
 

 

Abstract — This paper proposes an approach to 
the semantic annotation of digital content in e-
Learning systems aimed at enabling 
implementation of the Competence-based 
Knowledge Space Theory. For that purpose, the 
format of learning objects has been adopted as 
well as standards for the specification of learning 
object metadata and specification and 
organization of learning objects. Besides, a 
semantic web based mechanism for the semantic 
annotation of learning objectives has been 
proposed. Additionally, a case study of a Web 
Programming e-Learning course illustrating the 
proposed approach is presented.  

 
Index Terms — Digital learning objects, 

Semantic annotation, Competence based 
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1. INTRODUCTION 

LASSICAL educational settings primarily rely 
on the monolithic educational resources, e.g. 
textbooks. Such educational resources are 

inappropriate to use with personalized instruction 
and individualized learning aims. For that reason, 
the usage of monolithic learning resources can be 
inadequate in technology-enhanced learning 
environments which tend to enable the 
personalization and individualization of learning 
process. Therefore, the need has been identified 
for small, durable and reusable educational 
resources, namely learning objects [1]. When 
learning objects are properly defined, the creation 
of a course can be reduced to the collection and 
organization of learning objects [2] and the same 
learning objects can be used in numerous 
courses. In order to simplify the collaboration in 
the process of course creation, learning objects 
should be sharable, digital, modular, 
interoperable and discoverable [3].  In this paper, 
any digital content created for acquiring  
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knowledge as well as for the evaluation of 
students’ achievement is called learning object. 
We focus on the learning objects discovery, 
which is storing learning objects so that they can 
be identified and delivered in accordance with the 
current instructional demands. The learning 
objects discovery can be simplified by introducing 
additional information through external 
components, such as metadata [4].  

This paper addresses the discovery of learning 
objects aimed at implementation of Competence-
based Knowledge Space Theory. For that 
purpose, we have adopted the uniform format of 
learning objects, as well as standards for the 
specification of learning objects metadata and the 
specification and organization of learning objects. 
Besides, a mechanism for the semantic 
annotation of learning objects which enables the 
implementation of Competence-based 
Knowledge Space Theory has been proposed. 
The proposed framework has been illustrated on 
the case study of a Web Programming e-
Learning course.  

2. LEARNING OBJECTS 

2.1 Format 

There are various globally adopted learning 
object formats, such as PDF and Office 
documents, HTML pages, and audio and video 
content. For easier management of learning 
objects in an e-learning system, it is useful to 
unify their format. The unification means 
conversion of all learning objects to adopted 
format/formats. We have chosen the appropriate 
format of learning objects considering that 
learning objects should be used in different e-
learning systems and that current e-learning 
systems are designed for the internet 
environment, which requires that learning objects 
should be readable in the standard internet 
browser [5]. Besides, such format of learning 
objects is suggested by currently adopted e-
learning standards (SCORM [6], IMS LD [7]). 
Therefore, we propose HTML documents as 
unified format for learning objects.                 

2.2 The specification of learning objects 

For the programmatic management of learning 
objects, it is necessary to formally specify 
learning objects and their organization. In this 
paper, learning objects are formally specified 
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using IMS Content Packaging (IMS CP) standard 
[8]. The standard specifies the way the learning 
objects are organized in packages. The package 
contains all learning objects in the course and 
additional manifest file which defines the list and 
the organization of the learning objects. The 
structure of an IMS CP package is shown in 
Figure 1.    

 
 

Figure 1. IMS CP package structure [6] 

 
Manifest file is an XML document, which 

specifies learning objects, their description, 
organization and other elements defined by IMS 
CP. The organization of learning objects is 
defined using <organization> tags. Learning 
objects are defined in the <resource> tags, and 
each <resource> tag is related to the specific 
content file in the package. The organization 
contains the hierarchy of <item> tags. The leaf 
<item> tags reference appropriate <resource> 
tags.  

2.3 Learning object metadata 

The semantic of learning objects may be 
described using metadata. The purpose of 
metadata is to provide a common nomenclature 
which enables describing learning objects in a 
standardized way. Metadata defines various 
attributes of a learning object: type, format, 
pedagogical attributes, etc. Metadata may be 
included in the IMS CP manifest file. It is possible 
to use any metadata set, but IEEE LOM [9] is 
recommended. LOM specifies both the technical 
and pedagogical attributes of learning objects. 
However, some analyses express serious 
criticism about the adequacy of pedagogical 
aspects of the LOM [10, 11]. Considering all 
critical arguments, we decided to use IEEE LOM 
extended with CLEO [12] metadata specification. 
CLEO adds some new elements to LOM 
metadata set and extends the vocabulary of 
existing LOM elements.   

