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Abstract: The e-learning contained many educational resources are generally used in learning systems like
Moodle, It’s free open source software packages designed and flexible platform to create Learning Objects
(LOs) and users’ accounts. The author demonstrates how to use semantic web technologies to improve online
learning environments and bridge the gap between learners and LOs. The ontological construction presented
here helps formalize LOs context as a complex interplay of different learning-related elements and shows how
Wwe can use semantic annotation to interrelate diverse between learner and LOs. On top of this construction, the
author implemented several feedback channels for educators to improve the delivery of future Web-based
learning. The particular aim of this paper was to provide a solution based in the Moodle Platform. The main
idea behind the approach presented here is that ontology which can not only be useful as a learning instrument
but it can also be employed to assess students’ skills. For it, each student is prompted to express his/her beliefs
by building own discipline-related ontology through an application displayed in the interface of Moodle. This
paper presents the ontology for an e-Learning System, which arranges metadata, and defines the relationships
of metadata, which are about learning objects; belong to academic courses and user profiles. This ontology has
been incorporated as a critical part of the proposed architecture. By this ontology, effective retrieval of learning
content, customizing Learning Management System (LMS) is expected. Metadata used in this paper are based
on current metadata standards. This ontology specified in human and machine-readable formats. In
implementing it, several APIs were defined to manage the ontology. They were introduced into a typical LMS
such as Moodle. Proposed ontology maps user preferences with learning content to satisfy learner
requirements. These learning objects are presented to the learner based on ontological relationships. Hence it
increases the usability and customizes the LMS. In conclusion, ontologies have a range of potential benefits and
applications in further and higher education, including the sharing of information across e-learning systems,
providing frameworks for learning object reuse, and enabling information between learner and system parts.
Keywords: Semantic Web, Ontologies, Moodle, E-learning.

I. INTRODUCTION

E-learning is an alternative concept to the traditional teaching system and offers new possibilities in
learning. Thus, a student can get immediate feedback on solutions to problems; learning paths can be
individualized, and so on. E-learning is a growing knowledge. Thus, the number of organizations working on
online learning and the number of courses available on the Internet is growing rapidly. [1].

The Semantic Web is the emerging landscape of new web technologies aiming at web-based
information and services that would be understandable and reusable by both humans and machines. It wills
predictable the Semantic Web technologies influence the next generation of e-learning systems and applications.
And Ontologies are a major component of the Semantic Web, generally defined as a representation of a shared
conceptualization of a particular domain. To take the development and widespread e-learning contents of
semantic Web applications a step further, we have developed a Learning Management System (LMS) based on
an infrastructure entirely designed using the technologies made available by the semantic Web, namely OWL,
SPARQL[2]. LMSs are becoming increasingly popular now. Well-known LMSs include Moodle, whose focus
has centered on distance education opportunities. Typically, Moodle includes a variety of functionalities, such as
class project management, registration tools for students, examinations, enrolment management, test
administration, assessment tools, and online discussion boards [3].

The most serious problems are caused by the semantic evaluation process. There is a great variety of
LMS. As far as evaluation is concerned, current platforms may be helpful to acquire tacit knowledge in
organizations, but they do not solve the problematic of doing automatic semantic information. Thus, cooperative
cognitive processes are not efficient and not found matching between LOs and student information. In fact,
Moodle lack for these properties. Thus, the augment of students per LOs can dedicate to each student. This
makes the learning process to be impersonal, and not many users can keep track properly of their students’
progress.
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By bringing together the previous statements and the need for a good way in the cooperative learning,
we spot the need for tools supported by intelligent techniques. A possible solution might include ontology
components of semantic web technologies to deal with this issue. Some authors [4] utilize ontology based
semantics to improve the analyses of information in unstructured documents. The domain ontology plays a
central role as a resource structuring the learning content [5]. One of the key challenges of the LOs construction
process is to identify the information abstract domain within which that will exist. The tutor has to describe the
main terms and concepts from which a learning object is to be constructed.

