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a b s t r a c t
Academic digital libraries are getting more beneﬁt from the Web possibilities to help with
teaching, learning and research activities. Because of it, more and more people use the services
that they offer. Therefore, it is very important that the academic digital libraries provide a good
service in order to satisfy the users’ expectations. The aim of this paper is to present a decision
support system assisting the staff of the academic digital libraries to make decisions in order
to meet the users’ needs and, in such a way, to increase the number of users utilizing them.
To do so, the decision support system is composed of several decision rules which generate
recommendations according to both objective and subjective criteria to improve the quality
of the services offered by the academic digital libraries.
© 2015 Elsevier Inc. All rights reserved.

1. Introduction
The arrival of the World Wide Web has enabled the proliferation of new sources of content and information. In 2008, Web 2.0
technologies made possible user-contributed content to directly compete, in scale and popularity, with the traditional “content”
industries such as newspapers, magazines, TV, video, books, and so on [1].
One of these new sources of information is the academic digital library [2,3], which plays an important role in bridging
students, academicians and researchers’ needs of information [4]. Whereas the library used to be an obvious ﬁrst port of call
when seeking information, several studies reveal that this is no longer the case. For instance, a study undertaken by the Pew
Internet and American Life Project in 2007 found that almost 60% of respondents would consult the Internet, while just over 10%
would consult the public library [1,5].
Academic digital libraries can integrate research resources and enable users to search for speciﬁc information in virtual space
[6]. On the one hand, several sources of information as, for example, electronic bulletin boards, online databases, and local
magnetic or optical databases, are available only in electronic form [7]. On the other hand, academic digital libraries can support
intellectual and academic endeavors not only for information seeking but also for researching, exploring and growing their
knowledge by adapting the information systems and human–computer–interaction technologies [4].
∗
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As a result of the popularity of the academic digital libraries, there are many people whose expectations and demands are
increasing for better quality and functionality of the services offered by the academic digital libraries. Consequently, a major
challenge faced by academic institutions is how to measure the performance of their digital libraries in the context of users’
perspectives and how far their digital libraries satisfy the users’ needs.
Measures related to richness of resources have tended to be used to evaluate the quality of academic digital libraries. Traditional measures such as the number of journal subscriptions, number of volumes owned, size of budget, number of patrons
served, and so on, have been used in the quality evaluation of academic digital libraries [8]. However, measures based solely in
terms of number of resources have become outdated. Since an academic digital library, and any other type of digital library as
well, is designed to be used for people, its performance should be evaluated with a new approach considering users’ needs. That
is, the quality of academic digital libraries must be evaluated by their users.
Several quality evaluation methods of digital libraries based on users’ perceptions have been proposed in the literature [9–11].
These methods provide the performance that the users perceive on the services offered by the academic digital libraries, but not
give any advice or suggestion to improve them. However, it is important not only to obtain the quality level of the services offered
by the academic digital library but also providing some recommendations in order to improve them and, in such a way, to fulﬁll
the users’ expectations. Academic digital libraries are designed to support users and if they do not meet the users’ expectations,
they fall into oblivion and terminate their operation [10].
The objective of this paper is to present a decision support system (DSS) to develop a quality management in academic digital
libraries. It supports the staff to make decisions with the aim of improving the quality of the services offered by the academic
digital library. To do so, the DSS takes into account several subjective criteria which are related to users’ judgments. However,
although it is essential to consider the users’ opinions in the quality evaluation of academic digital libraries, it does not mean that
all traditional quantitative criteria have to be excluded. Hence, the DSS also incorporates some objective criteria which are related
to the quantitative data of the academic digital library. According to the subjective and objective criteria, the DSS provides some
recommendations to improve the service and functionality of the services provided by the academic digital libraries in order
to increase the number of users accessing to the academic digital library and the number of queries that they execute. The
DSS is based on a set of decision rules that are activated depending on the values of the objective and subjective criteria. The
values of the objective criteria are obtained from the data supplied by the academic digital library, whereas to obtain the values
of the subjective criteria, an approach following the quality evaluation model based on fuzzy linguistic information presented
in [12] along with the LibQUAL+ methodology [13,14] is used. The main innovation of the paper is to present the ﬁrst DSS to
develop a quality management in academic digital libraries which incorporates quality qualitative and quantitative criteria and
recommendation rules to help the staff to make decisions.
The paper is set out as follows. In Section 2, we introduce the theoretical bases of our DSS, i.e., the fuzzy linguistic approach for
computing with words and the LibQUAL+ methodology. Section 3 describes the DSS proposed in this contribution. To illustrate
the application of this DSS, three Spanish academic digital libraries are evaluated in Section 4. Finally, we offer some concluding
remarks and future work in Section 5.
2. Preliminaries
The theoretical bases of the DSS rely on the tools outlined in this section. Firstly, we introduce the ordinal fuzzy linguistic
approach for computing with words. Secondly, we describe the LibQUAL+ methodology.
2.1. A fuzzy linguistic approach for computing with words
There exist many problems where the information cannot be assessed precisely in a quantitative form but it may be done in
a qualitative one, and therefore the use of a linguistic approach is necessary [15].
The fuzzy linguistic approach is a suitable technique to deal with fuzzy and qualitative aspects of problems. Here, the information is modeled by means of linguistic terms supported by linguistic variables [16–18], which are deﬁned via a syntactic rule
and a semantic rule, and whose values are not numbers but sentences or words in a natural language.
The fuzzy linguistic approach is less precise than the numerical one, but it presents the following advantages: (i) the linguistic
description is with ease understood by human beings even when the context is changing or the concepts are abstract, and (ii)
it decreases the effects of noise since, as it is known, the more reﬁned the assessment scale is, the more sensitive to noise it
becomes (linguistic scales are less reﬁned than numerical scales and consequently they are less sensitive to error apparition and
propagation).
Among the different linguistic approaches existing in the literature [15], the ordinal fuzzy linguistic approach is very useful
because it facilitates the fuzzy linguistic modeling very much as it simpliﬁes the deﬁnition of the semantic and syntactic rules.
The ordinal fuzzy linguistic approach [19,20] is deﬁned by considering a ﬁnite and totally ordered linguistic term set S = {si },
i ∈ {0, . . . , g}, where si < sj holds if and only if i < j. Usually, the set is composed of an odd number of linguistic terms,
seven or nine, representing the mid-term an assessment of “approximately 0.5” and the rest of the linguistic terms being
situated symmetrically around it. The semantics of the linguistic terms is established from the ordered structure of the set
by considering that each linguistic term for the pair (si , sg−i ) is equally informative. As example, a set composed of nine linguistic terms could be as follows: S = {s0 = None, s1 = Extremely Low, s2 = Very Low, s3 = Low, s4 = Medium, s5 = High, s6 =
Very High, s7 = Extremely High, s8 = Total}.
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An advantage of the ordinal fuzzy linguistic approach is the simplicity and eﬃciency of its computational model for computing
with words. It is based on the symbolic computation [19,20], acting by direct computation on linguistic terms by considering the
order of such linguistic terms in the ordered structure. This symbolic tool seems natural when using the fuzzy linguistic approach
because the linguistic terms are simply approximations which are given and handled when it is impossible or unnecessary to
obtain more accurate values.
The ordinal fuzzy linguistic approach for computing with words is deﬁned by establishing the negation, conjunction and
disjunction operators for the linguistic model, and different aggregation operators, e.g., weighted norms, uninorms or ordinal
mean type operators [21]. The negation operator is deﬁned as Neg(si ) = s j , where j = g − i, and the conjunction and disjunction
operators are deﬁned respectively such that si AND s j = MIN(si , s j ), and si OR s j = MAX(si , s j ). In this way, MIN(si , s j ) = si if si <
sj , and MAX(si , s j ) = si if si > sj .
Besides the above operators, the DSS uses tools of computing with words based on the Linguistic Ordered Weighted Averaging
(LOWA) operator [20] to compute the quality assessment provided by the users. The LOWA operator is an important aggregation
operator of ordinal linguistic values based on the Ordered Weighted Averaging (OWA) operator deﬁned by Yager [22]. It is used
to aggregate non-weighted ordinal fuzzy linguistic information, that is, linguistic information values with equal importance.
Deﬁnition 1. Let A = {a1 , . . . , am } be a set of linguistic terms to be aggregated, then the LOWA operator, φ , is deﬁned as:

