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This study considered the development, awareness, adoption, and usage of digital library (DL) resources at the university level. To
develop and implement a successful electronic library resource system, it is vital to review the success factors and identify the most
important technological aspects of DL resources. Electronic library information technology was described and grouped into
several categories that influence user satisfaction in a DL context. These are open access to information, the facility of access,
uncomplicated interface design, high quality of the communication process, Internet performance, performance assurance
service, ease of communication via social network, and patron-driven acquisition. With these important features of DL services,
the simplicity of accessing online information and the performance of DL utilities have become of paramount importance. Several
research works were therefore reviewed and evaluated to determine the usability of DL services; thereafter, the design of the DL

discovery system was developed through Blacklight open-source software.

1. Introduction

The network is of great importance to libraries to tackle
today’s burning issues, such as knowledge overload, user
diversity, and financial crunch, whereby digital service
subscription depends on consortia broader access to digital
services at a consequently lower cost [1, 2]. The term
electronic library resources define the information processed
and digitally driven using hardware and software that offer
information that can be accessed by digital electronic users
through remote information provider networks or mounted
locally by digital library (DL) managers. In reality, it
transfers the citadel of historically getting information to a
personalized, adaptable, and synergistic culture based on
information, communication, and technology (ICT) [3].
Digital libraries are mainly designed to solve specific library
problems. The online collection includes DL e-books,
e-newsletters, e-references, theses, and dissertations [4]. The
factors affecting user satisfaction in a DL context can be
categorized as ease of access, few download exceptions, and
limitations, simplicity of the DL interface design, quality of

interaction process, Internet performance, quality assurance
service, and ease in communication provided for by a social
network [5, 6].

In terms of teaching, training, and studying, online
academic libraries are important components of any uni-
versity’s information infrastructure [7]. The development of
DL resources is as a result of the need for people to keep their
history, discoveries, and achievements records and collec-
tions [8]. Academic institutions, through their library de-
partments, make major investments for DL resources in the
area of subscription fees, information management systems,
awareness, and marketing of DL resources to ensure clients
are aware of the available tools and are actively using them
[9]. Therefore, library users must know their information
needs and make maximum use of the provided DL resources
to appreciate the value of investments made by their li-
braries. It is not enough for academic institutions to raise
students’ awareness about the use of DL tools; it is now in
this context that researchers are working to improve the
understanding, availability, and use of DL. According to
some studies, the knowledge and use of DL around the world
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have revealed a range of barriers preventing learners from
using online library resources [10-12].

Libraries worldwide are quickly transforming due to the
ongoing growth and application of ICT [13]. It is important
to note that while the barriers to accessing DL resources may
be similar in different universities, there are more in de-
veloping countries than in developed ones. The notable
obstacles in literature are poor information and digital lit-
eracy skills, students’ negative attitudes towards electronic
tools, poor Internet connectivity, poor ICT infrastructure,
information overload, vast amounts of irrelevant informa-
tion, licensing limitations on access to the DL collection, lack
of generic e-resource portal interfaces, preference for print
assets over electronic resources, discouraging e-resource use
by academic staff, user authentication, download delay, lack
of comprehensive ICT and searching skills among library
staff, high cost of affordable online access, and low orga-
nizational budget for library departments [14-17].

Most library users prefer popular web search engines to
library-driven systems; consequently, most library services
continue to be underused. Librarians, therefore, need to
adjust what they learn, how they function, and their effec-
tiveness [18]. Nonetheless, the absence of training for staff
and other library users is a limiting factor in the accessibility
and use of e-resources as users face difficulties in assessing
services and the staff may lack adequate expertise to assist the
users [19]. Among the e-library manager’s obstacles is that
the development of a DL requires substantial investment in
capital, technology, and manpower to satisfy users. There-
fore, library culture has a history of resource sharing due to
budget constraints that most libraries face. A library orga-
nization embraces a common goal of resource sharing and
cooperation, commonly referred to as a consortium. This
study is an attempt to assess the awareness, utilization, and
development of electronic resources in the library by the
academic community of universities. Therefore, this paper
represents a critical review of DL resources taking into
account the practical aspects of library services. The paper
defines the criteria used in creating a DL for the university-
level research community. Hence, this paper aims to review
and evaluate some research works and thus determine the
usability of DL services and develop a user-friendly DL
discovery system to mitigate these learners’ technical
hitches. Therefore, this paper reviews DL resources in the
area of usability, DL development as well as ease of acces-
sibility, and finally developed DL discovery systems.

