
 
The Proceedings of  

 
   2010 IEEE International Conference on 

Intelligent Systems and Knowledge 
Engineering 

 
November 15-16, 2010, Hangzhou, China 

 
 

ISKE 2010 
 
 
 
 
 

 



 

                                                     
 
 
 
                          
 
 

  
 
Compliant PDF Files, Conference CD-ROM Version 
©2010 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this 
material for advertising or promotional purposes or for creating new collective works for resale or 
redistribution to servers or lists, or to reuse any copyrighted component of this work in other works must be 
obtained from the IEEE. 
 
Print Version 
Copyright and Reprint Permission: Abstracting is permitted with credit to the source. Libraries are permitted 
to photocopy beyond the limit of U.S. copyright law for private use of patrons those articles in this volume 
that carry a code at the bottom of the first page, provided the per-copy fee indicated in the code is paid 
through Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923. For other copying, reprint 
or republication permission, write to IEEE Copyrights Manager, IEEE Operations Center, 445 Hoes Lane, 
P.O. Box 1331, Piscataway, NJ 08855-1331. All rights reserved. Copyright ©2010 by the Institute of 
Electrical and Electronics Engineers 
 
 
 
 
 
Compliant PDF Files 

IEEE Catalog Number:  CFP1020E-ART  
ISBN:           978-1-4244-6793-8 

Conference CD-ROM Version 
IEEE Catalog Number:  CFP1020E-CDR  
ISBN:           978-1-4244-6792-1 

Print Version 
IEEE Catalog Number:  CFP1020E-PRT  
ISBN:           978-1-4244-6790-7 
 
 
 
 
 
 
 
 
 
 
 
 

Publisher: Institute of Electrical and Electronics Engineers, Inc. 
Printed in Beijing, China 

 

 
 

The Proceedings of 
   2010 IEEE International Conference on 

Intelligent Systems and Knowledge 
Engineering 

 
 

 
 
 

2



 
 

The Proceedings of 
   2010 IEEE International Conference on 

Intelligent Systems and Knowledge 
Engineering 

 
November 15-16, 2010, Hangzhou, China 

 
 
 
 

Editors 
Xiaogang Jin 

Yangguang Liu 
Tianrui Li 
Da Ruan 

 
Sponsored by 

IEEE Beijing Section 
Zhejiang University, China 

Ningbo Insitute of Technology, Zhejiang University, China 
Southwest Jiaotong University, China 

 
Co-sponsored by 

Belgian Nuclear Research Centre, Belgium 
Hasselt University, Belgium 

University of Technology, Sydney, Australia 

3



Preface 
The 2010 IEEE International Conference on Intelligent Systems and Knowledge 

Engineering (ISKE2010) follows the success of previous ISKE conferences from 
2006 in Shanghai, 2007 in Chengdu, 2008 in Xiamen, and 2009 in Hasselt. As an 
interdisciplinary field, ISKE2010 aims again at covering state-of-the-art research and 
development in all aspects related to Intelligent Systems and Knowledge Engineering 
with its mission: 

• Discussing research on intelligent systems for solving problems in knowledge 
engineering. 

• Bridging the gap between computational intelligence and knowledge systems via 
joint research between P. R. China and international research institutes and 
universities. 

• Encouraging interdisciplinary research and bringing multi-discipline researchers 
together on intelligent systems for knowledge engineering and related fields. 

The discussion topics at ISKE2010 include foundations of intelligent systems, 
knowledge engineering and knowledge discovery, social computing and intelligence, 
and practical applications. The conference gives both researches and practitioners a 
unique opportunity to share and exchange their knowledge and idea and to present 
their lasted research results in various areas of Intelligent Systems and Knowledge 
Engineering. 

ISKE2010 received 317 online submissions from Argentina, Australia, Belgium, 
China, France, German, India, Iran, Italy, Japan, Korea, Malaysia, Mexico, the 
Netherlands, Qatar, Singapore, Spain, the UK, the USA, and Turkey. The 
proceedings contained 134 final accepted papers and 4 invited lectures. All submitted 
papers went through a rigorous review process with an acceptance ratio of 42%.  

Our thanks go to Professors Ruqian Lu, Ronald R. Yager, and Koen Vanhoof for 
their keynote papers; to Professors Irwin King, Luis Martínez López and Fuchun Sun 
their plenary papers; to our local and international program committee members and 
peer reviewers for their reviewing papers; to all the authors for their contributions to 
ISKE2010;  to Drs/Mrs. Xiushui Ma, Xiaoqi He, Xianchang Su, Yixiao Li, Yong Min, 
et al. for their suppport and assistance to the conference; to Mr. Genlang Chen for his 
design of the conference website; and to Mr. Zeyuan Xu at IEEE Beijing Section, 
China for his support and cooperation. 

The financial sponsorships from Ningbo Institute of Technology, Zhejiang 
University, Ningbo Association for Science and Technology, Southwest Jiaotong 
University, and the National Science Foundation of China (No. 60873108) are 
gratefully acknowledged. 

