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Abstract - The Semantic Web has opened new horizons for
Internet applications in general and for e-learning in particular.
Although many authors have proposed the usage of ontologies in
different aspects of e-learning, such as adaptive hypermedia,
personalization, and learner modeling, data reuse and system
interoperability are still open issues. Only systems that
completely rely on Semantic Web standards and technologies
present a mean of addressing these problems. In earlier work, we
presented tutoring system named Protus (PRogramming
TUtoring System) that is used for learning Java programming
basics. It uses principles of adaptive hypermedia and content
recommendation for course personalization. Redefined
architecture for Protus, supported by several ontologies is
proposed in this paper. This architecture extends the use of
Semantic Web concepts, where the representation of each
component is made by a specific ontology, making possible a
clear separation of the tutoring system components and explicit
communication among them.
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I. INTRODUCTION

Semantic Web technologies seem to be a promising
technological foundation for the next generation of e-learning
systems [1]. Ontology, generally defined as a representation of
a shared conceptualization of a particular domain, is a major
component of the Semantic Web. The initial work on
implementing ontologies as the backbone of e-learning
systems is presented in [2]. Since that time, many authors
have proposed the usage of ontologies in different aspects of
e-learning, such as adaptive hypermedia, personalization, and
learner modeling [3].

Interest in ontologies has also grown as researchers and
system developers have become more interested in reusing
and sharing knowledge across systems [4]. Currently, one key
obstacle to sharing knowledge is that different systems use
different concepts and terms for describing domains. If we
could develop ontologies that might be used as the basis for
multiple systems, they would share a common terminology
that would facilitate sharing and reuse.

Ontologies allow specifying formally and explicitly the
concepts, their properties and their relationships [5].

Furthermore, they are useful in many environments and
especially in educational environments. Moreover, they permit
to reuse knowledge, it is not necessary to develop ontology
from scratch if another ontology is available for use in the
modeling of the current domain.

In our earlier work, we presented general tutoring system
named Protus (PRogramming TUtoring System) that is used
and tested for learning Java programming basics [6]. System
is based on principles of adaptive hypermedia and content
recommendation [7], [8]. The main objective of this paper is
to propose a new concept of this tutoring system that will
completely rely on Semantic Web. Proposed architecture
extends the use of ontology, where the representation of each
component is made by a specific ontology. This way, it will
be possible to promote a clear separation of concerns of the
components of tutoring system, to make explicit the
communication among the components, to specify the support
to build the components and to emphasize the gains of the use
of Semantic Web in the development of tutoring systems. This
will also allow better interoperability and reusability of Protus
components in the future.

The use of ontologies to model the knowledge in Protus
system represents a key aspect for the integration of various
information that are presented to the learner, for supporting
collaboration within learning community, for improving
information retrieval, and more generally, it is important for
reasoning on available knowledge. In Protus, ontologies will
be used to model educational domains and to build, organize
and update specific learning resources (i.e. learning objects,
learner profiles, learning paths, etc.) Ontology will represent
the terminology of a programming domain, defining its
essential knowledge. Ontologies will also be used to support
semantic search, making possible to query multiple
repositories and discover associations between learning
objects that are not directly understandable.

Another important aspect of our approach is the use of
Sharable Content Object Reference Model — SCORM [9], as a
guideline format for content development, and for
implementation of several ontologies.

The rest of the paper is organized as follows. In the
second section appropriate related work is analyzed and
discussed. In Section 3 we describe the representation of
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components according to Semantic Web technologies within
proposed system, and discuss use of all implemented
ontologies. Section 4 concludes the paper and indicates
directions of our further research.

II. RELATED WORK

Recently a lot of researches have been focused on
applying Semantic Web technologies to different aspects of e-
learning [3]. Most of developed systems use ontologies only
for representation of concepts, knowledge or learners’ data
(5], [10].

The prototype system named SMARTIES is a totally
ontology-aware system which fully utilizes the qualities of
ontology, computationally as well as conceptually [11]. In this
moment, the ontology focuses only on the abstract design of
learning contents and has not been yet related to domain
knowledge or learning objects to concretize the abstract
design.

The Personal Reader [12] is another important result in
the e-learning field. This system also uses the Semantic Web
to personalize and enrich e-learning contents. It presents a
service architecture relying on RDF and ontologies to
exchange information about learning resources, the domain,
and learners. Architecture for personalized e-learning based
on Semantic Web technologies was proposed in [13]. The
authors propose usage of several ontologies for building
adaptive educational hypermedia systems. Unfortunately in
such systems ontology does not represent the teaching
strategy’s functionality of a resource.

Our research is closely related to the essences of QBLS
system [14]. It is web-based intelligent learning system that
completely relies on Semantic Web technologies and
standards. It reuses a large set of learning resources taken
from the web and has been used as an online support system
for lab sessions of Java programming course.

Other proposals of ontologies and their usage for several
aspects of the e-learning systems, such as learner model and
preferences, domain ontology, task ontology, and others, can
be found in [15] - [17]. In the structure of these systems, the
use of ontology focuses mainly on learning objects and their
related aspects. Besides, that does not facilitate the definition
and communication between the other components of the
system’s architecture.

