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Abstract—In the context of lifelong learning, learning net-
works are emerged as alternative and feasible integrated
models that merge pedagogical, organizational, and techno-
logical perspectives to support and promote the provision of
lifelong learning opportunities. Among the significant issues
that arise when setting up a learning network is the question
of how to support communication between repositories that
employ different schemes for describing learner profiles. To
guarantee correct interpretation, a semantic common
metadata schema is required. This paper aims to propose an
ontological structure for representing a learner profile that
augments it with semantics and provides a common vocabu-
lary for the exchange of the different learner's characteris-
tics that can be presented in a learner model. The proposed
structure is based on different learner information with
respect to well-known learner model specifications. Besides,
it reuses terms from well-developed Semantic Web vocabu-
laries which make it semantic web compliant and integrates
different domain taxonomies and subject taxonomies that
are used as ranges for particular concepts' slots.

Index Terms—Student modeling, lifelong learning, Semantic
Web, ontology, learning networks.

1. INTRODUCTION

For the past fifteen years or so, lifelong learning [1] has
become an important topic of academic and policy debates
on promoting new partnerships, new curricula and new
assessment methods. Lifelong learning can be considered
as a continuous education process that covers any form of
learning (i.e. formal, non-formal and informal) undertaken
throughout the life and leading to fostering of continuous
development and improvement of knowledge, skills and
competencies. To promote the provision of lifelong learn-
ing opportunities, learning networks [2-4] are emerged as
alternative and feasible integrated models that merge
pedagogical, organizational, and technological perspec-
tives. A learning network is defined as a set of persons,
institutions, software agents and learning resources that
are mutually interconnected and supported by information
and communication technologies [5]. Many problems
arise when setting up a learning network, such as the issue
of how to support communication between repositories
that employ different schemes for describing learner pro-
files. In fact, a semantic common metadata schema is
required in order to ensure correct interpretation. This
paper discusses how to improve learner profiles with se-
mantics by building an ontology and how this latter can be
employed to support communication between software
agents and to provide personalized access to learning
resources in learning networks. The issue presented above
lies within the scope of student modeling that can be de-
fined as the process of acquiring various kinds of
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knowledge about the student [6]. The output of this pro-
cess is a student model that contains all the information
about a student ranging from biographic data to interac-
tion preferences and formal/informal experiences. Several
adaptive systems [7, 8] rely on a student modeling com-
ponent in order to provide personalized content, services,
learning flows and paths according to specific student's
needs.

In the field of user modeling, [9-11] pointed out the ad-
vantages of using ontologies for learner modeling. The
ontology schema that we propose is structured according
to well-developed learner model specifications, namely,
the IEEE PAPI [12] and the IMS LIP [13]. It also reuses
terms from well-developed Semantic Web vocabularies,
such as Dublin Core [14] and FOAF [15] which make it
semantic web compliant. Besides, it integrates different
domain taxonomies for referencing particular values in a
slot of a concept. In particular, we used the Bloom's tax-
onomy of educational objectives [16], the learning style
taxonomy of [17] and the RDF binding of the ACM Com-
puting Classification System (CCS) [18]).

The remainder of this paper is organized as follows: in
Section 2, we present two of the most important learner
profile proposals. A mapping between the structures of the
these specifications is also drawn up in this section. Other
relevant user profile models are presented in Section 3. In
Section 4, we present a comparative study of the surveyed
learner models in order to determine the basic components
of the learner profile ontology. Section 5 describes in
detail the process of the Learner Profile ontology con-
struction.

II. USER MODELING SPECIFICATIONS

In this section, we present the most important specifica-
tions that focus on representing and managing user pro-
files in learning environments: the IMS Learner Infor-
mation Package (IMS-LIP) [13] and the Public and Pri-
vate Information (PAPI) for Learners (PAPI Learner)
specification [12].

A. The IMS Learner Information Package (LIP)
specification

The LIP IMS/GLC [12] specification provides a stand-
ard means for recording information about learners. It is
designed to allow information about learners, including
their progress to date and awards received, to be trans-
ferred between different software applications.

In this specification, the Learner Information is separat-
ed into eleven main categories of information that are:
Identification, QCL, Accessibility, Activity, Goal, Com-
petency, Interest, Transcript, Affiliation, Securitykey, and
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Relationship. These categories represent the primary data
structures that are required to support learner information
i.e., only the required information needs to be stored and
packaged. Figure 1 shows the underlying logical data
structures for the learner information package.

