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t. In this paper we are reporting about an ongoing proje
tLT4eL (Language Te
hnolohy for eLearning) aiming at improving thee�e
tiveness of retrieval and a

essibility of learning obje
ts within alearning management system. We elaborate the pro
ess of building thedomain ontology and present the multilingual support o�ered to the ap-pli
ation.1 Introdu
tionThe aim of the Language Te
hnology for eLearning proje
t (LT4eL, www. lt4el.eu)is to enhan
e eLearning with Language Te
hnology tools and resour
es as well aswith semanti
 information [8℄, [9℄ in order to provide new fun
tionalities whi
hwill enhan
e the adaptability and the personalization of the learning pro
essthrough the software whi
h mediates it.An important obje
tive of the proje
t is to enhan
e LMSs with semanti
knowledge in order to improve the retrieval of the learning obje
ts. We take twogroups of users into a

ount: edu
ators and authors of tea
hing material whowant to 
ompile a 
ourse for a spe
i�
 target group and who want to draw onexisting texts, media, as well as learners who are looking for 
ontent whi
h suittheir 
urrent needs.Ontologies, whi
h are a key element in the ar
hite
ture of the Semanti
 Web,have been adopted to stru
ture, query and navigate through the learning obje
tswhi
h are part of the LMS. The ontology plays two roles. One the one hand,it is employed in the 
lassi�
ation of the learning obje
ts. Ea
h learning obje
tis 
onne
ted to a set of 
on
epts in the ontology. This 
lassi�
ation allows forontologi
al sear
h, i.e. sear
h based on 
on
epts and their interrelations withinthe ontology. On the other hand, it makes multilingual sear
h for learning obje
tspossible. In this 
ase the ontology plays the role of Interlingua between thedi�erent languages. Thus the user might spe
ify the query in one language andget learning obje
ts in other language(s).



The ontology will be integrated in the ILIAS Learning Management Systemand we expe
t that the integration of ontologies within an LMS together with theappropriate tools for navigation, will fa
ilitate the 
onstru
tion of user spe
i�

ourses, by semanti
 querying for topi
s of interests; will allow dire
t a

ess toontologi
al knowledge; will improve the 
reation of personalized 
ontent and willallow for de
entralization and 
o-operation of 
ontent management.The paper is stru
tured as follows. In se
tion 2, we present the developedmethodology for building an ontology relevant for the domain under 
onsider-ation, that is 
omputer s
ien
e for non experts. In se
tion 3, we explain howmultilingual material (lexi
ons and 
ontent) was linked to the ontology. In Se
-tion 4, we present the multilingual sear
h s
enarios whi
h 
onstitute the basisfor the spe
i�
ation of the 
ross-lingual sear
h engine. Se
tion 5 
on
ludes thepaper and gives the dire
tions for the future work.2 Ontology developmentWe intend to use the ontology to support 
ross-lingual semanti
 sear
hes in arepository of learning obje
ts. Two aspe
ts are 
riti
al for the the ontology inthat 
ontext and will therefore be evaluated 
arefully, i.e. 
onsisten
y of thetaxonomi
al stru
ture and domain 
overage. Consisten
y of the taxonomy isestablished by using the OntoClean methodology [4℄ and by linking our domainontology to upper ontologies. Domain 
overage is evaluated in the pro
ess ofannotating our learning obje
ts with 
on
epts from the ontology, see below.In this se
tion we des
ribe the methodology for the 
onstru
ting a domainontology, linking it to upper ontologies and formalizing the 
on
epts.2.1 LT4eL MethodologyWithin the LT4eL proje
t the domain 
hosen is Computer S
ien
e for non-spe
ialists. Sin
e no ontology 
overing the domain was available, we de
ided to
reate our own ontology. In the following we des
ribe the major steps of theontology 
reation pro
ess.Pro
essing of the Keywords On
e the learning obje
ts for all languagesinvolved were in pla
e (
f. [7℄), we started to build the ontology by annotatingand extra
ting keywords from them using our keyword extra
tor(
f. [6℄, [8℄).The pro
essing itself was performed in the following way:� Sele
tion of appropriate keywords We only 
onsidered those keywords whi
hrelevant for our domain. Admittedly, this domain is large or vaguely de-�ned, and might 
ontain 
on
epts whi
h are not, stri
tly speaking, relatedto 
omputer s
ien
e at large, but are nevertheless asso
iated to it, su
h asthe results of pro
esses whi
h involve 
omputer, e.g. do
uments, and typi
aldomains of 
omputer use, e.g. distan
e learning, desktop publishing, and theweb.



