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ABSTRACT

Offshoring location selection is a crucial decision for firms in terms of competitiveness,
flexibility, productivity, and profitability. Determining an efficient and appropriate location for
offshoring has been a substantial multicriteria decision-making (MCDM) problem. Considering
that the outcome of an MCDM method alone can be misleading, a novel hybrid approach is
presented in this study. Thus, five MCDM methods are utilized to solve the problem, and the
results of four MCDM methods are integrated to assure an optimal offshoring location. A Fuzzy-
AHP (analytical hierarchy process) integrated with the technique for order preference by
similarity to ideal solution (TOPSIS), additive ratio assessment (ARAS), elimination et choix
traduisant la realité (ELECTRE), and weighted sum method (WSM) methodology is proposed
for the appraisal and selection of the optimal offshoring location. In this context, fifteen
alternative locations are determined based on the attractiveness of the locations in terms of
offshoring. Fuzzy-AHP is implemented to analyze the problem’s structure and find the weights
of the quantitative and qualitative criteria. Consistency tests are implemented to assess the
quality of inputs of an expert. Then, TOPSIS, WSM, ARAS, and ELECTRE are used to evaluate
and rank the candidate locations and present a comparative analysis. By considering fifteen
countries and using real data, offshoring location selection is conducted through the proposed
methodology. Moreover, sensitivity analysis is made to diminish the subjectivity and assess the
robustness of the techniques. The results demonstrated that giving more weights to the labor
characteristics and proximity to market criteria might improve the quality of the best offshoring
country index.
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1. Introduction

Offshoring has been one of the most fundamental and
significant strategies for manufacturing companies worldwide
because of the considerable forces of globalization and
competition. It has become one of the most preferred tactics
by manufacturing companies to preserve and advance their
competitive advantage [1]. Offshoring can be described as the
relocation of value-added processes across the national
borders of a company [2]. It has the potential to help the firm
to obtain the benefits namely lower cost, entering, penetrating,
and growth in new markets, flexibility, access to skilled labor,
higher productivity in terms of corporate innovativeness, and
opportunities to focus on central skills, thus increasing
innovation level by offshoring noncore activities [3, 4].
Offshoring is especially widespread in industries (i.e.,
electronics, auto parts, and machinery), in which
manufacturing stages are physically separable, meaning that

they can be made in different locations, and factor intensities
vary sharply, meaning that fragmenting manufacture across
borders is attractive [5].

Offshoring has become an economic interest, and appealing
strategy for the industry worldwide as manufacturing location
decision plays a vital role in the performance and future of
firms. Thus, the number of studies regarding offshoring has
been increasing. In this context, Kinkel and Maloca [6] state
that manufacturing offshoring becomes an appealing choice
for all-sized firms, mainly due to reduced labor costs. Michel
and Rycx [7] examine the effect of offshoring on employment
and address that no significant effect of offshoring on
Belgium's total employment between 1995 and 2003 is
observed. Ellram, Tate [8] use study data to determine the
effective criteria for manufacturing location decisions of
firms. Stentoft, Mikkelsen [9] evaluate performance outcomes
of companies adopting back shoring, staying domestic, and
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offshoring and reveal that organizations implementing
offshored manufacturing strategy have reduced unit costs
compared to companies implementing a staying-at-home
strategy.

Location decision-making represents a multi-level hierarchy,
in which effective varying parameters exist at each level [10].
This kind of decision requires considerable time and
resources, special attention, and thorough data analysis as it
involves a high level of uncertainty and impacts the
competitiveness and profitability of a firm profoundly [9].
Thus, location decision has attracted considerable interest
among practitioners and researchers [11, 12]. Multi-criteria
decision-making (MCDM) approaches have been commonly
utilized to solve location selection problems. Gupta,
Mehlawat  [13] present an  extended VIKOR
(VlIseKriterijumska Optimizacija | Kompromisno Resenje)
technique for solving a plant location problem. Lai [14]
implements integrated simplified swarm optimization with the
Analytical Hierarchy Process (AHP) for solving the location
problem of the capacitated military logistic depot. Ishizaka,
Nemery [15] use the Preference Ranking Organization
Method for Enrichment Evaluation (PROMETHEE),
Weighted Sum Method (WSM), and Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS) to
determine the ideal location for a casino.

It can be inferred that even though there is an abundant
quantity of research on location selection, only a few of them
have concentrated on offshoring location selection problems.
Liu, Berger [16] apply AHP for offshore outsourcing location
decisions. Dou and Sarkis [17] propose an Analytical Network
Process (ANP) model for strategic offshoring decisions.
Lopez and Ishizaka [18] examine the attributes impacting
location criteria (attributes) on offshore outsourcing decisions
and their impact on the supply chain resilience capabilities
using AHP and fuzzy cognitive maps. De Felice, Petrillo [19]
analyze captive offshoring criteria and apply Fuzzy AHP
method to obtain the weight of each criterion and sub-
criterion. Costanzo and Ahmed [20] propose an offshoring
desirability index to determine the value of offshoring
locations in the Eastern European. However, the hybridization
of successful MCDM methods in the context of evaluating
offshoring location decisions is not available in the extant
literature except for a study [21]. Thus, addressing this
research gap inspires this study to propose a hybrid approach
grounded on Fuzzy-AHP with TOPSIS, WSM, additive ratio
assessment (ARAS), and elimination et choix traduisant la
realité (ELECTRE) approach to evaluate offshoring location
decisions. The reason for choosing these methods is to use
different MCDM methods to reveal a practical comparative
analysis. Wu, Zhang [22] classify MCDM methods into three
types that are outranking (ELECTRE), distance-based
(TOPSIS), and utility-based (AHP and WSM) models. Hence,
utilizing different methods from different family groups may
be valuable. It is the first time to implement all these methods
together for this purpose. Also, ARAS is used for offshoring
for the first time in this study.