Architecture for tutoring system supported by several
ontologies is proposed in this paper as a way of addressing
and offering acceptable solution for the mentioned problems.

III. PROTUS ARCHITECTURE

Protus is a tutoring system designed to support learning
processes in different courses and domains. In spite of fact
that this system is designed as a general tutoring system for
different programming languages, the first completely
implemented and tested version was used for learning
introductory Java programming course [18]. It is an
interactive system with primary goal to allow learners to use
teaching material prepared within appropriate introductory

programming course but also includes part for testing
student’s acquired knowledge.

During the last decade, increasing attention has been
focused on ontologies and their use in applications related to
areas such as knowledge management, intelligent information
integration, education and so on. Ontology engineering, as a
set of tasks related to the development of ontologies for a
particular domain, offers a direction towards solving wide
range of problems brought by semantic obstacles. According
to that ontology engineering could be a key aspect for
improvements of our already developed, in traditional manner,
tutorial system. Educational ontologies such as for presenting
a domain (domain ontology), building learner model (learner
model ontology), presenting of activities in the system (task
ontology), specifying pedagogical actions and behaviors
(teaching strategy ontology), defining the semantics of
message content languages (communication ontology) and
specifying behaviors and techniques at the learner interface
level (interface ontology) must be included in the system [1].
A repository of ontologies must be built to achieve easier
knowledge sharing and reuse, more effective learner modeling
and easier extension of whole system. Ontologies are
structured following the SCORM (Sharable Content Object
Reference Model) e-learning standard [9]. This ontological
representation (OWL/RDF) enables not only to represent
meta-data but also reasoning in order to provide the best
solution for each individual learner. General ideas, of
redefined ontology-based architecture for Protus have been
presented in [7]. This architecture is based on experiences
gained from similar web-based learning systems [19], [20],
[21] and architecture for ontology-supported adaptive web-
based education systems suggested in [2], [22], [23]. All of
the proposed architectures are highly modular with four
central components: the application module, the adaptation
module, the learner model (that can communicate with each
other) and domain module. In all of proposed architectures,
the adaptation module is explicitly separated from the domain
module, but another component is introduced in Protus as in
[2] — the application module. Figure 1 depicts the general
architecture of redesigned and extended version of our system.

It is important to note that the original architecture of
Protus did not bring any kind of homogenous representation
of components. Each one was represented by different
formats, using a variety of tools. The purpose, of our current
research activities, is to represent each component of the
system in form of the ontology. According to that, the level of
abstraction of this architecture will be higher [24].

This approach will make it easier to understand the role of
each component and, consequently, to promote
interoperability among the components of the architecture.
The developed system is highly modular, which allows better
flexibility and future replacement of various components as
long as they comply with the current interface. In the rest of
the section, details of construction of different kinds of
ontologies employed in our system will be separately
addressed.
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Fig. 1 Protus Architecture

A. Domain Ontology

One of the main goals of the learning process is to
understand and to acquire a body of knowledge for a given
domain [25]. Domain model presents storage for all essential
learning material, tutorials and tests. It describes how the
content intended for learning has to be structured [26]. Often
the domain model can be structured as a taxonomy of
concepts, with attributes and relations connecting them with
other concepts, which naturally leads to the idea of using
ontologies to represent this knowledge.

An excerpt of ontology as resource topology is depicted
in Figure 2. The ontology depicts resource types in the
programming domain. The most general resource type is
DomainResource. DomainResource has three subtypes:

CourseMaterial, AdditionalMaterial and
ExaminationMaterial. Classes CourseMaterial and
AdditionalMaterial represent the theoretical and practical
explanations, respectively, that are displayed to the learners.
ExaminationMaterial can be further specialized to Task and
Exam. The Exam is consisted of various Tasks [27].
CourseMaterial can be further specialized into
Introduction, Basiclnfo, Goals, Theory, SintaxRule and
ProjectAssignements, which corresponds to the main concepts
and essential elements of a programming language course.
This ontology further provides information for the Task
ontology and the Teaching strategy ontology which will be
explained in more details in the rest of the section.
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Fig. 2 An excerpt of ontology as resource topology of Protus

B. Task Ontology

Task ontology is a system of vocabulary for describing
problem solving structure of all existing types of tasks domain
independently. It complements the domain ontology in that it
represents semantic features of the problem solving [1]. Task
ontology specifies domain knowledge by giving roles to each
object and relations between them. For instance, what role a
paragraph in a textbook, can play.

Task ontology shows the role of specific concept from
domain otology. For example, if concept has fact or definition
role it is used to increase basic knowledge and if its role is
example, than it is used to increase learner‘s practical skills.

An excerpt of task ontology of resources in Protus is
depicted in Figure 3. The ontology represents learning
material grouped by the resources. The class Concept is used
to annotate a unit of knowledge which is represented by some
Resource.

