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Abstract

This paper proposes an ontology mapping based framerowk that alows searching for learning resorces
using multiple ontologies. The present applications of ontologies in e-learning use various ontologies (e.g.
domain, curriculum, context, etc), but they do not give a solution how to interoperate e-learning systems
based on different ontologies. The proposed solution uses a mapping ontology that is a part of a recent
Semantic Web initiative called the Simple Knowledge Organization System (SKOS). On top of that, we
develop and implement two search algorithms. Finally, we evaluated the solution by developing a system
that helps learners search for relevant learning resource using a local context (i.e. course curriculum)
ontology.

1 Introduction

By emerging the idea of the Semantic Web [Berners-Lee et al., 2001] ontologies are recognized as the most
important component in achieving semantic interoperability of web resources. [Swartout & Tate, 1999]
informally define ontology as a basic structure or armature around which a knowledge base can be built.
[Hendler, 2001] explicitly specifies that each ontology should provide the vocabulary (or names) for
referring to the terms in a subject area, as well as the logical statements that describe what the terms are,
how they are related to each other, as well as rules for combining terms and relations to define extensions
to the vocabulary. The research in the field of ontologies resulted in the adoption of the Web Ontology
Language (OWL) [Bechhofer et al., 2004] as a standard ontology language based on XML, Resource
Description Language (RDF), and RDF Schema (RDFS).

The benefits of ontologies have already been recognized in the learning technology community [Sampson
et al., 2004] [Lytras et al., 2003]. First, the Semantic Web technologies are applied to some important
learning technology standards. For example, there is an RDF Binding [Nilsson et al., 2003] for the IEEE
Learning Object Metadata (LOM) [Duval, 2002] that is a part of the regular IEEE LTSC standardization
efforts’. Next, in order to better define different aspects of applications in e-learning, researchers have
given severa classifications of ontologies [Lytras et al., 2003] [Stojanovi et al., 2001]. We refer to a
general one given in [Stojanovi et a., 2001] that differentiates between three dimensions ontologies can
describe: content (what the learning material is about), context (in which form this topic is presented), and
structure (encompasses a set of learning material in a course). Most of the present research has been
dedicated to the first group of ontologies. A well-known example of such an ontology for the computer
science domain is based on the ACM Computer Classification System (ACM CCS -
http://www.acm.org/class) and defined by RDFS [Brase & Nejdl, 2004]. It is used in the Edutella system
[Nejdl et al, 2002] to classify learning objects with agoal to improve searching.

In a past few years large collections of learning materials became available either through the digital
libraries (such as ACM Portal), community-based learning repositories (such as Merlot), or more
importantly as widely dispersed resources in individual web-based courses in many institutions. Several
interoperability initiatives are trying to address the issue of searching across multiple object collections.
However, the effectiveness of searching is hampered by the fact that individual objects are typically not
interconnected into the web and therefore lacking the context which makes the Google's PageRank
algorithm [Brin & Page, 1998] so effective. The libraries and repositories are overcoming this lack of
context by providing explicit semantic information in the form of subject categories, taxonomies, or ideally
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Figure 1 A e-learning course with the contextualized search into the ACM Digital Library that uses
mapping between course ontology and the ACM Computing Classification System

richer ontologies. However, as previous research showed community members and faculty have rea
difficulty of making annotations of their learning material using subject taxonomies [Greenberg et a.,
2002]. On the other hand, faculty is comfortable using their own application domain space such as an
ontology of a course curriculum [Rasseneur et a., 2003]. This is beneficial for students too as they are
more familiar with their local context (i.e. course structure) than with the multiple ontologies used in the
remote repositories.

In our work we have developed a solution that allows unsophisticated users to discover resources which are
more relevant to their local learning context, i.e. their own application domain ontology. Our technology
facilitates a discovery of resources in the remote repositories by mapping local learning context to the
remote ontologies using defined mappings. In this way users search queries are contextualized behind the
scene.