B. The IEEE Public and Private Information for
Learners ((PAPI Learner) specification

The PAPI Learner specification [12] aims to support the
storage, retrieval, searching, and exchange of learner data
between different systems. This specification partitions
the learner information into six main information types
that support extension:

e Learner Contact Information: describes infor-

mation related to administration.

* Learner Relations Information: stores information
about the learner’s relationships to other users of
learning systems, such as teachers and other learners.

* Learner Security Information: stores information
about the learner’s security credentials, e.g. pass-
words, private keys, public keys, biometrics.

* Learner Preference Information: describes prefer-
ence information intended to improve human-
computer interactions and the automatic adaptation
and personalization of systems to the specific needs
of the learner.

* Learner Performance Information: is about the
learner’s history, current work, or future objectives.
PAPI Performance information is primarily created
and used by learning technology components to pro-
vide improved or optimized learning experiences.

* Learner Portfolio Information: is a representative
collection of the learner’s works or references to
them that is intended for presentation and evidencing
of his achievements and abilities.

The information model proposed by the PAPI Learner
Specification describes a minimal subset of all possible
types of information about the learner. It represents one of
the first proposals offering a framework that organizes the
learner’s data.

In Figure 3, we illustrate the mapping between the elev-
en core data structures of the IMS-LIP and the six struc-
tures of the IEEE PAPI Learner. As we can see, both the
IEEE PAPI learner and the IMS LIP specifications pro-
vide the following elements:

* Identification: personal information for a specific
learner. This includes data such as: name, address,
contact information.

* Relation: information about the learner's relationship
to other persons or about memberships of profes-
sional organizations.

* Security: a description of the set of passwords, secu-
rity keys, and credentials assigned to the learner for
transactions with learner information systems and
services.

* Goal: a description of the personal objectives and
aspirations of the learner.

* Accessibility and preferences: the cognitive, physi-
cal and technical preferences of the learner, eligibil-
ity, disability and language capabilities.
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Figure 1. The principle Learner Information Package (LIP) data
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Model [12]

* Achievements and learner experience: a descrip-
tion of the learner's measured performance, awarded
certification, acquired competencies, produced
works, undertaken activities, and summary of aca-
demic achievements.

¢ Interest: information about hobbies and other recrea-
tional activities of the learner.

On the other hand, as we can see in Figure 3, the data
models associated to these specifications are not suffi-
ciently complete to cover all the learner’s data that can be
exchanged between e-learning systems, particularly those
related to pedagogical aspects, such as records of the set
of information that are gathered at the end of pedagogical
activities performed within a learning course or that de-
scribe the set of learning steps, activities and choices
which characterize the learner’s educational path. Howev-
er, as discussed in [19] educational learner data is an im-
portant element of a learner model. Yet, the IMS-LIP
specification forms a first attempt to model the learner's
pedagogical data. In fact, in a part of the "Activity" cate-
gory, we find the educational activities related to the
learner.

Finally, the binding of the IEEE PAPI and the IMS LIP
specifications is described in the XML language. Howev-
er, XML is not appropriate for semantic interoperability
since it just describes grammars. Accordingly, it is not
possible "to recognize a semantic unit from a particular
domain because XML aims at document structure and
imposes no common interpretation of the data contained
in the document" [20].
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To summarize, the learner models proposed by IEEE
PAPI and IMS-LIP represent a basic step toward catego-
rizing and structuring the users’ data that needs to be ex-
changed between various e-learning systems.

III. OTHER RELEVANT USER PROFILE MODELS

Dolog and Nejdl [11] proposed a user profile that was
developed for the ELENA project. The learner model was
based on subsets of both PAPI and IMS-LIP specifications
and describes a learner with the following five categories:
(1) Identification that keeps information about the student
(such as name, email, address), (2) Other User Features
that records information about the student’ preferences,
their goals and interests, (3) Study Performance that de-
scribes the student’s performance, portfolio, and certifica-
tion, (4) Human Resource Planning (HRP) that records
information about the organization in which the student is
a member, and (5) Calendar (which is not inherited from
PAPI or IMS LIP) that keeps details about events, ap-
pointments and meetings the learner has to attend.

