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Abstract

In this position paper, we will first give a short
overview of our backgroundand then proposeto
build up AI resourcesboth asa serviceto the AI
communitybut alsoasa testbedfor AI techniques.
In the last sectionwe discusssomeof our work
on openlearningrepositories,specificallya recent
OLR prototypebuilt onmeta-informationstoredas
RDFmetadata.

1 Interests and Experience
Our group does researchin the areasof artificial intelli-
gence,modeling,adaptive hypermediasystemsand educa-
tional technology. We arememberof two ESPRITNetworks
of Excellencein the areaof artificial intelligence: Monet
(ModelbasedReasoning)andOntoweb(SemanticWeb). We
are coordinatorand participantof several joint educational
technologyprojectsin Germany, andcoordinatorandfound-
ing memberof theLearningLab Lower Saxony, involvedin
joint researchon learningtechnologieswith theStanfordand
theSwedishLearningLab.

Oneof themainareasof researchatourgroupconcernsthe
designandimplementationof personalized,modularanddis-
tributed learningrepositorieson the Web. We arecurrently
working with threeprototypesfocusingon differentaspects
for suchrepositories. Commonto all threeprototypesare
the strict separationof structureand content,necessaryto
build/provide

� metadata-baseddistributedcoursewarerepositories
� collaborativeauthoringof modularcourseware
� adaptivenavigationandpersonalizedlinks

Metadataare expressedand stored explicitly (either in
RDF, XML or O-Telos), content is referencedby URI’s,
coursepagescanbe computeddynamicallybasedon meta-
data,contentandpossiblylearnermodels.Collaborative au-
thoring is currentlybasedon theWebDAV protocol(version
managementis still missing, though). Final coursescon-
tainmaterialfrom differentsitesandprovidedifferentaccess
structuresto allow task-anduser-specificnavigationthrough
thesematerials.

The first of thesehyperbookshasbeena project-oriented
coursefor JavaProgramming,whichusesthedifferentstages
of a programmingprojectto structurethe coursecontent. It
hasbeendeliveredfor theVirtual 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
CampusII Project,andwill be further refinedin a German
wide computersciencestudy programincluding 8 German
universitieswithin theBMBF-financedULI Project,with our
institute being responsiblefor the areaof Artificial Intelli-
gence.

2 Position Statement
They areobviouslyalot of possibilitiesto build upanduseAI
resources,andtherearealreadyquitea few interestingones
online. While an add-onto existing bookswould be quite
usefulfor teachingAI, whatwouldactuallybemoreinterest-
ing in ourview is adistributed,but connectedsetof resources
covering AI topics, which would also incorporateAI tech-
niquesmakingit qualitatively differentto otherresourceson
theWeb.

RDF Metadataarean obvious choicefor annotatingsuch
distributedresources.RDF (or morespecifically, RDFS)still
needssomework (seee.g. [Nejdl et al., 2000]), but is defini-
tively bettersuitedfor annotatingdistributedresourcesthan
pureXML. Semanticannotationsandmetadataarea crucial
techniquefor transformingthe WWW from a huge set of
amorphouspagesinterlinked with eachother to a semantic
web(or at leastto varioussemanticwebclusters),whichuses
semanticannotationsin orderto give meaningto thesepages
and their relationships[Lassila, 1998]. As generalmeta-
datafor learningobjects,IEEE-LOM1 is thecurrentmetadata
schemaof choice,we arecurrentlyinvolvedin producingan
RDFbindingfor this schema.

We shouldtry to make thesedistributedresourcesasco-
herentaspossible,but still allow differentapproachesto / re-
sourcesfor thesetopics.Oneimportantaspectfor connecting
theseresourcesis anAI subjectclassification/ thematicindex
/ ontology. Beingcompleteis notsomethingwhichwewould
achieve soon,but if we canmaintainandgrow this resource
in a distributedway, this couldcertainlygo a long way.

1http://ltsc.ieee.org/wg12/index.html



Keepingit currentis certainlyanissue,probablya bit less
so for� a distributedresource,which usuallyhassomeredun-
dancy built in. Versionmanagementwould be nice, but not
crucial.

Dif ferentaccesspathswouldberelevantfor differentkinds
of use,adaptivenesswouldcertainlybeanadvantage(though
thesewould probablyneedsometime to build in). Thereare
other techniqueswhich would be very interesting(collabo-
rative filtering for example,which might be usedinsteadof
explicit reviewal / appraisal),andwe arelooking for a very
gooddiscussionon thesetopicsat theworkshop.

As for organizingandfunding sucha resource,part of it
couldbebuilt up duringresearchprojectsor grants(we have
just got a grantto build/improveour AI courseon theWeb).
Wedonotreallyknow aboutagoodbusinessmodelto fund it
continuously(herea centralizedresourcelinkedto onebook
mayhavesomeadvantages,andeventhenit is not fundedon
itself).

