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Abstract: In modern society, information diffusion and remote education increase rapidly and, consequently, an
academic digital library is not just a novelty but also a necessity, associated with the promotion and diffusion of
research work that is being carried out. As the services provided by the academic digital libraries are to satisfy users’
needs, users’ satisfaction is essential for the success of them. Due to it, the improvement of the digital services
provided by the academic digital libraries is important in order to satisfy the users’ needs. The aim of this paper is
to present a new quality evaluation model which takes into account subjective criteria to generate recommendations
with the aim of improving the digital services provided by the academic digital libraries.

1 INTRODUCTION
Academic libraries and other “traditionally organized” li-

braries are undergoing a phase of rapid evolution. The aca-
demic libraries have always comprised a “mechanism” of
managing and supporting access to documentation, informa-
tion and knowledge. It is such an integral, functional part of
the University, that one could not imagine a University with-
out a library [1].

The main role of academic libraries, and at the same time
the basic reason of their existence, has been to support the
educational and research work carried out, within an Aca-
demic Institution.

However, due to the spectacular growth of the World Wide
Web, related to both Web resources (pages, sites, and services)
and visitors, the Web is nowadays the main information repo-
sitory. Its explosive growth has stimulated the development of
fast and effective automated systems that support an easy and
effective access to the information relevant to specific users’
needs [2]. Digital libraries (DLs) [3, 4, 5, 6, 7, 8, 9, 10] are
one of these automated systems.

DLs may be defined as information collections that have
associated services delivered to user communities using a va-
riety of technologies. The information collections can be
scientific, business, or personal data, and can be represented
as digital text, image, audio, video, or other media. This in-
formation can be digitalized paper or born digital material
and the services offered on such information can be varied,
and can be offered to individuals or user communities [9].
Furthermore, DLs are components in several types of appli-
cations in area such as cultural heritage, health, government,
learning, and science.

Due to the fact that academic libraries have always been
members of a community that has always targeted on scien-
tific progress, research promotion and innovation, they have
always witnessed scientific and technological evolutions, both
as recipients of the evolution of knowledge with the acquisi-
tion of scientific material as well as institutions implement-
ing all those innovations contributing to the improvement of
their organization, and of their ability to better serve their
users [11]. For these reasons, they have been initiators in the

configuration of this emerging new form of libraries, the DLs.
Academic library users are now offered a variety of aca-

demic resources with different forms of interactivity (e.g.,
academic networks vs off–line libraries) and with different
levels of media richness (e.g., text vs graphics–supported).
They can obtain research data and publications as needed
without the massive investment of capital and infrastructure to
house vast physical collections. Information–seeking in DLs
has become an indispensable tool in academia, and personal
use is increasing every day [12].

Academic DLs can integrate research resources and en-
able users to seek specific information in virtual space. In-
creasingly, some sources of information, such as online
databases, electronic bulletin boards, and local magnetic or
optical databases, are available only in academic form [12].
Empirical evidence has pointed out that users make frequent
use of the internet to search for specific academic informa-
tion. For this reason, there is a large number of users whose
expectations and demands for better service and functionality
are increasing. Thus, the importance of quality in academic
DLs content and services is higher than ever [13].

In [14], Cabrerizo et al. present a model based on fuzzy
linguistic information to evaluate the quality of DLs. They
defined the quality evaluation of DLs using users’ perceptions
on the quality of digital services provided through their Web-
sites. To do so, they assumed a fuzzy linguistic modeling to
represent the users’ perceptions and applied automatic tools
of fuzzy computing with words based on the LOWA [15] and
LWA [16] operators to compute global quality evaluations of
DLs. This model provides to the staff of the academic DL both
the quality assessment of the users on each subjective crite-
rion and the global quality assessment of the users on the DL.
However, it does not generate to the staff of the academic DL
any recommendation for improving the digital services pro-
vided by the DLs through their Websites.

