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Abstract:

To choose suitable resources for personal competence development in the vast amount
of open educational resourcesis a challenging task for a learner. Starting with a
needs analysis of lifelong learners and learning designers we introduce two
wayfinding services that are currently researched and developed in the framework of
the Integrated Project TENCompetence. Then we discuss the role of these servicesto
support learnersin finding and selecting open educational resources and finally we
give an outlook on future research.

1 Introduction

The role of content for technology-enhanced learning has been attributed adiongr

from several recently stressed theories and models of learning like sosibuctivist

theories [1], situated cognition [2] or constructionism [3]. In addition the role of user-
generated content is currently intensively discussed with its impact andamgoon

learning and competence development [4]. Nonetheless, learning content insistploatant
factor for technology-advanced learning and a huge amount of learning comténtasto
allow a wide-scale diffusion of self-directed lifelong-learning foritiddvidual. In the past
several initiatives have been started to offer learning resources on a alelersthe internet
for free. One of the first and most successful initiatives was the Openeauegaroject from
the Massachusetts Institute of Technology in which the content from 1550 coursesthas b
made publicly available. Several initiatives followed and initiated a newstismn about
openness and access to learning resources in education. The UNESCO summesgzest
development 2002 in their Forum on the Impact of Open Courseware for Higher Education in
Developing Countries as "the open provision of educational resources, enablextringpiioin
and communication technologies, for consultation, use and adaptation by a community of
users for non-commercial purposes” [5].

Although the availability of open educational resources is currently increthgirgis a lack
between the mere availability of these resources and the educationathsawdilable
material. To fill this gap it is important "how educational repositories of OpleicdEional
Resources, which often want to grow based on user contributions and sharing among users,
will manage to become more useful for communities of practice" [6]. The s&ccgapen
access and the publication of open educational resources do not imply the creative use o
these resources for learning. This paper presents two services thatendycdeveloped in

the framework of the European Integrated project TENCompetence. Thesesédeal with

a similar problem that user of open educational resources are faced with. Tharhekthe
paper deals with user requirements and existing technological solutions to infygove t
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competence and learning related search and use of open educational resources. Then we
present positioning and navigation as two independent but connected services that can help
learners to decide about which learning activity or resource to choose ateparttheir

personal competence development. Finally, we discuss the (dis)advantagesamd gi

outlook about future research.

2 Supporting learnersand learning designersto find suitable
OER

The main users for open educational resources are self-directed learfer®oa hand and
learning designers on the other hand. Both groups have specific requirements fopasing
educational resources for learning or designing learning opportunities. Fatktleérners

need to have orientation to choose the best suited learning activities from themast af
available resources. The label "best-suited" implies several optiondirggtre choice of
material. In general the best suited resources for learners ameabi¢hat help them to reach
the "zone of proximal development” [7] regarding their competence development gosls. Thi
zone can be identified through an analysis of the learners' prior knowledge, hikitbpieat
and/or a comparison to the next steps similar learners have taken.

For learning designers it is important to know which resources can be combined to produce
sound competence development program for learners. Again, there are sevetraffa@aspec
learning designers to decide about the appropriateness of open educationaésdsourc
constructing learning activities and courses. They have to address theigtatgebased on
specific characteristics like 1. prior knowledge, 2. learning goal, 3. stmeéy 4. preferred

study style 5. demographic information like age and sex.

Therefore, the most important problem for both user groups is an individualized search
facility tailored to their needs and competence development targets. atuk-s@d-find

problem can be addressed on several levels: On the level of the learning objéedeveal t

of the technology for storing the objects (the repository level) and on the user level:

* Learning ObjectsLevel: To unify the description of learning resources the IEEE
LOM standard has been used in many repositories to describe the containe@sesourc
[8]. But the IEEE LOM standard has been criticized because of its limitethpities
to enrich learning objects with educational meaningful information [9]. In addition,
research has shown that it is not recommendable to let authors enrich learnirgy object
with metadata because this does not lead to sufficient quality of the metadafia[10]
ensure high qualitative metadata domain experts are needed who tag the resources
with an agreed upon taxonomy of keywords. As an alternative to IEEE LOM several
repositories use an extended set of the Dublin Core Standard [11]. This extended set
offers more flexibility to enrich learning resources with educational antpetence
development related information but in essence the expert problem remains.

* Repository Level: On the level of the learning object repositories the Open Archive
Initiative Protocol for Metadata Harvesting (OAI PMH) was a fitspgowards
pooling of resources from different origins [12]. Currently, the work on the Simple
Query Interface (SQI) has enabled interoperability for search betwaesitzies
[13]. This intra-repository specification allows users to find learning thjacseveral
distributed repositories.
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But solutions on the level of the object and the repository do not address the problem that the
success of the search is still dependent to a large extent on the quality ofatiatanattached

to the learning objects. Additional approaches on the user layer are needed to address the
above described problem description for users of open educational resources. Espeemlly

the search functions should address and support competence development user corgribution i
needed to add this information to the learning resources in open content repositeses. T
distributed resources are not only used in “formal learning environmentsisbuiseed by
distributed self-directed learners who use them in a more informal way.