φ(a1 , . . . , am ) = W · BT
= C m {wk , bk , k = 1, . . . , m} =
= w1  b1 ⊕ (1 − w1 )  C m−1 {βh , bh , h = 2, . . . , m}
where W = [w1 , . . . , wm ] is a weighting vector, such that, wi ∈ [0, 1] and i wi = 1. βh =

(1)
wh
2m wk ,

and B = {b1 , . . . , bm } is a vector

associated to A, such that, B = σ (A) = {aσ (1) , . . . , aσ (m) }, where aσ (j) ≤ aσ (i) ∀i ≤ j, with σ being a permutation over the set of
linguistic terms A. C m is the convex combination operator of m labels. If m = 2, then it is deﬁned as:

C 2 {wi , bi , i = 1, 2} = w1  s j ⊕ (1 − w1 )  si = sk



(2)


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

The LOWA operator is an “or–and” operator [20] and its behavior can be controlled by means of W. In order to classify OWA
operators with regards to their localization between “or” and “and”, Yager [22] introduced a measure of orness, associated with
1 m
any vector W: orness(W ) = m−1
i=1 (m − i)wi . This measure characterizes the degree to which the aggregation is like an “or”
(MAX) operation. Note that an OWA operator with orness(W) ≥ 0.5 will be an orlike, and with orness(W) < 0.5 will be an andlike
operator.
An important question of the LOWA operator is the determination of the weighting vector W. In [22], it was deﬁned an
expression to obtain W that allows to represent the concept of fuzzy majority [23] by means of a fuzzy linguistic non-decreasing
quantiﬁer Q [24]:

wi = Q

i
m

−Q

i − 1
m

, i = 1, . . . , m

(3)

The membership function of Q is given by Eq. (4), with a, b, r ∈ [0, 1]. Some examples of non-decreasing proportional fuzzy
linguistic quantiﬁers are: “most” (0.3, 0.8), “at least half” (0, 0.5), and “as many as possible” (0.5, 1).