The author has developed is part of the Moodle and explores the use of ontologies to develop an
innovative Semantic Learning Management System (S-LMS). The S-LMS provides complete information and
management solution for users and LOs. Our focus and main objective is to automate the different procedures
involved when students enroll or register for class courses. Managing a large course it’s a complex undertaking.
Many factors may contribute to this complexity, such as a large number of students, the variety of rules that
allow students to register for a particular course, students’ background, and students’ grades.

Il. METHODS

The idea of learning object context emerged as a part of our efforts to facilitate learning objects’ reuse
and advanced levels of personalized learning. We define learning object context as a specific learning situation,
determined by the learning activity, the learning content, and the (group of) learners involved. We conducted a
small-scale observation of online educators’ current practices and requirements. We included instructors and
designers from one Sudanese universities, a well-known group of developers, researchers, and instructional
designers from around the country. Most participants completed the survey, each providing highly informative
comments. Among other important findings, all observation for participants reported a lack of matching
between a learning object and learners’ preference. We consider feedback to be information about observed
learners’ interactions either with learning content or with other participants in the learning process. We
determined three levels of feedback based on the responses we received from the observation:
1. Detection of content that was hard for students to comprehend.
2. ldentification of student difficulties at a topic level.
3. Identification of frequently discussed topics.

I1l. E- LEARNING SYSTEMS

The most typical form of e-learning systems on the Web today is through Learning Content
Management Systems (LCMS), such as Moodle. It is a widely adopted technology that enables setting up online
courses and managing the students’ activities. In particular, LCMSs provide instructors with substantial support
for numerous activities indispensable for securing high quality e-learning processes, such as preparation of
learning content, structuring and organization of the content in accordance with the chosen teaching strategy,
interactions with coordination of students’ activities using online communication tools, that allows learners to
collaboratively create and share knowledge, by adding highlights, tags and notes in learning content. The
information coming from peers, for instance, how other students have tagged or commented a piece of learning
content, is seen as an important factor in increasing students interest in course topics [6].

Even though state-of-the-art LCMSs successfully support a huge set of online teaching/learning
activities, their support for adaptation of learning courses is very rare. This is due to the fact that support for
adaptation of e-learning materials is much trickier and less straight forward; hence widely used LCMSs enable
only simple content editing features for this purpose. However, instructors need much better support since they
have to almost constantly adapt their courses both in terms of the included materials and the applied
instructional design. When doing this, instructors have to take into account students’ performance and
interaction with learning content in order to better address the specific needs and requirements of each particular
students group, and thus secure students' high performance and learning efficiency levels.

Learning control needs the comparison between the learner’s knowledge base, which is modified as the
learning process evolves, with the course domain knowledge base. It requires for powerful and interoperable
tools of knowledge representation and analysis. A structured information representation is then required. For it,
semantic domain information can be used as they provide for flexible and extendable properties to knowledge
management systems. The motivation for developing reusable atomic learning components and to capture their
characteristics in widely-accepted, formal metadata descriptions will most probably attract learning object
providers to annotate their products with the accepted standards.

The goal of the early software tutoring systems was to build user interfaces that provide efficient access
to knowledge for the individual learners. Recent and emerging work focuses on the learner control over the
learning process such as learner exploration, design and construction. For it, adaptive systems are used as tools
[7]. With the application of more and better computer techniques in education and the involvement of more
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adults in software tutoring systems, the learner control strategy has become more appreciated than tutor or
program control.

An important component of e-learning is students’ knowledge and LOs preference. One of the main
problems for the creation of matching systems is interoperability, i.e. the opportunity to reuse this knowledge in
different processes. To organize knowledge exchange between various events, it is necessary to create some
universal format of knowledge’s preservation and their processing instructions. An important requirement for
this format is that it should be platform independent. Standardization of educational technologies and, in
particular, formats of match data preservation is being worked out all over the world.

