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Abstract

The proposalis structuredasa framework + modulesdocument.The framework
pagesgive anexecutive summaryof theproject,describetheoverall researchagenda,
andbriefly list the individual PADLR modules. Module descriptionswritten by the
subgroupsresponsibledescribethe researchagendain moredetail. Eachmodulede-
scriptionincludesexplicit informationabouthow it is integratedinto the total frame-
work anddescribetheinteractionwith othermodulesandgroups(focusingespecially
on cross-disciplinaryand cross-institutionalcollaboration). The descriptionsfurther
specifydeliverables,timelines,testbedsandbudgetinformation.

1 ExecutiveSummary

Highereducationfacesproblemsof increasingstudentgroupsin combinationwith ashort-
ageof resourcesfor lecturingtime. As time for student/teacher-interactionis reduced,stu-
dentshave to performmoreself-studiesthanbefore. This calls for effective modularized
andpersonalizedlearningmaterials,which help studentsto preparefor courses,support
self-studyingperiodsaswell asown contributionsduringtheir courses,andprovide addi-
tionalbackgroundinformationaswell as(project)documentationaftertheir courses.

Thedriving vision for this projectis a distributed“learningwebinfrastructure”,which
makesit possibleto exchange/author/annotate/organizeandpersonalize/navigate/use/reuse
modularlearningobjects,supportingavarietyof courses,disciplinesanduniversities.Each
of the PADLR subprojectsdealswith a specificproblemon the way towardsthis vision.
Infrastructure,tools,courseletsandarchiveswill bedesigned/developedin accordancewith
internationalstandardsfor modularizationandmetadata,andwill becompatibleacrossthe
PADLR project.We will specifyhow courseletsarebuilt (bothfrom a technicalandfrom
an educationalpoint of view), how they areorganizedandhow they areexchangedand
reused.

Severaltestbedsatouruniversitieswill bethetestandapplicationareaof ourinfrastruc-
ture,toolsandcourselets,providing arich sourceof requirements,feedbackandevaluation
resultsfor steeringourprojectinto theright direction.Dueto budgetconstraints,we could
not includeall testbedsenvisionedin our letterof intentin our final proposal(for example
“Heat andPower Technologies”at KTH). We hopewe will beableto expandour project
budget in the secondyear to include additionalproject membersfrom the participating
sites.

Dueto differentbudgetyears,projectfundingis supposedto startonApril 1st,2001for
GermanandSwedishmodules,andon September1stfor Stanfordmodules,with possibly
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someearlierstartupfunding.Theprojectproposaldescribeswork for abouttwo years,end
datefor proposedwork at all sitesist August30th,2003.

2 Project Overview

Identified Problems. Highereducation(in traditionalstudyprogramsaswell asin con-
tinuing educationprograms)of today facesproblemsof increasingandoften inhomoge-
neousstudentgroupsin combinationwith a shortageof resourcesfor lecturingandprepa-
ration time. As time for student/teacher-interactionis reduced,studentshave to perform
moreself-studiesthanbefore.

Beginning studentsare often frustratedby this situation,finding it hard to spendso
muchof their studytime alonewith a textbookto fill gapsin their learning,which cannot
be taughtwithin the traditionalcourses.Advancedstudentson the otherhand,who are
morecompetentas learningconsumers,areattendingcourseswith strict courseoutlines
andlearningmaterialsthey alreadyknow or do not need,frustratingtheir desireto have
morecontrolovertheir learninganddirecttheir learningto bettermeettheirpersonalneeds.

Facultymembersandteachersarealsofrustrated,spendingalot of their timeoncourse
preparation(usuallywithout beingableto reuseexisting materials)andon managinglarge
groupsof studentswith different(disciplinary)backgrounds,differentlearningpreferences
anddifferent levels of knowledge. Thougha lot of coursematerialsareproducedusing
variousauthoringtoolsandenvironments,they tendto beisolatedandto bereusedonly to
a very limited extent.

