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Abstract ontology as fundamental layer for an e-learning
application.

When building an e-learning system, we need a wayThe rest of this paper is organized as follows. We
of organizing the information to be presented te th continue, in Section 2, by situating our work ire th
user. Formal ontologies are one way of resolvinig th context of the Semantic Web [4] and by briefly
know|edge Structuring task. The main use of oniebg diSCUSSing the relation between this initiative asd
in e-learning systems concerns the modelling of thelearning. In Section 3, we discuss current appreséh
domain of interest and this is equally our approach oOntology construction and present the methodology w
Here we present a technique for automatica”y deVeIOped for automatica”y bU||d|ng multimedia
transforming unstructured data (from text and imgge  Ontologies. We equally describe the way entities ar
about domains into grounded ontologies that camthe represented in the created ontology. We illustrate,
be used for e-learning applications. The chosen Section 4, the utility of our work for e-learning/ b
domain is “tools”, a collection that contains only Presenting an example of a learning situation. As w
picturable objects. We implement a grounded ontplog SPeak about an ongoing project, before concludireg,
that provides exemplars (definitions and images) at Present the perspectives for enlarging and améitigra
each node in the hierarchy. These exemplars can bedoth the linguistic and the image parts of the gy
used to illustrate concepts and ideas presenteéhdur
learning, or in response to a learner's questio®ne 2. Semantic Web and e-L earning
main characteristic of our method is the fully

automatic population of large scale ontology. The Semantic Web (SW) initiative [4] aims at better
structuring the data on the Internet. It proposstaek,
1. Introduction with layers going from unique description of et

(URI's) to a trust level that is, for the momentlyon

With the exponential increase of the quantity dfda theoretically described. From our point of viewe th
to be manipulated in computer applications, it mees  Most interesting layer is the ontological one.rtivides
essential to efficiently organize and manipulate Means for formally describing a domain in the world
information. The richness of the included inforroati ~ Moreover, this level is technologically specified
is an essential condition for a good interactive €nough to allow the easy creation of applications.
application, but it raises serious problems coriogrn ~ There exists an associated language, OWL (Ontology
the management of this information. One successfulWeb Language) as well as easy to use dedicated
solution for information organization is the use of Software, like Protége [12].
formal ontologies [6]. It is undisputed that the  As underlined in [13] the Semantic Web and e-
hierarchical organization of concepts is propetite ~ Learning applications are strongly related. Throagh
way humans model entities in the world and thig fac approach, we propose a tight relation as we build a
supports the use of ontologies in interactive caimpu ~ Ontology, intended to be central in e-learning
applications, such as e-learning systems [1], [B)]. applications, using OWL component of the SW. This
Our approach is close to that in [1] in that wepgmse ~ Way, the integration of e-Learning applicationstfie

the use of images and text organized as a multanedi SW framework becomes straightforward, as they are
based on the same technology.



synsets (sets of synonyms). A synset contains the
3. Ontology Building term(s) characterizing an entity in the modellechdim

and all these units in the hierarchy were tranglaieo
We bneﬂy present two approaches to 0nto|ogy an OWL classes in our OntOIOgy. The first term (lf
construction. We then describe our methodology that Several exist) in a synset represents the class.riare
represents a compromise between the two and leads tequally preserved, in the class name, the senséetum

the creation of a multimedia ontology. for the entity. This way, we preserve one important
property in WordNet, the sense separation for
3.1. Approaches to Ontology Construction ambiguous concepts. For exampaife is transformed

into the OWL clas&nife_ 1.
When one wants to model a domain under the form Thetool ontology we constructed contains a total of

of an ontology, there are two main options thateapp ~ 347 classes, with a depth of 8 levels. In ordegite an
manual or automatic ontology building. The first idea about the knowledge in our ontology, we prgsen

method has the advantage of good quality resulting'™ figure 1, an excerpt of the ontology correspegdo
knowledge, but this knowledge is obtained with lyost the subclasses stissors
time efforts. One good example for this approach to

ontology construction is WordNet [8], a long time ""%IJ

project started in the early 1990’'s that is stili a -~

ongoing work. WordNet is constructed by v o

lexicographers and is meant to capture lexical =

knowledge into a computer usable database. It 'S“fi"}sd S 9"%5—1

represents one of the largest commonsense knowledg s B

resources existing. = "
The second option one has is to automaticallidb "k

ontologies using a document corpus related to a S @snufers._1

domain. Interesting results for this approach are 4

reported in [5] where several methods of automatic

ontology construction are compared. Here, the time Fig.1 Subclass tree for scissors

effort is smaller than in the manual constructidn o
ontologies, but current techniques only provide msea We underline that there exist two types of amts
for limited domain ontology building. We are not in figure 1:
currently able to use such methodology in order to -terminals (or leaves) — terms that do not have any
create general interest ontologies. subtypes in WordNet