Keenoy et al. [21] developed a user profile model for
the SeLeNe project that includes some elements from
PAPI and IMS-LIP specifications particularly for describ-
ing the learner’s personal information, qualifications,
interests, learning goals and competencies. The data mod-
el is extended with new specific elements that are needed
by SeLeNe to provide personalized search and access to
learning objects. The new elements aim to record data
about the learning objectives, learning style preference
and educational history of a learner as well as notifications
of changes carried out in the metadata repository.

Oubahssi and Grandbastien [19] suggested a learner
model that aims to improve interoperability and exchange
of learners’ pedagogical data between e-Learning systems.
In particular, the model extends the IMS-LIP data model
with new categories (namely, "Profile", "Metadata", "Ed-
ucational path", and "Commentaries") and new elements.
The Profile category describes the set of information that
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are gathered at the end of pedagogical activities performed
within a learning career. The "Educational path" category
describes the set of steps, activities, and choices that char-
acterize the educational path of a learner. The main ad-
vantage of the proposed model is that it preserves compat-
ibility with existing standards whilst enabling the ex-
change of pedagogical data about learners. This kind of
data has not been sufficiently taken into account in the
IEEE PAPI and IMS-LIP specifications. The model is also
extensible but it lacks many details regarding the descrip-
tions of new categories (i.e. size, value space, data types,
etc.). Besides, [19] did not clearly indicate how equiva-
lence of the new vocabularies with the IMS-LIP will be
defined.

Wei and Yan [22] also proposed a user profile model to
facilitate the development of personalized e-learning sys-
tems. The proposed model extends the IEEE PAPI Learn-
er specification with the following new categories: (1)
Goal that records the user’s subjective sensation, i.e.
whether he wants to start a new learning experience or to
continue the last study, (2) Session information that keeps
data about sessional factors, such as preparatory time that
the student can get for studying, knowledge level of a
user, and network situation, and (3) Learning Objects
Record that stores the learning objects that the user has
already studied and their associated metadata.

Panagiotopoulos et al. [23] proposed an ontology-based
student model that facilitates exploitation of the semantics
of student models by intelligent tutoring systems (ITS).
The developed ontology is a combination of IEEE PAPI
Learner and IMS-LIP specifications and the results of an
empirical study conducted on a sample of students in
order to identify the learner characteristics and their cate-
gories. It defines a set of upper level classes that enable
describing students (Student), their performance during
the educational process (StudentCourselnformation),
learning activities performed for the current academic year
(StudentCurrentActivity), their demographic data and their
preferences regarding interaction with the e-learning sys-
tem.

IV. COMPARATIVE STUDY OF THE LEARNERS MODELS

In this section, we present a comparative study of the
different learner models that have been described above.
The seven models are compared against the learner’s
features taxonomy proposed by [24] since it covers most
possible features that can describe a learner. We have
refined this taxonomy by adding a new category, called
"Pedagogical" based on the findings of the study conduct-
ed by [19] aiming to improve the interoperability of learn-
er data between different e-learning systems. This catego-
ry serves to capture pedagogical information, such as the
set of pedagogical activities carried out by the learner
within a learning curriculum, the sequence of learning
units that he must achieved, etc. The taxonomy of [24]
classifies the learner’s characteristics into eight categories:
Personal data, Relation, Goals, Achievements and Learner
history, Accessibility and preferences, Interests, Context,
and Security. Besides, each category is further divided
into sub categories. Table 1 presents the comparison of the
different user profile models. We use the following nota-
tions for the comparison: *+ for full support, ’P’ for par-
tial support, "X’ for ability to be extended and a gap for no
support.
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TABLE L.
COMPARATIVE STUDY BETWEEN SURVEYED MODELS ON USER PROFILE MODELING
Oubabhssi
. . . Wei and Dolog and Panagiotopoulos | Keenoy et
Categories Sub categories PAPI | LIP |and Gr;(l]l(()i;)astlen, Yan, 2009 Nejdl, 2003 etal., 2012 al., 2005
Personal General + + + + + + +
Information Description
Formal
Relations
Informal +
Security + + + + +
Goal + + + + +
Performance + + + + + +
Experience Certification + + + + + +
and Competency + + + + +
Achievements Portfolio + + P + + +
Transcript X + +
Language + + + P + +
Learning styles + + + +
Preferences Technical + + +
and -
Accessibility Physical + + P
Eligibility + + + +
Disability + + + +
Interest + + + + +
Affiliation + + + +
Context Organiza- .
tion/Group
Profile +
Pedagogical -
Educational Path

Based on the comparison table presented above, we ob-
serve that all the models include representation of learn-
ers’ Personal Information and Performance. Besides, most
of them contain representations of Goal, Language and
learning styles preferences, Security, Affiliation, and
Interest. We also notice that the only user model that con-
siders the exchange of learner pedagogical information, in
particular profiles and educational paths, is the one pro-
posed by [19]. However, the advantage of modeling such
information in a user profile is twofold: it provides (1)
improved interoperability of learner data by including
pedagogical ones and (2) optimized adaptation of educa-
tional paths and contents to the learner’s needs.