ProposedSolutions. Therelationbetweentime for lecturesandthetime for self-studies
will necessarilyhaveto bechanged.Thetimefor student/teacher-interactionis,andwill be,
limited andthestudentswill have to performmoreself-studiesthanbefore.By increasing
theamountof time thatstudentscancontrol in termsof time andplace,theuniversitycan
adoptto thenew situationby increasingflexibility .

If we only have time for a limited numberof lecturesduring a course,we have to
ensurethat studentsare as well preparedas possible,even if they comefrom different
backgroundsand with different previous knowledgeaboutthe subject. Online learning
modules/ courseletscansupportthis goal,providedthat they areof high quality in terms
of factualcontent,pedagogicembedding,interactivity andaccessibilityin a broadsense.
Specificlearningmodulescanbe usedduring the course,extendedandcustomizedfrom
a modularizedanddistributedpool of resourcesavailableto the instructorsandstudents.
Additional learningmodulescansupportexcellentstudentsandfurtherstudies.

It is the goal of our proposalto advancethe stateof the art in instructionaldesignas
well asin technologicalinfrastructureto make sucha scenariofeasible,beneficialandat
lastcommon-place.

Approach and Research Strategy. The PADLR ProjectProposalconsistsof several
modulesandsubprojects,eachdealingwith a specificproblemon the way towardsour
goal. We will work on necessaryinfrastructure,tools,courseletsanddistributedarchives
(to be designed/developedin accordancewith internationalstandardsfor modularization
andmetadata),andwe will make themcompatibleacrossthewholePADLR project. We
will specifyhow courseletsarebuilt (bothfrom atechnicalandfrom aneducationalpointof
view), how they areorganizedandhow they areexchangedandreused,andhow distributed
contentarchivescanbequeriedandnavigated.

We will useseveral testbedsat our universitiesfor providing a rich sourceof require-
ments,feedbackandevaluationresults.Thesewill bethetestandapplicationareasof our
infrastructure,toolsandcourselets,helpingusto steerour projectinto theright direction.
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The PADLR subprojectsaregroupedinto threedifferentmodules,including the de-
scriptionsof testbedsat theparticipatingsites.Theproposalconsistsof threeintertwined
modules,with severalsubmoduleseach:

� The module “Infrastructureand Intelligent Services”includeswork on exchange
facilities and basicinfrastructure,personalizedqueriesandviews over distributed
learningmaterials,andautomaticextractionof metadataandontologicalinforma-
tion.

� The module “Server and Client Side Tools” includeswork on modular content
archivesandvideo/audiocapturingandmetadataannotationtools.

� Themodule“SharedandPersonalizedAccessto EducationalMedia” includeswork
onpersonalizedlearningsequences,interfaces,andguidance,personalizedaccessto
largetext archivesandpersonalizedandsharedmathematicscourselets.

3 Module: Infrastructur eand Intelligent Services.

3.1 ExchangeFacilities / BasicInfrastructur e

Working Title. Edutella:An Infrastructurefor theExchangeof EducationalMedia

Contrib uting Research Groups and PIs. StanfordInfolab (Manning/Decker), Han-
noverKBS (Nejdl), StockholmCID/NADA (Naeve)

Problem Description. Every singleuniversity usuallyhasalreadya large pool of edu-
cationalresourcesdistributedover the institutions. Theseareundercontrol of the single
entities,andit is unlikely that theseentitieswill give up this control. Thuscentral-server
approachesfor thedistributionof educationalmediaareunlikely to happen.To facilitateex-
changeof educationalmedia,we proposeto developanexchangenetwork for educational
media,basedon anapproachbasedon peer-to-peer(P2P)networks. TheseP2Pnetworks
havealreadybeenquitesuccessfulfor exchangingdatain heterogeneousenvironments,and
have beenbroughtinto focuswith serviceslike NapsterandGnutella,providing accessto
distributedresourceslikeMP3codedaudiodata.

However, pureNapsterandGnutellalike approachesarenot suitablefor theexchange
of educationalmedia.For example,themetadatain Gnutellais limited to afile nameanda
path.While this might work for fileswith titles like ”Madonna- like a Virgin”, it certainly
doesnot work for ”Introductionto Algebra- Lecture23”.

