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An evaluation methodology based on fuzzy computing
with words aimed at measuring the information quality
of Web sites containing documents is presented. This
methodology is qualitative and user oriented because it
generates linguistic recommendations on the informa-
tion quality of the content-based Web sites based on
users’ perceptions. It is composed of two main compo-
nents, an evaluation scheme to analyze the information
quality of Web sites and a measurement method to gen-
erate the linguistic recommendations. The evaluation
scheme is based on both technical criteria related to the
Web site structure and criteria related to the content of
information on the Web sites. It is user driven because
the chosen criteria are easily understandable by the
users, in such a way that Web visitors can assess them
by means of linguistic evaluation judgments. The mea-
surement method is user centered because it generates
linguistic recommendations of the Web sites based on
the visitors’ linguistic evaluation judgments. To combine
the linguistic evaluation judgments we introduce two
new majority guided linguistic aggregation operators,
the Majority guided Linguistic Induced Ordered
Weighted Averaging (MLIOWA) and weighted MLIOWA
operators, which generate the linguistic recommenda-
tions according to the majority of the evaluation judg-
ments provided by different visitors. The use of this
methodology could improve tasks such as information
filtering and evaluation on the World Wide Web.

Introduction

Nowadays, we can assert that the World Wide Web is the
largest available repository of data with the largest number of
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visitors searching for information. The World Wide Web is a
distributed, dynamic, and rapidly growing information source
(Lawrence & Giles, 1998) that has stimulated new and useful
research developments in areas such as digital libraries,
information retrieval, education, commerce, entertainment,
government, and health care (Lawrence & Giles, 1999a;
Lawrence & Giles, 1999b). However, it presents some serious
handicaps: Its growth is disorganized and uncontrolled, thus
contributing to the limitation that bad information thrives on
the World Wide Web. As a consequence Internet users have
access to bad or poor-quality information (Tyburski, n.d.).
Recognizing the basic differences between publishing on
the Web and publishing on paper may help to understand the
lack of quality typical of the World Wide Web. In contrast to
the printed paper world, on the World Wide Web anyone can
publish information, either by simply acquiring space on a
Web site and creating an electronic document (using any of
the available formats, HTML, XML, Pdf, or PostScript) or by
paying someone to create it. The fact is that there are neither
rules nor standards governing the type and quality of informa-
tion that a writer can put on the Web, nor a central control on
where and how documents are published (Diligenti, Gori, &
Maggine, 2004). In the print world, authors can publish their
own studies with their own expenses, but self-published
materials generally reach a limited audience. The Web, on the
other hand, facilitates the distribution of self-published
works, while significantly reducing the cost of production
(Tyburski, n.d.). Furthermore, posting articles on the Web in-
stead of publishing in printed books/journals increases their
impact on the development of subsequent ideas (Standler,
n.d.). Some studies show that many articles published in
printed books/journals are never cited in any subsequent
article; this means that printed articles have a low impact on
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the development of subsequent new ideas (Garfield, 1998;
Hamilton, 1991a; Hamilton, 1991b; Pendlebury, 1991).
Hence the amount of Web documents and the number of
content-based Web sites on the Internet are continuously and
rapidly increasing, although in many cases this happens with-
out efficient information quality control.

For several topics, the World Wide Web contains thousands
of relevant documents/sites of widely varying information
quality. To cope with this situation, over the past few years
many techniques (Web search engines, information filtering
systems, Web personalization systems, Web mining) for man-
aging, querying, filtering, and integrating information on the
World Wide Web have been developed. The major advances in
the design of these techniques have been guided by informa-
tion quality criteria, that is, criteria aimed at improving the
quality of the information provided to users from the World
Wide Web. However, some characteristics typical of the World
Wide Web, as for example its fast and uncontrollable growth,
its heterogeneity, and its freshness requirements (Diligenti,
Gori, & Maggine, 2004; Lawrence & Giles, 1998; Lawrence
& Giles, 1999a; Lawrence & Giles, 1999b), as well as other
problems, such as the bubble of Web visibility (Gori & Nu-
merico, 2003; Gori & Witten, 2005), are still limiting the qual-
ity in the information provided by the different Web search
techniques. Consequently, in the Web research community the
debate on the quality of the information available on the Inter-
net is still open (Alexander & Tate, 1999; Gertz, Ozsu, Saake,
& Sattler, 2004; Sweetland, 2000; Tirri, 2003). Identifying
useful and high-quality information in a unregulated market-
place such as the World Wide Web is still a crucial problem.

The quality evaluation of content-based Web sites focusing
on the user-perceived quality of the stored information is a dif-
ficult task that has seldom been studied (Rieh, 2002), and there
does not exist a Web information quality framework as a refer-
ence point (Gertz, Ozsu, Saake, & Sattler, 2004). As some other
authors have (Chae, Kim, Kim, & Ryu, 2002; Katerattanakul
& Siau, 1999), we use the information quality framework for
information systems (Huang, Lee, & Wang, 1999; Lee, Strong,
Kahn, & Wang, 2002; Strong, Lee, & Wang, 1997; Wang &
Strong, 1996) as the basic reference point of our proposal.

The aim of this article is to present a quality evaluation
methodology of Web sites based on user perceptions of the
quality of the information they provide. In this article, content-
based Web sites are considered in which the information is
organized in multiple kinds of documents, e.g., scientific arti-
cles, and opinion articles, using any of the available electronic
formats (HTML, XML, Pdf, or PostScript). This methodology
is designed by using tools of fuzzy computing with words
(Herrera & Herrera-Viedma, 1997; Herrera, Herrera-Viedma,
& Verdegay, 1996; Herrera-Viedma, 2000a;Herrera-Viedma,
2001b) to facilitate user participation. The goal of this
methodology is to generate linguistic quality evaluations or
linguistic recommendations on such Web sites. To do that, it is
composed of two main components, an evaluation scheme to
analyze the information quality of Web sites and a measure-
ment method to generate the linguistic recommendations. The
evaluation scheme takes into account both technical criteria

concerning the structural design of Web sites and criteria
related to the content of the Web sites. It is user driven rather
than designer driven; i.e., it includes user-perceived Web eval-
uation indicators such as navigation or believability, rather
than quantifiable Web attributes such as code quality or de-
sign; that is, it considers Web characteristics and attributes
easily understandable to a nonexpert Web visitor, in such a
way that Web visitors can assess them by means of linguistic
evaluation judgments. Using the information quality frame-
work proposed (Huang, Lee, & Wang, 1999; Lee, Strong,
Kahn, & Wang, 2002; Strong, Lee, & Wang, 1997; Wang &
Strong, 1996), we define a user-driven evaluation scheme of
Web sites. The measurement method is user centered rather
than “‘site model” centered; i.e., the recommendations are ob-
tained from linguistic evaluation judgments provided by Web
visitors rather than from assessments obtained objectively by
means of the direct observation of the site model characteris-
tics. Users after visiting a Web site to examine a stored docu-
ment are required to express their evaluation judgments on the
evaluation scheme by means of the specification of linguistic
labels. Then, an overall linguistic recommendation concern-
ing the quality of that Web site is obtained by combining the
linguistic evaluation judgments provided by different visitors.
To combine the judgments we introduce two new majority
guided linguistic aggregation operators, the MLIOWA and
weighted MLIOWA operators, which adequately implement
the idea of fuzzy majority. To define them, we use the major-
ity-guided induced ordered weighted averaging IOWA) oper-
ators (Pasi & Yager, 2002; Pasi & Yager, 2006). In such a way,
our methodology allows us to obtain nondistorted recommen-
dations on information quality of the Web sites that really are
representative of the majority of individual recommendations
provided by different visitors of sites. With this Web quality
evaluation methodology the information filtering and evalua-
tion possibilities in the Web are increased. In this way, when a
user requires information on the World Wide Web, then not
only can content-based Web sites be provided, but also
recommendations on their information quality and on Web
sites that store similar documents that could be of interest to
the user.