Like in [14], concepts and resources are related by the
hasResouce property. Concepts can be arranged by the
hasPrerequisite property. The hasPrerequisite property is
proposed for navigational purposes. It allows pointing out
concepts that must be known before starting to study a
concept, and the concepts for which it is a prerequisite.
Concept will not be covered unless that the prerequisite
condition is satisfied. There can be different sequence of
resources that depends on navigational sequence determined
for particular learner.

Concepts play certain roles in particular resource
fragments. For example, some concepts represent the crucial
information, while the others just represent a mean to provide

additional information or a comparison. In the proposed
ontology, we represent these facts by instances of
ConceptRole class and its two properties: hasRole and
supports. For example, concepts like Basiclnfo and Example
have different roles. The role of the first is to represent
introductory information for lesson and the role of the former
is to provide additional information. On the other side, both
concepts support adaptation to learner with Reflective style of
learning [28]. Resource properties can be further extended by
assigning a ResouceType. Similarly, the concept roles can be
further extended by specifying their types. Concepts, their
types and resources form task ontology of Protus system.

C. Teaching Strategy Ontology

Authoring of adaptation and personalization is actually
authoring of learner models and applying different adaptation
strategies and techniques to ensure efficient tailoring of the
learning content to the individual learners and personalized
task and navigation sequencing [15].

The major goal of learning systems is to support a given
pedagogical strategy [14]. In this scope pedagogical
ontologies can be associated with reasoning mechanisms and
rules to enforce a given strategy. Often this strategy consists
of selecting or computing a specific navigation sequences
among the resources. Thus, formal semantics are required here
to enable such computation.

Figure 4. shows how the adaptation is carried out by the
Teaching strategy ontology. The decisions are drawn on the
basis of the information contained in the Condition class (that
is generated by the information about learning style and
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performance of the learner) as well as teaching goals and
previous behavior patterns. These conditions are composed of
data coming from several other components such as Learner
model ontology, Task ontology and Domain ontology.
Personalization presents the choice of the most
appropriate learning pattern or resource that will be

recommended to the learner. This action is depending of many
conditions but it implies only one decision. The decision
determines what concept and resource the system is going to
present for the learner.
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Fig. 4 Teaching Strategy ontology of Protus

D. Communication Ontology

Ontologies facilitate collaboration among computer
systems, among people, and between computers and people.
All components communicate with each other by exchanging
messages [1]. Communication ontology defines the semantics
of these messages and describes the vocabulary of terms used
in them. Without such an ontology the terms used may not
have the same meaning for all parties and confusion may
occur which can lead to misunderstanding. Also, when having
appropriate formal structure of the system it is possible for
computers to assist in searching for needed information.

E. Interface Ontology

Interface ontology is the final stage of communication
among the components of the architecture. Figure 5 shows the
steps performed by the Interface ontology. It reads a decision
from the Teaching strategy ontology, and based on that
decision it creates navigation sequence of resources
recommended for particular learner and generates an interface
view to the learner.
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Interface ontology can be used to specify the content of
the pages or to standardize content and query vocabulary.

F. Results

An ontology framework for tutoring system supported by
several ontologies was proposed as a way of addressing the
problems of maintenance and reuse of components. This
framework extends the use of Semantic Web concepts, where
the representation of each component is made by a specific
ontology, making possible a clear separation of concerns of
the components of tutoring system and explicit the
communication among the components.

IV. CONCLUSION

In this paper we proposed how Semantic Web
technologies and in particular ontologies can be used for
building Java tutoring system. We propose a framework for
such adaptive and personalized tutoring system that
completely relies on Semantic Web standards and
technologies. The form of several ontologies has been
proposed which correspond to the components of a tutorial
system. For generating presentation structures, learner
interface ontology has been introduced.

From the presented survey it follows that ontologies will
fundamentally change the way in which systems are
constructed. Today, knowledge bases are still built with little
sharing or reuse - almost each one starts from a scratch. In the
future, intelligent systems developers will have libraries of
ontologies at their disposals. Rather than building from
scratch, they will assemble knowledge bases from components
drawn from the libraries. This should greatly decrease
development time while improving the robustness and
reliability of the resulting knowledge bases.

The explicit conceptualization of system components in a
form of ontology facilitates knowledge sharing, knowledge
reuse, communication and collaboration and construction of
knowledge rich and intensive systems. Ontologies are being
more and more widely used for construction of systems that
require an explicitly encoded knowledge. Therefore, those
systems are able to interoperate better providing learners with
an extended access to information resources.

The proposed architecture is highly modular, which
allows better flexibility and future replacement of various
components as long as they comply with the current interface.
Although ontologies have a set of basic implicit reasoning
mechanisms derived from the description logic which they are
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typically based on (such as classification, instance checking,
etc.), they need rules to make further inferences and to express
relations that cannot be represented by ontological reasoning.
Thus, ontologies require a rule system to derive/use further
information that cannot be captured by them, and rule systems
require ontologies in order to have a shared definition of the
concepts and relations mentioned in the rules. For the future
work we plan to present rules that will allow adding
expressiveness to the representation formalism, and reasoning
on the instances.
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