Theeducationaldomain,we thussee,is in needof a muchrichermetadatamarkupof
resources,a markupthat is oftenhighly domainandresourcetypespecific.In orderto fa-
cilitate interoperabilityandreusabilityof educationalresources,we needto build asystem
supportinga wide rangeof suchresources.This placeshigh demandson the interchange
protocolsandmetadataschematausedin sucha system,aswell ason theoverall technical
structure.

The “Open Archives Initiative”, which hasrecentlydefineda HTTP-basedprotocol
for retrieving metadatainformation aboutdigital documentsfrom library servers, is an
interestinginitiative, whosefurther developmentmight also be of interestto the issues
discussedin this proposal.Currently, though,it is server-retrieval protocolonly, andjust
only Dublin Coreasits basicschema.

Research Plan and Deliverables. To solvetheseproblemsweproposeto useametadata
basedpeerto peersystemfor educationalresources,including Edutellanodesproviding
different client/server functionalitiesbasedon commonand interoperablemetadataand
P2Pconventions.Constructingsucha systemwill posetwo concreteproblems:1) define
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the metadatainfrastructureandfunctionalitiesfor Edutellaand2) definethe peer-to-peer
infrastructureandfunctionalities.For bothproblemswe have to definethebasic(abstract)
modelandto designasoundimplementation.

For definingandimplementingthemetadatainfrastructureandfunctionalities(1), we
have thetacklethefollowing tasks:

1. Metadataandmetadataschematafor learningresources.We needto specifya ba-
sic model(RDF, RDF(S),[22]) to expressmetadata,to identify / describemetadata
schemata(standardschematalike IEEE-LOM (P1484.12)to describegeneralas-
pectsof learnerresources,MPEG-7for specificaspectsof audio-visualcontent,and
area/subjectspecificmetadatalike theACM classificationschemefor computersci-
encetopics,etc.) andto describehow additionalkindsof metadataschematacanbe
added(e.g. learnermodels(IEEE P1484.2),which characterizelearnersand their
knowledge/abilitiesto enablepersonalizedinstructionandallow creatingandbuild-
ing personallearnermodelsutilizized throughouttheireducationandwork life). Us-
ing RDFandRDF(S)will bestrategically importantin orderto designoursystemto
becompliantwith thenext generation(= semantic)web[12, 8, 28]. Interoperability
with existingwebstandardsandmetadataschemataarecrucialrequirementsto lower
theentrylevel into thesystem.This is thefundamentalpartof definingthemetadata
informationhandledby theEdutellasystem(KBS, CID, IfN).

2. Definingthemetadatahandlingcapabilities(API, querylanguage,updates)andiden-
tify requiredfunctionalitiesfor the accessto the metadata.Edutellawill bring not
only multiple anddistibutedcontent,but multiple anddistributedmeta-dataaswell
(whereseveral different schematafor the samecontentwill be possibleand sev-
eralauthorsprovide metadatafor thesamecontent).Metadatathereforehave to be
identifiableandreproducibleto ensurethatdifferentmeta-datasetsareconsistently
separable,metadatawill be seenasa resourceon its own (seealso the next point
on schemainteroperabilitiy).This is thefundamentalpartof accessingandworking
with Edutellametadatairrespective of particularstoragerepresentations.Seealso
[25, 30] (Infolab,CID, KBS).

3. Defineandsetupmetadataschemabureaus,i.e. serversthatstoremetadataschemata
andclassificationsusedin the Edutellanetwork (seealso[11]. Enablingaccessto
suchexplicit descriptionsof schematais crucial in orderto allow sharingof meta-
dataschematawithin usercommunities[17]. RDF schemataalreadysupportthis
mechanism,RDF metadaexplicitly referencemachinereadabledescriptionsof the
schematathey are instantiatedfrom. Theseschematawill thenbe availableasre-
sourceswithin theEdutellanetwork. (Infolab)

4. Implementontology/schemamappingcapabilitiesto beusedwithin theEdutellanet-
work in orderto allow exchangeof metadatabasedondifferent,but relatedmetadata
schemata.(Infolab)

For the peer-to-peerinfrastructureandfunctionalities(2), the following tasksareim-
portant:

