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1. Introduction

The e-learning platform, named SinPers, is based 
on two new fundamental concepts: Learning 
object – LO and learner’s model. These assume 

the structuring of the course content (knowledge) on 
several abstracting levels: domain ontology (concepts and 
relation between concepts), learning objects (support of 
the concepts), and metadata (objects attributes). Applying 
this for the project management domain imposes the 
adopting of a standard for the domain concepts and 
project managers competencies. This standard is ICB 
– International Competence Baseline of the IPMA – 
International Project Management Association. 

The training material is structured on indexed learning 
objects (LO). For the specification of the relations and 
interdependencies between the elements, SinPers platform 
uses ontology; these allow the abstracting, definition and 
inter-correlation of the training domain concepts by 
relations like is_part_of, requires, and suggested order, 
for the link with LO. Learner models are created and 
maintained in SinPers. These models contain, mainly, the 
learner cognitive state and preferences (knowledge level, 
cognitive and perceptive abilities, relations with the actors 
of the learning process etc.). 

In SinPers a course will be composed from a selected 
set of goals of the training (key concepts that the learner 
must learn) and from a learning path (a sequence of LOs 
that will be used for a learner in order to reach the goals). 
Once established these elements, begins the complete 
cycle of the learning-training process.

2. The Educational Content 
Management – an Ontology-based 
Learning Approach

2.1 Definitions

A learning ontology is an explicit formal specification of 
how to represent the learning objects, learning concepts 
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(classes) and other entities and the relationships among 
them (Kanellopoulos et al., 2006). It describes the learning 
terms and the relationships between them and provides 
a clear definition of each term used. Ontologies are 
created using ontology editors, such as Protégé (2000). 
Protégé is a Java-based ontology editor which allows 
ontology implementation as an applet. Protégé provides 
the framework for a multiple usage of the ontology. An 
interesting guide to develop a learning ontology is given 
in Kanellopoulos et al. (2006). The proposed methodology 
for developing learning ontology include the following 
steps: identifying the purpose (why is the ontology being 
built), ontology capture mechanism (identifying all the 
key concepts and relationships), coding (representing the 
ontology in a formal language, using a suitable editor), 
refinement, testing and maintenance of the ontology.

A precise and formal description of the course 
content will be made by explicit references to the learning 
ontology, using semantic annotations. The modelling of 
an ontology-based course can be accomplished on two 
levels of knowledge organization (figure 1):
■ the upper level: the concepts set of the course topic 

selected form the ontological domain concepts;
■ the lower level: learning resources (books, web 

presentations, movies) associated with the upper level 
concepts; the ontology may be used as a semantic 
index for accessing the resources.

Figure 1: The content semantic annotation 
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In the course development phase, learning paths can be 
created at the conceptual level based on semantic relations 
between the concepts (figure 2a, b). In this phase, it is 
considered:
■ a sequence of concepts obtained by browsing of the 

domain ontology, which give the access order to the 
learning objects 

■ the corresponding learning objects sequence, which 
is associated to the ontology concepts and which 
constitute the personalized course.

On the horizontal dimension, the learning sequence 
is established by moving from a given concept (the 
main subject), the ontology is browsed by following the 
decomposition relations (PO – Part Of relation). On 
the vertical dimension, the ontology is browsed on the 
specialized connections (the IS-A relationship) with 
different results base on the direction: from down to up 
(synthesis and topic completion) and from up to down 
(topics development).

2.2 Ontology-based Learning Systems - 
Some Examples

The following systems are based on ontologies and 
standards that have an important role in the representation 
of learning objects and repositories (Kanellopoulos et al., 
2006):
■ CIPHER (http://www.cipherweb.org): The system 

supports the exploration of national and regional 
heritage resources.

■ Connexions (http://cnx.rice.edu): It is an open source 
project that provides learning objects, a repository, 
a markup language and a set of tools for authoring, 
composing modules into courses and navigating 
through these courses.

■ Conzilla (http://www.conzilla.org/): Conzilla is being 
developed as part of the PADLR project as a means 
of accessing and annotating learning objects. It is 
a concept browser that allows the user to navigate 
through a space of context maps to access associated 
content. While the context maps are not reffered to as 
ontologies, they may be regarded as equivalent. 

■ Edutella (http://edutella.jxta.org): This project 
provides an infrastructure for Peer-to-Peer systems 
for exchanging educational resources. Edutella uses 
metadata based on standards such as IEEE LOM to 
decsribe resources.

■ EML (Educational Modelling Language) (http://eml.
ou.nl/introduction/explanation.htm): It is a notational 
system developed at the Open University of the 
Netherlands as a means of representing the content 
of a study unit and the students and teachers roles, 
relations, interactions and activities. It now forms 
the basis for the IMS Learning Design Specification. 
As with many XML based approaches ontologies are 
not mentioned. However, the study units, domain and 
learning theory models can be contructed as a set of 
ontologies.

