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Abstract
In recent years, as internet access facilities have become widespread, companies are in the position of using their websites
effectively so as to compete and reach their customers easily. Therefore, organizations have begun to attach importance to the notion of
electronic service quality in order to increase the quality of services presented over the internet. Because it is difficult to measure e-
service quality, the use of the Fuzzy decision-making approach, which enables an assessment under uncertain circumstances, emerges
as an effective problem-solving tool. In this context, the aim of the paper is to evaluate the e-service quality of websites by Fuzzy multi-
criteria decision-making (MCDM) methods. Firstly, the level of significance of e-service quality dimensions that are presented by
Parasuraman et al. (2005) is determined by Fuzzy Analytic Hierarchy Process (FAHP) according to the surveys which are fulfilled by a
decision-making team. Afterwards, the e-service quality performance of websites of the airline corporations is assessed with the Fuzzy
PROMETHEE method by using the data obtained from customers through surveys. In the application of the study, the websites of four
companies which operate in the Turkish aviation industry, Onur Air, Pegasus, Sun Express and Turkish Airlines, are taken into
consideration and ranked with regards to their e-service quality performances.
Keywords: Fuzzy AHP, Fuzzy PROMETHEE, E-Service Quality, Airlines.

1. Introduction

Thanks to improvements in information and communication technology, the services submitted over
the internet diversified and increased in time and began taking part in every field of life. Therefore, tough
competition between sectors has moved to the electronic environment and companies that enable online
shopping have become popular. For this reason, firms have had to adopt changes and use their web sites
influentially and serve and fulfill their customers’ expectations. For the aim of improving the quality of
services presented over the internet, the concept of electronic service (e-service) quality is taken into
consideration.

The service quality is hard to quantify because of its intangible, heterogenic, and inseparable
characteristics. It is defined as a perception resulting from a comparison of consumer expectations with
actual service performance (Parasuraman et al., 1985: 42). Many researchers criticized service quality theory
and its dimensions (Gronross, 1982; Parasuraman et al., 1985; Zeithaml et al., 1988; Carman, 1990; Cronin &
Taylor 1992, 1994; Dabholkar et al., 2000, Brady & Cronin, 2001). Parasuraman et al. (1985) developed a scale
named SERVQUAL for assessing the service quality. From this point, the SERVQUAL concept has been
examined for years and associated with the developments of today’s information and technology age. Now,
the services have been said to be available on the internet. So, the term of e-service quality that states the
quality of services purchased via website has come to the forefront. Zeithaml et al. (2000, 2002) and
Parasuraman et al. (2005) defined e-service quality and introduced the e-service quality measuring model.
According to Parasuraman et al. (2005), e-service quality (E-SQ) is used to, “broadly involve all phases of a
customer’s interactions with a web site: the extent to which a web site facilitates efficient and effective shopping,
purchasing, and delivery”.

In relevant e-service quality literature, it was studied with various measuring scales and generally
presented solutions with structural equation models. Yoo and Donthu (2001) improved a scale named
SITEQUAL and used structural equation model; Cox and Dale (2001) evaluated the effects of the classical
SERVQUAL dimensions on online shopping; Zeithaml et al. (2002) presented a conceptual model for
measuring e-service quality; Parasuraman et. al (2005) developed an E-SQ measuring scale and tested it with
structural equation model. Also, Cristobal et al. (2007) evaluated the e-service quality of e-shopping sites for
measuring the impact on customer loyalty using the structural equation model; Sahadev and Purani (2009)
studied the Parasuraman et al. (2005)’s E-SQ scale in internet retailing; Sun et al. (2009) used Parasuraman et
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al. (2005)’s E-SQ scale for evaluating internet banking with structural equation model; Udo et al. (2010),
examined e-service quality regarding customer perception with a 7 point Likert scale; Tsao and Tzeng (2011)
searched the impact of e-service quality on online shopping behavior using the structural equation model. In
addition, Doherty et al. (2015) examined the role of e-service quality management in online retailing sector;
Stamenkov and Dika (2015) studied sustainable e-service quality models in the banking industry and used
the structural equation model with a modified scale from Parasuraman et al. (2005)’s E-SQ scale.