On the other hand, by comparing the purpose of devel-
opment of these learner models, we note that [22] and [23]
focus on learning goals and interaction preferences of the
learner, hence they are best used to facilitate personaliza-
tion in adaptive e-Learning systems. IEEE PAPI [12], [11]
and [21] focus on the performance, achievements and
previous experience of the learner. These features are also
considered important in building e-Learning systems that
deliver personalized learning contents according to the
learner’s requirements.

V. CONSTRUCTION OF THE LEARNER PROFILE ONTOLOGY

In this section, we describe the process of the Learner
Profile ontology construction. The major steps of this
process are based on the ontology building methodology
"Methontology" [25]. The construction process consists of
five phases as follows:

iIJET — Volume 9, Issue 3, 2014

* Phase 1: Requirements Specification.
* Phase 2: Conceptualization.
* Phase 3: Formalization.
* Phase 4: Implementation.
* Phase 5: Evaluation.
A. Specification
This phase consists in drawing a formal document of

requirements specification. In this document, we describe
the ontology to be built through the following aspects:

* Domain: learner profile modeling for distance learn-
ing.

* Purpose: to enable a formal representation of learn-
ers’ data and exchange of these data with other learn-
ing applications.

» Users: this aspect presents the set of users who can
exploit the ontology. In our case, these are learners,
teachers and content authors.

Information source: the sources of information on
which we based are mainly well-known specifications for
user modeling [12, 13]. Besides, we considered the re-
search works of [11, 19, 21-23] and the projects that deal
with user modeling and personalization to avoid misinter-
pretation of the official specifications, such as, the
ELENA project, the DELOS project, and the SeLeNe
project. Moreover, we used well-known Web vocabular-
ies, such as, Dublin Core [14] and FOAF [15], and domain
taxonomies and subject taxonomies for referencing partic-
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ular values in a slot of a concept. In particular, we em-
ployed the Bloom's taxonomy of educational objectives
[16], the learning style taxonomy of [17] and the RDF
binding of the ACM Computing Classification System
(CCS) [18]) that are used as ranges for particular con-
cepts' slots in the Learner Profile Ontology. In what fol-
lows, we present an overview of the projects mentioned
above:

* ELENA Project: the ELENA project
(http://www.elena-project.org/) aims to propose per-
sonalization, openness, and interoperability solutions
in the context of smart spaces for learning. One of the
central design elements of these spaces is a learner
profile that includes information about the user’s
learning history, preferences, and goals. This learner
model was created based on the IEEE PAPI and
IMS-LIP specifications.

* DELOS  Project: the DELOS  network
(http://www.delos.info/) aims to develop a reference
model for digital library management systems that
meets the requirements of the next generation of digi-
tal library technologies and to implement a prototype
of that reference model. A Learner Information Mod-
el has been developed based on elements from both
IEEE PAPI and IMS-LIP specifications. We adopted
this model for the representation of preferences and
learning Objectives of the learner.

* SeLeNe Project: the Self E-Learning Networks pro-
ject (http://www.dcs.bbk.ac.uk/selene/) has devel-
oped a User Profile for SeLeNe users in order to sup-
port personalized search of learning objects. The
proposed user profile integrates elements from exist-
ing learner profile schemes (i.e. IEEE PAPI [12],
IMS-LIP [13] and IMS-RDCEO [26]) and adds new
elements where these schemes fail to be expressive
enough to support SeLeNe’s personalization re-
quirements. We adopted the SeLeNe user profile
schema for the representation of information regard-
ing the history of searches and learning objects ac-
cess.

* Scope: this aspect determines a priori the list of on-
tology terms among which we can quote: learner,
goal, preference, performance, competency, educa-
tional level, learning style, credential list, learning
provider, knows, etc.