2.3 Integrating the Ontology-based 
Learning with an Ontology-based Project 
Management Competency Management

The competency ontology, known as competency catalogue 
(Biesalski, Abecker, 2005; Schmidt, Kunzmann, 2006) 
defines the employee competency profiles (the actual 
competencies of the employees) and the reference position 
competency profiles (the list of competencies that are 
needed to fulfil the working requirements of the individual 
positions). The competency ontology should be in line with 

Figure 2a: The learning path at the conceptual level

Figure 2b: A learning path with LO

At the conceptual level, the learning paths can be developed 
based on semantic relations between the concepts, on two 
dimensions: the horizontal dimension and the vertical 
dimension (figure 3a, b).

Figure 3a: The learning path development - horizontal 
dimension

Figure 3b: The learning path development - vertical 
dimension
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the ICB competence standard. These two types of profiles 
allow afterwards a matching process to be done for the 
identification of a possible gap between the reference and 
the actual competency profiles and identification of the 
project management training requirements. An ontology-
based project management learning approach allows to 
find the most suitable courses when there a similarity but 
do not an exact match between training offers and the 
competency gap.

The usage of competency ontologies have several 
benefits like:
■ Competency groups or clusters can easily be defined 

since the competency ontologies are taxonomies. 
An hierachy can be easily exploited to aggregate 
competencies to a more abstract level and build up 
competency groups.

■ An ontology component can be integrated from 
another information source (e.g. the domain ontology) 
using ontology mapping techniques.

■ Similarity measures can easily be calculated to 
define the gap between the reference and the actual 
competency profiles.

■ A similarity-based search of the most suitable 
trainings is possible. This can be used to recommend 
trainings that are similar but do not exactly close to 
the competency gap. 

3. The SinPers Project Management 
Ontology

Applying the ontology learning approach for the project 
management domain requires adopting a standard for the 
domain concepts and project managers’ competencies. 
This standard is ICB – International Competence Baseline 
of the IPMA – International Project Management 
Association. 

The training material is structured on indexed learning 
objects (LO). For the specification of the relations and 
interdependencies between the elements, SinPers system 
uses ontology (Biesalski, Abecker, 2005; Garcia et al., 2003; 
Liu et al., 2003); these allow the abstracting, definition 
and inter-correlation of the training domain concepts by 
relations like is_part_of, requires, and suggested order, 
for the link with LO. Learner models are created and 
maintained in SinPers. These models contain, mainly, the 
learner cognitive state and preferences (knowledge level, 
cognitive and perceptive abilities, relations with the actors 
of the learning process etc.).

In SinPers a learning unit will be composed from a selected 
set of goals of the training (key concepts that the learner 
must learn) and from a learning path (a sequence of LOs 
that will be used for a learner in order to reach the goals). 
Once established these elements, begins the complete 
cycle of the learning-training process. 

The ontology of the project management course 
contains 201 concepts and 3 types of relationship between 
concepts. 

The following table presents concepts of ontology, 
in connection with ICB competence elements (IPMA,  
2006):

Table 1: Concepts of ontology, in connection with ICB 
competence elements 

Table 2: The type of the relationship between concepts

The following table describes the type of the relationship 
between concepts: 

Figure 4 presents an overall view of the ontology and 
figure 5 presents detailed views of the following parts of 
the ontology: project (5a), project management (5b) and 
project oriented organizations (5c).

Figure 4: The ontology of the project management course – a general view
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Figure 5: The ontology of the project management course – detailed views
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Figure 6 shows the Protégé description of the project 
management course ontology and the figure 7 presents a 
fragment from the OWL code.

4. Conclusions

The research project brings new conceptual approaches and 
technical solutions for three basic elements: the teaching-
learning process (e.g. learning and support activities 
flow, delivery conditions, triggers - notifications or timed 
events), the learning content (e.g. domain ontology, 
learning object and metadata) and the actors-roles. The 
learning platform development process use state of the art 
IT technologies (metadata and ontology for knowledge 
manipulation, web services, learner model, and intelligent 
tutoring systems). The research project concentrates both 
market demands in e-learning for adults (mainly project 
managers from different industries), and the emerging 
concepts and technologies regarding Internet usage, 
man-computer interaction, multimedia technologies, 
knowledge management, according to the IST / FP6 and 
FP7 - Technology enhanced learning objectives.

The reaserch project team developed the first 

Figure 6: Protégé description of the project management 
course ontology – an extract

Figure 7: OWL description of the project management course 
ontology – an extract

comprehensive project management course ontology 
based on ICB 3.0. The integration of the ontology-based 
learning with the competency management is proposed. 
The competency ontology should be in line with the ICB 
competence standard. The competency ontology allows 
the identification of a possible gap between the reference 
and the actual competency profiles and the identification 
of the project management training requirements. An 
ontology-based project management learning approach 
allows to find the most suitable training when there a 
similarity but do not an exact match between training 
offers and the competency gap.
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