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Abstract

Ontology has been a subject of many studies carried ou t in artificial intelligence (Al) and
informatio n system communities. Ontology has become an important component of the
semantic web , covering a variety of knowledge domains. Although building domain

ontologies still remains a big challenge with regard to its designing and implementation,

there are still many areas that need to create ontologies. Information Science (IS) is one
of these areas that need a unified ontology model to facilitate information access among
the heterogeneous data resources and share a common understanding of the domain

knowledge. The objective of this study is to develop a generic model of ontology that
serves as a foundation of knowledge modelling for applications and aggregation with

other ontologies to facilitate information excha nging between different systems. This
model will be a metadata for a knowledge base system to be used in different purposes

of interest, such as education applications to support education al need s for teachers and
student s and information system developers , and enhancing the index tool in libraries to
facilitate access to information collections. This thesis describes the process of modelling

the domain knowledge of Information Science IS.

The building process of the ontology of Information Science ( OIS) is preceded by
developing taxonom ies and thesauruses of IS. This research adopts the Methontology to
develop ontology of Information Science OIS. This choice of method relies on the
research motivations and aims , with analysis of some development ontology
methodologies and IEEE 1074  -2006 standards for developing software project life cycle
process es as criteria. The methodology mainly consisted of; specification,
conceptualization, formalization, implementation, maintenance and  evaluation. The
knowledge mo del was formalized using Protégé to generate the ontology code. During

the develop ment process the model has been designed and evaluated.

This research presents the following contributions to the present state of the art on

ontology construction;

- The mai n achievement of the study is in constructing a new model of Information
Science ontology OIS. The OIS ontology is a generic model that contains only the
key objects and associated attributes with relationships. The model has defined
706 concept s which will be widely used in Information Science applications. It
provides the standard definitions for domain terms used in annotation databases
for the domain terms , and avoids the consistency problems caused by various
ontologies which will have the potential of development by different group s and

institution s in the IS domain area.
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- It provides a framework for analyzing the IS knowledge to obtain a classification
based on facet classification. The ontology modelling approach is based on top -
down and bottom  #p. The top -down begins with  an abstract of the domain view.
While the bottom -up method starts with description of the domain to gain a
hierarchal taxonomy.

- Designing Ontocop system a novel method presented to support the developing
process as specific virtua | community of IS . The Ontocop consists of a humber of
experts in the subject area around the world. Their feedback and assessment

improve the ontology development during the creating process .

The finding s of the research revealed that overall feedback fr om the IS community has
been positive and that the model met the ontology quality criteria. It was appropriate to

provide consistency and clear understanding  of the subject area. OIS ontology unifie s
information science , which is composed of library science, computer science and  archival
science , by creating the theoretical base useful for further practical systems. Developing
ontology of information science (OIS) is not an easy task, due to the complex nature of

the field. It needs  to be integrated  with other ontologies such as social science, cognitive
science, philosophy , law management and mathematics , to provide a basic knowledge

for the semanticweb  and also to leverage information retrieval.
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Part 1: Fundamental Issues



1 Chapter 1. Introduction

Recently, the development of  domain ontologies has become increasingly important for
knowledge level interoperation and information integration. They provide functional
features for Al and knowledge representation. Domain Ontology is a central foundation
of growth for the semantic web that provides a gene ral knowledge for correspondence
and communication among heterogeneous systems. Particularly with a rise of ontology in
the artificial intelligence (Al) domain, it can be seen as an almost inevitable development

in computer science and Al in general.

Ontologies are useful for different applications to be able to share information between
heterogeneous data resources. They are also essential for enabling knowledge -level
interoperation of agents, when these agents are interacting to share a common

interpret ation of the vocabulary. Moreover, it is useful for human understanding and

interaction to reach a consensus among sta professional community.

Although there are a range of domain ontologies on the semantic web such as Gene

Ontology (GeneOntology, 2009) , Biological science ontology (Sabou 2005), CIDOC -CRM
ontology of culture heritage documentation, FRBR in Bibliographic and NCI cancer

ontology (Golbeck et al., 2008) , there still exists a lack of domain ontologies, which has

led to the loss of knowledge in specific domains. This is a significant problem for scholars

and researchers who need to be able to access information within their interest area.

Ontology provides a vocabulary for metadata description with machine understandable

terminology . Ontology pro vides a format for explaining and understanding terminology

and the knowledge contained in a software system. By using shared concepts and terms

LQ DFFRUGDQFH ZLWK D VSHFLILF DSSURDFK D ORW RI LQIR'UPDWLRQ

is discussed in 2.3.