1. Defineasetof well-designedinterfacesto theEdutellasystemandprotocolsbetween
Edutellanodes,that allow accessto and interchangebetweenEdutellaresources.
Again we canbuild uponemerging Web standards(like the SOAP messagingpro-
tocol which usesHTTP to carry messagesthat are formattedwith XML and thus
providesalightweightstandardobjectinvocationprotocolbuilt onInternetstandards
[7], or thenew JXTA opensourceinitiativeproposedby SUN).This makesit possi-
ble to implementEdutellafacilitiese.g.asplugin modulesto SOAP enabledservers
(suchasApache).Evenmorelightweightbasicserverscanbeimagined,for example
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usingsimpleWebDAV overHTTP, or a read-onlyserversservingmetadataasstatic
XML files. Integratingsuchlightweight server capabilitiesinto arbitraryEdutella
nodesleadsto a P2Pnetwork whereevery nodecanoffer servicesto othernodes
(possiblywith differentsophistification).This approachsatisfiesthevery important
demandthat settingup a basicEdutellaserver shouldbe a very simpleprocedure,
andthatdifferentlayersof addedfunctionalitycanbeaddedstepby steplater. This
is thefundamentalpartof accessingEdutellaservicesovertheInternet/Web(seealso
[13]. (CID, KBS)

2. Specifyanumberof supportedaddressingschemata.Weneedto addresstheproblem
of relocationof resourcesandservers.Especiallyin theeducationaldomain,thereis
a fundamentalneedfor persistent,location-independentresourceidentifiers.A two
stepprocedure,wherethe resourceidentifier is separatedfrom the actualretrieval
processwould allow easyrelocation. Path URNs is sucha solution, and IMS is
workingonotherproposalsin thisdirection.Weneedto definewhichsuchprotocols
thatareto besupportedin thesystem,andhow themetadatanodesshouldcooperate
in theresolvingof suchidentifiers.(CID)

3. Implementan open-sourcebaselibrary andsetof plugin moduleswith supportfor
thebasicmetadatamodelfor Edutellanodesandthepeer-to-peernetworkingdetails
betweenEdutellanodes.Theselibraries/moduleswill provide basicaccessandup-
datefunctionalitiesfor Edutellanodes,andwill alsobe usedin othersubmodules
(like “modularcontentarchives”and“lightweight tools”) (KBS)

4. Implementasetof extendedfunctionalitiesontopof thisbaselibrary in orderto sup-
portdifferenttypesof extensions(e.g.anontologyinferenceengineor filtering [31]).
Functionalitiesprovidedby othersubmoduleslike “personalization”canalsobeim-
plementedas suchextensionplugin modulesplus appropriatemetadata/metadata
schemata.Importantfurtheraspectsincludeloadbalancingandefficient queryingin
theEdutellanetwork, influencingbothprotocoldesignanddynamicreconfiguration
of network (KBS, Infolab).

Dissemination,Testbedsand Evaluation Disseminationof resultswill bedonethrough
reportsandscientificpublicationson thedifferentaspectsoutlinedin theresearchplan. A
setof prototypeimplementationsat theparticipatingsitesasdescribedabovewill beavail-
ableafter thefirst year, which will be refinedandextendedduring thesecondyearbased
on a evaluationand feedbackfrom theseimplementations.We will useseveral specific
coursesaswell asexisting intra- andinter-universityprojectcooperationsasresourcesfor
our requirementsanalysisandastestbedsfor our implementations.

In Germany for example,our testbedcontext will be the ULI project, a distributed
computerscienceprogram,where8 universitiesand17 CSprofessorswill work together
for 3 yearsto createadistributedcomputersciencestudyprogramaswell ascoursecontent
for thesecourses(financedwith about3 Mill. Eurofor thenext threeyears).KBS is oneof
thesepartners(responsiblefor the areaof artificial intelligence),andwill usethis project
asatestbedfor theinfrastructureandtoolsdeveloped,bothin therequirements,refinement
andevaluationphase.In Sweden,our testbedswill consistof themodularcontentarchives
for humanitiesandof personalizedandsharedmathematicalcourselets.