In contrast with the literature, this study emphasizes using the Fuzzy Multi Criteria Decision
Making (FMCDM) model to evaluate e-service quality. Since the e-service quality term is relative and hard
to measure, the use of Fuzzy decision-making methods presents an efficient solution in this regard.
Additively, Fuzzy decision-making methods enable the ability to carry out the decision process in cases
involving uncertainty. In this context, the aim of this study is to evaluate e-service quality of airline websites
by using FMCDM methods. For this aim, an integrated Fuzzy AHP-Fuzzy PROMETHEE approach is
proposed to assess the e-service quality.

In recent studies, Fuzzy AHP is regularly used in supplier selection problems (Xia and Wu, 2007;
Chamodrakas and Martakos, 2010; Kilincc1 and Onal, 2011; Rezaei, 2014; Bronja and Bronja, 2015; Sultana et
al., 2015). Fuzzy AHP is also used in different fields by the following researchers: Enea and Piazza (2004), for
project selection; Jyoti and Deshmukh (2008), in the performance evaluation of national R&D companies;
Giingor et al. (2009), in personnel selection problems; Isaai et al. (2011), to evaluate intelligent timetable;
Belgin (2015), in optimization of multi objective simulation system; Beskese et al. (2015), in the landfill site
selection; Chen et al. (2015), to evaluate teaching performance; Chou et al. (2012), to evaluate the criteria for
human resource for science and technology ; Kara and Cheikhrouhou (2014), in selection of software; Kumar
(2015), for analyzing customer preferences; Mangla et al. (2015), to evaluate risk analysis in green supply
chain; and Nguyen et al. (2015), in the selection of machine tools.

On the other hand, Fuzzy PROMETHEE is used in different fields in the literature. Ball: et al. (2007)
selected the best vehicle; Chou et al. (2007) evaluated suitable ecaotechnology; Liu and Guan (2009)
evaluated the quality of the railway passenger service; Moreira (2009) ranked equipment failure modes;
Zhang et al. (2009) ranked contemned sites based on the risk assessment paradigm; Aloini et al. (2010)
selected logistics service; Percin and Ayan (2010) selected flexible manufacturing systems; Tuzkaya et al.
(2011) evaluated material handling system alternatives; Ghazinoory et al. (2014) developed a model for
integrating decisions in technology road mapping; and Ustasiileyman and Celik (2014) selected the
convenient destination by using Fuzzy PROMETHEE method.

In this study, the integrated Fuzzy AHP-Fuzzy PROMETHEE approach is used to evalute the e-
service quality performance of the four companies which operate in the Turkish aviation industry; Onur Air,
Pegasus, Sun Express, and Turkish Airlines. Within this scope, e-service quality dimensions developed by
Parasuraman et al. (2005) are taken into consideration as the evaluation criteria of decision-making. The
remaining of the paper organized as follows. In the second section, the research methodology is presented.
Applied FMCDM methods (Fuzzy AHP-Fuzzy PROMETHEE) are explained and the e-service quality
dimensions and proposed evaluation model are described. In third section, the real case application of the
study and results are given. Finally, the last section clarifies the conclusion and future suggestions.

2. Research Methodology

2.1. Fuzzy AHP Method

The Analytic Hierarchy Process (AHP) is the most widely used model in decision-making which was
developed by Saaty (1980). In AHP, weight measurement is calculated by pairwise comparison of the
relative importance of two factors (Lin, 2010: 881). However when assessing a problem, the AHP cannot take
into account uncertainty influentially because of the usage of human thoughts with exact numerical values
(Lee et al., 2010: 2238). Generally, indefinite and incomplete data information is introduced to decision-
making problems and explains why it is more logical to present the data by fuzzy numbers instead of crisp
numbers (Gu and Zhu, 2006: 401).