However, information science (IS) is a fast paced discipline and communication
technology is rapidly increasing, so it is imperative to take advantage of this
development. IS is a multidisciplin ary field and it has gained the fundamental root of its
theory from different related fields . The analysis includes the three branches of the field,
which are ; Library Science, Archival Science and Computer Science. Meanwhile it
overlaps with other sciences, as stated in  Section 2.2, e.g., communication, cognitive
science, philosophical science, management, social science and marketing. More
precisely, the relationships between information and marketing can be subdivided into

marketing information, marketing information services, marketin g of library services.



These kinds of relationships need logical ontology to clarify their relations and the

science boundaries , among st others. Therefore, Information Science still needs identity.

However, thereis a lack of IS ontology representing the unified model that combines all
concepts and their relationships. Moreover, IS as any domains which use the natural
language. It contains a lot of jargon  which need s to be in a formal language for
programming or logic. Alternatively , integration of the com  puter with the internet has

led to the emergence of new concepts in the field of IS such as , Electronic Library,

Virtual Library, Library Without Walls, Digital Library and Information Management , as
well as Nerve Centres. Even the information concept its elf has strong and complex
relations with other concepts, for example some people have defined it as fact, energy,
data, and symbols. Also, it can be composed with other words such as; information age,

information revaluation, information crisis, informati on explosion. However, there are
400 definition s for information in the literature (Yuexiao, 1988) . Itis hard to differentiate
between these concepts. Even within the same field, there is still confusion over defin ing
information - everyone define s it based on his background , for example librarians know

it in term of facts, and data can be in container s such as journals, books and documents.

The computer scientists conceive it as small unit s such as bits and byte s.

Consequently, modelling the IS do main necessarily assumes the need to represent the
correct picture of the whole domain, and any changes in the domain will have to be

added to keep the model up to date (Mommers, 2010, Yuexiao, 1988).

Our consideration is that in developing an ontology of Information science OIS to define

its boundaries, and avoid ambiguous concepts.

Therefore, there is a lack of unified model of domain knowledge , because of the
inconsistency in structure of domain which led to difficulty of using and sharing data in

synta x and semantic level.

1.1. Problem Identification

Information  Science is seeking its identity and it is one of the many domains which use
natural language including much jargon. Also, integration of the computer with the
internet has led to emerging concepts in the field of IS such as , Electronic Library,

Virtual Library, Library without walls , digital Library It is hard to differentiate between

them.
Furthermore, its  structure led to lack of a unified model o f domain knowledge. This led to
lack of a un ified model of domain knowledge, and difficulty of using and sharing data at
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syntax and semantic levels. The OIS ontology provides a standard terminolog y and

shared representation of  domain concepts.

Therefore, the ontology of information science is missing in ontological engineering area.
Our consideration is that developing ontology of Information science to define its

boundaries, and to avoid the concepts ambiguous
The research problem  of the study was defined as the following:

Q. How an ontology of Informa tion Science ( OIS) model can be
developed to visualise the IS domain, and how the model could capture

and represent this knowledge?

To achieve the primary objective, the researcher asks questions to be answered through

this study such as:

- What domain know ledge does the ontology represent?
- What is the level of knowledge that the ontology will represent?
- Which knowledge representation techniques and languages should be used?
- What are the relations that will be used to structure the knowledge, and which
str ucture for the ontology will it have e.g. tree, graph, and its main components
of ontology (e.g. , classes, instances, relations, rules)?
- What is the value of tool s such virtual community of practice ontocop ? Could

they be valuable in support ing the develo ping process?

Does the developing process of the ontology follow designing criteria?

- Is the ontology evaluated based on specific criteria?

1.2. Aims and Objectives

The aim of this research is to develop a generic model of ontology that visualize domain
knowledge of IS  that serves as a foundation of knowledge modelling for applications and

aggregation with other ontologies.

The visuali sation stage provid es an extensible and common ly understood semantic
framework by describing the terminology of t he domain. Achieving this aim in the

current study  will fulfil the following Objectives :

- Building a conceptual model for establishing a better analysis framework to

understand, classify and compare various classes of Information Science.



- providing a fram ework to make it possible to share a common understanding of
Information  Science by:
o Identifying the key objects of IS domain and relationships.
o Providing a specification of information requirement for both developers

and end users , to be used in different applications.

