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Abstract—The decision of information technology (IT)
outsourcing requires close attention to the evaluation of supplier
selection process because the selection decision involves conflicting
multiple criteria and is replete with complex decision making
problems. Selecting the most appropriate suppliers is considered an
important strategic decision that may impact the performance of
outsourcing engagements. The objective of this paper is to aid
decision makers to evaluate and assess possible IT outsourcing
suppliers. An axiomatic design based fuzzy group decision making is
adopted to evaluate supplier alternatives. Finally, a case study is
given to demonstrate the potential of the methodology.
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1. INTRODUCTION

NDUSTRIAL organizations are constantly in search of new

solutions and strategies to develop and increase their

competitive advantage. Outsourcing is one of these
strategies that can lead to greater competitiveness [1, 2].
Briefly, it can be defined as a managed process of transferring
activities to be performed by others. Information technology
(IT) outsourcing means that the physical and/or human
resources related to an organization’s information
technologies (ITs) are supplied and/or administered by an
external specialized provider. IT outsourcing is often more
efficient than developing systems internally because
production costs are lower with outsourcing. The provider
obtains scale economies from mass-producing its services and
distributing its fixed costs among a great number of end-user
clients [3]. Outsourcing IT can include data centers, wide area
networks, applications development and maintenance
functions, end-user computing and business processing [4].

There are numerous reports of the increasing use of IT
outsourcing and several authors have indicated that in many
industry areas IT outsourcing has become a rapidly expanding
source of competitive advantage [3, 5, 6, 7, 8, 9, 10].

Two themes in the IT outsourcing research have attracted
interest among the researchers: (1) the reasons for, the benefits
and risks of outsourcing decision (make or buy), (2) the
selection of a partner for the outsourcing relationship. This
study focuses on the latter.
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Analytical models for supplier evaluation range from
simple weighted scoring models to complex mathematical
programming approaches. The most common approaches and
methods for supplier selection include different multi criteria
decision-making (MCDM) methods such as analytic hierarchy
process [11] and analytic network process [12], statistical
techniques such as principal components analysis and factor
analysis [13], data analysis techniques such as cluster analysis,
discriminant analysis, data envelopment analysis [14] and
simulation [15].

The decision for the determination and selection of
strategic suppliers poses a multiple criteria problem. The goal
of the multiple criteria decision-making (MCDM) method is
to aid decision-makers in integrating objective measurements
with value judgments that are based not on individual
opinions but on collective group ideas [16].

Axiomatic design (AD) principles [17] including the
information axiom (IA) presents an opportunity for MCDM.
In the literature, there are many applications of AD
methodology to design, products, systems, organizations and
software [18]. AD principles provide a powerful tool to
measure how well system capabilities respond to functional
requirements (FRs). AD consists of two axioms; one of them
is the independence axiom and the other is IA. The IA
proposes the selection of proper alternative that has minimum
information content. Further, there are situations in which
information is incomplete or imprecise or views that are
subjective or endowed with linguistic characteristics creating
a “‘fuzzy’’ decision making environment. In addition, multiple
DMs are often preferred rather than a single DM to avoid the
bias and to minimize the partiality in the decision process
[19]. For this reason, a Fuzzy Axiomatic Design (FAD) based
group decision making approach is applied in order to
strengthen the IT outsourcing supplier selection process.

The paper is organized as follows. Section 2 describes the
details of the proposed evaluation framework. To validate our
model and to examine its effectiveness, a case study is given
in Section 3. Last section includes some concluding remarks.

II. METHODOLOGY

Firms seek to capitalize on and increase their capabilities
and endowments, and interfirm cooperation allows firms to
share resources and, thereby, overcome resource-based
constraint to growth [20]. Recent studies have focused on the
capability of partnerships to create significant competitive
advantages in a complex environment. Having a long-term
relationship with a well-chosen supplier can reduce the cost of
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material and improve corporate competitiveness. Many
research results have indicated that the decision involved in
selecting suppliers becomes the most important activity of an
outsourcing process [21, 22, 23]. In the management of IT
outsourcing activities, supplier selection decisions are an
important component of the IT outsourcing process, where the
firm has to choose between a number of distinct IT suppliers
[24, 25].

Main steps of the proposed methodology are recapitulated
in Figure 1. The first step in the methodology is identifying
the IT outsourcing supplier evaluation criteria that are
considered the most important. Then, supplier alternatives to
be evaluated are designated. According to FRs and selected
alternatives, the group of experts determines two groups of
range in linguistic terms: design range, i.e., the range of FRs
and system range, i.e., alternatives’ performances. Afterwards,
linguistic terms are translated into fuzzy numbers and criteria
weights are determined by using a fuzzy MCDM technique,
namely fuzzy TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution). Expert judgments are aggregated
and information contents and weighted information contents
for each alternative according to each FR are calculated. The
last step of FAD methodology is ranking the alternatives and
selecting the best one according to a decreasing order of
information content. Finally, the FAD methodology results are
justified with fuzzy TOPSIS methodology.