Collaboration and Scholarly Exchange. Stronginteractionwith all modulesbuilding
toolsund functionalities,in orderto definecommonstandards,stronginteractionwith all
modulesworking with testbedsin orderto definerequirements,andto useevaluationsto
drive development. Use researchvisits (2 weeksup to 3 months)(Hannover, Stanford,
Stockholm)in orderto integratedesignanddevelopmentwithin thismoduleandwith other
modules.
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BudgetOverview (including overheadcosts):

KBS: 70K first year, 40K secondyear. Budgetwill payfor one/ partof onePh.D.Student,
L3S infrastructurecosts,travel andexchange.

IfN: 20K first year. Budgetwill payfor partof a Ph.D.student,L3S infrastructurecosts,
travel andexchange.

Inf olab: 70K first year. Budgetwill pay for onePostdoc,overheadcosts,travel andex-
change.

CID: 30K first year, 30K secondyear. Budgetwill payfor part time Ph.D.Student,over-
headcosts,travel andexchange.

3.2 PersonalizedQueriesand Viewsover Distrib uted Learning Mate-
rials

The modulewill provide an infrastructurefor advancedpersonalizedquery facilities on
top of theEdutellameta-dataandpeer-to-peerinfrastructure.This would complementthe
deliverablesin themodule’InfrastructureandIntelligentServices’.

Working Title. PSELO:A personalizedsearchenginefor learningobjects.

Contrib uting Research Groupsand PIs. UppsalaUniversity(Risch)

ProblemDescription. In a distributedlearningenvironmenttherewill belargenumbers
of learningobjectsandcourseletsstoredin many distributedanddifferingdatastoresonthe
Internet.Without guidance,studentswill havegreatdifficultiesto find thelearningobjects
relevant for a particular learningtask. The meta-datadescriptionsprovide information
aboutpropertiesof the learningobjects,but the meta-databy itself doesnot provide for
handlingreconciliationof differencesbetweendifferent objectsnor doesit provide for
customizedandefficientqueriesoverviewsof reconciledlearningobjects.

Research Plan and Deliverables. Thepurposeof this moduleis to provide technology
for definingpersonalizedlearningviews of relevant learningobjects/ courseletsfor each
subject,student,or task.Thesepersonalizedviews focusthedataprimarily seenby a user
to a particularsetof relevantobjects. The studentcanthenexplore the relevant learning
objectsthrougha powerful andsubject-orientedquerylanguage.Heresubject-orientation
meansthat the operatorsusedin queriesarespecializedfor a particularlearningsubject.
Sucha querylanguageprovidesa tool for the studentfor advancedexplorationof a sub-
ject. It shouldbepossibleto dynamicallychangeandadaptthepersonalizedview for each
student,tasketc.,asnew knowledgeis increasinglydeeperexplored.

Thepersonalizedviews aredefinedfrom the meta-datamodel. In our approachthese
views aredefinedfor the userasa setof object-oriented(OO) dataviews inferred from
meta-data.Subject-orientedqueriesare thenspecifiedin termsof the personalizeddata
viewsusinganextensibleOO querylanguage.

For definingandimplementingsucha queryinfrastructurethefollowing tasksneedto
besolved:

1. Thesubject-orientedqueriesshouldbeexpressedin termsof themeta-datamodelof
learningobjects.The systemmustthereforehave the ability to interpretmeta-data
definitionsof Eduella.The learningobjectoftenhave complex structuresthatneed
to beviewedasobjectstructures.Thequerylanguagemustthushave theability to
expressqueriesandviewsovercomplex objectstructures.
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2. To supportsubject-orientedqueriesit must be possibleto easilyextend the query
enginewith knowledgemodulesimplementingthesubject-orientedqueryoperators.
This includesplug-in facilities for implementingboth query operatorsas well as
optimizationrulesfor subject-orientedqueries.

3. Sincethe learningobjectsarestoredin many differentplacesandin many different
formatsthequeryenginemustbeableto dealwith queriesthatspanmany heteroge-
neousanddistributeddatasources.