2. The Quality of Service in Digital Libraries

With the advent of DL services, the quality of service (QoS)
has become crucial in assessing the efficacy of service de-
livery. Diverse models and structures have been suggested to
analyze the QoS in DL systems [20]. Nevertheless, the
prevalent concentration of work in QoS for the DL is about
the extent of the user experience perspective. Ahmad and
Abawajy [20] addressed different dimensions that are from
the perspective of digital service providers. The model shows
that the level of QoS provided by digital service providers
directly affects the perception and satisfaction of end-users.
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The other hypothesis of the design of electronic libraries
was suggested by DeLone and McLean [21] to investigate
how the reliability of the process and data provided affected
the satisfaction of users. Wixom and Todd [22] also
established that information and device reliability, perceived
utility, ease of use, and application behavior of data storage
systems affect user satisfaction. Moreover, the work by
Zhang [23] indicates that the system and quality of infor-
mation are key determinants of the happiness and sense of
community of social networking users. Tu and Hwang [24]
addressed the role of sensing technologies and learning
strategies in library-associated mobile learning. The study
aimed at investigating issues like the type of sensing or
location-based technologies and learning strategies
employed in library-supported mobile learning. The results
showed that advancement and popularity of mobile, wireless
network, and sensing technologies have further provided a
more convenient and effective environment for accessing
library facilities and resources.

A study conducted at the University of Houston Li-
braries by Guajardo et al. [25] conveyed the evolution of
discovery systems in academic libraries. The authors con-
cluded that, for several years, libraries have adopted dis-
covery systems to provide search experiences that reflect
user expectations and improve access to e-resources. The
University of Houston Libraries has kept pace with this
evolving trend by pursuing other discovery options which
include an open-source tool, a federated search product, and
a two-index-based discovery system. The important criteria
for assessing discovery systems and valuable lessons that
may be applied in future system-evaluation processes and
implementations should be identified in pursuit of better
options for users and improved access to e-resources. A
recent study by Oh and Coldn-Aguirre [26] on the per-
ceptions for use of Google Scholar and academic library
discovery systems reveals that the perceived comprehen-
siveness, subjective norm, loyalty, and intended use of ac-
ademic library discovery systems are higher than Google
scholar, while at the same time, the perceived ease of use,
satisfaction, and system quality of Google Scholar were
higher than those of academic library discovery systems,
implying that users’ satisfaction with the DL is the key
indicator for the quality of DL services.

3. The Satisfaction of Users with Digital
Library Systems

User satisfaction assessment and preservation is an essential
part of library quality management. Within the DL back-
ground, satisfaction refers to “feeling happy with the DL in
helping to complete a task” [27]. Consumers’ DL satisfaction
is closely linked to their experience with DL services.
Identifying the typical standards of DL providers requires (i)
comprehensiveness, including everything; (ii) accessibility,
everything available immediately; (iii) instant-gratification,
response speed; (iv) software capacity, seamless; (v) user-
friendliness, single interface; and (vi) various formats,
wording, images, and audio [28]. On the other hand, when
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assessing DL, user satisfaction focusing on the interface and
functionality offered by the DL is very important [13].

3.1. Information Quality. Several academicians and re-
searchers have recognized the importance of data reliability
as a key component in the analysis of an effective computer-
based data system. Information quality is essential in DL’s
point of view to support information needs. As a result, its
attributes are usually associated with consistency, design,
timeliness, currency, reliability, completeness, accuracy, and
significance [29]. Therefore, the quality of information
significantly affects the satisfaction of DL users.

3.2. System Quality. System quality affects the perception of
users of the performance of a DL in knowledge assortment
and delivery [29]. In the development of information sys-
tems, the quality cycle of the systems is a strong determinant
for user satisfaction in various contexts. Accessibility, ac-
curacy, reliability, and quality are the key attributes of DLs
performance measurement systems [29-32]. Quality, ac-
cessibility, and consistency ensure the DL requires remote
access to the infrastructure to access information wherever
and whenever. This also ensures that the DL is accurate and
functionally usable over time. When using the DL to search
for information, effectiveness is associated with the quality,
accuracy, and completeness of users. Considering the
findings of Masrek and Gaskin [13], the quality performance
of the DL’s software dramatically affects satisfaction; hence,
Figure 1 is formulated to show that the quality of the system
predicts users’ satisfaction with the DL significantly.

3.3. Service Quality. User perception of the performance of a
DL in the processing and distribution of information is
characterized by service quality. As with information quality
and applications, earlier studies show strong support for the
contribution of the QoS to user satisfaction with DL. Different
service quality models have been developed by scholars to test
the DL. For example, DigiQUAL’s [33] and LibEval [29]
designs are available. Other authors investigated DL service
quality attributes or measurements in addition to these
models [32]. One of the prominent qualities of digital service
performance is accession, reliability, accessibility, and re-
sponsiveness. Digital library’s service quality factor is very
important as there is no face-to-face interaction in digital
communication. For an open, healthy, sensitive, and well-
integrated DL, there should be a favorable user satisfaction
score and it can be concluded that the QoS and reliability have
a big impact on user satisfaction with DL.

