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ABSTRACT

Information retrieval in the context of virtual universities deals with the representation,
organization, and access to learning objects. The representation and organization of learning
objects should provide the learner with an easy accessto thelearning objects. Inthisarticle, we
give an overview of the ONES system, and analyze the relevance of two information retrieval
models for virtual universities. We argue that keywords based search (i.e., the Boolean model),
though well suited for WWeb searches, isoverly coarsefor virtual universities. Instead, the vector
model, on which our implemented search engineis also based on, seemsto be more appropriate
as it provides similarity measure (i.e., the learning object having the best match is presented
first). We also compare the performance of four algorithms for computing the similarities
(matching).

Keywords: algorithms; case study; distance learning; information retrieval; \Web-based
education

INTRODUCTION E-learning can be defined asinformation

Today peoplein all professionsare faced technol ogy enapled a_nd supportgo_l form of d_is-
with increasing demands. Technology devel- t_ancelearnl ng, inwhich _thetradltl(?nal restric-
opsin an ever-increasing speed, and the roles tions of_cl assroom Iearn! ng _have disappeared.
of peopleinwork, society, and industry areshift- Themaintool of e-learningisa persona_l com-
ing constantly. Keeping up with the pace of  Puter, and the Intemet serves as the principal
changerequires continuouseducation and learn- - CoMMunication and distribution channel. The
ing. Traditional campus-universities are trying  |€/Ners can participate in online Web-based
to answer to this need of lifelong learning by ~ CoUrses and interact with both the peers, in-
building virtual universities, whilst facingcom-  Structors, and the learming materials.

petition from the commercial continuing edu- _ Erlearning setsnew requirementsfor uni-
cation providersin theform of e-learning. versities: they haveto build global learningin-
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frastructures, course material hasto bein digi-
tal form, course material hasto be distributed,
and learners must have access to various vir-
tua universities.

As single virtual universities are inde-
pendently created, they may provide very het-
erogeneous functionalitiesand user interfaces.
Ideally, the learner should be able to access al
thevirtual universitiesinasimilar way (i.e., the
heterogeneity of various virtual universities
should not burden the learner). How this goal
can be achieved isthe main topic of the ONES-
project. Consequently, the main functions of
the ONES system areto hide the distribution of
e-learning portal's, and to hide the semantic het-
erogeneity (i.e., problems arising from using
samewordsin different meaning and viceversa).

In order to achieve these goals, the sys-
tem will deploy many new technologies such
as “one-stop portals,” Web services, service
oriented architecture, RDF-based annotation,
ontology editors, and distance measures in
searching learning objects.

In this article, we will restrict ourselves
ontherole of searchesinthe ONES-system. In
particular, we will analyze the applicability of
different information retrieval technologies. Our
main argument isthat the technology based on
theBoolean modd (Yan & GarciasMoling, 1994),
though well suited for searches in the Web, is
not suitable for the emerging virtua universi-
ties. Instead, for virtual universitieswe haveto
develop methods, which allow learners to be
more concerned with retrieving information
about asubject than with retrieving data, which
satisfy a given query. For example, a learner
may be interested in courses dealing with ob-
ject-oriented programming rather than in the
courses where the term “java’ or “C++" is
stated.

When searching for information about a
subject (e.g., object oriented programming) the
search engine must somehow interpret the
metadata of thelearning objectsand rank them
according to a degree of relevance to the
learner’s query. The primary goal isto retrieve
all thelearning objects, which arerelevantto a
learner’squery whileretrieving asfew non-rel-
evant objects as possible. Unfortunately, char-
acterization of thelearner’sinformation needis

not asimpletask. Furthermore, the difficulty is
not only in expressing theinformation need but
alsoinknowing how thelearning objects should
be characterized with the help of the metadata
descriptions.

The rest of this article is organized as
follows. First, in the second section wegivean
overview of the architecture of the ONES-sys-
tem. Inthethird section we characterize virtual
universities. In particular, wewill givean over-
view of the e-learning environment, and specify
what the notion of resource-based learning in-
corporates. Then, inthefourth section, therole
of metadata and ontologiesin virtual universi-
tiesisillustrated. In addition, the usability of
the Boolean and the vector model in a virtual
university isanalyzed. Especialy, two interpre-
tations of ahierarchical ontology in the context
of the vector model, called weighted |eaves and
multilevel weighting, are introduced. Then, in
thefifth section, the performance of four match-
ing algorithms based on weighted leaves and
multilevel weighting principles is compared.
Finally, the sixth section concludes the article
by summarizing thefeasibility of the proposed
ideas.