A. Moodle

Moodle is an open source Content Management System (CMS) in which activities are at the heart of
the system. Moodle was designed on base of social constructivism. Constructionism asserts that learning is
particularly effective when constructing something for others to experience. The students could be considered as
actively engaged in making meaning. Teaching with that approach looks for what students can analyze,
investigate, collaborate, share, build and generate based on what they already know, rather than what facts,
skills, and processes they can parrot. Moodle has modular design that makes it easy to create new courses,
adding content that will engage learners. This modular object-oriented dynamic learning environment possess
intuitive interface that makes it easy for teachers to create courses. Teachers and students require only basic
early acquired from Internet browser skills to begin learning, which makes last one very simple and user-
friendly platform [5]. Moodle has been applying in the universities to allow the use of new methods of E-
learning and encourage the self-learning. This application allows the generation of a specific space in which
students and teachers can interact in order to:

«  Exchange experiences and the generation of debate forums about any topic of the subject.
* Resolve problems and exercises along the course.

»  Allow an early evaluation of the teacher.

«  Self-evaluate their own works.

»  Set out new problems and obtain the collaboration of the community.

« Access to activities of any subject in any moment in base to its availability.

The student can also have some tools to assess its level of knowledge through quizzes, exercises. In
order to encourage the collaborative work, the possibility of generating forums, wikis or workshops exists [8].
In this paper we are going to focus on student’s knowledge and Learning Objects (LOs) because it is in that part
where we apply the concept of the ontology.

IV. THE SEMANTIC WEB ONTOLOGY

The ontology is one technologies of the semantic web, it can be described as an explicit specification of
a shared conceptualization, which can be taxonomically or axiomatically based [9]. Ontologies can be based
around a single taxonomy or several taxonomies and their relationships [10]. Taxonomies consist of concepts
and relationships that are organized hierarchically and whose concepts can be arranged as classes with
subclasses.

The structure of an ontology should be based on a taxonomy that allows for the modeling of a system
based on certain functional descriptions [11].

The ontology can formulate a representation of the learning domain by specifying all of its concepts,
the possible relations between them and other properties, conditions or regulations of the domain. The
development of the ontology is similar to the definition of a set of data and their structure. In this way, the
ontology can be considered as a knowledge base that is used further for extracting useful knowledge and

producing personalized views of the e-Learning system [12].
Proof

| Logic

| Omntology Vocabulary

‘ EDE+EDF Schema
| XML

Fig. 1. Layers of the Semantic Web Architecture [13]

A. Ontology and e-learning:
Ontology is a specification of a conceptualization [13]. Ontology consists of concepts, properties,
constraints on their usage and relationships between the concepts. Ontologies have a wide application scope.
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And domain ontology, detailed description about an application specific domain is definitions of concepts,
entities, attributes and processes related to a given application domain [14]. In this paper, our domain is e-
Learning systems.
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Fig. 2. Different ontological levels of learning object metadata and domain ontologies (DOi)

B. SCORM and Learning content Metadata

The three main metadata standards defined are, IEEE Learning Object Metadata (LOM), Dublin Core
metadata and SCORM metadata [15]. Out of them SCORM has the widest scope [16] and it consists of 49
student metadata elements.

This paper used only a subset of SCORM metadata, which can be extended. These belong to the
learning state of domain objects. We expect to extend the usage and number of metadata in the course of future
implementation and learner identification. The metadata what have been utilized in the ontology are, title,
identifier entry, content type, content status, intended end user role, aggregation level. (Constraints were defined
on them).

V. PROPOSED ONTOLOGY AND IT’S IMPLEMENTATION

A. Moodle Platform Architecture

We have taken the proposed ontology as a part of a typical Moodle platform. In this architecture (figure
3) the component, user & course manager is responsible for capturing user interests, giving access to learning
objects for learners, matching user profiles with the learning content and selecting the learning content
satisfying the user interests. The assets and SCO manager is used by the authors to create SCOs using assets and
other SCOs by the teachers to create new units and courses, the ontology manager is used by the author or
administrator to update and improve the ontology.
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Fig. 3. User Oriented Ontology Based proposed Moodle architecture

The query processor helps to pass queries coming from the learners and teachers to the learning
repository and to retrieve results of queries and pass them back to learners. Indices are defined on metadata to
increase the efficiency of queries.
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B. Proposed Learner and Courses Oriented Ontology

