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introduced in universities and to public. In orderremain a

Abstract—Academic digital libraries emerged as a result oflynamic and important part of the university, acaide

advances in computing and information systems t&ogies, and
had been introduced in universities and to pullresults, moving
in parallel with current technology in learning amesearching
environment indeed offers myriad of advantages @alpe to
students and academicians, as well as researchass.is due to
dramatic changes in learning environment throughute of digital
library system which giving spectacular impact tiese societies’
way of performing their study/research. This pgm@sents a survey
of current criteria for evaluating academic digitéibraries’
performance. The goal is to discuss criteria beipglied so far for
academic digital libraries evaluation in the conhtekuser-centered
design. Although this paper does not comprehensitake into
account all previous researches in evaluating awdaligital
libraries but at least it can be a guide in un@eding the evaluation
criteria being widely applied.
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performance, user-centered.
. INTRODUCTION

librarians must embrace change and create digitaries that
offer innovative reference services [36]. Therefaeademic
digital library is and should tie to the academissions of the
university. As being emphasized by Adida et al, [dibital

library brings the library to the user’s desk, eittat home or
work, as long as they have personal computer amdonie

connection. With such convenience to offer, thesesd
academic digital libraries are seen as the mostoapiate

means to provide students, academicians and résgarwith

information they are seeking or searching for, jasttheir

fingertips. Indeed, learning and information
environment has been dramatically changed throogluse of
digital libraries, in specific academic digitalidyies. Students,
academicians and researchers that located rematety
internationally can at all times access informatiesources
offered by academic digital libraries. Limitatiolilee distance,
time consuming and authority especially to accessdame
refereed journals are no more bringing the burdess

IGITAL infrastructure and repositories are widely creategcagemic digital libraries provide massive of ascesid

to support the activities of educational, workplaaad
scientific communities, as well as virtual commigst of
interest that may center on topics as diverse sytamment,
crisis management, and health. Such work draws fields
that include computer-supported cooperative wordk digital
libraries [2]. Digital libraries are emerging as amportant
area of research and education for information nege
computer science and a number of other relatedptiises
[50]. The term digital libraries existed since gaof 1990's,
but no conclusive definition exists due to the fihett different
people seem to adopt them for their context of @$aQ]
Digital library has emerged as a result of advantes
computing and information systems technologies,teawbeen
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features that ones cannot be sidelined in onlireniag
environment.

However, one of big challenges to face by academic

institutions is how to gauge the performance ofrtigital

libraries systems in the context of users’ perspes? How far
the academic digital libraries fulfill to users’ eds? Are the
systems useful to the users? Since academic dlgitakies
and other type of digital libraries as well are igeed for
people (its users) to use, evaluating the perfoomant the
systems should prioritize criteria to reflect usengeds,
satisfaction, desirability and so on. The remairafehis paper
will discuss several criteria developed and apptigdlifferent
authors in evaluating the performance of acadennjitadl

libraries, from the context of users-centered desighere
section 2 discusses on the academic digital liesaffiollowed
by related works on digital libraries evaluatiorpbgd so far
in section 3. Section 4 focuses on user-centeratligtion for
digital libraries and section 5 discusses on datein

evaluating academic digital libraries performaricest section
concludes this entire discussion.

segkin
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Il.  ACADEMIC DIGITAL LIBRARY

Learning environments are changing drastically eistig
when internet existed about two decades back. Mereo
acquiring knowledge and methods for education amining
more sophisticated, faster, simpler and reliablewldigital
libraries introduced. Mishra [41] claimed that witlspect to
online learning environments, learning theoriehow people
acquire knowledge and methods for education can
classified into three groups: behaviorism, cogistiv - both
for implications for education [40], and contrugsim - for
development and evaluation for online learning emments
[26,27,41,45] as cited in Marshall et al. [40].