THE ARCHITECTURE

OF THE ONES SYSTEM

The name ONES stands for One Stop e-
learning Portal. As this name suggests, a sa-
lient feature of the system isthe aggregation of
distance learning information from different
learning sources in one portal. The idea of the
one-stop portals originated from one-stop
shops, and later on it is also adopted in e-gov-
ernment applications. All one-stop applications
havethe same goal: hidethe heterogeneity and
distribution of local systems. So, from user’s
point of view one-stop portal behaves like a
centralized system.

Thefour main components of the ONES-
system are (seeFigure 1):

e Aggregation portal (mediator),
e Wrappers,

e E-learning portals, and

e Courseproviders' tools.
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Figure 1. ONES-architecture
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The aggregation portal supports the
learners in searching the courses that match to
their specific needs. It differs from traditional
database interfacesin away that in addition to
thetraditional database queriesit supportsfuzzy
queries. Fuzzy queries are similarity based,
which meansthat if the similarity between the
courses profilesandthelearner’ squery exceeds
a certain threshold, they are said to match. A
problem is that the current database manage-
ment systemsdo not support fuzzy queriesand
therefore the ONES-system has to support
them.

From technological point of view, the
aggregation portal is a mediator (Garcia-
Molina, Uliman, & Widom, 2000). It supportsa
virtual view that integrates several learning
sources in much the same way as data ware-
houses do. However, since the mediator does
not store any data, the mechanisms of media-
tors and warehouses are rather different. Since
the mediator has no data of itsown, it must get
the relevant data from its sources and use that
datato form the answer to the learner’s query.
Asthe data sources (e-learning portals) arein-
dependently created it isobviousthat they pro-
vide heterogeneous interfaces (e.g., they may

provide different kind of functionalities or the
same functionalities are provided by different
operations).

In order to hide this heterogeneity there
isawrapper (Garcia-Molina et al., 2000) be-
tween the mediator and each e-learning portal.
So awrapper isasoftware modul e that extracts
datafromlocal e-learning portals. Thisimplies
that the wrapper must be able to accept avari-
ety of queries from the mediator and translate
any of themtothetermsof local elearning por-
tal. The wrapper must also communicate the
result to the mediator. An important point is
that each wrapper provides equal functionality
for themediator. Ideally, each wrapper provides
an interface for requesting the metadata of
learning objects (i.e., descriptive information
of courses, course packages and programs of -
fered by educational institutions, e.g., univer-
sities).

From atechnological point of view, each
e-learning portal isa\Web service (Vasudevan,
2001). Web servicesare self-describing modu-
lar applicationsthat can be published, located,
and invoked acrossthe Web. Once aserviceis
deployed, other applications (e.g., an aggrega-
tion portal) caninvokethe deployed service. In
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general, aWeb service can be anything from a
simple request to complicated business pro-
Cess.

A course provider can enter data about a
course through the course provider’stool. The
main function of thistool isto providean inter-
face, which facilitates the creation of the
metadata attached to |earning objects. Basically,
this tool is analogous to the tools that support
the content providers of electronic newspapers
(Yli-Koivisto & Puustjarvi, 2002) in creating
metadata items to news articles. The tool may
even generate suggestions of the suitable
metadataitems, after which the author can make
the necessary modifications and enter thisin-
formation to the system.

CHARACTERISTICS OF
VIRTUAL UNIVERSITIES

E-L ear ning Environment

E-learning can be defined asinformation
technology enabled and supported form of dis-
tancelearning, in which the traditional restric-
tions of classroom learning have disappeared
(Liu, Chan, Hung, & Lee, 2002). The main tool
of e-learning is a personal computer, and the
Internet servers as the principal communica-
tion and distribution channel. Thelearnerscan
participate in online Web-based courses and
interact with both the peersand instructors and
with the learning materials. The teacher-
centeredness of traditional learning does not
hold for e-learning, wherethelearning process
has become more and more learner centered.
Thelearning process and the resources may be
customized according to the individual needs
of thelearner. At the sametime, therole of the
teacher becomesthat of afacilitator or of amen-
tor guiding and supporting the individual pro-
cessof learning (Liu et al., 2002).