B. Conceptualization

Once most of knowledge are acquired, the conceptual-
ization phase consists in organizing and structuring those
knowledge using intermediate semi-formal representations
which are easy to understand and independent of any
implementation language. This phase contains several
stages which are:

1) Construction of concepts glossary

This glossary contains the definitions of all terms relat-
ed to the field (concepts, attributes, relations). Table II
provides only a list of some terms used in the ontology.

2)  Construction of concept hierarchies

In this stage, we construct the diagrams of concepts
classification which organize the ontology concepts in a
hierarchy expressing the "is4" relationship (see Figure 4).
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The relationship "isA" between classes defines that, the
class C! is a subclass of the class C2, if and only if any
instance of the class C/ is an instance of class C2.

3) Construction of binary relations diagrams

In this stage, we construct the diagram of binary rela-
tions. Figure 5 presents a graphical representation of the
concepts of the Learner Profile ontology and the relation-
ships between them.

TABLE II.
TABLE OF TERMS GLOSSARY

Concept Description

Personal Information|describes biographic and demographic data.

Goal describes the personal objectives and aspirations
of the learner.

Performance describes the learner’s measured performance,
e.g. grades.

QCL describes any qualifications, certifications,
licenses or degrees awarded to the learner.

Competency describes the set of knowledge, skills and abili-
ties the learner has acquired during learning.

Transcript Describes an institutionally-based summary of
academic achievement.

Portfolio describes the list of work products and projects
produced by the learner.

Language describes the learner’s preferences regarding the

language of the learning objects content and
presentation.

Language level describes the language levels used to assess

language proficiency.

Learning style describes the learner’s preferred cogni-

tive/learning style.

Interest describes hobbies and other recreational activi-
ties.
Security describes the set of passwords, security keys, and

credentials assigned to the learner.

Educational level describes the learner’s preferences regarding the

education level.

Educational Learn-
ing provider

describes the author or organization making
available the learning objects.

Learning planner describes the persons that develops learning

designs.

¢ ¢

Education
Group

User Organization

isA

isA

isA
teacher

Research
Centre

isA

Educational
level

isA

Language

Learning

provider
o
Eligibility planner

Figure 4. The hierarchies of concepts
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4) Dictionary of concepts learn-
In this stage, we present a formal description of con- Learning |isAssociatedWith, learning ) ing_objective_ver
. . . L S . — Thing |b, learning
cepts that were presented in the class hierarchy. This pro- Objective |objective_topic objec-
cess consists in creating a dictionary of concepts in wlpch tive_annotation
we specify, for every concept, the following information: —
the propertles,'th'e parent, and the relationships. Table III Learning Thine [IE_style_value,
presents the dictionary of concepts of the learner profile Style - M8 leaming
ontology: style_taxonomy
TABLE 111 prefLanguage, prefLearn-
DICTIONARY OF CONCEPTS OF THE LEARNER PROFILE ONTOLOGY ingStyle, prefEducationalLevel,
Prefer-  |prefLearningProvider, pre- .
. . Thing |-
Concept Role Parent Attributes ence fLearr}lr_lg_f"lanner, associat-
Agent N Thing |- ed_Eligibility, hasImportance-
Over
first name, X
last_name, fami- performance_id,
hasRole, hasPersonallnfo, ly name ’ performance
User hasS-ecurlty‘Info, isMemberOf, |Agent birth day, age, associated Certificate, associ- coding, perfqr-
affiliatedWith . — mance_metric,
email, address, Perfor- |ated Portfolio, learn- . -
.= Thing |perfor-
telephone mance ing_competency, learn-
. . ssued from mance_value,
Teacher User |- 1ng_experience, 1ssued_ granularity,
hasGoal, hasInterest, hasPrefer- iSSUFd,daFC,
ence, hasPerformance, hasQual- begin, finish
Learner |ification, hasRelation, hasPort- |- - interest_type,
folio, hasHistory, hasCompe- Interest |- Thing |inter-
tency est_description
Group hasMember Agent |- has_listening_level,
Organiza- has_reading_level, language code,
tion - Agent |- Language |has_spoken_interaction_level, |Thing (language name
hi k tion_level,h
D
. . . . oal type = —
Goal isAssociatedWith Thing goa._type,
goal_priority, () () () ()
goal_status
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5) Tables of binary relations

The binary relations are represented as properties that
link a concept to another. For each concept whose source
is in the concepts classification tree, we specify: its name,
its description, the source concept, the target concept, the
cardinality, and the name of the inverse relationship. Table
IV shows the binary relations of the Learner Profile ontol-
ogy.