In the European Integrated Project TENCompetence we are curresgyreking ways to
personalize distributed learning resources, units of learning and competeropment

programs in learning networks [14]. Two wayfinding services on the user level are
responsible to offer individualized competence development programs in learningksetwor
The positioning service analyzes the prior learning of learners through atcamédysis

method while the navigation service recommends the next best learning dotiatytudent.

In this contribution we introduce these services and discuss their potential dgeaftanm
distributed open educational resources to open educational practices.

3 TENCompetence wayfinding approach

To provide learners with orientation for their competence development ourctessaus is

to answer the following questions: Where do | stand in the “curriculum” and wiejgh st
should be next? To answer this question we have conducted research how to support this
orientation process with technology. Two services haven been recently impldmedte
tested in the framework of the TENCompetence project. A positioning servicéangeage
technology for prior learning assessment while a navigation service agsiesch from
recommender systems to help learners to find orientation.

3.1 Positioning

Especially from the perspective on lifelong learning it is an important qudsti learners
where they should start their competence development on the basis of what Huby laicev
and what they want to achieve as competence development goal. In traditionabadlicat
settings this problem is addressed through the Accreditation of prior learrihg [£6]. This
process — which is most of the times carried out the submission phase of study pnegrams
Higher Education — relies on domain experts who study the portfolios of learners ated deci
about exemptions for them. Due to the fact that this is impossible to follow this epproa
when people change their domains and institutions quite often during their lifsewe
language technology to support this process.

Our current project uses Latent Semantic Analysis (LSA) to support the ABégsrfor
technology enhanced learning. Latent Semantic Analysis (LSA), in thegrastimes
referred to as Latent Semantic Indexing (LSI), is used to calcutateilarity between the
learner documents and the learning resources. LSA is a theory and methodafimgxénd
representing the contextual-usage meaning of words by statistical ctionmi{a6). The
whole process of this analysis consists of several steps like the pre-prpcéthe text,
some weighting and normalizing mechanisms, the construction of a term-docuntent mat
and a mathematical function called singular-value decomposition (SVD), whsrhilar to
factor-analysis. The end result of this process is a latent semantic spabeh the main
concepts (or types) of the input are represented as vectors. Concepts in thesespamnéar if
they appeared in the same context and so their vectors are close together irethe spac
providing a measurement for the similarity of text. LSA is applied in sexesahrch fields
like informatics, psychology or medicine.
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The most prominent example for the use of LSA in an educational environment is the
assessment and feedback of free text in intelligent tutoring systems. Samgaes of these
applications are the Intelligent Essay Assessor (17), Summary @8¢and Select-a-
Kibitzer (19) to mention only a few. Some researchers have used LSA to provide students
with appropriate texts that fit to their current knowledge [20,21].

Our application of LSA is similar but has a different motivation and context. Weiage us
LSA to assess prior knowledge of learners for placement or positioning deeisobfinally
the construction of personalized learning paths through a learning network. A higjatemm
between documents in the portfolio and learning resources leads to an exemption of this
specific learning activity. The result of these analyses should be takewdotmafor the
creation of a personalized learning path. Some learning activities on the thaytarget
competencies a learner wants to achieve may be exempted because ofthefriéss prior
learning analysis. We conducted an expert validation of the positioning service gratetdm
the results of LSA to results that experts have given. The first results serthee look
promising.

3.2 Navigation

Navigational support is necessary for providing learners with appropriatenigaesources

when there is not a clear curriculum. We have recently designed a navigatioa as a

personal recommender system (PRS) for learning resources. The genernai ocbtitePRS

is in line with hybrid recommender systems in other domains. Hybrid recommestiEans

combine different kind of recommendation techniques to achieve a higher accutaay in t
recommendation [22, 23, 24]. Every single recommendation technique has its own advantages
and disadvantages. The following recommendation techniques are promising for
recommendations in OER: 1. Attribute-based recommendation, 2. User-based collaborati
filtering and 3. Item-based recommendations.

1. Attribute recommendation techniques only take user- and item attributes iatmacc
for their recommendation. Attribute-based techniques are sensitive to charges in t
profiles of the learners. They can always control the PRS by changingrttifde or
the relative weight of the attributes. A description of needs in their prefitepped
directly to available learning resources. A serious disadvantage enthé#ribute-
based recommendation is static and not able to learn form the network behaviour of
the learners. That is the reason why highly personalized recommendation can not be
achieved. Attribute-based techniques work only with information that can be @escrib
in categories. Attribute-based techniques can directly map characsesidifelong
learners (like learning goal, prior knowledge, available study time)aacteristics of
learning activities when these metadata are given.

2. Collaborative filtering techniques (or social-based approaches) use #wticell
behaviour of all learners or learning resources. Both user- and item-betseid tes
use the same mechanism of correlation for different objects. To underline the
differences between these two techniques we now describe them togstrebased
techniques correlate users by mining their (similar) ratings, and thenmesahmew
items that were preferred by similar users.