Typical e-learning environments, such as
WebCT and Virtua-U, offer the basic elements
for delivering e-learning courses: course con-
tent delivery toals, synchronous and asynchro-
nous discussion forums and conferencing sys-
tems, possibilities for quizzes and polling,
workspacesfor sharing resources, white boards,

possibilities for evaluation and grading, log-
books, possibilitiesfor submitting assignments,
and soforth (Liuetal., 2002).

Studyingin Virtual Univer sities

In the recent years, the idea of a virtual
university has been becoming more and more
popular in many countries all over the world.
The enormous development in the field of in-
formation and communication technol ogies has
enabled therise of e-learning and virtual learn-
ing environments. As a result, the traditional
universitieshavefaced anew challenge emerg-
ing from the commercial sector of education.
Thereisagrowing need for new kind of learn-
ing and teaching as the technology advances
rapidly and the skillsand competenciesrequired
intheworking life become more demanding and
increasingly dynamic.

Virtua university has been defined as a
space where the students are provided with
higher education courses with the help of the
newest information and communication tech-
nology (Niemi, 2002). The degree of utilizing
technology in organizing the studies may vary
from pure technology-based studies to face-
to-face or mixed studies that are supported by
learning technologies.

Themain channel of communication and
ddivery of teaching isthelnternet (Niemi, 2002,
Ryan, Scott, Freeman, & Patel, 2000). Thus, a
virtual university can be seen as closely re-
lated to e-learning that provides learning op-
portunities viathe Internet. The difference be-
tween these two conceptsiis the level of stud-
ies offered; virtual university isaimed to offer
higher education studies while e-learning can
be used for all educational levels.

A virtual university may beaninstitution
that uses the information and communication
technologiesfor its core activities such as pro-
viding learning opportunities, administration,
materials development and distribution, deliv-
ering teaching and tuition, and providing coun-
sdling, advising and examinations. Onthe other
hand, avirtual university may also beavirtual
organization created through partnerships be-
tween traditional universitiesand other educa
tional institutes. In addition, thetraditional cam-
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pusuniversitiesmay be regarded asvirtual uni-
versitiesif they offer learning opportunitiesvia
the Internet or combine traditional ways of
learning with e-learning (Ryan et al., 2000).

Virtual universities are expected to offer
opportunities for life-long learning for audi-
ences otherwise excluded from university stud-
ies. Theemerging virtual university canbeseen
very beneficial especidly for theindustry, when
technology-supported |earning can be brought
to the workplaces and integrated more closely
to work. Moreover, virtual university can en-
hance organizational learning and bring com-
petitive advantage by continuously develop-
ing the skills and knowledge of the employees
(Teare, Davies, & Sandelands, 1999).

Resour ce-Based L ear ning

The Internet isableto store and transmit
vast amounts of information in different forms
and formats. Therefore the Internet is an ideal
support for resource-based learning (RBL ) that
is one of the corner stones of learning and
teachinginthevirtual university. RBL hasbeen
defined astudent-centered way of learning that
exploits various specially designed learning
materials, interactive media and technol ogies.
RBL can berealized as self-study or asinterac-
tive group learning both in distance and in the
face-to-facemode (Ryan et a., 2000).

The Internet can be used to enable and
support RBL inseveral ways(Ryan et al., 2000):

e Courses can be delivered viathe Internet.

» Resources can be identified and used.

e Internet serves as a communication and
conferencing channel.

e Learning activities and assessment can be
donein the Net.

e Collaborativework isenabled.

 Student management and support isenabled.

In the next section, we focus on the start-
ing point of RBL, namely on searching learning
resources.

INFORMATION
RETRIEVAL MODELS

Information retrieval inthe context of vir-
tual universities deals with the representation,
organization, and access to learning objects.
The representation and organization of learn-
ing objects should provide the learner with an
easy access to the learning objects. The sys-
temretrievesall thelearning objects, which are
relevant to learner whileretrieving asfew non-
relevant learning objects as possible

In this section, we will analyze the use-
fulness of different information retrieval mod-
els(Baeza-Yates& Ribeiro-Neto, 1999) for avir-
tual university. The used model determinesthe
way the metadata of the learning objects are
given as well as the way the learner’s queries
(information needs) are presented. Before ana-
lyzing theinformation retrieval model swe char-
acterize the role of metadata and ontologiesin
virtual universities.

