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Abstract. Ontologies and metadata standards for the Web can be used to 
achieve personalization and reuse of content in Educational Adaptive Hyper-
media Systems. Web Ontologies can represent the knowledge of the system 
concerning the educational content, the domain to be taught, and the learner’s 
profile enabling intelligent behavior in building personalized learning objects. 
Interoperability to reuse of content can be achieved by having the ontologies 
terminology based on pre-existing standard vocabularies. This paper describes 
how Semantic Web technologies were applied to the Adaptive Hypermedia 
System AdaptWeb.  

1   Introduction 

Educational Adaptive Hypermedia Systems keep knowledge about the student’s pro-
file and the domain to be taught i.e. the Student Model and Knowledge Space of the 
system [1]. What our proposal adds to the Knowledge Space is a structure describing 
the educational content capable of providing composition rules represented in a prin-
cipled way to construct complex learning objects tailored to the student’s profile, 
setting the stage to implement a powerful adaptation mechanism. This structure is a 
Web Ontology whose individuals are automatically generated each time new educa-
tive content is added to the system [2]. We achieve interoperability across the Web by 
the definition of an application profile of a standard metadata model envisaged to 
describe e-learning content. This paper describes the AdaptWeb application profile of 
the Learning Object Metadata (LOM) [3] standard and the representation of the Stu-
dent Model and Knowledge Space of the AdaptWeb system as Web ontologies. The 
AdaptWeb is an in-progress research project supported by the CNPq, Brazilian Na-
tional Research Council. This work is structured as follows. Section 2 describes the 
Semantic Web technologies used, section 3 describes the Information Space of the 
System and the defined Application Profile, section 4 shows the student model, sec-
tion 5 gives the adaptation scenario and section 6 is a short conclusion. 



2.  Semantic Web Technologies    

We used Web Ontologies and in particular application ontologies [4] to both repre-
sent the knowledge about the student profile and store explicit metadata modeling 
knowledge about the educational content in the system, called Student Ontology and 
Content Knowledge Ontology respectively. We also used a domain ontology [4] to 
represent the taxonomy of the domain being learned, called Domain Ontology. The 
language DAML+OIL was used to enable interoperability at the syntactic level on the 
Web, while the ontologies vocabularies derived from standards enable interoperabil-
ity at the semantic level. 
  

3   AdaptWeb Knowledge Space 
The Domain Ontology and The Content Knowledge Ontology, some of whose indi-
viduals are depicted in Figure 1, forms the AdaptWeb Knowledge Space. The Con-
tent Knowledge Ontology is an ontology encoded in DAML+OIL [5] that describes 
the actual pieces of instructional content giving the rules to correctly assemble them 
(e.g. prerequisite rules defined as transitive properties). This makes the automatic 
computation of complex learning objects adequate for each student’s profile possible 
by using ontology services, such as reasoning. Qualified links relate Content Knowl-
edge Ontology elements to Domain Ontology ones indicating how each piece of the 
educative content approaches subjects on the Domain Ontology, e.g. apply or define.  
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Fig.1. Instances of the AdaptWeb Information Space 

3.1  Domain and Content Knowledge Ontologies 

The Domain and Content Knowledge Ontologies schemas are represented in Figure 
2. The abbreviation awo stands for Content Knowledge Ontology that defines the 
namespace located at http://www.inf.ufrgs.br/~tapejara/Ontology/Generated/Content.daml and dom 
stands for Domain Knowledge Ontology that defines the namespace located at 
http://www.inf.ufrgs.br/~tapejara/Ontology/Domain.daml. Instances of class awo:Topic represent 
the explanation of some idea supported by examples, exercises and complementary 
material represented in classes awo:Example, awo:Exercise, awo:Complementary and 



awo:e-Support. A topic may have sub-topics giving more specific explanations re-
lated by the awo:isPartOf  relation. The order in which the topics are presented ac-
cording to learning purposes is given by the awo:learningPath relation. The class 
awo:Course  contains customizations of disciplines for students with common back-
ground knowledge and learning goals. Class awo:Contributor contains creators of 
educative content and recommenders of Web resources created and maintained out of 
the system context but described in class awo:e-Support.  
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Fig.2. Classes and Relations of Domain and Content Knowledge Ontology 