3.4. Perceived Usefulness. Perceived usefulness is described
as the degree to which a person perceives that using DL
improves academic performance [34]. Some authors have
adapted products used by researchers to measure the per-
ceived value by operationalizing the individual net benefit of
DL services and incorporating information system success
model (ISSM) into the Technology Acceptance Model
(TAM) [31, 35] Several studies have shown that perceived
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FIGURE 1: Users’ satisfaction with digital libraries [13].

usefulness influences the acceptance of DLs by users
[18, 36-38]. Other studies have however shown that the
perceived value is a strong indicator of satisfaction [39, 40].
Users of DL need information and are searching for it.
However, their satisfaction levels can be lowered if their
experience of using DL-provided knowledge is not useful or
beneficial.

3.5. Perceived Ease of Use. The perceived ease of use is de-
fined as “the degree to which an individual believes that it
would be effortless to use a particular system” [34]. In this
context, user-friendliness indicates a belief that using DL
would require minimal effort. Literature also indicates that
accessibility is sometimes related to ease of use [41]. Where it
is difficult to access a DL, users tend to consider it difficult to
use and on the other hand, users are more likely to see it as
user-friendly when it is readily available [42]. Other library
researchers found that online public access catalog (OPAC)
satisfaction was related to ease of use [43]. Based on these
findings, the perceived ease of use is thought to have a
positive effect on satisfaction. To this end, it is assumed that
user-friendliness significantly increases user satisfaction
with the DL.

3.6. Cognitive Absorption. The concept of cognitive ab-
sorption denotes the deep involvement or holistic interac-
tion with the DL of a person. This concept was first
introduced into the information system (IS) studies, to help
users evaluate such systems. The first concept incorporated
the facility of use as one of the building’s dimensions [44].
Nevertheless, mental retention was used in the modified and
improved model as determinants of user-friendliness [13].
No one has ever tried to examine the effect of cognitive focus
in the sense of DL on satisfaction. Since the DL is a subset of
computer-based ISs, its functionality is somewhat close to



other forms of IS such as e-learning. Therefore, results on the
effect of cognitive integration on the satisfaction of users
from previous research should also be important for DLs.
With this rationale, the cognitive absorption greatly in-
creases user satisfaction with DL.

3.7. Patron Driven Acquisition. The satisfaction of users with
digital libraries from the above-mentioned variables is pa-
tron-driven acquisition (PDA) or demand-driven acquisi-
tion (DDA) and is a library development model in which
libraries purchase materials only if it is clear that a patron
requires it. Libraries provide DL users with access to search
engines, educational resources, and/or library catalogs in an
appropriate manner from which the client can request items.
When certain thresholds such as the number of pages read or
several requests are reached for an item, a library purchases
the item and provides instant access to patrons [45]. The
library may obtain the resource indefinitely, or acquire a
license to use the resource only at certain times or in some
way. Since the material purchased is in digital format, “PDA
emphasizes collecting for and at the time of need” rather
than gathering long-term focus [46]. The patron-driven
acquisition is often associated with e-book sets, although
there are also choices for print and hybrid PDA [47]. Fo-
cusing this approach on the use of digital content PDA has
several advantages. For instance, distribution is instanta-
neous; e-books do not need any physical space to manage,
improving the capacity of the collection; and purchases are
assured, which is an important consideration when pur-
chasing materials [45]. Furthermore, security is integrated
into the system to avoid the decimation of library budgets by
library staff without intervention. However, users can print
only a few pages at once, certain publishers do not write
book pages, and e-books can be “checked-out” for a certain
time. Many patrons are not allowed to access a title until it is
“checked-in.” At the same time, patrons may not want
certain books from their publishers or third-party vendors to
sell any specific titles in electronic format and many vendors
do not allow e-book downloads [48]. Others do not allow
individual chapters or entire e-books to be downloaded.
Comparing shopping among e-book vendors is not
easy unless a library deals with more than one vendor. It
may be difficult for software subscribers to view e-books to
please users, library budgets may be inconsistent year after
year, e-books may be more expensive than printed books,
and retailers prefer to charge extra for digital versions of
books. Project counter statistics vary from seller to seller;
thus, statistics are important for evaluating the use and
reasoning of e-book maintenance, including the reliability
of specific counter statistics and DL Resource Adminis-
trators’ access capabilities, and are challenged to take
notes or annotate e-book text between sellers, faculty, and
students. This is the main complaint of students con-
cerning their experience in one- or multi-seat licenses of
e-books and e-book titles [49]. Libraries do not deal with
online book theft when dealing with PDA; they are
concerned about broken Internet links that lead users to
e-books. Nevertheless, once publishers are aware of this
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problem, they can easily fix them. Libraries can accom-
modate on- and off-campus use of e-books, making them
accessible anywhere. E-book PDA is a new tool for in-
tegrating library practices, and e-books provide libraries
and consumers with unique advantages in some cases,
such as saving storage and being immediately available
[50]. Table 1 summarizes the essential variables related to
DL adoption and usage.

