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Abstract—In this contribution, we present a new application
based on fuzzy 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 their Web sites. We assume a fuzzy
linguistic modeling to represent the users’ perception and
apply automatic tools of fuzzy computing with words based
on some weighted aggregation operators to compute global
quality evaluations of digital libraries.

Keywords-Quality evaluation; Digital Libraries; Fuzzy lin-
guistic modeling.

I. INTRODUCTION

The explosive growth of the World Wide Web stimulates
the development of fast and effective automated systems
that support an easy and effective access to the information
relevant to specific users’ needs. Digital libraries [1] are one
of these automated systems.

Since 1990s, the Internet and the Web has become the pri-
mary platform for libraries to build and deliver information
resources, services and instructions. Nowadays, in the digital
age, we find two kinds of library user information services
[1]: 1) Traditional library user information services, which
are based on a face-to-face personal communication and are
developed on-site and ii) Electronic library user information
services, which are based on the Web, can be developed on-
site or off-site, and are accessible without any geographic
and time limitations.

Depending on the library framework, both services are
necessary and complementary to develop library activities.
However, electronic services allow us to improve the ef-
ficiency of the libraries and, therefore, we find hybrid
libraries [14] that keep some traditional services but with a
great tendency to create new digital services using all Web
possibilities. In this framework, we have to deal with new
challenges and key issues if we want to offer quality library
services to the users, as for example [1]: role academic
libraries, quality information resources, Web instructions and
training, new assessment and evaluation methodologies, etc.

As digital libraries become commonplace, as their con-
tents and services become more varied, people expect more
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sophisticated services from their digital libraries [13]. This
emergence of digital libraries calls for the need for the
evaluation of digital libraries. Furthermore, the expectations
and demands for better service and functionality from these
users are increasing. Thus, the importance of quality in
digital libraries content and services is higher than ever [4].
In this way, evaluation of digital libraries is an essential
component for the design of effective digital libraries [17].

Evaluation is a research activity, and it has both theoretical
and practical impact [12]. The objective of digital libraries
evaluation is to assess to what extent a digital library meets
its objectives and offer suggestions for improvements.

The aim of this contribution is to present an application
based on fuzzy linguistic information to evaluate the quality
of digital libraries. We assume that the quality of a digital
library is measured through users’ perceptions on the digital
services offered through its Web site. Users are invited to
fill in a survey built on the set of subjective criteria. To
measure quality, conventional measurement tools used by
the customers are devised on cardinal or ordinal scales.
Moreover, we use an ordinal fuzzy linguistic modeling [5] to
represent the user perceptions and tools of computing with
words based on the linguistic aggregation operators LOWA
[5] and LWA [6] to compute the quality assessments.

The paper is set out as follows. In Section II, some
related works and tools of fuzzy computing with words
are discussed. Section III describes the system based on
fuzzy linguistic information to evaluate the quality of digital
libraries. Section IV shows an example of the application on
some digital libraries. Finally, some conclusions are pointed
out in Section V.

II. PRELIMINARIES

In this section, we review some aspects and related works
on evaluation of quality in digital libraries and a fuzzy
linguistic approach for computing with words.

A. On Evaluation of Quality in Digital Libraries

Digital libraries are new and innovative information sys-
tems, under constant development and change, and, there-
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fore, evaluation is of critical importance to ensure not only
their correct evolution but also their acceptance by the user
and application communities. The objective of digital li-
braries evaluation is to assess to what extent a digital library
meets its objectives and offer suggestions for improvements
[3]. Digital libraries evaluation has many facets depending
on the characteristics and the perspective of the evaluating
agent.

Different approaches to evaluate the success of a digital
library have been studied [2], [4], [9], [12], [15], [16], [17]
involving users, collections, and systems, aimed at identify-
ing generalizable metrics or context specific methods. The
most recognized digital libraries evaluation criteria are de-
rived from evaluation criteria for traditional libraries, infor-
mation retrieval system performance and human-computer
interaction [3], [12], [15]. Very few studies actually apply
all the digital evaluation criteria to assess a digital library.
Many of the studies focus on the evaluation of usability of
digital libraries. After reviewing usability tests in selected
academic digital libraries, Jeng [9] found that ease of use,
satisfaction, efficiency and effectiveness are the main applied
criteria. Some of the evaluation studies extend to assess
performance, content and services of digital libraries while
service evaluation mainly concentrates on digital reference
[2]. Other evaluation studies also look into the impact of
digital libraries [12].