Fuzzy AHP is used in this research to incorporate uncertainties in the decision maker’s opinions.
Fuzzy AHP approach uses a range of values and decision makers can select the value that reflects their
preferences. Due to the fuzzy nature of the comparison procedure, decision makers find it more reliable to
make interval judgments (Kahraman et al., 2003: 387). After the first study with Fuzzy AHP (Van Laarhoven
and Pedrycz, 1983) was proposed, Buckley (1985) carried out another method for Fuzzy AHP using
trapezoidal fuzzy numbers. Then, Chang (1996) introduced a new approach with the use of triangular fuzzy
numbers in the comparison process.
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Triangular fuzzy numbers are the most commonly used fuzzy numbers in literature and practice
because of their calculation conveniences. A triangular fuzzy number that is defined in R set can be

described as M = (I, m, u) where [ is the minimum, m is the most possible and u is the maximum value of a
fuzzy case. Its membership function is characterized below: (Pedrycz and Gomide, 1998: 135; Deng, 1999:
217).
x-1)/(m-1), I<x<m
Hir (x) = (x-u)/(m-u), m<x<u 1)
0, x<lorx>u

Basic operations of two triangular fuzzy numbers are summarized in Table 1.
Table 1: Basic Operations with Fuzzy Numbers

Operation Notation Function
Addition ;41 +) 4. (I, M1, w) (+) (I, m2, w2) = (li+l, Mu+mo, wi+ue)
Subtraction A () i (I, m1, w) () (I, m2, w2) = (ituz, M1-my, w-lo)
Multiplication A ) A (I, M1, w) (x) (I, m2, u2) = (lixle, Mixmy, wixuz) >0, m>0, u>0
Division ;41 o (I, m1, w) (/) (I, m2, w2) = (li/u2, m1/mo, ur/lo) >0, m>0, u>0

The Fuzzy AHP weights used for this work are calculated based on Chang (1996)’s extent analysis
method. The following section outlines the extent analysis method (Chang, 1996: 649; Isaai et al., 2011: 3720;
Yalcin et al., 2012: 355; Mandic et al., 2014: 31; Kumar et al., 2015: 449; Mosadeghi et al. 2015: 58):

Let X ={x1, x2,..., x» } be an object set, and G={g1,92,...,9n} be a goal set. M extent analysis values for

1 2 m
gl’Mgl’ ....... ,Mgl',

Step 1: The values of fuzzy extensions for the i-th object are given in Expression (2);

each object can be obtained as m i=1,2,..,n.

m J n m J -
Sz‘:ZMiDZZMi (2)
J= L = W=
In order to obtain the expression [gi _’fl M é‘l} it is necessary to perform additional fuzzy operations
i=l j=
with m values of the extent analysis, which is represented in Expression (3) and (4);

m._j= m m m 3

JélMgi (jzzll/-,jzzlmj,jzzlujj ()
¢ ¢ 2 (B o )

[El J%Mg’} =UE A 4)

And it is required to calculate the inverse vector above by using Expression (5);

-1
nom i 1 1 1 (5)
M ‘]. =
[Eﬁl g’} <

>n n
ZM,' Zml' Zli
i=1 i=1 i=1

Step 2: While M; and

M, are triangular fuzzy numbers, the degree of possibility for M>=M; is defined as:

V(Ma2Mi)= g |:min( Hyy (). (y)} (6)
y2x 1 2

It can be represented in the following manner by Expression (7);
V(M>2M;) = hgt(Mz nMi) M, (d)

1, if my > my
= 7
0, if I 2u, @)
L, —u
I 2 , otherwise
(my =up) = (my =1p)

Where d is the ordinate of the highest intersection point D between uM; and uM..
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To compare uM; and uM,, values of both, V(M;= M;) and V(M; = M;) are needed.
Step 3: The degree of possibility for a convex fuzzy number to be greater than k convex numbers M;
,k) can be defined by expression (8);
V(M=2Mi, My,..., Mi) =V[(M2=My), (M2M,), ... (M= M)] (8)
= minV(M 2M,), i=1,2,3,....k

Assume that Expression (9) is;

d' (A) =minV(S, = S,) 9)

for k=1,2,...,n; k # i. So the weight vector is obtained by Expression (10);

W =(d (A1), d (A2),... d (An))T (10)

where, A; (i =1,2,...,n) consists of n elements.