Another inspiration for this study can be explained as follows.
A great deal of the studies conducted on offshoring
qualitatively examines offshoring from a feasibility
perspective and concentrates on reasons for offshoring,
advantages, and disadvantages of offshoring, performance
improvements, and influencing criteria [23, 24]. However,
this study examines the multifaceted "where to offshore"
question by implementing quantitative approaches, namely
Fuzzy-AHP, TOPSIS, WSM, ARAS, and ELECTRE. It
extends the literature in terms of evaluating and comparing
different MCDM methods for the "where to offshore"
problem. In this context, a novel hybrid approach for
offshoring location selection is introduced. Also, a
comprehensive analysis is presented.

The chief objective of this study is to reveal a comparative
analysis for multicriteria offshoring location selection
problems by utilizing Fuzzy-AHP, TOPSIS, WSM, ARAS,
and ELECTRE methods. To do so, fifteen countries, which
have been commonly preferred for offshoring, are ranked by
considering seven main criteria (attributes), namely cost [25,
26], labor characteristics [17, 27], infrastructure [28],
proximity to suppliers [29, 30], economic factors [17], quality
of life [31], and proximity to market [32, 33] and thirty sub-
criteria under these main criteria. These most effective
attributes are selected after conducting a comprehensive
literature review and utilizing expert knowledge. The criteria
weights required by the TOPSIS, WSM, ARAS, and
ELECTRE are obtained by utilizing the Fuzzy-AHP. The
fifteen alternative countries are evaluated and ranked based on
the criteria by TOPSIS, WSM, ARAS, and ELECTRE,
respectively. Another reason to adopt more than one MCDM
method is that using one MCDM method does not guarantee
finding the most suitable solution. Sensitivity analysis is also
conducted to minimize the effect of subjective assessments.
Thus, a comparative analysis, which contributes to the
literature and can be utilized for offshoring and outsourcing
decisions, is introduced.

The rest of this research is organized as follows: A brief
description of the methods utilized, the methodology and
application of the methods, and sensitivity analysis are given
in Section 2. In Section 3, the results of the applications and
sensitivity analysis and discussions on the results are
provided. Finally, the conclusions and possible future studies
are presented in Section 4.

2. Materials and Methods

In this study, the Fuzzy-AHP is employed for finding the
attribute weights, and TOPSIS, WSM, ARAS, and ELECTRE
are used for ranking alternatives to designate the most
appropriate offshoring location. The methodology of each
method can be described as follows:

2.1. Fuzzy-AHP

The AHP, which was presented by Saaty [34], is capable of
tackling complex systems regarding selecting an alternative

an NS\l MANAS Journal of Engineering, Volume 12 (Issue 1) © 2024

www.journals.manas.edu.kg



http://www.journals.manas.edu.kg/

Mehmet Sahin / MANAS Journal of Engineering 12(1) (2024) 88-103 90

from among many candidates and providing a comparison of
the considered alternatives. The Fuzzy-AHP is preferred over
AHP because of several shortcomings of the AHP. First, the
AHP ranking is rather vague. Second, the AHP generates and
manages a highly unbalanced judgment scale. Third, the AHP
is primarily applied in almost precise decision cases. Fourth,
the AHP results are significantly affected by subjective
judgment, preference, and selection of decision-makers. Last,
the AHP ignores the uncertainty linked with mapping the
expert's interpretation of a number [35, 36]. To overcome
these shortcomings, an extended form of AHP fuzzy sets can
be combined with the pairwise comparison, termed Fuzzy-
AHP. The Fuzzy-AHP method permits a more specific
explanation of the process of decision-making. This study
suggests the use of Fuzzy-AHP for obtaining the criteria
weights. The Fuzzy-AHP has been commonly utilized for
different problems such as the assessment of solar farms
locations [37], location selection for landfill of industrial
wastes [38], optimal stock portfolio selection [39], green
supply chain management [40], assessment of groundwater
potential zones [41], and evaluation of healthcare service
quality from the perspective of patients [42].

Even though there are several Fuzzy-AHP methods used in the
literature, the Fuzzy-AHP, presented by Chang [43] was
utilized in this study due to its computational efficiency and
easiness.

Preliminaries:

Let a fuzzy number M on R be a triangular fuzzy number in
case its membership function g, (x): R — [0,1] is equal to the
following equation [43].

—1
((:1_1)), x € [l,m]
pu(x) =49 (x—w x € [m,u] (1)

(m-w)’

L o,

in which [ <m < u, | and u represent the lower and upper
value of the support of M, respectively, and m represents the
modal value. The triangular fuzzy number may be denoted by
(I, m, u). The operational laws of fuzzy triangular numbers
M; = (l;, my,u;) and M, = (I,,m,,u,) are given in the
following equations.

otherwise )

(L, my,uy) D (I, my, up) )
= (ll + lz,ml + mz,ul +u2)
(L my,up) ® (I, my, up) = (Il mymy, ugu,) (3)
(Al A'l A) ® (lll mllul) = (Alllﬂ'mll Aul)’ (4)
>0, AER
omyu)™ =~ Ay Ym, '1/l1) (5)
Assuming that an object set is represented by X =

{x1, x5, x3, ..., x,} and a goal set by U = {u,, uy, us, ..., U, }.
Each entity is considered, and extent analysis is made for

every goal (gi) sequentially. Thus, m extent analysis values for
every entity are obtained with the signs:

M;i’M;l'""‘ Z;}’ i= 1,2, ., n (6)

in which Mél.(j =1,2,....,m) are triangular fuzzy numbers.