A majorchallengeis hereto efficiently processsubject-orientedqueriesthataccess
andprocessmany distributedandheterogeneousknowledgeobjects.Thequeryexe-
cutionshouldtherebyutilize thepeer-to-peerinfrastructureof Eduella.

Theprojectenhancesdataintegrationtechnologyfor supportof learningapplicationsand
is expectedto enhancethe state-of-the-artin the areasof databaseand dataintegration
techniques.It will producereportsandscientificpublications.

The work will extend on researchdeveloped at Uppsala DatabaseLaboratory
(http://www.dis.uu.se/˜udbl)on OO queriesover distributedandheterogeneousdata[41,
42, 32]. Researchfrom other instituteson wrappingandsearchingheterogeneous,dis-
tributed,andsemistructureddata,e.g.[15, 23, 40], is alsoapplicable.Otherimportantsup-
plementalcomponentsareuserinterfacemodulesfor subject-orientedvisualqueryspecifi-
cationsandfor visualizingretrievedlearningobjects,which canbeaddedasplugins.

Dissemination,Testbedsand Evaluation In theprojectwe will implementa prototype
searchengine,PSELO,that providespersonalizedOO views of the distributed learning
objects.Theprototypesystemwill demonstratethefeasibilityof theapproachandserveas
a platformfor furtherexperimentationandevaluations.

It is envisionedthat this technologywill be an importantcomponentof the Edutella
infrastructure.It would utilize themeta-dataprotocolsof Edutellafor providing thetermi-
nologyin which thepersonalizedviews andqueriesareexpressed.It will usetheEdutella
peer-to-peerinfrastructurefor efficientaccessto learningobjectsfrom thequeries.With the
proposedsystemit will furthermorebepossibleto incorporatealgorithmsfor a particular
subjectassystemplug-insthatdefinesubject-orientedqueryoperators.

Collaboration and Scholarly Exchange. Thework on this moduleis closelyrelatedto
othermodulesbuilding tools andfunctionalities.Researchvisits to otherparticipantsare
expectedto becomplementedwith daylye-mailcontacts.

BudgetOverview (including overheadcosts):

Uppsala: 35K first year, 35K secondyear. Budgetwill pay for half a Ph.D. Student,
infrastructurecosts,travel andexchange.

3.3 Automatic extraction of metadataand ontological information

Contrib utor. ChrisManning(Infolab/CS,Stanford)

Working Title. Extract:Automaticextractionof metadataandontologicalinformation.

Problem description. The basicinfrastructureportion of the proposaldependson the
availability of accuratemetadatafor learningresources,built to fit within a looseontol-
ogy. While ametadataframework providesa lightweightsolutionto many of theproblems
to be addressedin this project, it leaves the questionof wherethe metadatais to come
from. For corecontent,hand-annotationis possible.However, evenfor corecontent,this
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will bedifficult: busyeducatorswill not appreciatehaving to carryout anadditionaltask
beyond contentcreation. A reasonwhy many CBL projectsfail is becausethe materi-
als changemoreslowly thaneducationalneeds.Any tool that can reducethis burdenby
semi-automaticallyproviding metadatawill beuseful. Theproblemis evenmoreacutefor
the enormousworld of information(e.g.,on the Web) outsidethe coreresources.There
is alreadya vastarrayof useful teachingresourceson the web, andstudentscould often
get valuefrom makinguseof advancedor complementarymaterialsat otherinstitutions.
However, connectedto thepersonalizationissuesof adaptationcomesthedifficult andvery
time-consumingtasksof findingappropriatematerials,anddeterminingtheirprerequisites,
etc. In thiscontext, standardkeywordsearchis of verylimited effectiveness,becauseit can-
not filter for: (i) the typeof information(tutorial, appletor demo,review questions,etc.),
(ii) the level of the information(aimedat secondaryschoolstudents,the generalpublic,
or graduatestudents?),(iii) theprerequisitesfor understandingtheinformation,or (iv) the
quality of the information. Moreover, thereareall the usualproblemsof keyword-based
informationretrieval, suchasproblemswith synonymy, polysemy, andsoon. Anymethod
which automaticallyannotatesinformationfromothersourcessothat it canbeeasilyac-
cessedwithin our contentrepositorywill beof enormousvalue. Suchadditionalresources,
while of lessconsistentoverallquality, will magnifythevalueof ourcontentrepository.

