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Abstract: Semantic Web technologies are increasingly being adopted in e-
government to describe and specify e-government services, aiming at their semantic
integration and interoperability. However, current research does not provide
guidelines on how domain ontology describing government’s domain knowledge can
be formally represented to enable their automatic processing by computers. This
paper presents a case study of transforming domain ontology in Sub Saharan Africa
and the developing world at large, into its formal version in e-government processes,
aiming at (1) providing e-government developers from developing countries as well
as Sub Saharan Africa, with simple activities for practicing semantic knowledge
representation in e-government projects, (2) promoting the development of e-
government systems that can be easily integrated and maintained, as well as (3)
strengthening the adoption of Semantic Web technologies in e-government projects
in developing countries.
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1. Introduction

Semantic Web technologies are mainly based on ontology. Ontology is commonly defined
as an explicit specification of a conceptualization [3]. A conceptualization is an abstract and
simplified view of a domain of knowledge one wishes to represent for a certain purpose; the
domain could be explicitly and formally represented using existing objects, concepts,
entities and the relationship that exist between them [3]. Ontology is widely used in
disciplines such as computer science, software engineering, databases, artificial
intelligence, and many more [4], [5]. In these fields, developers use ontology to represent
knowledge in a manner that can be automatically processed by computers.

E-government has been one of the most active areas of ontology development during
the past six years [6], [7], [8], [9], [10], [11]. In e-government, ontology is being used to
describe and specify e-government services (e-services) aiming at their semantic integration
and interoperability. In [6], [11] ontological approaches for service integration in e-
government are proposed; the ontology-based solutions are modelled with Web Ontology
Language (OWL) [6], [11] and Web Service Modelling Language (WSML) [6] for
semantic processing. Others ontology-based solutions for semantic interoperability in e-
government are proposed in Muthaiyah and Kerschberg [7] and Sabucedo et al. [8]; these
solutions are represented in OWL to allow the mapping, merging and integration of e-
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government services. Apostolou et al. [9], [10] present a software engineering platform for
the development and management of e-government services namely ONTOGOV. The
ONTOGOV platform uses Semantic Web technologies including OWL-S and Web Service
Modelling Ontology (WSMO) to construct eight kinds of ontology models characterizing
the e-government domain; these ontology models aims at describing and composing
services provided by public administrators.

On the one hand, the above works demonstrate the interest of Semantic Web
technologies based on ontology in e-government; they show how various ontology-based
solutions are being used in e-government research and projects to describe and specify e-
government services, aiming at their semantic integration and interoperability. However
these works are highly technical and more directed to Semantic Web specialists than to the
broader e-government community. Furthermore, none of these works provide detailed
guidelines on how e-government system developers without any knowledge of ontology
and Semantic Web technologies can construct the proposed semantic-based solutions in a
government service domain.

On the other hand, a review of research [1] indicates that e-government applications
currently run in Sub Saharan Africa (SSA) are at the initial state of e-government
development. In other words, current SSA e-government applications provide only one way
interaction with citizens; they mainly present government information in the form of simple
web pages and offer few online services to citizens and stakeholders. Furthermore, these
applications are still largely being developed autonomously by individual government
departments; this is witnessed by the existence of autonomous government department
websites in many SSA countries [2]. There is no evidence that Semantic Web technologies
which have emerged in the past six years [6], [7], [8], [9], [10], [11] as promising solutions
for developing e-government systems that can be easily integrated and interoperated to
provide seamless service delivery to citizen in a single web portal, are being considered in
the development of SSA e-government applications. This paper presents a case study of
transforming a domain ontology in SSA and the developing world at large, into its formal
representation in e-government processes, aiming at (1) providing e-government developers
from developing countries as well as SSA, with simple activities for practicing semantic
knowledge representation in e-government projects, (2) promoting the development of e-
government systems that can be easily integrated and maintained, and (3) strengthening the
adoption of Semantic Web technologies in e-government projects in developing countries.

The rest of the paper is organized as follows. Section 2 presents the government service
domain considered in this study. Then, the techniques employed to develop the domain
ontology and those applied to transform it into its semi-formal and formal representations
are described. Section 3 presents a discussion and a conclusion ends the paper.