M etadata and Ontologies

In order to transfer data seamlessly and
efficiently inthevirtual university, therehhasto
be astandard way for both people and comput-
ers to communicate all necessary knowledge,
with both people and computer systems
(Stojanovic, Staab, & Studer, 2001). One pos-
sible solution is to use metadata and an ontol -
ogy attached to it for describing the learning
objects.

Theterm metadata hasvariableinterpre-
tations depending upon the circumstances in
whichitisused. For example, in the context of
documents the common forms of metadatain-
clude the author(s), the source of publication,
thelength of document, and so forth. Thiskind
of metadata in commonly called descriptive
metadata. For example, the metadata elements
of the Dublin Core (Pdyry, Pelto-Aho, &
Puustjarvi, 2002) represent descriptive
metadata.

Educational metadata is needed for im-
proving the retrieval of learning objects, for
supporting the management of collections of
learning objects, and for supporting the deci-
sion process of the learners|ooking for educa-
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tional resources. LOM seems to be the most
powerful and most widely used metadata stan-
dard for educational information systems
(Holzinger, Kleinberger, & Miiller, 2001;
Lamminaho, 2000). More generaly, educational
metadata can be used by educational institutes
and professionals as well as by learnersin or-
der to describe (e.g., the content, structures,
and relationships of thelearning objectsand to
search for educationa objects) (Lamminaho,
2000; Stojanovicet a., 2001).

Educational metadata may describe any
class of educational objects, such as study
courses. The pedagogical features of the
course, the contents, special target groups, and
the technical requirements of the study course
can be described with the help of a metadata
schema (Lamminaho, 2000). More generally,
educational metadata can be used to describe,
for example, the content, structures, and rela-
tionships of the learning obj ects (Stojanovic et
al. 2001). Educational metadata can be utilized
by educational and pedagogical professionals,
by the institutions offering education, and by
the students searching for education. Well-de-
signed and sufficient metadataaid the decision
making process of the students and help the
educational institutionsto provide suitable in-
formation about their educational supply
(Lamminaho, 2000). Educational metadata is
very much semantic metadata, but a thorough
metadata schema must include also at least
structural metadata in order to be able to de-
scribe the learning objects efficiently.

Theideaof using standardized metadata
schemas is being able to develop universally
applicable tools dealing with the metadata de-
scriptions of the learning objects. In order to
create metadatarecords containing the resource
descriptions specific tools are needed for cre-
ating the metadata according to the standards
(Kassanke, El-Saddik, & Steinacker, 2001).
Metadata is also useful when guiding non-ex-
perienced users through a large collection of
learning resources (Strijker, 2001). Moreover,
metadata is seen as value-added information
that isused to arrange, describe, track or other-
wise enhance the access to the object content.
At the moment metadatabecoming increasingly

important when digital government and e-com-
merce are emerging. Metadata enables in-
creased accessibility, expanded use of objects,
multi-versioning, and systemimprovement. The
granularity of metadata, whichreferstothelevel
of details in the description, is an important
question when developing a metadata set
(Gilliland-Swetland, 2000).

A salient feature of descriptive metadata
isthat itisexternal to the meaning of the docu-
ment, (i.e., it describesthe creation of the docu-
ment rather than the content of the document).
The metadata describing the content of the
document is commonly called semantic
metadata. For example, the keywords attached
to many scientific articles represent semantic
metadata (Jokela, 2001).

An ontology provides a general vocabu-
lary of a certain domain (Fridman &
McGuinness, 2001), and it can be defined as
“an explicit specification of a
conceptualisation” (Gruber, 1993). In essence,
an ontology gives the semantics to the
metadata. Ontologies are formal, explicit, and
shared specifications of some
conceptualizations. Formal means that the on-
tology should be machinereadable, and explicit
refers to having defined the types of concepts
and the constraints on their use are explicitly
defined. Shared refersto the fact that an ontol-
ogy must reach a consensus (Fensel, 2001).
Ontologies together with metadata enhance
efficient accessto information by offering pos-
sibilitiesto organize and categorize the content
of the information system in question. In this
context an ontology is defined as a means to
formalize and to specify acommon terminology
for adefined areaof interest (Turpeinen, 2000).

