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The Impact of Semantic Web on Digital Libraries Development

Muhammad Asyraf bin Wahi Anuar
Isma bin Ishak

Lecturer, Faculty of Information Management
Universiti Teknologi MARA

Abstract

Semantic web technologies enable the computer to interpret data in a machine-interpretable form on the
website that can facilitate the searching process. Currently, only human can understand the information
and the search engine only provide facility to do online searching but in semantic web environment, it
possible for the web to understand and satisfy the requests of people and machines to use the web content.
This article discusses the current state of the Semantic Web, and how it may impact on the digital libraries
development over the next few years by understanding the semantic web standards, for example, metadata
and taxonomies. The use of ontologies allows interoperability among applications exchanging machine-
understandable information on the web that assist the digital library to capture more accurate result and
understand the user needs. With the help of authority vocabularies, ontologies, and natural language
processing, the semantic web can create a higher level of search retrieval giving well defined meaning by
linking data and reusing the same data to connect across many different documents on the web.

Keyword: semantic web; digital library; metadata; controlled vocabulary
Introduction

The initiation of the Semantic Web by World Wide Web Consortium (W3C) has been active for
the last few years, especially in information retrieval process. Sir Tim Berners Lee, the founder of
WWW, was the person responsible for introducing the concept of Semantic Web where web contents are
flexible, integrated and self learning to provide a more interactive experience for users. Metadata is one of
the foundations of Semantic Web in information retrieval and it has been used in libraries for centuries.
Dublin Core is one of the metadata used by libraries that can provide a set of vocabulary terms which can
then be used to describe resources for the purpose of discovery, either in printed or electronic format.
Most websites also use the tree structure classification scheme to coordinate the information on the same
or related subjects, leading to the hierarchical organization of catalogs. The approach of catalog and tree
structure classification has been widely accepted and implemented in website environment, especially for
online directories like Yahoo! Directory, Malaysian Manufacturers Directory or the Open Directory
Project.

Most online search engines retrieve and arrange information based on keywords and the
popularity of the websites but this does not guarantee that the information retrieved is valid and up to
date. The effort of the Semantic Web initiative to continue to learn and explore the metadata provides
additional method of managing online resources. Semantically annotated contents of the digital library’s
database can be retrieved by new properties. These properties interlink different resources and provide
new meaningful information to the existing full text and bibliographic descriptions. This paper will
discuss how metadata usage in Semantic Web will impact the development of the digital library.



Semantic web definition

According to Heidari (2009), the Semantic Web is an evolving extension of the World Wide Web
in which the semantics of information and services on the web is defined, making it possible for the web
to understand and satisfy the requests of the people and machines that use the web contents. It is derived
from the World Wide Web Consortium director, Sir Tim Berners-Lee's, vision of the Web as a universal
medium for data, information, and knowledge exchange. Semantic Web is able to describe things in a
way that computers can understand. Decker et. al. (2000) claimed that Semantic Web will enable
intelligent services such as information brokers, search agents, and information filters, which offers
greater functionality and interoperability than current stand-alone services.

Digital library

The advent of technology has not only revolutionized the teaching process but also redefined the
students’ methods of learning and retrieving information. As for the information management students,
they are well trained to be the information professional as they are proficient to do selection on reliable
information. There are many definitions of “digital library.” Terms such as “electronic library” and
“virtual library” are often used synonymously with it. The elements that have been identified as being
common for digital library term, as identified by The Association of Research Libraries (1995), are:

e thedigital library is not a single entity;

o thedigital library requires technology to link resources;

o the linkages between many digital libraries and information services are transparent to the end
users;

e universal access to digital libraries and information services is the primary goal; and

o digital library collections are not limited to document surrogates

The revolution of technology has led the world to rely on online resources instead of printed material
as they are easy to retrieve and are accessible from anywhere. Libraries also prefer digital collections for
many reasons, including, but not limited to, the following: digital journals can be linked from and to
indexing and abstracting databases; access can be from the user’s home, office, or dormitory whether or
not the physical library is open; the library can get usage statistics that are not available for print
collections; and digital collections save space and are relatively easy to maintain (Tenopir, 2003).