The article is organized as follows. In the next section the
problem of evaluating the information quality of Web sites is
analyzed. The tool of fuzzy computing with words and the
new majority guided aggregation operators are defined in the
third section. The Web quality evaluation methodology is in-
troduced in the fourth section. A discussion on the proposed
methodology is presented next, and the final section sketches
our conclusions.

The Problem of Evaluating the Information Quality
of Web Sites

In our opinion, there is not yet a clear and unambiguous
definition of the concept of information quality on the World
Wide Web, and unfortunately, well-founded and theoretical
Web quality frameworks are still missing (Gertz, Ozsu,
Saake, & Sattler, 2004). One can probably find as many
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definitions for information quality on the Web as there are
papers on information quality. The quality evaluation on the
World Wide Web is neither simple nor straightforward. Web
quality is a complex concept and its measurement or evalua-
tion is multidimensional in nature (Aladwani & Palvia,
2002). Assuming such a nature, we agree with the definition
of Web quality given as an aggregated value of multiple in-
formation quality criteria” (Naumann, 2002). On the other
hand, other researchers (Mich, Franch, & Gaio, 2003) use
the definition of quality given by the International Standards
Organization (ISO) to allow the use of the evaluation indica-
tors taken into account in the evaluation of commercial Web
sites. The ISO defines quality as “the totality of characteris-
tics of an entity that bear on its ability to satisfy stated and
implied needs” (ISO 8402, 1994). From this definition two
different kinds of requirements for Web document/site qual-
ity evaluation emerge:

1. Technical requirements: These concern the evaluation of
the main characteristics and structure of Web documents/
sites. In this category we find evaluation criteria that
are indicators of an objective and quantitative nature,
e.g., clear ordering of information, broken links, orphan
pages, code quality, and navigation.

2. Content requirements: These concern the evaluation of
how well the Web documents/sites meet the specific user
needs. In this category we find evaluation criteria that are
indicators of a subjective and qualitative nature, e.g.,
consistency, accuracy, and relevance.

As mentioned, in Web quality evaluation there is not a
general theoretical foundation or framework (Gertz, Ozsu,
Saake, & Sattler, 2004). For this reason, many researchers
have tried to use other well-founded quality assessment
frameworks defined for other fields. One of the more often
used is the information quality framework defined in the
context of management information systems (Huang, Lee,
& Wang, 1999; Lee, Strong, Kahn, & Wang, 2002; Strong,
Lee, & Wang, 1997; Wang & Strong, 1996), used, for exam-
ple, to define an evaluation methodology of information
quality of personal Web sites (Katerattanakul & Siau, 1999)
and of mobile Internet services (Chae et al., 2002). This
quality framework establishes that the different dimensions
(e.g., accuracy, accessibility, relevance) employed to
evaluate the information quality of a system can be grouped
into four major information quality categories: (1) intrinsic
information quality, (2) contextual information quality,
(3) representational information quality, and (4) accessibil-
ity information quality. The two first categories mainly deal
with the “content” aspects of information systems, the
others, with some technical design aspects.

A robust and flexible Web quality evaluation methodol-
ogy should properly combine both kinds of requirements.
Some authors (Huizingh, 2000; Naumann, 2002; Robbins &
Stylianou, 2003) have proposed Web quality evaluation
methodologies that combine both technical and content as-
pects, but the harsh reality is that the majority of suggested
Web evaluation methodologies tend to be more objective

than subjective, more quantitative (based on numerical
information) than qualitative (based on linguistic informa-
tion), and do not take into account the user perception
(Bovee, Srivastava, & Mak, 2003; Dhyani, Keong Ng, &
Bhowmick, 2002; Olsina & Rossi, 2002). However, from the
information consumer’s perspective the quality of a Web
document/site may not be assessed independently of the
quality of the information contents that it provides.

An additional drawback of many Web evaluation
methodologies is that their evaluation indicators are relevant
to Web providers and designers rather than to Web users
(Aladwani & Palvia, 2002). A global Web quality evaluation
methodology cannot entirely avoid users’ participation in the
evaluation strategy. User judgments can help to evaluate the
information quality of accessed Web documents/sites be-
cause the concept of information quality is typically con-
sumer dependent, and the consumer must be the ultimate
judge of the Web site’s/ document’s information quality. The
problem here is that the users do not frequently make the
effort to give explicit feedback. Web search engines can col-
lect implicit user feedback by using log files. However, these
data are still incomplete. To achieve better results of evalua-
tion on the World Wide Web, the direct participation of the
user is necessary; i.e., the development of user-centered Web
quality evaluation methodologies is a necessity and could
provide additional advantages. For example, a user-centered
approach to evaluate Web sites would allow users to be more
proactively approached to determine their needs—both tech-
nical and information related—and their perceptions of Web
site organization, terminology, ease of navigation, all of
which could be used in a redesign of sites (Aladwani &
Palvia, 2002; Huizingh, 2000). Or, for example, in the field
of the collaborative recommender systems (Reisnick &
Varian, 1997) (information filtering system) that collects
ratings of items from many individuals and makes recom-
mendations based on those ratings to a given user) a user-
centered Web quality evaluation methodology could
contribute a well-founded framework to express ratings or
evaluation judgments and to generate the recommendations.

A possible way to facilitate the user participation is to
embed in the Web quality evaluation methodology those
tools of artificial intelligence that allow a better representa-
tion of subjective and qualitative user judgments, for exam-
ple, a soft computing tool called fuzzy linguistic modeling
(Zadeh, 1975). The use of fuzzy linguistic modeling could
increase user participation in the evaluation of the quality of
Web documents/sites, because it is a user-friendly tool that
helps users to express their judgments in a more natural way
(Herrera-Viedma & Pasi, 2003). We have used (Herrera-
Viedma & Peis, 2003) the tool of fuzzy linguistic modeling
called ordinal fuzzy linguistic modeling (Herrera & Herrera-
Viedma, 1997; Herrera, Herrera-Viedma, & Verdegay, 1996;
Herrera-Viedma, 2001a; Herrera-Viedma, 2001b) to design
a user-centered quality evaluation methodology for Web
documents. In this article, we apply the same linguistic tool
to evaluate the information quality of Web sites that store
documents.
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The information quality framework defined by several re-
searchers (Huang, Lee, & Wang, 1999; Lee, Strong, Kahn, &
Wang, 2002; Strong, Lee, & Wang, 1997; Wang & Strong,
1996) was proposed by considering that the quality of infor-
mation systems cannot be assessed independently of infor-
mation consumers’ (people who use the information) opin-
ions. As mentioned, this information quality framework
establishes four major information quality categories to clas-
sify the different criteria to evaluate the quality of an infor-
mation system (Huang, Lee, & Wang, 1999; Lee, Strong,
Kahn, & Wang, 2002; Strong, Lee, & Wang, 1997; Wang &
Strong, 1996):

1. Intrinsic information quality: This category addresses
the very nature of the information. It assumes that in-
formation has its own quality. The main “dimension”
of the intrinsic information quality is the accuracy of
the information. If a reputation for inaccurate informa-
tion becomes common knowledge for a particular
information system, this system is viewed as having lit-
tle added value and its use will decline. Other dimen-
sions of this category are believability, reputation, and
objectivity.

