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Abstract. One of the most important tasks in the processdedigning
educational material for distance learning is #ygresentation and modeling of
the cognitive domain to which the material refétewever, this representation
should be formal, complete and reusable in ordebeoused by intelligent
tutoring system applications, other knowledge dowair tutors. In the context
of this work, we propose a methodology that retieghe notion of ontology so
as to represent the knowledge domain. Moreoves, tiéthodology has been
applied to the educational material of the HelléDjen University.
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1 Introduction

Knowledge modeling plays a significant role in thesign of educational material for
open distance learning systems [1]. The necessity fformal representation of the
educational content is crucial in the case of desgcourses for intelligent tutoring
systems. Firstly, an efficient, formal represewmtatiof the cognitive domain will
facilitate the tutors to define the learning stgés, techniques and outcomes for
every cognitive domain [2]. Moreover, the conceptegresentation will make easier
the selection of the appropriate educational malt€fearning objects) so as to
support the teaching of the specific domain of kisolge. Especially in multi-agent
tutoring systems this representation can be useddmmain-specific vocabulary for
the communication between intelligent agents. Feoangle, a domain agent is
responsible for answering queries from other ageaiieut cognitive domain’s
information. However, it is a difficult activity tperform, due to its complexity. For
example, the creation of a unified model from semarand semantically
heterogeneous models is a complex task.

As it is well known, ontologies are a widely-usegthnique for facilitating
understanding, communication and inter-operatiotwben human and software



agents, by permitting the clear definition and explspecification of all the basic
concepts and terms of a concrete field [3]. Itudels machine-readable definitions of
basic concepts in the domain and relations amowegnthwhile permits sharing
common understanding of the structure of informmat@among people and software
agents and enables reuse of domain knowledge f]s,Tontologies are seen as a
basic tool for knowledge representation, especiallthe case of educational systems
[5].

So, in the context of our work, we have selectednbtion of ontology as the most
appropriate approach for the domain knowledge nioglehknd management. The
process and development of ontologies require nbt the knowledge of ontology
engineers but also the knowledge and experiencethef domain experts,
independently of ontology domain. The methodologfied address to domain experts
and knowledge (ontology) engineers and requiresr theoperation could be
characterized as collaborative. More preciselyhsacollaborative methodology will
enable domain experts to model educational dontamsigh ontologies that can be
used for the design of e-learning and tutoring eayst Several approaches of
collaborative ontology development, which will beegented in the following
Section, constituted a basis of our approach. kt, fwe adopted some of the
characteristics of these approaches, enriched #trehconcluded in a new approach
specialized for educational purposes.

The proposed approach has been applied to supmogducational domain of the
Hellenic Open University, but it could be extendedany educational institution that
offers e-learning education.

The rest of the paper is structured in five sedtidn section 2, we discuss the
related work in terms of the collaborative ontologygineering and provide
justification of the proposed methodology. In Seati3, we describe in detail the
basic steps of the proposed methodology. In Sedtjome outline an indicative case
study in order to illustrate the proposed methoggldn Section 5, we describe how
the result of this methodology can be used in iegrsystems. Finally, in Section 6,
we discuss future work and summarize our conclission

2 Related work

Several approaches for collaborative ontology dgwekent have been presented in
literature. DILIGENT [6] is a methodology for Digdtuted, Loosely-controlled and
evolvinG Engineering of oNTologies. This methodgl@ypports domain experts in a
distributed environment so as to evolve and develdplogies.

Another approach, similar to DILIGENT, is the HCOM#gethodology [7]. The
main difference is that HCOME is a human-centeresthodology. The HCOME
methodology consists of three distinct phases, #hecification phase, the
conceptualization phase and theexploitation phase. During the specification phase
the knowledge worketgoin groups that will develop the shared ontolsgim these

L A knowledge worker is any member of an informatfmoduction-exploitation community.
Such community may involve workers within an orgaion, Word Wide Web users with
common interests. [7]



groups workers discuss the requirements and theesabthe new ontology that will
be built. In the conceptualization phase, workershieir personal space develop the
agreement in the previous phase. Finally, in thaadtation phase ontologies can be
exploited and collaboratively evaluated. There @mtology engineering approaches
designed for knowledge engineers [8] or domain Hx[8].

Other approaches for collaborative ontology develept are proposed by [1] and
[10]. In [10], authors propose a collaborative noefiblogy for ontology development
that supports a team to reach consensus throughtivee evaluations and
improvements. In [1], authors introduce a methoggpléor constructing educational
domains through educational ontologies based orleting objects required for
every concept. The concepts are interrelated hithet different kinds of relations
such asasPart, IsRequiredBy, andSuggestedOrder.

A common characteristic of all the above method@leds that they all include the
following four phases: (a) thepecification phase - the scope and the requirements of
the ontology are defined, (b) tleenceptualization phase - all the knowledge about a
specific domain is gathered and conceptualizedthe)mplementation phase - the
previous knowledge is modeled in a machine-readfabteat, and (d) thevaluation
phase.

