importance measures of the criteria

Criteria w
1 (0.213, 0.285, 0.332)
(&) (0.113, 0.124, 0.147)
C3 (0.036, 0.036, 0.036)
C4 (0.116, 0.130, 0.167)
Cs5 (0.270, 0.425, 0.432)

Table 6 shows the decision maker’s evaluation of each alternative for every criterion using the linguistic
scale in Table 2. Next, the triangular fuzzy number equivalent of the linguistic ratings of the alternatives
are normalized using linear scale transformation shown in Table 7.

Table 6: Linguistic ratings of the alternatives for each criterion

1 C2 3 C4 s
A1 L L H H M
A2 L L H H
A3 VH VH VH M H
A4 H H H H H
As VH VH H L L

Table 7: Normalized fuzzy decision matrix
1 Q2 c3 C4 Cs
A1 (0.00,0.25,0.50) (0.00,0.25,0.50) (0.50,0.75,1.00) (0.50,0.75,1.00) (0.25,0.50, 0.75)
A2 (0.00,0.25,0.50) (0.00,0.25,0.50) (0.50,0.75,1.00) (0.50,0.75,1.00) (0.50, 0.75,1.00)
A3 (0.75,1.00,1.00) (0.75,1.00,1.00) (0.75,1.00,1.00) (0.25,0.50,0.75) (0.50, 0.75,1.00)
A4 (0.50,0.75,1.00) (0.50,0.75,1.00) (0.50,0.75,1.00) (0.50,0.75,1.00) (0.50, 0.75,1.00)
As  (0.75,1.00,1.00) (0.75,1.00,1.00) (0.50,0.75,1.00) (0.00,0.50,1.00) (0.00,0.50,1.00)

Using the fuzzy importance weights in Table 5 and normalized fuzzy decision matrix in Table 7, the
weighted normalized fuzzy performance matrix of each alternative is calculated as shown in Table 8.
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Table 8: Weighted normalized fuzzy performance matrix
C1 &) c3 C4 Cs
A1 (0.00,0.07,0.17) (0.00,0.03,0.07) (0.02,0.03,0.04) (0.06,0.10,0.17) (0.07,0.21,0.32)
A2 (0.00,0.07,0.17) (0.00,0.03,0.07) (0.02,0.03,0.04) (0.06,0.10,0.17) (0.14,0.32,0.43)

A3 (0.16,0.29,0.33) (0.09,0.12,0.15) (0.03,0.04,0.04) (0.03,0.07,0.13) (0.14,0.32,0.43)
A4  (0.11,0.21,0.33) (0.06,0.09,0.15) (0.02,0.03,0.04) (0.06,0.10,0.17) (0.14,0.32,0.43)
As (0.16,0.29,0.33) (0.09,0.12,0.15) (0.02,0.03,0.04) (0.00,0.07,0.17) (0.00,0.21,0.43)

Applying the Egs. (21)-(23) each alternative’s closeness coefficient is calculated. Table 9 shows the
ranking of alternatives based on CC scores. According to the hybrid fuzzy AHP-TOSIS method’s result

alternatives are ranked as; A3>A4>A5>A2>A1.

Table 9: Final ranking

Alternatives d- d+ CC CCRank
A1 4.082 0.492 0.108 5th
A2 4.011 0.662 0.142 4th
A3 3.794 0.853 0.184 1st
A4 3.829 0.797 0.172 2nd
A5 3.865 0.741 0.161 3rd

3.02 COMPARISON OF THE RESULTS

In order to compare fuzzy AHP, fuzzy TOPSIS and fuzzy AHP-TOPSIS results, each method’s final fuzzy
performance evaluations of alternatives are defuzzified using closeness coefficient defined in Eq. (21)
and Eq. (23). As seen in Table 10, all three method’s final ranking of alternatives are the same. The results
show that all three methods are appropriate for the job change decision problem. However, the three
methods differ in terms of their usability and computation complexity. Studies show that fuzzy AHP and
fuzzy TOPSIS have some fundamental limitations and advantages (Ertugrul & Karakasoglu, 2007).
However, there are limited number of studies on the comparison of fuzzy AHP and fuzzy TOPSIS (i.e.
Ertugrul & Karakasoglu, 2007; Lima Junior et al., 2014). Furthermore, there are more than one algorithm
available for each method. Thus, there is a need for additional comparison studies in order to capture
each method’s limitations and advantages for different decision problems. Next section includes a
comparative analysis of the three methods.