In the next section we describe an example of the system we are developing to motivate our work. Then we
analyze the main requirements and outline our approach. In the following section we describe the
representation and algorithms we developed for mapping between ontologies and before we conclude we
present and discuss the evaluation results.

2 Motivation example

There are already many web based courses that have been developed and are used in the daily teaching and
training. Their structure can be considered to be as an ontology of the course and can be modeled as such.
The learning resources that form the course are directly related to this structure and therefore implicitly or
explicitly annotated with the course ontology. Left window in Figure 1 shows an example of the course that
follows the recommended curriculum for Information Management course [IM, 2001]. The left pane
contains the course structure and the right pane holds the content of the one particular unit on “Search,
Retrieval, Linking and Navigation”. The bottom part of the right pane contains our context sensitive search
for the ACM Digital Library (DL) [ACM DL, 2005]. The students can search ACM DL by providing
search keywords. However, the search request is not sent directly to the ACM DL but instead the “ Search”
button collects annotation of the current page within the course ontology (which is embedded in the web
page in the RDF form) and sends it with the keyword to our ontology mapping system. Our system applies
mapping algorithms to the annotation in the course ontology, maps it to the ACM CCS ontology, and sends
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Figure 2 Different ontological levels of learning object metadata and domain ontologies (DOi)

an expanded query to ACM DL. Theresults received from the ACM DL arerelated to the current web page
within the course (right window in Figure 1).

In our approach we draw on the strengths of a specific group of our users, namely professors or learning
material authors, to create an implicit ontology based on their application domain (e.g. course outling). Our
second assumption is that they can (partialy) link their domain ontology to the remote ontologies common
in their domain of expertise, such as the ACM CCS for computing sciences. In the following sections we
describe the technology that builds on these two assumptions and provides the contextualized search as
described above.

3 Ontologiesand learning materials

Although there was significant progress in applying semantic web to the e-learning domain in the context
of our work following two areas require more research.

3.1  Annotation of Learning Objects with Domain Ontologies

Learning object metadata and domain ontologies (i.e. taxonomies) are often defined at different ontological
levels (see Figure 2). In order to underpin this statement let us consider an example of combining learning
object metadata and domain ontologies. The learning object metadata is an instance (e.g. RDF) of a
learning object metadata schema (e.g. IEEE LOM RDF Schema [Nilsson et al., 2003]). Additionally, the
metadata is enriched with keywords defined in the ontology (e.g. ACM CCS [Brase & NejdI, 2004]). If we
refer to keywords that are defined as classes in an RDF Schema, we annotate the metadata (i.e. schema
instances) with ontology classes (i.e. schema). An example of such a system is the SeLeNe project? that
defines the ACM CCS as an RDFS ontology. Since ontology languages do not have strict separation
between ontological levels [Bechhofer et al., 2004] this approach is completely applicable. However, using
classes to represent concepts has several disadvantage such as rigidity of the schema, complication at
reasoning level, etc. One solution is to use specialized ontologies for defining domain taxonomies with a
rich set of properties for defining concept hierarchies such as the Simple Knowledge Organization System
(SKOS) [Miles & Brickley, 2005].

3.2  Mapping between Multiple Domain Ontologies

[Kalfoglou & Schorlemmer, 2003] survey many practically used ontology mapping techniques that deal
with the reality of an existence of multiple ontologies. Our system uses a mapping ontology — an ontology
containing classes and properties (i.e. primitives) that can express relations between ontology concepts and
properties (see Figure 3). This approach is suitable for implementation since semantic web reasoning tools

2 http://www.dcs.bbk.ac.uk/sel ene/
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can represent the mapping ontology in the same way as both the source and target ontologies. Other
examples of this approach include mapping ontology for reusable problem-solving components [Crubézy &
Musen, 2003] and ontology used in the Protégé s PROMPT Tab plug-in®. However, this ontology does not
possess wide range of primitives for different levels of mappings.