4. Technological Design Aspects of Digital
Library Resources

Technological aspects of designing DL resources concentrate
on the following elements: ease of access, interface design,
communication level, device reliability, and QoS [64].
Digital library resources variables are identified as the
technical tools required for developing a DL for the research
community and digital services based on the theoretical
model, updated documents, and DL initiatives around the
world [65].

4.1. Digital Library Resources. This is the digitization of all
records in the DL collection. While journals already held by
the library with a digital subscription are not considered to
be part of this collection, the references are provided to the
reported catalog. The digitization of documents created by
the library and information studies of the research com-
munity is preferred since the goal is to integrate some of the
features of the semantics DL; a room is given for sharing and
collaboration in the writing of user-generated content. DL
resources involve researchers’ works as well as online rec-
ords including monographs, educational event promotional
posters, online images, workshops, symposia, or colloquia,
and visiting interviews with researchers.

4.1.1. Technological Tools. The Open Source Software eX-
tensible Catalog (XC) is one of the basic technology tools
applied based on an analysis in the need to create linguistic
features in DLs [66]. This technology comprises a metadata
scheme for the functional requirements of RDA (Resource
Description and Access) and FRBR (Bibliographic Record).
When XC’s metadata scheme is ready to present information
in RDA, a semantics DL can be created. The inclusion of a
repository in the DL is considered so that information on
advances in research studies and on the success of these can
be held with their tutors. The repository is considered to be
an extension to the DL and use the virtual library to (i)
establish collaborative and educational communication and
(ii) favor the preceding electronic release of the interim and
final study results, but the tasks are limited to obtaining these
resources for downloading and consultation.

There are several tools available to create useful content;
such tools are (a) weblog technology (blogware), content
management systems, specifically designed for blogging, (b)
blogging tools, including readers, moderators, PDF-saving
services, backups, labeling, scanning, reporting, dynamic
optimization and indexing, and a wide range of blog-en-
hancing applications, (c) social networks, to promote
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TaBLE 1: A summary of the essential variables related to digital library adoption and usage.

Author(s)

Factors

Xu and Du [43]

Perceived usefulness and user-friendliness, DL mobility, and DL users

Chen and Chengalur-Smith Basic software literacy and DL comfort, technology attitudes and computer anxiety, self-efficacy, accessibility,

[51]
Joo and Choi [52]

Gojeh et al. [53]

quality, and reliability

Behavioral purpose in educational library environments concerning online resources
Human and physical environmental factors which affect DL usage and information services in schools in

Nigeria

Information services and collection services, and individual services are factors that directly affect user

Hu et al. [54]

Thurmond et al. [55]

Isah and Bwalya [56]
Yan et al. [57]

Xie and Matusiak [58]
Owusu-Ansah et al. [59]
Koshali et al. [60]

Ju and Albertson [61]
Kadir et al. [62]

Mtega et al. [63]

perception, whilst data organization services indirectly affect user perception of information collection
services and individual services
Research data management (RDM), the functions and the relationships involved in RDM, the key drivers of
RDM operations, and the key factors that influence RDM innovations.
Technology acceptance, reasoned action theory, planned conduct theory, and innovation diffusion
Perceived utility and user-friendliness
Specific infrastructure, role styles, and system design
The need to use DL services, strong preference for proven quality printing tools, and basic ICT skills
The expectation of performance, social influence, and conditions
Individual user features, use context, and acceptance of the technology
Collection adequacy, user behavior, library staff, library services, and library technology
Poor institutional ICT infrastructure, limited e-resource funding, low levels of information literacy, and basic
knowledge of technology

communication amongst the community, (d) content
management systems (CMS) which makes it possible to
modify data from any computer connected to the Internet,
making it easier to build, distribute, view, and preserve web
content, and usually provide a what you see is what you get
(WYSIWYG) text editor that allows the user to see the result
when writing without thinking about programming codes,
(e) Wikis that is a tool for modifying, improving, or
enriching content published by another person, and (f)
digital word processors and spreadsheets which are words/
tools that can be retrieved from any Internet-connected
computer to process platform numbers online [67]. Via
these applications, users can access, edit, reformat, and share
documents. One of the advantages of this technology is the
possibility of producing content in a cooperative and col-
laborative style [68]. Multiple users can also modify the text
at the same time, keeping their modifications historically
registered. The system has platforms for digital and multi-
media storage, publishing, sharing, and editing (photo,
audio, and video) to simplify access, organization, and
search. In addition to finding some places where the client
can publish files, they can find several tools for sharing and
spreading information on the DL resource. The archive should
be a forum that allows students and scholars to pick, compile,
and store alumni work and various academic materials, making
the Onix program suitable for monograph marking. This
program uses the XML language, widely used for data ex-
change or sharing by multiple applications and platforms [69].
It is acceptable that the use of XML has many benefits, such as
design continuity and data transferability to other systems [70].