2. Contextual information quality: This category empha-
sizes the importance of the informative aspects of infor-
mation but from a task perspective. It highlights the
requirement that information quality must be considered
within the context of the task at 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, dimensions of this category include
valueadded, relevance, completeness, timeliness, and
appropriate amount.

3. Representational information quality: This category em-
phasizes the importance of the technical aspects of the
(computer-based) structure of the information. It requires
that information systems present their information in
such a way that it is interpretable, easy to understand, and
easy to manipulate and is represented concisely and con-
sistently. Therefore, some dimensions of this category
are understandability, interpretability, concise represen-
tation, and consistent representation.

4. Accessibility information quality. This category empha-
sizes the importance of the technical aspects of computer
systems that provide access to information. It requires
that the information system be accessible but secure.
Therefore, among the dimensions of this category are
accessibility and secure access.

Using the preceding information quality framework, a
designer-driven information quality framework has been
proposed (Katerattanakul & Siau, 1999) to evaluate the
informative quality of personal Web sites; it includes the
following evaluation dimensions:

1. Intrinsic quality of personal Web sites: accuracy and
errors of content and accurate, workable, and relevant
hyperlinks.

2. Contextual quality of personal Web sites: provision of
author’s information.

3. Representational quality of personal Web sites: orga-
nization, visual settings, typographical features, and
consistency; vividness and attractiveness; and clarity of
content.

4. Accessibility quality of personal Web sites: navigational
tools provided.

Similarly, we shall use it as basis to define the evaluation
scheme of our quality evaluation methodology.

Fuzzy Computing With Words

In this section we present the fuzzy linguistic approach
used to develop the processes of fuzzy computing with
words in our Web quality evaluation methodology together
with new majority guided linguistic aggregation operators.

Ordinal Fuzzy Linguistic Approach

The fuzzy linguistic approach is a technique appropriate to
dealing with qualitative aspects of problems (Zadeh, 1975).
The ordinal fuzzy linguistic approach (Herrera, Herrera-
Viedma, & Verdegay, 1996) is a linguistic tool used for mod-
eling processes based on the management of linguistic ex-
pressions or computing processes with words; this can be
useful in group decision making (Herrera & Herrera-Viedma,
1997;Herrera-Viedma, Martinez, Mata, & Chiclana, 2005) or
in information retrieval systems (Herrera-Viedma, 2001a;
Herrera-Viedma, 2001b).

The ordinal fuzzy linguistic approach is defined by con-
sidering a finite and totally ordered label set S = {s;}, i €
{0,..., 7} in the usual sense, i.e., s; = s;if i = j, and with
odd cardinality (typically seven or nine labels). The middle
term represents an assessment of “approximately 0.5,” and
the rest of the terms are placed symmetrically around it. The
semantics of the linguistic term set is established from the
ordered structure of the term set by considering that each lin-
guistic term in the pair (s;, s7—;) is equally informative. For
example, we can use the following set of nine labels to
provide the wuser evaluations: S = {T = Total, EH =
Extremely_High, VH = Very_High,H = High, M = Medium,
L = Low, VL = Very_Low, EL = Extremely_Low, N =
None}.

In any linguistic approach it is necessary to define
some operators that can be applied to linguistic informa-
tion. An advantage of the ordinal fuzzy linguistic ap-
proach is the simplicity of its computational model for
computing with words. It is based on a symbolic com-
putation (Herrera & Herrera-Viedma, 1997; Herrera,
Herrera-Viedma, & Verdegay, 1996). This technique acts
by direct computation on labels by taking into account the
order of such linguistic assessments in the ordered struc-
ture of linguistic terms. This symbolic tool seems natural
when using the fuzzy linguistic approach, because the lin-
guistic assessments are simply approximations that are
handled when it is impossible or unnecessary to obtain
more accurate values.
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Usually, the ordinal fuzzy linguistic model for computing
with words is defined by establishing (1) a negation opera-
tor, (2) comparison operators based on the ordered structure
of linguistic terms, and (3) adequate aggregation operators
of linguistic information. In most ordinal fuzzy linguistic ap-
proaches the negation operator is defined from the semantics
associated with the linguistic terms, such as

Neg(s;) = s;1j =T — i

Usually, two comparison operators of linguistic terms are
defined:

Maximization operator:
MAX (s, 5;) = 5; ifs; = s

Minimization operator:
MIN (s, 5;) = 5; ifs; =5,

An interesting class of linguistic aggregation operators
are based on the ordered weighted averaging (OWA) opera-
tors (Yager, 1988). Examples of useful linguistic OWA oper-
ators to combine linguistic information are the LOWA
(Herrera, Herrera-Viedma, & Verdegay, 1996) and LWA op-
erators (Herrera & Herrera-Viedma, 1997).

An important aspect of an OWA operator is that its be-
havior is modeled by means of its weighting vector. In this
way distinct semantics can be associated with an OWA
operator, depending on its weighting vector. A possible ag-
gregation strategy is based on the concept of fuzzy majority,
expressed by a linguistic quantifier (Zadeh, 1983). A method
(Yager, 1988) has been proposed to define a weighting vec-
tor on the basis of the formal definition of a linguistic quan-
tifier; this method is useful in group decision making, when
it is necessary to obtain a collective assessment from a set of
individual assessments (Herrera & Herrera-Viedma, 1997,
Herrera, Herrera-Viedma, & Verdegay, 1996; Herrera-
Viedma, Martinez, Mata, & Chiclana 2005; Herrera-Viedma
& Peis, 2003). What is expected in these cases is to obtain an
aggregated value that synthesizes the majority of the values
to be aggregated, i.e., the values that are more similar to each
other (Pasi & Yager, 2002; Pasi & Yager, 2006). However, as
has been pointed out (Pasi & Yager, 2002; Pasi & Yager,
2006) with the method proposed (Yager, 1988) this seman-
tics is not always achieved, and this shortcoming limits the
performance of those systems that use a majority guided
Ordered Weighted Averaging (OWA) operator. For this rea-
son, we shall not use the Linguistic Ordered Weighted Aver-
aging (LOWA) and Linguistic Weighted Averaging (LWA)
operators to implement the concept of fuzzy majority in our
quality evaluation methodology, but we will employ some
new operators for performing the linguistic aggregation.

Majority Guided Linguistic Aggregation Operators

Researchers (Pasi & Yager, 2002; Pasi & Yager, 2006)
have defined a majority guided induced OWA (IOWA)

operator that tries to overcome the problems of the majority
guided OWA operators. This IOWA operator combines nu-
merical values in such a way that the final result synthesizes
the majority of similar values to be aggregated. Using this
operator we propose two majority guided linguistic IOWA
operators that allow us to carry out the majority guided ag-
gregation of linguistic information in our information Web
quality evaluation methodology.

