es. TS,

of transi-
tial jude-

oF 2

ZCONOM

es, L.C.

eferences
3 of con-
ets and

¥

2, LLCL
rational
ference” .
gress of
pp. 609

Iriangu-
In: BE.P.
Logical,
istic As-
rier, pp.

to col-
zy pref-
Systems

ality of
ations”.
87-190.

vity of
apirical
18, pp.

nsitiv-
prefer-
:

ystems

nee or-
. Fuzzy

ept of
:ations
nafion
art II:
80.

SHOP
delling

Evaluating the Digital Quality in Airlines Using

1g Tools of Fuzzy
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Abstract

In this work we present a model to
evaluate the digitel quality in air-
lines. Digital quality of an airline
is defined using passengers’ percep-
tions on the quality of digital ser-
vices provided through its Web site.
We characterize the concept of dig-
ital quality of airlines by means of
subjective quality indicators mesa-
sured on their Web sites. We assume
a fuzzy linguistic modelling to rep-
resent the passengers’ perceptions.
We apply automatic tools of fuzzy
computing with words based on the
LOWA and LWA operators to com-
pute global digital quality evalua-
tions of airlines.

Keywords: Quality, Airline, Web
Site, Fuzzy Linguistic Modelling.

1 Introduction

¢ The aviation market worldwide has experi-

enced an increasingly rapid growth in both
passenger and goods traffic. In both cases,
this can be attributed to different reasons
such as the rapid increase in number of air-
lines and airline flees size, technical improve-
ments that allow to increase the flight Fre-
quency (advances in fight control and speed),
alargest mimber of airports, deregulation pol-
itics, etc.

However, we should to point out thas the con-
tribution of the new Web technologies has
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been very important in the development of
airline industry, and specially, in the case of
passenger airlines. The Web creates value on
both sides. On the other hand, through the
use of the infernet-based ticketing, airlines
are able to reduce labor costs and in some
cases eliminate commissions altogether so as
to improve profit margins [26]. And, on the
other hand, some airlines also offer discounis
to customers who purchase their tickets on-
line [8]. Almost all airlines are providing tick-
eting, flight information, allowing booking of
flights and planning of itinerary on their Web
sites. Web sites of airlines have become an in-
tegral part of business operations and are he-
ing leveraged to enhance business efficiency,
effectiveness and competitive advantage. Us-
ing Web possibilities many airlines have been
able o strengthen their customer focus and
improve the quality of products and services
[8, 26]. Therefore, the Web site of an sirline
is a key element of their operation and [uture
develcpment [6, 8, 16, 26].

At this moment, in the airline industry the
compelition is ever increasing as airlines try
to acquire and retain customers. Price has
initially been used as the primary competi-
tive weapon. However, airlines are able to
respond quickly to competitors’ price changes
[14]. Therefore, airlines’ competitive advan-
tages based just on price are not sustainable
[5]. To acquire and retain customers in such
a highly competitive market, it is of strate-
gic importance for airlines to understand their
relative level of quality in terms of critical ele-
ments affecting their competitive advantages.
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Usually, the quality of an airline has been ana-

Tvzed using traditional quality criteria related:
o i=] u

to safety, fight frequency, comfort, operating
cost, price, ... [4, 7, 13, 21]. However, 2 few
studies incorporate the new digital dimension
that represents the Web sites of the airlines.

Nowadays, any analysis of quality of an air-
line should incorporate digital quality crite-
ria related to the digital services that it offers
through its Web site. Digital quality plays an
important role in the quality map of an air-
line given that its performance depends very
much on its Web site, and specially knowing
that customers are more likely to visit and
purchase a2t Web sites that exhibit highly de-
sirable qualities [20].

The main of this paper is to present a model to
evaluate the digital quality of an airline. This
digital quality model presents a set of digi-
tal quality criteria related to the Web sites
of airlines and & computation instrument of
quality assessments. We assume that the dig-
ital quality of an airline is measured through
passengers’ perceptions on the digital services
offered through its Web site. Passengers are
invited to fill in a survey built on the set of
digital quality criteria. To measure quality,
conventional measurement tools used by the
customers are devised on cardinal or ordinal
scales . However, the scores do nob necessar-
ily represent user preference. This is because
respondents have to internally convert pref
erence to scores and the conversion may in-
troduce distortion of the preference [24]. For
this reason, we use an ordinal fuzzy linguis-
tic modelling [10] to represent the passen-
pers’ perceptions and tools of computing with
words based on the linguistic aggregation op-
erators LOWA [10] and LWA [9] to compute
the quality sssessments.