⎧
0
⎪
⎨

r−a
Q (r) =
b
⎪
⎩ −a
1

if r < a
if a ≤ r ≤ b

(4)

if r > a

When a fuzzy linguistic quantiﬁer Q is used to compute the weights of LOWA operator φ , it is symbolized by φ Q .
As the information provided by the humans is inherently non-numeric, partial evaluations, preferences, judgments, and
weights are usually expressed linguistically. The use of words or sentences rather than numbers is, in general, less speciﬁc,
more ﬂexible, direct, realistic, and adequate form to express the qualitative aspects of the problem at hand [15]. That is, as the
natural language is the standard representation of those concepts that humans use for communication [25], it seems natural
that they use words (linguistic terms) instead of numerical values to provide their opinions. For this reason, we assume a fuzzy
linguistic approach to represent the users’ judgments on the subjective criteria.
2.2. LibQUAL+ methodology
To improve the quality evaluation model presented in [12] and to obtain a better quality management in academic digital
libraries, the LibQUAL+ methodology [13,14] may be used.
In 1999, a major project to develop a standardized measure of library service quality was undertaken by the Association of
Research Libraries in collaboration with the Texas A&M University. The result of this project is LibQUAL+ [13,14], which is an

F.J. Cabrerizo et al. / Information Sciences 323 (2015) 48–58

51

extension of the SERVQUAL (for SERVice QUALity) tool. SERVQUAL has been carefully tested and widely accepted after a dozen
years of application in the private sector and elsewhere. From its grounding in the private sector, the SERVQUAL instrument
brings a particular theoretical perspective: only customers judge quality; all other judgments are essentially irrelevant. In the
same way, LibQUAL+ focuses on user perception to measure library service quality and it can be considered as one of the most
prominent successes in the ﬁeld of library and information management [26].
LibQUAL+ has emerged as both a process and a tool that enables institutions to address service quality gaps between their
expectations and the perceived service delivery, to enhance student and faculty research, teaching, and learning needs. The main
LibQUAL+ research instrument is a survey that consists of 22 core items. For each item, the user rates on a 9-point Likert scale:
(i) the minimum acceptable level of service, (ii) the level of service the user personally desires, and (iii) the level of service the
user believes libraries currently provide.
For each question, gap scores are obtained between desired and perceived expectations and between minimum and perceived expectations. The zone of tolerance is the difference between the minimum and desired scores. Optimally, perceived
performance assessments should fall comfortably within that zone. A positive gap means that the service performance has surpassed customers’ expectations, whereas a negative gap indicates that the service performance has fallen short of the expected
service. Gap models are by instinct attractive to many research consumers [14] since its interpretation is straightforward. As an
example, if the perceived rating on an item is below the minimum, it obviously means that the item evaluated needs improvement. On the other hand, if the perceived rating on an item is very above the desired level of service, it may imply that the item
is not a concern to consumers.
3. A DSS for developing a quality management in academic digital libraries
In this section we present the DSS generating recommendations to the staff of the academic digital libraries with the aim of
improving the services offered by the academic digital libraries. It presents the following characteristics:
• It is user-oriented as the user participation in the quality evaluation process of services is fundamental to correctly draw the
situation of the service.
• It uses both objective criteria, related to the quantitative data of the academic digital library, and subjective criteria, related
to the users’ judgments, to evaluate the quality of the services provided by the academic digital libraries and to generate
recommendations according to them.
• The aim of these recommendations is to satisfy the users’ expectations on the services offered by the academic digital libraries
and, in such a way, to increase the number of users utilizing them.
In the following, we describe both the objective and the subjective criteria which are used by the DSS and show the decision
rules which are applied to generate the recommendations.
3.1. Objective criteria
To establish the objective criteria, that will be considered by the DSS, it is convenient to analyze the activity of an academic
digital library from the perspective of the General Systems Theory [27], which was originally proposed by Bertalanffy, using one
of the classic graphics that represent an information system. According to Bertalanffy, the General System Theory is based on the
attempt to build mathematical models in such a way that once developed they can be utilized by different disciplines. In this
regard we follow authors like Ingwersen [28] or Thelwall [29], which attempt to generate a mathematical basis to validate the
assessments that they pose. This mathematical support will be the basis to formulate and establish models.
The interpretation of the graph in which the activity of a library is shown as an information system would be as follows: from
several system inputs, usually measured as economic investments in the different facets of the library, various library processes
generating resources and assets in the library entity are performed. These resources and assets begin several system outputs
which are related to the services offered to the university community, that is, with the library–user interaction. Additionally,
those beneﬁts that are generated to the non-university community could also be included in the system outputs.
In the case of academic digital libraries, the system inputs, the library processes and the system outputs could be measured
as follows:
• System inputs:
– Amount of money per user.
– Amount of money spent on e-resource per capita.
– Amount of money spent on computer equipment per capita.
• Library processes:
– Megabytes per capita.
– Journal per researcher.
– Journal per user.
– Computers, which are used to check only and exclusively the collection of the academic digital library, per capita.
– Computers, without Internet connection, per capita.
– Digitalization of the library collection.
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• System outputs:
– Number of e-resources downloaded.
– Papers downloaded per researcher.
– Papers downloaded per user.
– Queries on journals per researcher.
– Accesses to the academic digital library per capita.
– Queries on the library collection per capita.
– Queries-searches on the academic digital library per researcher.
– Queries-searches on the academic digital library per user.
– Percentage of external accesses to the academic digital library.
Among the quantitative indicators of the system inputs, library processes and system outputs, we have selected four of
them to be included in the DSS as they are the most related to the circulation of the users through the academic digital library. That is, the greater the circulation of the users through the academic digital library, the greater the number of users
accessing to the academic digital library and the number of queries that they execute. The objective criteria considered are the
following:
1. Accesses to the academic digital library per capita (oc1 ). This objective criterion is deﬁned as the total number of accesses to the
academic digital library divided by the total number of academic members (students, teachers, staff of the digital library, and
so on).
2. Access points to the academic digital library per capita (oc2 ). This objective criterion is deﬁned as the total number of public
access points (computers, laptops, and so on) in the academic library to access to the digital library divided by the total
number of users.
3. Queries on the library collection per capita (oc3 ). This objective criterion is deﬁned as the total number of queries on the
collection of the academic digital library divided by the total number of academic members.
4. Megabytes of the academic digital library per capita (oc4 ). The amount of information provided by a Website should be taken
into account as a quality indicator. To measure this amount of information in a digital library, the total number of megabytes
of the digital library is divided by the total number of users. This objective criterion is similar to the size of the collection per
capita in the traditional libraries.
Finally, it is important to note that the values of the above quantitative indicators are directly obtained from the data provided
by the academic digital libraries.
3.2. Subjective criteria
In [30], an information quality framework deﬁned in the context of management information systems was presented. This
framework deﬁnes four major quality dimensions: (i) intrinsic quality, which addresses the very nature of the information and
whose main criterion is the accuracy of the information, (ii) contextual quality, which emphasizes the importance of the informative aspects of information but from a task perspective and highlights the requirement that information quality must be
considered within the context of the task at hand, (iii) representational quality, which emphasizes the importance of the technical
aspects of the (computer-based) structure of the information and requires information systems to present their information in
such a way that it can be represented concisely and consistently, easy to understand and easy to manipulate, and (iv) accessibility
quality, which emphasizes the importance of the technical aspects of computer systems that provided access to information and
requires the information system to be accessible but secure. It also establishes that the quality of the information systems cannot
be evaluated separately from the information consumers’ opinions (people who use information).
This information quality framework has been satisfactorily applied to previous quality models for personal Websites [31] and
mobile Internet services [32]. Furthermore, in [12], a quality evaluation model, using fuzzy linguistic information to represent the
users’ perceptions, of digital libraries was presented using this information quality framework. It deﬁned an evaluation scheme of
digital libraries contemplating the above four quality dimensions together with their digital quality criteria. As it was oriented to
users because the user participation in the quality evaluation processes of services is fundamental to correctly draw the situation
of the service, a low number of subjective criteria was deﬁned, being them easily understandable by the users in order that they
did not cause the rejection of the users.
According to the evaluation model proposed in [12], the DSS uses the following ten subjective criteria which were deﬁned in
that model:
1.
2.
3.
4.
5.
6.
7.
8.