 
Xiaogang Jin, Yangguang Liu, Tianrui Li, Da Ruan 
November 2010 
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Abstract—The aim of this paper is to present a model based
on a fuzzy linguistic approach 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 the LOWA and LWA operators
to compute global quality evaluations of digital libraries.

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 [1]. Digital libraries [2], [3], [4], [5]
are one of these automated systems.

Since 1990s, the Internet and the Web has become the
primary 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
[3]:

• Traditional library user information services, which are
based on a face-to-face personal communication and are
developed on-site, as for example: on-site bibliographic
instruction, consultation, user technical support, class-
room instruction, and so on.

• 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 lim-
itations, as for example: integrated library systems, dis-
tance learning services, e-databases services, web library
catalogs, open source journal information, web search
engines, instant messaging services, virtual reference, etc.

Depending on the library framework, both services are
necessary and complementary to develop library activities.
However, electronic services allow us to improve the efficiency
of the libraries and, therefore, we find hybrid libraries[6] 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 [3]: 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
sophisticated services from their digital libraries [7]. As
digital libraries have been around for a few years now, an
increasing number of users have some familiarity with them.
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 [8]. In this
way, evaluation of digital libraries is an essential component
for the design of effective digital libraries [9].

Evaluation is a research activity, and it has both theoretical
and practical impact [10]. The objective of digital libraries
evaluation is to assess to what extent a digital library meets
its objectives and offer suggestions for improvements [4].
Even though there are no standard evaluation criteria and
evaluation techniques for digital libraries evaluation, digital
libraries evaluation research has been conducted on different
aspects. Most of the research on evaluation of digital libraries
has applied from researchers themselves. However, as digital
libraries are designed for users to use, the quality of digital
libraries needs be judged by their users.

The main of this paper is to present a model based on
fuzzy linguistic information 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.
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. However, the scores do not necessarily represent user
preference. This is because respondents have to internally
convert preference to scores and the conversion may introduce
distortion of the preference [11]. So, we use an ordinal fuzzy
linguistic modeling [12] to represent the user perceptions
and tools of computing with words based on the linguistic
aggregation operators LOWA [12] and LWA [13] to compute
the quality assessments.

The paper is set out as follows. In Section II, the ordi-
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nal fuzzy linguistic modeling for computing with words is
discussed. Section III describes the model based on fuzzy lin-
guistic information to evaluate the quality of digital libraries.
Finally, some conclusions are pointed out in Section IV.

II. A FUZZY LINGUISTIC APPROACH FOR COMPUTING
WITH WORDS

Many problems present fuzzy and vague qualitative aspects
(decision making [14], [15], [16], risk assessment [17], infor-
mation retrieval [18], [19], [20], [21], 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 [18], [21],
[22]. It models linguistic information by means of linguistic
terms supported by linguistic variables[23], [24], [25]. These
are variables whose values are not numbers but words or sen-
tences in a natural or artificial language. A linguistic variable
is defined by means of a syntactic rule and a semantic rule.
The fuzzy linguistic approach is less precise than the numerical
one, but, however, it presents the following advantages:

• The linguistic description is easily understood by human
beings even when the concepts are abstract or the context
is changing.

• It diminishes the effects of noise since, as it is known,
the more refined assessment scale is, then more sensitive
to noise (linguistic scales are less refined than numerical
scales and consequently they are less sensitive to error
apparition and propagation).

The ordinal fuzzy linguistic approach [12], [13] is a very
useful kind of fuzzy linguistic approach used for modeling the
computing with words process as well as linguistic aspects
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 = {si}, i ∈ {0, . . . , T } in the usual sense,
i.e., si ≥ sj if i ≥ j, and with odd cardinality. Typical values
of cardinality used in the linguistic models are odd values,
such as 7 or 9, with an upper limit of granularity of 11 or no
more than 13, where the mid term represents an assessment
of “approximately 0.5”, and the rest of the terms being placed
symmetrically around it. These classical values seems to fall in
line Miller’s observation about the fact that human beings can
reasonably manage to bear in mind seven or so items [26].
The semantics of the linguistic term set is established from
the ordered structure of the label set by considering that each
linguistic term for the pair (si, sT −i) is equally informative.

In any linguistic approach we need management operators
of linguistic information [12], [13]. An advantage of the
ordinal fuzzy linguistic approach is the simplicity and quick-
ness of its computational model. It is based on the symbolic
computation [12], [13] 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(si) =
sj | j = T −i; and there are defined two comparison operators
of linguistic terms:

1) Maximization operator: MAX(si, sj) = si if si ≥ sj .
2) Minimization operator: MIN(si, sj) = si if si ≤ sj .
In the following subsections, we present two aggregation

operators based on symbolic computation to complete the
ordinal linguistic computational model.