Definition 1 (Yager & Filev, 1998; Yager & Filev, 1999).
An IOWA operator of dimension n is a function
®,,: (R X R)" — R, to which a weighting vector is associ-
ated, W = (w,,..., w,), such that w; € [0, 1] and 2w, = I,
and it is defined to aggregate the set of second arguments of
a list of n pairs {(u,, p;)..., (u,, p,)} according to the
expression

DUy, p1)seas(Uy, P)) = DWi Poy
i=1

where o :{l,...,n} > {1,...,n} a permutation such that
Ugiy = Ugsrry VI = 1,...,n — 1:thatis, (u,;), py)) is the
pair with u,;, the ith highest value in the set {u,..., u,}.

In the definition the reordering of the set of values to be
aggregated, {p,,..., p,}, is induced by the ordering of the
values {u,,..., u, } associated with them. Because of this use
of the set of values {u,..., u,}, Yager and Filev have called
them the values of an order inducing variable and
{pys..., p,} the values of the argument variable (Yager &
Filev, 1998; Yager & Filev, 1999).

Definition 2. A majority guided linguistic IOWA
(MLIOWA) operator of dimension n is a function
®,:(R X §)"— S, defined according to the expression

Do((uy, p1)s-ees (U py)) = 5L ES

with k = round(E w; ind(pg(i))>
i=1

such that

1. o:{l,...,n} —>{1,...,n} is a permutation such that
Ugis) = Ugy Vi = 1,...,n — 1: that is, (U, Pyg) 18
the pair with u,; the ith lowest value in the set
{uyseou,}

2. u; = sup,, where sup; is the overall support of value p;
obtained as

n
sup; = Esupii|supi,- =
Jj=1

{1 if [ind(p;) — ind(pj)| <a
0 otherwise

with & € {0, 1,..., 7} and sup;; a binary support func-
tion (Yager, 2001) that expresses the support from p; for
p; or the similarity between both values.

3. ind:§—{0, 1,..., T}, such that ind(S;) = i.

4. Q is a linguistic quantifier representing the concept of
fuzzy majority in the aggregation, which is used to
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compute the weighting vector W = (wy,..., w,), such
that w; € [0, 1], Zw; = 1, and

SUD (i) - 5”1%(_,’))
w. = L T
with Q(sup,;,/n) denoting the degree to which p,
represents the majority.

In the MLIOWA operator we assume that all linguistic val-
ues to be aggregated are equally important. However, in our
methodology, we need to carry out aggregations of weighted
information, i.e., when we want to aggregate quality judg-
ments on evaluation criteria with different importance
degrees. To do this, we introduce a weighted MLIOWA
operator.

Definition 3. A weighted MLIOWA operator of dimension
n is a function CD’Q 1 (§ X §)"— S, defined according to the
expression

(I)[Q((Ibpl)’“-’ (In,Pn)) = q)Q((ulapl)""’ (Mnapn))
in which

1. the order inducing values are obtained from the linguistic
importance degrees associated with the values to be
aggregated as

_sup; + ind(l;)
o 2
with

{1 if |ind(I)) — ind(I))| < a

n
sup; = D sup;|sup; = )
Pr 21 Pyl sup 0 otherwise

J

where /; the linguistic importance degree of the value p;
to be aggregated.
2. the weighting vector is obtained as

Ui ! Ug(j
w=o0)/Se(*)
i=1

We should point out that the use of the ordinal fuzzy lin-
guistic approach in our Web quality evaluation methodology
provides a well-founded mathematical framework to repre-
sent and deal directly with linguistic information. In such a
way, we can generate linguistic quality evaluations from lin-
guistic judgments. This is an important limitation in other
Web quality evaluation methodologies (Aladwani & Palvia,
2002; Huizingh, 2000; Katerattanakul & Siau, 1999) that
also in some cases use labels to represent assessments, be-
cause they lack aggregation operators of linguistic informa-
tion to generate the global quality values.

An Evaluation Methodology of Information Quality
of the Web Sites

In this section we present a methodology to evaluate the
information quality of content-based Web sites that store in-

formation in electronic documents (in any of the known for-
mats on the Web, e.g., XML, HTML, PostScript, Pdf). As
stated, this is a user-oriented evaluation methodology of a
qualitative and subjective nature that is based on the evalua-
tion judgments provided by the users. This methodology es-
tablishes two instruments to evaluate the information quality
of the Web sites: a user-driven evaluation scheme and a user-
centered measurement method.

The Evaluation Scheme of Web Sites

Using the information quality framework presented in the
Problem of Evaluating the Information Quality of Web Sites
we develop an evaluation scheme for analyzing the informa-
tion quality of Web sites that provide information stored in
electronic documents. This evaluation scheme is based both
on technical criteria of Web site design and on criteria re-
lated to the content of information of Web sites. These crite-
ria are assessed subjectively by users who occasionally visit
the Web site because they find some stored documents that
satisfy their information needs.

Characteristics. The evaluation scheme proposed presents
the following characteristics:

e [t is user driven rather than designer driven.

We want to generate recommendations on Web sites from

the evaluations provided by the different visitors of Web

sites. Therefore, the evaluation scheme should be user
driven rather than designer driven from two perspectives:

— Qualitative perspective: The evaluation scheme neces-
sarily requires the inclusion of dimensions easily under-
standable to any information consumer (e.g., relevance,
understandability) rather than dimensions that can be
measured objectively independently of consumers (e.g.,
accuracy measured by the number of spelling or gram-
matical errors) 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 dimensions
in order to help users in understanding it and avoiding
confusion. As is known, users’ capability to cope with
concepts is limited to only five to nine concepts at one
time (the magical number 7 £ 2 (Miller, 1956)). Further-
more, long and complex evaluation schemes cause user
idleness and limit their own application possibilities.

e [t is weighted: i.e., its quality dimensions are not equally
important.

The quality dimensions of the evaluation scheme do not play
equal roles in measuring the information quality of a Web
site: i.e., some dimensions should be more influential than
others. For example, user opinions on the information qual-
ity of the documents stored in the Web site (e.g., the rele-
vance) must be an important dimension of the evaluation
scheme.

Information quality dimensions. We define a user-driven
and weighted evaluation scheme of content-based Web sites
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that contemplates four quality categories with the following
information quality dimensions:

1. Intrinsic quality of Web sites: Accuracy of information is
the main determinant of the intrinsic information quality
of information systems. We discuss accuracy of Web
sites by considering what visitors think about the believ-
ability of the information content the Web site provides.
As we consider Web sites information sources that are
occasionally visited, we are not interested in evaluating
the accuracy by means of grammatical and spelling
errors or relevant hyperlinks existing in the Web site.

2. Contextual quality of Web sites: This is the most impor-
tant category in the evaluation scheme. In our evaluation
scheme neither the dimension of author’s information
(Katerattanakul & Siau, 1999) nor appropriate quantity is
meaningful. We propose to evaluate this category by
considering what visitors think about the relevance, time-
liness, and completeness of documents that Web site
provides when they search information with respect to a
specific topic, i.e., whether documents are relevant to the
search topic, documents are sufficiently up to date for the
search topic, and documents are sufficiently original and
complete for the search topic.