The rest of the paper is set out as lollows:
Section 2 presents the foundations of the ordi-
nal fuzzy linguistic modelling and fuzzy com-
puting with words. Section 3 describes the
methodology to evaluate the digital quality
of airlines. Finally, Section 4 draws our con-
clusions.
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Foundations of Ordinal Fuzzy
Linguistic Modeiling and Fuzzy
Computing with Words

The ordinal fuzsy linguistic approach [9, 10]
is & very useful kind of fuzzy hnguistic ap-
proach used for modeling the computing with
words process as well as linguistic aspects of
problems. It is defined by considering a finite
and totally ordered label set § = {5;},1 ¢
{0,..., T} in the usual sense, ie., 5; = 55 if
i > 7, and with odd cardinelity (7 or 9 Iabels).
The mid term represents an sssessment of
“approximately 0.57, and the rest of the terms
being placed symmetrically around it. The
semantics of the label set is established from
the ordered structure of the label set by con-
sidering that each label for the pair (s;, s7_;)
is equally informative. For example, we can
use the following set of nine labels to pro-
vide the user evaluations: {I" = Total, EH =
Extremely High, VH = Very High,H =
HighM = Medium,L = Low, VL =
Very Low, EL = Eztremely Low,N =
None}l.

In any linguistic approach we need manage-
ment operators of linguistic information. Axn
advantage of the ordinal fuzzy linguistic ap-
proach is the simplicity and quickness of its
compuiational model. It is based on the sym-
bolic computation [9, 10] and acts by direct
computation on labels by taking into account
the order of such linguistic assessments in the
orderad structure of labels. Usually, the ordi-
nal fuzzy linguistic model for cornputing with
words is defined by establishing 1} a negation
operator, ii) comparison operators based on
the ordered structure of linguistic terms, and
ifi) adsquate ageregation operators of ordinal
fuzzy lingnistic information. In most ordinal
fuzzy linguistic approaches the negation oper-
ator is defined from the semantics associated
to the linguistic terms as Neg(s;) = &5 | j =
T —#; and there are defined two comparison
operators of linguistic terms: 1) Mazimization
operator, MAX(s;,55) = 5 if 53 = 85 and
it} Minimization operator, MIN(si,55) = 8
if 5; < 5;. In the following sulsections, we
present two operators based on symbolic com-
putation.
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51 The LGWA Operator

The Linguistic Ordered Weighted Averaging
[LOWA) is an operator used to aggregate
L % . . - . o
pen-weighted ordinal linguistic information,
linguistic information values with equal

e

. jmportance [10].

Definition 1. Let 4 = {a1,...,a5} be a set
of labels to be aggregated, then the LOWA
operator, @, is defined as gloi,....am) =
W BT = C™{wp, bg, kb = 1,...,m} = w1 ©
ha(l- wy) @ Cm_i{s;“bh,h =2..,m}
where W = [wy, ..., wy], is a weighting vec-
tor, such that, w; € [0,1] and Zpuw; = 1.
wh /LW, A = 2,...,m, and B =
{bs,... b} is & vector associated to A, such
that, B = o(4) = {a,(1),- > 8s(m)}, Where,
o0 = Uofs) V¥ ¢ < J, with o belng a per-
mutation over the set of labels A. C™ is the
convex combination operator of m labels and
it m=2, then it is defined as C%{w;, by =
L2l =w @8 @ (1 —w)O s = sg, such
that, & = min{7,i + round(uy - (j —
i)} 55 88 € 8, (4 = i), where "round” is
the usual round operation, and by = s;, by =
s wy = 1 and wy = 0 withi £ § Vi,
then the convex combination is defined as:
P b =1, .. k=55,

The LOWA operafor is an "or-and” opera-
tor [10] and its behavior can be conirolled by
means of W. In order to classify OWA op-
erators with regards to their localisation be-
tween "or” and "and”, Yager [27] introducad
a measure of orness, associated with any vee-
tor Wiorness(W) = 2= S, (m—d)uw;. This
measure characterizes the degree fo which
the aggregation is like an "or” (MAX) op-
eration. Note that an OWA operator with
orness(W) = 0.5 will be an orlike, and with
orness(W) < 0.5 will be an andlike operator.

2.2 The IWA Operator

The Linguistic Weighted Averaging (LWA)
operator is another important operator which
is defined to aggregate weighted ordinal lin-
guistic information, 1.e., linguistic information
values with non equal importance [9].