A. The LOWA Operator

An important aggregation operator of ordinal linguistic
values based on symbolic computation is the LOWA operator
[12]. 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 [12].
Definition 1. Let A = {a1, . . . , am} be a set of labels to be
aggregated, then the LOWA operator, φ, is defined as:

φ(a1, . . . , am) = W · BT = Cm{wk, bk, k = 1, . . . , m}
= w1 � b1 ⊕ (1 − w1) � Cm−1{βh, bh, h = 2, . . . , m},

(II.1)
where W = [w1, . . . , wm] is a weighting vector, such that,
wi ∈ [0, 1] and Σiwi = 1. βh = wh/Σm

2 wk, and B =
{b1, . . . , bm} is a vector associated to A, such that, B =
σ(A) = {aσ(1), . . . , aσ(m)}, where, aσ(j) ≤ aσ(i) ∀ i ≤ j,
with σ being a permutation over the set of labels A. Cm is
the convex combination operator of m labels and if m = 2,
then it is defined as:

C2{wi, bi, i = 1, 2} = w1 � sj ⊕ (1 − w1) � si = sk, (II.2)

such that, k = min{T , i + round(w1 · (j −
i))}, sj , si ∈ S, (j ≥ i), where “round” is the usual
round operation, and b1 = sj , b2 = si. If wj = 1 and
wi = 0, with i �= j ∀i, then the convex combination is defined
as: Cm{wi, bi, i = 1, . . . ,m} = bj .

The LOWA operator is an “or-and” operator[12] 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 [27] introduced a measure
of orness, associated with any vector W : orness(W ) =

1
m−1

∑m
i=1(m − i)wi. 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.

An important question of the LOWA operator is the determi-
nation of the weighting vector W . A possibility is to compute
it using the concept of fuzzy majority [28] represented by
means of a fuzzy linguistic nondecreasing quantifier Q [29]:

wi = Q(i/n) − Q((i − 1)/n), i = 1, . . . , n. (II.3)
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When a fuzzy linguistic quantifier Q is used to compute the
weights of LOWA operator φ, it is symbolized by φQ.

B. The LWA Operator

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

The LWA operator is defined as follows [13]:
Definition 2. The aggregation of a set of weighted linguistic
opinions, {(c1, a1), . . . , (cm, am, )}, ci, ai ∈ S, according to
the LWA operator, Φ, is defined as:

Φ[(c1, a1), . . . , (cm, am)] = φ(h(c1, a1), . . . , h(cm, am)),
(II.4)

where ai represents the weighted opinion, ci the importance
degree of ai, and h is the transformation function defined
depending on the weighting vector W used for the LOWA
operator φ, such that, h = MIN(ci, ai) if orness(W ) ≥ 0.5,
and h = MAX(Neg(ci), ai) if orness(W ) < 0.5.

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 paper.

III. EVALUATING QUALITY IN DIGITAL LIBRARIES

In this section, we present the model based on fuzzy lin-
guistic information to evaluate the quality of digital libraries.
Previously, we review some aspects on evaluation of quality
in digital libraries.

A. On evaluation of quality in digital libraries

Digital libraries are new and innovative information sys-
tems, under constant development and change, and, therefore,
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 libraries
evaluation is to assess to what extent a digital library meets
its objectives and offer suggestions for improvements [4].
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 involving users, collections, and
systems, aimed at identifying generalizable metrics or context
specific methods [8], [9], [10], [31], [32], [33], [34], [35],
[36]. The most recognized digital libraries evaluation criteria
are derived from evaluation criteria for traditional libraries, in-
formation retrieval system performance and human-computer
interaction [4], [10], [31], [32]. 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 [33], [34] 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

[35]. Other evaluation studies also look into the impact of
digital libraries [10].

Little research has investigated user’s evaluation of digital
libraries, in particular, their criteria and their actual assessment
of digital libraries [9], [36]. 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 paper, 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 Quality Evaluation Model for Digital
Libraries

We use the information quality framework [37] defined in
the context of management 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 [38], mobile Internet services [39] and Web sites that
store Web documents [40], [21]. In this information quality
framework is established that the quality of the information
systems cannot be assessed independently of the informa-
tion consumers’ opinions (people who use information). This
framework defines four major quality dimensions [37]:

1) Intrinsic quality. This dimension addresses the very na-
ture 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 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. 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 requires informa-
tion systems to present their information in such a way
that it is interpretable, easy to understand, easy to ma-
nipulate, 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 systems
that provided access to information. It requires the in-
formation system to be accessible but secure. Therefore,
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among the criteria of this dimension are: accessibility
and secure access.

We adapt this information quality framework to develop our
evaluation model of 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 digital
services provided through their Web sites. This model presents
two elements: (i) a evaluation scheme that contains the subjec-
tive criteria and (ii) a computation method to generate quality
assessments of digital libraries.

1) Evaluation Scheme to Characterize the Quality in Digital
Libraries: According to the quality framework [37], [38],
[39], [40], 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:

• It is user driven rather than designed driven. We want to
evaluate the quality of digital libraries from the evalua-
tions 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 nec-
essarily requires the inclusion of criteria easily un-
derstandable to any user (e.g., relevance, understand-
ability) 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.

• 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., cov-
erage 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,
information electronic services about new inputs, added
value information profits and also global satisfaction
degree.

3) Representational quality of digital libraries: It is evalu-
ated 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 cri-
teria: variety of search tools, navigability of the digital
library Web site, satisfaction degree with the computing
infrastructure and satisfaction degree with the response
time.