3. EDUCATIONAL OBJECTIVES AND COMPETENCE-
BASED KNOWLEDGE SPACE THEORY 

Educational experiences in e-Learning 
systems, available through learning objects, are 
planed in accordance with predefined educational 
objectives [13]. Therefore, the specification of 
educational objectives plays an important role in 

the creation of learning objects. For example, in 
[14] has been proposed that the process of 
learning objects creation should start with the 
specification of intended educational outcomes 
and resulting competencies.  

IMS consortium developed RDCEO [15] 
specification for specifying learning 
competencies. Information about competencies is 
stored as an unstructured textual description. 
Such approach is considered inappropriate [16], 
since this unstructured definition is not suitable 
for machine processing. Likewise, when using 
RDCEO it is not possible to hierarchically 
organize competencies [17] and RDCEO doesn’t 
consider the mapping between competencies and 
learning objects [18]. In this paper we have tried 
to overcome these shortcomings by using 
semantic web techniques for representing 
learning objectives.   

Semantic web techniques enable users to 
represent the semantics of web content in a 
standardized way. For that purpose, the web 
content must be properly annotated [19]. 

When learning objects are to be semantically 
annotated with educational objectives, 
educational objectives should be appropriately 
represented.  Numerous taxonomies for the 
representation of learning objectives have been 
proposed [20]. For example, in [13] Bloom’s 
taxonomy [21] has been used to represent 
educational objectives in a semantic web model.   

 This paper addresses the semantic annotation 
of learning objects in accordance with 
Competence-based Knowledge Space Theory. 
Knowledge Space Theory is a mathematical 
formalism which describes preconditions in the 
set of assessment problems [22]. The key 
concept of Knowledge Space Theory is surmise 
relation. If assessment problem q1 surmises 
assessment problem q2, then from knowing that a 
student has solved q1 the fact that the student 
can solve q2 can be inferred. The set of 
assessment problems together with surmise 
relation defined on it form a knowledge structure. 

Since it has been developed as a behavior 
model, Knowledge Space Theory puts the focus 
on the students’ performance, and does not 
concern with the underlying competencies [23]. 
Competence-based Knowledge Space is a 
generalization of Knowledge Space Theory, which 
enables the formal and explicit representation of 
students’ competencies [24]. It supports 
educational objectives and learning objects 
management in the adaptive tutoring and 
assessment procedures. 

Original Competence-based Knowledge Space 
Theory defines following sets: 

 The set of assessment problems 
 The set of learning materials 
 The set of educational objectives 

(competences) 
In each set one surmise relation is introduced, 

defining following structures: 
 Knowledge structure, defined on the set 

of assessment problems 



 

 Learning structure, defined on the set of 
learning materials 

 Competence structure, defined on the 
set of learning objectives  

The knowledge structure is the basis for the 
adaptive techniques of students’ achievement 
evaluation, while the learning structure combined 
with the set of learning objectives a student has 
achieved allows the creation of personalized 
learning paths.  

The start point in the process of competence-
base knowledge space construction is the 
identification of competence structure. 
Afterwards, knowledge structure and learning 
structure are formed using appropriate mappings. 
Knowledge structure is formed by assigning to 
each assessment problem competences required 
for its solution. Learning structure is formed 
through two mappings: one which assigns to 
each learning material competences required for 
its usage, and the other which assigns to each 
learning material competences which will be 
developed by its usage. 

Since this paper treats learning objects 
intended for acquiring knowledge and for the 
evaluation of students’ achievement in a 
uniformed way, we have implemented 
Competence-base Knowledge Space Theory 
through three mappings between the set of 
educational objectives and the single set of 
learning objects. We have defined the following 
mappings: 

 contributes – learning object contributes 
to the achievement of educational 
objectives 

 assesses – learning object evaluates the 
achievement of educational objectives 

 requires – learning object relies on the 
achievement of educational objectives 

Since the mappings do not rely on any of the 
educational objective taxonomies, an arbitrary 
taxonomy or a combination of taxonomies can be 
used when representing the objectives. The only 
requirement is that the surmise relation can be 
represented in the set of educational objectives.   

In this paper OWL language [25] has been 
adopted for representing learning objectives 
ontology. Such approach has been extensively 
used in similar contexts, for example in [13, 26, 
27].  

4. THE SEMANTIC ANNOTATION OF LEARNING 

OBJECTS 

Semantic annotation defines mappings 
between web resources and ontologies [19]. In 
[28] following approaches to the semantic 
annotation have been analyzed: 

 Embedding metadata into web 
documents 

 Including references to the web 
documents in ontologies 

 Separate representation of the web 
documents, ontologies and mapping 
components 

Following the arguments presented in [28], we 
have decided to use detached mapping 

component to define mappings between the set 
of learning objects (i.e. web documents) and the 
ontology of educational objectives. The proposed 
approach is presented in the figure 2.  