2. Methodology
2.1 Create Domain Ontology

The idea of building the domain ontology used in this paper was motivated by the fact that,
in developing countries as well as in SSA, almost every government department is
somehow involved in the implementation of a programme aiming at improving the welfare
of its people. These programmes are commonly called development projects and include
infrastructure development, water supply and sanitation, education, rural development,
health care, ICT infrastructure development and so forth. Thus, an application that could
interface all the activities related to development projects implementation in a SSA country
could bring tremendous advantages; particularly, such a web application would improve the
monitoring and evaluation of projects and provide transparency, efficiency and better
delivery to populations. In [1] we have proposed an ontology support model for such a web-
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based e-government application. We evaluated case studies of development projects
implementation, consulted domain experts including municipalities and non-governmental
organizations employees and academic members, and reviewed publications in related
fields including project management, project monitoring and evaluation, and capacity
building [1]. Thus, a conceptual/domain ontology of development projects monitoring
(OntoDPM) in a developing country was developed [1].
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Figure 1: OntoDPM Domain Ontology

The ontology engineering field has established various kinds of ontologies; an exhaustive
list of these ontologies could be found in [5]. One of the most commonly used of these
ontologies is the conceptual/domain ontology. A domain ontology characterizes domains
such as medicine, geology, e-government, and so on; it provides vocabulary about the
objects and concepts within a domain and their relationships, the activities that take place in
that domain, and theories and elementary principles governing the domain [21]. In [1] we
followed a five step framework adopted from the Uschold and King [12] ontology building
methodology to represent the OntoDPM domain ontology as in Figure 1. The OntoDPM
shows the key concepts of the domain (people, stakeholder, financier, monitoring indicator,
reporting technique, etc.), the activities carried out in the domain (training, discussion,
fieldwork, visit, meeting, etc.) and the relationships between the constituents of the domain.
This study does not expand on the framework used to build the OntoDPM; instead, the
study focuses on the process for creating the formal representation of the OntoDPM to
facilitate its automatic processing by computers.

The steps we used to generate the formal version of the OntoDPM are described as
follows. Firstly, the OntoDPM domain ontology is analysed and its axioms, class hierarchy,
properties and instances are represented in description logic [14], [15], [16]. Thereafter, the
class hierarchy, properties and instances are created with the ontology knowledge based
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editor Protégé [18] and saved onto the disc. Finally, the formal version of the OntoDPM is
imported. The next subsections present the abovementioned steps in detail.

2.2 Semi-formal Representation of the OntoDPM in Description Logic

The ontology engineering field prescribes three layers of ontology development according
to the formalisms used [12]. From a form that can be understood by human beings to one
that can be processed by computers, these ontology layers are: informal ontology, semi-
formal ontology and formal ontology [12]. Two formalisms are commonly used to
represent a semi-formal ontology; they include UML class diagram [13] and description
logic [14], [15]. In this research, we have chosen the description logic formalism.
Description Logic is a formal language for knowledge representation. Its syntax uses basic
mathematical logic symbols such as subset, union, intersection, universal and existential
quantifications, etc. to represent the relationships between the constituents of a domain.
The description logic version of the OntoDPM domain ontology in Figure 1 is obtained by
analysing its semantic and logical structures, identifying its classes, class hierarchy and
class instances, and defining relationships between classes. The relationships include
inheritance and association/composition relationships. A relationship is also called property
or slot. Thereafter, the mathematical logic symbols mentioned above are used to represent
the class hierarchy, relationships between classes (inheritance and properties), constraints
on properties, etc. For instance, in the class hierarchy of the OntoDPM, community worker,
community leader, traditional leader, and project staff are people (person class) involved in
the development project implementation. Therefore, community worker, community leader,
traditional leader, and project staff are subclasses of the person class, representing an
inheritance relationship. This relationship is represented in description logic formalism
using the subset and existential quantification symbols, and the isA property as follows:

ProjectStaff < 3 isA.Person
CommunityWor ker 3 isA.Person
CommunityLeader — 3 isA.Person
TraditionalLeader — 3 isA.Person

The isA property represents the inheritance relationship between classes. Similarly, the class
hierarchy of the OntoDPM shows that department, agency and municipality are division of
government. This relationship between government and its divisions can be represented in
description logic with a hasDivision property, the subset, existential quantification, and
union symbols as follows:

Government C 3 hasDivision.(Department U Agency U Municipali ty)