Definition 2. The aggregation of a set of
weighted linguistic opinions, {{c1,¢1),...,

EUROFUSE WORKSHOP
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(Cm;@m, )}, €n0: € 5, according to the
LWA operator © is defined as ©[{e1,a1),...,
(em.tm)] = olhler,a1),. - hlcm, 6m)),
where a; represents she weighied opinion, ¢
the importance degree of a;, and A i3 the
transformation function defined depending on
the weighting vector W used for the LOWA
operator ¢, such that, h = MIN(e,a) If
orness(W) > 0.5 and b = MAX(Neg(c;), a;)
if orness(W) < 0.5.

3  Evaluating Digital Quality in
Alrlines

In this section we present the model to evalu-
afie the digital quality of the airlines through
of their Web sites. Previously, we review some
aspects on evaluation of qualily in airlines.

3.1 On Evaluation of Quality in
Ajrlines ‘

There exist many studies conducted on the
quality evaluation of airlines in terms of quan-
tifiable and objective measures. Some re-
flect the capabilities and offerings of airlines
in serving their customers, such as compet-
itiveness [4, 25], safety [13], service quality
measured by on-time performance or flight
frequency [4, 7]; and others reflect organiza-
tional aspects of airlines such as operating
cost [19], productivity [18], operational per-
formance [21].

However, in a highly competitive environ-
ment, where all airlines have cbmparable
fares, competitive advantages of airlines lie
in the subjective quality perceived by passen-
gers [3]. Passenger satisfaction is a key qual-
ity indicater for the operation of an airline
[2]. Ostrowski et al. [17] presented an em-
pirical study that shows that continuing to
provide perceived high quality services would
help airlines acquire and retain customer loy-
alty. Quite a few studies have been conducted
on the quality evaluation of airlines in terms
of subjective criteria related to the passenger
satisfaction. In [5, 23, 24] we can find some
quality evaluation models for airlines based on
passenger surveys which use subjective qual-
ity criteria, such as comfort and cleanmess of




seat, courtesy of crew, extended travel service,
BiC. "

On the other hand, as aforementioned Web.

sites of airlines contribute to the achievement
of sustainable eompetitive advantages among
passenger airlines, and thersfore they are key
slements of their operation and future devel-
opment [6, 8, 16, 26]. Consequently, the Web
site of an airline represents a new quality di-
mension t6 be considersd in the quality map
of the airline. This new quality dimension is
called in this paper digital quality. There are
many approaches on evaluating digital quality
focused on Web sites in different kinds of in-
dustries or organizations (see & review in [11]),
but quite a few approaches on the airline in-
dustry. In fact, wa only know the preliminary
proposal developed by C. Shehiglik and 5.J.
Barnes in [22]. They presented a Perceived
Airline Webaite Quality Instrument (PAWQI)
that evaluates airline digital quality based on
customers’ perceptions. This instrument uses
a survey of 25 querles, quantitative assess-
ments based on a 5-point Likert scale, and
is focused on New Zealand airline Industry.

However, given the increasing reliance of air-
lines on Web sites and new Web technologies,
there is a need for the development of meth-
ods of evaluating digital quality in airlines.

2.2 A Model to Evaluate the Digital
Quality in Airlines

PAWQI was developed from other perceived
Web site quality instrument called WebQual
instrument which was defined for anction and
bookshop Web sites [1]. This practice is
usual in the definition of Web quality evalua-
tion models because in Web guality evaluation
there is not a seneral theoretical foundation
or framework [11]. -

We use the information quality [ramework
[12] defined in the context of management in-
formation systems as basis of our model to
evaluate airline digitel quality. It has been
satisfactorily applied to previous qualily mod-
els for personal Web sites [13], mobile Infer-
net services [3] and Web sites that store Web
documents [11]. In this information quality
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framework is established that the qualily of
the information systems cannot be assessed
independensly of the information consumers’
opinicns (people who use information). This
ajor quality dimen-

framework defines four m
sions [12]:

et

. Intrinsic quality. The main criterion of
this dimension is the aceuracy of the in-
formation. If a reputation for inaccurate
information becomes common knowledge
for a particular information systern, this
system is viewed as having little added
value and will result in a reduction of use.
Other criteria of this dimension are: be-
lievability, reputation and objectivity.

8%

. Contertuel guality. It highlights the re-
quirement that information quality must
be considered within the context of the
task in hand; it must be relevant, timely,
complete, and appropriate in terms of
amount, s as to add value fo the tasks
for which the information is provided.
Therefore, some criteria of this dimension
are: value-added, relevance, complete-
ness, timeliness, appropriate amount.