4 Representation of ontologies and mappings

To address two problems listed in previous section our solution uses the Simple Knowledge Organization
System (SKOS) [Miles & Brickley, 2005] for defining different types of ontologies (e.g. classifications,
taxonomies, thesaurus, curriculum, etc.) as well as mappings of concepts between different domain
ontologies. The SKOS consists of three RDF vocabularies that are still under the active development:

KOS Core — for expressing the basic structure and content of concept schemes (taxonomies,
terminologies, etc);

KOS Mapping — for describing mappings between concept schemes,

KOS Extension — containing extensions to the SKOS Core useful for specialized applications.

KOS Core provides a model for expressing the basic structure and content of concept schemes. Basically,
the SKOS Core defines a set of RDFS properties and RDFS classes that can be used to express the content
and structure of a concept scheme (such as Concept, broader, narrower, related, subject, isSubjectOf, etc.).
For example, the broader property is used to specify that a concept is broader than another one. In order to
define subclass/superclass relations we can use the SKOS Extensions and its properties narrower Generic
and broaderGeneric that are sub-properties of the narrower and broader properties, respectively. The
narrower Generic property is semantically equivalent to the rdfs: subClassOf property, and thus has a dight
different meaning from the narrower property.

4.1  Ontology Representations

Using SKOS we have created ontology of the ACM CCS. The ACM CCS is probably the most
comprehensive classification in the domain of computer science (http://www.acm.org/class/). An excerpt of
the classification is shown in Figure 4a and its representation in SKOS is shown in Figure 4b. Note that we
use SKOS Extensions properties broader Generic and narrower Generic in order to have subclass/superclass
relations between concepts.

? http://protege.stanford.edu/pl ugins/prompt/prompt.html



<rdf:RDF>
<skos:ConceptScheme rdf:ID="acm-ccs">
<skos:hasTopConcept rdf:resource="A" />

<le- >
A. General Literature <skos:hasTopConcept rdf:resource="K" />
B. Hardware </skos:ConceptScheme>
. izati <le- >
(D:. ggfrp\,\?::eer Systems Organization <skos:Concept rdf:ID="H.3">
E' Data <skos:prefLabel xml:lang="en">Information Storage and

Retrieval</skos:prefLabel>
<skos:inScheme rdf:resource="acm-ccs" />
<skos:broaderGeneric rdf:resource="H" />
<skos:narrowerGeneric rdf:resource="H.3.1" />

F. Theory of Computation
G. Mathematics of Computing
H. Information Systems

H.0 GENERAL e >
<skos:narrowerGeneric rdf:resource="H.3.3" />
H.3 INFORMATION STORAGE AND RETRIEVAL <lem o>
H.3.0 General <skos:narrowerGeneric rdf:resource="H.3.m" />
</skos:Concept>
H.3.3 Information Search and Retrieval <l >
Abstracting methods <skos:Concept rdf:ID="H.3.3">
Dictionaries <skos:prefLabel xml:lang="en">Information Search and
Indexing methods Retrieval</skos:prefLabel>
Linguistic processing <skos:inScheme rdf:resource="acm-ccs" />
Thesauruses <skos:broaderGeneric rdf:resource="H.3" />
<skos:narrowerGeneric rdf:resource="H.3.3.1" />

<lem >

<skos:narrowerGeneric rdf:resource="H.3.3.6" />
</skos:Concept>
<lee >

H.3.m Miscellaneous

H.m MISCELLANEOUS

. Computing Methodologies <skos:Concept rdf:ID="H.3.3.1">
J. Computer Applications <skos:prefLabel xml:lang="en">Information
K. Computing Milieux Filtering</skos:prefLabel>

<skos:inScheme rdf:resource="acm-ccs" />
<skos:broaderGeneric rdf:resource="H.3.3" />
</skos:Concept
<le- >
</rdf:RDF>
a) b)

Figure 4 An example of an ontology defined in SKOS: a) an excerpt of the ACM Computing Classification
System (CCS); b) An excerpt of the ACM CCSin the XML/RDF format of the SKOS. The classification
comprisesthe 11 top level concepts marked with letters from A to K. Most of the top level concepts are

further subdivided into three more levels with numbers being added to their identifiers.