In order to standardize semantic metadata
specific ontologiesareintroduced in many dis-
ciplines. Typically, such ontologies are hierar-
chical taxonomies of terms describing certain
topics. For example, the ACM Computing Clas-
sification Systemisahierarchy (atree) inwhich
the nodes represent the classes of the tax-
onomy. In Figure 2, asubset of that hierarchy
is represented.
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Figure 2. A subset of the ACM Computing Classification System

Subject

D. Software H. Information B. Hardware
Systems
H.1. M odels and H.2. Database
Principles M anagement

H.2.1.Logical
Design

H.2.2. Physical
Design

H.2.3. Languages H.2.4. Systems

The Boolean M odel

Applying the Boolean model in searches
requiresthat each learning object isaugmented
by aset of metadataitems such askeywords or
classification identifiers (e.g., the searches in
the CUBER system (Poyry et a., 2002; Poyry &
Puustjarvi, 2003) are based on the Boolean
model). A learner can then query learning ob-
jects by Boolean expressions comprising of
operands and operations. The operands arethe
used keywords and the operators are typically
“and,” “or,” and “not.” For example, by using
ACM Computing Classification system (Fig-
ure 2) the keywords attached to alearning ob-
ject might be D, H.1, and H.2.2 (corresponding
thekeywords Software, Modelsand Principles,
and Physical Design). Now, if a learner pre-
sentsthe query “D and (B or H.1)” (i.e., learn-
ing objects having the keyword “ Software” and
at least one of the keywords “Hardware” and
“Models and Principles’), then the previous
learning object will match that query.

The Boolean model isintuitiveand clear.
Moreover, it can be efficiently implemented
even in the case of huge amount of objects. For
example, many Web search engines are based
on thismodel. However, using that model in a
virtual university givesriseto following draw-
backs:

e First, the model is based on a binary deci-
sion criterion, meaning that each learning
object is predicted to be relevant or non-
relevant. Inreality, it isobviousthat the re-
sulting learning objects fit more or less to
the query (i.e., somekind of grading should
be possible).

» Second, expressing the requirements of
learning objects by a Boolean expression
may bedifficult.

e Third, atypical problem concerning search
engines based on the Boolean model isthat
either the result of the query includes too
many or too few learning objects.

In the next section, we consider a more
advanced model, which avoids many of the
drawbacks just described.

The Vector Model

The vector model differsfrom the Bool-
ean model in that weights can be assigned to
each metadataitem of adocument aswell asto
the keywords of the query. The idea behind
thismodel isthat we can more accurately specify
the queries and the contents of the documents
(e.g., learning objects).

Assuming that the standard metadata
items (e.g., the classes in Figure 2) specify a
vector space (i.e., each item (keyword) in the
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Figure 3. A metadata specification of a learning object

H. Information
Systems

D. Software

B. Hardware
0.3

H.1.Models and
Principles

H.2. Database
M anagement 0.6

H.2.1.Logical
Design

H.2.2. Physical
Design 0.1

H.2.3. Languages H.2.4. Systems

hierarchy represents adimension in the vector
space), we can represent each document and
guery asavector inthat vector space. Thenwe
can process the query by computing the dis-
tance of the query vector and the document
vectors. This kind of computing requires that
the sum of the weights of each document and
guery equalsto apredefined constant. For con-
venience, the used constant is usually one.

Astheresult of the query the documents
are sorted in the order determined by the simi-
larity (i.e., thedocument having the best match
with the query is presented first). The number
of the documents in the result should be re-
stricted by requiring acertain degree of similar-
ity.

Using the vector model in avirtua uni-
versity requires that the course provider as-
sign the metadata items and their weightsinto
each learning object. The metadataitemsto be
used are selected from the used domain ontol -
ogy. Depending on the used course provider’s
interface this can be donein various ways. For
example, asin our prototype system, there may
be an ontology structure on which the course
provider inserts the weights. In Figure 3, the
ontology structure of the Figure 2 isaugmented
by setting weights on the nodes “B.H.2,” and
“H.2.2.” Note that the node having no weight
means that its weight is actually zero. Hence,

the profile of the learning object can be pre-
sented by a vector in 9-dimensional vector
gpaceasfollows. [0xD,0x H,0.3xB,0xH.1,0.6
xH.2,0xH.21,0.1xH.2.2,0xH.2.3,0x H.2.4].
That is, theprofileisapoint in an orthogonal 9-
dimensional vector space.