The methodology of the Fuzzy-AHP [43] can be explained in
the following steps.
1. The fuzzy synthetic extent value (S;) regarding the ith entity
is represented as:

m -1

m n
S, = Z M) ® Z M, (7)
j=1 i=1j=1

o find ¥, M/, the uzzy addition operation of m exten
T f'dZ}“lMél the f ddit t f tent

analysis values for a matrix is applied as follows:

ilj,imj,iuj (8)

SSu-(Sisnsy) o

Next, the inverse of the vector given previously is calculated
as follows:

n m
DM

i=1 j=1

-1

1 1 1
( 1 1 ) (10)
i=1 Ui i=1 M Li=1 I;

2. Since M; = (l;,my,uy) and M, = (I,,m,, u,) are two
triangular fuzzy numbers, the possibility degree of M, =
(I,,my,u,) = M; = (I, mqy,uy) is represented as:

V(Mg 2 My) = sup(min(uy, (), t,(0))) (1)
y2x
and is defined as follows:
V(M = My) = hgt(M; N M,) = Hu, (d)
1 if my,=2m
0 if i 2u,
= ll - uZ (12)

otherwise

(my —uy) — (my — 1)

This function is illustrated in Figure 1 [44], where d denotes
the ordinate of the maximum intersection point D between
Uy and py,. Both V(M; = M,) and V(M, = M,) values are
needed to compare M; and M.

an NS\l MANAS Journal of Engineering, Volume 12 (Issue 1) © 2024

www.journals.manas.edu.kg



http://www.journals.manas.edu.kg/

Mehmet Sahin / MANAS Journal of Engineering 12(1) (2024) 88-103 91

M, M,

V(M,2M,)

/ D

L m I, du m, U,
Figure 1. The intersection between M1 and M2 [43].
3. For a convex fuzzy number, the possibility degree, to be
higher than k convex fuzzy M;(i = 1,2, ..., k) numbers are
represented by:

V(M = My, M,, ..., M)
=V[(M = M,) and (M
> M,) and ...and (M = M,,)]
=minV(M > M,;),i
=123, ...k
Let d(4;) = minV (§; = S;) fork =1,2,...,n;k #i. Then
the vector of weight is specified by:

W = (d(A, d(A2), ..., d(4,))"

in which 4;(i = 1,2, ...,n) are n elements.
4. Through normalization, the normalized weight vectors are:

W = (d(Al)’ d(AZ)I ey d(A‘n))T (15)
in which W is a non-fuzzy number.
2.2. TOPSIS

The TOPSIS, developed by Hwang and Yoon [45], has been
one of the most frequently utilized MCDM methods to
determine and rank alternatives for various decision-making
problems [46]. It is implemented for location selection
problems such as the storage location assignment problem
[47], choosing wind farm installation locations [48], optimal
solar energy sites identification [49], wave power plant site
selection [50], and service apartment location selection [51].
The core principle of the TOPSIS involves selecting the
candidate that has the shortest distance from the positive ideal
solution (PIS) and the farthest distance from the negative ideal
solution (NIS) [45]. It requires limited subjective input from
the decision-maker. The structure of the TOPSIS is explained
in steps as follows:

Step 1. Forming the evaluation matrix is displayed as follows:

(13)

(14)

a1 -t Qi
Evaluation Matrix = | : (16)
Am1 Amn

where ajj represents the numerical value collected from the ith
option with the jth index.

Step 2. Normalizing the evaluation matrix through the
following equation.

aij

’Zﬁ1 aizj
=12, ..,n

Step 3. Determining the weighted normalized decision matrix
by using the equation given as follows.

= fori=12,...m; j

(17)

vij = W] * rij (18)

" Step 4. Determining the PIS and NIS for each attribute is as:

Positive Ideal Solution = V;" = MAX;(v;;)  (19)

Negative Ideal Solution =V~ = MIN;(v;;)  (20)

Step 5. Computing the geometric distance of each candidate
from PIS and NIS through the following functions,
respectively.

(21)

(22)

Z(Vf —vy;)’

Jj=1

Step 6. Computing the relative closeness to the ideal solution
as:
Si-
Ci = = T
The optimal selection is the one that has the maximum relative
closeness.

2.3. ELECTRE

ELECTRE was presented by Roy [52]. It is among the most
common and effective MCDM methods. ELECTRE Il is
broadly utilized to deal with ambiguous and uncertain
information [53]. Thus, ELECTRE IIl is adopted for the
structure and scope of the present study. It is implemented
successfully in tackling MCDM problems such as assessing
different kinds of energy generation technologies [54],
machine tool remanufacturing [55], optimal site selection
[56], autonomous vehicles project [57], site selection for
offshore wind power stations [58], and evaluating the optimal
location for a construction and demolition waste management
facility [59].

