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Abstract: Information mastering is the major use case for learners in e-learning systems. Therefore they need appropriate
search and retrieval mechanisms. An approach to overcome potentially occuring problems, like e.g. high
recall and low precision or the high result sensibility to the used vocabulary, is the presentation of preselected
content. This paper presents an approach for the automatic ontology-based enrichment of e-learning content.

1 INTRODUCTION learning object, but to provide additional information
to the actual one. The underlying structure of the e-

E-learning is one of the most challenging “e- learning course is not affected.

domains”. In general it refers to a wide range  After this introductory notes, the process of

of applications and processes designed to deliverontology-based content enrichment with a special fo-

instruction through computational means (Juneidi cus on the developed enrichment algorithm is de-

and Vouros, 2005). Information mastering is the scribed in section 2. In section 3 the paper fin-

major use case for learners. But the delivered contentishes with conclusions and some remarks about future

is not always sufficient. There may be several reasonswork.

for this lack, e.g.:

o Incomplete content because of weak course design2 ONTOLOGY-BASED
o Incomplete content due to author’s intention for RESOURCE ENRICHMENT

student motivation

o Too difficult content due to missing learner compe- FOR E-LEARNING
tencies

o Intended active learner involvement (e.g. for We define an e-learning-related resource as any por-
assessments). tion of data that can be displayed to a user by the run-

time part of an e-learning system. According to this,

From these and other reasons an additional needresource enrichment describes the process of search-
for information arises. In most cases standard searching and displaying additional information, semanti-
and retrieval mechanisms are used to satisfy this needcally related to the information to the e-learning re-

With the algorithm presented in this paper, the au- SOUrce.
thors propose a possible solution for the automated  In this chapter the authors describe their approach
enrichment of e-learning contents with ontologically for an adaptive, proactive and autonomous solution
classified resources. The work is also valuably usable for the addressed problem. The proposed enrichment
for other users of e-learning systems, e.g. content cre-component proactively scans e-learning resources and
ators, learning unit authors or didactical experts. Ad- provides additional semantic-based information, and
ditional application possibilities exist in every domain adapts in that way the delivered data.
where information needs to be presented to a user.

The presented approach differs from normal 2.1 Enrichment Algorithm
e-learning recommendation systems as described in
(Adomavicius and Tuzhilin, 2005) or (Drachsler For the identification of enrichment points in an edu-
et al., 2007). The goal is not to reason about the next cational content an 'Enrichment Algorithm’ is devel-
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oped. of ontological elements (Equation 91)].5 maps onto-
In the first step, an identification of appropri- logical elements to possible enrichment points within
ate ontological elements within the ontolo@yC, P) the learning objects.

with its concept&€ and propertie® is performed.

The function f"™@M"Ya) (Formula 1) delivers a S _ L+SYN O+SY
human readable name of an ontological elenent TF={ledfdeT (ed)eT @)

The tuples, containing ontology elemeatsnd their T.Sis a set of tuplegc, d) whered is a concept of

names determined usirf§®™"Y &), constitute the set  the educational content amds the associated onto-

T© as shown in Equation 2. logical element. The set of allis D (Equation 10).
D={d|(cd) e T} (10)

£Naming: Ontological element> Strin 1 _ . ' .
g ¢ @ The algorithm’s next part is the selection of iden-

_ tified enrichment point®’ C D within the learning

TO = {(a, f"™™"Yq))[aj € (CU(P\Pax)}. (2)  object. Possible implementations can limit the set of

enrichment points, e.g. by selection of the first ap-
pearance of the enrichment points. The semantic rel-
evance is proposed as the key factor. For its deter-
mination several approaches can be (combined) im-
propriate additional terms, for example taken from Plémented: (&) choose those enrichment points that
the WordNet specifications for the English language &€ Most relevantbased on certain mining algorithms,
(Princeton University, 2006). The functioff"(a) (b) choose those ennchment_s points that are most rel-
delivers additional terms (synonyms) (Formula 3). evant based on the semantic relevance accqrdlng to
The tuples of the extended sEP+SYN connect on- thg metadata of the LO, (c) choose those enrlchm.ent
tology elementsy with their synonyms (Equation 4). points that are most rel_evant based on the ontological
relevance of the associated ontological elements. For

the last option certain ontology metrics can be useful,

e.g. the Importance metric of (Tartir et al., 2005) and
the Class Density metric or the Centrality Measure of