Learning objectives Learning objects

Mapping Component

 
 

Figure 2. Mapping component   
 

Diverse technologies can be used to implement 
mapping component. For example, in [13] the 
mappings between the set of learning objects and 
educational objectives are achieved through an 
XML file. Concerning the advantages of 
ontologies, especially the flexibility of SPARQL 
[29] queries, we have implemented our mapping 
component using RDF. For that purpose, an RDF 
Schema presented in the figure 3 has been 
created. 
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Figure 3 – RDF Schema of the mapping component  
 
Listing 1 presents XML file which represents 

the RDF Schema of the mapping component. 
  

 
Listing 1 – XML file representing the RDF Schema of the 

mapping component 
 
There is a link among surmise relation defined 

by the competence structure and the requires and 
contributes mappings. Namely, if educational 
objective o1 surmises o2, and if learning object r 
contributes to the achievement of o1, then 
learning object r requires o2.  This rule expressed 
by SWRL [30] is presented in the Listing 2. 

<?xml version="1.0"?> 
<rdf:RDF ... > 
  <owl:Ontology rdf:about=””/> 
  <rdfs:Class rdf:ID=”LearningObjective”/> 
  <rdfs:Class rdf:ID=”LearningObject”/> 
 <owl:ObjectProperty rdf:ID=”assesses”> 
    <rdfs:domain             
   rdf:resource=”#LearningObject”/> 
    <rdfs:range              
   rdf:resource=”#LearningObjective”/> 
 </owl:ObjectProperty> 
 <owl:ObjectProperty rdf:ID=”requires”> 
    <rdfs:domain             
   rdf:resource=”#LearningObject”/> 
    <rdfs:range              
   rdf:resource=”#LearningObjective”/> 
 </owl:ObjectProperty> 
 <owl:ObjectPropertyrdf: ID="contributes"> 
    <rdfs:range              
   rdf:resource="#LearningObjective"/> 
    <rdfs:domain             
   rdf:resource="#LearningObject"/> 
 </owl:ObjectProperty> 
</rdf:RDF> 



 

 
 

 
Listing 2 – SWRL rule defining requires relation 

5. CASE STUDY 

Proposed semantic annotation is applied to the 
Web Programming course held at the Faculty of 
Technical Sciences in Novi Sad, Serbia. Learning 
objectives in the Web Programming course 
determine that a student should learn the basic 
techniques of network and internet programming 
using Java programming language. This implies 
that students ought to learn Java and network 
communication among Java applications. Within 
the scope of internet technologies, a student 
studies creating web pages (HTML language, 
JavaScript and CSS basics), HTTP protocol, Java 
servlets, JSP technology, and Java web 
applications based on the MVC2 design pattern.        

As mentioned in section 3, we have used 
ontology to represent learning objectives in the 
course. The objectives are hierarchically 
organized using is-a relation.  The root of the 
hierarchy is the learning objective named „Web 
programming“. This objective represents the 
whole course. On the second hierarchy level are 
two main course sections – HTML with Java 
fundamentals and Network programming. Each 
section contains learning objectives that refer to 
lessons in the course. For each lesson, its topics 
are represented through separate learning 
objectives. At the lowest hierarchical level, there 
are learning objectives for each concept studied 
within the topic. 

The course is organized so that students first 
learn basic concepts. With this knowledge, they 
subsequently learn the techniques for developing 
web applications. Such organization is defined in 
the learning objectives ontology by the surmises 
relation. For example, in the Web Programming 
course, there is the surmises relation between 
the learning objective „Servlets” and the objective 
„JSP“. The knowledge of servlets is the 
precondition for learning JSP, because JSP 
technology is based on servlets.  

The OWL ontology of learning objectives is 
created using open-source ontology editor 
Protege [31].  Figure 4 shows the ontology of 
learning objectives for the Web Programming 
course.  
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Figure 4. The ontology of learning objectives for Web 

Programming course 

 
Listing 3. shows a segment of the created 

ontology in OWL language. 
 

surmises(?o1,?o2), contributes(?r,?o1) 
 -> requires(?r,?o2) 
 
 



 

 
Listing 3. OWL ontology of learning objectives for Web 

Programming course  

 
Learning objects in the Web Programming 

course are created in different formats. Lecture 
notes are created as Microsoft PowerPoint 
presentations, whilst code examples are given as 
HTML pages or Java source code. Exercises are 
listed in an HTML page on the course web site. 