A part of description logic representation of the OntoDPM in Figure 1 is provided in
Appendix A. More information on description logic formalism could be found in [14], [15].
The, description logic representation of domain ontology is useful as it provides strong
logical structure for the description and specification of domain knowledge [15], [16],
facilitating the detection of semantic inconsistencies in domain ontology [14] and enabling
semantic reasoning over the resulting ontology model. Furthermore, OWL standard which
is widely used in the field of Semantic Web is based on description logic [16]. The OWL
formal representation of the OntoDPM is described in the next section.
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2.3 Formal Representation of the OntoDPM Domain Ontology

Semantic e-government entails using semantic ontology models to represent and describe
government services in such a way that they can be automatically processed by computers.
Therefore, the semi-formal version of the OntoDPM domain ontology presented above
must be rewritten in a formal representation using an existing ontology representation
language. The Semantic Web domain provides various languages for the formal
representation of ontologies including XML, RDF, DAML, and OWL [17]. OWL is the
most widely used of these languages because of its high expressive power and the fact that
it is the W3C standard ontology language for the Semantic Web [18]. Several software
tools are also used for ontology edition including WebODE, OntoEdit, KAONI1, and
Protégé [5]. Ontology developers prefer Protégé for its ease of use and its abstraction
capabilities; it has a graphical user interface which enables ontology developers to
concentrate on conceptual modeling without any knowledge of the syntax of the output
language [18]. Furthermore, Protégé is open-source software which is downloadable from
the Stanford Medical Informatics website.

In this research, we have used Protégé to create the formal version of the OntoDPM
using the semi-formal specifications of its class hierarchy, relationships between classes
and class instances. Several concepts including class, individual, slot, domain, range, etc.
are employed in Protégé to create ontology. A slot is also called property and represents a
relationship between classes. Each slot has a domain and a range, which are the classes
involved in the relationship. Once ontology has been created with Protégé and saved as an
OWL file onto the disc, it appears in the OWL syntax. The OWL syntax provides facilities
for representing ontology elements such as inheritance, instance, slots, domain and range of
a slot, etc. For instance in the OntoDPM, community worker, community leader, traditional
leader, and project staff are subclasses of the person class (see description logic example in
the previous section). This inheritance relationship is represented in OWL syntax with the
following OWL code generated with Protégé.

<owl:Class rdf:about="#ProjectStaff">
<rdfs:subClassOf rdf:resource="#Person"/>

</owl:Class>

<owl:Class rdf:about="#CommunityLeader">
<rdfs:subClassOf rdf:resource="#Person"/>

</owl:Class>

<owl:Class rdf:about="#Community Worker">
<rdfs:subClassOf rdf:resource="#Person"/>

</owl:Class>

<owl:Class rdf:about="#TraditionalLeader">
<rdfs:subClassOf rdf:resource="#Person"/>

</owl:Class>

Similarly, in the OntoDPM, department, agency and municipality are divisions of
government. The relationship between government and its divisions can be represented in
Protégé with the slot hasDivision. Then, the domain of the hasDivision slot will be the
government class and its range, the department, agency, and municipality classes. The
hasDivision slot and its domain and ranges are represented in OWL with the following code
generated with Protégeé.

<owl:ObjectProperty rdf:about="#hasDivision">
<rdfs:domain rdf:resource="#Government"/>
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<rdfs:range rdf:resource="#Agency"/>

<rdfs:range rdf:resource="#Department"/>

<rdfs:range rdfiresource="#Municipality"/>
</owl:ObjectProperty>

A part of OWL version of the OntoDPM created with Protégé from its semi-formal
representation is depicted in Appendix B. The next section discusses the usefulness of the
OWL formal ontology and outlines the direction of our future research.

3. Discussion

This study describes how a domain ontology which models the semantic content of a
government service domain can be represented in OWL to enable its automatic processing
by computers. As highlighted in Section 1, OWL is a common language employed for
semantic knowledge representation in e-government. In particular, OWL ontologies allow
the composition [8], [9], searching, matching, mapping and merging [10], [11] of e-
government services and facilitate their integration [6], [9], [10], maintenance [9] and
interoperability [7], [8], [11]. Therefore, generating OWL ontology from a government
service domain as it is done in this research is an important step towards the development of
Semantic Web applications as e-government applications, which have potential to perform
semantic inference and reasoning over the OWL ontology and facilitate software
components integration and interoperability.

