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Abstract Nowadays, the patients and physicians use the
health-related websites as an important information source
and, therefore, it is critical the quality evaluation of health-
related websites. The quality assessment of health-related
websites becomes especially relevant because their use
imply the existence of a wide range of threats which can
affect people’s health. Additionally, website quality eval-
uation can also contribute to maximize the exploitation of
invested resources by organizations in the development of
user-perceived quality websites. But there is not yet a clear
and unambiguous definition of the concept of website
quality and the debate about quality evaluation on the Web
remains open. In this paper, we present a qualitative and
user-oriented methodology for assessing quality of health-
related websites based on a 2-tuple fuzzy linguistic
approach. To identify the quality criteria set, a qualitative
research has been carried out using the focus groups
technique. The measurement method generates linguistic
quality assessments considering the visitors’ judgements
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with respect to those quality criteria. The combination of
the linguistic judgements is implemented without a loss of
information by applying a 2-tuple linguistic weighted
average operator. This methodology means an improve-
ment on quality evaluation of health websites through the
commitment to put users first.
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1 Introduction

In recent years, we have witnessed an unprecedented
growth and popularity of websites that have taken a central
role in diverse fields such as in finance, education, medi-
cine, industry and business. In the globalized world, citi-
zens have greatly increased their demand for information,
and websites are being used as an important information
platform. Some typical characteristics of the World Wide
Web, as for example its fast and uncontrollable growth, its
heterogeneity, lack of publishing control, or freshness
requirements has arisen the preoccupation on the quality of
the websites. To cope with this situation, some initiatives
aimed at assessing quality on the Web have been devel-
oped. On the other hand, since organisations throughout the
world invest time and money in order to develop and
maintain user-perceived websites, evaluating their quality
is necessary to understand whether websites comply with
user needs and expectations (Grigoroudis et al. 2008).
However, there is neither an agreed theoretical frame-
work to be taken as reference nor a methodology for the
evaluation of quality of the websites, at least not one which
had obtained a wide consensus. The different approaches
on the concept of quality show that it is a complex entity
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and non-easily identifiable, as well as the multidimensional
nature in what concerns measure and evaluation (Aladwani
and Palvia 2002; Provost et al. 2006; Yang et al. 2005).
There exist many different definitions of the term quality,
and each one with a different translation in practical terms.
It is furthermore a concept in ongoing evaluation which has
been shaping and enriching its form along time. The debate
about how to evaluate quality on the websites remains open
and we can find different approaches and models to eval-
uate it (Aladwani and Palvia 2002; Olsina and Rossi 2002;
Olsina et al. 2006; Kirakowski and Cierlik 1998; Negash
et al. 2003; Powell et al. 1998; Sellito and Burgess 2005;
Yang et al. 2005; Dhyani et al. 2002).

The majority of suggested Web evaluation models and
methodologies tend to be more objective than subjective,
quantitative rather than qualitative and do not take into
account the user perception (Dhyani et al. 2002). We
consider that any website quality evaluation methodology
should include the direct participation of the users to
evaluate the quality of websites, because the concept of
quality is typically consumer-dependent, and the consumer
must be the ultimate judge of their quality. To evaluate
websites focusing on the user-perceived quality is a diffi-
cult task that has seldom been studied, and there does not
exist a Web quality framework as a reference point
(Aladwani and Palvia 2002; Rieh 2002; Yang et al. 2005).
Furthermore, the aspects of quality to be considered and
their relative importance vary according to the application
domain and the goals to be achieved by the users. For
example, criteria, as paying easiness or security, are not
very important in a website of a government organisation
that provides information to citizens while they are spe-
cially important in an online shop website. Therefore, we
find final users who can use a given website with different
purposes: communication, information, entertainment or
commerce (Korgaonkar and Wolin 1999). In this sense,
much attention must be paid when evaluating the quality of
a website establishing a specific context of use and the final
users’ characteristics.

In the field of health, patients and their families demand
to be involved in both medical decision making and actual
care, so the Web has become an important tool for online
consumers of information and services (Eysenbach et al.
2002). Health-related websites are listed among the most
visited on the Internet and they are mainly aimed at pro-
viding information (Eysenbach et al. 1999). However,
despite that people possess a new way to access informa-
tion on health, it does not mean that they are covering their
needs. The evaluation of the quality of health-related
websites becomes especially relevant because, although it
offers a potential to improve many health-related activities,
it also implies the existence of a wide range of threats
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which can affect people’s health (Risk and Dzenowagis
2001; Childs 2005; Sellito and Burgess 2005; Provost et al.
2006).