We have aso built a SKOS ontology for the Information Management course [IM, 2001]. The course
curriculum contains 14 units, 3 core and 11 €elective. Each unit has both the name (e.g. the first (and core)
unit is Information models and systems) and the identifier (from IM1 to IM14). Each unit has an unordered
list of topics (e.g. unit IM3. Data modeling has the topic Object-oriented model). When developing the
Information Management course curriculum ontology we defined units as top level conceptsin SKOS. We
also defined topics as SKOS concepts whose parents are units. Figure 5a shows an excerpt from this course
ontology.

4.2  Ontology Mapping

The SKOS Mapping contains a set of properties for specifying mapping relations between concepts from
different domain ontologies (broadMatch, narrowMatch, ExactMatch, majorMatch, MinorMatch). Such a
rich set of semantic relations for expressing mapping is useful in ranking search results to reflect the weight
of the mapping. Apart from the properties, the SKOS Mapping has the three classes for defining:
intersection of concepts (the AND class), union of concepts (OR), and negation (NOT).

We have used the SKOS Mapping to express the mapping between the above mentioned course and ACM
CCSs ontologies. Figure 5b shows different match levels between concepts (i.e. minorMatch, majorMatch,
and exactMatch). We also show how we define the mapping relation between a concept (e.g. IM1.6) and a
union (e.g. OR1) of other concepts (e.g. H.3.3 and E.2.3). As mappings relations are not symmetric [Miles



<rdf:RDF>
<skos:ConceptScheme rdf:ID="IMC">
<skos:hasTopConcept rdf:resource="IM1"/>
[ E—
<skos:hasTopConcept rdf:resource="IM14"/>
</skos:ConceptScheme>
<skos:Concept rdf:ID="IM1">
<skos:prefLabel xml:lang="en">Information models
systems</skos:prefLabel>
<skos:inScheme rdf:resource="IMC"/>
<skos:narrowerGeneric rdf:resource="IM1.1"/>
<lee >
<skos:narrowerGeneric rdf:resource="IM1.8"/>
</skos:Concept>
<lem >
<skos:Concept rdf:ID="IM1.1">
<skos:prefLabel xml:lang="en">History and motivation
information systems</skos:prefLabel>
<skos:inScheme rdf:resource="IMC"/>
<skos:broaderGeneric rdf:resource="IM1"/>
</skos:Concept>
<skos:Concept rdf:ID="IM1.2">
<skos:prefLabel xml:lang="en">Information storage
retrieval (IS&amp;R)</skos:prefLabel>
<skos:inScheme rdf:resource="IMC"/>
<skos:broaderGeneric rdf:resource="IM1"/>
</skos:Concept>
<l >
<rdf:RDF>

a)

<l--IM1.1 - History and motivation for information systems
->H.5.m - Miscellaneous -->
<skos:Concept rdf:about="&imc;IM1.1">
<map:minorMatch>
<skos:Concept rdf:about= "&acm-ccs;H.5.m"/>
</map:minorMatch>
</skos:Concept>

<l-- IM1.2 - Information storage and retrieval (IS&R) ->
H.3 - Information storage and retrieval-->
<skos:Concept rdf:about="&imc;IM1.2">
<map:exactMatch>
<skos:Concept rdf:about= "&acm-ccs;H.3"/>
</map:exactMatch>
</skos:Concept>

<1--IM1.6 - Search, retrieval, linking, navigation ->
Union of H.3.3 - Information Search and Retrieval
E.2.3 - Linked representations -->
<skos:Concept rdf:about="&imc;IM1.6">
<map:majorMatch>
<map:OR about="#OR1"/>
</map:majorMatch>
</skos:Concept>
<map:OR ID="OR1">
<map:memberList rdf:parseType="Collection">
<skos:Concept rdf:about="&acm-ccs;H.3.3"/>
<skos:Concept rdf:about="&acm-ccs;E.2.3"/>
</map:memberList>
</map:OR>
b)

Figure 5 A part of the Information Management course curriculum ontology (a) and an excerpt of the
mappings between the ACM CCS and the Information Management course curriculum ontology defined in
SKOS Mappings

& Brickley, 2004] we have to provide two mapping relations for each pair of concepts in case of two-way
mappings.