2) 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 alterna-
tives are digital libraries. In a multi-criteria decision making
method, the goal consists of searching the best alternatives
according to the assessments provided by a group of experts
with respect to a set of evaluation criteria [42]. 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 [27]. 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 characteris-
tics:

• It is a user centered computation method. The quality
assessment in digital libraries is obtained from individual
linguistic judgments provided by digital libraries users
rather than from assessments obtained objectively by
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means of the direct observation of the digital libraries
characteristics.

• It is 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 provid-
ing 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 q1 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 infor-
mation 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 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 impor-
tance in the evaluation scheme, i.e., it is assigned a relative
linguistic importance degree for each subjective criterion:
{I(q1), . . . , I(q11)}, I(qi) ∈ S. These importance degree
could be obtained from a set of experts or users’ judgements
[43].

Then, assuming that we have a group of users, {e1, . . . , eL},
that have filled in the questionnaire, and given a digital library,
Am, the computation method generates its quality assessment,
rm ∈ S, using the linguistic aggregation operators LOWA and
LWA in the following steps:

• Calculate for each subjective criterion, qi, the global
quality assessment, rm

i ∈ S, by aggregating the evalu-
ation judgments provided by the group of users on the

subjective criterion by means of the LOWA operator φ:

rm
i = φQ(e1(qi), . . . , eL(qi)), (III.1)

where el(qi) ∈ S is the linguistic preference provided by
the el on subjective criteria represented by the question
qi. Therefore, rm

i is a linguistic measure that represents
the quality assessment of the digital library Am with
respect to subjective criterion qi according to the majority
(represented by the fuzzy linguistic quantifier Q) of
linguistic evaluation judgments provided by the group of
users {e1, . . . , eL}.

• Calculate for the digital library, Am, its quality assess-
ment, rm ∈ S, by aggregating its individual quality
assessment, rm

i ∈ S, for each subjective criterion, qi,
by means of the LWA operator Φ:

rm = ΦQ((I(q1), rm
1 ), . . . , (I(q11), rm

11)). (III.2)

In this case, rm is a measure that represents the quality
assessment of the digital library Am according to the
majority (represented by the fuzzy linguistic quantifier
Q) of linguistic evaluation judgments provided by the
group of users about important subjective criteria qi.

IV. CONCLUSIONS

The user satisfaction is essential for the success of a digital
library. In this way, we have presented 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 sites.
The evaluation model is composed of two components, a user
driven evaluation scheme and a user centered computation
method. Therefore, this model is user oriented because it only
considers user evaluation judgments to evaluate the quality of
digital libraries.

In the future, we want to improve the evaluation of digital
libraries by incorporating information on users that supply
the evaluation judgments of the digital libraries, e.g., their
levels of expertise in the topic (specialists, knowledgeable,
inexperienced people).
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and E. Herrera-Viedma, A semantic model of selective dissemination of
information for digital libraries, Information Technology and Libraries
28(1) (2009) 22–31.

[6] C. Rushbridge, Towards the hybrid library, D-Lib Magazine July/August
(1998).

[7] M. E. Renda and U. Straccia, A personalized collaborative digital library
environment: A model and an application, Information Processing and
Management 41(1) (2005) 5–21.

[8] N. Fuhr, G. Tsakonas, T. Aalberg, M. Agosti, P. Hansen, S. Kapidakis,
et al., Evaluation of digital libraries, International Journal on Digital
Libraries 8(1) (2007) 21–38.

[9] H. I. Xie, Users’ evaluation of digital libraries (DLs): Their uses, their
criteria, and their assessment, Information Processing and Management
44(3) (2008) 1346–1373.

[10] G. Marchionini, Evaluation digital libraries: A longitudinal and multi-
faceted view, Library Trends 49(2) (2000) 304–333.

[11] S. H. Tsaur, T. Y. Chang and C. H. Yen, The evaluation of airline service
quality by fuzzy MCDM, Tourism Management 23(2) (2002) 107–115.

[12] F. Herrera, E. Herrera-Viedma and J. L. Verdegay, Direct approach
processes in group decision making using linguistic OWA operators,
Fuzzy Sets and Systems 79(2) (1996) 175–190.

[13] F. Herrera and E. Herrera-Viedma, Aggregation operators for linguistic
weighted information, IEEE Transactions on Systems, Man and Cyber-
netycs, Part A: Systems and Humans 27(5) (1997) 646–656.

[14] S. Alonso, E. Herrera-Viedma, F. Chiclana and F. Herrera, Individual
and social strategies to deal with ignorance situations in multi-person
decision making, International Journal of Information Technology &
Decision Making 8(2) (2009) 313–333.

[15] Y. Gao, G. Zhang and J. Lu, A fuzzy multi-objective bilevel decision
support system, International Journal of Information Technology &
Decision Making 8(1) (2009) 93–108.

[16] A. P. Tchangani, Evaluation model for multiattributes-multiagents de-
cision making: Satisfacing game approach, International Journal of
Information Technology & Decision Making 8(1) (2009) 73–91.