The main objective of this paper is to present a user-
oriented quality evaluation methodology of health-related
websites. This methodology generates linguistic assess-
ments about the quality of websites that provide information
or services on a given health-related matter or some specific
clinical condition. It is qualitative and user-oriented for two
main reasons:

1. We have carried out a qualitative research with real
users to identify those criteria which characterize the
quality of health-related websites from the users’ point
of view. These quality criteria are easily understand-
able by visitors and reflect their quality perspective.

2. To generate the linguistic quality assessments of
health-related websites, our proposed method uses
the linguistic judgements provided by the users after
visiting the websites.

The methodology is made of two elements: a set of
user-oriented quality criteria and dimensions that will be
considered to assess the quality of the health websites; and a
computational method for determining the global linguistic
quality assessment of a website from the linguistic indi-
vidual judgements made by users on the quality criteria
applied to that website. To generate the global linguistic
quality assessment, we consider different linguistic impor-
tant degrees associated with the different visitor categories,
quality criteria, and quality dimensions. Therefore, we need
to carry out aggregations of weighted linguistic informa-
tion. We use a 2-tuple fuzzy linguistic approach (Herrera
and Martinez 2000) to represent and manage the linguistic
information (importance degrees, judgements and quality
assessments). This study was conducted with the partici-
pation of a representative sample of two specific classes of
users that access regularly health-related websites: general
visitors (chronic patients that do regular searches of web-
sites) and expert visitors (doctors with a high level of
knowledge in their medical fields). With this methodology,
we increase the user participation in the quality evaluation
process of websites with respect to other user-based
approaches (Aladwani and Palvia 2002; Herrera-Viedma
et al. 2006; Herrera-Viedma and Peis 2003; Rieh 2002;
Yang et al. 2005), because it is based on the linguistic
evaluation judgements provided by the users, but further-
more, the set of considered quality criteria is obtained from
the real users’ needs and expectations.

The paper is organized as follows. In the next section,
we introduce the preliminaries. Section 3 defines the
health-related website quality evaluation methodology.
And finally, Sect. 4 shows the concluding remarks.
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2 Preliminaries

In this section, we analyze the evaluation problem of
health-related websites and the basis of the 2-tuple fuzzy
linguistic approach.

2.1 Background on quality evaluation of health-related
websites

Changes in society have created a growing, seemingly
limitless demand for more access to medical information
on which to base health decisions (Sieving 1999):

1. The increase in number and proportion of the older
population, which is the heaviest user of the medical
system.

2. The continuing increase in general educational levels
attained and literacy rates. This creates an increase in
the general ability of the population to read and act on
information, an increased confidence in doing so, and
increased sophistication in evaluating the information
and using it to make decisions about medical care.

3. Increased comfort in dealing with new technologies,
particularly those that are computer-based. Changes in
technology enabling consumers of medical informa-
tion to demand and use the information.

The Web, the largest repository of information, is more
widely available at a time when greater initiative and
participation are expected by consumers (Stavri et al.
2003). In this sense, the Web has become an important
source for patients to gain access to health information and
on-line services. A survey from the Pew Internet and
American Life Project found that 86% of adult internet
users had searched for health information (Fox and Rainie
2003), and between 36 and 55% of Internet users access
online health information (Breckons et al. 2008).

But we can find very varied sources of information on
the Web, from personal web pages to patients’ association,
private organizations, pharmaceutical industry, public
institutions or scientific communities (Childs 2004). This
situation has arisen a general concern on the quality of
health information on the World Wide Web (Childs 2005;
Risk and Dzenowagis 2001; Sellito and Burgess 2005;
Provost et al. 2006). However, the scale of the problem and
the epidemiology (distribution and determinants) of poor
health information on the Web are still unclear, as is their
impact on public health and the question of whether
poor health information on the Web is a problem at all
(Eysenbach et al. 2002; Coiera 1998). Some researches
have been published describing, evaluating and analysing
the quality on health-related websites, mainly focused on
content quality. These studies tend to take as objective the
evaluation or assessment of the quality of those websites

which provide information about a given health-related
matter or about some specific clinical condition, for
instance, cancer (Eysenbach 2003; Meric et al. 2002;
Berland et al. 2001), depressions (Lissman and Boehnlein
2001; Christensen and Griffiths 2000; Griffiths and
Christensen 2000), or gynaecology (Diering and Palmer
2001; Galimberti and Jain 2000).