The two approaches to ontology construction -non-terminals — terms that have subtypes
described above are not mutually exclusive andnee a This distinction is important in view of the dissien
convinced that a compromise between the two canconcerning the image classes attached to condafats.
result into a valuable result. We describe such aobserve, in figure 1, thascissorsis a non-terminal

tentative in the next section. concept and has three direct subtypes wifper and
snuffersare terminalsShearswho is at the same depth
3.2. Multimedia Ontology Construction level in the hierarchy adipper has itself four subtypes
and is a non-terminal.
We built a multimedia ontology for concepts ridu Beside the use of WordNet as taxonomical base,

undertool in WordNet. It is important to mention that equally imported the glosses (definitions) assecido
the methodology is domain independent and the concepts in our ontology and preserved the synonymy
subtypes otool were chosen only for exemplification relations. The definitions were implemented as RDFS
purposes. This lexical database has already besth u comments in the OWL ontology. If one synset corgtain
in a number of applications in the ontology more than one term (the others being synonymseo th
engineering, but in a different manner than the onefirst), we retain all terms beside the one giving tlass
described here. One example is to be found in [9], name into a separate RDFS comment.
where WordNet is used for the validation of We employed VIKA [14], a tool for automatic ig&
automatically constructed ontologies. gathering and clustering to obtain the image ctaste
We used WordNet as taxonomical base for our associated to the concepts in tio®l hierarchy. The
ontology. The fundamental units in the database aresource for raw image data is the Internet and veel us



the Alltheweb search engine [2] to gather the pegu  We already mentioned that we present a work in

For a detailed discussion about VIKA we point td][1 progress and, at the end of the section, we discuss
A dictionary containing all terms in terminainsets future directions for our work.

was created and we performed picture searchesaWith

terms in a synset. The rationale for associatingg®s  4.1. Concept description

to terminal leaves in the hierarchy was that, &sdh

concepts are the most specialized, the amountis€no \ye currently dispose of a multimedia description of
in the raw image sets is minimal. Even so, themai®  concepts in our ontology. The textual side cont@ins
some ambiguous concepts and in these cases we Usfefinition of the concept as well as its synonyiifis,
composed queries in order to disambiguate them. Forexisting. On the image side, the ontology contains
example,clipper has two senses in our hierarchy. We c|ystered pictures for each node of the hierartfye
separate the two senses by using the immediategik of a terminal, the images correspond exclugite
supertype in the two situations. In consequence, Wethat synset. For the other nodes, the associatéares
query forclipper shearsandclipper scissors are obtained using the type — subtype relationtiagis
The only way we can associate images to thejn pierarchies. Thus, we obtain good coverage fer t

ontology is by attaching links towards external non — terminal concepts. Moreover, we have a well
resources (URIs). The image clusters are stored instryctured representation of entities.

these external locations and it is easy to visadliem One problem that appears is the fact that tiot a

with Protégé. _ clustered images are relevant for the given coneept
In figure 2, we present an excerpt from an inag way to eliminate this difficulty would be to selembe

cluster obtained fathinning shears image cluster for each synset. This cluster shield

the cluster that best represents the concept.

4.2. Use Case

We take the example of someone who wants to lea
more aboutscissorsthan it is commonly known. An
ontologically driven e-learning system can provide
information about: the supertype(s) of the given
concept concepedge togl about all types o$cissors
that exist (presented in figure 1) and their défnis.
Thus we easily learn that there exist several typfes
scissors, likexclipper, shears or snuffers Moreover,
we see thashearsis further specialized intclipper,
pruning shearssnipsandtinning shearsMoreover, it
is easy to offer well structured illustrations dfet
concept using the associated image clusters. As we
mentioned, the illustrations are offered in an oede
manner as they correspond to the division of the
concept into subtypes.

We can also find out what other typesedfje tools
exist. Other immediate subtypes of this categoml: ar
axe knife sickle or wire cutter If we go one step
further, we learn that the supertype edge toolis
cutter. We can iterate one step further and find out
which is the parent ofutter. This until we reachool,
the root of the hierarchy.

Fig. 2 Clustered images fthinning shears

We observe that all images in figure 2 are
representative for the illustrated concept. If wentwto
obtain pictures associated $gissors we can use the
hierarchical relation between this concept and the
related subtypes present in WordNet. The same
procedure can be applied for all non-terminal nddes
the hierarchy.

4. Ontology Usein e-Learning
, o 4.3 Future development
As we mentioned, we follow a similar approachte t
one theoretically described in [1]. We propose se u
the created ontology in learning situations likes th
enrichment of knowledge related to a known concept.

We described an ongoing work and there is much
improvement to be realized. We plan to enlarge the
textual side of the ontology by adding knowledgeidb



each node in the hierarchy. For example, we cansystem. We notably think of taking into account the
integrate information about the uses we make tob users’ needs when constructing the ontology.
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