[17] C. B. Ho, D. D. Wu and D. L. Olson, A risk scoring model and appli-
cation to measuring internet stock performance, International Journal
of Information Technology & Decision Making 8(1) (2009) 133–149.

[18] E. Herrera-Viedma, An information retrieval system with ordinal linguis-
tic weighted queries based on two weighting elements, International
Journal Uncertainty, Fuzziness and Knowledge-Based Systems 9(1)
(2001) 77–88.

[19] E. Herrera-Viedma and E. Peis, Evaluating the informative quality of
documents in SGML-format using fuzzy linguistic techniques based on
computing with words, Information Processing and Management 39(2)
(2003) 233–249.

[20] V. Loia, W. Pedrycz, S. Senatore and M. I. Sessa, Web navigation support
by means of cognitive proximity-driven assistant agents, Journal of the
American Society for Information Science and Technology 57(4) (2006)
512–527.
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Ling-Feng Hsieh 1478

Ling-ling XU 1019

Ling-yun WANG 140

Lin-lin HOU 1271

Li-ping FU 1412

LI-ping WANG 132

Li-qing LI 1155

Li-qun ZHAN 126

Li-rong CUI 924

Li-xia JIA 12

Li-xia QI 1070

Li-yan HAN 1823

Li-yan LI 1732

Li-ying WANG 924

Li-yun WANG 240

Li-zhi WANG 911

Li-Zhi WANG 947

Long LIN 719

Long-hao YE 1632

Lu BIAN 388

Lu QIAO 249

Lu XIAO 1053

Luo-ke HU 547

M. Amiri-Aref 630

M. Assadi 1510

M. H. Tai 1231

M. L. Wang 170

M. 630
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NAME PAGE 

Mohammadnia-Otaghsara 

M. Özel 537 

M.F. Siti Atiqah 1102 

M.G. Hassan 1940 

M.G. Kanakana 862 

M.-H. Chao 1918 

M.J. Akhtar 458 

M.L.Lin 1335 

M.L.Lin 1369 

M.L.Wang 1335 

M.L.Wang 1369 

M.R. Osman 1102 

M.S. Noh 1102 

M.W. McLean 1689 

Mahmuda Naznin 665 

Makoto Kawada 208 

Man XU 1356 

Man XU 1618 

Manabu INOUE 1066 

Man-Ching Lin 1877 

Manoochehr Najmi 466 

Manoochehr Najmi 1300 

Mao-Jiun J. Wang 1902 

Martin Lorenz 404 

MasaAki NAKAMURA 1066 

Mayuri Duggirala 1670 

Md. Maruf Hossan 

Chowdhury 
333 

Md. Tayub Chowdhury 333 

Mehran Sepehri 466 

Mehran Sepehri 1300 

Mei DING 140 

Mei LIU 1422 

Mei-guang ZHU 1764 

Mei-hong LIU 1564 

Mei-hui WANG 827 

Mei-lin CHEN 1856 

NAME PAGE

Mei-xian JIANG 733

Mei-xian JIANG 1319

Meng SHEN 1263

Miao HU 444

Min CAO 542

Min LV 561

Min ZHANG 571

Ming CAO 1023

Ming DONG 1184

Ming SUN 34

Ming-bo SUN 615

Ming-bo SUN 1009

Ming-ming FU 599

MingNan Chen 857

Min-gu KANG 1330

Min-ping LI 524

Mohammad Al-Mubarak 1555

Mohammad Moinul 

Haque
1805

Mohammed Ali Arhsad 

Chowdhury 
1805

Mostafa Ali 1805

N. A. Batova 415

N. Mahdavi-Amiri 1374

N. Somsuk 1689

N. Tahami Baher 475

Na XU 132

Na ZENG 1178

Nai-liang LI 746

Nai-liang LI 1347

Nan-xi XU 1534

Naoyuki ISHIMURA 1066

Neng ZHU 200

Neng ZHU 227

Ning WANG 932

Ning WANG 937

Ning WANG 942

NAME PAGE

Ning WANG 1364

Ning WU 561

Ning-ning JING 881

Nurjahan Begum 665

O. Ilhamah 1102

O. Panchenko 750

P. Govender 394

P. Noor Faradila 1102

P. Punnakitikashem 1689

P. Punnakitikashem 1887

P.Govender 418

P.Malliga 1249

Paul HONG 1330

Pei-Hsi Lee 845

Pei-huang LOU 1595

Peng LIU 161

Peng LIU 1048

Peng XUE 95

Peng XUE 462

Pin CHEN 1591

Ping JIANG 714

Ping LU 1430

Pornwan Pornprasitpol 1009

Q. XIANG 501

Qi FAN 681

Qi GUO 191

Qi LI 981

Qian GUO 148

Qian WANG 454

Qiang LIU 1860

Qiang NI 48

Qiang NI 75

Qian-qian FENG 577

Qiao XIE 813

Qiao-ling XU 1704

Qi-feng SUN 754

Qi-Heng Huang 1773
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NAME PAGE 