On the other hand, others researches published
regarding health matters tend mainly to describe the sit-
uation of information quality on the Internet. For this
purpose they make use of a wide variety of evaluation
strategies. These works can be classified into two big
different groups:

1. Studies which base website quality evaluation on a
particular group of criteria (Eysenbach et al. 2002;
Meric et al. 2002; Kim et al. 1999; Berland et al.
2001; Provost et al. 2006). This group includes the
most part of the studies published so far. They are
based on the selection of a group of quality criteria,
mainly referred to the way the information is pre-
sented, that is, to the reliability of the websites as
potential vehicles of health messages rather than to the
content of the messages themselves. The majority of
these criteria have been elaborated aimed at being
applicable to the evaluation of any health-related
website, regardless of the type of information con-
tained. In general, research concludes that few web-
sites fulfil the quality criteria, an also that the most
popular sites offer extremely variable information
(Eysenbach et al. 2002; Bedell et al. 2004).

2. Studies which deal with quality evaluation through a
detailed analysis of the information content provided
by websites (Cooke and Gray 2002; Li et al. 2001;
Pandolfini et al. 2000; Impicciatore et al. 1997). This
strategy to evaluate information quality is related to
value the accuracy, exhaustivity and completion of the
contents which provide the website using the best
evidence available. These studies normally carry out
the content evaluation by means of comparing medical
protocols and based on experts’ opinion. Impicciatore
etal. (1997) were among the first to assess the
reliability of Web page information by comparing it
against a gold standard. Others have followed this
approach, but in each case, they have been able to
focus on specific pieces of information or advice that
have an available gold standard. For example,
Pandolfini et. al. (2000) compared information on the
management of cough in children against a gold
standard. These studies present certain limitations:
time-cost, expert and source availability, and it is not a
feasible option in websites that present information
on a broader range of topics (Craigie et al. 2002).
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Furthermore, most of them do not provide details
about how or which sources have been used to contrast
the contents (Eysenbach et al. 2002).

We should point out that in the increasingly competitive
world of managed care, an effective Web presence is not a
trivial matter (Sieving 1999). Different organizations are
investing time and money in creating and maintaining
sophisticated user perceived quality health websites to
attract and retain consumers. These providers need to check
the quality of what they are presenting, and users of their
websites would give them the most important information.
Quality assessment can significantly contribute to develop
websites that serve users’ need and meet the user expec-
tations to the maximum possible extent (Grigoroudis et al.
2008). In order to achieve high-quality websites, designers
have to first understand the different quality dimensions
that affect users’ expectations, and then relate these quality
characteristics to specific design features (Zhang and von
Dran 2001). For this reason, quality evaluation of health
website has evolved as an important activity and several
research efforts have been carried out.

In 1996, the earliest initiatives aimed at controlling the
health-related information contained in the Internet were
oriented to deal with those ethical aspects through behav-
iour codes. Nowadays, there is a wide variety of initiatives
and tools that have tackled the issue of assessing and
controlling the quality of health information on the Internet
(Risk and Dzenowagis 2001; Kim et al. 1999), most of
them designed through an ad hoc model approach and
guided by quality criteria. These initiatives use different
types of quality assessment schemes, and could be cate-
gorised as follows, though there are overlaps between these
different categories (Childs 2005): Principles/codes of
conduct (AMA Guidelines, HONCode; Checklist/ scoring
instrument (DISCERN Netscoring); Quality label/ seal/
trustmark (HONCode TRUSTe, URAC); Third part
accreditation (EU Quality Criteria, MedCERTAIN/ Med-
CIRCLE, TNO QMIC, TRUSTe); Metadata, electronically
readable (MedCERTAIN/ MedCIRCLE); Gateway/ quality
filter (Canadian Health Network, MedlinePlus, NHS Direct
On-Line, OMNI, TNO QMIC).

Although some researches have proposed the develop-
ment of automatic evaluation tools, so as to avoid the
user’s participation in the evaluation process (Ivory 2003),
according to other authors (Childs 2004; Marshall and
Willians 2006; Bernhardt and Felter 2004; Quintana et al.
2001), the users’ participation is necessary as they are the
end recipients of the websites’ information and services.
For this reason, one of the most important aspects to be
considered by the quality evaluation tools is the users’
point of view, both regarding the identification of the
characteristics to be evaluated and also the freedom to let
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them judge directly the website quality. Considering that
the user’s experience summarises the global perception
during a website visit, the development of website evalu-
ation models based on perceived quality and user satis-
faction is highly desirable.