Little research has investigated user’s evaluation of digital
libraries, in particular, their criteria and their actual assess-
ment of digital libraries [16], [17]. However, as the success
of a digital library depends on the users, the value of digital
libraries needs be judged by the users of digital libraries.
Therefore, in this contribution, we present a model based
on fuzzy linguistic information to evaluate the quality of
digital libraries which is defined using users’ perceptions on
the quality of digital services provided through their Web
site.

B. A Fuzzy Linguistic Approach for Computing with Words

Many problems present fuzzy and vague qualitative as-
pects (decision making, risk assessment, information re-
trieval, etc.). In such problems, the information cannot be
assessed precisely in a quantitative form, but it may be
done in a qualitative one, and thus, the use of a linguistic
approach is necessary. The fuzzy linguistic approach is an
approximate technique appropriate to deal with fuzzy and
vague qualitative aspects of problems. It models linguistic
information by means of linguistic terms supported by
linguistic variables [19], [20]. These are variables whose
values are not numbers but words or sentences in a natural
or artificial language.

The ordinal fuzzy linguistic approach [5], [6] is a very
useful kind of fuzzy linguistic approach used for modeling
the computing with words process as well as linguistic as-
pects of problems. It facilitates the fuzzy linguistic modeling

very much because it simplifies the definition of the semantic
and syntactic rules. It is defined by considering a finite and
totally ordered label set S = {s;},7 € {0,...,7} in the
usual sense, i.e., s; > s; if 2 > j, and with odd cardinality.
Typical values of cardinality used in the linguistic models are
odd values, such as 7 or 9, where the mid term represents
an assessment of “approximately 0.5, and the rest of the
terms being placed symmetrically around it. For example, we
can use the following set of nine labels to provide the user
evaluations: {N = None, EL = Extremely Low,VL =
Very Low,L = Low,M = Medium,H = High,VH =
Very High, EH = Extremely High,T = Total}.

In any linguistic approach we need management operators
of linguistic information [5], [6]. An advantage of the ordinal
fuzzy linguistic approach is the simplicity and quickness
of its computational model. It is based on the symbolic
computation [5], [6] and acts by direct computation on
labels by taking into account the order of such linguistic
assessments in the ordered structure of linguistic terms.

Usually, the ordinal fuzzy linguistic model for computing
with words is defined by establishing (i) a negation operator,
(ii) comparison operators based on the ordered structure of
linguistic terms, and (iii) adequate aggregation operators
of ordinal fuzzy linguistic information. In most ordinal
fuzzy linguistic approaches the negation operator is defined
from the semantics associated to the linguistic terms as
Neg(s;) = sj | j = T — ¢; and there are defined two
comparison operators of linguistic terms:

1) Maximization operator: M AX (s;,s;) = s; if s; > s;.

2) Minimization operator: MIN (s;,s;) = s; if s; < 5.

In the following, we present two aggregation operators
based on symbolic computation to complete the ordinal
linguistic computational model.

1) The LOWA Operator: An important aggregation oper-
ator of ordinal linguistic values based on symbolic computa-
tion is theLinguistic Ordered Weighted Averaging (LOWA)
operator [5]. The LOWA is an operator used to aggregate
non-weighted ordinal linguistic information, i.e., linguistic
information values with equal importance.

2) The LWA Operator: Another important aggregation
operator of ordinal linguistic values is the Linguistic
Weighted Averaging (LWA) operator [6]. It is based on the
LOWA operator and is defined to aggregate weighted ordi-
nal fuzzy linguistic information, i.e., linguistic information
values with not equal importance.

We should point out that the LOWA and LWA operators
are the basis of the new fuzzy linguistic evaluation model
of digital libraries that we present in this contribution.

III. A QUALITY EVALUATION SYSTEM IN DIGITAL
LIBRARIES

We use the information quality framework [8] defined in
the context of management information systems to evaluate
the quality of digital libraries. It has been satisfactorily
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applied to previous quality models for personal Web sites,
mobile Internet services and Web sites that store Web
documents [7]. In this information quality framework is es-
tablished that the quality of the information systems cannot
be assessed independently of the information consumers’
opinions (people who use information). This framework
defines four major quality dimensions [8]:

1) Intrinsic quality. This dimension addresses the very
nature of the information. It assumes that information
has its own quality. The main criterion of the intrinsic
quality is the accuracy of the information. If a rep-
utation 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. Other criteria of this
dimension are: believability, reputation and objectivity.