6) Tables of attributes (or slots)

Data properties are properties that take their values
from predefined datatypes (Integer, Float, String, Boolean,

Date, etc.). For each property, we specify: its name, de-
scription, domain, and range. Table V shows the table of
concepts’ attributes of the Learner Profile ontology.

7) Table of logical axioms

The Table VI contains definitions of concepts using
logical expressions that are asserted to be always true.
Particularly, we define for each axiom its description in
natural language, the concept to which the axiom refers
and the logical expression. The following table presents
some of the specified axioms.

TABLE IV.
TABLE OF BINARY RELATIONS OF THE LEARNER PROFILE ONTOLOGY

Relationship Description Source Concept |Target Concept|Card|Card Invc_erse Bela—
(s) (s) S| T tionship
affiliatedWith connects a user to one or several organizations to which he is User Organization | 1.N | 1.N
affiliated
hasRole connects a user to t‘he role that he plays within the organization User Role Nl
to which he is affiliated
hasMember indicates the members of a group Group User 1.N | 1.N | isMemberOf
1
hasGoal connects a learner to the learning goals he wants to achieve Learner Goal 1.N isGoalOf
connects a learner to the qualifications, certifications, licenses isQualifica-
hasQualification |and degrees that he has been awarded from recognized authori- Learner QCL I | 1.N tionOf
ties
connects a learner to the list of learning experiences that he has isPerforman-
hasPerformance . . . Learner Performance 1 | LN
taken part in and their associated measured performance ceOf
hasPortfolio connects a learner to the .record of \york prodpcts and projects Learner Portfolio RN belongsTo
that he has produced during a learning experience
) ) () () )]G G.)

TABLE V.
TABLE OF CONCEPTS’ ATTRIBUTES OF THE LEARNER PROFILE ONTOLOGY

Attribute Description Domain Range |Value space
goal type the type of goal Goal String |Work, Educational, Professional
. Active, Inactive, Retired, Complet-
goal_status recorded status of the goal Goal String ed, In-Progress, Pending, Expired
interest_description The description of interest Interest String
interest_type the type of interest Interest String |Recreational, Vocational, Domestic
. the coding system used to evaluate the performance .
performance coding Performance | String
level of the learner
. the metrics used to evaluate the performance level of the .
performance metric Performance | String
student
qel title The title of the qualification, certification or license QCL String
L The organization responsible for the awarding of the .
qcl_organisation qualification, certification, or license QCL String
language name the name of the language Language String
learning_style value a taxonomic value of the learning style Learning_Style | String
learnine stvle taxonomy | reference to the schema/ taxonomy used to describe Learning Style | Strin
gstyle Y lthe learning style values e8> g
C.) () (. () [
TABLE VI
TABLE OF CONCEPT AXIOMS OF THE LEARNER PROFILE ONTOLOGY
Concept Axiom Description
Agent V (X), Agent (X) = User (X) V Organisation (X) V Group (X) An agent is a user or an organization or a group.

User V (X), User (X) = Learner (X) V Teacher (X)

A user is a learner or a teacher.

QCL V Degree (X)

V (X), QCL (X) = Qualification (X) Vv Certification (X) V License (X)|Each QCL is either a qualification, or a certification, or a

license, or a degree.

V (X), Qualification (X) = QCL(X) ~ (—Certification (X)) ~ (—License|The concepts Qualification, Certification, License, and

Qualification (X)) » (—Degree (X)) Degree are in;ompatible.
V (X), Preference (X) = Language (X) V Learning_Style (X) V Learn- A prf?ference is cither a preferred lzllnguage,-or a preferre(f
. . . . learning style, or a preferred learning provider, or a pre
Preference 1ng7-Pr-0‘V1der (X) V Learning_Planner (X) Vv Educational Level (X) vV forred learning planner, or a preferred oducational level, or
Eligibility (X) any eligibility. ’ ’
() () ()
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TABLE VIIL.
DEFINITION OF THE LEARNER PROFILE ONTOLOGY’S CONCEPTS (IN TBOX)
ie Subsumption
Concept Definition Relation
User N (=1 identifier.String) N (=1 first_ name.String) N (=1 last_name.String) N(=1 birth-
User day.String) N (=1 address.S.trlng) nEL t-elephone.Strmg) N (=1 email.String) N (=1 hflS- User € Agent
Role.Role) N (= 1 hasSecurityInfo.Security) N (=1 hasPersonallnfo.Personal Information) N (=
1 is-MemberOf.Group) N (= 1 affiliatedWith. Affiliation)
User N (2 1 hasGoal.Goal) N (2 | hasPreference.Preference) N (2 1 hasQualification.QCL) N
Learner (2 1 haslnterest.Interest) N (2 1 hasPortfolio.Portfolio) N (= 1 hasCompetency.Competency) N |Learner € User
(= 1 hasHistory.History) N (2 1 hasRelation.Relation)
Goal (=1 goal_type.String) N (=1 goal_date.String) N (=1 goal_priority.String) N (=1 Goal C Thing