The ELECTRE-II method comprises two main phases:
forming an outranking association over all the probable
candidate pairs and utilizing the outranking association to
attain a ranking of the selections in the partial pre-order form
[60]. Forming the outranking relation needs the credibility
index description that characterizes the credibility of the
statement "a outranks b", aSh, where the index is denoted by
o(asSh). It involves the concordance index, c(aSh), and the
discordance index for each criterion g;j in F, which is dj(aSb)
[61]. The partial concordance index cj(a,b) is represented as
follows:

0<C <1 (23)
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¢i(a,b)

_ 0 if gj(a) < g;(b) —p;(b)
- |gj(a) —g;jb) +p;)
U 2@ -q®

1 if gj(a) = g;(b) — q;(b)
(24)

otherwise J

The general concordance index is computed for every ordered
pair (a, b) €A as:

1 m
c(a,b) = WZ wjcj(a, b) (25)
Jj=1
The partial discordance index dj(a, b) is represented as:
d} (a, b)
1 if gj(a) —g;(b) < —v;(a)
0 if gj(a) — g;(b) = —p;(a) (26)

g —g;@ +p,@
k vj (a) - pj(a)

otherwise J

Consequently, to attain a valued outranking relation with
credibility o (a, b), the general concordance and partial
discordance indexes are joined as:

o(a,b)
c(a,b)
—d;(a,b)
{C(a by 1_[ 1—c(@b)

where F = {j € F:d;(a,b) > c(a,b)}.

otherwise

if dj(a,b) < c(a,b),V;
} @7

2.4. WSM

The WSM has been a reference MCDM method. A score for
each alternative A; is calculated by summing the products of
each decision variable with its corresponding criterion weight.
The most appropriate alternative that has the highest total
score is determined via the following equation.

n
=

The letters represent the following terms: m: the alternatives;
n: the criteria; w;: the criterion weight; ajj: the score for the ith
alternative regarding the jth criterion.

2.5. ARAS

ARAS was presented by Zavadskas and Turskis [62] as a new
MCDM method. It is successfully applied to MCDM
problems such as evaluation of the blockchain technology
strategies [63], evaluation of the e-commerce last-mile
logistics” hidden risk hurdles [64], and identification proper
process parameters [65]. The procedure of ARAS is described
as follows.

fori =1,2,3,..,m (28)

Step 1. The decision matrix is normalized through the
following equation. The cost attributes are transformed, and
then their values are normalized.

Ti]'
ij - ym ...

forj=12,..,n
i=0Tij

(29)

Step 2. The weighted normalized decision matrix is
determined through the following function. The weights of
criteria (W1, Wa, ..., Wy) are provided by FAHP.

Ty =1

* Wi ori=012,..m |
J f J)

=12,..,n

v (30)

Step 3. The optimality function (S;) is calculated through the
following equation. The higher value indicates the better.

n

S,'ZZT/';]

j=1

fori=01,2,..,m (31)

Step 4. The utility degree is calculated to rank alternatives.
The utility degree (ki) for the ith alternative is calculated
through the following equation. The alternative with the
highest utility degree is optimal.

ki:_

i =0,12,..,
7 fori m

(32)

where Vj is the optimality value of S;.
2.6. Methodology and Application of the Methods

The framework of the methodology is given in Figure 2. The
methodology of the present study and the application of the
models can be described as follows. First, a two-level
hierarchy of criteria was developed. The first level of the
offshoring location evaluation hierarchy consists of seven
main criteria: cost, labor characteristics, infrastructure,
proximity to suppliers, economic factors, quality of life, and
proximity to market. The second level involves thirty sub-
criteria under these main criteria (Table 1). All the criteria are
determined based on a thorough literature review and expert
knowledge.

Then, the Fuzzy-AHP is utilized to obtain the criteria weights
since it is commonly used in the literature and provides
consistent results. The pairwise comparisons of the criteria are
made through the fuzzy scale, as shown in Table 2. The
evaluations are provided by an expert decision-maker with
twelve years of experience in the field.

The pairwise comparison matrix of the main criteria is given
in Table 3. Likewise, the pairwise comparison matrices of all
sub-criteria are shown in Table 4.
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Defining the decision-making problem

Determining the relevant criteria and alternatives

Experts Literature review
Collecting required data

Raw data having different units

Forming the decision matrix

Criteria Alternatives The data Objectives of the criteria

Implementing the weighting method

Fuzzy-AHP

A 4

Using the output of Fuzzy-AHP as input and applying the MCDM methods to rank the alternatives
ELECTRE TOPSIS ARAS WSM

Integrating and analyzing the results

Grade average Sensitivity analysis

A 4

Revealing the optimal decision

Figure 2. The framework of the methodology.
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Table 1. Summary of offshoring location evaluation criteria.

Criteria Sub-criteria Description Obijective
Cost (C1) Cost of labor (C11) Labor cost min
Cost of power (C12) Electricity rates min
Cost of land (C13) Land cost min
Other manufacturing costs (C14) Cost of starting a business min
Labor characteristics (C2) Existence of labor force (C21) Total labor force max
Quality of labor force (C22) Ease of finding skilled employees max
Unemployment rate (C23) Unemployment rate min
Quality of vocational training (C24) Quality of vocational training max
Infrastructure (C3) Existence of airports (C31) Airport connectivity max
Existence of railroads (Csy) Railroad density max
Existence of roads (Css) Road connectivity index max
Existence of seaports (Css) Efficiency of seaport services max
Quality and reliability of utilities (Css) Reliability of water supply max
Telecommunication systems (Cag) Percentage of individuals using the max
internet
Proximity to suppliers (Ca) Supplier quality (Ca1) Local supplier quality max
Supplier quantity (Caz) Local supplier quantity max
Existence of international suppliers Manufacturing, value added (current max
(Cs3) US$)
Economic factors (Cs) Tariffs (Cs1) Trade tariffs min
Inflation (Csy) Inflation annual % change min
GDP growth (Cs3) GDP growth (annual %) max
Income per capita (Csa) Adjusted net national income per max
capita (current US$)
Country risk (Css) Country Risk min
Quality of life (Ce) Quality of environment (Ce1) Pollution index min
Climate (Cg2) Climate index max
Quality of the education system (Cées) Quality of the education system max
Health services (Cea) Health index max
Crime rate (Ces) Crime index for the country min
Standard of living (Ces) Human development index max
Proximity to markets (C;)  Size of market that can be served (Cr1) Population of the country max
Population trends (C72) Population growth rate max