2) Contextual quality. This dimension emphasizes the im-
portance of the informative aspects of information but
from a task perspective. It highlights the requirement
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, so as
to add value to the tasks for which the information is
provided. Therefore, some criteria of this dimension
are: value-added, relevance, completeness, timeliness,
and appropriate amount.

3) Representational quality. This dimension emphasizes
the importance of the technical aspects of the
(computer-based) structure of the information. It re-
quires information systems to present their informa-
tion in such a way that it is interpretable, easy to
understand, easy to manipulate, and is represented
concisely and consistently. Therefore, some of its
criteria are: understandability, interpretability, concise
representation, and consistent representation.

4) Accessibility quality. This dimension emphasizes the
importance of the technical aspects of computer sys-
tems that provided access to information. It requires
the information system to be accessible but secure.
Therefore, among the criteria of this dimension are:
accessibility and secure access.

We adapt this information quality framework to develop
our evaluation system of the quality of digital libraries. How-
ever, 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, our application
is focused on digital services provided through their Web
sites. This system presents two elements: (i) a evaluation
scheme that contains the subjective criteria and (ii) a com-

putation method to generate quality assessments of digital
libraries.

3) Evaluation Scheme to Characterize the Quality in
Digital Libraries: According to the quality framework [7],
[8], we develop an evaluation scheme for evaluating the
quality of digital libraries. This evaluation scheme is based
both on technical criteria of digital libraries design and
on criteria related to the content of information of digital
libraries. These criteria are assessed subjectively by users
who occasionally visit the digital libraries because they find
something that satisfies their information needs.

The evaluation scheme proposed presents the following
characteristics:

o It is user driven rather than designed driven. We want
to evaluate the quality of digital libraries from the
evaluations provided by the different users of them.
Therefore, the evaluation scheme should be user driven
rather than designed driven from two perspectives:

— Qualitative perspective: The evaluation scheme
necessarily requires the inclusion of criteria eas-
ily understandable to any user (e.g., relevance,
understandability) rather than criteria that can be
measured objectively independently of users (ratio
of digital journals) or only perceptible by the
designers (e.g., code quality or design).

— Quantitative perspective: The evaluation scheme
should not include an excessive number of quality
criteria in order to help users in understanding
it and avoiding confusion. Furthermore, long and
complex evaluation schemes cause user idleness
and limit their own application possibilities.

o It is weighted: i.e., its quality criteria are not equally
important. The quality criteria of the evaluation scheme
do not play equal roles in measuring the information
quality of a digital library: i.e., some criteria should be
more influential than others. For example, user opinions
on the information quality of digital libraries (e.g.,
coverage of the digital library about search topics) must
be an important criterion of the evaluation scheme.

We define a user driven and weighted evaluation scheme
of digital libraries that contemplates 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) Contextual quality of digital libraries: To evaluate the
information quality of the digital libraries within the
context, the following subjective criteria are defined:
coverage of the digital library about search topics, in-
formation electronic services about new inputs, added
value information profits and also global satisfaction
degree.
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3) Representational quality of digital libraries: It is eval-
vated taking into account the following subjective
criteria: understandability of the digital library Web
site and training received.

4) Accessibility and interaction quality of digital li-
braries: It is measured considering the following sub-
jective criteria: variety of search tools, navigability of
the digital library Web site, satisfaction degree with
the computing infrastructure and satisfaction degree
with the response time.

4) Computation Method to Generate Quality Assessments
in Digital Libraries: The computation method to generate
quality assessments in digital libraries is like a multi-person
multi-criteria decision making method in which the search
alternatives are digital libraries. In a multi-criteria decision
making method, the goal consists of searching the best alter-
natives according to the assessments provided by a group of
experts with respect to a set of evaluation criteria [10]. To do
that, through the aggregation of the experts’ assessments the
quality of alternatives is measured and, later, the exploitation
of those quality values leads to the selection of the best
alternatives. In our case, the goal consists of computing
quality evaluations of digital libraries in order to select the
digital library that could better meet the user information
needs, but as in a multi-criteria decision context, we compute
those values according to the assessments provided by a
group of persons (digital libraries users).

As it is known, in multi-criteria decision making processes
the chosen aggregation operator is a critical aspect that has a
direct influence on the success of the decision process. The
quantifier guided aggregation operators based on the OWA
operator constitute a successful tool to aggregate information
because of its flexibility: i.e., it allows representation in the
aggregations of different interpretations of the concept of
majority by means of the fuzzy linguistic quantifier [18].
We do the same in our computation method.

