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In this work, we present a model based on linguistic information to evaluate the
quality of digital libraries. The quality evaluation of digital libraries is defined
using users’ perceptions on the quality of digital services provided through its
‘Web site. The concept of quality of digital libraries is characterized by means of
subjective quality indicators measured on their Web sites. We assume a fuzzy
linguistic modelling to represent the users’ perception and apply automatic
tools of fuzzy computing with words based on the LOWA and LWA operators
to compute global quality evaluations of digital libraries.

Keywords: Quality; Digital Libraries; Web Site; Fuzzy Linguistic Modelling.

1. Introduction

The explosive growth of the Web stimulates the creation of fast and ef-
fective automated systems that support an easy and effective access to the
information relevant to specific users’ needs.! It is changing the information
access processes and is one of the most important information media. Thus,

the developments on the Web are having a great influence over the devel-
2,3

opments on others information access instruments as digital libraries.
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Digital libraries are information collections that have associated ser-
vices delivered to user communities using a variety of technologies. The
information collections can be scientific, business or personal data, and can
be represented as digital text, image, audio, video, or other media. This
information can be digitalized paper or born digital material and the ser-
vices offered on such information can be varied and offered to individuals or
user communities. Internet access has resulted in digital libraries that are
increasingly used by diverse communities for diverse purposes, and which
sharing and collaboration have become important social elements. As dig-
ital libraries become commonplace, as their contents and services become
more varied, people expect more sophisticated services from them.* Thus,
the quality evaluation of digital libraries is an important task.

The main of this paper is to present a model to evaluate the quality of
digital libraries. This evaluation model presents a set of subjective criteria
related to the Web sites of digital libraries and a computation instrument
of quality assessments. We assume that the quality of a digital library is
measured through users’ perceptions on the digital services offered through
its Web site. For this reason, we use an ordinal fuzzy linguistic modelling®
to represent the users’ perceptions and tools of computing with words based
on the linguistic aggregation operators LOWA® and LWAS to compute the
quality assessments. To do so, users are invited to fill in a survey built on
the set of subjective criteria.

The rest of the paper is set out as follows, Section 2 presents the pre-
liminaries, i.e., the ordinal fuzzy linguistic modelling and fuzzy computing
with words. Section 3 describes the model to evaluate the quality of digital
libraries. Finally, Section 4 draws our conclusions.

2. Preliminaries

The ordinal fuzzy linguistic approach®® is a very useful kind of fuzzy lin-
guistic approach 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 S = {s;},¢ € {0,...,7} in the usual sense,
ie., s; > s; if ¢ > 7, and with odd cardinality (7 or 9 labels). The mid
term represents an assessment of “approximately 0.5”, 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 considering
that each label for the pair (s;, s7—;) is equally informative. For example,
we can use the following set of nine labels to provide the user evaluations:
{T = Total, EH = Fxtremely_High,VH = Very_High, H = High, M =
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Medium, L = Low, VL = Very.Low, EL = Extremely_Low, N = None}.

In any linguistic approach we need management operators of linguistic
information.®® Usually, the ordinal fuzzy linguistic model for computing
with words is defined by establishing 1) a negation operator, Neg(s;) =
sj | 5 = T — 14, ii) comparison operators based on the ordered structure
of linguistic terms: Mazimization operator, MAX (si,85) = 8 if 85 > 855
and Minimization operator, MIN(s;,85) = 8i i 8 < 85, and iii) adequate
aggregation operators of ordinal fuzzy linguistic information such as the
LOWA and LWA operators.

The Linguistic Ordered Weighted Averaging (LOWA) is an operator
used to aggregate non-weighted ordinal linguistic information, i.e., linguistic
information values with equal importance.’

Definition 2.1. Let A = {a1,...,am} be a set of labels to be aggre-
gated, then the LOWA operator, ¢, is defined as dlar,...,am) =W BT =
Cm{wk,bk,k =1,...,m}= w1®b1®(1—w1)®cm’1{ﬁh,bh,h =2,...,m},
where W = [w1,...,Wn)], is a weighting vector, such that, w; € [0,1] and
Yow; = 1. Br = wa/XFwk, h = 2,...,m, and B = {b1,...,bn} is & vec-
tor associated to A, such that, B = o(A) = {ag(l),...,ag(m)}, where,
o) < Goi) YV ¢ < 4, with o being a permutation over the set of labels
A. C™ is the convex combination operator of m labels and if m=2, then
it is defined as C*{w;,b;,t = 1,2} = w1 ©s; @ (1 —wi) ®s; = Sk, such
that, & = min{7,i + round(w: - (J — i)} 84, 8¢ € S, (§ = 1), where
“round” is the usual round operation, and by = 85, b2 = si. Ifwy =1
and w; = 0 with i # j Vi, then the convex combination is defined as:
Cm{wi,bi,i = 1, ces ,m} = bj.

The LOWA operator is an “or-and” operator® and its behavior can be
controlled by means of W. In order to classify OWA operators with regards
to their localization between “or” and “and”, Yager” introduced a measure
of orness, associated with any vector W' : orness(W) = =5 S (m—t)ws.
This measure characterizes the degree to which the aggregation is like an
“or” (MAX) operation. 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.