Our proposed approach also follows the aforemeatlpmasic steps. The main
difference is that it does not require any spekmmwledge techniques by the domain
experts. The domain experts design the cognitiveaie and then the ontology
engineers transform it into a real ontology. Thiéme domain experts evaluate the
final model created by the knowledge engineers. mkéhodology was designed in a
way that exploits the knowledge of the domain etg@hich are responsible for each
educational domain. So, the knowledge coming frafiflerént domain experts over a
specific field is combined in order to produce amrighed, machine-readable
knowledge model.

3 Methodology steps

In this section, we describe the basic steps optbposed methodology for domain
modeling. In the context of these approaches, donexperts do not design an
ontology from scratch, but they initially formulate conceptualization map, with
concepts, sub-concepts and relations between tremecepts. During the
implementation phase, the conceptualization map heil converted to ontology by
ontology engineers.

3.1 Specification step

During the first step, the ontology and knowledg&gireers discuss about the
requirements of the new ontology that is goingedohilt. The scope of the ontology
is common, i.e. to be used as domain representatian intelligent tutoring system.
Face-to-face or distance meetings with the domaipems may take place.
Furthermore, during this step ontology engineeesrasponsible for; (a) preparing a
tutorial for the domain experts, with guidelines fepresenting the cognitive domain,



(b) designing a questionnaire including competegagstions which will be used
during the evaluation of the ontology model (eviitwrastep). Finally, the ontology
engineers can consult any material related to thexific cognitive domain and
retrieved from multiple sources.

3.2 Conceptualization step

In the second phase (see Fig. 1), the domain exeitors in the case of our case
study) are asked to design the cognitive domanthe basic concepts, the hierarchy
of the concepts and basic relationships betweesetieencepts. They are provided
with a tutorial written by knowledge experts andadogy engineers, with regard to
the knowledge representation. This tutorial corgajnidelines and examples for the
process of representing the cognitive domain. Mmexisely, each tutor designs a
conceptualization map of the educational domainubyg concepts and relations.
Subsequently, the tutor lists the basic concepth@fdomain (e.g. in the order they
teach them) and next all their sub-concepts in xdmaestive way until no further
analysis is possible. Listed concepts will congtitthe class hierarchy of the final
ontology.

Moreover, the tutor links the aforementioned comeepith relationships. The
relationships could express the notion of hieran@hyg. is-a, has-a) or could be even
more complex. For example, a more complex relatigndetween two concepts
could be tised for”, which states that a concept is used in ordeetdize the other
one. The set of relationships between conceptsimdicate the object properties of
the final ontology.

3.3 Implementation step

During this step, the ontology engineers, basethenoutcome of the previous step
(the domain representations provided by the expdetgelop two or more ontologies,
depending on the number of the tutors participaimthe process (i.e. one ontology
per tutor). Ontology engineers, at this step, havselect an appropriate tool for the
implementation process and the representation fgeyof the model.

The development of ontologies is followed by thegasss of merging them in an
automated way into one unified model. When perfagnontology merging, a new
ontology is created which is the union of the sewntologies. The merged ontology
captures all the knowledge from the original onjigs. The challenge in ontology
merging is to ensure that all correspondences #fetahces between the ontologies
are reflected in the merged ontology [11]. In tfext section we describe in more
details the merging process of the ontological nedehis unified ontological model
includes the knowledge of the previous individualdals (see Fig. 1).



Implementation step

Guide
Tutorial for Domain
Knowledge Modeling

Detailed Domain
Representation

Detailed Domain
Representation

Tutor 1 Approach

Tutor n Approach

|
888
a8

Ontology
engineers

4

il
888
a8

Ontology
engineers

!

Ontological Domain

Representation
1 «f «f =]

Ontological Domain
Representation

a - -
o « 4 o

Tutor 1 Approach

Tutor n Approach

L

88 —

Ontology
engineers

Q.

(]

L ol

7]

c

2

=

4 84848 . ) A. , 8848
S ) )

>

‘6_ 6 & Tutor 1 Tutorn 6 6
8 Ontology Ontology
g engineers engineers
(&)

Merged Ontological
Domain Representation

4 4 4

Fig. 1. Main steps of collaborative methodology.

3.4 Evaluation step

The final step of the proposed methodology incluties evaluation of the final
merged ontology from the side of domain expertgu&stionnaire that measures the
competence of the final ontology is required foe throcess of evaluation. This
questionnaire has already been prepared duringgheification step in a way that
helps the evaluator to check if the ontology meptsedefined criteria. This



qguestionnaire is distributed to the domain expevi® (a) designed the domain
representation during the conceptualization phask(k) are related to the specific
cognitive domain.

In our case, a set of generic criteria has beed, wseproposed by Fox et al. [12].
These criteria include: (aninimality, i.e. if the ontology contains the minimum
number of elements, i.e. the basic concepts ofdhrmain and the corresponding
hierarchy relationships, (bjunctional completeness, i.e. if the ontology could
efficiently be used by a particular task, and gejspicuity, i.e. if the ontology is
easily understandable by the users. In additiomado experts list a number of
competency questions where the ontology shouldheta answer.