The proposed ontology consists of e-learning objects and their relationships (figure 4). Therefore via
these ontological relationships the required learning resources can be located and their metadata can be
retrieved. Then matching of user profiles and learning resource metadata can be done to ascertain the relevance
of them.
This ontology can be extended according to the changes to user profiles and learning content.
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Fig. 4. a part of ontology as a class diagram

C. Learner Preference Ontology

The learner preference ontology presents personal preferences and learning characteristic of the learner
which has interaction with the system. The information is updated according to the learner’s interactions with
the content. The updated information is used by the adaptation model to make adaptation decisions. Figure 5
illustrate the graphical representation of the user model. The information is available for the system to adapt the
learning content presentation and navigation for the learner.

The top class of the learner preference ontology is the User class, which is a superclass to
Personallnformation. The Personallnformation class has metadata to current the basic individual information
such as user’s name, gender, email, etc. also that the system can identify the user. A subclass of the User class is
the Learner class, which represents information about learners. The Learner class is a central concept as it
includes all the properties of a learner [17]. Containing of learner’s ability, preference, knowledge, feedback and
learning style, these five classes are related to association through hasPreferences, writeFeedback and
hasLearningStyle properties. These aspects are considered important to describe the learning characteristics of

the learner.
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Fig. 5. The graphical representation of the user model

The learner’s preferences in different stages of the learning process are kept in the instances of
Preferences class to obtain the fluctuation of preference during the learning process. The following examples
show Preferences class keeps learners’ preferences with regards to information, and language. These two
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features are used to provide adaptive presentation. An instance of Preferences class is shown in the following
example:

<owl:NamedIndividual rdf:about="="&UserModel;Preferences_student1">

<rdf:type rdf:resource="&UserModel;Preferences"/>

<UserModel:hasLanguagePreference rdf:resource="&UserModel;English"/>
<UserModel:hasinformationPreference rdf:resource="&UserModel; Exactinfo"/>

</owl:NamedIndividual>

The example show that the language preference of studentl is “English” and also it shows that his/her
information preference is “Exactinfo”.

Furthermore, the learningStyle class holds information about the learner’s learning style
(hasLearningStyle) is associated with the LearningStyleCategory class. There are different models about the
learning style and learning methods of learners. LearningStyleCategory class represents these different learning
models.

a. User Profiles and attributes:

When learners access the Moodle, captures their profiles (interests and preferences), which will be
stored in the learning repository. These user profiles are more descriptive. So in this paper we capture them into
a compact representation space in a digital format [18].

We have used a set of attributes to represent user profiles. They are, name, age, gender, occupation,
education level, language, topics of interest, education type and education format. These are helpful in the
matching process and in creating user communities.

The user can, unwittingly, be the source of some information for the ontology, if we tell the program
where to look. There are two specific places we can look the names and metadata of the files that the user
uploads, and the relationships that can be inferred from the user's interactions with artifacts.

For example, if the user submits a file with certain metadata, and places that artifact such that it
develops certain relationships within the ontology, and later uploads another file with similar metadata; we can
then infer that perhaps we should create relationships for this new artifact, as well (it should be noted the user
does not have to create this metadata, the external system that submits it to the student may do much of the work
both files may be marked "IT 101" submissions by the submission system, for example). The more similarly
named or placed artifacts the user uploads, for example, the better we can become in helping the author by
creating some relationships for them.

b. Learner Preference:

We discuss that in order to provide personalization in e-learning systems, it is necessary to store the
learner’s characteristics (e.g. abilities, performances, prior knowledge, and learning style) in the learner
preference. Some of these characteristics are static whereas others are dynamic. Static features are initialized in
the registration period, and they usually remain unchanged throughout the learning process such characteristics
are learner’s email, preferences, etc. On the other hand, dynamic features are updated during learning process
based on the interaction of learner with the system, for example, learner’s information, abilities and knowledge.