It would probablyhelpboth instructorsandstudents,and,
quite important,it would be usedas the testbedfor several
AI technologies,which would set it apartfrom otheronline
resources.This would also make it more attractive for re-
searchersto contribute.

3 Open Learning Repositories
As anexample,let usdiscussaprototypeof anopenlearning
repository(OLR) which we have built uponRDF metadata
storedin a relationaldatabase.

3.1 Architecture

Figure1: OLR Architecture

TheOLR architectureis shown in Figure1. It is built upon
a relationaldatabasewhich storesRDF metadata.Display-
ing logical documentsdescribedby queriesover thesemeta-
dataor the metadatathemselvesis handledover an Apache
WebServer anda PHPmodule.Differentviews on the logi-
cal documentsarepossible,realizedby differentqueriesand
pagedesigns.Importingmetadatais possiblebyusingHTML

forms (seeFigure 2) or a Java-basedbackend utilizing the
VRPRDF-Parser.

Figure2: AddingNew Metadata

3.2 Database Schema
In essenceeverything in RDF is expressedthrough state-
ments:simpletriplesmadeup of resources,namespacesand
literals - no matter how complex the RDF schemabehind
mightbe.Thestandardapproachof includingRDFin HTML
pagesis usingXML syntax,which thenrequiresa parserto
analysethemeta-information.Alternatively, it is quiteuseful
to storeRDFmetadatain arelationaldatabase:Hugeamounts
of metadatacanbestoredandmanagedatonecentrallocation
(basedon proven relationaldatabasetechnology)and SQL
queriescanbeusedto extracttheinformationwearelooking
for.

For our OLR server, we modified the McBride schema,
which is oneof severalsuggestiondiscussedon theRDF/DB
Pagefrom Sergey Melnik2, also discussedwithin the RDF
community. CurrentlywearerunningthedatabaseonOracle
8i, but any standardrelationaldatabasewouldbesuitable.

As mentionedabove, storing RDF data in a relational
databasemeansstoring hugeamountsof triples. Thus the
main tablein our databaseis RDF STATEMENT. This table
representingthe relationshipbetweenthe threepartsa state-
mentconsistsof RESOURCE(storedin RDF RESOURCE),
PREDICATE (also a resource)and OBJECT(could be re-
sourceor literal). So it containsthreemainattributes:SUB-
JECT, PREDICATE andOBJECT. Theseattributesarerefer-
encesto the resourceand the literal table. Sincethe object
canbeeithera resourceor a literal, we usetwo attributesfor
OBJECT: OBJ RESOURCEandOBJ LITERAL.

2http://www-db.stanford.edu/˜melnik/rdf/db.html



TheOpenLearningRepositoryis a repositoryto integrate,
manipulate

�
andannotatemorethanonecourse.Thusweneed

to storelarge amountsof statementsfor every course. For
this purposewe utilize the tableRDF MODEL. Eachmodel
currentlycorrespondsto onecourse.

Distinctions to the McBride schema In OLR weestablish
differentusercategorieswith differentrolesandrights.Every
categoryhasa specificview on coursesandmetadata.Hence
we definea tablefor useradministrationwhich is connected
to the othertablesvia the attribute USR.We alsoaddanat-
tributeMODIFIED representingthelastmodificationdate.

In OLR we alsohave differentvisualizationsof a course.
All dynamiccontentis createdusingSQL queriesstoredin
the table SQL QUERY togetherwith a short descriptionto
facilitatethereuseof suchqueriesandto supportthePHPin-
terface.Froma developersperspective this greatlyenhances
reusabilityandmaintainabilityof theunderlyingPHPsource
code.

In order to evaluatethe differentvisualizationsandnavi-
gationpossibilitiesin OLR, we definea tableRDF TRACK
to recordtheuserbehaviour while accessingcourseelements
(which resourceshave beenvisited, in which order, how of-
ten,in whichview). Ourcurrentdatabaseschemais shown in
Figure3.

Figure3: DatabaseSchema

3.3 Current Functionality
The OLR repositorycanstoreRDF metadatafrom arbitrary
RDF schemas.However, we havechosennot to implementa
one-size-fits-allapproach,andimplementdifferentinterfaces
togetherwith different schemasand metadatafor different
courses.

Inital loading for a specificcourseis doneby importing
an RDF metadatafile (using XML syntax) basedon this
course’sRDFSschema.Our AI courseprototypeusesa sim-
ple schemadescribingcoursestructure(units, subunits, ele-
mentsandarbitrarylinks betweentheseelements)andsimple
cataloguingof its elementsusingthe Dublin Coremetadata
set. As soonasthe LOM-RDF-bindingis finalized,we will
usetheLOM metadataset(which basicallyincludestheDC
elementsasasubset)to annotateourpages.