Table 2. Linguistic scale for the Fuzzy-AHP.

Linguistic variables Triangular fuzzy scale

Reciprocal of triangular fuzzy scale

Exactly the same (1,1,1) (1,1,1)
Equally important (05,1, 15) (0.667, 1, 2)
Slightly important (1,15, 2) (0.5, 0.667, 1)
Strongly important (15,2,2.5) (0.4, 0.5, 0.667)

Very strongly important (2,25, 3) (0.333, 0.4, 0.5)
Extremely important (2.5, 3,3.5) (0.286, 0.333, 0.4)

Table 3. Pairwise comparison concerning goal.

Criteria C1 C Cs Cs Cs C7
Cy (1,11 (1.5,2,2.5) (1,152) (1,15,2) (1,15,2) (2.5,3,3.5) (2,2.5,3)
Cy (0.4,0.5,0.667) (1,11 (0.667,1,2) (0.5,0.667,1) (0.667,1,2) (1.5,2,2.5) (1,152)
Cs (0.5,0.667,1) (0.5,1,1.499) (1,1,1) (0.5,0.667,1) (0.667,1,2) (1,15,2) (0.5,1,1.5)
Cs (0.5,0.667,1) (1,1.499,2) (1,1.499,2) (1,1,1) (0.5,1,1.5) (2,2.5,3) (1.5,2,2.5)
Cs (0.5,0.667,1) (0.5,1,1.499)  (0.5,1,1.499 (0.667,1,2) (1,1,1) (1,15,2) (0.5,1,1.5)

)

Cs (0.286,0.333,0. (0.4,0.5,0.667 (0.5,0.667,1 (0.333,0.4,05 (0.5,0.667,1 (1,1,1) (0.667,1,2

4) ) ) ) )
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Cy

(0.333,0.4,0.5)

(0.50.667,1)  (0.667,1,2) (0.4,050.667 (0.667,12) (0.51,1.499  (1,1,1)
) )

Table 4. Pairwise comparison matrices of sub-criteria of cost (a), labor characteristics (b), infrastructure (c), proximity to suppliers (d),
economic factors (), quality of life (f), and proximity to market (g)

€)
Sub-criteria Cu Crn2 Cis Cua
Cu (1,1,1) (1.5,2,2.5) (1,15,2) (1,1.5,2)
Cr (0.4,0.5,0.667) (1,1,1) (0.5,0.667,1) (0.4,0.5,0.667)
Ciz (0.5,0.667,1) (1,1.499,2) (1,1,1) (0.5,0.667,1)

Cu (0.5,0.667,1) (1.499,2,2.5) (1,1.499,2) (1,1,1)
(b)

Sub-criteria Ca C2 Cos Coa
Ca (1,1,2) (0.667,1,2) (1,1.5,2) (1.5,2,2.5)
Ca2 (0.5,1,1.499) (1,1,1) (1,1.5,2) (1.5,2,2.5)
Cas (0.5,0.667,1) (0.5,0.667,1) (1,1,1) (1,1.5,2)
Ca4 (0.4,0.5,0.667) (0.4,0.5,0.667) (0.5,0.667,1) (1,1,)

()

Sub-criteria Ca Cs Css Css Css Css
Ca (1,1,2) (1.5,2,2.5) (2,2.5,3) (0.5,1,1.5) (2,2.5,3) (1,15,2)
Ca (0.4,0.5,0.667) (1,1,1) (0.5,1,1.5) (0.5,0.667,1) (1,1.5,2) (0.5,0.667,1)
Cas (0.333,0.4,0.5) (0.667,1,2) (1,1,1) (0.4,0.5,0.667) (1,1.5,2) (0.5,0.667,1)
Ca (0.667,1,2) (1,1.499,2)  (1.499,2,2.5) 1,1,1) (1.5,2,2.5) (1,15,2)
Css (0.333,0.4,0.5) (0.5,0.667,1) (0.5,0.667,1) (0.4,0.5,0.667) (1,1, (0.4,0.5,0.667)
Cas (0.5,0.667,1) (1,1.499,2) (1,1.499,2) (0.5,0.667,1)  (1.499,2,2.5) (1,1,1)

(d)
Sub-criteria Ca Ca2 Ca3
Ca (1,1,1) (1,1.5,2) (0.667,1,2)
Ca2 (0.5,0.667,1) (1,1,1) (0.5,0.667,1)
Cas (0.5,1,1.499) (1,1.499,2) 1,1,1)
(e)