3. Representational quality of Web sites: We analyze this
category for the Web sites that provide information stored
in electronic documents by taking into account two as-
pects: the representational aspects of Web site design and
the representational aspects of documents stored in the
Web site. In the first case, we consider what visitors think
about the understandability of a Web site (named under-
standabilityl), i.e., whether or not the Web site is orga-
nized in such a way that visitors easily understand how to
access the stored documents. In the second case, we con-
sider what visitors think about under-standability (named
understandability2) and conciseness of the information
content of electronic documents examined.

4. Accessibility quality of Web sites: As do other re-
searchers (Katerattanakul & Siau, 1999) we consider that
this category should be assessed by whether or not the
Web site provides enough navigation mechanisms that
visitors can reach their desired documents faster and
more easily. Lacking effective paths to access the desired
documents would handicap visitors; therefore, naviga-
tion tools are necessary to help users to locate the infor-
mation they want. We evaluate this dimension by consid-
ering what visitors think about navigational tools
provided by the Web site.

The evaluation scheme is summarized in Table 1.

Specifying the Measurement Method of the Information
Quality of the Web Sites

The measurement method of the information quality of
the content-based Web sites that we define is like a multi-
person multicriteria decision-making method in which the
search alternatives are Web sites. In a multicriteria 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 (Fodor &

TABLE 1. User-driven evaluation scheme of Web sites.

Information Information
quality quality
categories dimensions
Intrinsic quality believability
Contextual quality relevance,
timeliness,
originality,
completeness
Representational quality understandability 1,

understandability2,
conciseness

Accessibility quality navigational tools

Roubens, 1994; Triantaphyllou, 2000). To do that, through
the aggregation of the experts’ assessments the quality of al-
ternatives 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 information qual-
ity evaluations or recommendations for Web sites in order to
select the Web sites that could better meet the user informa-
tion needs, but as in a multicriteria decision context, we
compute those values according to the assessments provided
by a group of persons (Web visitors).

As is known, in multicriteria 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 informa-
tion 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 (Yager,
1988; Yager, 1996; Yager & Kacprzyk, 1997). We do the
same in our quality measurement method.

Characteristics. We have designed a measurement method
to generate linguistic recommendations as a measure of the
information quality of the Web sites that has two main
characteristics:

1. Itis a user-centered measurement method: The linguistic
recommendations on the Web sites are obtained from
individual linguistic judgments provided by the Web
visitors rather than from assessments obtained objec-
tively by means of the direct observation of the Web site
characteristics.

2. It is a majority-guided measurement method: The lin-
guistic recommendations are values representative of the
majority of individual judgments provided by the Web
visitors. The aggregation to compute the linguistic
recommendations is developed by means of two new
majority guided linguistic aggregation operators, the
MLIOWA operator and the weighted MLIOWA operator,
which additionally overcome the drawback of the classi-
cal majority guided aggregation operators to implement
the concept of majority in the aggregation processes
correctly.
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The quality measurement method. Suppose a general user
is searching for information on the Web with respect to a
specific interest topic and, at one stage, he/she finds a Web
site that may store pertinent information. He/she decides to
visit this Web site and inside, he/she finds an electronic doc-
ument (in any electronic format) that apparently meets
his/her information needs. Once the user has examined the
document stored in the Web site, he/she is invited to pro-
vide his/her individual evaluation judgments on the quality
dimensions of the evaluation scheme defined in the previ-
ous subsection. When several users have repeated this
searching process, the quality measurement method can be
applied.
Let us assume a set of content-based Web sites

{Web,,..., Web,}

that store information in documents: i.e., each Web site Web,
contains a set of documents D;. Web sites can be evaluated
according to a set of distinct areas of interest or search topics

{Ai,..., Ay}

It is important to outline that the proposed evaluation
strategy of Web sites allows one to obtain a quality evalua-
tion with respect to a given topic; this means that a visitor is
asked to evaluate qualitatively a given site by taking into ac-
count the topic to which the documents examined refer. In
this way, the same Web site can be distinctly evaluated with
respect to distinct topics.

Let

{ef,..., ey

be a set of different visitors of Web; who provided evaluation
judgments on the nine quality evaluation dimensions of the
evaluation scheme, i.e.,

{q15-5 o}

when the searched information about the search topic A,,.
As we said, the evaluation scheme is weighted, and therefore
each dimension g; is associated with a linguistic importance
degree I(q;) € S. We consider that all quality dimensions of
the evaluation scheme are important but not equally impor-
tant. We can follow the criterion to assign high importance
values to the quality dimensions related to the content of the
Web site itself (those included in the first and second cate-
gories of the evaluation scheme) and importance values
close to midterm s775 to the remaining ones. In particular, the
relevance should have a high importance.

Let {g{",..., q§"} be a set of linguistic evaluation judg-
ments (g™ € S) provided by each visitor ¢! when he/she
searched and found information relevant to the search topic
A, in the Web site Web,. Then, on the basis of the user eval-
uation judgments, a linguistic quality evaluation r}" € S is
generated on Web; with respect to the search topic .4, by

means of the application of MLIOWA operators in two
steps:

1. Individual aggregation or aggregation per quality
dimensions:

Calculate for each visitor ™ his/her individual linguistic
recommendation 7" by aggregating the evaluation judg-
ments provided by the visitor on the quality dimensions
by means of the weighted MLIOWA operator KI)’Q’ as

rit =@ U(g), g™ U(g9). g6™).

Therefore, 7™ is a linguistic measure that represents the
information quality of the Web site Web; with respect to
topic .4, according to the majority (represented by the
fuzzy linguistic quantifier Q) of important linguistic
evaluation judgments provided by the visitor e on
quality dimensions.

2. Collective aggregation or aggregation per visitors:
Calculate for all visitors their collective linguistic recom-
mendation 7™ by aggregating their respective individual
recommendations by means of the MLIOWA operator @,

rt= @y (y, ri,. . (ug rh).

In this case, 7™ is a measure that represents the informa-

tive quality of the Web site Web; with respect to topic A,,
according to the majority (represented by the fuzzy lin-
guistic quantifier Q) of linguistic evaluation judgments
provided by the majority (represented by the fuzzy lin-
guistic quantifier Q) of visitors.
We can consider that each linguistic recommendation
represents the information quality category of the Web; with
respect to the topic .4,,. When we characterize the informa-
tion quality of all Web sites {Web,,..., Web, } with respect to
a topic A,, we can establish a classification of Web sites that
can be very useful in the information search processes on the
World Wide Web.

Example

Suppose we want to measure the information quality of
a Web site Web; that has been visited by six visitors
{e}, e,,..., ¢;} when they searched information related to the
topic A| = information quality.

Assuming the set of nine labels given in the section Fuzzy
Computing with Words visitors provide linguistic evaluation
judgments on the nine quality dimensions shown in Table 2.

Then, applying the measurement method, we obtain the
linguistic recommendation on Web; as follows:

1. Individual aggregation or aggregation per quality

dimensions:

Assuming the linguistic importance degrees associated
with the information quality dimensions given in Table 3,
the linguistic quantifier Q, = most of defined by the parame-
ters (0.3, 0.8), and using the weighted MLIOWA operator
CIDIQ2 with & = 1 we obtain the individual linguistic recom-
mendations shown in Table 4.
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TABLE 2. Linguistic evaluation judgments.