We have designed a computation method to generate
quality assessment in digital libraries that has two main
characteristics:

o It is a user centered computation method. The quality
assessment in digital libraries is obtained from individ-
ual linguistic judgments provided by digital libraries
users rather than from assessments obtained objectively
by means of the direct observation of the digital li-
braries characteristics.

o [Itis a majority guided computation method. The quality
assessments are values representative of the majority of
individual judgments provided by the digital libraries
users. The aggregation to compute the quality assess-
ments is developed by means of the LOWA and LWA
operators.

Firstly, we define a quality evaluation questionnaire pro-
viding questions for each one of the subjective criteria

proposed in the evaluation scheme, i.e., there are eleven
questions: {q1,...,q11}. For example, for the subjective
criterion you find what you are looking for, the question ¢
can be: “What is the degree in which you usually find what
you are looking for?”. The quality evaluation questionnaire
can be as follows:

1) Question 1: “What is the degree in which you usually
find what you are looking for?”.
2) Question 2: “What is the coverage degree of the digital
library about search topics?”.
3) Question 3: “What is the degree of information elec-
tronic service about new inputs?”’.
4) Question 4: “What is the degree of added value
information profits?”.
5) Question 5: “What is your global satisfaction degree?”.
6) Question 6: “What is the understandability degree of
the digital library Web site?”.
7) Question 7: “What is the degree of training received?”.
8) Question 8: “What is the degree of variety of search
tools?”.
9) Question 9: “What is the navigability degree of the
digital library Web site?”.
10) Question 10: “What is your satisfaction degree with
the computing infrastructure?”.
11) Question 11: “What is your satisfaction degree with
the response time?”.

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 Sec. II-B to rate all the questions. We
use fuzzy linguistic variables to represent users’ opinions
by mean of linguistic labels because they are more easily
understood by the users than numerical ones. In addition,
we assume that each subjective criteria does not have the
same importance in the evaluation scheme, i.e., it is assigned
a relative linguistic importance degree for each subjective
criterion: {I(q1),...,1(q11)}, I(¢;) € 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 computation method generates its
quality assessment, ™™ € S, using the linguistic aggregation
operators LOWA and LWA in the following steps:

o Calculate for each subjective criterion, ¢;, the global
quality assessment, ;" € S, by aggregating the evalu-
ation judgments provided by the group of users on the
subjective criterion by means of the LOWA operator
o:

"= doler(@),- - renlq)), (LD

where ¢;(g;) € S is the linguistic preference provided
by the e; on subjective criteria represented by the
question g;. Therefore, r;"* is a linguistic measure that
represents the quality assessment of the digital library
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A, with respect to subjective criterion g; according to
the majority (represented by the fuzzy linguistic quan-
tifier Q) of linguistic evaluation judgments provided by
the group of users {ey,...,er}.

« Calculate for the digital library, A,,, its quality assess-
ment, ™ € S, by aggregating its individual quality
assessment, ;" € S, for each subjective criterion, g¢;,
by means of the LWA operator ®:

= (I)Q((I(ql)vrln% s (I(qu), 1Y)

In this case, r"" is a measure that represents the quality
assessment of the digital library A,, according to the
majority (represented by the fuzzy linguistic quantifier
@) of linguistic evaluation judgments provided by the
group of users about important subjective criteria g;.

(II1.2)

IV. APPLICATION TO EVALUATE DIGITAL LIBRARIES

In this section, we present an example of application
where the evaluation system is used to evaluate the quality
of three Spanish academic digital libraries:

1) Digital library of Jaén University.

2) Digital library of Cérdoba University.

3) Digital library of Malaga University.

The reason for the selection of academic digital libraries
is due to they are the first kind of libraries that are getting
most benefit from the Web possibilities to help in teaching,
learning and researching activities [11].

Fifty subjects were recruited for this study. They were Ph.
D. students from University of Granada who were interested
in the learning and using of digital libraries. Female (56%)
and male (44%) subjects are pretty close in the composition
of the subject pool. All of them had enough knowledge of
digital libraries, and have used and searched digital libraries
before this study. Two reasons were considered for the
recruitment:

o These subjects have a need to understand digital li-
braries and have some experience with the use of digital
libraries.

o These subjects are the targeted audience for similar
types of digital libraries. They are users of the digital
library of Granada University.