Table 10: Comparison of the three methods’ results

Fuzzy AHP Fuzzy TOPSIS Fuzzy AHP-TOPSIS
d- d+ cc cc d- d+ (dd (dd d- d+ (de (dd
Rank Rank Rank

A1 0.109 1.420 0.071 5th 2.690 2.035 0.431 5th 4.082 0.492 0.108 5th
A2 0.189 1345 0.123 4th 2.547 2.298 0.474 4th 4.011  0.662 0.142 4th
A3 0.516 1.030 0.334 1st 1.609 3.015 0.652 1st 3.794 0.853 0.184 1st
A4 0.508 1.040 0.328 2nd 1.691 2.806 0.624 2nd 3.829 0.797 o0.172 2nd
A5 0.332 1203 0.216 3rd 1.870 2.741 0.594 3rd 3.865 0.741 0.161 3rd

3.03 COMPARATIVE ANALYSIS OF THREE METHODS

There are few studies available for comparative analysis of AHP and TOPSIS methods in the literature.
For a facility location selection problem, Ertugrul & Karakasoglu (2007) compare Chang’s (1996) fuzzy
AHP method and Chen’s (2000) (in addition to Chen et al., 2006) fuzzy TOPSIS method and discuss
similarities and differences of the two methods. Following Ertugrul & Karakasoglu (2007), Lima Junior et
al.,, (2014) conduct a comparative analysis of the same fuzzy AHP and fuzzy TOPSIS methods considering
seven factors for a supplier selection process. However, Chen’s (2000) method chosen in these studies
deficiently calculates null weights for comparisons in some cases and there are concrete claims that this
method cannot estimate the true weights from fuzzy comparison matrix (Wang, Luo and Hua, 2008).
Similarly Yavuz et al. (2014) and Lima Junior et al., (2014) report cases where Chen’s method fails to assign
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weights to some criteria. Thus, studies comparing fuzzy AHP with fuzzy TOPSIS other than Chen’s are
needed in order to justify the findings about the fuzzy AHP method. This part of the paper discusses a
comparative analysis of the three methods namely; Csutora and Buckley’s (2001) fuzzy AHP, Chen’s
(2000) fuzzy TOPSIS and the proposed hybrid fuzzy AHP-TOPSIS by using the four of the seven factors
suggested by Lima Junior et al., (2014). In the comparison of the methods, the following factors are taken
into consideration: adequacy to changes of criteria and alternatives; agility in the decision process;
computational complexity; and number of criteria and alternatives.

Job change situations involves certain criteria and alternatives specific to decision maker, thus the
decision making method must be chosen accordingly in order to produce a consistent preference order
of alternatives. In the adequacy to changes of criteria and alternatives analysis, each model is tested for
the effect of inclusion and exclusion of criteria or alternatives to the final ranking. Exclusion of a criterion
or alternative from the model does not produce any change in the final ranking of the alternatives in the
three models. Ten tests are performed for each inclusion of criteria and inclusion of alternatives; each
test incorporating an additional criteria or alternative with rating equal to one of the existing criteria or
alternative. The results demonstrate no significant changes in the final scores of alternatives and the
ranking order in most of the tests, except for the inclusion of criteria for each model. In the case that the
additional criterion has an importance weight equal to C5’s weight, then the first and the second ranked
alternatives switch places in the fuzzy AHP analysis (Figure 1a-b). The same inversion of importance order
takes place in the fuzzy TOPSIS analysis (Figure 2a-b) when the additional criterion has an importance
weight equal to the one of C4. This indicates that when there is a change of criteria, ranking reversal of
alternatives can occur both in fuzzy AHP and fuzzy TOPSIS applications. In the fuzzy AHP-TOPSIS
application, adding a new criterion causes almost no change in the order of the alternatives when the
additional criterion has an importance weight equal to C1’s weight. However, the rating of alternatives
ranked second and third measures almost equal to each other as shown in Figure 3b.