O+SYN o (Alani and Brewster, 2005).
T =T U{{a.bi)a €CUP\ P“"_X’ On the basis of the s&O (Equation 12) contain-

bi € fYN(f"aMNYg))}. ing all ontological elements related to the selected en-
4) richment points, and the Semantic Window approach

described in subsection 2.2 of this paper, an additional

The function f°°"°*P(x) (Formula 5) applies o set of ontological elements can be computed. It will
both metadatd. OM and the contentO of learn- e referred to agy.

ing objectsLO (Formula 6) and extracts names of
concepts contained in them. A particular implemen-

At this point, taxonomic relations within the on-
tology (Rax) are neglected, becau$®™"Ya) cannot
deliver any useful results for them.

A second step is the inflation 6f° with ap-

fSYN: String— {String ... }. (3)

tation of f%"ePtcan use classic mining algorithms. ~ fo: String— {Ontological element..}. (11)
For each learning objeti;, the initial sefl,-">YNof

concept names and their synonyms, that can serve as RO= | J fonto(d). (12)
starting points of the enrichment, can be determined dep’

as shown in the Equation 8. The next step determines the amount of additional

informationEC that is used to enrich the educational
feoncept: Data object {String.... }. (5) content (Formula 13 and Equation 14).

fenrich: Ontol. element- {Enrichment content. . }.

LO={LOi} = {{LOY,LOM)}. (6) | (13)
CN = fooneep(L oMU feoneep(LoC).  (7) EC= [J ). (14)
reROUW
Other approaches as well as the 'Semantic Win-
L+SYN
T =CNU U (). (8) dow’ described in the next subsection, relate to classic
XeCN adaptation algorithms for e-learning and may use ad-

The next step is to match the identified concepts of ditional domain ontologies, specification ontologies
the learning objects with the human readable namesand of course user models.
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Table 1: Example of transition costs between ontologicaients.

~ D
52 22 % 2 f
(D) Q =
Cao Yo It o > |29 Q Q5
So 29 @ o >0 | 88 22 ==&
oa Qa 2 o GFo €8 98 & =
— O o + = 0O [e) "(7)‘ +— m i )
co 5o Q O o= |02 o £ © =
L =09 @) Q. oo £ L5 A 8_
o £9 Q o )
e O©° O ) °
Concept| 1 1 oo 2 2 3 oo 00
Object property| 1 1 2 00 00 00 3 0
Datatype property o 00 2 ) ) ) 00 3
Conceptinstance o 00 3 00 00 00 2 2
Object property instancg oo 00 00 3 00 2 00 0
Datatype property instance o 00 00 00 3 2 o 00

The presentation is not part of the algorithm
above, but results in the highlighting of all selected
d € D’ and the selective displaying the prepared en-
richment contenEC’ C EC. C§

2.2 Semantic Window Algorithm

For the enrichment algorithm the authors defined the
concept of a’Semantic Window’. This term describes
a set of elements of a given ontology within a certain
multi-dimensional distance. Dimensions for its def-
inition are related to the concepts of an ontology as
well as to the datatype properties. Furthermore in-
stances and taxonomic as well as non-taxonomic re- _ _ e of . th enrich
lations are taken into consideration. Figure 1: Example of a Semantic Window with enrichment

. cost s " 3 pointCg, cost restrictoA = 3 and the transition costs given

The functionf®®> returns the “cost” of the transi-  j, taple 1.
tion between two nodes, given their types as well as
the sequence of already accepted nodes (formula 15).
For the combinations of ontological elements’ types,  Typee {Parent concept, Parent object property,
t_)etvx_/een which no transition is po_s_S|bI_e, _th_e cost func- Child concept, Child object property,
tion is assumed to return the positive infinity. i
Concept, Object property,