goal_status.String) N (= 1 associated Learning_Objective.Learning Objective)

Learning_Objective ing_objective topic.Topic)

(=1 learning_objective_verb.String) M (=1learning_objective_annotation.String) N (=1 learn-

Learning_Objective € Thing

Learning_Style

(=1 learningstyle value.String) N (=1 learningstyle taxonomy.String)

Learning_Style € Thing

(=1 prefLearningStyle.Learning_Style) N (=1prefLanguage.Language) N (=1 prefLearningPro-

Preference vider.Learning_Provider) N (=1 prefLearning_ Planner.Learning Planner) N Preference € Thing
(=1prefEducationalLevel. Educational Level)N(=lassociated_Eligibility.Eligibility)
¢ ¢ ¢

C. Formalization

In this phase, we use the Description Logics formalism
[27] to formalize the conceptual model obtained in the
conceptualization phase. We define the concepts of our
ontology using the constructors offered by description
logics to provide structured and formal descriptions to
concepts. These definitions are illustrated in Table 7 with
the subsumption relations that exist between concepts.
Besides, we define the roles by giving the couples of con-
cepts sources and targets of each one, and/or by specifying
its inverse role. Table 8 presents the definitions of some
roles of our ontology.

TABLE VIIL
DEFINITION OF THE LEARNER PROFILE ONTOLOGY’S ROLES (IN TBOX)

Roles Coupll{eag;:;nain, Inverse Role
hasRole (User, Role) -
affiliatedWith (User, Organization) -
hasMember (Group, User) isMemberOf
hasHistory (Learner, History) -
hasQualification  |(Learner, Qualification) |isQualificationOf
hasGoal (Learner, Goal) isGoalOf
isAssociatedWith gf;;ning*()bj ective, EZS(}‘CelztrningObjectiv
hasPerformance (Learner, Performance) isPerformanceOf
hasImportanceOver | (Preference, Preference) |-
hasPortfolio (Learner, Portfolio) -
¢ ¢ ¢

D. Implementation

The implementation phase consists in encoding the
formal ontology obtained in the formalization phase in an
ontology representation language that makes it operation-
al. We choose the Web Ontology Language (OWL) [28],
which is a W3C standard for all the semantic features that
it offers and which are richer than those of DAML+OIL.
Besides, OWL is a part of the Description Logics formal-
ism and its semantic can be defined via a transcription to
SHIQ Description Logic. The process of ontology con-

iIJET — Volume 9, Issue 3, 2014

struction was supported by the Protégé tool
(http://protege.stanford.edu/) which is an ontology and a
knowledge base editor. It provides a graphical user inter-
face (GUI) for ontology editing and implementation and it
enables to generate the OWL code. To develop our ontol-
ogy using the Protégé editor, we followed the following
steps:

1) Creation of classes and class hierarchy

The first step as illustrated in figure 6 gives the hierar-
chy of the Learner Profile ontology’s concepts. The class
hierarchy is composed of classes (Agent, Goal, Interest,
Performance, Preference, etc.) and of subclasses (Learner,
License, University, Language, etc.).

r Class higrarchy |/ Class hierarchy (infemred) |

(%] %] x]

----- Activity

v Agent
»-®Group

: Organization
»- @ User

----- Competency

----- Content_Unit

----- Domain

----- Educational_Level
----- Eligibility

----- Goal

----- History

----- Interest

----- Language

----- Language_Level
b Learning_Object
----- Learning_Objective
----- Learning_Planner
----- Learning_Provider
----- Learning_Style

----- Performance

----- Personal_Information
----- Portfolio

----- Preference

- QCL

I

«f

Figure 6. Class hierarchy of the Learner Profile Ontology
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2) Creation of object properties

The second step consists in defining the relationships
between the classes and their descriptions (see Figure 7):
domain (rdfs:domain), co-domain (rdfs:range), inverse
relationship (owl:inverseOf), annotation, and other charac-
teristics (functional, inverse functional, transitive, sym-
metric, etc.).