3.3 Application profile Definition 

The Learning Objects Metadata Standard - LOM [3] is a metadata standard to be used 
in descriptions concerning objects for learning purposes. An application profile [6] 
takes elements from standard schemas and eventually refines them to create a set of 
metadata descriptors tailored to a particular application while retaining interoperabil-
ity with the original base schemas. Several application profiles of LOM such as 
ARIADNE [7], Heal [8] and CanCore [9] were developed, and some crosswalks 
providing mappings between them exist. There are a number of implementations of 
LOM in XML motivated by the current maturity of that language. Nevertheless, the 
use of RDF [10,11,12,13] to represent LOM metadata provides a standard way to 
reutilize Web standard vocabularies. We created a new application profile of the 
standard LOM based in the RDF binding presented in [14], whose elements are de-
fined on the Content Knowledge and Domain ontologies. The elements used with no 
refinement were 1.3 Language, 1.4 Description, 1.5 Keyword, 2.3 Contribute, 3.3 
Metadata Schema, 4.3 Location, 4.4 Requirement and 5.1 Interactivity Type. Table 2 
shows the refinement of other LOM elements, for example, the relation 
dcterms:requires was refined to awo: hasPrerequisite standing for a learning object 
that is needed to correctly understand the learning object intended to be taken. This 



relation was also declared as transitive, and has an inverse relation 
awo:isPrerequisiteOf, both of which are useful to inference tasks. Any web agent that 
can not understand our ontology specifications about the awo:hasPrerequisite rela-
tion can still understand the more general property dcterms:requires, and interpret the 
awo:hasPrerequisite relation with the semantics of this known property, which is the 
basis to achieve interoperability at the semantic level. The abbreviation dc stands for 
http://purl.org/dc/elements/1.1/ and dcterms for http://purl.org/dc/ terms/. 
 

Table 2.  LOM properties refinement  in the AdaptWeb application profile 
Ontology Property Specialized 

Property Ontology Property Description Domain Range 

awo: hasPrerequi-
site 

dcterms: 
requires 

A topic necessary to take the 
given topic. It is transitive. awo:Topic awo:Topic 

awo:isPartOf dcterms: 
isPartOf 

The whole of which the topic is 
part of. It is transitive.  awo:Topic  

awo: 
isAvailableTo 

dcterms: 
isPartOf 

To which courses the material is 
available.  

awo:Learning 
Object awo:Course 

awo:customizes dcterms:is 
VersionOf 

A Discipline customization. It is 
functional. awo:Course awo: 

Discipline 

awo:supportsTo dc:source Educative content supporting a 
Topic learning.  awo:Support awo:Topic. 

awo: 
isRecommended 
By 

lom-life: 
educational 
Validator 

The person responsible for rec-
ommendations to use an external 
learning object.  

awo:Learning 
Object 

awo: 
Contributor. 

awo:learningPath dc:relation Order to present topics for learn-
ing purposes. awo:Topic awo:Topic 

awo:creator dc:creator The creator of the learning object. awo:Learning 
Object 

awo: 
Contributor 

awo:defines dc:subject The L. Object defines the subject. awo:Learning 
Object dom:Taxon 

awo:apply dc:subject The L. Object apply to the subject. awo:Learning 
Object dom:Taxon 

awo:describes dc:subject The L. Object describes the 
subject. 

awo:Learning 
Object dom:Taxon 

awo:introduces dc:subject The L. Object introduces the 
subject. 

awo:Learning 
Object dom:Taxon 

4 Student Model 

The student ontology, encoded in DAML+OIL [5], available at http://www.inf.ufrgs.br/ 
~tapejara/Ontology/Student.daml and depicted in Figure 3 models the main properties that 
characterize the student´s profile. The functional property st:hasLearningStyle indi-
cates the student’s cognitive style of learning [15]. The property st:hasLearning Goal 
points to the course the student is taking. The property st:wantsTutorial indicates if 
the student currently prefers to work in a tutored mode. 
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Fig.3. Student Model 

 

The student’s knowledge in each topic is indicated by instances of relation st:has 
KnowledgeOn pointing to the topics in which the student has knowledge. The func-
tional property awo:hasNetworkConnection indicates the current student’s network 
connection. The property st:locationLearningTrajectoryWF indicates the URL where 
the current learning trajectory for the student is. The remaining elements in the model 
are defined in the Content Knowledge Ontology and the XML Schema namespace.  

6  Adaptation Scenario 
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Fig.4. System Architecture 

 

The AdaptWeb architecture showing the adaptation scenario is depicted in figure 4. 
During the authoring process, the author can consult the Domain Ontology and the 
Content Knowledge Ontology to be aware of existing learning objects concerning a 
given subject to eventually reuse them. Each time new content is authored, the Auto-
matic Metadata Generation wrapper generates its fundamental metadata as RDF   
descriptions that are instances of the Content Knowledge Ontology. The Student 
Monitoring agent continuously updates the Student Model according to the student’s 



activities. The Adaptive Content Selection agent selects the contents to be presented 
creating a learning trajectory tailored to the student’s profile based on the knowledge 
available about the student and the educative content. The Adaptive Presentation 
module determines the presentation style according to the student’s preferences.  

7  Conclusions  

This paper describes how Semantic Web technologies were applied to manage meta-
data describing learning objects in the AdaptWeb project, delving into the definition 
of an application profile of the Learning Object Metadata (LOM) standard and the 
representation of the Student, Content and Domain models as Web ontologies. Rea-
soning support is possible in order to implement a powerful adaptation mechanism.  
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