2.2 The 2-tuple fuzzy linguistic approach

Many problems in the real world cannot be assessed pre-
cisely in a quantitative form, but it may be done in a qual-
itative one. In that case a better approach may be to use
linguistic assessments instead of numerical values. The
fuzzy linguistic approach is an approximate technique,
which represents qualitative aspects as linguistic values by
means of linguistic variables, that is, variables whose values
are not numbers but words or sentences in a natural or
artificial language (Zadeh 1975). This approach has been
applied successfully to different areas as politics (Arfi
2005), decision-making (Herrera and Herrera-Viedma
2000), information retrieval (Herrera-Viedma 2001), infor-
mation quality on the Web (Herrera-Viedma et al. 2006;
Herrera-Viedma and Peis 2003), etc. The use of this fuzzy
linguistic tool facilitates the user participation and it is a
way to endow the evaluation process with flexibility and
precision.

The 2-tuple fuzzy linguistic approach (Herrera and
Martinez 2000) is a continuous model of representation of
linguistic information that allows to reduce the loss of
information typical of other fuzzy linguistic approaches
(classical and ordinal (Herrera et al. 1996; Zadeh 1975)).

Let S = {so,...,5,} be a linguistic term set with odd
cardinality, where the mid term represents a indifference
value and the rest of the terms are symmetrically related to it.
We assume that the semantics of labels is given by means of
triangular membership functions, represented by a 3-tuple
(a,b,c), and consider all terms distributed on a scale on
which a total order is defined, s; <s; <= i <j. An example
of linguistic term set may be {P=(0.83,1,1),VH=
(0.67,0.83,1),H=(0.5,0.67,0.83),M =(0.33,0.5,0.67), L=
(0.17,0.33,0.5),VL=(0,0.17,0.33),N= (0,0,0.17)}, which
is graphically shown in Fig. 1:

In this fuzzy linguistic context, if a symbolic method
(Herrera et al. 1996; Herrera and Herrera-Viedma 1997)
aggregating linguistic information obtains a value f €
[0,g], and S ¢&{0,1,2,...,g}, then an approximation
function is used to express the result in S, called A :

A:[0,g] — S x[-0.5,0.5)
Si i = round(f3)
o = ﬂ —i o € [—05,05)

In such a way, f is represented by means of a 2-tuple
(si,0),8; € S and o; € [—0.5,0.5), where s; represents the

s = {
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0 0.17 0.33 0.5 0.67 0.83 1

Fig. 1 A set of seven terms with its semantics

linguistic label of the information, and «; is a numerical
value expressing the value of the symbolic translation from
the original result  to the closest index label, i, in the
linguistic term set (s; € S). On the other hand, as it is
shown in Herrera and Martinez (2000), there is always a
function A™', such that, from a linguistic 2-tuple (s;, o;) it
returns its equivalent numerical value ff € [0,g] C R, i.e.,
A~'(si,o) = i + 0. It is obvious that the conversion of a
linguistic term s; into a linguistic 2-tuple consists in adding
a value 0 as symbolic translation: (s;0).

The 2-tuple linguistic computational model is defined by
presenting a negation operator, comparison of 2-tuples and
aggregation operators (Herrera and Martinez 2000):

1. A 2-tuple negation operator:
Neg((si,2)) = A(g — (A~ (s1,)))

2. A 2-tuple comparison operator
Let (sg,0q) and (s, 0,) be two 2-tuples. Then

e if k<l then (s, o) is smaller than (s, o)
e if k =1 then

1. if ay = oy then (sg, o), (s7,0) represents the
same information

2. if oy <oy then (sg, o) is smaller than (s;, o)

3. if oy > oy then (sg, o) is bigger than (sy, o)

3. Aggregation of 2-tuples

The aggregation of information consists of obtaining a
value that summarizes a set of values; therefore, the
result of the aggregation of a set of 2-tuples must be a
2-tuple. Using the functions A and A~ that transform
numerical values into 2-tuples and viceversa without
loss of information, we can extend many of the
classical aggregation operators defined in other con-
texts, as for example the following ones:

e Arithmetic mean
The arithmetic mean is a classical aggregation
operator. Its equivalent operator, for linguistic
2-tuples, is defined as
Definition 1 Let x = {(r1, 1), ..., (rn, o,)} be a set
of 2-tuples, the 2-tuple arithmetic mean Xx° is
computed as,