Step 4: Through normalization, the weight vectors are reduced to Expression (11);

W= (d(A1), d(A2),..., d(A))T (11)

where W represents an absolute number.

2.2. PROMETHEE Method

The PROMETHEE (The Preference Ranking Organization Method for Enrichment Evaluation) is a

multi-criteria decision making method developed by Jean-Pierre Brans (1982).

The PROMETHEE method has 7 steps which are explained below (Chou et al., 2004: 50; Macharis et

al., 2004: 310; Albadvi et al., 2007: 674; Anand and Kodali, 2008: 42; Dagdeviren and Erarslan, 2008: 70; Abath
and Almeida, 2009: 59; Rao and Patel, 2010: 4670; Ishikaza and Nemery, 2011: 960):

Step 1: Creating a data matrix:

For k criteria and n alternatives the data matrix is generated as shown in Table 2.
Table 2: Data Matrix

a; a e a,
fi fa(az) fi(a) fi(ay)
f2 fa(az) Saa) fa(ay)
fk fk(éﬁ) fk(ﬁz) .. fk(ﬁn)

Step 2: Defining Preference Functions: The decision maker determines the proper preference

function among six types of functions for the decision problem.

Step 3: Defining common preference functions:
For a and b alternatives, common preference functions are defined as:
i : fla) = f(b)
P(a,b) = tplfla) — f(b]]. f@) = f () (12)
Step 4: Defining preference index:
wi: weights
k: criteria
m (a.b). preference index

Zk:W[Pi(a,b)
ma,b) = H————

Z Wi
i=1

(13) Step

5: Defining the outgoing (P +) and incoming flow (¥ -):

Z g, x)

® ()= 2,769

Step 6: Determining preorder by PROMETHEE I:
If a is a better alternative than b;

i ®r@)> D@ +@) and® @)= P -(p)

i. ®+@)>®+@1) and® -(2)=P -(p)

P +@) = D+@p) and® @) =P ()

If a is the same as b alternative;

m +(g) =
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i @)= D) and® @)= )

When a and b alternatives are incomparable;

i 0'@>® +@®) and ® -@a )> P -(p)

ii. 0*(a) O* (b)) and O-(a) O-(b)

Step 7: Determining total preorder by PROMETHEE II:

O(@=0*"@-0 (a

i.1f O(a) > © (b) , ais a better alternative than b.

ii. If O@) =P (b),aand b are incomparable.

2.3. Fuzzy PROMETHEE Method

In the F-PROMETHEE method the performance of each scenario to each criterion is introduced as a
fuzzy number.

In this paper the ratings of qualitative criteria are considered as linguistic variables. These linguistic
variables can be expressed in positive triangular fuzzy numbers as described in Table 3 (Bilsel et al., 2006:

1192).
Table 3: Linguistic Variables for the Alternatives

SDA Strongly Disagree 0,0,0.15)
DA Disagree (0.15,0.15, 0.15)
LDA Little Disagree (0.30, 0.15, 0.20)
NC No Comment (0.50, 0.20, 0.15)
LA Little Agree (0.65,0.15, 0.15)
A Agree (0.80, 0.15, 0.20)
SA Strongly Agree (1,0.20,0)

While F-PROMETHEE method is applied in the study, the fifth preference function was used. It is
represented as follows:

0 d; <q
d —-q (14)
Q(a.p)=Q,(d)=1— gsd;<p
prP—q
1 d;>p
If d; is expressed as a fuzzy number (1, a, ), then the preference function equation is defined below:
0 m—-a<0
ﬁ: M qu—a and m+,3517 (15)
pP—q
1 m+pB3z2p

According to (12), the degree of preference comparison of the alternatives a and b, with the criterion
f, can be defined as:

P,(f(a)= f(b) = P,(d) (16)

= (P, (m),(P;(m) = P;(m = a)), (P, (m + B) = P,(m))

The multi criteria preference index is expressed as:

k ~
> w,P(a,b)
Ta,b) ==——— (17
Z Wi
i=1
The preference index is calculated as a fuzzy number. By using the yager index, which is seen below,
it should be transformed into an absolute number.

fma.p) = §(3m—a+ﬁ> (18)

After transformation of all fuzzy numbers to absolute numbers, they can be ranked by the
PROMETHEE II method.

2.4. E- Service Quality Dimensions and Evaluation Model

The E-SQ measuring scale that is used in the study consists of 4 dimensions and 22 evaluation
factors as part of these dimensions. Hereunder, E-SQ dimensions (Parasuraman et al., 2005) are described:

1. Efficiency: The ease and speed of accessing and using the site.

2. System Availability: The extent to which the site’s promises about order delivery and item
availability are fulfilled.

3. Fulfillment: The correct technical functioning of the site.
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4. Privacy: The degree to which the site is safe and protects customer information.
Within this framework, the proposed hierarchic evaluation model with respect to E-SQ dimensions
and factors is generated as in Figure 1.

Figure 1: Evaluation Model of E-Service Quality Performance

Determine the Best Aviation Company Web Site with Respect to E-SQ

\i/ \L \4 \i/ \l/
Eﬁ‘i\cl;i/ency | | System Ava\if;lbility | F ulj{i;ment | | P"(IQCV

El: This site makes it easy
to find what I need.

E2: It makes it easy to get
anywhere on the site.

E3: It enables me to

SAL: This site is always
available for business.
SA2: This site launches
and runs right away.

SA3: This site does not

F1: It delivers orders when
promised.

F2: This site makes items
available for delivery within a
suitable time frame.

P1: It protects
information ab
Web-shopping
behavior.

P2: It does not

out my

share

my personal
information with other
sites.

crash.

SA4: Pages at this site do
not freeze after I enter my
order information.

complete a transaction
quickly.

E4: Information at this site
is well organized. E5: This
site is simple to use.

F3: It quickly delivers what I
order.

F4: Tt sends out the items
ordered.

F5: It has in stock the items
the company claims to have.

F6: It is truthful about its
offerings.

P3: This site protects
information about my
credit card.

E6: It loads its pages fast.

E7: This site enables me to
get on to it quickly.

ES: This site is well
organized.

F7: It makes accurate promises,
about delivery of products.

3. Application: Evaluation of E-Service Quality Performance of Airline Companies” Websites

In this paper, to evaluate the E-SQ of airline companies, the level of significance (importance
weights) of e-service quality dimensions is determined by Fuzzy AHP approach as a result of the surveys,
which are obtained from the expert team. After that stage, with the help of the survey data obtained from
customers, the E-SQ performance of airline corporations” websites is assessed by the Fuzzy PROMETHEE
method. In the application, 12 experts” opinions that consist of five academics, four aviation industry and
three information technology executives are utilized. Four hundred and five customers that used the
websites of given airline companies are surveyed. At the end, the ranking of the companies is acquired
according to their E-SQ performance. The application steps are summarized in two stages.

3.1. Determining the evaluation criteria weights with Fuzzy AHP Approach:

Firstly, each decision maker practiced pair-wise comparisons of E-SQ dimensions and evaluation
factors by using Saaty’s 1-9 scale. Using the survey data acquired from these experts, integrated pair-wise
comparison matrices are formed by combining all expert opinions through Expression (19), as K states the
number of decision makers (Chen at. al, 2006). Thus, the pair-wise comparison values are converted to
triangular fuzzy numbers and fuzzy pair-wise comparison matrices are created as in Tables 4-8.