Digital libraries are large, organized collections of information objects. Well-designed digital library
software has the potential to enable non-specialist people to conceive, assemble, build, and disseminate
new information collections. This has great social impact because it democratizes the dissemination of
information. In particular, it will revolutionize the way in which education is conducted and educational
materials are prepared (Witten, Bainbridge & Nichols, 2006). Digital libraries containing representations
of original works provide opportunities for students and scholars to conduct research from personal
computers and workstations located in their homes, offices and laboratories. Facilitating remote research
from private and public locations offers the learners opportunities that are unconstrained either by the
limited resources found in particular physical libraries or by their schedules of operation (Downs &
Friedman, 1999). Digital libraries can be viewed as infrastructures for supporting the creation of



information sources, facilitating the movement of information across global networks, and allowing the
effective and efficient interaction among knowledge producers, librarians, and information and
knowledge seekers (Adam, Atluri, & Adiwijaya, 2000).

Digital library interaction shares experiences from two distinct communities, the Human Computer
Interaction (HCI) and the information science community. The HCI community is carrying the expertise
on the improvement of user interaction with a new information management medium, while the
information science community adds the scent of domain knowledge in the sense of information behavior.
This conjunction imposes the investigation of the iterative exchange of dialogue elements between the
user and a digital library system, which are translated through an interface and aims to fulfill the user’s
informational needs (Tsakonas, Kapidakis, & Papatheodorou, 2007). Campbell and Fast (2004), consider
the potential of Semantic Web for future catalogues in academic research libraries. They recognize that
interoperable transfer of metadata in metadata harvesting programs is important, for example, the Open
Archives Initiative Protocol for Metadata Harvesting.

The Metadata and RDF

The RDF (Klyne and Carroll, 2004) is a simple XML-based language to define computer-
understandable vocabularies that people and programs can use to describe things of interest such as web
sites, newspaper articles, e-mail messages, people, books, events, or web services. RDF mimics human
languages in that it allows one to introduce new terms (individuals, classes and properties) that are
defined (partially, at least) in context with existing terms. RDF Schema (Hayes, 2004) extends RDF by
providing vocabulary to build logical object-oriented schema, including a simple typing system, sub-
classes, sup-properties, inheritance, etc. RDF, a core part of the Semantic Web, uses uniform resource
identifiers (URIs) to uniquely identify resources and provides a framework to describe a resource in terms
of its properties and its relationship with other resources. RDF uses a graph of nodes and arcs representing
the resources, their properties and values (Yan Han, 2006).

Currently the metadata of library materials are contributed by the librarian responsible for
creating the catalog record for all library collection, based on the bibliographic descriptor such as ISBD,
AACR, MARC21 or Dublin Core in a machine readable format. In order to ensure all information has a
standard description and makes it easy for retrieval, subject heading is used for standard vocabulary
control like LCSH and SLSH. By publishing controlled vocabularies in one place, which can then be
accessed by all users across the Web, library catalogs can use the same Web-accessible vocabularies for
cataloguing, marking up items with the most relevant terms for the domain of interest and search engines
can use the same vocabularies in their search to ensure that the most relevant items of information are
returned. The Semantic Web offers open standard Resource Description Framework (RDF) with useful
flexibility for describing information and resources. The implementation of RDF has led to the emergence
of web technology to become more intelligent, whereby the computer are able to understand the
relationship between things. For example, computers can understand that the keyboard is a part of
computer and computer is related to technology and internet or any other things that is related and
relevant. This shows that the Semantic Web use the metadata to understand the user’s needs instead of
only providing the result based on the user’s keywords.