14 e e3 ey es €6
7 L M H EL EH T
9 M VH EH L H T
&) VH M VH M VH EH
qa H VH VH M H VH
qs VL EH M L VH VH
96 EH T M L VH H
q7 T T M M EH EH
qs VH EH H M H EH
q9 VH VH VH M H EH
TABLE 3. Linguistic importance degrees.
1(q)
q1 EH
q2 T
q3 EH
qa VH
qs VH
96 VH
a7 H
qs L
99 L
TABLE 4. Individual linguistic recommendations.
ri r i i i ri
M VH H L VH EH
TABLE 5. Order inducing values.
1(q:) sup; ui(1(g:)
EH 6 6.5
T 3 5.5
EH 5 6
VH 5 5.5
VH 5 5.5
VH 5 5.5
H 4 4.5
L 2 25
L 2 2.5

For example, the individual linguistic recommendation
r 1 is obtained from the following expression:

rit = @ ((EH, EH), (T, H), (EH, VH), (VH, H),
(VH, VH), (VH, VH), (H, EH), (L, H), (L, H)) = VH
To develop this expression it is necessary to calculate the
order inducing values u; associated to the linguistic impor-
tance degrees /(g;). The results are shown in Table 5.

Then, the induced ordering among linguistic evaluation
judgments to be aggregated is

(618"1%‘17’6]2"14"15’616’513’511)

Consequently, the weighting vector used in the aggrega-
tion of ®y, is

= (0,0, 0.02, 0.15, 0.15, 0.15, 0.15, 0.18, 0.2)

where, for example,

2.5 {(q;)) 0
W1:Q2(9>/2Q2(u 9q >:4.14=0
6 {U(q,)) 0.72
v Q2(9>/2Q2(u 9q > T s 018

Using this weighting vector the linguistic individual rec-
ommendation r?*' = VH = s, is obtained from the ordered
linguistic evaluation judgments provided by es (see Table 6) as

and

round(5*0 +5*0+7*0.02 +5*0.15
+5%0.15+6*0.15+ 6 *0.15+ 6 *0.18

+ 7 %0.2) = round(5.92) = 6
2. Collective aggregation or aggregation per visitors:
Calculate collective linguistic recommendation 7' by ag-
gregating the linguistic individual recommendations given
in Table 4 by means of the MLIOWA operator P, , assum-
ing O, = Q,and alsoa = 1:

r = @, (uy, M), (uy, VH), (us, H), (ug, L),
(us, VH), (ug, EH)) = @, ((3, M), (4, VH), (5, H),
(2, L), (4, VH), 3, EH))

As the induced ordering on the linguistic individual
recommendations by the values u; is

i rihorgl ety rsh
then the weighting vector used in the computation of P, is
W = (0.02,0.12,0.12, 0.22,0.22, 0.3)

where, for example,

o)/ za(3)- 5 -0

5 u; 5
We = Q1<6) EQ1<6> =55~ 03

and

TABLE 6. Ordered evaluation judgments provided by es.

51 5,1 5.1 5.1 5,1 5.1 5,1 5,1 5,1
g3 99 q7 q> g4 qs 96 q3 q1

H H EH H H VH VH VH EH
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TABLE 7. Ordered individual recommendations.

Ll

1l . 1l 11 , 1
Ty r I ry s r3

L M EH VH VH H

Using this weighting vector the linguistic collective rec-
ommendation 7' = VH = s is obtained from the ordered
linguistic individual recommendations (see Table 7) as

round(3 * 0.02 + 4% 0.12 + 7% 0.12 + 6 * 0.22
+6%0.22 4+ 5%0.3) = round(5.52) = 6

Discussion

In this section we analyze some possible applications,
drawbacks, and advantages of the proposed qualitative eval-
uation methodology of content-based Web sites. We also
outline some possible improvements.

Applications

This methodology of evaluation of the information qual-
ity of content-based Web sites is useful in information search
processes on the World Wide Web when it is embedded in
the systems used to access and retrieve information: search
engines and filtering systems.

1. In search engines: The use of search engines is helpful
but usually yields too many results (links to Web sites),
most of which are loosely related to the actual interest
of the user. The choice of appropriate queries to search
engines is crucial, but in any case the user is still re-
quired to browse directly through all the suggested
pages in order to find the desired ones. In this frame-
work the application of the proposed evaluation
methodology can provide users with useful recommen-
dations on the Web sites that could guide their browsing
processes.

2. In filtering systems: The purpose of these systems is to
learn the user’s interests and provide her/him with sug-
gestions of interesting Web sites or pages without the ex-
istence of a previous user query. An important variant of
filtering systems, applied in e-commerce, are called
collaborative recommender systems (Reisnick & Varian,
1997). These collect ratings of items from many individ-
uals and make recommendations based on those ratings
to a given user. Our evaluation methodology can be em-
bedded in a collaborative recommender system to gener-
ate recommendations.

On the other hand, we have proposed this Web quality eval-
uation methodology as a way to help users to search infor-
mation on the World Wide Web: i.e., it is only user oriented.
However, if we redefine the measurement method we can
add the quality to be designer oriented. To do that, the

measurement method would be as follows:

1. Aggregation per individual quality dimension: Calculate
for each quality dimension ¢; a linguistic collective eval-
uation judgment ¢ by aggregating the evaluation judg-
ments provided by all visitors on that quality dimension
by means of the MLIOWA operator ®, as

g™ = O (W, g™, (ug g™)

c,m

Therefore, g™ is a linguistic measure that represents the
information quality of the Web site Web; with respect to
topic A, according to the majority (represented by the
fuzzy linguistic quantifier Q;) of individual linguistic
evaluation judgments provided by all visitors e by con-
sidering only the quality dimension ¢;. Therefore, this in-
formation quality value g{" can be used by a designer to
improve the elements of the Web site related to the con-
sidered quality dimension.
2. Aggregation per all quality dimensions: Calculate the
linguistic collective recommendation 7™ by aggregating
the linguistic collective evaluation judgments g{" by

means of the weighted MLIOWA operator (I)ij2

= 00,(Uq). 47" U(@). 45™))

Drawbacks and Advantages

The main drawback of the proposed evaluation method-
ology is that it is strongly dependent on the degree to which
users decide to participate by providing their opinions. The
problem with asking people for the quality dimensions is
that the cost, in terms of time and effort, of providing lin-
guistic evaluation judgments generally outweighs the re-
ward people will eventually receive. To provide evaluation
judgments requires selflessness in users because the judg-
ments provided will only help other people who are search-
ing information. How users should be compensated for of-
fering their opinions on quality dimensions is the question.
This is a common problem with other Web technologies in
which user participation is necessary, for example, recom-
mender systems (Raghavan, 2004).

On the other hand, the main advantage of our evaluation
methodology is that it is designed to facilitate user participa-
tion. Many Web quality evaluation approaches (Aladwani &
Palvia, 2002; Huizingh, 2000; Katerattanakul & Siau, 1999;
Mich, Franch, & Gaio 2003; Olsina & Rossi, 2002; Rieh,
2002) assume that user perceptions are necessary to measure
the quality of Web sites, but they do not provide enough
means to facilitate user participation and to represent and ad-
equately exploit user evaluation judgments. In our evalua-
tion methodology the user-driven evaluation scheme facili-
tates user participation; the fuzzy linguistic modeling is a
good tool to represent user evaluation judgments, and the
majority guided linguistic aggregation operators allow ade-
quate use of the user evaluation judgments in order to gener-
ate the linguistic recommendations.