4.1.2. What Next in Digital Library Services. In librarianship
and information research, DL systems have a direct relation
with digital publishing. Tripathi and Jeevan [71] reviewed the
quality of metadata, semantic search, recovery, and browsing

assessment while investigating the quality assurance services
in distance learning libraries. Services suggested by users and
library managers are mobile information services, resource-
increasing programs, group annotations, tagging, and the
highest number of consultations. The mobile information
services should also include Simple Syndication (RSS) and
electronic media notification services. The other component
that is recommended is social network communication,
which enables users to communicate with their library [72].
The proposed DL service is outlined in Figure 2.

4.1.3. Copyright Issues. Academic librarians have complex
barriers and problems in managing the copyright process of
the labyrinth. Some of the issues are evident, but others,
especially in a digital environment, are much more subtle.
Issues that cause confusion and concern about copyright
law’s applicability include e-reserves, registration, delivery,
and equal use of information. The role of academic libraries
is to offer access to information to their constituents any-
where and at any time [73].

Digital library creators and their materials, i.e., digital-
born, digital turned, and acquired digital, should preserve
copyright issues in the production and management of digital
libraries in a legal framework to address copyright issues and
protect the rights of content creators and owners. It would be
a good idea to consider technical protection measures such as
e-watermarking, digital signatures, authentication, etc. since
DL are in the process of creating digitally born content to
regulate infringement in the digital environment. In the
current era of open access (OA) where information is made
freely available to users, content producers should be worried
about the infringement of copyrights. In addition to
uploading digitized content on websites, libraries are digi-
tizing to protect old, fragile documents and posterity. The DL
is under contract or has been given licenses to use this
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FIGURE 2: Proposed design of digital library services.

material for digital content. Based on the license terms and
conditions, the DL must sensitize and notify users, so that
there is no total copyright infringement and a strong obli-
gation to comply with the contract terms and conditions.
Many owners of digital media copyright are found to rely on
technological mechanisms to regulate access to digital files
and recycle works. Since technology can provide protection
systems, it also has the potential to create systems that can
bypass this kind of protection [74]. Some of the rights
management functions of computer systems could include
tracking, identifying, and authenticating users, providing the
copyright status of each digital object and limiting its use or
charges, handling user transactions by only allowing access to
not so many copies, or charging for copies, or transmitting
requests to publishers [75].

4.1.4. Library Discovery Systems. The library discovery
system has many definitions and is now described as DL
technology that enables a library user to simultaneously
search for multiple web-based resources and produce
accessible search results. Digital library discovery systems
are becoming the leading technology allowing users to
explore and access university and academic library in-
formation resources. Nonetheless, little research has been
done to examine the use and impact of DL discovery
systems. Evidence supports the initial claim of discovery
system developers that the one-search box approach
adopted by Google and other Internet search engines is a
suitable method for designing library catalogs. Discovery
system users, on the other hand, strongly enjoy the sim-
plicity of conventional library tasks over attempts to place
the catalog within the conceptual framework of social
media [76].

A short description of the Resource Discovery Services
(RDS) function, the single discovery search tool revolu-
tionizes the entire library experience. Users often had to
search individual resources including OPAC, databases,
collections such as e-book sites, or collections of newspapers
manually before RDS to find relevant information on a topic.

This was a time-consuming and sometimes labor-intensive
process because databases sometimes work differently, i.e.,
with different managed vocabulary, etc. By offering a one-
stop shop, library discovery tools change how users can
search for academic resources. Google-like search engines
have changed the way users search for information on
educational tools significantly [77]. It is important to un-
derstand their role and impact is growing given the in-
creasing prevalence of RDS or Web Discovery Systems
(WDS). They represent a significant investment in the or-
ganization and must be seen to add value to the library’s
position in the organization. In the past, it was supposed to
check for databases (or full text) and then followed links to
the full text but since it was impossible to find everything
through one vendor’s access, users could either visit each in
turn or use a federated search in one step to scan vendor
product groups (and then link).

The DL discovery system is special because it maintains
an index reflecting the full-text content that can be searched
for, as well as providing a link facility for accessing the full-
text content. The benefits of discovery service tools are that
they provide access to a large amount of variable material,
they are quick as searching is in local or centralized indexes
(although they are huge), they focus primarily on full digital
text, and they are easy to use [78]. The central Primo and
Primo, EBSCO Exploration Service, Summon, and World
Cat Discovery are some of the index-based exploration
resources that are commercially available. The open-source
software includes Blacklight, VuFind, eXtensible database,
and Franklin with no index-based discovery services. Unlike
the commercial discovery software mentioned above, they
are not able to search in OA and do not include a com-
munity-created central index [79]. Despite its capability and
relative ease of use, there exist drawbacks associated with the
library discovery system. For instance, there will always be
some inaccessible items to discovery tools unless all content
providers share their contents. Some library-subscribed
databases may not be compatible with some discovery tools.
In this case, researchers should be informed and advised
appropriately.
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One major problem with the discovery method is that many
repositories use technical language to provide topic access to the
materials they contain. Since this method effectively combines
several databases, researchers must be aware that databases may
identify a particular topic differently [79, 80].