K
l; = min k{aijk}’ m; :%wa’ iy = max k{difk} 19
Table 4: l;\;lzzy pair-wise comparison matrix of E-SQ dimensions
Efficiency System Availability Fulfillment Privacy

Efficiency (1,1,1) (0.333,2.777, 5) (0.2,051,1) (0.2,0.243, 0.33)

System Av. 0.2,1.177, 3) 1,1,1) (1,1.667, 3) (0.2,0.288, 0.333)

Fulfillment 1,3,5) (1,1.667, 3) 1,1,1) (0.2,0.287,0.33)

Privacy (3,4.333, 5) (3,3.667, 5) (3,3.667, 5) (1,1,1)

Table 5: Fuzzy pair-wise comparison matrix of “Efficiency”
E1 E2 E3 E4 E5 E6 E7 E8

E1 (1,1,1) (3,4.333, 5) (1,2.333, 5) (0.33,1.443, 3) (3,4.333, 5) (0.33,3.443, 5) (3,4.333, 5) (0.2,14,3)
E2 (0.2,0.243, 0.33) 1,1,1) (0.2,1.843, 5) 0.2,1177,3) (3,3.667, 5) (0.33,2.11, 5) (1,3.667, 5) (0.2,1.843, 5)
E3 (0.200, 0.733, 1) (0.2,2.733, 5) 1,1,1) (0.2,1.843,5)  (0.2,2.733,7) (0.2,0.733, 1) (0.2,2.067, 3) (0.2,2.733, 5)
E4 (0.330, 1.443, 3) (0.33,2.777, 5) (0.2,2.733, 5) (1,1,1) 1,3,5) (1,2.333, 5) (0.33,2.11, 5) (1,2.333, 5)
E5 (0.2,0.243,0.33)  (0.2,0.287,0.33)  (0.14,2.047, 5) 0.2,051,1) 1,1,1) (0.2,0.287,0.33)  (0.2,0.343,0.5) (0.2,0.3,0.5)
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E6 (0.2,1.133, 3) 0.2,14,3) (1,2.333, 5) (0.2,0.733, 1) (3,3.667, 5) 1,1,1) (3,4.333, 5) (0.2,2.733, 5)
E7 (0.2,0.243, 0.33) (0.2,0.467, 1) (0.33,1.887, 5) (0.2,14,3) (3,4.333, 5) (0.2,0.243, 0.33) (1,1,1) (0.2,0.51,1)
E8 (0.33,2.11, 5) (0.2,2.733, 5) (0.2,1.843, 5) (0.2,0.733, 1) (5,5,5) (0.2,1.843, 5) (1,3,5) (1,1,1)
Table 6: Fuzzy pair-wise comparison matrix of “System Availability”
SA1 SA2 SA3 SA4
SA1 (1,1,1) (3,3.667, 5) (0.14,3.38,5) (0.2,0.513,1.14)
sa2 (0.2,0.287,0.333) 1,1,1) (0.14,1.157,3)  (0.2,0.78,1.14)
sA3 (0.2,2467,7)  (0.333,3.443,7) (1,1,1) (0.14, 0.493, 1.14)
SA4 (5,5.667,7) (1,4.333,7) (5,6.333,7) 1,1,1)
Table 7: Fuzzy pair-wise comparison matrix of “Fulfillment”
F1 F2 F3 F4 F5 F6 F7
F1 1,1,1) (3,5.667,9) (1,4.333,7) (0.11,1.147, 3) (0.11,0.48, 1) (0.11, 0.437, 1) (0.14,0.713,1)
P (0.11, 0.213, 0.33) 1,1,1) (0.2,34,7) (0.11,0.213,0.33) ~ (0.11,0.213, 0.33) (0.11,0.17,0.2) (0.14,0.447,1)
F3 (0.14,0.447,1) (0.14, 1.823, 5) 1,1,1) (0.14, 0.323, 0.5) (0.14,0.447,1) (0.11,0.17,0.2) (0.11,1.37, 3)
F4 (0.33,4.11, 9) (3, 5.667,9) (3,57) 1,1,1) (0.11,2.037, 3) (0.11,0.47, 1) (0.33,2.11, 5)
F5 1,5,9) (3,5.667,9) (1,4.333,7) (0.33,3.22,9) (1,1,1) (0.11, 0.257, 0.33) 1,3,5)
F6 1,5,9) (5, 6.333,9) (5,6.333,9) (1,4.333,9) 3,59 (1,1,1) (3,5.667, 9)
7 1,3,7) (1,4.333,7) (0.33,3.443,9) (0.2,051,1) (0.33,0.61, 1) (0.11, 0.213, 0.33) 1,1,1)