� Colle
ting de�nitionsThe Internet was sear
hed for de�nitions of the sele
ted keywords. The rea-son behind that was to provide non-formal a

ounts of the meaning(s) of thekeywords. If possible, we sele
ted several de�nitions for a 
on
ept in orderto re�e
t various aspe
t of the meaning and to have a textual basis fromwhi
h later on relations between 
on
epts will be derived. From these sets of
olle
ted de�nition we sele
ted or 
ompiled one 
anoni
al de�nition for ea
h
on
ept.� PolysemyFor polysemous keywords, two or more senses and, 
onsequently, 
on
eptshave to be established. For example the keyword word refers tothe linguisti
unit as well as to the Mi
rosoft produ
t. MPEG 
an refer to the organizationas well as the standard. Words senses whi
h are irrelevant for our domainhave been not taken into a

ount though.Formalization of the senses The next step was to formalize de�nitions forthe extra
ted 
on
epts and relations in OWL-DL ([11℄). For ea
h meaning anappropriate 
lass in the domain ontology was 
reated. This resulted in an initialformal version of the ontology. This ontology was linked to upper ontologies.Linking to upper ontologies Linking our ontology to an upper ontologyhas two advantages. First, we 
an inherit relations from the upper ontologies,se
ond, as a side produ
t of this manual pro
ess the 
onsisten
y and validity ofour ontology is 
he
ked and improved.We 
onsidered the following 
riteria for the sele
tion of the upper ontology:(1) The ontology has to be 
onstru
ted on a rigorous basis and to suit our do-main; (2) it should be representated in an adequate formal language, preferablyOWL; (3) domain ontologies exist whi
h have been 
onstru
ted using this upperontology, and (4) support is provided by the authors of the upper ontology. Afteran initial evaluation of the alternatives and 
onsultation of other evaluations ofupper ontologies (
f. [12℄ and [10℄) we sele
ted DOLCE. This de
ision does notaim at ruling out mappings to other ontologies, though.In order to get appropriate taxonomi
 relations between the 
on
epts inthe ontology and to fa
ilitate the mapping to an upper ontology, we mappedea
h 
on
ept to synsets of OntoWordNet [2℄, whi
h is a version of WordNet 1.6mapped to DOLCE ontology. The mapping was performed via the two plug-inrelations of equality and hypernymy. Thus, we 
reated the taxonomi
al ba
kboneof our ontology. Later on we will add more types of relations. The 
onne
tionof OntoWordNet to DOLCE allows an evaluation of the de�ned 
on
epts withrespe
t to meta-ontologi
al properties as they are de�ned in the OntoCleanapproa
h � 
f. [3℄, [14℄ and [5℄.Our ontology was also mapped onto WordNet 2.0. This mapping providesadditional bene�ts. WordNet 2.0 is larger than OntoWordNet and has a ri
herset of relations. Therefore, the mapping will enable us to derive more relationsbetween the 
on
epts in our ontology. Furthermore, WordNet 2.0 is aligned to