Sub-criteria Cs1 Cs2 Cs3 Csa Css
Cs1 (1,1,2) (1,1.5,2) (2,2.5,3) (1.5,2,2.5) (0.667,1,2)
Cs, (0.5,0.667,1) (1,1,2) (1,1.5,2) (1,1.5,2) (0.5,0.667,1)
Css (0.333,0.4,0.5) (0.5,0.667,1) (1,1,1) (0.5,0.667,1) (0.4,0.5,0.667)
Cs4 (0.4,0.5,0.667) (0.5,0.667,1) (1,1.499,2) (1,1,1) (0.5,0.667,1)
Css (0.5,1,1.499) (1,1.499,2) (1.499,2,25) (1,1.499,2) (1,1,1)

()
Sub-criteria Ce1 Ce2 Ce3 Cea Ces Ces

Ce1 (1,1,1) (1,1.5,2) (0.5,1,1.5) (1.5,2,2.5) (0.667,1,2) (0.5,0.667,1)

Ce2 (0.5,0.667,1) (1,1,1) (0.667,1,2) (0.5,1,1.5) (0.5,0.667,1) (0.333,0.4,0.5)

Ce3 (0.667,1,2) (0.5,1,1.499) (1,1,1) (1,15,2) (0.5,0.667,1) (0.4,0.5,0.667)

Ces (0.4,0.5,0.667) (0.667,1,2) (0.5,0.667,1) (1,1,2) (0.4,0.5,0.667) (0.286,0.333,0.4)

Ces (0.5,1,1.499) (1,1.499,2) (1,1.499,2) (1.499,2,2.5) (1,1,1) (0.5,0.667,1)

Coes (1,1.499,2) (2,25,3.3) (1.499,2,2.5) (2.5,3.3,3.497) (1,1.499,2) (1,1,1)

(9)
Sub-criteria Cn Cn
Cn (1,1,1) (0.5,1,1.5)
Cn (0.667,1,2) (1,1,1)

The consistency ratios for the comparison matrices are  Once it is assured that the ratio values are accepted values, the
computed to determine the accuracy of expert assessments.  subsequent step, in which the alternatives are ranked, is
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performed. In this context, fifteen location alternatives, which
are Brazil (Al), Canada (A2), Chile (A3), China (A4), Czech
Republic (A5), Hungary (A6), India (A7), Malaysia (A8),
Mexico (A9), Philippines (A10), Poland (A11), Russia (A12),
Singapore (A13), Thailand (A14), and Turkey (Al5), are
determined based on offshoring location preferences
worldwide. The data of each criterion for each country are
collected from [66-74]. The data is the input for the TOPSIS,
WSM, ARAS, and ELECTRE methods. The alternatives are
evaluated against each criterion using the TOPSIS, WSM,
ARAS, and ELECTRE methods, for whom the equations
mentioned before are employed, respectively. Then, the ranks
of alternatives are obtained for each method, and they are
compared to each other. Also, an integrated rank of
alternatives is presented.

3. Results and Discussion

The Fuzzy-AHP results indicate that the cost criterion has the
highest weight, followed by proximity to suppliers, labor
characteristics, economic factors, infrastructure, proximity to
markets, and quality of life, as shown in Table 5. The
consistency ratios of all comparison matrices are less than
10%, which is within a reasonable limit. Table 5 also provides
the sub-criteria weights and indicates that labor cost has the
highest weight.

Table 5. Weights provided by the Fuzzy-AHP.

Ces 0.038 0.0016 29
Ces 0.208 0.0087 24
Ces 0.327 0.0137 23
Cs 0.095 Cn 0.500 0.0475 8
Crn. 0.500 0.0475 8

Main Weights  Sub- Local Global Rank
criteria of main criteria weights weights
criteria of sub-  of sub-
criteria  criteria
C: 0.250 Cu 0.386 0.0965 1
Cu 0.068 0.0170 19
Cis 0.219 0.0548 5
Cua 0.328 0.0820 2
C 0.150 Ca 0.339 0.0509 6
Cx 0.339 0.0509 6
Cas 0.225 0.0338 14
Cos 0.097 0.0146 21
Cs 0.127 Cat 0.299 0.0380 13
Ca 0.117 0.0149 20
Css 0.114 0.0145 22
Cas 0.259 0.0329 15
Css 0.011 0.0014 30
Cas 0.200 0.0254 17
Cs 0.197 Cu 0.381 0.0751 3
Cs 0.237 0.0467 10
Cu 0.381 0.0751 3
Cs 0.137 Cs1 0.327 0.0448 11
Csz 0.204 0.0279 16
Css 0.043 0.0059 26
Csas 0.138 0.0189 18
Css 0.287 0.0393 12
Ce 0.042 Ce1 0.198 0.0083 25
Ce2 0.093 0.0039 28
Ces 0.137 0.0058 27

To ensure that all criteria can be easily compared concerning
the importance levels, the following figure is given. Figure 3
shows that the quality and reliability of utilities is the least
important criteria.

Then, the rankings of the offshoring location alternatives are
determined through algorithms of TOPSIS, ELECTRE IllI,
ARAS, and WSM methods, as given in Table 6.

Table 6. Rankings of the alternatives by proposed methods.