4.1.5. Digital Library Discovery System Supporting Works.
Sarkar and Mukhopadhyay [81] discussed the design of an
open-source software-based library discovery system for
full-text ETD retrieval based on a cataloging framework
developed using available global standards and best practices
in the domain of these cataloging. The prototype framework
provides a single-window search and retrieval system for
end-users for discovering ETD at the metadata level and full-
text level. This prototype framework is based on a three-layer
architecture with Koha ILS as a backend metadata provider,
Apache-Tika as a full-text extractor, and VuFind as a dis-
covery system. A MARC-21 bibliographic format that is
specifically designed to handle TDs is used as a data handler
mechanism in Koha ILS and the harvester of VuFind is
tuned to fetch bibliographic data related to ETD in marcxml
format. The user interface of VuFind is also configured to
support accessing ETDs from global-scale services like
NDLTD, OATD, IndCat, ShodhGanga, etc., apart from the
local level ETD collection to provide an all-in-one search
interface for users but it lacks the advanced query.

Roy et al. [82] developed a web-scale discovery system
using different open-source software (OSS) and open
standards. Although the study was not based on real-life
examples or demonstrations of discovery tools, the tool has
been tested on several configurations. It is a prototype re-
source discovery framework that may be integrated with any
Web-enabled online information retrieval (IR) system. The
present review shares tested experiences of integrating Koha
(here open-source integrated library system (ILS)) and
DSpace (open-source repository system) with VuFind
(open-source discovery tool) along with other external,
commercial, licensed, unlicensed, or open access databases.

A recent work by Pal [83] provides an outline of the
library resource discovery environment and explains how
technologies, methodologies, and products can adapt to
changes in the evolving landscape of information in
scholarly communications. The author also attempts to
evaluate comparative features of library resources discovery
products and services available in commercial and open-
source discovery systems and so does the case study of the
adaptation of library resources discovery tools in Central
Library, Tripura University. The work conducted by Beyene
and Ferati [84] shows that even though such a “Google-like”
experience is praised as beneficial to users, problems of
accessibility and usability related to the diversity of needs,
goals, preferences, and needs of users still exist. To better
comprehend these problems, the authors extensively
reviewed literature and primarily clustered issues into
navigation, interface, and resource-description categories. In
this context, adaptation was proposed as another method of
enhancing RDT accessibility and usability and could be
performed at the levels of interface, information, and

navigation. In general, the authors showed how adaptation
could be considered to alleviate the problems of usability and
accessibility of RDT interfaces.

Chetan [79] availed an outline of discovery tools that are
an extension of the 3™ generation library catalogs. In their
work, the author deliberated the features related to open-
source and commercial discovery systems. The challenges
associated with these systems were identified to be related to
metadata, standards adoption, and recommended practices.
The author also proposed comprehensive index coverage,
creation of open access index, cooperation of discovery
system agencies, and vocabulary standardization as initiatives
to address these and other challenges. The study concluded
that there is need for additional open-source solutions in the
discovery system to reduce the costs which are controlled by
commercial enterprises. This is because contemporary re-
source discovery tools allow for facet-rich interfaces that offer
a variety of alternatives that can reveal resources to their
potential users and support their navigation.

Chickering and Yang [85] evaluated thirteen major dis-
covery tools; among them, three were open-source and ten
were proprietary tools, bench-marking sixteen criteria recog-
nized as the advanced features of a next-generation catalog,
while some have been used in previous research on discovery
tools. The study compared all the major discovery tools with
the overall findings and recommendations that discovery
systems should be integrated with social networking sites and
persistent links, and the systems should serve to update li-
brarians on the latest developments and assist them in their
adoption. Beyene [86] examined one of these tools in the
context of universal access and the utilization experience of
users with print disabilities. The study explored the barriers
that print-hindered users face while using library search tools,
and what could be done to device discovery tools that integrate
the needs of users with print disabilities. The data obtained was
used to forward-design recommendations for future action.
The study generally revealed that print-disabled users preferred
that RD'Ts should offer them simplicity of use and features that
capture and focus on their preferences and needs to avail
adaptations related to content presentation and display.

4.1.6. Open Access Initiatives and Adoption. Open access to
information is a generic term used for information tools
made available for large-scale commercial or corporate use
in the public domain, regardless of subscription fees or
access fees [87]. Open access facilitators and users need to
create an online link for the dissemination of information.
The OA movement uses the term Gold OA for OA provided
by publishers, and Green OA for OA provided by libraries
while work that is not OA or accessible only at a fee is called
Toll Access [88]. Thus, all kinds of OA remove price barriers
and are termed as Gratis OA, as opposed to Libre OA if at
least some permission barrier is removed as well.