Figure 1: Results of the changes of criteria tests for fuzzy AHP
b) shows the result with additional criterion
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Figure 2: Results of the changes of criteria tests for fuzzy TOPSIS
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Figure 3: Results of the changes of criteria tests for fuzzy AHP-TOPSIS
b) shows the result with additional criterion
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The second comparison is on the agility of each method in the decision process. Agility measures the
amount of judgements required from the decision maker in three methods. For the n number of
alternatives and m number of criteria, total number of required judgements in fuzzy AHP is expressed as
(Lima Junior et al., 2014);

17 =22 () e

In the fuzzy TOPSIS method the total number of required judgement is (Lima Junior et al., 2014)
£10°S15 (1 + n) Gs)

8

In the fuzzy AHP-TOPSIS method, the total number of required judgement shows the combination of the
criteria evaluation judgements of fuzzy AHP and alternative evaluation judgements of fuzzy TOPSIS
methods, as shown in Eq. (26).

FAHP=TOPSIS — 1 (mT_l) +mn=m [(mT_l) + n] (26)

Figure 4 presents the number of judgements for the three methods based on Egs. (24)-(26) when the
number of criteria and alternatives vary from 2 to 9. For example, in the current application study, fuzzy
AHP requires 60 judgements, fuzzy TOPSIS requires 30 and fuzzy AHP-TOPSIS requires 35 judgements.
As the number of criteria and alternatives increases the number of required judgements for the fuzzy
AHP increases drastically compare to the other two methods (see Figure 4a and b). Fuzzy AHP-TOPSIS
outperforms the fuzzy AHP but performs slightly worse than the fuzzy TOPSIS. Thus, fuzzy TOPSIS
performs better than the two models for all cases and provides agility in the decision process.

Figure 4: Results of the agility in the decision process test
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The next comparison measures the computational complexity of the three methods. Similar to the
studies by Chang (1996) and Lima Junior et al., (2014), the analysis uses time complexity when comparing
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the computational complexity of the methods. Time complexity measures the number of times of
multiplications and logical operations within the methods (Lima Junior et al., 2014). For n alternatives and
m criteria, number of operations the fuzzy AHP method requires to compute is;

Tonl® =n@Bn+7) + nm(Bm +7) + 14m (27)

On the other hand, fuzzy TOPSIS method requires 20nm operations to compute as shown in Eq. (28)
(Lima Junior et al., 2014).

TFTOPSIS = 20nm (28)

Since fuzzy AHP-TOPSIS method is a combination of the two methods, the operations required to
compute complexity is;

TanlP-TOPSIS = n(3n + 7) + 20nm (29)

The graphics in Figure 5 show time complexity variations depending on the number of criteria and
alternatives when comparing two methods at a time. As shown in Figure 5a and 5b, fuzzy AHP performs
worst compare to the other two methods. On the other hand in general fuzzy TOPSIS performs much
better than the two methods. The operation requirements of fuzzy AHP-TOPSIS are better than the fuzzy
AHP but slightly worse than the fuzzy TOPSIS (Figure 5b-c). In this application study, the fuzzy AHP
requires 1080 operations while the fuzzy TOPSIS requires 500, and the fuzzy AHP-TOPSIS requires 610.