X = A(Z;%Al(n, di)) = A(%Z;[i)

Weighted average operator

The weighted average allows different values x;
have a different importance in the nature of the
variable x. To do so, each value x; has a weight
associated, w;, indicating its importance in the
nature of the variable. The equivalent operator for
linguistic 2-tuples is defined as

Definition 2 Let x = {(r, 1), ..., (r,, 0,) } be a set

of 2-tuples and W ={wy,...,w,} be their
associated weights. The 2-tuple weighted average
X" is

n =1 0N . n n
v (ZE ) A (S
Do Wi i=1 i=1

e Linguistic weighted average operator
This operator is an extension of the X" introduced
in Definition 2; in this case the weights are
expressed by means of linguistic values Herrera
and Herrera-Viedma (1997)
Definition 3 Let x = {(ry,0y),...,(r,,0,)} be a set
of 2-tuples and W ={(wi,a}),...,(w,, )} be
their associated weights represented in a 2-tuple
linguistic representation model. The 2-tuple
linguistic weighted average X" is

x;v([(rlv OC1)7 (W17 O“f})] : '[(rm O‘n)7 (Wm “3)])
Zf:l ﬁi i ﬁWi
27:1 ﬁWi ’

with f§;, = Afl((r,',oci)) and By, = Afl(wi,a;“)).

=A

3 A quality evaluation methodology for health-related
websites

In this section, we present a methodology to assess quality
of websites that provide information or services about a
given health-related matter or about some specific clinical
condition. The goal of this methodology is to allow a rel-
atively easy assessment of website quality from the users’
perspective, that will be helpful to visitors in their search
process and website owners in the development of their
websites.

There are two different parts on this evaluation
methodology:

¢ On the one hand, we establish the set of quality criteria
and dimensions that will be considered from the users’
perspective to assess health websites. The participation
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of the users is necessary to identify those criteria which
better characterize the website quality according to the
users.

e On the other hand, we propose a computational method
for determining the linguistic quality assessment of a
website which is based on 2-tuple linguistic weighted
aggregation operators.

3.1 Quality criteria and dimensions for evaluating
health-related websites

Given the great number of different definitions and shades
existing in what concerns the concept of quality we must
establish a referential framework for its evaluation. The
variables, factors, criteria or dimensions which are mea-
surable to characterize the different levels of quality are a
direct consequence of the specific operational conceptual-
ization that we adopt.

Websites must fulfil the end-user needs and expectations
and these needs and expectations may differ from the
developers’ and providers’ perception. To assess the
quality of websites under the end users’ perspective, we
must know the most important aspects of the websites
assessed by them. In order to investigate on the most rel-
evant quality aspects of the websites from the users’ point
of view, a qualitative research has been carried out using
the focus groups technique (Morgan 1997; Stewart and
Shamdasani 1990). As a result of this research, we have
obtained a user-driven quality criteria framework com-
posed of 30 criteria and grouped in five dimensions.

3.1.1 Qualitative research design through technique
of focus groups

Focus groups is a qualitative research technique based on
group discussions to obtain in-depth information on a
specific topic of interest. Qualitative research through the
focus groups technique will be helpful to find out which
range of needs and expectations the users have. People
involved in these groups are encouraged to talk to one
another, exchanging anecdotes, experiences and points of
view (Kitzinger 1994). The participants become an active
part of the process of analysis and they may actually
develop particular perspectives as a consequence of talking
with other people who have similar experiences (Kitzinger
1995).

In order to carry out a focus group study, certain
decisions must be made on certain questions like sampling
and group composition, participant recruitment and data
analysis (Krueger 1997; Morgan 1997; Stewart and
Shamdasani 1990). We choose adequate participants for
our research. We work with a representative sample of
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two specific classes of users that periodically access
health-related websites: general visitors and expert
visitors.

1. General visitors These are non-expert users who have
any specific interest on a health-related issue. We will
focus on the chronic patient visitor because this sort of
general user shows the characteristics appropriate to
our research objectives. Due to the chronic nature of
the illness they suffer, they do regular searches about
new treatments, nutritional advises and alternative
therapies. They become, therefore, regular users of
websites which provide information about their spe-
cific illness. As well, they accumulate enough expe-
rience about those websites.

2. Expert visitors Within the expert visitors we will focus
on medical personnel as consumers of online health
information. This group possesses a high level of
information and uses health-related websites to widen
its subject knowledge area.

