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Abstract

In this position paper we will first give a short
overview of our backgroundand then proposeto
build up Al resourcesoth asa serviceto the Al
communitybut alsoasatestbedor Al techniques.
In the last sectionwe discusssomeof our work
on openlearningrepositoriesspecificallya recent
OLR prototypebuilt on meta-informatiorstoredas
RDF metadata.

1 Interestsand Experience

Our group doesresearchin the areasof artificial intelli-
gence,modeling, adaptve hypermediasystemsand educa-
tional technology We arememberof two ESPRITNetworks
of Excellencein the areaof artificial intelligence: Monet
(ModelbasedReasoningpndOntowveb (SemantidNeb). We
are coordinatorand participantof several joint educational
technologyprojectsin Germaiy, andcoordinatorandfound-
ing memberof the LearningLab Lower Saxory, involvedin
joint researcton learningtechnologiesvith the Stanfordand
the SwedishLearningLab.

Oneof themainarea®f researclatourgroupconcernghe
designandimplementatiorof personalizednodularanddis-
tributed learningrepositorieson the Weh We are currently
working with threeprototypesfocusingon differentaspects
for suchrepositories. Commonto all three prototypesare
the strict separationof structureand content, necessaryo
build/provide

e metadata-baseatistributedcoursevarerepositories
¢ collaboratve authoringof modularcoursevare
e adaptie navigationandpersonalizedinks

Metadataare expressedand stored explicitly (either in
RDF, XML or O-Telos), contentis referencedby URI's,
coursepagescan be computeddynamicallybasedon meta-
data,contentand possiblylearnermodels.Collaboratve au-
thoringis currentlybasedon the WebDAV protocol(version
managements still missing, though). Final coursescon-
tain materialfrom differentsitesandprovide differentaccess
structurego allow task-anduserspecificnavigationthrough
thesematerials.

The first of thesehyperbookshasbeena project-oriented
coursefor Jara Programmingwhich useghedifferentstages
of a programmingprojectto structurethe coursecontent. It
hasbeendeliveredfor the Virtual CampusProject,its second
revision [Qu et al., 2001] is currently usedin a distributed
coursewith the university of Bozen. A secondhyperbook
on Artificial Intelligencehasbeenstartedwithin the Virtual
Campusll Project,andwill be furtherrefinedin a German
wide computersciencestudy programincluding 8 German
universitieswithin the BMBF-financedJLI Projectwith our
institute being responsiblefor the areaof Artificial Intelli-
gence.

2 Position Statement

They areobviouslyalot of possibilitiesto build upanduseAl
resourcesandtherearealreadyquite a few interestingones
online. While an add-onto existing bookswould be quite
usefulfor teachingAl, whatwould actuallybe moreinterest-
ingin ourview is adistributed,but connectedetof resources
covering Al topics, which would alsoincorporateAl tech-
niguesmakingit qualitatively differentto otherresourcesn
theWeh

RDF Metadataare an obvious choicefor annotatingsuch
distributedresourcesRDF (or morespecifically RDFS)still
needssomework (seee.g.[Nejdl etal., 2000Q), but is defini-
tively bettersuitedfor annotatingdistributed resourceghan
pureXML. Semanticannotationsandmetadatarea crucial
techniquefor transformingthe WWW from a huge set of
amorphougagesinterlinked with eachotherto a semantic
web (or atleastto varioussemantiavebclusters)which uses
semanticannotationsn orderto give meaningto thesepages
and their relationships[Lassila, 1994. As generalmeta-
datafor learningobjects |JEEE-LOM! is thecurrentmetadata
schemaof choice,we arecurrentlyinvolvedin producingan
RDF bindingfor this schema.

We shouldtry to make thesedistributed resourcesas co-
herentaspossible put still allow differentapproacheso / re-
sourcedor thesetopics.Oneimportantaspecfor connecting
theseresourcess anAl subjectclassification’ thematidndex
/ ontology Beingcompletes notsomethingvhichwe would
achieve soon,but if we canmaintainandgrow this resource
in adistributedway, this could certainlygo along way.

*http://itsc.ieee.ap/wgl2/inde.html



Keepingit currentis certainlyanissue,probablya bit less
sofor a distributedresourcewhich usuallyhassomeredun-
dang built in. Versionmanagemenivould be nice, but not
crucial.

Differentaccespathswould berelevantfor differentkinds
of use,adaptvenessvould certainlybeanadwantaggthough
thesewould probablyneedsometime to build in). Thereare
othertechniqueswvhich would be very interesting(collabo-
rative filtering for example,which might be usedinsteadof
explicit reviewal / appraisal)andwe arelooking for a very
gooddiscussioronthesetopicsatthe workshop.