The gain of attaching metadata descrip-
tionfor learning objectsisthat we can use math-
ematical distance measuresin computing learn-
ers queries. Further, computing the distance
requiresthat the descriptions (vectors) be speci-
fied in an orthogonal vector space. In other
words, the nodesin the hierarchy that are used
in profile vectors must beindependent. In prac-
tice this means that we have to follow one or
the other of the following interpretations:

e Multilevel weighting inter pretation: The
leaves and the nodes of the ontology hier-
archy represent independent concepts.

* Weighted leavesinter pretation: The parent
node represents the union of itssiblings. In
other words, each sibling represents a sub-
set of its parent. Yet the siblings represent
independent concepts.

The intuition behind multilevel weight-
ing isthat we can expressthelevel of aleaning
object (aswell of aquery) by atering theweights
on anode and its siblings. To illustrate this let
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us consider theweighting of the course* Physi-
cal design in database management systems.”
Now, it is obvious that the weights should be
given onthenode H.2 (Database management)
and its siblings H.2.2 (Physical design) and
H.2.4 (Systems). Assuming that approximately
half of the course deals with databases in gen-
eral and the other part deals with physical de-
sign and database management systems, then
giving weight 0.4 to H.2 (Database manage-
ment), 0.3to H.2.2 (Physical design) and weight
0.3toH.2.4 (Systems) could be an appropriate
assignment. On the other hand, if the courseis
very specific then the weight of H.2 could be
zero.

If we follow the weighted leaves inter-
pretation, then in determining the profile of a
learning object weights are set only on the
leave nodes of the hierarchy. Consequently, the
profilesof thelearning objects are specified by
vectors in an orthogonal vector space, which
is determined by the leave nodes of the hierar-
chy. Toillustrate this approach let us consider
the weighting of the course “Physical design
in database management systems.” Inthiscase,
all the weights are given on the nodes H.2.2
(Physical design) and H.2.4 (Systems) indepen-
dently of thelevel of the course.

PROCESSING LEARNER’S
QUERIES

Thelearner presents queriesin the same
way as the content provider determines the
weights of the learning object; both these are
presented by vectors. Hencethe query presents
anidea profile of thelearning objectsthat sat-
isfy the learner’s requirements. For example,
assuming that the multilevel weighting inter-
pretation of the ontology isused, and alearner
wants to find basic courses concerning data-
base management. In this case the learner will
set rather heavy weight on H.2 (database
Management) and lighter weights on H.2.1
(Logical Design), H.2.2 (Physical Design) and
H.2.3 (Languages). In contrast, if a student is
looking more advanced courses on database
management then the student will give alighter
weight on H.2 and heavier weights on its sib-
lings.

Asthe learnersinteract with the system
by submitting queries it is reasonable to re-
quire that the response times should be only a
few seconds. We investigated the effects of
different matching algorithms and the amount
of stored learning objects on response times.
The test environment was equipped with
Pentium I1 processor and 192 MB memory. The
computers were running the Sun Solaris 5.8
operating system. We implemented and tested
four matching algorithms(i.e., algorithms) which
compute the distance measures of |earning ob-
jectsand learners’ queries. Wenext giveashort
description of the algorithms.

The Cosine matching algorithm (Baeza-
Yates et al., 1999) calculates the cosine mea-
sure between the query (avector) and the docu-
mentsprofiles. Asamatter of fact thealgorithm
does not compute distance measures but rather
approximates distance measures by computing
the angles of the query vector and the vectors
representing documents, such as the learning
objects.

The Euclidean matching algorithm
(Friedman, Bentley, & Finkel, 1977) calculates
the Euclidean distance from the query profile
to all learning objects’ profiles. The Manhat-
tan distance algorithm (Bentley, Weide, & Yao,
1980) calculates a so caled “city block-dis-
tance.” The name comesfrom the fact that this
measure in two dimensions tells how many
blocks in a city one would have to walk be-
tween two points.