Additionally, as it happens with other quality evaluation
methodologies (Aladwani & Palvia, 2002; Mich, Franch, &
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Gaio, 2003; Olsina & Rossi, 2002), our evaluation method-
ology is domain independent and can be applied to diverse
sectors, such as education, health, digital libraries, and
health.

Improvements. The proposed evaluation methodology may
be extended to include additional tools to improve the quality
of the linguistic recommendations generated. For example,
by incorporating user profiles the evaluation methodology
can easily generate personalized linguistic recommenda-
tions. As is known, the tools of Web site personalization
(Eirinaki & Vazirginannis, 2003) are being applied satisfac-
torily to improve the performance of the search engines and
filtering systems because they allow customizing of the con-
tent and structure of a Web site to the specific and individual
needs of each user. Therefore, in a similar way, we could in-
clude them in our evaluation methodology to achieve cus-
tomized linguistic recommendations.

On the other hand, in our proposal we assume that Web
visitors know perfectly the meaning of the linguistic scales
used to provide the linguistic evaluation judgments that are
expressed in English. However, this is not a realistic as-
sumption because the World Wide Web is a multilanguage
tool. Therefore, including in our methodology the possibility
of using multilanguage linguistic scales could increase the
Web user collaboration in our evaluation methodology. A
possible approach could consist of the use of multigranular
fuzzy linguistic modeling (Herrera-Viedma, Cordén, Luque,
Lépez, & Muioz, 2003) to represent the linguistic evalua-
tion judgments expressed in different languages.

Conclusions

Traditional methods aimed at controlling the quality of
published information have been overcome by Web publish-
ing, which promotes freedom of speech but not information
quality.

The analysis of the quality of content-based Web sites fo-
cusing on the quality of information that they provide has
rarely been studied. In this article, we have shown that this
problem can be addressed by using the information quality
framework defined for information systems (Huang, Lee, &
Wang, 1999; Lee, Strong, Kahn, & Wang, 2002; Strong,
Lee, & Wang, 1997; Wang & Strong, 1996).

A methodology has been presented to evaluate the infor-
mation quality of content-based Web sites by means of fuzzy
linguistic techniques. We have considered Web sites that
provide information stored in electronic documents. This
methodology is proposed to generate linguistic recommen-
dations on such Web sites that can help other users in their
future search processes. It is composed of two components,
a user-driven evaluation scheme and a user-centered mea-
surement method, to measure the information quality of Web
sites. Therefore, this methodology is user oriented because it
considers only user evaluation judgments to generate the
recommendations. Considerable use is made of fuzzy set

technology to provide the ability to describe the information
by using linguistic label in a way that is particularly user
friendly.

In the future, we propose to continue this research
approach in several directions:

1. To improve the generation of recommendations by
incorporating information on visitors that supply the
evaluation judgments of the Web site, e.g., their levels of
expertise in the search topic (specialists, knowledgeable,
inexperienced people).

2. To implement a recommender system that incorporates
the generation procedure of recommendations for struc-
tured documents (Herrera-Viedma & Peis, 2003) and that
for Web sites presented in this article.

3. To design other evaluation instruments based on fuzzy
linguistic techniques for other kinds of Web sites, e.g.,
commercial Web sites.

4. To redefine the evaluation approach of Web sites to cre-
ate a feedback mechanism that can be used by the Web
master to improve such design aspects as information
content aspects of his/her Web site by considering the
visitors’ opinions.

Acknowledgment

This work has been supported by the National Spanish
Project TIC-2003-07977.

References

Aladwani, A.M., & Palvia, P.C. (2002). Developing and validating an
instrument for measuring user perceived Web quality. Information &
Management, 39, 467-476.

Alexander, J., & Tate, M.A. (1999). Web wisdom: How to evaluate and
create Web page quality. Mahwah, NJ: Lawrence Erlbaum.

Bovee, M., Srivastava, R.J., & Mak, B. (2003). A conceptual framework
and belief-function approach to assessing overall information quality.
International Journal of Intelligent Systems, 18, 51-74.

Chae, M., Kim, J., Kim, H., & Ryu, H. (2002). Information quality for
mobile Internet services: A theoretical model with empirical validation.
Electronic Markets, 12(1), 38-46.

Dhyani, D., Keong Ng W., & Bhowmick, S.S. (2002). A survey of Web
metrics. ACM Computing Surveys, 34(4), 469-503.

Diligenti, M., Gori, M., & Maggine, M. (2004). A unified probabilistic
framework for Web page scoring systems. IEEE Transactions on Knowl-
edge and Data Engineering, 16(1), 4-16.

Eirinaki, M., & Vazirginannis, M. (2003). Web mining for Web personal-
ization. ACM Transactions on Internet Technology, 3(1), 1-27.

Fodor, J., & Roubens, M. (1994). Fuzzy preference modelling and multicri-
teria decision support. Dordrecht: Kluwer Academic.

Garfield, E. (1998). I had a dream...about uncitedness. The Scientist,
12, 10.

Gertz, M., Ozsu, M.T., Saake, G., & Sattler, K.U. (2004). Report on the
Dagstuhl Seminar “Data Quality on the Web.” Sigmod Record, 33(1),
127-132.

Gori, M., & Numerico, T. (2003). Social networks and Web minorities.
Cognitive Systems Research, 4, 355-364.

Gori, M., & Witten, 1. (2005). The bubble of Web visibility. Communica-
tions of the ACM, 48(3), 115-117.

Hamilton, D.P. (1991a). Publishing by—and for?—the numbers. Science,
250, 1331-1332.

548 JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE AND TECHNOLOGY—February 15, 2006

DOI: 10.1002/asi

85UB01 7 SUOWILLIOD BAIERID 3ol jdde auy Aq peusenob ake sl O ‘SN Jo S8|nJ 10} AIq)TaUIIUO AB]IA UO (SUORIPLOD-PUR-SWSI/W0D A8 | 1M AleIq 1 jeul [Uo//Sdy) SUORIPUOD Pue Swie 1 8y} 88S *[5202/50/yT] Uo ArigiTauliuo A8|im ‘se|junfe se sndued user aQ pepsieAlun A 8002 S8/200T OT/I0P/W00" A3 1M Ale.q 1 jpul|uo//Sdny Wouy pepeojumod *t ‘9002 ‘06822EST



Hamilton, D.P. (1991b). Research papers: Who’s uncited now? Science,
251, 25-25.

Herrera, F., & Herrera-Viedma, E. (1997). Aggregation operators for lin-
guistic weighted information. IEEE Transactions on Systems, Man, and
Cybernetics, Part A: Systems and Humans, 27, 646-656.

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

Herrera-Viedma, E. (2001a). Modeling the retrieval process for an informa-
tion retrieval system using an ordinal fuzzy linguistic approach. Journal
of the American Society for Information Science and Technology, 52(6),
460-475.

Herrera-Viedma, E. (2001b). An information retrieval model with ordinal
linguistic weighted queries based on two weighting elements. Interna-
tional Journal of Uncertainty, Fuzziness and Knowledge-Based Systems,
9(Suppl.), 77-88.