The aim of this paper is to present a new quality evalua-
tion model generating recommendations in order to improve
the digital services provided by the academic DLs. This new
evaluation model takes into account subjective criteria (related
with users’ judgments) and provides recommendations to im-
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prove the digital services and functionality of the academic
DLs in order to increase the users’ satisfaction with the aca-
demic DL. To do so, the system has a set of decision rules that
are activated depending on the values of the quality subjec-
tive criteria. To obtain the values of the subjective criteria, the
system is designed using the model based on fuzzy linguistic
information to evaluate the quality of DLs presented in [14]
and the LibQUAL+ methodology [17, 18].

The rest of the paper is set out as follows. In Section 2,
both the quality evaluation model based on fuzzy linguistic
information of DLs presented in [14] and the LibQUAL+ me-
thodology, which are the basis of the new quality evaluation
model of DLs presented in this paper, are introduced. Section
3 describes the new quality evaluation model which generates
recommendations to the staff of the academic DLs with the
aim of improving the digital services provided through their
Websites. Finally, some concluding remarks are pointed out
in Section 4.

2 PRELIMINARIES
In this section we describe the basis of the new quality

evaluation model which generates recommendations to the
staff of the academic DL to improve its digital services, that
is, the quality evaluation model of DLs presented in [14] and
the LibQUAL+ methodology [17, 18].

2.1 A model based on fuzzy linguistic information to
evaluate the quality of DLs

In [14], Cabrerizo et al. presented a model based on fuzzy
linguistic information to evaluate the quality of DLs. They
used the information quality framework [19] defined in the
context of management information systems as basis of their
evaluation model. In this way, they defined an evaluation
scheme of DLs that contemplated four quality dimensions to-
gether 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 sit-
uation of the service, they defined a low number of subjective
criteria being easily understandable by the users in order that
they did not cause the rejection of the users. In this way, the
following eleven subjective criteria were defined:

1 You find what you are looking for.
2 Coverage of the DL about search topics.
3 Information electronic services about new inputs.
4 Added value information profits.
5 Global satisfaction degree.
6 Understandability of the DL Website.
7 Training received.
8 Variety of search tools.
9 Navigability of the DL Website.

10 Satisfaction degree with the computing infrastructure.
11 Satisfaction degree with the response time.

As the development of DLs is to satisfy users’ needs, the
quality evaluation of DLs was defined using users’ percep-
tions on the quality of digital services provided through their
Websites. To do so, users were invited to fill in a survey built
on the set of the above eleven subjective criteria.

An ordinal fuzzy linguistic modeling [15, 16, 20, 21] to
represent the users’ perceptions was assumed as it facilitates
the fuzzy linguistic modeling very much because it simplifies
the definition of the semantic and syntactic rules. It is defined
by considering a finite and totally ordered label set S = {si},

i ∈ {0, . . . , T }, in the usual sense, i.e., si ≥ sj , if i ≥ j, and
with odd cardinality (7 or 9 labels). The mid–term represents
an assessment of “proximately 0.5”, and the rest of the terms
being placed symmetrically around it. These classical values
seem to fall in line Miller’s observation about the fact that
human beings can reasonably manage to bear in mind seven
or so items [22]. The semantics of the label set is established
from the ordered structure of the label set by considering that
each label for the pair (si, sT −i) is equally informative. For
example, the following set of nine labels, S, to provide the
users’ evaluations can be used:

S = {N = None, EL = Extremely Low, VL = Very Low,
L = Low, M = Medium, H = High, VH = Very High, EH =
Extremely High, T = Total}.

In addition, tools of computing with words based on the
linguistic aggregation operators LOWA [15] and LWA [16] to
compute the quality assessments were used. In the following,
we are going to define the LOWA operator because it is used
in the new quality evaluation model which is described in next
section.

The Linguistic Ordered Weighted Averaging (LOWA) is
an operator used to aggregate non–weighted ordinal linguis-
tic information, i.e., linguistic information values with equal
importance [15].