Our developed Fuzzy matching algo-
rithm attemptsto achieve more efficient match-
ing procedure than the “ exact” matching algo-
rithms. Theimproved efficiency isachieved by
performing theactual matching on apre-selected
subset of all learning objects. The predefined
subset of thedocuments' profilesisdetermined
by choosing the three biggest weights from
the query and then computing the subset based
on these weights. Then only the profiles, the
weights of which are within a specified toler-
ance interval are selected for the final query
processing. Thereforetheresult set isnot guar-
anteed to contain al the profiles that are clos-
est to the matching profile. However, the close-
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Table 1. Matching times for the algorithms

1 000 5000 10 000
Cosine 0.80 0.93 1.07
Euclidean 0.83 0.96 1.16
M anhattan 0.83 0.98 1.23
Fuzzy 0.61 0.73 0.89

ness values of the profiles in the actual result
set are exact, since they are calculated using
the Euclidean measure.

The computing timefor matching of each
algorithmispresented in Table 1. The test was
performed for different amount (1000, 5000 and
10000) of learning objects. Basically, the differ-
ences of Euclidean, Cosine and Manhattan al-
gorithms were rather small (less than 10%).
Fuzzy matching algorithm required | east com-
puting time (about 20% lessthan others). How-
ever, the test provesthat all the algorithms are
quick enough in the test environment as the
responsetimesare lessthan 1.2 seconds. If the
number of the learning objects or the dimen-
sions of the vector space (i.e., the used at-
tributes in the profile) increases, then it obvi-
ousthat the Fuzzy Matching algorithm will be
more superior to the other algorithms. In our
test environment the vector space comprised
of 15 dimensions (i.e., each profile could have
at most 15 attributes). In practice, the number
of attributes cannot increase significantly as
otherwisethe determining theweightsfor learn-
ing objectswould overly burden the coarse cre-
ators. In addition, as the system is developed
for universitiesit isnot obviousthat number of
learning objects can be very huge (e.g., over
10,000).

CONCLUSION

Virtual university has been defined as a
space where the students are provided with
higher education courses with the help of the
newest information and communication tech-
nology (Niemi, 2002). The degree of utilizing

technology in organizing the studies may vary
from pure technology-based studies to face-
to-face or mixed studies that are supported by
learning technologies.

A virtual university may beaninstitution
that uses the information and communication
technologiesfor its core activities such as pro-
viding learning opportunities, administration,
material s devel opment and distribution, deliv-
ering teaching and tuition, and providing coun-
seling, advising and examinations. Onthe other
hand, avirtual university may also beavirtual
organization created through partnerships be-
tween traditional universitiesand other educa
tional institutes. In addition, thetraditional cam-
pusuniversitiesmay beregarded asvirtual uni-
versitiesif they offer learning opportunitiesvia
the Internet or combine traditional ways of
learning with e-learning (Ryan et al., 2000).

E-learning sets new requirementsfor uni-
versities: they haveto build global learning in-
frastructures, course material hasto be offered
asoindigital form, course material haveto be
distributed via the Internet and learners must
have access to various virtual universities. A
problem is that the current virtual university
portals provide heterogeneous functionalities,
which inturn hampersthelearner in accessing
variousvirtual universities.

Themain goal of the ONES-project isto
investigate the ways of integrating variousvir-
tual universities in away that such an aggre-
gated virtual university would be as easily ac-
cessiblefor alearner asasinglevirtual univer-
sity. Achieving such a goa requires mutual
understanding of the used technology and
standardized descriptions of the learning ob-
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jects. Furthermore, searching from variousvir-
tual universities requires mutual understand-
ing of theinformation retrieval model to be used.

We argue that keywords-based search
(i.e., theBoolean model), though well suited for
general Web searches, isunsuitablefor thevir-
tual universities' purposes. Instead, the vector
model (on which our implemented search en-
gineisalso based on) seemsto be more appro-
priate as it provides a similarity measure (i.e.,
the learning object having the best match is
presented first. We aso introduced two inter-
pretationsfor the hierarchical ontologies, which
allow increasing the power of the used metadata
descriptions. And finally, we also compare the
performance of four algorithmsfor computing
thesimilaritiesof the profiles. It turned out that
our developed Fuzzy Matching algorithm re-
quires less computing time as the other “ exact
matching” algorithmsrepresented inthelitera-
ture.
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