SUMO and thus we get an indire
t mapping to another upper level ontology.Sin
e those two mappings have been performed independently of one another,the out
omes 
an be used to 
ross-
he
k the validity of ea
h 
on
ept and relation.Results Our ontology 
urrently 
onsists of 707 
on
epts / 
lasses formalized inOWL and linked to WordNet and DOLCE ontology. In the following we presentthe 
on
ept `WebPage' as an example.<owl:Class rdf:about="http://www.lt4el.eu/CSnCS#WebPage"><rdfs:
omment>A do
ument (file) 
onne
ted to theWorld Wide Web and viewable by anyone 
onne
ted tothe internet who has a web browser.</rdfs:
omment><rdfs:
omment>Hyper CSnCS:http://www.lt4el.eu/CSnCS#TextFile</rdfs:
omment><rdfs:
omment>Equal WN20: ENG20-05964213-n</rdfs:
omment><rdfs:
omment>ID: id1757</rdfs:
omment><rdfs:subClassOf><owl:Class rdf:about="http://www.lt4el.eu/CSnCS#TextFile"></owl:Class></rdfs:subClassOf></owl:Class>3 Mapping multilinguial lexi
ons and 
ontent on theontologyThe main aim of the ontology in the learning management system is to enablea 
on
eptual sear
h through the learning obje
ts. Moreover we intend to o�erthe user the possibility to perform this sear
h multilingually. The 
onne
tionbetween 
ontent, user's query and the ontology is realised through:� mapping of lexi
ons in ea
h involved language onto the ontology� semanti
 annotation of the learning obje
ts with ontology 
on
epts.In the following paragraphs we elaborate these two aspe
ts.3.1 Mapping of the lexi
ons onto the ontologyTerminologi
al lexi
ons represent the main interfa
e between the user's queryand the ontologi
al sear
h engine. The terminologi
al lexi
ons were 
onstru
tedon the basis of the formal de�nitions of the 
on
epts within the ontology. In thisapproa
h of 
onstru
tion of the terminologi
al lexi
on we es
aped from the hardtask of mapping di�erent lexi
ons in several languages as it was done in Eu-roWordNet Proje
t [13℄. The main problems with this approa
h of 
onstru
tionof terminologi
al lexi
ons are that (1) for some 
on
epts there is no lexi
alizedterm in a given language, and (2) some important term in a given language has noappropriate 
on
ept in the ontology whi
h to represent its meaning. In order to



solve these problems we, �rst, allow the lexi
ons to 
ontains also non-lexi
alizedphrases whi
h have the meaning of the 
on
epts without lexi
alization in a givenlanguage. Even more, we en
ourage the lexi
on builders to add more terms andphrases to the lexi
ons for a given 
on
ept in order to represent as many waysof expressing the 
on
ept in the language as possible. These di�erent phrasesor terms for a given 
on
ept are used as a basis for 
onstru
tion of the regulargrammar rules for annotation of the 
on
ept in the text. Having them, we 
ould
apture in the text di�erent wordings of the same meaning. In order to solve these
ond problem we modify the ontology in su
h a way that it 
ontains all the
on
epts that are important for the domain.We 
ould summarize the 
onne
tion between the ontology and the lexi
onsin the following way: the ontology represents the semanti
 knowledge in formof 
on
epts and relations with appropriate axioms; and the lexi
ons representthe ways in whi
h these 
on
epts 
an be realized in texts in the 
orrespondinglanguages. Of 
ourse the ways in whi
h a 
on
ept 
ould be represented in text arepotentially in�nite in number, thus, we 
ould hope to represent in our lexi
onsonly the most frequent and important terms and phrases.Here is an example of an entry from the Dut
h lexi
on:<entry id="id60"><owl:Class rdf:about="http://www.lt4el.eu/CSnCS#BarWithButtons"><rdfs:subClassOf><owl:Class rdf:about="http://www.lt4el.eu/CSnCS#Window"/></rdfs:subClassOf></owl:Class><def>A horizontal or verti
al bar as a part of a window,that 
ontains buttons, i
ons.</def><termg lang="nl"><term shead="1">werkbalk</term><term>balk</term><term type="nonlex">balk met knoppen</term><term>menubalk</term></termg></entry>Ea
h entry of the lexi
ons 
ontains three type of information: (1) informa-tion about the 
on
ept from the ontology whi
h represent the meaning for theterms in the entry; (2) explanation of the 
on
ept meaning in English; and (3)a set of terms in a given language that have the meaning expressed by the 
on-
ept. The 
on
ept part of the entry provides minimum information for formalde�nition of the 
on
ept. The English explanation of the 
on
ept meaning fa
il-itates the human understanding. The set of terms stands for di�erent wordingsof the 
on
ept in the 
orresponding language. One of the terms is the repre-sentative for the term set. This representative term will be used where justone of terms from the set is ne
essary to be used, for example as an item ofa menu. In the example above we present the set of Dut
h terms for the 
on-
ept http://www.lt4el.eu/CSnCS#BarWithButtons. One of the term is non-