Learner preference allows the system to personalize the interaction between the learner and learned
content. To achieve this goal, the system should predict the needs of the learner based on the information in the
learning preference in order to then offer the content in a way that the learner can understand. There are several
techniques for modeling the learner and refining this way. Ontologies have been proving to be an effective
means for presenting knowledge within a specific domain in a semantic way [19]. Consequently, we propose an
approach where an ontological model is used to present the learner’s characteristics. This model is described in
the following.

D. Learning Obijects (LOs)

The broad definition of "learning object™ reflects the two very different communities who have an interest in
reusable learning resources. Learning objects (LOs) enable and facilitate the use of educational content online.
Internationally accepted specifications and standards make them interoperable and reusable by different
applications and in diverse learning environments. The metadata that describes them facilitates searching and
renders them accessible [20].

a. Learning Object Content Ontology Model(LOCOM)

Having looked at several content models (e.g. Learnativity, SCORM content aggregation model) we
decided to use the LOCOM. The LOCOM was designed to generalize all of these content models, to provide an
ontology-based platform for integrating different content models, and to enable semi-automatic reuse of
components of LOs by explicitly defining their structure [21]. In this paper we refer to the ontology built on top
of a LOCOM. Actually, we use a revised LOCOM ontologies divided into two different parts:
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o Content Structure ontology enabling a formal representation of LOs decomposed into components;
o Content Type ontology defining the educational role of LOs and their components.

Both ontologies are developed in OWL [22]. The Content Structure ontology distinguishes between
content fragments (CFs), content objects (COs) and learning objects (LOs). CFs are content units in their most
basic form, like text, audio and video. These elements can be regarded as raw digital resources and cannot be
further decomposed. COs aggregate CFs and add navigation. Navigational elements enable sequencing of
content fragments in a content object. Besides CFs, COs can also include other COs. LOs aggregate COs around
a learning objective. In Figure 6 we show the top-level ontology concepts. Note also that the ontology defines
aggregational and navigational relationships between content units.

SlidePresentation

Fig. 6. The top level concepts of the Content Structure ontology

The content type ontology is also rooted in the abstract LO Content Model and has CF, CO and LO as
the basic, abstract content types. However, these concepts are now regarded from the perspective of
educational/instructional roles they might have. Therefore, concepts like Definition, Example, Exercise,
Reference are introduced as subclasses of the CO class, whereas concepts such as Tutorial, Lesson, Test are
some of the subclasses of the LO class. The development of this ontology was mostly inspired by a thorough
examination of existing LO Content Models [23].

Note also that both the parts LOCOM ontologies are organized as extensible infrastructures that can be
further extended with new LO types or content structure elements. Another beneficial point for using that parts
is an extensive development of tools able to represent widely accepted formats of LOs (e.g. slide presentation)
using LOCOM ontologies. We have information about LO components, the same LO can be better personalized
according to the learners’ specific needs, preferences and styles (e.g. learning using examples rather than formal
definitions) when using the same learning design.
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<qul:Ontology rdf:about="">
<rdfs:comment rdf:datatype= "http:/fomanw w3 org/2001 /XMLSchema#string "=
An ontology to define learning object LOM metadata records </rdfs;comment=

<rdfsisDefinedBy><og:IntellizentAgent rdfIR="User_LO1"/></rdfs;isDefinedBy>
<rdfsisDefinedBy><ogIntellizentheent rdfID=" User_LO2"><rgfs:commentrdf:datatype= "
http:/fwanw w3 org/2001 /XMLSche magstring">http://localhost/ moodle/mysystem </rdfs:comment=
<rdfs:comment rdf:datatyps=

"http:f anana w3 org/ 2001 KMLSchematstring” = http: /flocalhost/mood le/mysystem
</rdfs:comment></os:Intelligentagent-</rdfs:isRefinedBy> </owl:Ontalogy>

<owl:Class r4fIR="Leaning. obisst">

<rdfs;subClass0f><owl: Restriction=<owl-onProperty=><owl:ObjectProperty
rdf:D="hasBesource"/ =</ owlonProperty-