As for organizingand funding sucha resource part of it
couldbebuilt up duringresearctprojectsor grants(we have
just got a grantto build/improve our Al courseon the Web).
We do notreally know aboutagoodbusinessnodelto fund it
continuously(herea centralizedesourcdinkedto onebook
may have someadwantagesandeventhenit is notfundedon
itself).

It would probablyhelp bothinstructorsand studentsand,
quite important,it would be usedasthe testbedfor several
Al technologieswhich would setit apartfrom otheronline
resources. This would also make it more attractive for re-
searcherso contribute.

3 Open Learning Repositories

As anexample let usdiscussa prototypeof anopenlearning
repository(OLR) which we have built upon RDF metadata
storedin arelationaldatabase.
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Figurel: OLR Architecture

TheOLR architecturas shavn in Figurel. It is built upon
a relationaldatabaseavhich storesRDF metadata.Display-
ing logical documentslescribedy queriesover thesemeta-
dataor the metadatahemselesis handledover an Apache
Web Seneranda PHP module. Differentviews on the logi-
cal documentsare possible realizedby differentqueriesand
pagedesignsimportingmetadatas possibleby usingHTML

forms (seeFigure 2) or a Java-basedbaclend utilizing the
VRP RDF-Rarser
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Figure2: Adding New Metadata

3.2 Database Schema

In essenceeverything in RDF is expressedthrough state-
ments:simpletriples madeup of resourcesnamespaceand
literals - no matterhow comple< the RDF schemabehind
mightbe. Thestandardapproactof includingRDFin HTML
pagess using XML syntax,which thenrequiresa parserto
analysethe meta-information Alternatively, it is quite useful
to storeRDF metadatén arelationaldatabaseHugeamounts
of metadat@anbestoredandmanagedtonecentrallocation
(basedon proven relational databasdechnology)and SQL
queriescanbeusedto extracttheinformationwe arelooking
for.

For our OLR sener, we modified the McBride schema,
whichis oneof sereralsuggestiordiscusseadnthe RDF/DB
Pagefrom Segey Melnik?, also discussedwithin the RDF
community Currentlywe arerunningthe databasen Oracle
8i, but any standardelationaldatabasevould be suitable.

As mentionedabore, storing RDF datain a relational
databasemeansstoring huge amountsof triples. Thusthe
maintablein our databasés RDF_STATEMENT. This table
representinghe relationshipbetweerthe threepartsa state-
mentconsistoof RESOURCHstoredin RDF.RESOURCE),
PREDICATE (also a resource)and OBJECT (could be re-
sourceor literal). Soit containsthreemain attributes: SUB-
JECT, PREDICATE andOBJECT Theseattributesarerefer
encesto the resourceandthe literal table. Sincethe object
canbeeitheraresourceor aliteral, we usetwo attributesfor
OBJECT OBJRESOURCEandOBJ LITERAL.

2http://www-dbstanford.edu/ melnik/rdf/dbtml



The OpenLearningRepositoryis arepositoryto integrate,
manipulateandannotatenorethanonecourse.Thuswe need
to storelarge amountsof statementgor every course. For
this purposewe utilize thetable RDF_.MODEL. Eachmodel
currentlycorrespond$o onecourse.

Distinctionsto the McBride schema In OLR we establish
differentusercategorieswith differentrolesandrights. Every
catgyory hasa specificview on coursesandmetadataHence
we definea tablefor useradministratiorwhich is connected
to the othertablesvia the attribute USR. We alsoaddan at-
tribute MODIFIED representinghe lastmodificationdate.

In OLR we alsohave differentvisualizationsof a course.
All dynamiccontentis createdusing SQL queriesstoredin
the table SQL QUERY togetherwith a shortdescriptionto
facilitatethereuseof suchqueriesandto supporthe PHPin-
terface. From a developersperspectie this greatlyenhances
reusabilityandmaintainabilityof the underlyingPHP source
code.

In orderto evaluatethe differentvisualizationsand navi-
gationpossibilitiesin OLR, we definea table RDF_ TRACK
to recordthe userbehaiour while accessingourseelements
(which resourcehave beenvisited, in which order, how of-
ten,in whichview). Ourcurrentdatabasechemas shavnin
Figure3.
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Figure3: Database&chema

3.3 Current Functionality

The OLR repositorycanstoreRDF metadatdrom arbitrary
RDF schemasHowever, we have chosemot to implementa
one-size-fits-alapproachandimplementdifferentinterfaces
togetherwith different schemasand metadatafor different
courses.

Inital loading for a specificcourseis done by importing
an RDF metadatafile (using XML syntax) basedon this
courses RDFSschemaOur Al courseprototypeusesa sim-
ple schemadescribingcoursestructure(units, sulunits, ele-
mentsandarbitrarylinks betweertheseelementspndsimple
cataloguingof its elementausingthe Dublin Core metadata
set. As soonasthe LOM-RDF-bindingis finalized, we will
usethe LOM metadataset(which basicallyincludesthe DC
elementsasa subset}o annotateour pages.