The other kind of OA is academic OA journals which are
a kind of web-accessible online journal without access re-
strictions, such as annual subscription fees. Therefore, the
owners of the OA systems not only provide free access to
academic material but also have to provide other rights



packages for research literature producers and consumers.
In the past, there was no freedom to publish, store, recycle,
and reconstruct the academic content by normal copyright
protection procedures. Due to this, the copyright laws of
most countries had prohibited the free distribution or re-use
of educational content. At the present, expanding the
freedom to distribute or reuse published contents via an
alternative to copyright protection mechanisms, such as
Creative Commons or Copyleft licenses, users are nowadays
pleased to use these community resources for further in-
formation production and distribution. While preserving
creators’ interests, creative commons licenses also harness
the full potential of OA research literature [89].

Palmer et al. [90], who emphasize the role of librarians in
OA, established that the American Academic Libraries have
a positive attitude towards OA ideals and focus on pro-
moting it. According to research conducted at private
universities in Nigeria, by Bolarinwa and Utulu [91], aca-
demic librarians have shown a positive view of the OA
information tools. The work done by Lwoga and Questier
[92] revealed that about 75% of librarians had strongly
supported OA topics on campus. The study suggested that
the librarians can further support OA through the following:
(i) providing enhanced access to OA works by linking OA
works via library catalogs, including researchers’ OA re-
sources and Selective Information Dissemination (SDI)
services, making them part of a federated search, (ii) pub-
lishing OA works; many research organizations have in-
house publications that can be called OA, which host the
journal through open journal’s systems and libraries can take
steps to publish and identify potential outlets for publishing
activities in different campus environments, ranging from
newsletters to special collections and resources for students,
(iii) digitize OA versions of non-copyrighted works, and (iv)
initiate the October OA Week each year to mark the In-
ternational OA Week which can include a variety of ac-
tivities such as setting up talks, awarding researchers, and
directing researchers on new developments in the field [93].

One of the techniques of OA is self-archiving of e-prints
in OA journals which makes them available on the Internet
as pre-prints or post-prints [94]. The generic pre-print is an
article submitted to a scholarly journal (or intended to be)
for peer review and editorial approval. This term also
commonly refers to papers submitted to series without peer
review as well as articles not submitted to series. On the
other hand, a post-print is the final version of an article that
represents the changes made after the peer review and
editorial processes. This can be either a new publisher
version or a writer-updated pre-print to match the pub-
lisher’s changes. E-prints are principally made available as (i)
a personal website for the author, (ii) a disciplinary archive
containing authors’ work on one or more topics worldwide,
(iii) an institutional e-print database containing e-prints
from writers in a particular educational institution such as
departments or organizations as a whole, or (iv) an academic
repository of different types of digital work like data sets,
online theses, and presentations and technical reports by
authors at an institution, including e-prints [95].
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There exists a broad range of free open-source codes
available to support online libraries and corporate reposi-
tories. With e-prints being based on copyright law, business
vendors have started providing turn-key systems to support
the latter. Whether the author or publisher, the copyright
holders of work must allow for OA. It should however be
noted that there is no need for OA to change the existing
copyright laws. Historically, publishers have also permitted
writers to be given newspaper articles. Nevertheless, writers
also retained the pre-print rights created for the final
published book before the transfer of copyright, which al-
lows them to make those pre-prints available to the public.
Owing to this, some publishers refused to publish articles if
they were eligible for digital pre-printing but it seems this
practice is dying out [96]. Publishers are increasingly open to
permitting writers to preserve copyright, with authors giving
publishers specific rights, largely as a result of the OA
movement. While many publishers need to transfer copy-
right, most of them now have clear policies that give pub-
lishers exclusive rights of distribution and allow other uses
for their posts [97].

4.1.7. Development of User-Friendly Digital Library Discovery
Systems. Developed DL discovery systems are created using
technologies that enable library users to simultaneously
search for multiple web-based resources and produce ac-
cessible search results. The present development was com-
pleted through an open-source software named Blacklight
with features that include organization and indexing, ad-
vanced searching, ranking and sorting, enhanced services,
enhanced displayed, personal information environment, and
support/integration with social networking tools [82]. The
advantage of this software is that it is used by libraries to
create discovery layers or institutional repositories to im-
prove and update available technical frameworks to suit new
digital materials [98]. Blacklight was first developed at the
University of Virginia based on a Ruby on Rail program-
ming framework and Apache SOLR indexing, search, and
retrieval technology [99]. It also provides a flexible toolkit for
a broad variety of record types and is the principal search
interface to the hydra project digital asset management.
The technological tools used for the creation of this DL
discovery system contents were (i) Ruby 2.2.2, (ii) Rails 5.1,
and (iii) Solr open-source search platform, written in Java.
Blacklight has several plugins. For instance, Blacklight
MARC is library catalog enhancements, a spotlight that
enables librarians, and curators, to create attractive, feature-
rich websites highlighting these collections, and Geo-
Blacklight is a multi-institutional open-source collaboration
that builds a better way to find and share geospatial in-
formation [99]. In the present development, the DL dis-
covery system features were grouped into three categories,
namely, (i) large search space, a search can find the data from
various data sources; (ii) intuitive usability, like a search
engine, simple form with advanced search functions; and
(iii) ranking of the results by relevance, the “best” hit is
shown first, not necessarily the newest hit. Figure 3 shows
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the developed user-friendly DL discovery system as a result
of this review work.