Definition 2.1 Let A = {a1, . . . , am} be a set of labels to
be aggregated, then the LOWA operator, ϕ, is defined as:

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

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

m
2 wk, and B =

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

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

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

Cm{wi, bi, i = 1, . . . ,m} = bj .

The LOWA operator is an “or–and”operator [15] 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 [23] introduced a measure
of orness, associated with any vector W : orness(W ) =

1
m−1

∑m
i=1 (m− i)wi. This measure characterizes the degree

to which the aggregation is like an “or” (MAX) operation.
Note that an OWA operator with orness(W ) ≥ 0.5 will be
an orlike, and with orness(W ) < 0.5 will be an andlike oper-
ator.

An important question of the LOWA operator is the deter-
mination of the weighting vector W . In [23], it was defined
an expression to obtain W that allows to represent the concept
of fuzzy majority [24] by means of a fuzzy linguistic nonde-
creasing quantifier Q [25]:

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

2.2 LibQUAL+ methodology
To improve the evaluation model presented in [14] and

to obtain better digital services in DLs, the LibQUAL+ me-
thodology [17, 18] may be used. LibQUAL+, a joint re-
search and development project of Texas A&M and ARL, 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. LibQUAL+
has been gradually and carefully applied to a variety of post–
secondary library environments, including the health sciences
library context and statewide contexts such as OhioLINK.
Furthermore, LibQUAL+ aspires to push the frontiers of ser-
vice quality assessment theory and pioneer the use of large–
scale, Web–based, survey applications in a DL environment
[18].

LibQUAL+ is a modification of SERVQUAL as it has
been tested in the research library environment. SERVQUAL
(for SERVice QUALity) was developed for the for–profit sec-
tor in the 1980s by the marketing research group of Parasur-
aman, Zeithaml, and Berry [26, 27, 28, 29]. Grounded in
the Gap Theory of Service Quality, the singular percept of
SERVQUAL is that “only customers judge quality; all other
judgments are essentially irrelevant” [30]. To derive the gaps
essential for measuring perceptions of service quality, respon-
dents are asked to establish their judgments across three scales
for each question: the desired level of service they would like
to receive, the minimum they are willing to accept, and the ac-
tual level of service they perceive to have been rendered. The
desired scores and the minimum scores establish the bound-
aries of a zone of tolerance within which the perceived scores
should desirably float.

The original SERVQUAL design asked 22 questions
across the five survey dimensions. For each question, the user
is asked for impressions of service quality according to (1)
minimum service levels, (2) desired service levels, and (3)
perceived performance. For each question, gap scores are
calculated between minimum and perceived expectations and
between desired and perceived expectations. The zone of to-
lerance is the difference between the minimum and desired
scores. Optimally, perceived performance assessments should
fall comfortably within that zone. Administrators should be
concerned by scores that fall outside the zone and by decreas-
ing trajectories over time. Excellence in service might have
been achieved for attributes where the perception of actual ser-
vice delivery has a higher score than the desired expectation.
The difference between the minimum and perceived scores is
called the service adequacy score, and the difference between
the perceived and desired score is called the service superior-
ity score.

3 A NEW QUALITY EVALUATION MODEL TO
IMPROVE THE DIGITAL SERVICES OF THE
DLS

In this section we present a new quality evaluation model
which generates recommendations to improve the quality of
digital services provided by the academic DLs through their
Websites according to subjective criteria related with users’
judgments. It is important to note that the aim of these re-
commendations is to increase the users’ satisfaction with the

academic DLs and, therefore, the global quality assessment of
the users on them.

In the following, we describe how this new system adapts
the quality evaluation model of DLs presented in [14] accord-
ing to the SERVQUAL and LibQUAL+ methodology to ob-
tain the values of the service adequacy score and the service
superiority score of each subjective criterion. Furthermore,
we show the decision rules which are applied to generate the
recommendations.

3.1 Obtaining the values of each subjective criterion
As aforementioned in Section 2, we use the model based

on fuzzy linguistic information to evaluate the quality of dig-
ital libraries presented in [14] and the LibQUAL+ methodo-
logy [17, 18]. In particular, we use the following ten of the
eleven subjective criteria as they have greater impact in the
users’ needs.