In present year, many higher institutions providademic
digital libraries. Kalinichenko et al. [30] notethat digital
libraries may transform the way we learn, providsugporting
resources and services, operating as decentralized
integrated/virtual learning environments that adaable to
new technologies. In addition, they emphasized thgital
library for education would facilitate innovatioout be stable,
reliable, and permanent. Academic digital librarsge those
libraries that serve the information needs of stisleand
faculty of the college and universities [25]. Tiepiortance of
academic libraries can be seen from the need déata using
it a source of information to enhance their knowkedn
desired field [54]. He emphasized that an acadedgdal
library is the seat of knowledge in a universitycotlege. By
definition, academic digital library plays a vemucial role in
bridging students, academicians and researcherdsn®n
information in this borderless information seekieig. Even
though technology is seen as the main driver tepegs and
digitized materials, add up with the rising costpaiblication
and service, the increasing demand of using acaddiyital
library may be due to its spectacular impact oséhsocieties’
way of performing their study/research. Academigitdl
library may indeed support academic and

regarding the elements of criteria, measures/itdisa and
methodologies for digital library evaluation, Fuéir al. [19]
proposed a descriptive scheme for digital librarigkich is
based on four dimensions i.e. data/collection,
system/technology, users, and usage. While Bettat.d3]
concluded that functionality and accessibility agjon digital
library evaluation criteria, where it was based teir
gyaluation of Florida Electronic Library.

To gauge the performance of particular digital dites,
evaluative study is one of possible ways whereattteal users
of digital libraries’ interest and concerns in ugirthese
information systems can be investigated and unuoeudst
Evaluation can play both a formative role, helpitg
continually refine and update goals, objectives] aarvices;
and a summative role, helping to ascertain whetiergoals
and objectives are being met [46,52]. Hence, etalya
academic digital libraries is also crucial in megtiusers’
requirements of using digital libraries systems é@ademic
purposes.

Digital libraries evaluation is a challenging tadike to the
complicated technology, rich content and a varetyusers
involved [7,49]. Borgman et al. [7] stressed thagitel
libraries are difficult to evaluate due to theirchmess,
complexity, and variety of uses and users. The most
recognized digital libraries evaluation criteri@ aerived from
evaluation criteria for traditional libraries, imfoation
retrieval system performance, and human-computeraation
[12,37,48,49]. Using Alexandria Digital Library, IHiet al.
[24] evaluated the system by collecting feedbackualihe
users’ interaction with this system’s interfacé® problems of
the interfaces, the requirements of system funatiggnand the
collection of the digital library. While Dillon [1]8roposed a
qualitative framework (termed TIME) for designersida
implementers to evaluate usability of digital libes which

intelldctufocuses on user task (T), information model (I) hipalation

endeavors towards the journey of not only simply fofacilities (M) and the ergonomic variables (E). Iefaionini

information seeking but also for exploring, resbarg and
growing their knowledge via adapting the informatgystems
and human-computer-interaction technologies.

Research on the evaluation of digital librariesinsits
infancy [42]. They claimed that
investigating the who, what, when, how and why \aleation
studies. They reported that early research focusedthe
technical aspects of building digital libraries,tmow the
emphasis has shifted to the design aspects ofbidtraries
so that users’ needs can be satisfied. Goncalves. ¢22]
admitted that digital library quality and evaluatits a very
underrepresented research area in the digitalrjibitarature.
They stressed that the first person to considen pugblem is
Saracevic [48] where he argued that any evaluatias to
consider a number of issues such as the contextadfiation,
the criteria, the measures/indicators, and the ocetlogy.
Since his analysis concluded that there are ng alg@ements

RELATED WORKS

researchers ardl sti

[37] discussed a lists a number of approachesctrabe used
for evaluating digital libraries where for user-taned
evaluation, it focused on the cognitive, interagtivand
contextual aspects of information retrieval andsiders users,
use, situations, context, and interactions withsystem.