3) Creation of data properties

In the step 3, we create for each class the set of attrib-
utes that characterize it and we specify their descriptions
(see Figure 8): domain (rdfs:domain), codomain
(rdfs:range), value space, and annotation.

4) Creation of instances of the ontology

In the step 4, we create the instances (individuals) of the
ontology’s classes. Figure 9 shows the instances of the
Language Level class.

E. Evaluation

We used the Racer (Renamed ABox and Concept Ex-
pression Reasoner) reasoner [29] to verify the consistency
and the classification of the developed ontology. Con-
sistency checking consists in determining if a class can be
instantiated or not. Classification checking is invoked
between classes and consists in inferring a new hierarchy
of classes from the definitions of these latter. It enables to
remove inconsistency between the classes definitions.

VI. CONCLUSION

In this paper, we have described the development of an
ontology for the modeling of learner profiles particularly
for learning networks learners. Besides, we have presented
a comparative study between the different proposals deal-
ing with user modeling which gives us a general view of
the different learner's characteristics that can be included
in the Learner Profile Ontology. The proposed ontology is
structured based on the most important learner model
specifications and, hence it supports reusability, syntactic
and semantic interoperability. We plan as a future work to
propose an effective approach for supporting advanced
personalization services in learning networks that can be
derived from the Learner Profile Ontology we have devel-
oped, such as personalized access to learning resources
and activities, and personalized learning path generation
tailored to learners' individual competencies.

Object property hierarchy: hasPreference.

==

isjoints
Found 3 uses of hasPreference

v--mmtopObjectProperty |
m=performance_Certificate
~-maPerformance_Portfolio V-mmhasPreference
= Portfolio_Certificate mmhasPreference Domain Learner
mmaffiliatedWith IS - hasPreference
- mmassociated_Eligibility mmhasPreference Range Preference
mcompetency_definition_list
wshasHistory
~-"hasimportanceOver
™hasinterest
mshasMember
- ®@hasPerformance
®=hasPersonalinfo
®=hasPortfolio
-~ ®=hasPreference
®=hasRelation
mshasRole
~-"=has Securitylnfo
mmhas_listening_level
mshas_reading_level
-~-#4has_spoken_interaction_level
mshas_spoken_production_level Ivere
wshas_writing_level
=inDomain
mmisAssociatedWith
m=isMemberOf
missued_from_identifier

Characterisiics: hasPrefere) IS EIE

[ Functional

Learner

[J inverse functional

[ Transitive
Rang

] Symmetric
Preference
[] asymmetric

[ Reflexive Equi

nt obje ot

[ irreflexive.
Supet properties

Disjoint propetties

Property chains

Figure 7. Object properties of the Learner Profile Ontology
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2=

V- mtopDataProperty 2]
maddress
mbirthday

w=credential_list
mdomain_name

- mmeducationallevel_taxonomy
meducationallevel_value
w=email

mfirst_name

mgoal_date

mgoal_priority

mgoal_status

mgoal_type

mgranularity
mhistory_annotation I}
minterest_description @string

Characeristics: granularity W EE [l Description: oranuiarity

[ Functional Domains (intersection)

Performance

Ranges

=interest_type
missued_date
~mlanguage_code
mlanguage_name
=|ast_name
mlearner_identifier
~-m=learning_object_id
wearning_objective_annotation
=learning_objective_verb
=|earningstyle_taxonomy
mlearningstyle_value L
Lam_tint &

Figure 8. Data properties of the Learner Profile Ontology

rCIass histarchy I’cmss hisarchy (infamed) | rMembasI\sl rhﬂemheshsl(mfala:l} |

%] 3| ] ] %
- @ Activity =1] |# A1
»- @ Agent | |¢ A2
- Competency 4 B1

Content_Unit ¢ B2
Domain *c1
Ec_lu_l:a_t_lnnal_Level #c2
Eligibility

Goal

History

Interest

Language

Language_Level
»--@Learning_Object
Learning_Objective
Learning_Planner
Learning_Provider
Learning_Style
Performance
Personal_Information
Portfolio

- Preference
E--QcL

- Relation
Role
Security
Topic -

Figure 9. Instances of the the Language_Level class
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