The web interface for navigating the coursefollows a
multi-view approachA uservisiting the coursecurrentlyhas
achoicebetweerthreedifferentnavigationschemesThefirst
oneis ahierarchicatree-like navigationdirectlyreflectingthe
coursestructurestoredin the database A visitor may open
andcloseunitsandsuhunitsto displaythe elements/pagesf
the logical document(seeFigure 4). The secondview pro-
videsa trail navigation wherethe userhasthe possibility to
move forwardandbackward on atrail. Third we areexperi-
mentingwith asemanticmetor context netnavigation. In this
approachthe usercanview unitsin differentcontets, navi-
gationis implementedasakind of fish-eye view with thecur-
rentunit locatedin thecentresurroundedy relatedunitsand
contexts. All navigationelementsarecreateddynamicallyon
demand.
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Figured4: Structuredisplayof Content

In additionto displayingcoursecontentwe are providing
differentwaysof reviewing the metadatastoredaboutcourse
elementsEitherthesystendisplaysmetadatan anicelyfor-
mattedway suitablefor a humanreaderor it generateshe
correspondindRDF sourcein XML notation(seeFigureb).

For contentdeveloperswe are working on an enhanced
webinterfacewhichallowsthedeveloperto manipulatemeta-
datathroughclearly arrangedHTML forms (Figure2). The
OLR systemtranslatesll userinputinto suitableSQL update
andinsertstatementienceavoidingto confronttheusemwith
having to understandhe XML/RDF notation.

To evaluateOLR usagethe systemtracksall userbehar-
ior in the databasewhich courseelementsareaccesseand
when, which updatesare madeand by whom. We will use
thisinformationto evaluatedifferentnavigationschemesnd
differenttypesof courseunits.
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3.4 SomeCommentson Metadata L anguages

We have beenexperimentingwith differentkindsof metadata
for learningrepositoriesofar. We startedwvith O-Telosmeta-
dataandthe Conceptbas®atabaséystend (seee.g. [Jarle
etal., 1999) andworked on an adaptve hyperbooksystem
(seee.g. [Henzeet al., 1999;Henze,2004) basedon these
metadatawhich provided adaptve functionality basedon a
usermodelwhich storeshow muchknowledgethe userhas
ondifferenttopicsandhow thesetopicsarerelated.

A secondsystemfocusingon collaboratve authoringvia
WebDAV andstructuringof alogicaldocumentia XML was
developedduringthelasthalf yearandis describedn [Qu et
al., 2001]. Thethird systemis the OLR systemdescribedn
thepreviouschapters.

We have beenusingmetadatdo describalifferentfeatures
in thesesystems

o structureof logicaldocumentgonsistingof (distributed)
webpagegeferencedy URLs

e variouskinds of semanticand static relationsshipse-
tweendifferentpages

¢ indexing of pageswith keywords/topicgo allow link an-
notationandadaptation

¢ additional metadataaboutlearning resource§DC and
(in thefuture) LOM metadata)

andvariouskindsof metadataepresentationaresuitablefor
differentfeatures.

RDF and XML As the basicconceptof XML is the de-
scription of hierarchicaldocumentsand datarecords,it is
verywell suitedto describinghe structuralayoutof acourse

3http://www-i5.informatik.rwth-aachen.de/CBdoc/

/ logicaldocumen{this canalsobe donewith RDF, oftenus-
ing rdf:seq,but thenwe are essentiallyduplicatingstandard
XML functionality). Resource-centereshodular metadata
annotationis more naturally handledwith RDF statements,
asaredynamicquerieswhich canbeeasilyhandledonthese
statements\We arecurrentlyexploring thesekinds of usesn
our OLR prototype.Exchangingmetadatdbetweendifferent
applicationdgs mostnaturallybasedon hierarchicrecordsin
thecaseof XML or on setsof propertiesn thecaseof RDF

RDF and O-Telos It is interestingto note, that the basic
representationf O-TelosmetadatandRDF metadatés very
similar. BasicRDF representatioreliesontriples(predicate,
subject,object),basicO-Telosrepresentationelieson Data-
log quatrupleqid, subject,attribute, object). Thusit is very
easyto compareO-Telosand RDF modelsand metadata. A

subsequenteportwill elaboratefurther on this relationship
betweerthesetwo representatiofanguages.

3.5 Further Work

We are currently extending OLR functionality by different
navigation schemesand are working on makingit still eas-
ier to modify/extendmetadatandmetadatachemasn/with

OLR. To suppori. OM metadatannotatiorof alargeamount
of (oftenhierarchicallyrelateddocumenpageswewill have

to add someinferencingcapabilitieswhich for exampleal-

low (default) inheritanceof LOM attributesalongthe LOM

isPartOf relation. Furtherextensionwill be P2P exchange
functionality betweerdifferentOLR systems.
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