We choose 23 participants to develop our experience in
a hospital of Murcia country. They were 19 men and 4
women in of age 31-68 years. Among them we had 13 real
patients and 10 doctors. We developed four sessions of
focus groups with four groups of people, respectively.
After development of meetings, a full transcription of the
group discussions was written down verbatim and we
analysed the data obtained in the sessions. The most
complex level of analysis was the interpretation of the
findings. It meant an explanation of the data and an anal-
ysis of the content of the opinions gathered to comprehend
all those aspects that the participants stated.

Once the process of analysis was finished, we identified
a list of 30 criteria grouped into five dimensions. These
criteria and dimensions for assessing the quality of health-
related websites are presented in the following subsection.

3.1.2 Quality criteria and dimensions

The exploration carried out through the focus groups
technique allows us to choose a sample of those possible
factors, particularly those most relevant for the population
under study. We should point out that the results of this
study indicate that there is a high degree of coincidence on
those valuation elements expressed by both types of par-
ticipants, doctors and chronic patients. In this sense, we
could establish a unique group of dimensions and criteria
for evaluating the quality of health-related websites by both
types of users.

According to the qualitative research results we define
the following five quality dimensions together with their
quality criteria:
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D, : Credibility This dimension is related with those
aspects that offer reasonable grounds for being believed,
allowing users to assess the credibility degree of a
website. It is the dimension which contains more quality
criteria that are associated with the website owners (the
identification of the institution or organization), spon-
sorship (disclosure of sponsorship and the nature of the
support provided), objectives (website objectives must
be specified), and advertising (advertising and informa-
tion contents must be differentiated), etc. The quality
criteria of this dimension are the following:

Cy: It must be possible to identify the website owner.

C,: Website origin place must be displayed.

C3: Owner’s contact address must be shown.

C4: Website objective must be specified.

Cs5: Specified aims must be satisfied.

Cs: The website audience must be specified.

C7: Website sponsors and investors must be disclosed.

Cg: Interest conflict declaration must be shown.

Cy: Advertising and contents must be differentiated.

Cio: Advertising should not be contradictory with
respect of the website contents.

Cy;: Updating date must appear.

Ci,: A declaration of personal data protection must be
shown.

D,: Content This dimension is composed of those
criteria related to health information contents provided
by websites. Accuracy of information is the most
obvious criterion for quality of content, and users have
the right to expect that websites will provide accurate
information. We assess accuracy of website content by
considering what visitors think about the information
that the website provides. Other criteria belonging to this
dimension are the following: authorship (requires to
disclose the information authors), bibliography (litera-
ture used to gather information content), date (the last
update of content posting), etc. Particularly, in this
dimension, we have obtained the following quality
criteria:

C3: Personal evaluation of website content.

Ci4: It should be possible to identify authors’ names
of the website documents.

C\s: Publication date must appear in the documents.

C\6: Bibliography must appear in the documents.

Cy7: The language must be understandable.

Ds: Usability This dimension refers to the functionality
for improving ease-of-use during the users’ visit. The
user analyzes this dimension by taking into account
criteria mainly related to website design (logical orga-
nization of elements in such a way that visitors easily
understand how to use the website) and website

navigation mechanism (navigation tools provided by
the website necessary to reach the specific information).
We evaluate this dimension by means of the following
quality criteria:

Cig: The design and organization of a website must be
user-friendly.

Ci9: Website should have options for moving freely
along its structure.

Cyo: Website should not have browsing problems.

C,;: The website surfing speed must be high.

Cy: Website should not include pop-up advertising.

Cy3: Website should present a versatile and user-
friendly search engine.

C»4: Downloading should be user-friendly.

Dy: External links This dimension is related to connec-
tions from a website to other external sites, forming a
web-like structure of information between websites. This
category should be assessed by whether the website
provides information about the linked source and alerts
when visitors move to an external website.

Cys: External links should show a full description of
the linked website.

Cye: External links must be distinguished from those
that are not

Ds: Interactivity services This dimension refers to the
interactive services provided by the website, as for
example, web forums or online question services. Then,
we identify the following quality criteria in this
dimension:

Cyp: If website has a question service.

Cog: If the website has a forum it should be possible to
identify the administrator.

Cy9: If the website has a forum the access should be
identified.

Csp: Availability of tools for self-diagnosis.

These quality dimensions presented do not play the
same role to measure the quality of a website, i.e., some
dimensions should be more important than others for
assessing the global quality of a website. For example, user
opinions on the credibility dimension would be more
important than on the dimension of external links.