- sc1: You find what you are looking for.
- sc2: Coverage of the DL about search topics.
- sc3: Information electronic services about new inputs.
- sc4: Variety of search tools.
- sc5: Navigability of the DL Website.
- sc6: Understandability of the DL Website.
- sc7: Added value information profits.
- sc8: Satisfaction degree with the computing infrastruc-

ture.
- sc9: Satisfaction degree with the response time.
- sc10: Training received.

It is assumed that to measure the users’ perceptions on the
quality of digital services provided by the DLs through their
Website, users are invited to fill the questionnaire shown in
Fig. 1, which has 10 questions: {q1, . . . , q10}.

To adapt the quality evaluation model of DLs presented
in [14] according to the SERVQUAL and LibQUAL+ metho-
dology, users are asked for impressions about the above ten
subjective criteria according to:

• Minimum service level.
• Desired service level.
• Perceived performance level.

The concept behind each question is rated on a linguis-
tic term set S. For instance, the linguistic term set presented
in Section 2.1 can be used. Then, once the group of users,
{e1, . . . , eL}, have filled all the questionnaires for a given DL,
Am, the system calculates for each subjective criterion, sci,
its global quality assessment of the minimum service level,
MSLm

i , its global quality assessment of the desired service
level, DSLm

i , and its global quality assessment of the per-
ceived performance level, PPLm

i , by aggregating the evalua-
tion judgments provided by the group of users on the subjec-
tive criterion, sci, by means of the LOWA operator ϕ:

MSLm
i = ϕ(e1(q

MSL
i ), . . . , eL(q

MSL
i )),

DSLm
i = ϕ(e1(q

DSL
i ), . . . , eL(q

DSL
i )),

PPLm
i = ϕ(e1(q

PPL
i ), . . . , eL(q

PPL
i )),

where el(q
MSL
i ) ∈ S is the minimum service level provided

by the user el on subjective criterion, sci, represented by the
question qi, el(qDSL

i ) ∈ S is the desired service level pro-
vided by the user el on subjective criterion, sci, represented
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Fig. 1: Quality Evaluation Questionnaire

by the question qi, and el(q
PPL
i ) ∈ S is the perceived per-

formance level provided by the user el on subjective crite-
rion, sci, represented by the question qi. Therefore, MSLm

i ,
DSLm

i and PPLm
i , are the linguistic measures that repre-

sents the minimum service level, the desired service level and
the perceived performance level, respectively, of the DL, Am,
with respect to subjective criterion sci according to the ma-
jority (represented by the fuzzy linguistic quantifier Q) of lin-
guistic evaluation judgments provided by the group of users
{e1, . . . , eL}.

According to the users’ answers, it is defined two scores
which can obtain the strengths and weaknesses of a DL, Am:

SAm
i = I(PPLm

i )− I(MSLm
i ),

SSm
i = I(PPLm

i )− I(DSLm
i ),

where MSLm
i , DSLm

i , PPLm
i ∈ S, SAm

i is the service ad-
equacy score on the subjective criterion, sci, of the DL, Am,
SSm

i is the service superiority score on the subjective crite-
rion, sci, of the DL, Am, and

I : S → {0, . . . , T } | I(si) = i, ∀si ∈ S.

The service adequacy score identify the digital services of
the DL in which the perceived performance level is worse than
the minimum service level required by the user, whereas the
service superiority score identify the digital services in which
the perceived performance level is better than the desired level
by the user.

3.2 Generating recommendations
From the users’ opinions obtained through the surveys

filled by the users of the academic DLs, different re-
commendations may be generated to the staff in order to im-
prove the digital services and functionality of the academic
DL to increase the users’ satisfaction. To do so, the service
adequacy score on each criterion is used. In particular:

• If SAm
i > 0, it means that users’ perceptions of the DL,

Am, on the subjective criterion, sci, is higher than the
minimum service required.