The web interface for navigating the coursefollows a
multi-view approach.A uservisiting thecoursecurrentlyhas
achoicebetweenthreedifferentnavigationschemes:Thefirst
oneisahierarchicaltree-likenavigationdirectlyreflectingthe
coursestructurestoredin the database.A visitor may open
andcloseunitsandsubunitsto displaytheelements/pagesof
the logical document(seeFigure4). The secondview pro-
videsa trail navigation wherethe userhasthe possibility to
move forwardandbackwardon a trail. Third we areexperi-
mentingwith asemanticnetor context netnavigation.In this
approachthe usercanview units in differentcontexts, navi-
gationis implementedasakind of fish-eyeview with thecur-
rentunit locatedin thecentresurroundedby relatedunitsand
contexts. All navigationelementsarecreateddynamicallyon
demand.

Figure4: StructuredDisplayof Content

In additionto displayingcoursecontentwe areproviding
differentwaysof reviewing themetadatastoredaboutcourse
elements.Eitherthesystemdisplaysmetadatain anicelyfor-
mattedway suitablefor a humanreaderor it generatesthe
correspondingRDFsourcein XML notation(seeFigure5).

For contentdeveloperswe are working on an enhanced
webinterfacewhichallowsthedeveloperto manipulatemeta-
datathroughclearlyarrangedHTML forms (Figure2). The
OLR systemtranslatesall userinput into suitableSQLupdate
andinsertstatementshenceavoidingto confronttheuserwith
having to understandtheXML/RDF notation.

To evaluateOLR usage,the systemtracksall userbehav-
ior in thedatabase:which courseelementsareaccessedand
when,which updatesaremadeandby whom. We will use
this informationto evaluatedifferentnavigationschemesand
differenttypesof courseunits.



Figure5: Displayof Metadatafor a SpecificResource

3.4 Some Comments on Metadata Languages
Wehavebeenexperimentingwith differentkindsof metadata
for learningrepositoriessofar. Westartedwith O-Telosmeta-
dataandtheConceptbaseDatabaseSystem3 (seee.g. [Jarke
et al., 1995]) andworked on an adaptive hyperbooksystem
(seee.g. [Henzeet al., 1999;Henze,2000]) basedon these
metadata,which provided adaptive functionality basedon a
usermodelwhich storeshow muchknowledgethe userhas
on differenttopicsandhow thesetopicsarerelated.

A secondsystemfocusingon collaborative authoringvia
WebDAV andstructuringof alogicaldocumentvia XML was
developedduringthelasthalf yearandis describedin [Qu et
al., 2001]. Thethird systemis theOLR systemdescribedin
thepreviouschapters.

Wehavebeenusingmetadatato describedifferentfeatures
in thesesystems

� structureof logicaldocumentsconsistingof (distributed)
webpagesreferencedby URLs

� variouskinds of semanticand static relationsshipsbe-
tweendifferentpages

� indexing of pageswith keywords/topicsto allow link an-
notationandadaptation

� additionalmetadataabout learningresources(DC and
(in thefuture)LOM metadata)

andvariouskindsof metadatarepresentationsaresuitablefor
differentfeatures.

RDF and XML As the basicconceptof XML is the de-
scription of hierarchicaldocumentsand data records,it is
verywell suitedto describingthestructurallayoutof acourse

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

/ logicaldocument(thiscanalsobedonewith RDF, oftenus-
ing rdf:seq,but thenwe areessentiallyduplicatingstandard
XML functionality). Resource-centeredmodularmetadata
annotationis more naturallyhandledwith RDF statements,
asaredynamicqueries,whichcanbeeasilyhandledon these
statements.We arecurrentlyexploring thesekindsof usesin
our OLR prototype.Exchangingmetadatabetweendifferent
applicationsis mostnaturallybasedon hierarchicrecordsin
thecaseof XML or on setsof propertiesin thecaseof RDF.

RDF and O-Telos It is interestingto note, that the basic
representationof O-TelosmetadataandRDFmetadatais very
similar. BasicRDFrepresentationreliesontriples(predicate,
subject,object),basicO-Telosrepresentationrelieson Data-
log quatruples(id, subject,attribute,object). Thusit is very
easyto compareO-TelosandRDF modelsandmetadata.A
subsequentreportwill elaboratefurther on this relationship
betweenthesetwo representationlanguages.

3.5 Further Work
We are currently extendingOLR functionality by different
navigation schemesandareworking on making it still eas-
ier to modify/extendmetadataandmetadataschemasin/with
OLR.To supportLOM metadataannotationof alargeamount
of (oftenhierarchicallyrelated)documentpages,wewill have
to addsomeinferencingcapabilitieswhich for exampleal-
low (default) inheritanceof LOM attributesalongthe LOM
isPartOf relation. Furtherextensionwill be P2Pexchange
functionalitybetweendifferentOLR systems.
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