3.2 Computational method to obtain quality
assessments

In this section, we present a computational method to
generate global linguistic assessment on the quality of
health websites from the linguistic individual judgements
provided by different visitors E = {ej, e,...,e,} accord-
ing to the quality criteria and dimensions showed
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previously. It is based on the 2-tuple fuzzy linguistic
approach (Herrera and Martinez 2000). We should point
out that the use of the 2-tuple fuzzy linguistic approach in
our evaluation methodology provides a well-founded
mathematical framework to represent and deal directly
with linguistic information. In such a way, we can generate
linguistic quality assessments from linguistic judgements
provided by visitors without loss of information. This is an
important limitation in other Web quality evaluation
methodologies (Aladwani and Palvia 2002; Huizingh 2000;
Katerattanakul and Siau 1999) that also use in some cases
labels to represent assessments, because they lack aggre-
gation operators of linguistic information to generate the
global quality values.

As aforementioned, we consider two categories of vis-
itors of a health-related website: general visitors and expert
visitors, and both with different importance degrees, which
are assessed on a linguistic term set S, i.e., I} € S and
I, € S, respectively. When a visitor ¢; € E finishes his/her
visit to a website Web, which provided him/her some
information about a specific health-related topic, he/she is
invited to complete a quality evaluation questionnaire as
per the quality criteria, and therefore, this questionnaire
contains 30 questions {qi,42,-..,93}. The concept
embedded in each question is also rated on a linguistic term
set S, i.e., visitor provides linguistic judgements assessed
on S.

On the other hand, we consider that the quality criteria
do not play the same role and some criteria should be more
influential than others to measure the quality dimension to
which they belong. Similarly, as aforementioned, some
quality dimensions are more important than others to
measure the global quality of a website. Therefore, a set of
relative linguistic importance degrees is assigned to the set
of quality criteria and group of dimensions, i.e.,

{I(Cl), .. .,](C30)},](Cv) SIS
(1(Dy), .. .I(DS)},1(D,) € .

The particular linguistic importance degrees associated
with each visitor category, quality criterion or quality
dimension could be determined and established by the
system administrator or an external expert. Another
possible way of obtaining these linguistic importance
degrees would be the design and application of a previous
user questionnaire to assess this aspect.

The linguistic global quality assessments are obtained
by aggregating the linguistic evaluation judgements by
means of aggregation operators of weighted linguistic
information, considering the different importance degrees
with respect to visitors category, quality criteria and
dimensions. In particular, the computational method is
based on the application of the 2-tuple linguistic weighted

@ Springer

average operator presented in Definition 3. The computa-
tion method generates the global linguistic quality assess-
ment for a website Web, in three steps:

Step 1:  Aggregation per quality criteria. In this step we
calculate the linguistic quality assessment for each criterion
C, by aggregating all the judgements provided by website
visitors on that criterion. Let {q}’,...,¢5} be a set of
linguistic evaluation judgements (qj" € S) provided the
visitor ¢; € E after to visit the website Web,. Then, the
linguistic quality assessment of the website Web, according
to the criterion C,, called Q) € § x [—.5,.5), is obtained
using the 2-tuple linguistic aggregation operator X;” applied
on the set of 2-tuple linguistic evaluation judgements
provided by all visitors {(g!7,0),..., (g™, 0)}:

0, =% ([(,",0), (I(er),0)], ..., [(¢, 0), (I(em), 0)]),

where (I(e;),0) € {(11,0),(,0)} are the
importance degrees associated with each visitor.

linguistic

Step 2:  Aggregation per quality dimension. In this step
we calculate the linguistic quality assessment for each
dimension D; by aggregating the respective linguistic
quality assessments obtained in step 1 for each one of its
criteria. Once the linguistic quality assessments for the 30
quality criteria have been calculated {Q},..., 05}, 0} €
S x [—.5,.5) on website Web,, we calculate the linguistic
quality assessment of the website Web, according to the
dimension Dy, called Q) € § x [-.5,.5), by aggregating
the linguistic quality assessments obtained for each one of
its criteria (see Table 1) using again the operator X’ :

Q;l :X;vq ;7(1(Cr)70)]7[ ;+l7(1(cr+1)70)]7"'7
(Q,, (1(C,),0)])

where {C,,C,;1,...,C,} are the set of quality criteria
grouped in dimension D, and {({(C,),0), (I(Cr41),0),
. (I(Cp),0)} their linguistic importance degrees,
respectively.