Herrera-Viedma, E., Cordén, O., Luque, M., Lépez, A.G., & Muiloz A.M.
(2003). A model of fuzzy linguistic IRS based on multi-granular linguis-
tic information. International Journal of Approximate Reasoning, 34(3),
241-264.

Herrera-Viedma, E., Martinez, L., Mata, F., & Chiclana, F. (2005). A con-
sensus support system model for group decision-making problems with
multigranular linguistic preference relations. IEEE Transactions on
Fuzzy Systems, 13(5), 644—658.

Herrera-Viedma, E., & Pasi, G. (2003). Fuzzy approaches to access infor-
mation on the Web: Recent developments and research trends. Proceed-
ings of the International Conference on Fuzzy Logic and Technology
EUSFLAT’03 (pp. 25-31).

Herrera-Viedma, E., & Peis, E. (2003). Evaluating the informative quality
of documents in SGML format from judgements by means of fuzzy
linguistic techniques based on computing with words. Information
Processing & Management, 39(2), 233-249.

Huang, K., Lee, Y.W., & Wang, R.Y. (1999). Quality information and
knowledge. Upper Saddle River, NJ: Prentice Hall.

Huizingh, E.K. (2000). The content and design of Web sites: An empirical
study. Information & Management, 37(3), 123-134.

ISO 8402. (1994). Quality management and quality assurance—
Vocabulary.

Katerattanakul, P., & Siau, K. (1999). Measuring information quality of
Web sites: Development of an instrument. Proceedings of the 20th Inter-
national Conference on Information Systems (ICIS-99) (pp. 279-285).

Kobayashi, M., & Takeda, K. (2000). Information retrieval on the Web.
ACM Computing Surveys, 32(2), 144-173.

Lawrence, S., & Giles, C.L. (1998). Searching the World Wide Web.
Science, 280(5360), 98-100.

Lawrence, S., & Giles, C.L. (1999a). Searching the Web: General and
scientific information access. IEEE Communication Magazine, 37(1),
116-122.

Lawrence, S., & Giles, C.L. (1999b). Accessibility and distribution of
information on the Web. Nature, 400, 107-109.

Lee, Y.W., Strong, D.M., Kahn, B.K., & Wang, R.Y. (2002). AIMQ: A
methodology for information quality assessment. Information &
Management, 40(2), 133-146.

Mich, L., Franch, M., & Gaio L. (2003, January—March). Evaluating and
designing Web site quality. IEEE Multimedia, 10(1), 34—43.

Miller, G.A. (1956). The magical number seven or minus two: Some limits
on our capacity of processing information. Psychological Review, 63,
81-97.

Naumann, F. (2002). Quality-driven query answering for integrated infor-
mation systems. Lectures Notes in Computer Sciences, 2261.

Olsina, L., & Rossi, G. (2002, October—December). Measuring Web appli-
cation quality with WebQEM. IEEE Multimedia, 20-29.

Pasi, G., & Yager, R.R. (2002). Modeling majority opinion in multi-agent
decision making. In Proceedings of the Ninth International Conference of
Information Processing and Management of Uncertainty in Knowledge-
Based Systems (IPMU’02) (pp. 1251-1257).

Pasi, G., & Yager, R.R. (2006). Modeling, the concept of majority opinion
in group decision making. Information Sciences, 176(4), 390—414.

Pendlebury, D.A. (1991). Science, citation, and funding. Science, 251,
1410-1411.

Raghavan, P. (2004). Social networks and the Web. Lectures Notes in
Artificial Intelligence, 3034, 1-1.

Reisnick, P., & Varian, H.R. (1997). Recommender systems. Communica-
tions of the ACM, 40, 3.

Rieh, S.Y. (2002). Judgment of information quality and cognitive authority
in the Web. Journal of the American Society for Information Science and
Technology, 53(2), 145-161.

Robbins, S.S., & Stylianou, A.C. (2003). Global corporate Web sites: An
empirical investigation of content and design. Information & Manage-
ment, 40(2), 205-212.

Standler, R.B. (n.d.). Evaluating credibility of information on the Internet.
Retrieved December 1, 2004, from http://www.rbsO.com/credible.pdf

Strong, D.M., Lee, Y.W., & Wang, R.Y. (1997). Data quality in context.
Communications of the ACM, 40(5), 103-110.

Sweetland, J.H. (2000) Reviewing the World Wide Web—theory versus
reality. Library Trends, 48(4), 748-768.

Tirri, H. (2003). Search in vain: Challenges for Internet search. IEEE
Computer, 36(1), 115-116.

Triantaphyllou, E. (2000). Muti-criteria decision making methods: A
comparative study. Norwell, MA: Kluwer Academic.

Tyburski, G. (n.d.). Get smart about Web site 1.Q. Retrieved December 1,
2004, from http://searchenginewatch.com/searchday/article.php/2159621

Wang, R.Y., & Strong, D.M. (1996). Beyond accuracy: What data quality
means to data consumers. Journal of Management Information Systems,
12(4), 5-34.

Yager, R.R. (1988). On ordered weighted averaging aggregation operators
in multicriteria decision making. IEEE Transactions on Systems, Man,
and Cybernetic, 18, 183-190.

Yager, R.R. (1996). Quantifier guided aggregations using OWA operators.
International Journal of Intelligent Systems, 11, 49-73.

Yager, R.R. (2001). The power average operator. IEEE Transactions on
Systems, Man, and Cybernetics, Part A: Systems and Humans, 31(6),
724-731.

Yager, R.R., & Filev, D. (1998). Operations for granular computing: Mixing
words and numbers. Proceedings of the IEEE World Congress on Com-
putational Intelligence. Fuzzy Systems. (Vol. 1) (pp. 123-128).

Yager, R.R., & Filev, D.P. (1999). Induced ordered weighted averaging
operators. IEEE Transactions on Systems, Man, and Cybernetics, Part B:
Cybernetics, 29, 141-150.

Yager, R.R., & Kacprzyk, J. (Eds.). (1997). The ordered weighted averaging
operators. Theory and applications. Boston: Kluwer Academic.

Zadeh, L.A. (1975). The concept of a linguistic variable and its applications to
approximate reasoning. Part I. Information Sciences, 8, 199-249; Part II.
Information Sciences, 8, 301-357; Part I11. Information Sciences, 9, 43-80.

Zadeh, L.A. (1983). A computational approach to fuzzy quantifiers in natural
languages. Computers and Mathematics with Applications, 9, 149-184.

JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE AND TECHNOLOGY—February 15, 2006 549

DOI: 10.1002/asi

85UB01 7 SUOWILLIOD BAIERID 3ol jdde auy Aq peusenob ake sl O ‘SN Jo S8|nJ 10} AIq)TaUIIUO AB]IA UO (SUORIPLOD-PUR-SWSI/W0D A8 | 1M AleIq 1 jeul [Uo//Sdy) SUORIPUOD Pue Swie 1 8y} 88S *[5202/50/yT] Uo ArigiTauliuo A8|im ‘se|junfe se sndued user aQ pepsieAlun A 8002 S8/200T OT/I0P/W00" A3 1M Ale.q 1 jpul|uo//Sdny Wouy pepeojumod *t ‘9002 ‘06822EST