Alternative Rankings
TOPSIS ELECTRE WSM ARAS
11l
Brazil 9 13 15 14
Canada 14 1 2 4
Chile 4 9 6 9
China 1 5 1 1
Czech 5 4 4 5
Republic
Hungary 7 15 13 15
India 2 6 8 3
Malaysia 6 8 3 11
Mexico 11 2 10 8
Philippines 8 14 11 7
Poland 13 11 7 13
Russia 3 3 9 6
Singapore 15 10 5 2
Thailand 10 12 12 12
Turkey 12 7 14 10

To observe the results clearly and make comparisons, Figure
4 is presented. The TOPSIS results reveal that China is the
optimal offshoring location. The ELECTRE results indicate
that Canada is the optimal offshoring location. The WSM
results reveal that China is the optimal offshoring location.
Similarly, the results of the ARAS designate that China is the
best option. It is understood that TOPSIS, ARAS, and WSM
recommend the same alternative location as the best. This
result may indicate that these three methods provide a more
consistent result than the ELECTRE, as China has been one
of the leading offshoring locations for years. However, this
may not be enough to generalize this statement for the whole
case. India has also been one of the most preferred offshoring
locations. The rankings of India are second, sixth, eighth, and
third for TOPSIS, ELECTRE, WSM, and ARAS,
respectively. This result indicates that TOPSIS, followed by
ARAS, provided a more realistic result than the WSM and
ELECTRE. It can also be seen that the ELECTRE ranks India
higher than the WSM, meaning that the outcome of the
ELECTRE is more realistic for this case. Also, Malaysia,
which was ranked third by the WSM, and Mexico, which was
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ranked second by the ELECTRE, are two of the most chosen
countries for offshoring in real life. Therefore, it can be
understood that each method provides effective results for
different situations. Considering the overall results of all
methods, the Czech Republic is ranked similarly by all the
approaches.

To extend the analysis and demonstrate an integrated result,
the average ranks of the four methods are calculated and
ranked, as shown in Table 7. The integrated results reveal that
China is the most suitable offshoring location, followed by the
Czech Republic and India. The rank of the Czech Republic
might be unexpected. In this regard, to reveal the impact of
criteria weights and test the methods' robustness, a sensitivity
analysis is conducted.

Table 7. Average ranks of four methods and integrated ranks of
alternatives.

Alternative Average Rank Integrated Rank
Brazil 12.75 15
Canada 5.25 4
Chile 7 6
China 2 1
Czech Republic 4.5 2
Hungary 12.5 14
India 4.75 3
Malaysia 7 6
Mexico 7.75 8
Philippines 10 10
Poland 11 12

Russia 5.25 4
Singapore 8 9
Thailand 115 13
Turkey 10.75 11

As the criteria weights prominently affect the ranking of
alternatives, the value change of the weights should be
examined. Thus, the impact of subjective evaluation can be
observed. Different scenarios are constructed to reveal an
overall evaluation. In this context, the main criterion is
assigned 90% weight, and the rest 10% of the weight is
distributed to the remaining criteria in the ratio of the weights
assigned in the beginning. Likewise, the weights of the sub-
criteria are allocated in the same way. This process is fulfilled
for all criteria, respectively. Additionally, equal weights are
assigned to all the criteria as an additional scenario. Sensitivity
analysis is performed for the TOPSIS, ELECTRE, ARAS, and
WSM methods, so 8x4 = 32 cases are examined altogether.
The results of the calculations are obtained for all methods.
The sensitivity analysis outcomes demonstrated that the
outcomes of the ELECTRE, ARAS, and WSM are more
robust than the TOPSIS, as shown in Table 8. The rankings of
these three models are more stable than the TOPSIS as they
provide the same rankings under different scenarios. To be
noted, scenario "0" represents the original case in this table.
Considering all scenarios, it can be inferred that all the
approaches provide the closest results in Scenario 5.
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Figure 3. Comparison of weights of criteria.
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Figure 4. Ranking comparisons of methods.

Table 8. Ranking of locations under different scenarios.
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Scenario  Method Location Ranks
Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 A1l Al12 Al13 Al4 AI5
TOPSIS 9 14 4 1 5 7 2 6 11 8 13 3 15 10 12
WSM 15 2 6 1 4 13 8 3 10 11 7 9 5 12 14
0 ELECTRE 13 1 9 5 4 15 6 8 2 14 11 3 10 12 7
ARAS 14 4 9 1 5 15 3 11 8 7 13 6 2 12 10
TOPSIS 3 14 2 8 6 4 11 5 13 12 10 1 15 7 9
WSM 6 9 3 7 5 4 1 2 13 14 12 1 15 10 8
1 ELECTRE 4 2 11 6 14 8 9 3 12 10 13 1 15 7 5
ARAS 10 1 12 2 8 13 7 1 9 5 15 4 3 14 6
TOPSIS 14 12 13 1 7 1 2 5 6 4 10 9 8 3 15
WSM 15 6 7 1 12 13 2 3 8 5 11 9 4 10 14
2 ELECTRE 12 1 10 4 2 14 5 6 3 9 11 8 15 7 13
ARAS 11 9 13 1 10 15 2 6 7 4 12 8 5 3 14
TOPSIS 14 4 12 1 2 5 3 8 11 15 7 10 6 13 9
WSM 14 3 4 1 5 1 12 7 9 15 6 8 2 13 10
3 ELECTRE 12 1 9 8 2 15 11 3 6 14 13 5 4 10 7
ARAS 14 5 13 1 2 6 4 12 9 15 7 10 3 11 8
TOPSIS 7 3 12 1 4 15 2 5 6 14 11 9 10 13 8
WSM 11 2 7 1 3 15 10 4 8 13 6 12 5 14 9
4 ELECTRE 13 1 8 5 4 15 11 7 2 14 10 3 9 12 6
ARAS 8 3 13 1 6 15 2 7 5 14 11 10 4 12 9
TOPSIS 15 2 6 12 3 5 14 7 10 8 4 11 1 9 13
WSM 15 2 6 10 4 5 13 7 11 8 3 12 1 9 14
5 ELECTRE 15 1 3 8 5 7 13 9 10 11 6 4 2 12 14
ARAS 15 2 6 7 3 5 8 9 13 12 4 10 1 14 11
TOPSIS 15 2 10 7 3 4 12 14 11 9 5 8 1 13 6
WSM 15 2 6 1 3 5 14 8 10 13 4 7 1 12 9
6 ELECTRE 13 1 8 10 3 6 15 12 9 11 4 5 2 14 7
ARAS 15 2 10 4 3 5 9 12 7 13 6 11 1 14 8
TOPSIS 8 9 7 2 12 15 1 5 6 3 14 13 10 11 4
WSM 9 8 6 2 12 15 1 4 7 3 14 13 10 11 5
7 ELECTRE 12 3 9 5 4 15 6 8 1 13 10 2 14 11 7
ARAS 8 9 7 2 13 15 1 5 6 3 14 12 10 11 4
TOPSIS 15 6 3 1 8 1 2 4 9 5 12 13 7 14 10
WSM 15 1 6 2 5 12 7 4 9 11 8 10 3 14 13
8 ELECTRE 14 1 9 4 2 15 7 11 3 13 10 5 6 12 8
ARAS 14 4 6 1 5 15 3 10 7 8 12 11 2 13 9