Some of the evaluation studies extend to assess
performance, content and services of digital liesrwhile
service evaluation mainly concentrates on digigfierence
[10]. Other evaluation studies also look into timepact of
digital libraries [37]. While usability studies maducted by
Kassim and Kochtanek [32] on academic digital lipravas
performed through the use of like focus groups, Wedp
analysis, database usage analysis, satisfactioveysurand
remote usability testing; where the studies aré tittempt to
understand user needs, find problems and desiaddrés, and
to assess overall user satisfaction. Another aofgfeethod in
evaluating digital libraries was done by Borgmanakt [6]
where they evaluated the Alexandria Digital Eartbt&type
for use in undergraduate education, by using sstvey
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interviews, and classroom observations.

IV. USERCENTEREDAPPROACH

Marchionini et al. [39] emphasized that people (ssand
their information needs are central to all librarigligital or
otherwise. They added that all designing, implemmentand
evaluating digital libraries must be rooted in théormation
needs, characteristics, and contexts of the pesptewill or
may use those libraries. Critics by Dervin & Nilarf17], as
cited in Marchionini et al. [39], system-orientegpaoach was
too narrow to actually identify user needs and meguan
approach that attempts to directly assess peoipifgsemation
needs. In addition to the needs of individuals gralips who
make use of information in digital libraries, theedls of the
providers and managers also influence design aablizion.
They claimed that evaluation of a digital libraryaynserve
many purposes ranging from understanding basic gghena
(e.g., human information-seeking behavior) to assgsthe
effectiveness of a specific design to insuring isight return
on investment. Human-centered (user-centered) atiafu
serves many stakeholders ranging from specific suserd
librarians to various groups to society in general.

Coleman & Sumner [15] were later agreed with Masohii
et al.’s [39] claim where they believed the objees of a user-
centered design process were to develop a deepstmading
of user requirements for technology design andrnpfen and
to get systematic user feedback on evolving librsygtems
throughout the design process. In addition, thajnetd that it
was the responsibility of library designers to gate possible
design options and to devise appropriate protoaotsstudies
to elicit user feedback on these options.

Among two popular methodologies in collecting déia
evaluating digital libraries via user-centered aagh are
surveys and observational
techniques used are usability testing, focus grokpgstroke
tracking, and user-questionnaires [45]. They pdirtet that
usually within digital library evaluation; surveyse used to
address issues that relate to user-centered cencenere
information derived from surveys can be used toorimf
decisions related to issues relevant to the diditabries’
users. They added that observational methods aa& fdr
providing information about the impact and uses yofir
digital library in real-life settings.

Digital libraries can be regarded as powerful tablthey
are usable, useful and users benefit from usingnthEhis
shows that user-centered evaluation for digitataliles is
imperative in understanding how well the systenveseand
fulfill its targeted users. Long [35] admitted tithe common
reason for evaluation was to
information needs. This includes knowing which reses
users wanted most, what data format are mostlyulsefd
other kinds of users’ needs. In having worldwideyitdi
libraries, the use of efficient digital informatiosystem is
crucial in order to handle large number of conaurresers and
text/data/files transactions. Furthermore there diféerent

type of users wusing digital libraries (like studgent
academicians and researchers) with different lefebmputer
skills/lknowledge (like novice, intermediate or exjpeand
with different needs/purposes of using digital dites. Users
should be at the centre of any digital library eadibn and
their characteristics, information needs and infatron
behavior should be given priority when designing asability
study [16]. In Tsakonas et al. [53] study, theiralesation
strategy for digital libraries was via analyzing ttrelationships
between user-system, user-content, and contergmsysthich
headed to the following evaluation directions: ul#gh(user-
system), usefulness (user-content), and systenorpaahce
(content-system).

Another interesting study was performed by Salatispasd
Diamantaras [47]. They conducted an experimentar-us
centered evaluation of two hypermedia system archites
where each representing a different interaction ehazhd
information-seeking environment. The study was tein
experimented on two different types of digital #bes: a
hypermedia digital library based on the World Witfeb and
a digital library based on an agent-based Open Hiypdia
System (OHS). Their results indicated that infoioraseeking
environments that support multiple seeking stra®ghrough
multiple interfaces may be more effective and edfic for
some information seeking tasks. Their study alseated that
complex interaction models may not difficult to useen for
inexperienced information seekers.