The Semantic Web will bring structure to the meaningful content of Web pages, creating an
environment where software agents roaming from page to page can readily carry out sophisticated tasks
for users (Berners-Lee, Hendler, and Lassila, 2001). The introduction and implementation of RDF in
Semantic Web environment enables the computer to learn more in understanding the content and
identifying the most relevant object to be published in the search result. The web already acts as the
information source and the issue of information overload has led to the questionable result retrieval as the
result usually will be based on the hits or ranking of the website. RDF has some very important roles in
controlling and providing the most relevant result by establishing a relationship between resources that
are interrelated.

Impact areas

Semantic Web and digital library are different terms but will it produce a semantic digital library?
The ability of RDF in Semantic Web to aggregate internet resources has led to the new concept of
information sharing and retrieval process as it can provide interoperability with other systems either at
metadata or communication level or both and not limited to the digital library system only. The integrated
information based on the metadata like resources, user profiles, bookmarks, social network and others,
provide highly meaningful information to be published and used.

The Semantic Web enhances the capabilities of search engines which forms familiar parts of the
current Web so that they can become useful information management tools. The Web is already an
information source of choice for many learners and researchers. A more structured and directed approach
to managing this information space, both within institutions and across the whole community, can make
this information more useful, with less wasted effort, and more capacity to measure the quality of
information. Both Semantic Web and digital library gain advantages in their own development as for the
digital library, they started to emerge into a huge online entity as the Semantic Web with the RDF
technology enables the computer to understand better about the user’s needs and provides internet
resources in a collective manner. RDF allows the digital library to use the online search engine facility as
an added value to the OPAC.

Digital Library Semantic Digital Library
Storage | Database & archive Database & archive
Metadata | Digital bibliographic description Semantic bibliographic description
(MARC, ISBD, AACR) (interconnected metadata) + provided by users
Interface | Full text search (OPAC) Search and browsing on ontologies (Web)
Pros e content accessible online e User contribute to the classification process
e Faster searching process e User enhance digital content using blog,
wiki etc.
e  User understand community driven
annotation
Cons e Need to know the right keyword e How to convince the legacy metadata
e Lonely user provider to the value of social annotation




e Problem interconnecting different
libraries

Table 1.0 Comparison of digital library and the semantic digital library environment.

The integration of RDF and library metadata will produce a comprehensive result and enhance
information sharing. The success of social networks has already changed the internet users’ attitude in
information sharing. As we can see, the information sharing culture started to develop when people
realized that the social network is one of the popular methods of sharing something because there will
always people who read about it instead of updating it into their own websites or blogs. Semantic digital
library also will lead to the same situation as it can capture any related information associated with any
library material and make the collection more comprehensive. Users also could share any of the library
material through a website since the integration of library metadata and RDF provides full capabilities in
information sharing and distribution. Once the sharing process happened, the information will get new
community annotations that can be used to improve the internet resources retrieval.

Benefits of semantic digital library

Technically, semantic digital library involve 3 major components which are content, user and the
system. In addition, each of these components is interrelated in term of performance, usability and
usefulness. In the context of content development, the semantic digital library offers manageable and
highly organized information. The rapid growth of information may lead to information overload and if
there is no proper information management, it might cause a waste of resources because the information
or data is not connected to each other. The semantic digital library is able to manage complex information
storage and searching activity by having a flexible resource management like dynamic views on database
instead of static view in a single system database.

The collaboration between the library materials with blogs, wiki and forum will bring the
semantic digital library to its full potential as the users will contribute in the content annotation process.
On the other hand, the users also have the opportunity to share their knowledge within a community and
have a proper platform to exchange opinion and ideas. However, information sharing could be harmful if
there is no proper monitoring and evaluation process especially when two different levels of users, such
as a typical end user and an expert user, contribute to the annotation. Annotation plays important roles as
it determines the relationship between the information and makes the semantic technology able to retrieve
it. Moreover, the digital library also gains advantages from the semantic because it will be able to identify
and select information from complex resources.