Qing LI 444 

Qing ZHANG 1053 

Qing-an CUI 835 

Qing-an CUI 1038 

Qing-e GUO 43 

Qing-he YUAN 217 

Qing-mei TAN 1170 

Qing-min YUAN 1463 

Qing-min YUAN 1856 

Qing-qing ZHANG 325 

Qing-xian XIAO 1097 

Qing-xin LAN 524 

Qing-xuan GAO 1819 

Qing-yu MENG 1194 

Qin-jing GAO 1166 

Qi-shan ZHANG 166 

Qi-shan ZHANG 1315 

Qiu-ling CHEN 1053 

Qiu-ling CHEN 1166 

Qi-xun GAO 577 

Quan ZHOU 1587 

Qun LIU 813 

Qun ZHANG 704 

R. Tafazzoli 1374 

RANJANI RAVI 1907 

Ren-bin XIAO 1244 

Ren-qian ZHANG 231 

Ren-wang LI 566 

Ren-zhong TANG 793 

rew Wang 379 

rew Wang 1877 

Rong OUYANG 25 

Rong OUYANG 75 

Rong YANG 1517 

Rong ZHENG 1591 

Rui MIN 1637 

Rui PAN 1221 

NAME PAGE

Rui-jie WANG 1732

Rui-li YANG 991

Rui-shen CHEN 1388

Run-liang DOU 480

S. C. Chen  642

S. C. Lin 871

S. C. Pan 1043

S. Duckwitz 1473

S. Duckwitz 1528

S. Fujimura 290

S. Fujimura 737

S. H. Chang 170

S. Karahancer 1473

S. Q. Xie 728

S. Rieder 1528

S. Rinderknecht 537

S. Shiripour 630

S. Tackenberg 1473

S. Tackenberg 1528

S.Fujimura 620

S.L. Hsu 582

S.P.Srinivasan 1249

Samia Tasnim 665

San-you JI 1404

Shan LI 799

Shang RU 1732

Shang Wei Tseng 1815

Shan-lin YANG 1492

Shao-hua HAN 1267

Shao-xiong WU 1315

Sheng-you ZHANG 183

Sheng-Yuan 6

Shi-Jyun Wang 1287

Shi-yun ZHANG 83

Shou-gong YANG 90

Shou-song JIN 1319

Shu Qin Li 671

NAME PAGE

Shu- yi WANG 553

Shuang-mei LI 52

Shu-bin SI 694

Shu-bin SI 932

Shu-bin SI 937

Shu-bin SI 942

Shu-bin SI 1364

Shu-dong SUN 694

Shu-dong SUN 937

Shu-dong SUN 942

Shu-dong SUN 1364

Shuen-Ren Yu 1652

Shu-hong LI 61

Shu-hong LI 1115

Shui-qin LAOWen-xiu 

HE
1417

Shu-lian ZHANG 140

Shu-min LI 942

Shu-min LI 1364

Shun-tung ZHANG 253

Shuo-Yen Robert Li 671

Shu-ping YI 489

Shu-ping YI 1646

Shu-ping YI 1819

Shu-ting HUANG 1053

Shu-ting HUANG 1166

Shu-xia YU 1632

Shu-ying LIU 1794

Shu-ying WANG 1005

Shu-Yu Ho 384

Si-chong HUANG 1189

Si-min HUANG 808

Spideh Hashemi 466

Ssu-Ju Wang 1287

Su-mei XIAO 1392

Su-ping YE 126

Su-ping YE 1768
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NAME PAGE 

Su-xian ZHANG 991 

Su-ying GAO 140 

Syed Kazim Raza Naqvi 428 

Syed Zahid Raza Rizvi 428 

T. I Kuo 1231 

T. Kiatcharoenpol 1887 

T. Laosirihongthong 1689 

T. Laosirihongthong 1887 

T. T. Lai 676 

T. Y. Hsu 1043 

T. Y. Hsu 1624 

T.J. Dodd 439 

T.Murata 496 

Tai-yong WANG 376 

Taner Bilgic 655 

Tao DU 1794 

Teng-Ruey Chang 898 

Tie-ke LI 424 

Ting LI 299 

Ting WANG 484 

Ting WANG 489 

Ting YANG 799 

Ting YUAN 1133 

Ting-jie BAO 1595 

Ting-ting HU 609 

Ting-ting TU 191 

Tomohiro Murata 65 

Tong-min JIANG 911 

Tong-min JIANG 920 

Tong-Min JIANG 947 

Tsung-Yu Pei 1815 

Tung-Tsan Chen 1207 

Tung-Tsan Chen 1912

Tzu-Li Chen 779 

U. P. Wen 70 

V. Taratoukhine 750 

W. C. Chen 676 

NAME PAGE

W. M. Chou 1258

W. Wei 290

W.Wei 620

W.Z. Sadiq 458

Wan-hua QIU 1271

Wei CHEN 924

Wei LIU 1605

Wei WANG 995

Wei WANG 1000

Wei XUE 400