According to Goh et al. [21], one of the key fupctilities
of a digital library should be the matching of useork
patterns. They emphasized to achieve this, a tigbrou
understanding of the users of libraries and theesystself

should be obtained. Apart from the need for deeper

understanding of users, the fit between the toséxdiuto craft

studies. where the commbi digital library and the necessary requiremérats to be

ascertained. Snead et al. [51] were earlier reddtiat it was
possible to create a rich and robust evaluatiorhouetiogy
that can meet the needs of diverse user populatiyns
combining functionality, usability, and accessiili Like-
wise, for user-centered approach, evaluation @itef the
performance of digital libraries should take intocaunt
combination of evaluation designs and methods tecoas
much data as possible.

Chowdhury et al. [14] implied that a well-designéigital
library should have good usability features. Wilandford
& Buchanan [5] extended usability to performanceasuees
like efficiency of interactions, avoidance of userors, and the
ability of users to achieve their goals, affecispects, and the
search context. Bishop et al. [4] investigatedekient of use,

identify users andir theSe of the digital library compared to other systenmature of

use, viewing behavior, purpose and importance ef asnd
user satisfaction. Chowdhury and Chowdhury [12ssted the
need to assess the overall impact of digital liesaon users
and society.

Mohd Razilan et al. [43] believed that many exigtareas
of research in digital libraries are being carrmg to fulfill
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the pace of demand in information retrieval, eitireruser-
perspective or on system-perspective. Xie [55] viat®er
agreed that although published research on digitaries has
increased, it mostly focused on technical issua$ digital
library use patterns. But the main issue being eored by
Xie [55] was that evaluating digital libraries nedconsider
few aspects like what the evaluation criteria areé how these
criteria are being determined. He then arguedubkability of
a digital library primarily relates to its accesbip, i.e.:

1. How easily users can interact with the interfac¢hef

digital library,
2.

easily they can use the retrieved information, etc.
3. If information can be accessed easily then wilitdig

library will be used frequently.

His study indicated that there exist similaritiesl alifferences
in terms of digital libraries evaluation criteriaoposed by
users, researchers, and professionals.
criteria applied in his study were such as:

1. Interface usability

2. Collection quality

3. Service quality

4. System performance
The findings showed that:

Among ¢iwadua

2517-9411
No:6, 2009

sites (Rutgers University Libraries Web site and @ueens
College Web site) concluded that usability is a
multidimensional construct. She further proposed an
evaluation model for assessment of the usabilitydigital
libraries by examining their effectiveness, effiuig,
satisfaction, and learnability. User satisfactiavers ease of
use, organization of information, labeling, visagpearance,
content and error correction. The evaluation meds tested,
and the results revealed that effectiveness, effayi, and
satisfaction are interrelated.

Kim and Kim [33] proposed evaluation framework in

How easily they can find useful information, howdetermining the important criteria for evaluatirfte tdigital

institutional repositories in Korea. The framewadmposed
of four categories: satisfaction, supportivenesgfulness and
effectiveness. The other component is utility, imgefined

as whether the system can do what is needed.

Jeng [28] was earlier claimed th&haroulis and Pombortsis
[31] suspect that usability (effectiveness, efiidg and
satisfaction) and learnability of educational eamwment are
positively correlated but they never actually erout a study
to examine this possible correlation, nor did thmyvide
operational criteria.

Another intriguing point which related to leanirtgebries is

1. Users were more concerned with the availability ofy taking into account the constructivism aspeche T

features but not the effectiveness of the features.

constructivist model (constructivism focuses onphecess by

2. Users emphasized on accuracy and authority rath@hich people acquire knowledge) of learning emptessthree

than completeness and currency of the collection.

Users’ use of digital libraries, their perceivedgitil
libraries evaluation criteria, and their preferenegperience,
and knowledge structure co-determine their evalnatof
digital libraries.

Xie's [55] findings were somewhat agreed with fimgs
revealed by Salampasis and Diamantaras [47] whecrigh
users tasks of seeking information, multiple irdeds may be
more effective and efficient, and that is why useese more
interested in what features available in digitatdries because

main ideas [16], as cited in [40], which are impoitin a
digital library context.