Content is the prime reason why people interact with a digital library. The more advance the
technology involved with the internet, the more people will contribute since technology made sharing
easier and this situation will lead to the huge number of information produced every day and it will
become more complex to be retrieved. The concept of semantic digital library is to makes the users be
involved in the content annotation process, and allow the users or readers to share their knowledge within
a community. Currently the concept of a library is concentrated on content or information delivering but
not on knowledge sharing within a community of users. At the same time, the semantic digital library
provides better communication between users in and across communities. Once the collaboration happen,



it means that the information will be disseminated by itself and there will be more contributors who will
share their information and knowledge related to that particular topic.
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Fig 1.0 Architecture of semantic digital libraries based on Information Triptych Model

The user characteristics are complex and constantly evolving time by time as there is no specific
mechanism to control users’ need and to satisfy them. In terms of the digital library, it is impossible to
provide detail overview on the library material such as books, journal and others. The librarians need time
to give feedback to the users, since they need time to seek information and review. In the semantic digital
library concept, it can provide opportunities for the users to retrieve any content from different sources
and not only depend on the digital library collection. This is because the users can join the community,
share the same interest and have a discussion related to that particular topic or issues. This is not only
limited to the semantic digital library community discussion facility. Users can retrieve information from
external services like social networks or other related websites that share the same interest. This shows
that the content and users are now interrelated to each other as there is no limitation on content and user
discussion. Moreover, it will encourage the knowledge sharing attitude to so that it becomes a culture.
Furthermore, this type of knowledge sharing will give benefits to everyone as it has no limitation and
everyone will be able to contribute.

The integration between other websites and systems provide a huge opportunity in information
sharing and at the same time, encourage the community contribution to the digital information
environment. The most important connection to the semantic digital library is the social network since the
social network has now become a new trend in web usage. Traditionally, the main communication via the
internet is e-mail, instant messaging and forum but the social network has become a very popular medium
in communication and community integration. This trend significantly changes the way humans
communicate and how internet users are connected to each other. Today, people use social networks not
only to virtually develop the connection to each other, but also share the latest information through it as
the medium is very popular and has become a trend. The semantic digital library adds to the advantage by
integrating the library service with social networking like the open access and page sharing via the RSS
and tags. By having these functions, the library can develop a knowledge society and improve the
function of the library in daily application.



Conclusion

The Semantic Web provides exciting potential for the extension of library web services but with a
high overhead of time and resources for the creation and maintenance of metadata and taxonomies. The
way semantic digital library capture the annotation from the users is very useful since the user will
contribute more than just a librarian but on the other hand, the issues of controlling and the reliability of
the annotation can be questionable if there is no proper citation or references. Another major challenge is
about the metadata itself. Currently each library has its own database to store the collection description
and not share with others. If there is no proper sharing mechanism to make it possible for the library to
open the database for other search engine to do the searching and indexing on their database, the semantic
digital library initiative will be difficult to be fully implemented and utilized. This is because the concept
of the Semantic Web is to share and capture every resource based on the description contributed by the
internet user, and if the library database is not able to provide sharing ability, it will limit the retrieving
process

However, the librarians are still important and relevant but they need to be very skillful especially
in information seeking process. The task of the librarian is not only to provide and assist users to retrieve
information but in the era of semantic digital library, they need to be competent in the latest technology
and be an expert in manipulating the searching process. Moreover, a librarian needs to understand the
complexity of information resources and should be very skilful in developing and implementing metadata
standards and controlled vocabulary. Another challenge is about the privacy of data, where in semantic
environment everything is shared and everyone contributes. The privacy might be the main concern as
most of the content is copyright protected and some security mechanism should be applied in order to
protect the information from misuse. The semantic digital library still needs further improvement in terms
of its user functionality, usefulness and the performance of the information system in capturing the right
information with the proper technique.
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