1.3. Methodology and Implementation

The aim of this part is to investigate whether the results found in the literature study

could be applied in practice by focusing on ontologies in a specific area. For this purpose,
the virtual community of pra ctice (Ontocop) was designed to visualise the area of
Information Science  (IS) . Also, to involve other people as member of VCops by using
some process of negotiation, to give us feedback on the ontology it is been developed.
Additionally, they will help th e researcher to assist and evaluate the ontology. There are

many different methods for asking for feedback and analysis what the results are.

The literature review will be used in this research to address the research problem as
identified by Saunders , et al (2000). It will be include the key of academic theories
through the chosen area, and revealing that knowledge of your chosen area is new.
Beside explain how the research relates to previous published research, to justify
arguments by referencing pri or works. Furthermore, enabling readers to find the original

work you cite through apparent reference.

Regarding building the ontology, a methodology for building ontologies decides the main
development stage and proposes guidelines for each stage depende nt on use of the

ontology. Many methodologies have been proposed since the 1990s to build ontologies.

Each one has a different approach, such as Methontology, and SENSUS. Gomez -Pérez et

al. (2004) have made comparisons between these methods, and have poin ted out that
these methods have common development stages most of them have conceptualisation,

requirements analysis, formalisation, implementation, maintaining and evaluating.

Hence, there seems to be no general agreement on methodology to building and de sign

ontology, due to the fact that it depends on its application and purpose of using it Noy
and McGuinness (2009). To build a new ontology from scratch, or reuse another
ontology, it should be built according to present needs and the purpose from it (Pin
and Martins 2001).

In this study, a new approach is proposed for designing a system to build ontology
through sharing and reusing knowledge between members of communities of practice of

Information Science (IS). The first step is building the ontology through the (VCops)

to



The second step is building ontology of Information Science ( QOIS) . In this sense our

approach to visualise the knowledge of IS domain, will be as depicted in Chapter 3 .

1.4. Contributions

In this research the main co ntribution presented through this thesis is:

- Creating ontology of Information Science OIS model to unify IS knowledge. The
OIS ontology is a general model for the domain , enabling the integration of a
large amount of information resources. It designed to be flexible, reusable for
other implementations, and compatible in knowledge base systems rather than
imposing a specific solution.

- The model has fundamental roots in a framework based on analysis of the
knowledge of IS domain ; our framework is to identif y the domain boundaries and
relationships among them by providing IS taxonomy. Although there are many
classification systems in the world none of them represent this in a formal way. In
this study OIS taxonomy will be represent ed in OWL formal presentatio n; the
taxonomy ap proach is described in Section 3.1.1
The model has defined 706 concepts which will be widely used in Information
Science applications. It provides the standard definitions for domain terms used
in annotation databases for the domain terms , and avoids the consistency
problems caused by various ontologies which  will have the potential of
development by different group s and institution s in the IS domain area.

- Design VCops (Ontocop) to support and assess the develop ment process as
specifi ¢ virtual community of IS . The Ontocop consists of a number of experts in
the subject area around the world. Their feedback and assessment improve the

ontology development during the creating process.

The structured ontology was developed as a specific mo del of IS domain by following
Methontology based on the IEEE standard (1996 , 200 6) for development software life
cycle process. It mainly consists of the four main stages de scribed in Section 3.3 . The
methodology and tools of design ontology was determin ed based on the experiments of

Uschold and Grininger M. ( 1996 ), Noy and McGuinness,  (2001).

The designing e valuation tool is presented in Section 4.1 . The research tools adopted

were;

1. Design a virtual community of practice (ontocop) evaluation ontology mo del.



2. The study used information extraction (IE) techniques to annotate the key
entities of IS using JAPE grammar and General Architecture for Text Engineering

(GATE) for data annotation ~ ; more details can be found in Section 4.1.1.2 .

The principle resou rces that have been used are domain experts through Ontocop , who

were consulted to assess the ontology based on their experience and knowledge.

This research attempts to improve understanding of the distinctions among information
science as a whole. Theref ore, it is seeking to describe the constituents of the IS field,

and ideally to put these into set theoretical foundation s in Section 3.1.

The research does not provide any a priori assumptions of using precise details about

the IS domain, insofar  as it is a generic model inten  ded to provide a control vocabulary
that can be applied for IS applications. It is important to note that the ontology model

does not cover the range of individuals and extending relations. Nevertheless, it define S
the concepts that  serve as the foundation of IS , such as Actors, Methods, Domains, etc,

which need to be extended in future use with corresponding ontologies.