The best way to evaluate digital libraries is to actually use
them. Fifty subjects tried to find information related to six
questions for each one of the three academic digital libraries
selected for this study. For example, subjects were instructed
to find a book titled “Fuzzy set theory and its applications”
and its authors. In another question, subjects need to identify
two approaches to find information about L. A. Zadeh and
five papers of him. The subjects could work on the digital
libraries at any locations that they felt comfortable.

To obtain the judgements supplied by the users for each
academic digital library, we use the quality evaluation ques-
tionnaire presented in Sec. III. It is composed of the eleven

queries, one for each subjective criterion ¢;. Furthermore,
the set of nine labels proposed in Sec. II-B is used to
provide the user evaluations. In Table I, we can see the global
quality assessment, 1" = ¢g(e1(q),---,es0(q:)) € S, for
each subjective criterion g; for each academic digital library
selected for this study.

Table T
GLOBAL QUALITY ASSESSMENT, 7] € S, FOR EACH SUBJECTIVE
CRITERION g;.

Jaén | Malaga | Codrdoba
q1 VH EH VH
q2 VH EH H
q3 L L L
qa M M M
qs VH VH H
q6 VH VH VH
q7 M H M
qs H M H
q9 EH VH M

quo | EH EH VH
q1 | VH H H

In this particular example, we can see that the subjective
criterion g3 has a lower evaluation in the three academic
digital libraries, that is, users think that the information
electronic services about new inputs should be improved. In
addition, the subjective criterion gg has a higher evaluation
in the three academic digital libraries, in fact, its evaluation
is near to the maximum one, which means that almost every
user agrees on the good evaluation of the understandability
degree of the three digital libraries Web sites studied. On
the other hand, subjective criteria g9 has a much better
evaluation for the academic digital library of Jaén than for
the academic digital library of Cérdoba, which means that
the navigability of the digital library Web site should be
improved in the academic digital library of Cérdoba.

Assuming  the  linguistic = importance  degrees
{FH,EH,M,M,T,H,M,M,H, M, M} associated
with the quality criteria, the linguistic quantifier most
of defined as Q(r) = r'/2, and using the LWA
operator, in Table II, we can see the quality assessment,
o= Oqo((I(q1),r7),...,(I(q1),77})) € S, for each
academic digital library selected for this study.

Table II
QUALITY ASSESSMENT, 7" € S, FOR EACH ACADEMIC DIGITAL
LIBRARY.
Jaén | Malaga | Codrdoba
r’ H H M

For example, the quality assessment for the academic dig-
ital library of Jaén is obtained from the following expression:

rJaen — (I)Q((_E_E[7 VH),(EH, VH),(M,L)v(M7M)7

(T,VH),(H,VH),(M,M),(M,H),(H,EH), (M, EH),
(M,VH)) = H.
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To develop this expression it is necessary to calculate the
weighting vector W. To do so, we make use of the linguistic
quantifier most of defined as Q(r) = r'/%:

Q(0)=0, Q(1/11)=0.30, Q(2/11) = 0.43,
Q(3/11) = 0.52, Q(4/11) =0.60, Q(5/11) = 0.67,
Q(6/11) = 0.74, Q(7/11) =0.80, Q(8/11) = 0.85,

Q(9/11) = 0.90, Q(10/11) =0.95, Q(1) =1

And we obtain the following weighting vector: W =
(0.30,0.13,0.09,0.08,0.07,0.07,0.06, 0.05,0.05,0.05, 0.05)

As orness(W) = 0.67 > 0.5, then h = MIN(c;,a;),
and therefore:

¢q((EH,VH),(EH,VH),(M,L),(M,M),(T,VH),
(H,VH),(M,M),(M,H),(H EH),(M,EH),(M,V H))
= ¢o(VH,VH,L,M,VH, H,M,M,H, M, M)

=W - BT = CYY((VH,0.30), (VH,0.13), (VH, 0.09),
(H,0.08), (H,0.07), (M, 0.07), (M, 0.06), (M, 0.05),

(M, 0.05), (M, 0.05), (L,0.05)) = 0.30 © VH & 0.700

C1%(VH,0.19),(VH,0.13), (H,0.11), (H,0.10), (M, 0.10),

(M,0.08), (M,0.07), (M,0.07), (M,0.07), (L,0.07)) = H.
V. CONCLUSIONS

The user satisfaction is essential for the success of a digi-
tal library. In this way, we have presented a new application
based on fuzzy linguistic approach to evaluate the quality of
digital libraries, which is defined using users’ perceptions
on the quality of digital services provided through their
Web sites. This application is user oriented because it only
considers user evaluation judgments to evaluate the quality
of digital libraries.
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