• If SAm
i < 0, it means that users’ perception of the DL,

Am, on the subjective criterion, sci, is not sufficient (the
perceived performance is lower than the minimum ser-
vice required).

From the service adequacy score on each subjective crite-
rion, the following set of decision rules is applied:

• Decision rule 1: If SAm
1 < 0, then the following re-

commendation is generated:

– “It seems that users do not find out what they are
looking for. Maybe it is due to that the digital li-
brary collection is poor. It is advised to increase
the digital collection and, in addition, to invest in
training of users and to provide better query tools”.

• Decision rule 2: If SAm
2 < 0, then the following re-

commendation is generated:

– “Users think that the coverage of the academic DL
about search topics is poor. It is advised to increase
the digital collection and to improve the mecha-
nisms of information diffusion (mailing lists, news
pages, etc.)”.

• Decision rule 3: If SAm
3 < 0, then the following re-

commendation is generated:

– “Users are not well informed about new inputs in
the academic DL. It is advised to improve the mech-
anisms of information diffusion (mailing lists, news
pages, etc.)”.

• Decision rule 4: If SAm
4 < 0, then the following re-

commendation is generated:
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– “Users think that the variety of search tools is not
appropriate. It is advised to improve both the cur-
rent search tools and the training of users”.

• Decision rule 5: If SAm
5 < 0 or SAm

6 < 0, then the
following recommendation is generated:

– “Users think that the navigability/understandability
of the academic DL Website is poor. It is advised to
improve the Web page design and to use more Web
standards”.

• Decision rule 6: If SAm
7 < 0, then the following re-

commendation is generated:

– “Users think that the academic DL 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 others search engines and providing access
to other Websites”.

• Decision rule 7: If SAm
8 < 0, then the following re-

commendation is generated:

– “Users think that the computing infrastructure of
the academic DL is not appropriate. It is advised
to improve the computing infrastructure and to in-
crease the number of access points”.

• Decision rule 8: If SAm
9 < 0, then the following re-

commendation is generated:

– “Users think that the response time of the academic
DL is not appropriate. It is advised to improve the
system design and to invest in servers more power-
ful”.

• Decision rule 9: If SAm
10 < 0, then the following re-

commendation is generated:

– “Users have not received training for the use of the
academic DL. It is advised to invest in the training
of users”.

Furthermore, the quality evaluation model will report the
subjective criteria, sci, which are satisfied outstandingly by
the DL, Am. To do so, the service superiority score, SSm

i ,
on each subjective criterion, sci, is used. In this way, if
SSm

i > 0, it is considered that the users perceive that the
academic DL, Am, satisfies outstandingly the subjective cri-
terion, sci. Then, when a DL obtains a bad evaluation on a
subjective criterion, it could be advised by a DL which satis-
fies outstandingly that subjective criterion in order to improve
it. It contributes to increase the communication between the
academic DLs with the aim of improving their digital services
and functionality and, in this way, to increase the users’ sat-
isfaction and, therefore, the global quality assessment of the
users on them.

4 CONCLUDING REMARKS
Internet access has resulted in academic DLs that are in-

creasingly used by diverse communities for diverse purposes,
and in which sharing and collaboration have become impor-
tant social elements. As academic DLs become common-
place, as their contents and services become more varied, peo-
ple expect more sophisticated services from their academic
DLs. For this reason, we have presented a new quality evalu-
ation system to improve them. This new quality evaluation
model takes into account subjective criteria to provide re-
commendations to the staff of the academic DLs with the aim
of improving their digital services and to increase the users’
satisfaction.

In the future, we propose to continue this research
approach by incorporating to the system, besides the subjec-
tive criteria, some objective criteria, such as, total number of
accesses to the academic DL, total number of queries on the
academic DL, total number of public access points in the Uni-
versity to access to the academic DL and so on, with the aim
of increasing and improving the recommendations generated
by the system to the staff of the academic DLs.
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