3. Item-based techniques correlate items by mining (similar) ratmgisthen
recommend new, similar items. Main advantages of both techniques are that they use
information provided bottom-up by user rating, that they are domain independent and
require no content analysis, and that the quality of the recommendation increases ove
time [25].
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User- and item-based techniques are useful for networks which are dedhmffeient
topics (domains). They do not have to be adjusted for specific topics, which is important
because we expect many LN for different topics. CF techniques can ideatifyng
resources with high quality, allow learners to benefit from experiences of sticeessful
learners. CF techniques can be based on pedagogic rules that are part of themneebimm
strategy. Characteristics of the current learner could be taken into atzaillotate learners
to groups (e.g., based on similar ratings) and to identify most suitable leactiviges. For
instance, suitable learning activities can be filtered by the entraredghat is required to
study the learning activity. The prior knowledge level of the current learmgld than be
taken into account to identify the most suitable learning activity. To solve tthestzot
problem, user- and item-based CF have to be combined with other CF techniques, like
Atttribute based techniques, in a hybrid recommender system.

There is a need to combine techniques to increase the accuracy of recommendsitigre
combination of recommendation techniques is called a recommendation strategy [26].
Recommendation strategies use domain specific or history information abaubugems to
decide which specific recommendation technique provides the highest adourtdney
current user. For PRS in lifelong learning context it is not possible to siak@yor adjust an
existing PRS for consumer products (like in amazon.com). PRS for lifelong lgahonld
support the efficient use of available resources to improve the competeniopowrd,
taking into account the specific characteristics of learning. PRS havaltvée by
pedagogical rules, which could be part of the recommendation strategy. ®hmmexsdation
strategy looks for available data to decide on which technique(s) to seletti¢dbrsituation.
The same situation is given when users are dealing with open educational sefwutosr
competence development. In a first pilot of the navigation service the |SiGmender
system has been implemented. This recommender system used an attridite-bas
recommendation technique in combination wit an ontology based recommendation technique
in a hybrid recommender system. The recommender system recommended beshe
learning step to the learners from a pool of 17 learning resources.

4 Servicesfor open educational practices

In the TENCompetence project we are developing a Personal CompetenceM&alyg)
that will support individuals in building competencies. One important feature of this
application is the underlying theoretical approach of learning networksiihgaretworks
should enable learners to develop their competencies together with peersledroérave a
similar competence development goal. Learners in learning networéblart develop their
own learning paths including the use of openly available resources and leativitigsc
Since all users in the TENCompetence environment will be able to share theirdgaaths
and activities and resources they have used for competence building the envishon&ht
enable users to collect competence related information about open educatmrakseand
educational/contextual metadata.

In addition the above described services can give a valuable contribution to helslearne
finding their way through open educational resources. Instead of using this seryita onl
exemptions the similarity rate between a learner’s portfolio and documes{zositories can
provide an individual "interestingness factor" for open educational resourcedh A hig
correlation between these resources and a portfolio can show that the leaawr lahows
most of the concepts represented in these resources while a very low corredaticmean
that these resources are completely out of the learners' context. While tlempasservice
takes only into account individual information of learners the navigation servicedagses a
information by other learners to provide a recommendation.
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For OER several situations would lead to different recommendation steatégiaetwork of

learners who use the content can be established the user behaviour can be takeyuirito acc

to recommend best suited resources based on the items and the behaviour of the peer group of
learners. If no user group information is available an item-based recontioarmtaild be the

best solution to recommend objects in distributed repositories although it might be
computationally “expensive” to use an item-based recommendation with such a higgrnum

of objects. Since the learner groups of open educational resources are ahakadye there

is a need for a technology that connects these distributed learners and melpsthhbeir
competence development.

5 Discussion and Outlook

This paper has introduced positioning and navigation as two wayfinding services timat have
been built in the framework of the TENCompetence project. We believe that the coonbina
of prior knowledge analysis and a personal recommender system has a high potential to
bridge the gap between the distributed resources and distributed self-dieactenld who

have the burden to choose suited learning activities and resources. Both servicdsbave
recently analyzed in user studies and first results of these studies arggoBut this
approach has also some issues: The use of Latent Semantic Analysiedtnmighly

textual domains. In addition LSA can only find a similarity when the concepts yskd b
learners are represented in the semantic space. But there are secexlbsgsentation types
(forms, descriptions of experimental designs etc.) that show an inherent higihézaoming

than the purely textual content can show. In this case domain experts can deduct t8A but L
cannot.

For the navigation service the use social based approaches like collabdtating fi

techniques is limited by a number of disadvantages. New users first will have @ gi

sufficient amount of ratings to items in order to get accurate recommendadigets on user-
based CF (new user problem). New items have to be rated from a sufficient amasers

to be recommended (new item problem). Another disadvantage for CF techniques is the
sparsity of past user actions in a network. Since these techniques arg d&alicommunity

driven information, they support popular taste stronger than unpopular. Learners with unusual
taste may get less qualitative recommendations, and others are unlikelgtotenended
unpopular items (of high quality).

In the future we will implement and test our services in several setting®wpen
educational resources are used for competence development, specifi¢alDipenER
project of the Open University of the Netherlands where learning resdtooethe Open
University are published under an open content license.
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