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Abstract—During the recent years, the semantic technology
such as ontology based representation of metadata has
influenced the research, in the area of educational software
for accessing, searching and structuring of e-learning
contents to provide personalized, adaptive and context
aware delivery of learning content. In this paper, we present
ontology-based resource description metadata model which
is particularly useful for context-aware adaptive e-learning
situation. First, we mentioned some of the features to be
considered in developing resource description ontology then
proposed an ontology called Context-aware Adaptive
Learning Resource Ontology (CALRO) that is suitable for
delivery of content according to learner contextual
information such as learner’s learning style and
characteristics of the learning device. Finally, we discuss the
concerned adaptation approach and its workflow behavior.
Index Terms—Ontology-based, Context-aware, Adaptivelearning, Resource description ontology, CALRO

I.

INTRODUCTION

For modeling and organizing learning resources, the
current e-learning standards and platforms have not
considered the importance of metadata, up to required
satisfaction level to the pedagogical needs, preferences
and diversity in learning device characteristics, so as to
perform context-aware adaptive and personalized delivery
of learning contents.
In e-learning environments the content was adaptively
structured to access through various learning devices, as
per the device capabilities, communication channel
variations and user preferences [1]. Due to the technical
diversity in the characteristics of learning devices, there is
a need to organize and manage the existing learning
resources to access them as per the device capabilities and
pedagogical needs of e-learner.
In e-learning domain the key components are: Learner
requirements, Learning device and Learning resources.
The existing literature has covered various diversity
problems in these components such as:
(1) Different learners may prefer to read different
types of learning material (Applications, case
studies, exercises, etc.).
(2) Due to technical and communication advancements
there are various types of learning devices (PC,
Cell Phone, PDA, etc.).
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(3) Learning resources are available in different forms
and characteristics (reports, books, web sites,
videos, etc.).
These divergences require developing a metadata that
helps to organize learning resources so as to deliver
suitable learning content as per the context of e-learner
and to present supporting information (resources) which
improves learner’s understandability and cognitive ability.
The metadata must contain extensive features such as
examples, applications, references, etc. along with the
contextual information.
The proposed ontology with three different features is
called as “Context aware Adaptive Learning Resource
Ontology (CALRO)”, in which various contextual and extensive features have been considered and it is mainly
designed for semantically enriched adaptive e-learning
system.
This paper presents the need of adaptation oriented
resource description model and its required features and
then introduced the proposed Context aware Adaptive
Learning Resource Ontology that makes the learning
resources to index and present, based on their conceptual
inter relations, which supports concept based navigation
of learning contents. Finally, we discussed the proposed
adaptation approach along with its usage and workflow
scenario.
II. RELATED WORK
The semantic technology and ontological approach are
emerging as promising approaches to maximize the
retrieval and presentation of dynamic context [2]. The
ontological approach is a research domain to overcome
the most common problems for intelligent applications in
an educational domain [3]. Here, the ontological approach
to represent metadata of learning resources supports
adaptation oriented resource (Content) modeling that
allows us to organize and index resources, so as to deliver
suitable content based on concerned context of e-learner.
The resource description meta-data allows searching
and retrieval of suitable learning content [4]. Ontology is a
knowledge representation approach that describes the
knowledge through defining concepts along with their
properties and relationships [5] and in [6] it is mentioned
that, ontology-based navigation allows the user to obtain
an increased degree of constrained navigation based on
courseware lesson plans. So that the description of
learning resources through ontology makes the adaptation
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mechanism to access the contents based on their semantic
relationships.
In the field of intelligent web based tutoring systems
Brusilovsky [7] proposed DCG (Dynamic Course
Generation) approach for automatic generation of
personalized course contents as per the learner’s
knowledge and goals.
The open source project called the “EDUTELLA
Project” [8] is developed based on association of
semantics among the learning resources. In this the
Resource Description Framework (RDF) [9] based digital
resources is used for the exchange of learning objects and
services. AdaptWeb (Adaptive Web-based learning
Environment) [10] delivers the learning resources based
on traditional student model.
III. NEED OF ADAPTATION ORIENTED RESOURCE
MODELING
The metadata model of the adaptive learning resources
must provide an environment to deliver the right resource
that satisfies the learner preferences, device capabilities
and presentation features (that enriches understandability
and cognitive skills of e-learner). The context adaptation
module in an adaptive e-learning identifies the current
student’s context, and then recommends appropriate
learning resources accordingly [11]. To enable the
identification of required content, the learning resources
must be managed and organized with suitable metadata.
The adaption mechanism of e-learning content must
address to meet device and user preference needs [12]. An
important issue in an adaptive e-learning domain is the
discovery of suitable learning resources as per the
different contextual and cognitive needs of e-learner so
that, the metadata information of e-learning content can be
categorized as shown in “Fig. 1”.