OIS ontology is structured as a combination of domain and an upper ontology. The upper
ontology contains a foundat ion of the ontology. It offers very general entities with
subclasses, attributes, objects that give potential sources of integration with other

ontologies. The IS domain has a strong relation with others

The reason behind that , however , is that the domain ontology presents specific concepts

of the domain in eclectic way s, which are often incompatible and incomplete . These kind
of ontologies need to be merged and shared with other ontologies into more general
representation. Also, it should be well -matched to the equivalent semantic area with
corresponding ontology. Particularly in the IS domain , this consists of a complex
combination. By using a common foundation , ontology provides basic elements for
emerging domains ontologies automatically. The ontology m odel is a comprehensive
scope cover ing three branches that are closely related to the domain; library science,

archival science, and computer science.

The purpose of the OIS model is not to serve a broad spectrum of librarians, academic
staff, publishers, information service providers only insofar it takes into account a variety
of applications. Entities, relationships and attributes are the basic components of the

model ; these elements were derived from logical analysis of IS data.

Furthermore, the resea rch describes the strategy and method developed to build the

domain ontology of IS. It believe s that this research offers significant advantages to
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modelling domain knowledge, in term of the contents of developing the IS ontology. This
study created domain ontology and it is not considered task and application ont ology.
The main purpose of the OIS ontology is to provide a unified model of domain knowledge

that support s knowledge sharing and  the exchange of data among databases.

1.5. Motivation of study

Ontology is not just identifying class es as entties and their relations and concept
hierarchy but also specify  ing them by using specific ontology representation languages.

OIS ontology seeks to provide a formal model of Information Science domain that is
formulated in description logic. OIS ontology aims to represent domain knowledge to use

independently of any application.

The motivation will be therefore at these possible levels:

- Ontologies represent knowledge about the real world. Nowadays, with growin g
attention to ontology, IS needs ontology. The problematic situation is
identification of IS itself , especially the overlap between it and library science,

computer science and archives science. On the other hand, there are many
attempts to change the ide ntity of the science to Knowledge science rather
IS(Zins, 2007a). From this perspective we need a serious attempt to challenge
the identity of IS through identification of its boundaries and relations with other

fields , through this research | in Section 2. 2.

- Information Science  just as any other scientific field require s a framework for
organising its knowledge, especially with the fast speed of development
disciplines. The terms data information and knowledge still have definition issue S,
although there  have been many attempts to define and distinguish between
them, precise definition is still problematic (Zins, 2007a, Wiederhold, 1986,
Bubenko and Orci, 1989)

- Providing a consensual knowledge model of the IS field to be used by application
ontologies. Henc e, developing ontology enables the application to manage
complex and disparate information. Also, chang ing the semantic web structure
from surface composition to be captured in the application logic.

- Using a virtual community of practice as a way of sharing knowledge. Although
there has been extensive discussion about the use of communities of practice in
this way, no formal academic research has been identified relating specifically to

the context of evaluating ontology via VCops in the Information S cience domain



1.6. Thesis organization

This research is structured into 5 parts and 6 Chapters. Each part is preceded with a
brief introductory ~ section to explain how the work presented in the Chapter fits in the

overall structure of the research.

Part 1 : presents the fundamental issue of the research. Chapter 1 provides the
identification  of the problem, and the aims, object ives and motivation of the study,
research methods, and research organi sation. Furthermore, to solve the problem

identified we create ontology in  Chapter 4 .

The second Chapter 2 presents a survey of the previous studies to provide contextual

information on the main compo nents of the research; Section 1 , Which is about ontology
for semantic web overview, presents the origin of the ontology, and introduces the
formal definition of an ontology that supports the communication between human and
machine. Additionally, it introduces types of ontologies and provides techniques to
represent ontologies based on web standards languages e. g., XML, RDF. Furthermore, it

presents a comprehensive framework of ontology layered for the semantic web. Section
2 is about Information Science as domain of the ontology , as well as Section 3 which is
about knowledge management and virtual communities of practice. This part  explores

related work to provide the background to the research.

Part 2 : presents methodology of creating ontology of Informa tion Science OIS in
Chapters 3 in two sections. The Section 1 provides the theoretical model of the current
study. The Section 2 presents the methodology tha