. Representational guality. It requires in-
formation systems to present their in-
formation in such a way that it is in-
terpretable, easy to understand, easy fo
manipulate, and is represented concisely
and consistently. Some of ifs criteria are:
understandability, interpretability, con-
cise representation, consistent represen-
tation.

[+

4. Accessibility guality. It requires the in-
formation system to be accessible but se-
cure. Some criteria of this dimension are:
accessibility and secure access.

We adapt this information quality framework
to develop our model to evaluate the digital
quality in airlines. However, given that air-
line Web site framework is different to those
frameworks considered in [3, 11, 12, 15] before
presenting it, we vill take into account the fol-
lowing considerations: i} the Web site of an
airline is its main e-commerce support, and
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therefore criteria as security and convenjence
for ticket purchasing are imporiant [22, 30}; 1)
the Information in the Web site of an airline is
changing and updating constantly, and there-
fore criteria as up-to-date, timely and accu-
racy are important [22]; iii) the Web site of an
airline should support the interaction between
the company and passengers from the sale of
ticket until the end of travel, and thersfore it
is good that presents passenger aid tools; and
“jv} the Web site of an airline should enable
people to use anywhere, any time and using
any mobile Internet devices (PDAs, phones)
[26].
Taking into account these considerations, we
define a model to evaluate the digital qual-
ity In airlines focused on their Web sites that
present two elements: evaluation scheme that
contains the quality eriteriz and g computa-
tion method to generate digital quality assess-
ments of airlines.

3.2.1  Evaluation Scheme to
Characterize the Digital Quality
in Ajrlines

According to the information quality frame-
work [3, 11, 12, 15] the evaluation scheme con-
tains the following four quality dimensions to-
gether with their digital quality criteria;

L Intrinsic digital quality: In this dimen.
sion we consider quality criteria such as
accuracy and believability of information
provided.

%]

- Contextual digital quality: Tn this dimen-
sion we consider quality criteria such as
relevance and timeliness of Information
provided, and also conveniencs for ticket
purchasing.

3. Representational digital quality: Tn this
dimension we consider quality criteria
such as understandability of information
provided, use of multimedia information,
and permanent avallability of information.

i

Accessibility and interaction digital qual-
dly: In this dimension we consider quality
criteria such as easy to navigate, security
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of data and transactions, promptness of ac-
cess, use of mobile Internet tools and pas-
senger aid tools.

3.2.2 Computation Method to
Generate Digital Quality
Assessments in Airlines

Firstly, we define a qualify evaluation ques-
tionmaire that provides questions for each
one of the digizal quality criteria Droposed
in the evaluation scheme, ie., there are thir-
teen questions: {am,...,q 3}. For example for
the quality dimension believability the ques-
tion ¢z can be: "What is the degree of believ-
ability of information provided in your opin-
ion?”. The concept behind each question is
rabed onm a linguistic term set S. For ex-
ample, we can use the set of nine linguis-
tic terms propesed in Section 2 to rate all
the questions. Furthermore, we assume that
each digital quality criteria does not have the
same lmportance in the evaluation scheme,
Le., it is assigned a relative linguistic {m-
portance degree for each quality dimension:
{I(ql),...,f(glg}}, I(g;) € S. For example,
according to (22, 30] criteria such as accuracy
and security should be more important that
the rest. These importance degree could be
obtained from = set of €xperts or passengers’
Judgements [22, 30] .

Then, assuming that we have a group of
passengers f{er,...,er} that have filled in
the questionnaire and given an airline A,,,
the computation method generates its digital
quality assessment r' € § using the linguis-
tle aggregation operators LOWA and TWA in
the following steps:

L. Calculate for each digital quality crite-
rion g; the global digital quality assess-
ment 17" € 5 by means of LOWA oDpera-
tor ¢:

i =olei(a), . ., er(q)),
where g{g;) € S is the Inguistic prefer-
ence provided by the e; on digital quality
eriteria represented by the question g,

2. Calculate the digital quality assessment
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™ & S by means of LTWA operator ©:
T I . ST
P = &((I{g1),rT)s - (I{qs), r3))-

4 Conclusions

. In this work we have introducad the concept of
digital quality as-a new dimension that should
be taken into account in the guality map of an
airline. We have presented a model fo eval-
uate the digit';al quality of sirlines based on
passengers’ perceptions and built with tocls
of fuzzy liuguistic modelling.

We have assumed the Web site as the key el-
ement of digital quality of an airline. In the
future we extend the concept of digital quality
to other new Web technologies, such as mo-
bile Internet, which are being incorporated in
the ecperation of airlines.
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