Figure 5: Results of time complexity tests
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The last comparison is on the limitations of the number of criteria and alternatives in each method. There
are no reported restrictions available on the number of criteria and alternatives for the fuzzy TOPSIS
method (Lima Junior et al., 2014). However, as Saaty (1980) suggests, in order not to compromise the
decision maker’s judgement and its consistency, the number of criteria or alternatives to be compared
needs to be limited to nine for AHP method. Since fuzzy AHP uses the same approach to capture decision
maker’s judgements, Saaty’s (1980) suggestion about the limitation of the number of criteria and
alternatives also applies to fuzzy AHP. For the fuzzy AHP-TOPSIS method, this limitation is only valid for
the number of criteria, as fuzzy AHP method is employed for the importance evaluations of the criteria.
In this study a comparative analysis helps to further investigate the methods’ performances. Thirty six
tests with respect to changes of criteria and alternatives, agility of decision making, and computational
complexity enables the comparative computational evaluation of the methods. Overall, the results of
fuzzy AHP and fuzzy TOPSIS methods’ comparisons confirm the findings of Lima Junior et al., (2014)
study. In the adequacy to changes of alternatives tests, the three methods produce consistent results
when including and excluding a new alternative. However, in the adequacy to changes of criteria, only
the fuzzy AHP-TOPSIS method’s results remain the same when a new criterion is included. Agility in the
decision process tests show that Fuzzy AHP-TOPSIS performs better than fuzzy AHP in most cases except
when there are very few alternatives. Computational complexity test indicates that, fuzzy TOPSIS
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performs better than fuzzy AHP and fuzzy AHP-TOPSIS in all cases. Fuzzy AHP-TOPSIS performs better
than fuzzy AHP in most cases except when there are a few alternatives and many criteria.

In terms of the limitations of the number of criteria and alternatives in each method, fuzzy AHP method
has some disadvantages. Although the use of pairwise comparisons enables a more natural form of
evaluation that is in accord with the way human mind works, as the number of items to be compared
increases, the number of comparisons increases drastically. As the number of comparisons increases to
a certain number, then the consistency of judgements decline since there is a limit in human
comprehension. Thus, there must be a limit in the number of criteria and alternatives for the fuzzy AHP
method. This limitation is only valid for the number of criteria in fuzzy AHP-TOPSIS method where fuzzy
AHP is employed for the evaluation of importance weight of criteria. On the other hand, there is no
limitation on the number of criteria and alternatives in the fuzzy TOPSIS method. Nonetheless, fuzzy AHP-
TOPSIS method has satisfactory performance on all fronts and it is practical for the job change decision
with respect to multiple conflicting criteria.

4.0 CONCLUSION

Previous studies investigate the applicability of various fuzzy MCDM methods in different decision
problems. Fuzzy AHP and fuzzy TOPSIS are the most preferred methods used in these studies. In order
to overcome limitations or to use the advantages of each method, hybrid MCDM methods combining
different MCDM methodologies gain popularity in application studies. In addition to the application of
fuzzy AHP and fuzzy TOPSIS methods, this paper proposes a hybrid method combining the advantages
of both fuzzy AHP and fuzzy TOPSIS methods with the intention of clarifying the use of fuzzy MCDM
techniques and testing their applicability on a job change decision problem. Overall, in this application
study, three methods provide satisfactory results for the decision maker. All three methods achieve the
same performance ranking of alternatives. Thus the application contributes to the MCDM methods
literature by providing evidence about the validity and robustness of the three methods.

This paper presents an analysis of a job change decision problem using three fuzzy MCDM methods. Post
analysis discussion with the decision maker about the results reveals that employing fuzzy MCDM
methods enable the decision maker to clearly identify the factors effecting his decision. On the contrary
to his preceding judgement, he realizes that the most important factor is the effects of his decision on
his family’s life. This is a typical case of job applicant’s incorrect assessment about his expectations as
Breaugh, et al., (2008) mention. In this case, administering MCDM methods as a decision aid shows that
the steps of the methods purposefully lead the decision maker into thinking about the factors separately
and therefore leading him to evaluate the alternatives accordingly. It is evident from these results that
using fuzzy MCDM methods ease the cognitive burden of conflicting factors effecting the decision
making process that is mentioned in the studies (i.e. Murtagh et al. 2011) and help construct a systematic
thinking process. In terms of the study’s contribution to employee recruitment research, these results
indicate that using fuzzy MCDM methods enables job applicants to truly assess their expectations from
ajob and therefore clearly contributes to a successful recruitment process; overcoming applicant related
problems mentioned in the employee recruitment studies. Using this type of decision aid may also help
businesses in identifying the applicant related factors and developing strategies that can attract the right
person to the job offered. As the paper compares the methods and illustrates the reasons why the hybrid
fuzzy AHP-TOPSIS approach is the most suitable and applicable to a wider range of problems compare
to the other methods, it could be a more comprehensive precursor to accurate recruitment strategies.
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