lexi
alized - attribute type with value nonlex. The �rst term is representativefor the term set and it is marked-up with attribute shead with value 1.3.2 Semanti
 annotation of learning obje
ts.After having mapped the lexi
ons to the ontology, we pro
eeded with the an-notation of the Learning obje
ts with the relevant parts of the ontology. Theannotation was made within the textual 
ontent of the learning obje
ts. Thisannotation allows us better sear
h for learning 
ontent not only as whole learn-ing obje
ts, but also as parts of learning obje
ts, for example paragraphs. Theannotation was performed as regular grammars within CLaRK System7, 
alledannotation grammars. Ambiguous 
ases are resolved by using rules implementedas 
onstraints within the system. For the purposes of the proje
t the disambigua-tion was done manually and in this way we 
onstru
t a gold standard 
orpus ofLOs. As it was mentioned above in the lexi
on we represent not only terms forthe 
on
epts in the ontology, but also non-lexi
alized phrases. This allows us to
onstru
t better annotation grammars for 
orresponding 
on
epts.4 Crosslingual sear
h and integration in the learningmanagement systemAs we mentioned in se
tions 2 and 3 the ontology and the lexi
ons 
onstitutethe ba
kbone for the 
rosslingual sear
h engine whi
h we are integrating in thelearning management system. The engine is 
urrently under development. Inthis se
tion we will present the user s
enarios whi
h 
onstitute the basis ofthe spe
i�
ation for the multilingual sear
h, as well as the ar
hite
ture for theintegration in the eLearning system. The user will spe
ify within the learningmanagement system the languages in whi
h he intends to retrieve do
uments.The annotation des
ribed in se
tion 3 has to be performed for all do
uments tobe sear
hed.Under these assumtions a sear
h s
enario from the user's point of view impliesfollowing steps:� Submit query. User submits a free text query.� See do
ument list. A list of do
uments is displayed with meta informationlike: title, length, original language, keywords and 
on
epts that are 
ommonto both the query and the do
ument, other keywords and 
on
epts that arerelated to the do
ument but not to the query.� See 
on
ept browsing units. Ea
h 
on
ept that is assumed to be related tothe sear
h query, is presented to the user together with its neighbourhoodfrom the ontology (related 
on
epts and relations between the 
on
epts)
alles "browsing unit". If no 
on
ept related to the sear
h query is found,the root of the ontology with its neighbourhood is 
hosen as the browsingunit.7 CLaRK System is an XML-based system for 
orpora development: http://www.bultreebank.org/
lark/index.html.



� View do
uments. User views the do
uments from the list.� Browse ontology. User browses the ontology: starting from the presented
on
epts, he navigates to related 
on
epts, and 
on
epts that are related tothose.� Sele
t 
on
epts. User sele
ts ontology fragments (sets of related 
on
epts,possibly only indire
tly related) from the presented browsing units.� Sele
t sear
h option. this step will be detailed in the following paragraphs� See new do
ument list. A new list of do
uments is displayed, based on onlyontologi
alsear
h� See updated 
on
ept browsing units. As in step 3, but now, those 
on
eptsare presented, that are 
ommon to at least N of the found do
uments; thisin
ludes the 
on
epts that were used as the sear
h key but might in
ludefurther 
on
epts. The number of do
uments, spe
i�ed by the parameter N,
an be relative (a per
entage of the number of found do
uments) or absolute.� Repeat steps from step 6 (Sele
t 
on
epts). User sele
ts another set of related
on
epts and submits it as the sear
h key, et
.With respe
t to the sear
h option, we are implementing folowwing four starte-gies for 
ombining ontology fragments� fully disjun
tive sear
h: �nd do
uments, in whi
h any of the 
on
epts fromany of the sele
ted fragments o

ur� disjun
tive within fragments, 
onjun
tive between di�erent fragments: �nddo
uments, in whi
h from ea
h ontology fragment at least one 
on
ept o

urs� 
onjun
tive within fragments, disjun
tive between di�erent fragments: �nddo
uments, in whi
h at least one ontology fragment fully mat
hes: every
on
ept of the ontology fragment must o

ur in the do
ument� fully 
onjun
tive sear
h: �nd do
uments, in whi
h all of the sele
ted 
on
eptsfrom all of the ontology fragments o