5 Ontology mapping algorithmsfor repository sear ching

The defined mappings enable end-users (in our case students and faculty) to use alocal context in the form
of course ontology to improve searching in the remote ACM DL which uses ACM CCS ontology. Our
approach does not require defining mappings for al concepts in the course ontology as our algorithms use
defined mappings to extrapolate missing mappings using the structure of both ontologies.

The search algorithms are based on the following assumptions:
Input arguments (concepts) of the search algorithms are concepts of the source ontology;
Results of the mapping algorithms are concepts of the target ontology;

Mapping relations are defined between concepts from the source and target ontology using the
SKOS Mappings,

For each input argument (concept) the mapping algorithms look for target ontology concepts
(‘matched’ concepts).

The search also looks for child concepts of the ‘matched’ concepts.
The ranking of search resultsis based on different types of SKOS Mappings properties.

The two algorithms presented below use different strategies to infer matched concepts and rank results.

5.1 Initial algorithm
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Figure 6 Two variants of the search algorithm based on ontology mappings: a) only those child nodes dix
levels below the matched node are used; b) all child nodes of the matched node in the target ontology are
used

The initial algorithm according to the input concept from the source ontology searches for matched
concepts in the target ontology based on SKOS mappings relation types. Next, the algorithm looks for child
concepts of the matched concepts, but only at the predefined number (di..) Of levels below the matched
concept in the target ontology (see Figure 6a).

The algorithm clusters matched concepts (five clusters, one cluster for each mapping relation type) as well
as child concepts of matched concepts (d.x levels below). The algorithm merges the clusters and uses the
merged list to expand the keyword search query to the repository. The matched concepts and the child
concepts are the used to search the repository. The returned results are re-ranked based on the concept they
are annotated with and into which clusters the concept belongs.

Although this simple algorithm improved the search results the clustering of the concepts prove to be very
crude as it treated all children of the matched concepts within the same cluster in the same way regardless
of their distance from the parent concept. Accordingly, we developed the second algorithm that overcomes
these drawbacks.

5.2 Improved algorithm

The second agorithm uses all the children of matched concepts in the target ontology regardless their depth
level (see Figure 6b). It uses the weight factor to determine ranks of both matched concepts and their
children in the resulting list of concepts. The algorithm calculates the weight factor of a matched concept



according to the type of the mapping relation connecting them with the source ontology concepts. The
weight factor for each type of mapping relation is predefined and is subject to change depending on the tree
structure of the target ontology. The weight factor for matched child concept (WFy,) is calculated from
maximal depth level of the matched parent concept (dlmaxp); the distance of the child concept from its parent
(dep); and the weight factor of its parent (WFy):

WFg = WF, — (WF, / (1 + dlap)) * den (1)

The resulting algorithm is a modification of the initial one where computed weights are used to rank the
results rather then the clusters.

5.3  AJess-based implementation of the system

We have implemented the system using a combination of freely available semantic tools that can be easily
incorporated into the learning system. We have used Jess [Friedman-Hill, 2003], a rule-based reasoning
engine for performing mappings, and OWL JessKB [Kopena & Regli, 2003] that converts OWL ontologies
(and mappings) into the Jess facts. [Hatala et al., 2005] gives a detail account on the effectiveness of this
tool combination. The search keyword is sent to the servlet by script that also collects an RDF annotation of
the course web page to the Jess engine which applies the mapping algorithm and forwards the query to the
ACM DL.

6 Evaluation

In order to evaluate the proposed approach for ontology mapping and implemented search agorithms we
developed a web-based application as shown in Section 2. From the user perspective the application
consists of the search field that that is associated with the script that collects the ontological annotation
from the web page. The server side of the system applies mappings to the collected annotation and sends
the search request to the ACM DL.