Step 1. Determining evaluation criteria
Step 2. Determining the alternatives
Step 3. Determining design and system ranges (FRs)
Step 4. Translating linguistic terms into fuzzy numbers
Step 5. Aggregating expert opinions
Step 6. Determining criteria weights
Step 7.Calculating information contents
Step 8.Calculating weighted information contents
Step 9.Ranking the alternatives
Step 10. Justifying the result with fuzzy TOPSIS

Fig. 1. Main steps of the proposed methodology
2.1. IT outsourcing supplier evaluation criteria

The purpose of IT outsourcing supplier selection is to
determine the optimal service provider who offers the best all-
around package of products and services for the customer. A
set of evaluation criteria has to be defined prior to evaluate
prospective IT suppliers that have compatible goals,
appropriate skills, effective motivation, and complementary
strategic orientations. This is because managers must find
ways to develop win-win deals (both partners benefit) for this
outsourcing to be successful. Thus, it is critical for managers
to identify and understand effective supplier selection criteria
prior to entering into strategic outsourcing. One of the first to
systematically conduct an in-depth study of IT supplier
selection criteria was Halvey and Melby [26]. Based on a
detailed literature survey (such as [5, 7, 10, 22, 23, 26, 27]),
six main evaluation criteria are determined and used in our
proposed framework. These are:

C; — Technological capability
C, — Profitability of supplier
C; — Relationship closeness
C,— Total cost

Cs — Service quality

Cs — Reputation of supplier

2.2. Fuzzy axiomatic design approach

In the literature, while there are many applications of AD
methodology [17, 18], there are a relatively few studies on
FAD applications for MCDM. Kahraman and Kulak use FAD
approach for both multi-attribute transportation company
selection under determined criteria [28] and the comparison of
advanced manufacturing systems [29]. Kulak [30] developed a
decision support system based on the FAD. Recently, Celik et
al. [31] applied it for shipyard selection.

FAD methodology is based on the conventional AD that
was initiated by Suh [17]. The basic idea of AD lies in
calculating the intersection of design requirements with the
specifications that the system provides (design and system
ranges). Figure 2 illustrates the design and system ranges as
well as the common area in a non-fuzzy environment.

Probability
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>
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Fig. 2. System-Design ranges and common area

Information context is calculated as (1) in a non-fuzzy
environment. In FAD, this basic idea remains the same while
crisp ranges are now triangular fuzzy numbers (TFNs). As
shown in Figure 3, the common area is the intersection of two
triangles.

! common area

system range
;- logz[ygj (1)
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environment

Information content is calculated as the area of TFN of
system range divided by the common area. Information
content is in the logarithmic scale in order to give additive
characteristic. ;; is the information content of the alternative i
in respect to criterion j. By the second axiom of AD, the
design with the smallest information content is the best
design. Total information content /7o, is calculated as the sum
of all information contents for alternative i.

I..=log2(TFN of System Range ©)

i

Common Area

After calculating the Iror, weighted information content
Wlror is calculated as:

Wi, =(I,)" 3
w; represents the weight of criterion ;.

2.3. Fuzzy TOPSIS technique

In our methodology, another MCDM method is required to
determine evaluation criteria weights. Fuzzy TOPSIS
(Technique for Order Preference by Similarity to Ideal
Solution) is applied due to its basic concept and wide
applications [32, 33].

With m alternatives, » criteria and & decision makers, fuzzy
MCDM problem can be expressed as:

Cl CZ Cn
Al ;C‘l 1 )?12 o ’)Eln
_ A, . 4)
A .
A\ X, X, .. X,

In (4), D represents the fuzzy decision matrix with
alternatives 4 and criteria C. Aggregated judgments )Ncij are

calculated as follows:

R, = (4T 5 )
%) =(@.b).e)) (©)

In (5), )NC; represents fuzzy judgment of expert k. The
next step is the normalization. Normalized fuzzy decision

matrix R is calculated as:

ﬁ:[ij]m*n,izl,l..,m;j:1,2...n 7
= :[az‘j by ¢ ] (8)
i + 7 0
c’cic
C; =maxC, 9

Then, weighted normalized fuzzy decision matrix is
computed with the weights calculated in FAD technique,
where w; is weight for criteria j.

V=[], i=12.m =120 (10)
v, =7, ®W, (11)

Since the TFNs are included in [0,1] range, positive and
negative ideal reference points (FPIRP, FNIRP) are as
follows:

A =LA = a2
v =(LL1),% =(0,0,0) (13)

The next step is calculating the distance of alternatives
from FPIRP and FNIRP.

7 =>d@,,5),i=12.mj=12..n (14)
Jj=1

d7 =Y d =120 =120 (1)

1

ai =MbY a0y 0] (10

Finally, the performance indices are computed in order to
rank the alternatives. Performance indices are sorted in
decreasing order.

PI. d, i=12..m (17)

"od+d

IV. CASE STUDY

The Company ABC is a well-known Turkish logistics firm.
The center of the company is located in Istanbul but it has
offices in different places. The Company ABC carried out
various national and international logistics activities. The IT
department of the ABC has the role of facilitating the
technology integration and IT service development towards
integrated solutions. This department manages ABC’s
electronic services and internal information systems. In the
beginning of 2009, ABC makes the decision that it should use
an external partner for its hosting of IT. Six IT companies that
are considered as most important are identified. Due to the
confidentiality, we will name those companies as Company A,
B,C,D,EandF.