The changes in the rankings provided by the methods can be
observed well in Figure 5. The changes in the ranking of
alternatives are seen more often in TOPSIS than the WSM,
ARAS, and ELECTRE under different scenarios. This
observation can be an indicator of the robustness of the WSM,
ARAS, and ELECTRE. However, the results of the TOPSIS
suggest China and India as the most optimal offshoring
locations, as they are in real life, in several scenarios. Thus,
the TOPSIS was distinguished from the WSM and ELECTRE
in terms of providing the most realistic outcome for this case.
However, all the MCDM approaches suggested in this study
provide competitive and effective results.
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Figure 5. Rank changes of ARAS, ELECTRE, TOPSIS, and WSM.
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To sum up, the sensitivity analysis results indicated that the
situation in Scenario 2 is close to the case in real life in terms
of providing the best offshoring locations, China, and India. It
can be inferred that more weights need to be allocated to labor
characteristics, namely the existence of labor force,
unemployment rate, quality of labor force, and quality of
vocational training. Also, Scenario 7 indicated that allocating
— ~ . more weights to proximity to markets criteria, namely the size
< < <RSI of market that can be served and population trends, might
improve the accuracy of the proposed methodology.
e====0 ELECTRE 1ELECTRE 2 ELECTRE Furthermore, if these changes were made, excluding the
3 EECTRE 4 ELECTRE 5 ELECTRE ELECTRE method might improve the accuracy of the rank
result of the integrated rank results.
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4. Conclusions

Unlike other studies, this study presented integrated models
and a comparative analysis for optimizing decisions of
offshoring location that represents a real-life problem. An
integrated MCDM-based methodology was proposed for
determining the best offshoring location. Thus, a practical
approach that can be used by decision-makers in real life was
presented. In this context, the Fuzzy-AHP was combined with
the TOPSIS, WSM, ARAS, and ELECTRE. Fuzzy-AHP was
applied to determine the weights of the criteria obtained from
relevant literature and expert knowledge. Then, the alternative
offshoring locations were ranked based on TOPSIS, WSM,
ARAS, and ELECTRE. ARAS was utilized for the offshoring
@) TOPSIS 3 TOPSIS 4 TOPSIS problem for the first time in this study.

Using actual data, the TOPSIS, WSM, ARAS, and ELECTRE
methods provided competitive and effective results for the
problem. Moreover, the comparative analysis, which is also a
valuable contribution, revealed that the results of the TOPSIS
might be assessed as more successful considering the
preference rates of the offshoring locations in real life.
Additionally, by conducting sensitivity analysis, the
robustness of the methods was evaluated, and the subjectivity
of evaluations was diminished. The ELECTRE Ill, ARAS,

TOPSIS 0 TOPSIS 1 TOPSIS

@5 TOPSIS e 6 TOPSIS 7 TOPSIS
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and WSM methods were found to be more robust than the
TOPSIS as their rankings were more stable compared to the
priority ranking in general. However, the TOPSIS was robust
in suggesting the best location (A4) in different scenarios. In
addition, the results of the sensitivity analysis revealed that
allocating more weights to the labor characteristics and
proximity to market criteria might improve the quality of the
results. Thus, it can be concluded that these methods can be
effectively utilized for the offshoring location decision
problem. However, the use of ELECTRE might be
unnecessary for the purpose of the study if these changes were
made. Compared to other studies, MCDM methods were
applied to offshoring location selection problems like
previous studies. However, the integration of the methods
used in this study differs from previous studies.
Subsequently, considerable contributions were made in this
study. However, there are some limitations. First, using more
MCDM methods could improve the accuracy of the result.
Second, implementing objective weighting methods such as
entropy and standard deviation might contribute to the
analysis. Third, a group decision-making approach could
increase reliability. Last, not considering all countries might
limit the generalization of the analysis. Thus, future studies
can extend the literature by concentrating on utilizing other
MCDM methods. Methods of weighting objective criteria for
group decision-making can be incorporated into the model. It
may also be worth examining more locations and adding
additional criteria.
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