Step 3: Aggregation per website. In this step, we calcu-
late the global linguistic quality assessment of a website by
aggregating the linguistic quality assessments for each
dimension obtained in the step 2. Let {Q},..., 0%}, 0} €
S x [—.5,.5) the linguistic quality assessments obtained in
step 2 on the website Web,. Then, using the 2-tuple lin-
guistic weighted average operator, X}’, we obtain the global
linguistic quality assessment Q' € § x [—.5,.5) as follows:

o :xy([ t]a (I(D1)70)]7 B [Qt57 (I(DS)aO)])

If we had a set of websites {Weby, ..., Webr} which offer
information with respect to an specific health-related topic,
with our methodology we could establish a classification of
these websites which could be very useful for users in their
information search processes on the World Wide Web.
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Table 1 Quality criteria grouped by dimensions

Quality dimensions  Quality criteria

Credibility C1,C,,C3,Cy4,Cs,Cg, Cq,Cs, Co, Cyg, C11,Cr2
Content Ci3,Cu, Ci5,Ci6, Ci7
Usability Cis, Ci9, Ca0, Co1, C2, Co3, Cos

External links Cas,Cas

Interactive services Cy7, Cag, Co9, C3p

4 Concluding remarks

There exists a need for assessing the variable quality
among websites in the health field. Furthermore, it is
necessary to understand whether websites comply with
users’ needs and expectations and by this reason the user-
perceived quality measurement of health-related websites
becomes especially relevant given their potential implica-
tions on public health. Although many initiatives for
evaluating the quality of health websites have been
developed, there exist a few initiatives that deal appropri-
ately with the user participation in the quality evaluation
methodology.

In this paper, we have presented a user-oriented meth-
odology for evaluating the quality of health-related websites
that improves the user participation in the quality evaluation
process mainly because the set of considered quality criteria
is obtained directly from real users through of a qualitative
research tool as the technique of focus groups (Kitzinger
1994, 1995). This is an important and differential aspect
because in other user-based approaches (Aladwani and
Palvia 2002; Herrera- Viedma et al. 2006; Herrera-Viedma
and Peis 2003; Rieh 2002; Yang et al. 2005) we find that the
considered quality criteria are established by the experts
using their experience or user-oriented quality evaluation
models defined for other frameworks.

We should point out that some limitations of our website
quality evaluation methodology are precisely related to the
user participation, i.e., it is a user-dependent methodology.
Consequently:

1. As it happens in (Herrera-Viedma et al. 2006; Herrera-
Viedma and Peis 2003) the quality of websites can
only be evaluated if user perceptions can be gathered,
which normally is not an easy task.

2. Furthermore, in our case, we need the user participation
to identify the quality criteria to be considered in the
quality evaluation process of health websites, and this
presents to main problems: (a) Any user cannot
participate in the sessions of focus groups; we require
users familiarized with the use of new technologies and
the Web; (b) The organization of the sessions of focus
groups requires that users spend more time to interact
with the chosen health websites and provide their

preferences and opinions about the aspects of visited
websites.

On the other hand, our website quality evaluation
methodology shows some benefits:

1. It can be easily adapted to different health-related
websites, and also, to different domains, as for
example education.

2. Users that participate in our methodology see easily
rewarded their effort with a better knowledge on the
websites that provide information on their health. This
increases the user motivation and allows to extend our
methodology in many different health frameworks.

3. It uses fuzzy linguistic techniques to model user-
evaluation judgements and the quality ratings and, in
such a way, the subjectivity typical of user-system
interactions can be managed efficiently and in a
linguistic way which is closer to the humans. Addi-
tionally, the 2-tuple fuzzy linguistic approach provides
us additional advantages, as for example, the combi-
nation of linguistic information without loss of
information.

4. It allows to introduce in the computation process of
linguistic quality assessments important differences
among user judgements, quality criteria and quality
dimensions.

Finally, we should point out that with this methodology,
the evaluation possibilities on the Web are increased, and
its application means an improvement in the quality
assessment of health-related websites that could be helpful
to patients, health care professionals, web developers and
website owners. This methodology is proposed to generate
linguistic recommendations on such websites that can help
other users in their future search processes, discriminating
among websites by means of their quality ratings. When a
user requires health information on the Web, to know about
the quality of the health websites could be of interest to the
users to make their choice. On the other hand, the website
owners could find the quality assessments very helpful to
develop and enhance their websites, thus maximising the
exploitation of invested resources.
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