You ﬁnd what you are looking for (sc1 ).
Coverage about search topics (sc2 ).
Information electronic services about new inputs (sc3 ).
Variety of search tools (sc4 ).
Navigability of the Website (sc5 ).
Understandability of the Website (sc6 ).
Added value information proﬁts (sc7 ).
Satisfaction degree with the computing infrastructure (sc8 ).
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QUALITY EVALUATION QUESTIONNAIRE
1. What is the degree in which you usually find what you are looking for?
2. What is the coverage degree about search topics?
3. What is the degree of information electronic service about new inputs?
4. What is the degree of variety of search tools?
5. What is the navigability degree of the Website?
6. What is the understandability degree of the Website?
7. What is the degree of added value information profits?
8. What is your satisfaction degree with the computing infrastructure?
9. What is your satisfaction degree with the response time?
10. What is the degree of training received?
Fig. 1. Quality evaluation questionnaire.

9. Satisfaction degree with the response time (sc9 ).
10. Training received (sc10 ).
In addition, to adapt the quality evaluation model of digital libraries presented in [12] according to the LibQUAL+ methodology, users are asked for impressions about the above ten subjective criteria according to the minimum level of service that they
would ﬁnd acceptable, the desired service level they expect, and their perceived service level (Fig. 1). As a result, for each one
of the users, u j ∈ {u1 , . . . , un }, and each subjective criterion sck ∈ {sc1 , . . . , sc10 }, there is a tuple (MSLjk , DSLjk , PPLjk ) encoding
the minimum service level, the desired service level, and the perceived performance level given by the user uj on the subjective
criterion sck , respectively.
To obtain the global quality assessment regarding each subjective criterion sck (MSLk , DSLk , PPLk ), the opinions expressed by
the users are aggregated by means of the LOWA operator:

φQ (MSL1k , . . . , MSLnk )
DSLk = φQ (DSL1k , . . . , DSLnk )
PPLk = φQ (PPL1k , . . . , PPLnk )