The Linguistic Weighted Averaging (LWA) operator is another impor-
tant operator which is defined to aggregate weighted ordinal linguistic in-

formation, i.e., linguistic information values with non equal importance.®

Definition 2.2. The aggregation of a set of weighted linguistic opinions,
{(e1,a1), -+ (Crmy Gy )}y Cis @i € S, according to the LWA operator D is
defined as ®[(c1,a1),- -5 (Cms@m)] = d(h(c1,a1), - . > h(Cm, am)), Where a;
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represents the weighted opinion, ¢; the importance degree of a;, and h is the
transformation function defined depending on the weighting vector W used
for the LOWA operator ¢, such that, h = MIN(c;,a;) if orness(W) > 0.5
and h = MAX(Neg(c;),a;) if orness(W) < 0.5.

3. A Model Based on Linguistic Information to Evaluate
the Quality of Digital Libraries

We use the information quality framework® defined in the context of man-
agement information systems as basis of our model to evaluate the quality
of digital libraries. It has been satisfactorily applied to previous quality
models for personal Web sites,” mobile Internet services'® and Web sites
that store Web documents.!! In this information quality framework is es-
tablished that the quality of the information systems cannot be assessed
independently of the information users’ opinions. This framework defines
four major quality dimensions:®

(1) Intrinsic quality. The main criterion of this dimension is the accuracy
of the information. If a reputation for inaccurate information becomes
common knowledge for a particular information system, this system is
viewed as having little added value and will result in a reduction of use.

(2) Contextual quality. It highlights the requirement that information qual-
ity must be considered within the context of the task in hand; it must
be relevant, timely, complete, and appropriate in terms of amount, so
as to add value to the tasks for which the information is provided.

(3) Representational quality. It requires information systems to present
their information in such a way that it is interpretable, easy to un-
derstand, easy to manipulate, and is represented concisely and consis-
tently.

(4) Accessibility quality. It requires the information system to be accessible
but secure.

We adapt this information quality framework to develop our model to
evaluate the quality of digital libraries. However, as it is oriented to users
because the user participation in the quality evaluation processes of services
is fundamental to correctly draw the situation of the service, we are going
to define a low number of subjective criteria being easily understandable
by the users in order to they do not cause the rejection of the users.

Taking into account these considerations, we define a model to evaluate
the quality of digital libraries focused on their Web sites that present two
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elements: evaluation scheme that contains the subjective criteria and a
computation method to generate quality assessments of digital libraries.

3.1. Ewaluation scheme

According to the quality framework,®!! the evaluation scheme contains the
following four quality dimensions together with their digital quality criteria:

(1) Intrinsic quality of digital libraries: To evaluate the intrinsic quality or
accuracy of digital libraries, we define the following subjective criterion:
you find what you are looking for.

(2) Conteztual quality of digital libraries: To evaluate the information qual-
ity of the digital libraries within the context, the following subjective
criteria are defined: coverage of the library about search topics, informa-
tion electronic services about new inputs, added value information prof-
itsand also global satisfaction degree.

(3) Representational quality of digital libraries: 1t is evaluated taking into
account the following subjective criteria: understandability of the digital
library Web site and training received.

(4) Accessibility and interaction quality of digital libraries: It is measured
considering the following subjective criteria: variety of search tools, nav-
igability of the digital library Web site, satisfaction degree with the com-
puting infrastructure and satisfaction degree with the response time.

3.2. Computation method

Firstly, we define a quality evaluation questionnaire providing questions for
each one of the subjective criteria proposed in the evaluation scheme, i.e.,
there are eleven questions: {gi,...,¢11}. For example, for the subjective
criterion you find what you are looking for, the question g; can be: “Do you
usually find what you are looking for?”. The concept behind each question
is rated on a linguistic term set S. To do so, we can use the set of linguistic
terms proposed in Section 2 to rate all the questions. In addition, we assume
that each subjective criteria does not have the same importance in the eval-
uation scheme, i.e., it is assigned a relative linguistic importance degree for
each subjective criterion: {I(q1),...,I(q11)}, I(g;) € S. These importance
degree could be obtained from a set of experts or users’ judgements.'?

Then, assuming that we have a group of users {e1,...,er} that have
filled in the questionnaire and given a digital library A,,, the computa-
tion method generates its quality assessment ™ & S using the linguistic
aggregation operators LOWA and LWA in the following steps:
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(1) Calculate for each subjective criterion ¢; the global quality assessment
r{* € S by means of LOWA operator ¢, 77 = ¢(e1(q:),.. ., en(q)),
where e;(g;) € S is the linguistic preference provided by the e; on
subjective criteria represented by the question ¢;.

(2) Calculate the quality assessment r™ € S by means of LWA operator @,

= (I)((I(QI)’T?L), sy (I(QII)’Tﬁ))'

4. Conclusions

We have presented a linguistic model based on users’ perceptions to evaluate
the quality of the digital libraries. In the future, we extend the concept of
quality to other new Web technologies, such as mobile Internet, which are
being incorporated in the digital libraries.
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