Wei ZHAO 357

Wei-dong LIU 867

Wei-Feng LIN 1613

Wei-ge WANG 615

Wei-hong CHEN 1695

Wei-hong HAN 1869

Wei-hong LI 532

Wei-hong LI 1718

Wei-Hua  379

Wei-Hua  1877

Wei-hua ZHANG 1271

Wei-ke CHEN 1077

Wei-ke CHEN 1082

Wei-ke CHEN 1112

Wei-min WU 1152

Wei-yi HE 263

Wei-zhuo SUN 354

Wen PEI 1657

Wen WANG 1194

Wen-bin LV 1091

Wen-bing CHANG 827

Wen-bing CHANG 1241

Wen-cai YANG 1732

Wen-Hsin Chen 379

Wen-jie HUANG 116

Wen-ping WANG 166

Wen-qing WU 1136

NAME PAGE

Wen-sheng TIAN 304

Wen-xiu HU 388

Wen-ying DING 1443

Wonjoon Kang 410

X. CHEN 501

X. Wei 290

X. Xu 728

X. ZHANG 344

X.Hao 496

X.Wei 620

Xi HUANG 1360

Xi ZHAO 1699

Xian ZHAO 924

Xian-fang GUO 282

Xian-fang GUO 1832

Xiang-yu SU 1344

Xian-qi ZHOU 1497

Xian-xi LIU 1564

Xiao HU 1443

Xiao LI 571

Xiao LIU 1568

Xiao-bin SHEN 307

Xiao-bo WU 1330

Xiao-chen DOU 1568

Xiao-cheng Fan 746

Xiao-chun LIU 1263

Xiao-dan WU 1086

Xiao-fang ZHAO 1426

Xiao-fei MA 1340

Xiao-fei WANG 56

Xiao-fen ZHANG 1860

Xiao-gang LI 972

Xiao-gang ZHOU 1155

Xiao-han HU 1482

Xiao-hui AN 591

Xiao-hui CHEN 1709

Xiaohui Li 65
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NAME PAGE 

Xiao-hui QIAO 1727 

Xiao-jie LIANG 709 

Xiao-li GUO 1736 

Xiao-li MIAO 1383 

Xiao-lin ZHOU 1344 

Xiao-liu YU 506 

Xiao-min ZHAO 1426 

Xiao-ming CHEN 263 

Xiao-ming SUN 817 

Xiao-ming XU 1378 

Xiao-peng JI 1152 

Xiao-qing LI 34 

Xiao-qing LI 1281 

Xiao-ting ZHU 95 

Xiao-wei MI 746 

Xiao-wei MI 1347 

Xiao-yan WANG 1217 

Xiao-yan XING 231 

Xiao-yan XING 986 

Xiao-yang JIANG 1435 

Xiao-yang LI 911 

Xiao-yang LI 920 

Xiao-Yang LI 947 

Xiao-ying LU 1699 

Xiao-yong LUO 1408 

Xiao-yong WANG 1595 

Xiao-yun JIANG 1591 

Xin CAI 1578 

Xin Chen 1032 

Xin WANG 22 

Xin WANG 1107 

Xin WANG 1727 

Xin ZHU 1684 

Xin-bao LIU 1492 

Xindu Chen 1032 

Xin-fu XU 1846 

Xing BI 1129 

NAME PAGE

Xing PAN 1755

Xing XU 566

Xin-gong ZHANG 685

Xing-san QIAN 553

Xing-wei MA 1610

Xin-hua XIAO 444

Xinhui Zhang 1032

Xin-ji-le-tu YANG 1869

Xin-li WU 566

Xin-min PENG 1750

Xin-min ZHANG 1628

Xin-ran WANG 56

Xin-yu SHAO 714

Xin-yue HU 1777

Xin-zhi ZHAO 1578

Xiu-fang SUN 955

Xiu-fang SUN 1124

Xiu-juan LI 1161

Xiu-kun ZHAO 1463

Xi-zhen GAO 157

Xi-zhen GAO 286

Xuan CHEN 808

Xue YANG 1070

Xue-gang SHI 371

Xue-hong FU 1324

Xue-jun WANG 1435

Xue-min LENG 995

Xue-min LENG 1000

Xue-min YUAN 299

Xue-qi ZHAI 1074

Xue-qing WANG 43

Xue-qing WANG 148

Xun-bo LIU 817

Xu-yan SONG 1568

Xu-zhu ZHANG 1578

Y. C. Lee 175

Y. F. Hsieh 175

NAME PAGE

Y. H. Chang 646

Y. Kupriyanov 750

Y. T. Chen 587

Y. T. Jou 1043

Y. T. Jou 1624

Y.J. ZHANG 344

Ya-Chun Chang 379

Ya-juan YU 1632

Ya-li FU 1564

Ya-li JI 1600

Ya-ling SUN 1750

Yan AN 22

Yan AN 1107

Yan CHEN 1632

Yan HONG 1873

Yan Liu 1928

Yan MO 1344

Yan TANG 1828

Yan WANG 273

Yan XU 813

Yan YU 39

Yan-bin HUANG 660

Yan-chang CHU 660

Yan-chun QI 1112

Yan-fang HUO 1453

Yan-fang LI 282

Yan-fang LI 1832