<gwl:allValuesErom><gwl:Class><gwl:union0f rdf.parseType="Collection"><gwl.Class

rafiR="web. .conkent"/=

<gul:Class

rdf:1D="Imsld_content" /=< /owl:unionOf></owl:Class=</owl:al ValuesFrom=</owl:Restriction=</rdfs:subCl
assOf=

<relfssubClassOf><owl:Class rdf:ID="ResourceDescription”/></rdfz;subClassOf></owl Class>
<raf:RRE<qwlOntology rdfabout=""><gwlimperts rdf:resource="http:// lncalhost/meodle/mysystem
jLoca" /=

<gwl-imparts rdf:resource="http://www.owl-ontologies.com/alocom-core owl’ ,-’h-{fn:nwl Ontology=
<ol Slass rafabant="htte=// localhest/mesdls/mysisiem [hQSORLSAININERRISIGS
<gwl:equivalentiClass rdf.resource="http:// localhost/mand|e/mysystem

JLOCO#Learning, object” =</ owl;Class=

<owl:ObisctBronsriy rdf:about="http:// losalhast/mesdle/mysystem /L0CQhaskearningObisst™
<rafs:domain rdf;resource="http:// localhest/meodle/mysystem /LOCO#LearnineRbjectContext” /=
<rgfs;range rdf:-resource="http://fwww.owl-ontologies.com/alocom-core.owl#LearningObject” />

</oul:QbisctPronsriv></rdf.BRE>

Fig. 5. OWL/XML definition of the Learning_object class and linking LOCO ontologies

b. Ontologies are User-Repository Interfaces for the Application Domains

Ontologies serve as user-repository interfaces that provide views of learning objects in various
perspectives to enhance the learning objects repository usability for diverse application domains [24]. The
ontologies are envisaged as knowledge structures that fit the individual application domains. For instance, a
learning objects repository can have two different views: learners' view and instructors' view. An ontology for
the learners articulates general interactive learning processes, while an ontology for the instructors describes a
scheme of educational development.

Ontologies have been with us for a quite long time. For instance, an ER (entity-relationship) chart is a
general type of ontology for relational databases. In comparison with ER charts for relational databases,
ontologies for learning objects repositories are complicated due to the complex properties of learning objects
and the richness of semantics in the learning and instructional context.

More importantly, ER charts are basically used only for database designers, but ontologies for learning
objects must be used for all creators of learning objects, as well as end-users of learning objects, for the
knowledge sharing purpose. Hence, an ontology of learning objects acts as the interface between all users and
the learning objects repository.

c. Ontology vs. Meta-data of Learning Objects

Meta-data standards of learning objects intend to generalize taxonomies and vocabularies for learning
objects repositories for all disciplines (Convertini, Albanese, Marengo, & Scalera, 2006; Dublin Core, 2007;
Friesen, 2005; IEEE LTSC, 2007; IMS, 2006; Yordanova, 2007).
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There is a tacit ontology behind a meta-data standard. Such a tacit ontology is too complicated to
present because the semantic relationships between all learning objects are hard to be standardized. Specifically,
the taxonomies can never be exhaustive for all disciplines, and vocabularies can be interpreted in a variety of
ways depending upon the disciplines. Without the support of ontologies, tagging all types of meta-data and
relevant keywords to every learning object could be prohibitively expensive and will eventually make any
search engine practically powerless. On the other hand, an ontology of a specific domain for a learning objects
repository serves as a map and suggests paths for retrieving candidate learning objects to reach a certain
objective of learning or teaching. The use of ontology does not exclude the use of meta-data. When the learning
objects repository is huge, standardized meta-data are still useful for searching learning objects through
ontologies.
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Fig. 7. Semantic Web Technologies in Moodle platforms

VI. MATCHING USER PREFERENCES WITH LEARNING OBJECTS
When we try to satisfy learner requirements we need to match the user preferences with the learning
objects in the system. However, a direct matching between the learning objects and user preferences is not
efficient enough and it will take a lot of memory. Therefore it is done in this paper by referring to metadata
retrieved through the ontological relationships. Therefore it becomes efficient.
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Fig. 8. LOs repository filtering and matching with the learners’ repository in Moodle platforms:

A. Use of Proposed Ontology with an Existing Moodle

The ideas we have presented in this paper have been implementing by modifying the open sourced
LMS “MOODLE” . Two new APIs called profile API (profile.php) and ontology API (onto.php) has been added
including the required functions, classes and variables.
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VIIl. DiscussiON AND RELATED WORK

A number of works have been published about the use of ontology in the e-learning, such as [25].
However, a strong computational approach is noticed in the suggested solutions. Furthermore, some works like
the one presented by [26], allow the reuse in a closed environment. Only the contents created in the system are
considered for reusing and the resulting course should be performed in a property system that makes the access
difficult for a large amount of people. In order to minimize these problems, ontologies presented in this paper
were created through OWL in Moodle, so that any system can reuse and store new information. Still aiming to
facilitate the ontologies acceptance to matching LOs with the learner's preferences, the choice was to use
properties defined in a standard of metadata already existent like LOM. In a stage further than the ontology
development, a system that uses ontology to generate user preferences and LOs described according to SCORM
standard was developed, which allows it to be used by students through any LMS with the support of the chosen
standard.

A. Related Work

Learner’s model contains learner’s characteristics which are essential for adaptive learning. A typical
learner's preference includes most important features of the learner that affects his/her learning, such as current
knowledge, background, interest, goals, learning style and preferences [27]. A flexible approach in student
modelling is presented in [28]. This user model is used in DEPTHS (Design Pattern Teaching Help System),
which is an intelligent tutoring system for learning software design patterns. DEPTHS make use of a knowledge
assessment method based on fuzzy rules to update students' preferences during the learning process.

Recent developments in semantic web technologies have informed research on applying these
technologies for developing adaptive e-learning systems. Several attempts have been made to implement
ontology-based educational systems, one of the most important components in these systems is the learner
preference [25,29]. Some of these researches focus on proposing ontology-based approach for sharing student
profiles between different learning systems [30,31] . For instance, ADAPT2[30] is an Advanced Distributed
Architecture for Personalized Teaching & Training. It employs a high-level mechanism for enabling
interoperability between ontology-based user preferences in adaptive Web-based systems. The main idea of the
ADAPT2 approach is the use of an ontology server to exchange user preferences. The ontology server seems
like the most appropriate place to store user preferences in this system. Moreover, some researchers attempt to
propose the usage of ontologies and rule-based methods for developing learner preferences. For example, a rule-
based solution for developing the user profile in an e-learning system is presented in [32]. In the proposed
solution, a two layers user preference (competences and interests) is designed through ontological constructs.
The user preference provides personalized functionalities, especially with recommendations on potential
collaborators for the users of an e-learning system. Correspondingly [33] proposed the usage of ontologies and
rule languages for building learner preferences in Moodle system. This approach is used for implementing
adaptation in web-based Programming TUtoring System (Protus) where the learner preference is updated as a
result of firing the semantic rules.

An ontology-based learner preference expresses the learner's characteristics in an abstract way. But, it
only expresses learner's characteristics which is essential to support the system's needs. For example [34]
proposed a learner preference for adaptive learning system based on Semantic Web. This learner model mainly
includes study style, cognition level, interest and hobby. The authors depended on Solomon Study Style to
obtain learner's learning style. The learner preference ontology is defined using Moodle and it is updated
through metadata. While [35] proposed an ontology-based learner preference to describe three aspects of
learner’s characteristics namely learner's basic information, preference, and performance. The authors calculate
semantic similarities between learner‘s preference ontology and LOs ontology to recommend effective learning
resources based on learner's needs.

Most of the abovementioned systems concentrate on some learner's characteristics in providing
adaptive functionality such as learner preferences or knowledge. However, learner's ability as an effective factor
for implementing adaptation mechanisms is mostly neglected in referencing learners. Besides, those systems do
not support the usage of different learning style preferences that improves the flexibility of learner preference.
Structure of learner preference ontology supporting the personalization LOs process is described in this paper.
Moreover, to obtain more precise estimation of learner's ability, the results of learner’s responses to the matches
are analyzed according to Item Response Theory.
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