domain independent category includes the personal
learning style description of e-learner and domain specific
preferences provides the information related to learner’s
learning topic such as subject, domain, language, etc. The
adaptation mechanism uses learner preference profile for
personalized delivery of learning contents.
Extensive features: This category of metadata helps to
recommend extensive information (resources) to the
learner. It improves the understandability, knowledge
level and cognitive skills of e-learner. This sort of
metadata is useful to deliver contents as per the
presentation environment which is designed to study
semantically related topics and everything pertaining to
particular concept.
IV. CONTEXT AWARE ADAPTIVE LEARNING RESOURCE
ONTOLOGY (CALRO)
As stated by Siadaty [13] the learning context can be
referred as, all the information about the situation in which
learning is occurred. To build context aware adaptive elearning system, as shown in “Fig. 1” we identified three
important features that need to be considered to describe
learning content. These three features have been
considered in proposed CALRO ontology, which acts as
metadata for resource description in context aware
adaptive e-learning system.
In order to exchange the semantics of learning
resources, the explicitly modeled ontologies provide a
way of representing formal and shared information. Thus,
the ontological approach can be used to index resources
indicating their semantic meaning; thereby resource
semantics can be explicit and machine-accessible.
The proposed ontology introduces various metadata
features for improving presentation, adaptation and
navigation in e-learning environment. CALRO is
developed with three different categories of features,
where the conceptually related resources may fall within
particular classification system.
The resource description ontology (the proposed
CALRO) can be formally described with 4-tuples, < Tc,
Tf, Ps, Rs >. The symbols Tc, Tf, Ps and Rs represent as:
Tc - Topic Class (Base Class)
Tf - Topic Features Set {Device features, Learner
preferences, Extensive features}
Ps - Property Set {Name, ID, Description, Domain,
Alias, Language, Objective}
Rs – Relations Set {hasTitle, hasID, hasDeviceFeature,
hasExtensiveFeature, etc.}

Figure 1. Metadata categories of e-learning content

Device features: Due to technical advancements in
communication technology has initiated the change of
paradigm from traditional computer based e-learning to
m-learning. The diversity of digital learning devices
initiated to incorporate device features in learning
resource metadata model, which is useful to find suitable
content based on device capabilities.
Learner preferences: The learner preference profile
may consist of two categories of information such as
domain independent and domain specific preferences. The
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The ontology is composed of mainly four core classes
that encompass different features explained in previous
section in order to support semantic-based search and
adaptation. Table I, indicates the semantics and purpose of
these core classes. The layout of different classes and sub
classes relationships of the proposed ontology developed
in “Protégé tool [14]” is as shown in “Fig. 2”. The details
of the topic are specified with properties such as Title
(hasTitle), ID (hasID), Course (ofCourse), Description
(hasDescription), etc. Some of the data properties and
object properties of base class Topic and individuals of
sub class Media are shown in “Fig. 3”.
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TABLE I.
DESCRIPTION OF CORE CLASSES IN CALRO ONTOLOGY
Classes
Name

Semantics

Purpose

Topic

Is the root class
of proposed
ontology

The core classes of three
different features indicate the
conceptually related topics of
the base topic.

Learner-Pref

It deals with, to
whom the
resource is
useful?

Describes the learning-style
context of e-learner.

Device-Feat

To what type of
device it can be
delivered?

This category describes the
context of topic presentation
based on supporting device
characteristics.

ExtensiveFeat

What are the
other supporting
resources?

The semantically related topics
of targeted resource, for further
reading and pedagogic needs of
the learning topic.

Figure 3. Properties and individuals of CALRO

A. Formal representation of CALRO
The Table II shows the partial OWL representation of
the proposed CALRO ontology. The ontology consists of
various classes and concerned relations along with the
data type properties of topic.
TABLE II.

OWL REPRESENTATION OF PARTIAL “CALRO”