1. There is no single “correct” representation of
knowledge,

2. People learn through active exploration, where
exploration uncovers inconsistencies between
experience and current understanding, and

3. Learning occurs in a social context.

Marshall et al. [40] referred to Kuhlthau's [34fastment

they may have interest of exploring and renderihg twhere;

interfaces and features of the systems. Developifertive
user interfaces, suitable for meeting the varyiegds of all
the different types of users, is of paramount inguace [13].
They suggested that user customization is importarguit
with their specific needs.

V. EVALUATION CRITERIA FORACADEMIC DIGITAL LIBRARIES

Since academic digital libraries developed for rtispiecific
end users, user-centered evaluation is importamtarids
understanding how useful and usable the systemshéo
students, academicians and researchers.

Previous researches on evaluating academic diditaties
had shown that in major, only usability studies Hagen
carried out so far. Kassim and Kochtanek [32] pentd
usability studies of an educational digital librany order to
understand user needs, find problems, identify rdési
features, and assess overall user satisfactiog. [28729], in
her usability study on evaluating two academicadliigrweb

“A basic principle for learning from digital librags is to
take charge of your own constructive process. k digital
library environment, it is important for students &ctively
seek to formulate a focused perspective that wiltlg their
choices of what is pertinent and useful to thenmftbe vast
resources that may be generally relevant to theralve
problem?”

Kuhlthau [34] specified six steps of progress whieim be
supported by an effective digital library: initiati, selection,
exploration, formulation, collection, and preseiatat Some of
these steps may be able to be considered as ariberi
evaluating academic digital libraries as they apresenting
the requirements from students (as well as othensyisn order
to fully make use the process of accessing to #evant
resources in their learning environments. Selectihgse
criteria may not exhaustively portray the best mdtho
evaluate an academic digital library but at leaslytcan be
considered as part of criteria that link betweegrystem and
user-content aspects.
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An evaluation on design process and implementaiforhe
Alexandria Digital Earth Prototype (ADEPT) for digji
learning for educational environment was conductad
Champheny et al. [11]. Their finding indicated tkatcessful
development of a functioning system appears to oslythe
integration of the design and implementation preess
through effective communication between designatsisers.
And this is what should be prioritized in determiithe
evaluation criteria for academic digital libraries well.

VI. CONCLUSION

No doubt, academic digital library plays a veryaiali role
in bridging students, academicians and researcineexis on
information in this borderless information seekirgra.
Limitations like distance, time consuming and aut§o
especially to access to some refereed journalsnarenore
bringing the burdens as academic digital libranesvide
massive of access and features that ones cansidddmed in
online learning environment. It is worth to undarst that
digital libraries are not only offering online ermament but
more towards information resources, learning sup@od
information literacy services which are accomplihierough
human-computer-interaction (HCI).
centered evaluation on academic digital librariesld be used
in improving the systems’ performance in futureagtordance
with users’ requirements and desires on what sbdigital
libraries suited to their needs.

Academic digital libraries are expected to becomeial
tools for information seekers like students
academicians/researchers because they live withrniation
and they need to grow their knowledge. To grow anldance
knowledge, they seek latest (or new), fast, redialind
accurate information where digital libraries sysseshould
capable of providing these requirements for them.isl
recommended that evaluation on digital librariesstipularly
academic digital libraries, should take into copsadion users
criteria and not merely from researchers’ or limas’ own
criteria. Users’ point of views on what are the idEs
characteristics of academic digital libraries skoube
incorporated in the systems’ features so that tigstadl
libraries can serve as what they are expected.td lese will
contribute to a holistic domain of user-centeredl@ation
criteria where academic digital libraries shouldl anust be
efficiently and effectively supporting academiceatucational
tasks. Many conclusions can be deduced from atiatubut
the most crucial point is how the results from gwaluation
can help developing effective and efficient digiiékaries is
somewhat remains to be seen.

)
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