MSLk =

(5)

where MSLk , DSLk and PPLk are the linguistic measures representing the minimum service level, the desired service level and the
perceived performance level, respectively, of the academic digital library with respect to the subjective criterion sck , according
to the majority (represented by the fuzzy linguistic quantiﬁer Q) of the linguistic evaluation opinions given by the users.
Finally, gap analysis is done for each subjective criterion following the LibQUAL+ methodology. According to the gap model,
service quality is the gap between user’s expectations and perceptions. When experiences exceed expectations, the quality of
the service is high, and vice versa. Four gaps may be identiﬁed: (i) a positive adequacy gap, that appears when the perceived
performance level exceeds the minimum service level that is accepted by the users and it indicates the extent to which the
service surpasses the lowest possible level that users will admit, (ii) a negative adequacy gap, that occurs when the offered
service is below the minimum service level which is accepted by the users, (iii) a positive superiority gap, which opens up when
the perceived performance level exceeds the desired service level, and (iv) a negative superiority gap, which means that the
perceived performance level does not reach the desired service level but exceeds the minimum service level accepted by the
users.
Taking into account these considerations, two scores are deﬁned to obtain the weaknesses and strengths of an academic
digital library according to the users’ judgments: (i) the service adequacy score, and (ii) the service superiority score. On the
one hand, the service adequacy score is an indicator of the extent to which an academic digital library is meeting the minimum
expectations of its users. Given a subjective criterion sck , if the perceived performance level is higher than the minimum service
, whereas if the perceived performance level
level, PPLk > MSLk , the service adequacy score is positive and it is symbolized as SA+
k
. When
is lower than the minimum service level, PPLk < MSLk , the service adequacy score is negative and it is symbolized as SA−
k
this score is negative, it may be used by the staff of the academic digital library to identify areas needing improvement. On the
other hand, if the perceived performance level is higher than the desired service level, PPLk > DSLk , the service superiority score
. It is an indicator of the extent to which an academic digital library is exceeding the desired
is positive and it is symbolized as SS+
k
expectations of its users and it can be used to identify services satisﬁed outstandingly by the academic digital library.

3.3. Decision rules to generate recommendations
In the following we are going to show the decision rules applied to generate the recommendations. It is important to note
that these decision rules are activated from the values of the service adequacy score of the criteria considered by the DSS.
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Fig. 2. Groups (−2, −1, +1, +2).