First step in the creation of IMS CP package for 
this course has been the conversion of the 
learning material into the HTML format. Then, the 
IMS CP manifest file has been created. We have 
used RELOAD editor [32] for creating the 
manifest file. Finally, manifest file and learning 
material have been archived as a zip file that 
represents IMS CP package.  Listing 4 shows a 
fragment of the created manifest file for the Web 
Programming course. 

  

 
Listing 4. IMS CP manifest file for the course  Web 

programming 

 
Learning objects in the Web Programming 

course have been annotated with 
learningResource-Type metadata which 
defines the type of the learning objects. This 
metadata is part of IEEE LOM specification. 
However, the vocabulary specified for this 
element is not sufficient for describing all the 
pedagogical aspects of a learning object. 
Therefore, we have used extended vocabulary for 
this element provided by CLEO specification. 
CLEO defines 29 possible values of the 

learningResourceType element among which 
we used:  additional resource, assessment, 
example, illustration, outline, 

presentation and summary. Additionally, we 
have used the value  narrative text adopted 
from LOM specification. Listing 5 shows an 
example of the learning object in the manifest file 
annotated with metadata.  

 
Listing 5. The annotation of learning object in the IMS CP 

manifest file  

 
After creating the ontology of learning 

objectives and IMS CP package, we have created 
the RDF file that specifies the mapping of 
learning objects to the learning objectives. Listing 
6 shows a part of this RDF file. 

 
Listing 6. RDF file for mapping learning objects to learning 

objectives 
 

 These semantically annotated learning objects 
have been used for the creation of e-course of 
Web Programming in the IMS LD format. Figure 
5 shows a screenshot of the created course in the 
Reload LD Player [33] tool.   
 

 
Figure 5. A screenshot of the Web Programming e-course 

 <ele:LearningObject            
  rdf:about="ele:io_ini_res"> 
        <rdf:type rdf:resource="owl:Thing"/> 
        <ele:contributes  rdf:resource=    
     "ele:Ini_files"/> 
 </ele:LearningObject> 
  
 <ele:LearningObject            
  rdf:about="ele:introduction_res"> 
      <rdf:type rdf:resource="owl:Thing"/> 
      <ele:contributes            
    rdf:resource="ele:HTML_and_Java"/> 
 </ele:LearningObject> 

<item identifier="exercise1"  
identifierref="exercise1_res"> 

<title>Exercise 1</title> 
 <metadata> 
  <lom:lom> 
   <lom:educational> 
    <learningResourceType> 
     <source> 

http://www.cleolab.org/vocab/ 
learningResourceType 

</source> 
     <value>assessment</value> 
    </learningResourceType> 
   </lom:educational> 
  </lom:lom> 

</metadata> 
</item> 

<item identifier="lesson_jsp"> 
<title>JSP</title> 

 <item identifier="topic_jsp_beans"> 
  <title>JSP beans</title> 
  <item identifier="jsp_beans"  

identifierref="jsp_beans_res"> 
   <title>JSP beans</title> 
  </item> 
 </item> 
... 
<resources> 

<resource href="jsp_beans.html" 
identifier="jsp_beans_res" 
type="webcontent"> 

<file href="jsp_beans.html"/> 
 </resource> 
... 
</resources> 

<owl:Class rdf:about="#Jsp"> 
<rdfs:subClassOf> 

<owl:Restriction> 
<owl:allValuesFrom> 

          <owl:Class rdf:ID="Mvc_pattern"/> 
</owl:allValuesFrom> 
<owl:onProperty  

rdf:resource="#surmises"/> 
</owl:Restriction> 

    </rdfs:subClassOf> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:allValuesFrom> 
          <owl:Class rdf:about="#Lesson"/> 
        </owl:allValuesFrom>         
      </owl:Restriction> 
    </rdfs:subClassOf> 
    <rdfs:subClassOf> 
      <owl:Class rdf:about=  

"#Network_programming"/> 
    </rdfs:subClassOf> 
</owl:Class> 



 

6.  CONCLUSION 

The paper presents a method for the semantic 
annotation of learning objects which enables the 
implementation of Competence-based 
Knowledge Space Theory. We have adopted the 
format for the specification and organization of 
learning objects. Learning objects have been 
described using the combination of metadata and 
semantic annotation with learning objectives. 
Semantic annotation has been done by using 
semantic web techniques, and learning objects 
have been mapped to learning objectives by 
using a detached mapping component. The 
proposed approach has verified by creating 
semantically annotated Web Programming 
course, held on the Faculty of Technical Sciences 
in Novi Sad. 

Future work is concerned with the 
implementation of graphical tools for the formal 
specification of learning objectives and manual 
semantic annotation of learning objects. We also 
plan to create the system for automatic 
annotation of learning objects using data mining 
techniques. All implemented components will be 
integrated into an e-larning system which 
manages learning process using Competence-
based Knowledge Space Theory. 
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