Figure 7 contains the diagram comparing the search results we obtained using the web application for
searching the ACM DL. The diagram compares the search by using text-based keywords and the
combination of the text-based keywords and ACM CCS class identifiers. Note that the ‘full number’ for
each query means the overall number of objects that contains any of searched text-based keywords in the
keyword and classification (i.e. the ACM CCS) fields of their metadata (see [ACM DL, 2005] for details).
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Figure 7 Comparison of the search results obtained from the ACM Digital Library by using text-based
keywords and the combination of the text-based keywords and ACM CCSclassidentifiers

It is obvious that the combination of the text-based keywords and ACM CCS class identifiers reduces the
number of found objects, and (hopefully) helps learners find more suitable learning resources. However,
the reported numbers have to be considered with the features of the underlying search engine (Verity,
http://www.verity.com) in the ACM DL. As we found out the total number of results has decreased when
we increased the number of classifiersin aquery. It was completely opposite to expectations as those query
arguments are connected with the OR logical operator. The reason for such a behavior is that the ACM DL



results ranking algorithm selects only those objects whose weight factors pass over a specific threshold.
Increasing the number of classification parameters also increases the threshold and therefore eliminating
some of the objects. However, this does not affect the best matching results.

7 Discussion

Searching for the context relevant content in academically recognized repositories or digital librariesis the
main benefit of the proposed approach. Learners usually get the first knowledge about the domain under
study by using the web-based course materials. However, if they need some additional learning resources
they have to search relevant digital libraries by using different classifications of the target knowledge. The
proposed ontology mapping based approach allows learners to search for learning resources using the
course curriculum, generate the queries compliant with the target digital libraries classifications, and get
context relevant learning recourses. Probably, the most important benefit is that students will use the web
courses with the same front end (i.e. user interface) and without need to have any additional knowledge
about technical aspects such as SKOS, RDF, ontologies, etc.

In order to enable the proposed solution teachers have to create a course curriculum ontology, which
requires a minimal effort as they typically have an outline of the web course already created. In addition to
the course curriculum ontology the teachers have to define mappings between their course curriculum
ontology and specific ontology used by the digital libraries or repositories. This is based on a natural
assumption that teachers are domain experts for the course they are developing. The purpose of the
mappings is to enable to get context relevant search results. To have explicitly defined course ontology, a
simple tool generating course ontology from the outline and facilitating mapping creation can be provided
to the teachers®. Currently, it is possible to use well-known OWL ontology editors such as Protégé for
developing SKOS-based domain ontology and ontology mappings.

We have aready mentioned the peculiarity of the evaluation results due to the use of a specific search
engine (i.e. the ACM DL Advanced Search) when increasing the number of the ACM CCS classifiersin a
query. The effect is especially stressed when using top level concepts (e.g. H. Information Systems) and
often manifested by the empty result list. Accordingly, we decided not to consider concept at the forth level
of classification, but we did not find it as a problem as those concepts were subsumed with their parent
concepts in the ACM DL Advanced Search engine. Note also that we did not rank the found learning
resources as we forwarded learners queries to another search engine. However, we found that the learning
resources were still ranked according to their relevance defined by the ACM CCS classifiers.

8 Conclusions

In this paper we introduced a framework for bridging gaps between different e-learning ontologies using
ontology mapping. Having implemented search algorithms on top of that framework, we developed a
learning system that allows learners to search for learning resources in a remote digital library (the ACM
DL) using a course curriculum (Information Management), to generate the queries compliant with a target
digital library ontology (ACM CCS), and hence to get relevant learning resources for the local course
context learners are familiar with.

We plan further improvement of the search algorithms in order to capture the case when a mapping relation
between the query argument and the target ontology is not defined. In order to solve that problem we will
look for child and parent nodes in the source ontology (e.g. curriculum ontology) the query argument
belongs to. The final goal is to develop a component that can be used in learning applications for querying
different sources of learning resources, and thus improving the interoperability of learning systems in
general. Finally, we plan to analyze the benefits of the use of semantic web student modeling techniques to
better filter out the found learning resources.
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