Datatype property, Concept instance,
Object property instance,

FunctionfPereturns the type of a given ontolog- Datatype property instange
ical element (a member of the enumeration 17). New a7
types of ontological elements can be introduced by
splitting the sets of ontological elements of a partic-
ular type on the basis of some constraints (subclass-
ing). The domain off ¢! for these new types obvi-
ously cannot be broader as for the original type.

f°St: Type Type (Node...) — Integer  (15)

Elements of a tupléno,...,Nm), i € O, me N
are included to the Semantic Windowng is the en-
richment point of the enrichment and inequality 18
resolves to true, wherA is the cost restrictor (“the
size of the Semantic Window").

m-—1
fYPe: Ontological element> Type  (16) Z} fEOSH FYPe(), FYPe(NiL 1), (No, ..., M) <A
i=

(18)
In figure 1 an example for the Semantic Window
is given. ConcepCs is the enrichment point around
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Figure 2: Screenshot of an enriched Web page.

which the Semantic window is created. For the sake sions. Another focus will be the refinement and im-
of simplicity datatype properties are not taken into provement of the enrichment algorithm.
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ble 1 and the maximum cost &= 3. Filled circles

represent concepts, filled squares represent instanceREFERENCES

and filled diamonds on arrows represent object prop-

erties, all being located within the range of the Se- adomavicius, G. and Tuzhilin, A. (2005). Toward the Next

mantic Window arouns. Generation of Recommender Systems: A Survey of
Based on the developed architecture, a prototype the State-of-the-Art and Possible Extensiorl&EE
was implemented. To proof the applicability of the Transactions on Knowledge and Data Engineeying

proposed approach a web-based example was chosen 17(6):734-749.

for the enrichment of web pages using semantic infor- Alani, H. and Brewster, C. (2005). Ontology Ranking Based

; : on the Analysis of Concept Structures. KaCAP
mation from an ontology (cp. figure 2). '05: Proceedings of the 3rd International Conference

on Knowledge Capturgpages 51-58, New York, NY,
USA. ACM Press.

3 CONCLUSIONSAND FURTHER Drachsler, H., Hummel, H., van den Berg, B., Eshuis,
J., Berlanga, A., Nadolski, R., Waterink, W., Boers,

WORK N., and Koper, R. (2007). Recommendation Strate-
gies for e-Learning: Preliminary Effects of a Personal
In this paper the authors presented an algorithm for Recommender System for Lifelong Learners. URL:

the ontology-based content enrichment for the do- _ht_tp://hdl'handle'net/lSZO/lOlo' ) )
main of e-learning. Other areas of application are the J“”e'ld" S. J. anlym:_ros, G. A'tr(120£|r5e)|_' TEhngme?rmAg antE-
enrichment of courses, assessments, interaction tools carning Application using the SOy for Agen

. Oriented Software Engineering. RD05 AAAI Fall
as well as tools for the creation and management of SymposiumArlington, Virginia, USA. MIT press.

content and more complex learning units. Princeton University (2006). WORDNET - A Lexi-

Another key aspect of this paper is the presenta- cal Database for the English Language. URL:
tion of the Semantic Window idea. It support the se- http://wordnet.princeton.edu/.
lection of semantically-related enrichment resources. tarir, ., Arpinar, I. B., Moore, M., Sheth, A. P., and
Based on a given cost function and a maximum cost, Aleman-Meza, B. (2005). OntoQA: Metric-Based
the size of the Semantic Window can be determined. Ontology Quality Analysis. IrProceedings of IEEE
The integration of ontology adaptation mecha- ICDM 2005 Workshop on Knowledge Acquisition

from Distributed, Autonomous, Semantically Hetero-

nisms as well as a central ontology repository for geneous Data and Knowledge Sources

a community-based usage are possible future exten-

467