A detailed discussion on the use of the generated OWL ontology is beyond the scope of
this paper and will be the focus of our future work. We intend to investigate various
platforms currently being used for Semantic Web development based on OWL ontology
models including Java API, .NET, ASP [20]. In particular, we will have a close look at the
mapping of OWL ontology with the Java syntax [20].

4. Conclusions

On the one hand, the study has revealed that semantic ontology-based solutions are
increasingly being adopted in e-government projects and research to develop e-government
systems that can be easily integrated, interoperated and maintained. However, current
works do not provide guidelines for repeating the proposed semantic ontology-based
solutions in a government service domain. On the other hand, the study has pointed out that
SSA e-government systems are still at the first stage of e-government development and
there is no evidence of the use of semantic technologies in the development of these
applications. Then, in order to assist e-government developers from SSA and the
developing world at large in practicing semantic content representation in their e-
government projects, the study has presented a case study of transforming a domain
ontology describing a government service domain into its formal version, for computer
processing.

The study uses various platforms including Protégé, JCreator, and JGrasp to create and
import the OWL formal version of the domain ontology. These are mainly open source
software; which make the study repeatable by the broader e-government community,
particularly e-government developers from the developing countries as well as SSA where
there is little or no practice of semantic content representation for e-government systems.

Despite the detailed description of the semantic development processes provided in this
study, we think that it is important that developing countries and SSA governments in
particular adopt sustainable solutions for developing e-government applications with
Semantic Web technologies in the continent. The first medium to a long-term solution
would be the inclusion of Semantic Web courses in the IT programmes at the University
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level in SSA. Currently, only a few computer science and IT departments at SSA
universities are offering Semantic Web courses. Another solution that could be adopted at
the government level would be the frequent organization of seminars and workshops for IT
employees, on ontology development, from the conceptual modeling to the implementation
with open-source Semantic Web ontology editing and implementing platforms.

In terms of partnership of European countries with SSA countries, governments of both
parties could sign agreements for staff training in which IT employees of government
departments could visit universities or agencies in Europe to study the use of semantic
technologies for e-application development.
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Appendix A: Part of Description Logic Representation of the OntoDPM

Development Project < 3 hasFunder.Financier
Development Project — 3 hasCorporate.Stakeholder
Development Project — 3 hasPeople.Person

Development Project — 3 hasIndicator.Monitoringlndicator
Development Project — 3 hasActivity.DeliveryActivity
Development Project — 3 has Re port.Re portingTechnique
Development Project < 3 hasData.DataCollectionTechnique
ProjectStaff — 3 isA.Person

CommunityWor ker < 3 isA.Person

CommunityLeader — 3 isA.Person

TraditionalLeader — 3 isA.Person

Government < 3 isA.Financier

Donor c 3 isA.Financier

NonGovernmental Organization < 3 isA.Financier
PrivateCompany 3 isA.Stakeholder

Academiclnstitution — 3 isA.Stakeholder
CommunityBasedOrganization 3 isA.Stakeholder
CivilSociety < 3 isA.Stakeholder

Consul tant c 3 isA.PrivateCompany

Contractor < 3 isA.PrivateCompany

Supplier — 3 isA.PrivateCompany

Purcharser < 3 isA.PrivateCompany

Government C 3 hasDivision.(Department U Agency U Municipalily)
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Appendix B: Part of OWL Representation of the OntoDPM

<owl:Class rdf:about="#Person"/>
<owl:Class rdf:about="#ProjectStaff">
<rdfs:subClassOf rdf:resource="#Person"/>
</owl:Class>
<owl:Class rdf:about="#CommunityLeader">
<rdfs:subClassOf rdf:resource="#Person"/>
</owl:Class>
<owl:Class rdf:about="#CommunityWorker">
<rdfs:subClassOf rdf:resource="#Person"/>
</owl:Class>
<owl:Class rdf:about="#TraditionalLeader">
<rdfs:subClassOf rdf:resource="#Person"/>
</owl:Class>
</owl:Class>
<owl:Class rdf:about="#Financier"/>
<owl:Class rdf:about="#Donor">
<rdfs:subClassOf rdf:resource="#Financier"/>
</owl:Class>
<owl:Class rdf:about="#Government">
<rdfs:subClassOf rdf:resource="#Financier"/>
</owl:Class>
<owl:Class rdf:about="#NGO">
<rdfs:subClassOf rdf:resource="#Financier"/>
</owl:Class>
</owl:Class>
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