Yan-fei SHI 1400

Yang CAO 43

Yang LI 876

Yang LI 1254

Yang LIANG 137

Yan-hui HOU 217

Yan-li YANG 1869

Yan-ling CAI 17

Yan-qing LI 273

Yan-qiu XIAO 320
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NAME PAGE 

Yan-qiu XIAO 599 

Yan-rong WANG 1704 

Yan-ting LI 888 

Yao T. Hsu 1207 

Yao XIONG 916 

Yao-Lang Chang 1773 

Ya-ping LI 995 

Ya-ping LI 1000 

Ya-ping ZHAO 1777 

Yi  KANG 329 

Yi DENG 1311 

Yi LIAO 1646 

Yifei Tan 1546 

Yi-fei TAO 1564 

Yi-hai HE 827 

Yi-hai HE 1241 

Yi-hong YUE 1727 

Yi-lin YIN 249 

Yi-nan ZHU 1846 

Yin-dong SHEN 714 

Ying HAN 200 

Ying HAN 227 

Ying LI 1124 

Ying SHEN 1736 

Ying SHI 804 

Ying WANG 1864 

Ying XIN 400 

Ying-hui JIAN 269 

Ying-hui JIAN 766 

Ying-hui LIN 1426 

Ying-xin MENG 967 

Ying-ying DING 1695 

Yin-ping FU 1560 

Yin-qiu SONG 1430 

Yin-Yann Chen 779 

Yin-zhen LI 1014 

Yi-sheng LIU 258 

NAME PAGE

Yi-xin LUO 1062

Yi-ying ZHU 817

Yi-yong XIAO 231

Yi-yong XIAO 986

Yi-zhong MA 840

Yong CHEN 547

Yong CHEN 609

Yong LI 120

Yong LI 222

Yong ZHANG 766

Yong-fei ZHU 183

Yong-huan DUAN 52

Yong-huan DUN 1174

Yong-hui GUO 1551

Yong-juan KANG 1281

Yong-kui SHI 471

Yongli TANG 1587

Yong-li TANG 1675

Yong-li TANG 1777

Yong-sheng XIANG 1661

 You ZHAO 884

Young-won PARK 1330

You-yuan WANG 1794

Yu DU 1618

Yu FAN 920

Yuan REN 1568

Yuan-hang WANG 916

Yuan-min CUI 591

Yuan-ying MAO 709

Yuan-yuan KONG 1741

Yuan-Yun SUN 1226

Yu-chun WANG 571

Yu-chun WANG 759

Yue LI 689

Yue LI 1448

Yue LIN 635

Yueh-Ling Lin 1902

NAME PAGE

Yue-jin WU 1741

Yufang Chiu 1287

Yu-han WU 1605

Yui-kui DING 714

Yu-jie HUANG 1161

Yu-jie ZHU 876

Yu-lin SONG 571

Yun ZHANG 1430

Yun ZHAO 566

Yun-feng WANG 1086

Yun-feng WANG 1458

Yung-shao Chen 1287

Yun-ling SUN 1657

Yun-tao LIU 1657

Yun-tao ZHANG 1212

Yu-ping LIAO 258

Yu-qiang SHI 1392

Yu-wei JI 83

Yu-xin ZHENG 25

Yu-xuan ZHU 793

Yu-zhi SHEN 1120

Z. Li 394

Zao-jie KONG 967

Ze-yong XU 571

Ze-yong XU 759

Zhan-chao WU 320

Zhan-wen NIU 208

Zhan-wen NIU 532

Zhao MA 827

Zhao-dong HUANG 986

Zhao-jun YANG 316

Zhao-jun YANG 362

Zhao-mei LIU 48

Zhe WANG 295

Zhen LEI 87

Zhen LEI 196

Zhen ZHAO 1038
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NAME PAGE 

Zheng WANG 1675 

Zheng-hong DING 99 

Zheng-ying CAI 1244 

Zhen-hua GAO 1378 

Zhen-hua Liu 746 

Zhen-hua LIU 1347 

Zhen-kun YANG 1276 

Zhen-shi ZHANG 1082 

Zhen-zhen HAO 1538 

Zhi-chao GUO 788 

Zhi-fang LU 1189 

Zhi-guo WANG 1784 

NAME PAGE

Zhi-hai ZHANG 808

Zhi-jian WANG 1217

Zhi-jiang TAO 1819

Zhi-mei ZHANG 1482

Zhi-qiang CAI 932

Zhi-qiang CAI 937

Zhi-qiang ZHANG 161

Zhi-qiang ZHANG 1048

Zhi-sheng HONG 849

Zhi-xiang CHEN 770

Zhi-yong YANG 1507

Zhi-yong ZHANG 1492

NAME PAGE

Zhi-yue WU 1217

Zhong-Chi QIN 120

Zhong-guo LIN 1823

Zhong-ming ZHAO 609

Zhong-ping XU 191

Zhuo LIU 90

Zhuo-fu WANG 1507

Zi-fan FANG 1404

Zi-rong WANG 278

Zu LI 635
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