3.3.1. Decision rules from the objective criteria
Here we describe the decision rules which are obtained from the objective criteria considered by the DSS. In such a way,
ﬁrst, we have to obtain the service adequacy score of the four objective criteria presented in Section 3.1. To do so, the following
computations are carried out:
1. The arithmetic mean of each objective criterion among all the academic digital libraries which are being evaluated is computed. It establishes if the quality of an academic digital library on that objective criterion is better or worse than the average
quality of the academic digital libraries on that objective criterion.
2. The standard deviation of each objective criterion among all the academic digital libraries which are being studied is computed. It may be used to distinguish among the academic digital libraries which are either too far (successfully as well as
unsuccessfully) or too close to the average.
3. Once the arithmetic mean and the standard deviation have been obtained, the score of each academic digital library is situated
in one of the four groups shown in Fig. 2.
The meaning of each one of these four groups is the following:
• −2: The evaluation on that objective criterion is much worse than the average. Therefore, it is urgent to improve it.
• −1: The evaluation on that objective criterion is worse than the average. It is important to improve that objective criterion
but it is more important to make better the criteria which are in group −2.
• +1: The evaluation on that objective criterion is better than the average. Hence, it is conveniently satisﬁed.
• +2: The evaluation on that objective criterion is much better than the average. As a consequence, it is totally satisﬁed.
The group of each objective criterion is noted as G( · ). For example, the group of the objective criterion oc3 is G(oc3 ). Additionally, due to the high correlation between the objective criteria oc1 and oc3 , we get a measure of the group which is composed
of both criteria: G(oc13 ) = (G(oc1 ) + G(oc3 ))/2. From the group in which each objective criterion is, the following decision rules
are applied in order of importance.
• Decision rule 1: If G(oc13 ) < 0, and G(oc2 ) < 0, and G(oc4 ) < 0, then the following recommendation is generated:
– The number of users accessing to the academic digital library is low and there are few access points in the academic digital
library. Furthermore, the digital collection is poor. Maybe it causes the low number of users. It is advised to increase and to
improve the digital collection.
• Decision rule 2: If G(oc13 ) < 0, and G(oc2 ) < 0, and G(oc4 ) > 0, then the following recommendation is generated:
– The number of users accessing to the academic digital library is low and there are few access points in the academic digital
library, although the digital collection is appropriate. It is advised to increase the number of access points. In addition, it would
be recommendable to give grants to the users for buying computers.
• Decision rule 3: If G(oc13 ) < 0, and G(oc2 ) > 0, and G(oc4 ) > 0, then the following recommendation is generated:
– There exist few accesses to the academic digital library, although the number of access points and the digital collection are
appropriate. It is advised to train better to the users and to improve the query tools.
The reason of this progressive scheme is that the academic digital libraries with a poor digital collection present few accesses
and queries by the users. Likewise, an academic digital library with few access points will have few accesses and queries. However, it would be possible to ﬁnd other different cases where the above decision rules cannot be satisﬁed. In these cases, the
following decision rules are applied:
• Decision rule 4: If G(oc13 ) > 0, and G(oc4 ) > 0, and G(oc2 ) < 0, then the following recommendation is generated:
– There exist few access points in the academic digital library. It is advised to increase the number of access points to query on the
academic digital library and to give grants to the users for buying computers.
• Decision rule 5: If G(oc13 ) > 0, and G(oc2 ) > 0, and G(oc4 ) < 0, then the following recommendation is generated:
– Although the academic digital library has a good number of accesses and queries, the digital collection is poor. It is advised to
increase and to improve the digital collection.
Apart from generating recommendations, the DSS will show, when there exists an academic digital library whose evaluation
on the objective criterion which has activated the decision rule is in the group +2, a message reporting the existence of that
academic digital library with the aim of that the staff of the academic digital library may contact with the staff of the best
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academic digital library on that criterion. In such a way, the DSS also increases the communication among the academic digital
libraries in order to improve them.
3.3.2. Decision rules from the subjective criteria
Now we describe the decision rules which are obtained from the subjective criteria considered by the DSS.
According to the surveys ﬁlled by the users, different recommendations may be generated. To do so, from the service adequacy
score of each subjective criterion and, in some cases, taking also into account the objective criteria to improve the recommendations, the following decision rules are applied:
, and G(oc4 ) < 0, then the following recommendation is generated:
• Decision rule 6: If SA−
1
– It seems that users do not ﬁnd out what they are looking for. Maybe it is due to that the digital collection is poor. It is advised to
increase and to improve the digital collection.
• Decision rule 7: If SA−
, and G(oc4 ) > 0, then the following recommendation is generated:
1
– It seems that users do not ﬁnd out what they are looking for. However, the digital collection is appropriate. It is advised to invest
in training of users and to provide better query tools.
, then the following recommendation is generated:
• Decision rule 8: If SA−
2
– Users think that the coverage of the academic digital library about search topics is poor. It is advised to increase the digital
collection and to improve the mechanisms of information diffusion (mailing lists, news pages, etc.).
, then the following recommendation is generated:
• Decision rule 9: If SA−
3
– Users are not well informed about new inputs in the academic digital library. It is advised to improve the mechanisms of information diffusion (mailing lists, news pages, etc.).
, then the following recommendation is generated:
• Decision rule 10: If SA−
4
– Users think that the variety of search tools is not appropriate. It is advised to improve both the current search tools and the
training of users.
, or SA−
, then the following recommendation is generated:
• Decision rule 11: If SA−
5
6
– Users think that the navigability/understandability of the academic digital library Website is poor. It is advised to improve the
Website design and to use more Web standards.
, then the following recommendation is generated:
• Decision rule 12: If SA−
7
– Users think that the academic digital library should provide more added value information proﬁts. It is advised to provide more
added value information proﬁts, as for example: completing the search results with links to other search engines and providing
access to other Websites.
, then the following recommendation is generated:
• Decision rule 13: If SA−
8
– Users think that the computing infrastructure of the academic digital library is not appropriate. It is advised to improve the
computing infrastructure and to increase the number of access points.
, then the following recommendation is generated:
• Decision rule 14: If SA−
9
– Users think that the response time of the academic digital library is not appropriate. It is advised to improve the system design
and to invest in servers more powerful.
, then the following recommendation is generated:
• Decision rule 15: If SA−
10
– Users do not receive training in the use of the academic digital library. It is advised to invest in the training of users.
Finally, it is important to note that the DSS will report the academic digital libraries which satisfy outstandingly the subjective
criterion in which the academic digital library evaluated has obtained a bad result. To do so, the service superiority score on each
subjective criterion is used. If the service superiority score is positive (SSk+ ), it is considered that the users perceive that the
academic digital library satisﬁes outstandingly the subjective criterion sck . As in the case of the objective criteria, it increases the
communication among the academic digital libraries with the aim of improving them. It increases the users’ satisfaction and,
therefore, the number of users accessing to the academic digital library and the number of queries that they execute.
4. A real case of application
In this section, we illustrate the application of the DSS proposed in this paper. To do so, we evaluate three Spanish academic
digital libraries:
• Academic digital library of the University of Jaén.
• Academic digital library of the University of Córdoba.
• Academic digital library of the University of Granada.
First, it is necessary to comment some software aspects of the DSS. It is based on a LAMP stack [33] (GNU/Linux, Apache Web
server, MySQL database, and PHP programming language), and it is fully Web-based, that is, all its components and options can
be accessed through a Web interface. In Fig. 3, we show a snapshot of the DSS.
Before the DSS generates the recommendations to each academic digital library, we have to provide both the objective criteria and the subjective criteria to the DSS. As aforementioned in Section 3.1, the objective criteria are computed from the data
provided by the different academic digital libraries. Once the objective criteria have been obtained, they are introduced into the
DSS by the administrator of each academic digital library (see Fig. 4).
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Fig. 3. Snapshot of the DSS.