For evaluating the alternatives and FRs in a consistent
manner, we have contacted two different expert groups. The
first group is composed of three experts. These experts have
been selected from logistics industry to evaluate the
alternatives. The other group is composed of ABC Company’s
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managers to determine FRs. Finally, ABC Company’s IT
outsourcing supplier selection process is performed by
applying the following steps:

Steps 1-2. Determination of evaluation criteria and
alternatives: The determined six evaluation criteria and six
alternatives have already been discussed in previous parts.

Step 3. Determination of the design and system ranges and
FRs: Linguistic terms employed in evaluating partner
alternatives to be translated in fuzzy numbers in order to apply
a MCDM method. In this study, 5-level fuzzy scale is used to
assess the alternatives and another 5-level fuzzy scale is used
to assess the FRs as given in Tables 1 and 2. The group of
experts assesses a design range for FRs with the given scale.
Table 3 shows the first expert judgments

TABLE I MEMBERSHIP FUNCTIONS FOR SYSTEM RANGE

Term Abbry. Fuzzy Scale
Poor P 0,0,0.3
Fair F 0.2,0.35,0.5

Good G 0.4, 0.55,0.7

Very Good VG 0.6,0.75,0.9
Excellent E 0.8,1,1

TABLE Il MEMBERSHIP FUNCTIONS FOR DESIGN RANGE

Term Abbry. Fuzzy Scale
At least Poor LP 0,1,1
At least Fair LF 0.1,11
At least Good LG 04,1,1
At least Very Good LVG 0.6,1,1
At least Excellent LE 0.8,1,1

Steps 4-5. Linguistic terms are translated into fuzzy
membership functions and expert opinions are aggregated.

TABLE III FIRST EXPERT EVALUATION DATA FOR DESIGN AND SYSTEM

RANGES

Design System Ranges

Range A B C D E F
C LG E F VG F VG P
C, LVG E VG VG E VG E
C; LG G E F E E E
Cy LG P E F E G E
Cs LG VG VG VG E E E
Cy LF P P G VG E VG

Step 6. Determination of criteria weights: With expert
judgments on importance of criteria, they are calculated using
fuzzy TOPSIS given in Section 2.3. Table 4 displays the
criteria weights for evaluating partners.

TABLE IV EVALUATION CRITERIA WEIGHTS
C, C, [ C, C; Cy
0.21 0.31 0.17 0.17 012 0.12

Step 7. Calculation of the information contents (ICs): With
aggregated triangular fuzzy numbers of system and design
ranges, we use (2) to compute unweighted IC. This step is
important in determining the most appropriate partner if all
criteria were of equal importance. Table 5 shows IC for each
criterion and total IC for each alternative. In respect to second

axiom of AD, Company E with the smallest IC is the most
appropriate partner.

TABLE V UNWEIGHTED ICS

Iey I Ies Les Ies Ies Iror
0.04 0.09 1.19 6.31 0.34 2.59 10.57
oo 1.54 0.11 0.10 0.33 2.58 oo
1.19 1.49 3.69 6.23 0.33 0.59 13.54
7.40 0.09 0.02 0.02 0.02 0.17 7.72
0.66 1.49 0.11 1.92 0.02 0.003 4.20
oo 0.07 0.11 0.11 0.02 0.17 [

mTmg QW

Steps 8-9. Calculation of the weighted information contents
(WICs) and ranking the alternatives: After calculating the IC,
WIC is calculated with (5). Table 6 shows the results for total
WIC. Final results demonstrate that Company D is slightly
superior to Company E.

TABLE VI WEIGHTED ICs
Wi Wle, Wics Wilcy Wics Wilce Wltor

A 051 060 1,03 137 088 112 5,51
B o LI0 0,69 068 088 1,12 oo
C 1,04 1,00 125 136 087 0094 6,55
D 1,52 061 051 050 062 081 4,57
E 092 1,00 069 112 062 051 4,93
F oo 0,58 069 069 062 081 oo

Step 10. To justify the results, we use fuzzy TOPSIS as
given in Section 2.3. Table 7 summarizes the final ranking
calculated with fuzzy TOPSIS. g with the performance indices
of the alternatives. Both techniques conclude that Company D
and Company E are the most suitable ones.

TABLE VII FINAL RANKING OF PARTNER ALTERNATIVES WITH FUZZY
TOPSIS
Partner alternatives Plror
0,124
0,123
0,120
0,103
0,102
0,088

QP wTE g

IV. CONCLUSION

The process of supplier selection is crucial to success of
outsourcing activity and achieves a competitive advantage.
For this reason, this study proposed a fuzzy group decision
making framework for an effective IT outsourcing supplier
evaluation problem. In general, multi criteria problems adhere
to uncertain and imprecise data and fuzzy set theory is
adequate to deal with case. For this reason, FAD is applied.
An empirical case study is used to exemplify the approach.
The proposed model is expected to provide additional
contributions and decision support to the managers in
selecting most appropriate outsourcing suppliers.
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