Table 8: Fuzzy pair-wise comparison matrix of “Privacy”

P1 P2 P3
;1 (L1L1)  (011,0213,033) (0.11,0.1502)
p2 (3,5.667,9) 1,1,1) (0.11,0.437, 1)
p3 (.79 ,5,9) 1,1,1)

The synthetic values of each main criterion are first calculated by Eq. (2);
Si= (1.73453733) O (0.0250.037,0058) = (0.043,0.166,0.423)

Si= (244131,7333) O (0.0250.037,0.058) = (0.06,0.151,0.423)
Ss= (325953933) O (0.0250.037,0.058) = (0.080.218,0.538)
Si= (10,12.667,06) O (0.0250.037,0.058) = (0.250.464,0.923)

The obtained synthetic values are compared by using Eq. (7);
Comparison of S1 with the others:

V(Si2S) = 0.868
V(S12Ss) = 0367
Comparison of S2 with the others:
V(S22S1) = 0.963
V(S2283) = 0.837
V(S2254) = 0.356
Comparison of S3 with the others:
V(S32S1) = 1
V(S3252) = 1
V(S3284) = 0540

Comparison of 54 with the others:
V(S4Sl) = 1
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V(S4252)
V(S4253)

1
1

Then, the importance weights are calculated by using Eq. (9):
d’(S1)= min (1, 0.878, 0.367) = 0.367

d’(S2)= min (0.9623, 0.837, 0.356) = 0.356

d’(S3)=min (1, 1, 0.540) = 0.540

d’(S))=min (1,1,1) =1

The weight vector is W’ = (0.367, 0.356, 0.540, 1)™.

After the normalization, the weight vector for the main criteria is obtained as follows:
W= (0.162, 0.157, 0.239, 0.442)".

After acquiring the fuzzy comparison matrices, importance weights of e-service quality dimensions
and evaluation criteria are calculated by the FAHP method and shown in Table 9. According to the
calculated criteria weights, the most important evaluation dimension is “privacy” with 0.442 importance
weight and the evaluation factor is “protection of the information about customer’s credit card” with a
0.2586 importance value.

Table 9: Importance Weights of E-Service Quality Evaluation Criteria

Dimensions Criteria Local General

Weights | Weights
E1: This site makes it easy to find what I need. 0.148 0.0230
E2: It makes it easy to get anywhere on the site. 0.133 0.0216
E3: It enables me to complete a transaction quickly. 0.131 0.0211
Efficiency E4: Information at this site is well organized. 0.139 0.0225
(0.162) ES5: This site is simple to use. 0.068 0.0109
E6: It loads its pages fast. 0.136 0.0220
E7: This site enables me to get on to it quickly. 0.107 0.0174
E8: This site is well organized. 0.139 0.0225
Svstem SA1: This site is always available for business. 0.255 0.0400
Ava}illability SA2: This site launches and runs right away. 0.058 0.0091
(0.157) SA3: This site does not crash. 0.281 0.0441
SA4: Pages at this site do not freeze after I enter my order information. 0.406 0.0637
F1: It delivers orders when promised. 0.146 0.0341
F2: This site makes items available for delivery within a suitable time frame. 0.068 0.0163
. F3: It quickly delivers what I order. 0.079 0.0189
Fu}gllzlg)e nt F4: 1t sends out the items ordered. 0.174 0.0417
F5: It has in stock the items the company claims to have. 0.182 0.0435
F6: It is truthful about its offerings. 0.206 0.0491
F7: It makes accurate promises about delivery of products. 0.148 0.0354
Privacy P1: It protects information about my Web-shopping behavior. 0.000 0.000
(0.442) P2: It does not share my personal information with other sites. 0.415 0.1834
P3: This site protects information about my credit card. 0.585 0.2586