Fig. 4. Edit an academic digital library.

Fig. 5. Fill in a survey.

To obtain quality assessments of the subjective criteria, ﬁfty subjects were recruited for this study in each university. They
were students, Ph.D. students and teachers who were interested in the use of the academic digital libraries. They were invited to
provide their judgments on the ten subjective criteria described in Section 3.3.2 using the set of nine linguistic labels shown in
Section 2.1. They gave their opinions on the minimum service level required in each subjective criterion, on the desired service
level, and on the perceived performance level. In Fig. 5, it can be seen an example of a survey ﬁlled by a student at the University
of Granada.
Once both objective and subjective criteria have been obtained, the DSS generates a report which can be analyzed by the
administrator of the academic digital library. This report is divided into two columns. The ﬁrst one presents the information
related to the objective criteria, whereas the second one presents the information about the subjective criteria. In Fig. 6, the
report obtained in this study by the academic digital library of the University of Jaén is shown. On the one hand, in this particular
study, we can observe that the subjective criterion sc5 has a negative service adequacy score, that is, users think that navigability
of the academic digital library should be improved. On the other hand, the subjective criterion sc9 has a positive service adequacy
score, which means that almost every user agrees on a good evaluation of the response time of the academic digital library.
Besides the report about each academic digital library, the main novelty of the DSS proposed in this paper is that it generates recommendations considering both objective and subjective criteria to improve the service and functionality of the services
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Fig. 6. Report.

Fig. 7. Recommendations.

offered by the academic digital libraries in order to increase the number of users utilizing them. In Fig. 7, it is shown the recommendations generated by the DSS to the academic digital library of the University of Jaén, which are divided into two columns.
Furthermore, each recommendation is composed of two parts. The ﬁrst one (in red color) indicates the problem detected according to the users’ judgments. The second one (in green color) provides the suggestions which are proposed to the staff of the
academic digital library to solve the problem detected. These recommendations are expressed in natural language in order to
facilitate their understanding to the staff of the academic digital library.