The developed user-friendly DL discovery systems fea-
tures could further be described as follows: (i) a discovery
interface that provides access to several of resources availed
by the library in a single-search window. Although this has
many definitions in literature, there is an enhancement on
specific major features like the central index that represents
the metadata, and the full-text content is converted into a
single index, the single-search box, relevancy-ranking, and
facets. (ii) An end-user interface is the static HTML web
page designed for searching using a web browser to provide
access to the library-availed resources. The end-user inter-
face provides access to a simple yet advanced search-box
where the question is executed when the user enters the
search expression. The advanced query lets the user search
according to available conditions and the output is typically
a short or full record display format depending on user
preference. (iii) Inter-operability with a link-resolver which
provides a link to the full-text from a citation record in the
search results. (iv) Local search and retrieval which are
generally achieved by integrated indexing, search, and re-
trieval to the collection of interest. Many local search and
retrieval indices use Apache SOLRTM ([79] or [100] as the
local search tool. (v) The capacity to synergistically com-
municate with the ILS implementations of the library. This
being the most critical feature, the library discovery system
should show the status of items in the library’s physical
collection, order for holds or recalls, interact with the patron
records to display account status, list charged items, fines or
fees due, and view/update personal details. (vi) Access to a
remote index platform via Application Programming

Interface (API) alongside or instead of search queries to
receive results from a local index. A discovery index can also
link to the external platform that indexes contents of in-
terest. This kind of inter-operability is made possible by the
API, a common agreement between the content and the
discovery service providers which manages requests and
responses, records transfers, and presents documentation to
back a search session [101].

5. The Way Forward and Future Prospects

Using ICT has revolutionized how the worldwide com-
munity uses information. Library members are no longer
limited to online tools designed to meet their information
needs despite the challenges faced by scholars and the re-
search communities when accessing online information.
Some of these problems include difficulty in access,
download exceptions and restrictions, complex interface
design of information systems, low quality of the commu-
nication process, and poor quality of the Internet. Taking
into account the need for information, it is now that elec-
tronic library resources with multitasking information ac-
cessible, simple interface design, quality assurance service,
and ease of communication via a social network have been
developed and implemented to satisfy DL users.

There still exist some limitations that accompany library
discovery systems. Despite the strength and the relative ease-
of-use of these tools, the cooperation of all content providers
in sharing their contents is key to enabling full access to a
discovery tool. At times, some of the databases may fail to
work with some discovery tools. In such a case, researchers
should be notified and be advised to perform a database
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search. Another main problem is that a lot of databases, to
enable subject access to material on their site, make use of
their specialized vocabularies. Since a discovery tool in
essence combines several databases into one, researchers
must know that databases might describe certain topics
differently. For instance, the term “imagery” can be used
differently in literature and psychology databases. Thus,
researchers should use better descriptions while searching
for articles to reduce mismatches that are likely to occur in
a discipline. This is unlike Google which does searching in
full content and rather than in metadata as in the library
discovery system. This makes it difficult to achieve search
effectiveness in the library discovery system [79]. Based on
these observations, this review provides a systematic
analysis of DL information accessibility in the following
aspects: (i) analyzes the barriers preventing learners from
using online library resources, (ii) examines users’ satis-
faction with digital libraries, (iii) studies essential variables
related to DL adoption and usage, and (iv) describes the
next generation in DL services and finally develops user-
friendly DL discovery systems to mitigate distance learners’
technical hitches.

6. Conclusions

This review intended to provide a systematic analysis of DL
information accessibility and the development of a user-
friendly DL discovery system. The analysis shows that the
library user’s dimension plays the most significant role in
DL systems improvement. This allows researchers to
identify what aspects could be inherited from the other
technologies specifically for the DL system enhancement.
This analysis describes the different DL systems and
models, DL tools, and the proposed design of library digital
services, and finally has developed a user-friendly DL
discovery system. The developed DL discovery system
considers how to provide their patrons with QoS. In the
developed DL discovery system, some components have
been highlighted that are concerned with providing en-
vironmental quality, delivery quality, outcome quality, and
standard with DL procedures. This work contributes to the
conceptual design and development of the discovery tool in
the university libraries concerning the transition from
normal DL resources to modern DL resources. It also offers
in-depth user forecasts and instruction on the management
of library tools for references and information processing.
Nonetheless, most libraries are now starting to introduce
one-stop shopping programs for their customers, where at
the same time several different types of resources are being
queried. Additionally, this work offers widely library user
awareness, adoption, and usage of DL resources in which
the use of DL discovery systems’ development tools is
distinct from the use of other library services such as the
online catalog and the repositories.
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