4 Case study

In this section, we present an indicative caseysthdt illustrates the application of
the methodology, described in the previous seclitve. aim is to demonstrate that the
proposed methodology can be realized for the reptation of a cognitive domain in
order to be used within the context of an educatiggstem.
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Fig. 2. First tutor's ontological model.

In the context of this case study, suppose thatdmmitive domain is part of the
first year's course module “PLI10 - Introductionltdormatics”. This course module
is specialized in the subject area of Programmiagguages (C Programming).

During the specification step, ontology engineayastlted the teaching material
provided by the HOU and additional material by othdditional sources (web).



The conceptualization of the domain was realizedvby tutors responsible for
teaching this particular subject. Domain expert¢hia case study can use a drawing
tool by following the steps described in the tubrivhich was already prepared
during the conceptualization step. The developedrdims should be stored in any
type of image or XML format.

In the implementation step, ontology engineerscseteto use the Protégeol in
order to model the domain's representation. Pratgéfree, open source editor and
management framework supported by a strong comguait developers and
academic users. The Protégé tool has been chesende: (a) offers a user-friendly
development environment, (b) it is possible to impather existing ontologies, (c)
offers a large number of plugins and (d) is supggbrby a strong community of
developers. Moreover, OWL-DLhas been chosen as the representation language of
the model due to its maximum expressiveness.

Fig. 2 depicts the concepts of the ontological ehddat had been created by the
first tutor. Fig. 3 illustrates the same model adowg to the second tutor's perception.
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Fig. 3. Second tutor’s ontological model.

After having the two ontological models for the domrepresentation, the next
step of the implementation phase is the merginghe§e two ontologies. For the

2 http://protege.stanford.edu/
3 http://www.w3.0rg/TR/owl-quide/




merging process, ontology engineers have used We-@P1%. The OWL-API is a
Java API for manipulating OWL ontologies. Duringstiprocess all the entities with
the same name are merged into a single one. Thetieg with the same meaning but
with different names or entities with a high degodesimilarity are matched each
other. For the matching procedure a number of thale be used, such as ontology
alignment tools and dictionaries.
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Fig. 4. An excerpt of the unified ontology for C Programmin

Fig. 4 shows the final ontology model as a resudtnf the merging of the two
ontology models. Concepts and properties of the ingividual ontologies with the
same meaning were merged into a single one, wleleral instances were
accommodated accordingly (e.g. a number of insehewe been added to the class
“ArithmeticOperator”). For example, the concept (clagperator is common in both
ontology models (Fig. 2 and Fig. 3). After the nieggprocess, the unified ontology
includes also the class “Operator”. This class a@iostthe union of subclasses of the
concept Operator that come from the initial ontédsglt becomes clear that the new
final ontology is richer and also covers all theemssary knowledge and information
of the domain, according to the results of the joesaires provided by the tutors
during the evaluation step (section 3.4).

4 http://owlapi.sourceforge.net/




5 Knowledgerepresentation and e-learning systems

In this section we will describe in more detailsshiine representation of the cognitive
domain as a result of the proposed methodologybeafurther used for the design of
a course.

This formal representation of the cognitive domaiiil allow the tutors to
determine thdearning outcomes for the specific course. According to the Bologna
Project [13], a learning outcome is defined asatestent of “..what a learner is
expected to know, understand and be able to demonstrate after completion of a
learning process (a lecture, a module or an entire program)...”. In the case study
described above, the cognitive domain that has lmedeled is part of a course
module. In this way, each tutor that is responsibleeach cognitive domain can
easily define the learning outcomes for his/her diom

Furthermore, the tutors having an explicit représtion of the cognitive domain
can easily select or design the appropriate eduetcontent in order to support the
teaching of this specific domain. This materiatlefined adearning objects. There
are several definitions for a learning object. Adiog to [14] a learning object is
defined as any digital resource of content that can be reused to support learning”.

From the above brief discussion becomes clear tha& modeling and
representation of a specific domain of knowledgthésfirst and most important step
when designing a learning process. The methodadeggribed above, proposes such
a modeling through an ontology as a result of tbBaboration between domain
experts.

6 Conclusions

This paper presented a methodology for modelingexiic domain of knowledge
through ontologies, in order to be used in the @danof an intelligent tutoring system.
One major advantage of the proposed methodologhat the domain experts get
involved in the ontology engineering process withiaaving any previous knowledge
on ontology development and management techniqOes.the other hand, the
concepts of a cognitive domain are specific; thmeefiny different approaches in the
knowledge representation by the experts are naagd to deviate much. In this way
the merging process of the individual ontologiea ielatively simple process and the
resulting ontological model is semantically morehrias it was shown. We are now
working on the improvement of the methodology, el in terms of the
implementation phase. Our future work is going mtegrate the process of the
ontology alignment in the implementation step, sot@ produce better and richer
representations.
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