3.2. Ranking the alternatives by Fuzzy PROMETHEE method with respect to e-service quality:

For the evaluation of E-SQ performances of mentioned airline websites, Fuzzy PROMETHEE
approach is conducted with the collected data of customer surveys. Primarily, the linguistic variables of the
alternatives are created thusly in Table 10.

Table 10: Linguistic Variables of the Alternatives

Criteria El E2 E3 E4 E5 E6 E7 E8 SA1 SA2 SA3 SA4
Alternatives
THY SA A SA A A SA SA SA A A SA A
Pegasus A LA A LA A A A LA LA A A A
SunExpress A LA LA LA A A A LA LA LA A LA
Onur Air LA LA A LA A A A LA LA A A A
Criteria F1 F2 F3 F4 F5 F6 F7 P1 P2 P3
Alternatives
THY SA SA A SA A A A SA SA SA
Pegasus A A A A A A A SA SA SA
SunExpress A SA A A A A A SA SA SA
Onur Air A A A A A A A SA SA SA

By the help of criteria weights, Fuzzy PROMETHEE steps are completed and the websites of airline
companies are ranked from the best to the worse. Results of the application are submitted in Table 11.

Table 11: E-Service Quality Evaluation Scores
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Alternatives D+(a) D-(a) Dret(q) Ranking
THY 0,1116 0,0000 0,1116 1
Pegasus 0,0261 0,0257 0,0004 2
SunExpress 0,0127 0,0899 -0,0772 4
Onur Air 0,0202 0,0551 -0,0348 3

When the obtained e-service quality performance scores (Pret) are examined, ranking of the
alternatives is as follows: Turkish Airlines, Pegasus Airlines, Onur Air, and Sun Express.

4. Conclusion

Together with the alteration of information and communication technologies, presented services are
quite varied. Especially as the services in the electronic environment become popular, firms have to keep up
with these changes in e-service sectors for competing with their opponents. Therefore, unlike previous
studies, this paper studies e-service quality with FMCDM method. In line with this purpose, an integrated
Fuzzy AHP-Fuzzy PROMETHEE approach is conducted for evaluating the e-service quality performance of
Turkish airline companies” websites. The results in Table 11 showed that the website of Turkish Airlines
performed the best e-service quality. Respectively, Pegasus Airlines, Onur Air, and Sun Express’s web sites
are aligned. In addition, according to Table 9, the most important evaluation dimension and factor of e-
service quality come in sight respectively “privacy” and “protection of the information about customer’s
credit card”. The least important factor is “protection of web shopping behaviors of customers”.

This study objects to making contributions about using the FMCDM model to evaluate e-service
quality. It takes advantage of the E-SQ measuring scale while evaluating the E-SQ of airline websites. The
proposed evaluation model can be used as an effective decision making approach and guides managers to
provide customer satisfaction and competition power by assessing the importance of e-service quality
dimensions. In addition, different MCDM models like TOPSIS, ELECTRE, Grey Relational Analysis,
Analytic Network Process, Entropy etc. methods can be used for future research. Also, other various
evaluation criteria about e-service quality can be taken into consideration. Consequently, this paper presents
an advisor approach to researchers and practitioners regarding complicated decision problems such as the
evaluation of e-service quality.
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