5. Conclusions and future work
Internet access has resulted in academic digital libraries that are increasingly used by diverse communities for diverse purposes, and in which sharing and collaboration have become important social elements. As academic digital libraries become
commonplace, as their contents and services become more varied, people expect more sophisticated services from them. For
this reason, we have presented a DSS which generates recommendations with the aim of improving the functionality and the
service offered by the academic digital libraries and, in this way, to increase the number of both accesses and queries of their
users. Its main innovation is that it is the ﬁrst DSS which is proposed to develop a quality management in academic digital
libraries, incorporating quality qualitative and quantitative criteria and decision rules to support the staff to make decisions.
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In the future, we propose to continue this research approach by incorporating to the DSS different kinds of graphical outputs,
as radar plots and ball graphs, to better understand the different quality assessments on each criterion that draw the quality
situation of an academic digital library. For example, we will use some radar plots to compare a particular academic digital library
against an average of the rest of academic digital libraries and, in such a way, to easily detect which particular criteria have better
or worse evaluations than the average. We also think that it is necessary to incorporate information from the users’ opinions
expressed in social media by applying appropriate methods as those developed in [34]. Finally, it is important to note that the
ﬁeld of user experience represents an extension and expansion of the ﬁeld of usability, to include the holistic perspective of how
a user feels about using a system [35]. That is, there is a thin line separating the user web experience and the user information
access experience [36] and, therefore, it has to be studied how this inﬂuences the qualitative assessments obtained.
Acknowledgments
The authors would like to acknowledge FEDER ﬁnancial support from the Project TIN2013-40658-P, and also the ﬁnancial
support from the Andalusian Excellence Project TIC-5991.
References
[1] V. Waller, How do virtual visitors get to the library? Electron. Libr. 27 (5) (2009) 815–830.
[2] W.Y. Arms, Digital Libraries, Cambridge, MIT Press, 2001.
[3] C. Porcel, E. Herrera-Viedma, Dealing with incomplete information in a fuzzy linguistic recommender system to disseminate information in university
digital libraries, Knowl.-Based Syst. 23 (1) (2010) 32–39.
[4] R.A. Kadir, W.A.K.W. Dollah, F.A. Saaid, S. Diljit, A user-based measure in evaluating academic digital library, in: International Conference on Academic
Libraries—Vision and Roles of the Future Academic Libraries, Delhi, India, 2009, pp. 83–89.
[5] E. Herrera-Viedma, J. López-Gijón, Libraries’ social role in the information age, Science 339 (6126) (2013) 1382.
[6] A. Tejada-Lorente, C. Porcel, E. Peis, R. Sanz, E. Herrera-Viedma, A quality based recommender system to disseminate information in a university digital
library, Inf. Sci. 261 (2014) 52–69.
[7] C.-C. Chang, C.-Y. Lin, Y.-C. Chen, Y.-C. Chin, Predicting information-seeking intention in academic digital libraries, Electron. Libr. 27 (3) (2009) 448–460.
[8] S.A. Weiner, Library quality and impact: is there a relationship between new measures and traditional measures? J. Acad. Librarianship 31 (5) (2005)
432–437.
[9] R. Heradio, F.J. Cabrerizo, D. Fernández-Amorós, M. Herrera, E. Herrera-Viedma, A fuzzy linguistic model to evaluate the quality of library 2.0 functionalities,
Int. J. Inf. Manag. 33 (4) (2013) 642–654.
[10] R. Heradio, D. Fernández-Amorós, F.J. Cabrerizo, E. Herrera-Viedma, A review of quality evaluation of digital libraries based on users’ perceptions, J. Inf. Sci.
38 (3) (2012) 269–283.
[11] C.-F. Lai, P.-S. Chiu, Y.-M. Huang, T.-S. Chen, T.-C. Huang, An evaluation model for digital libraries’ user interfaces using fuzzy AHP, Electron. Libr. 32 (1) (2014)
83–95.
[12] F.J. Cabrerizo, J. López-Gijón, A. Ruíz-Rodríguez, E. Herrera-Viedma, A model based on fuzzy linguistic information to evaluate the quality of digital libraries,
Int. J. Inf. Technol. Decis. Making 9 (3) (2010) 455–472.
[13] Association of Research Libraries, LibQUAL+: charting library service quality, 2015. http://www.libqual.org (accessed on 05-01-2015).
[14] B. Thompson, C.C.F. Heath, The LibQUAL+ gap measurement model: the bad, the ugly, and the good of gap measurement, Perform. Meas. Metrics 1 (2)
(2000) 165–178.
[15] F. Herrera, S. Alonso, F. Chiclana, E. Herrera-Viedma, Computing with words in decision making: foundations, trends and prospects, Fuzzy Optim. Decis.
Making 8 (4) (2009) 337–364.
[16] L.A. Zadeh, The concept of a linguistic variable and its applications to approximate reasoning. Part I, Inf. Sci. 8 (3) (1975) 199–243.
[17] L.A. Zadeh, The concept of a linguistic variable and its applications to approximate reasoning. Part II, Inf. Sci. 8 (4) (1975) 301–357.
[18] L.A. Zadeh, The concept of a linguistic variable and its applications to approximate reasoning. Part III, Inf. Sci. 9 (1) (1975) 43–80.
[19] A. Celotto, V. Loia, S. Senatore, Fuzzy linguistic approach to quality assessment model for electricity network infrastructure, Inf. Sci. 304 (2015) 1–15.
[20] F. Herrera, E. Herrera-Viedma, J.L. Verdegay, Direct approach processes in group decision making using linguistic OWA operators, Fuzzy Sets Syst. 79 (2)
(1996) 175–190.
[21] R.R. Yager, Aggregation of ordinal information, Fuzzy Optim. Dec. Making 6 (3) (2007) 199–219.
[22] R.R. Yager, On ordered weighted averaging aggregation operators in multicriteria decision making, IEEE Trans. Syst., Man Cybern. 18 (1) (1988) 183–190.
[23] J. Kacprzyk, Group decision making with a fuzzy linguistic majority, Fuzzy Sets Syst. 18 (2) (1986) 105–118.
[24] L.A. Zadeh, A computational approach to fuzzy quantiﬁers in natural languages, Comput. Math. Appl. 9 (1) (1983) 149–184.
[25] J. Montero, Fuzzy logic and science, in: R. Seising (Ed.), Views on Fuzzy Sets and Systems from Different Perspectives, Springer-Verlag, 2009, pp. 67–77.
[26] N.O. Pors, Book review: libraries act on their LibQUAL+ ﬁndings: from data to action, New Libr. World 107 (1) (2006) 79–80.
[27] L. von Bertalanffy, An outline of general system theory, Br. J. Philos. Sci. 1 (2) (1950) 134–165.
[28] P. Ingwersen, The calculation of web impacts factors, J. Doc. 54 (2) (1998) 236–243.
[29] M. Thelwall, A comparison of sources of links for academic web impact factor calculations, J. Doc. 58 (1) (2002) 66–78.
[30] K. Huang, Y.W. Lee, R.Y. Wang, Quality Information and Knowledge, Prentice Hall, Upper Saddle River, NJ, 1999.
[31] P. Katerattanakul, K. Siau, Measuring information quality of web sites: development of an instrument, in: 20th International Conference on Information
Systems, Charlotte, USA, 1999, pp. 279–285.
[32] M. Chae, J. Kim, Quality for mobile internet devices: a theoretical model with empirical validation, Electron. Markets 12 (1) (2002) 38–46.
[33] G. Lawton, LAMP lights enterprise development efforts, IEEE Comput. 38 (9) (2005) 18–20.
[34] J. Bernabé-Moreno, A. Tejada-Lorente, C. Porcel, E. Herrera-Viedma, A new model to quantify the impact of a topic in a location over time with Social Media,
Expert Syst. Appl. 42 (7) (2015) 3381–3395.
[35] N. McNamara, J. Kirakowski, Functionality, usability, and user experience: three areas of concern, Interactions 13 (6) (2006) 26–28.
[36] P. Lew, L. Olsina, L. Zhang, Quality, quality in use, actual usability and user experience as key drivers for web application evaluation, in: Proceedings of the
10th International Conference on Web Engineering, Springer-Verlag, 2010, pp. 218–232.