<rdf:RDF
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"
xmlns:owl ="http://www.w3.org/2002/07/owl#"
xmlns:rdf ="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:xsd ="http://www.w3.org/2001/XLMSchema#"
<owl:Ontology rdf:about="Resource Description using CALRO">
<rdfs:comment>Domain Ontology</rdfs:comment>
</owl:Ontology>
------<owl:ObjectProperty rdf:ID=" hasTitle">
<rdfs:domain rdf:resource="# Topic "/>
<rdfs:range rdf:resource="# Topic-Title "/>
<rdfs:Datatype dc:title ="graphs">
</owl:ObjectProperty>
------<owl:Class rdf:ID=" Media ">
<rdfs:subClassOf rdf:resource="# Device-Feat "/>
</owl:Class>
Figure 2. Layout of different core classes in CALRO ontology
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<owl:ObjectProperty rdf:ID=" hasMedia">
<rdfs:domain rdf:resource="# Device-Feat "/>
<rdfs:range rdf:resource="# Media "/>
<rdfs:Datatype rdf:about=" #XMLLiteral/">
</owl:ObjectProperty>
------</rdf:RDF>
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B. Answering User Queries
Here, we illustrate with an example how the CALRO is
used to extract suitable topic based on learner context.
The system will locate the learning resource in the
content repository, through considering the contextual
information such as device capabilities and learner
preferences.
For example, consider the following
scenario:
An English medium student wants to read about the
topic “Graphs” in video format then the contextual
information from the resource perspective is:
Learning topic = Graphs;
Learning-Feat . Language = English;
Device-Feat . Media = Video;
The example query in Table III asks the SPARQL
(SPARQL Protocol and RDF Query Language) processor
for extracting the topic named “Graphs” which meets the
given conditions.
TABLE III.
THE “SPARQL” QUERY OF EXAMPLE SCENARIO
# Concerned ontology located in CALRO.owl
PREFIX CALRO: <http://..../ontology/ CALRO.owl#>
PREFIX DC: < http://purl.org/dc/elements/1.1/>
SELECT? topic
WHERE
{
? Topic CALRO : hasTitle ?Graphs.
? Topic CALRO : hasLearningFeature ?Learning-Feat.
? Topic CALRO : hasDeviceFeature ?Device-Feat.
{? Learning-Feat DC : Language “en”.}
{? Device-Feat CALRO : hasMedia CALRO:Video.}
}

Figure 4. CALRO usage scenario

The objective of proposed course based e-learning
application is to provide complete knowledge related to
topics of the course, through delivering resources of
different types such as definitions, exercises, case studies,
etc. The well formed presentation and topic navigation
environment makes the learner to access various resources
related to learning concept.
“Fig. 5” shows the content presentation and navigation
facilitates of the proposed approach. It relies on semantic
based presentation of the course contents in order to
improve the understandability of e-learner. Learner can
refer to a wide range of different concepts that are
concerned to learning topic. This approach facilitates the
acquisition of new knowledge by the students through
studying the related concepts even though they are not
directly related to course content.

V. PROPOSED ADAPTATION APPROACH
The resource description ontology usage scenario is as
shown in “Fig. 4”, where the adaptation mechanism
utilizes the CALRO to deliver précised and suitable
content based on the learner context.
The current e-learning standards for educational
metadata focus mainly on content centered approaches
and models to search, exchange and reuse of learning
resources [15]. The CALRO based description of learning
contents is able to support the following features:
(1) Adaptive Presentation: as stated by Economides
[11], the learning content can be presented in a
variety of ways based on learner’s prior
preferences. The proposed ontology supports to
deliver contents based on learner’s learning style
and preferences.
(2) Navigation support: Schmidt [16] mentioned that,
the learning resources are not isolated, but formally
or informally linked to one another. In the
proposed ontological approach, the dependencies,
topic similarities, sub topics, applications, etc. are
linked together, so that it can help learner to
navigate according to the conceptual relevance.
The CALRO ontology based resource description helps
the adaptation system to identify the contents that
correspond to the request and according to the device
characteristics and user preferences.
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Figure 5. Proposed presentation and navigation screen structure

A. Workflow behavior in context aware delivery
The CALRO resource description ontology is useful
mainly for context aware adaptive delivery of content in
course based e-learning environment. The workflow
behavior of the context aware adaptive delivery process
consists of following steps and is depicted in “Fig. 6”.
(1) First, the registration process has to be completed
by the learner so that the learner is allotted with
learner-id, which will be used to identify the
learner.
(2) When learner’s login process is completed, the
system automatically detects the type of devicefeatures, through evaluating the “User Agent [17]”
of HTTP request.
(3) Before starting to learn particular course contents,
the learner needs to enter the preferences such as
media, orientation of learning, etc.
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(4) The contextual information is stored under
concerned learner’s context-id. Based on
contextual information and using CALRO
ontological metadata (of resource information) the
SPARQL returns the suitable learning content.

[4]

[5]
[6]

[7]

[8]

[9]
[10]

[11]

[12]
Figure 6. Workflow behavior

VI. CONCLUSION
In context aware e-learning environments, using
ontology for resource modeling allows us to deliver
suitable and précised contents as per the domain specific
context and preferences of e-learner. In this paper, we
investigated various required features that are to be
considered while developing resource description
ontology. We believe that the proposed Context aware
Adaptive Learning Resource Ontology (CALRO) enables
the discovery of suitable learning resource based on
device capabilities and learning style of e-learner. The
extensive features enable the learner to extract and
understand complete details of concerned learning topic.
As a future work, we aim to upgrade the existing
distance e-learning system in our university to course
based adaptive device independent system in order to
enhance the readability and understandability of elearners, through adaptive interaction and presentation
capabilities of proposed ontology. We believe that the
current system should be enhanced in its adaptation
capabilities through incorporating the proposed ontology.
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