urThe steps 1 to 10 are 
urrently formalized in fun
tional modules 
omposingthe sear
h engine.The 
rosslingual sear
h will be integrated together with the other 
ompo-nent developed in the proje
t (keyword extra
tor, de�nitory 
ontext �nder) inthe eLearning Management system ILIAS. The bases for the integration pro
essare the use 
ases de�ned for the keyword extra
tor, the de�nitory 
ontext �nderand the ontology enhan
ed sear
hing and browsing 
apabilities. The use 
aseshave been the major input for the spe
i�
ation of a web servi
e interfa
e betweenthe language te
hnology tools and the learning management system. It is a ma-jor goal of the proje
t to make the language te
hnology based fun
tionalitiesre-usable for other learning management systems. To make the integration ofthe tools as easy as possible, the interfa
e of the tools will be well-do
umented,standards-based and te
hnology independent. The implementation of the inter-fa
e as web servi
es should ensure that these goals are met.The major 
omponents of the integration setup are the language te
hnologyserver and the learning management system. The language te
hnology server pro-vides the keyword extra
tor, de�nitory 
ontext �nder and ontology management



system fun
tionalities. The tools are developed using the Java programming lan-guage and are hosted on a Java web server. The fun
tionalities 
an be a

esseddire
tly on the webserver for test purposes or they 
an be used by the learningmanagement system through the web servi
e interfa
e.The fa
t that multiple developers are working on di�erent parts of the overallstru
ture has led to the de
ision to setup a Subversion server as a 
entral 
oderepository. The proje
t partners have also de
ided to make the results immedi-ately available to the general publi
 and to give everyone the opportunity to joinand 
ollaborate with the proje
t. The sour
e 
ode is available under an opensour
e li
ense and it is hosted on the Sour
eForget.net portal for open sour
eproje
ts at https://sour
eforge.net/proje
ts/lt4el/.5 Con
lusions and Further workIn this paper we des
ribed a possible enhan
ement of sear
h fa
ilities in an learn-ing management system through ontologi
al support. Parti
ulary we fo
used onthe multilingual 
hara
ter of the problem.We are 
urrently working on the implementation of the multilingual engineand validation of the multilingual s
enarios, as des
ribed in Se
tion 5. The exten-sion from monolingual sear
h to multilingual sear
h triggers additional problemslike:� Ranking throughout languages: The user is maybe less interested in re
eivinga list of do
uments 
lassi�ed per language. Another possibility is to displaythe 
omplete list a

ording to the same ranking 
riteria, and for ea
h do
u-ment indi
ate its language. In this way, the user 
an 
ompare the relevan
eof two do
uments even if they are in a di�erent language. A further re�ne-ment 
ould be to in
lude the language as a ranking 
riterion by giving abonus whi
h di�ers per language; the bonus 
ould still be overruled by theannotation frequen
y 
riterion.� Parameters: A number of de
isions do not have to be taken when implement-ing the sear
h fun
tionality, but should be known at runtime and thereforetreated as parameters:
• Possible languages of sear
h query (in whi
h lexi
ons should we look?)
• Retrieval languages
• Show 
on
epts that are shared in at least N of the found do
uments
• If less than N do
uments are found for a 
ertain 
on
ept: try with su-per
on
ept and sub
on
epts� Do
uments annotation with relations: In the 
urrent approa
h, only 
on
eptsand no relations are annotated in the do
uments. Relations between 
on
eptsare only known to the ontology and serve as a 
onne
tion between 
on
epts.They are used to �nd related 
on
epts, automati
ally as well as for manualontology navigation. An extension 
ould be to annotate in the do
umentsthose relations between the annotated 
on
epts that are valid for the do
u-ment. Then, for example, a user 
an sear
h for do
uments that 
ontain the




on
ept `
omputer memory' only if it is des
ribed as `part-of' another 
on-
ept. We are 
urrently investigating the possibility of introdu
ing relations
orresponding to some pedagogi
al 
riteria, like the ACM-Ontology.Within the learning management systme we already integrated a kewordsear
h engine (Lu
ene). The evaluation of the 
ross-lingual retrievel engine willbe based on pre
ision and re
all measures 
omparing these 2 approa
hes. We arede�ning now also quality measures to prove that the ontologi
a sear
h improvesalso the learning performan
e of users. We are intending also to 
ompare theontologi
al sear
h with statisti
al based methods like inverted index or LSAReferen
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