Research plan and deliverables. Thestartingpoint is theuseof statisticalinformation
extractionandnaturallanguageparsingtechniquesto automaticallyderiveclassifcatoryand
metadatainformationfrom primarily textual data(webpages,Word, postscriptor similar
documents,etc.). While still challengingfor largeontologies,text classificationmethods
which semanticallycategorizeanentiredocumentarenow relatively well-understood,and
provide a goodlevel of performance.A centralresearchchallengeis how to extendthese
methodsto addressissueslike trying to determinethe prerequisitesfor understandinga
topic,or thequalityof theinformationpresented.Webelievethattwo of themostimportant
sourcesof informationherewill be linkageinformation(in the caseof hypertext sources
like the Web), andnaturallanguageprocessingterminologyextraction(to identify terms
thatareassumedwithout definitionwithin thetext). Determiningthe level of information
is alsolittle explored,beyondcrudemeasuresof readinglevel. ExploringNLPandmachine
learningapproachesto suchproblemswill bethemainfocusof theresearch.

Theresearchwill leadto a prototypesystemwhich will classifyeducationalresources
from outsidethe repositorywith the metadataattributesdefinedin the centralEdutella
infrastructure.

Disseminationand Evaluation. Theresultsof theresearchwill bedisseminatedthrough
scientificpublications.Theprototypewill beintegratedwith theEdutellainfrastructurein
thesecondyear, andevaluatedfor its successin finding andclassifyingsuitableinforma-
tion. In thefirst instance,this successwill bemeasuredusinginformationretrieval evalua-
tion methods.A moretask-specificevaluationwould involvedemonstratingtheadditional
valueover existing resourcesprovided by returnedresults,asseenin userstudies. This
evaluationcanbeanaspectof themoregeneralevaluationof thetestbeds.

Collaborations. Ontheonehand,thismodulefits in stronglywith aspectsof theEdutella
infrastructure,in particularthe issueof ontologymapping(InfoLab), which requiressim-
ilar techniques.On the otherhand,resourceidentificationandaccurateclassification,in
particularidentifyingapproachesandprerequisitesareimportantenablingtechnologiesfor
effectivepersonalization,andthis projectwill work closelywith KBS andUppsalagroups
on personalizedcontentdelivery andcomputationallinguisticsmethods.Researchvisits
will assistin integratingthedesignanddevelopmentbetweenthesetwo groups.

BudgetOverview (including overheadcosts):
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Inf oLab: 70K secondyear. Budgetwill pay for onePhD student,overheadcosts,and
travel.

4 Module: Server and Client SideTools

4.1 Modular Content Ar chives

Contrib uting Research Groups and PIs. IfN Braunschweig(Ulrich Reimers),KBS
Hannover(WolfgangNejdl), Uppsala(Broady),CID (Broady)

Working Title. Archives: Intuitive Storage,UseandRetrieval of ArchivedEducational
Media.

Problem Description. At every universityusuallyplentyof materialis availableor be-
ing producedfor the planning,preparationandexecutionof curricularactivities like lec-
tures,seminarsandprojectwork. This materialis an inhomogeneousamountof content
of varioustype. Thesecouldbe lectureslides,presentations,scientificgraphicsandtexts,
descriptionof experiments,software,animations,simulations.

Existing distributed learningenvironmentsoften demandcontentto be molded into
proprietaryandapplicationdependantformats. Thereforeit is difficult to re-usecontent
for differentpurposesanddifferentaudiences.Hence,teacherstoday areproneto pro-
ducearchivesandcurriculabasedon redundantinformation,proprietaryapplicationsand
formats,andnon-modularizedsolutions.

An intelligent andflexible archiving, management,allocationanddistribution of this
modularcontentis an intenseproblem. Several commercialproductslike Hyperwave or
Lotus offer certainfunctionality providing a stepinto the right directionbut thereis still
the lack of a sophisticatedarchive systemto optimally supportcurricular activities. As
mentionedearlierin this proposala centralserverapproachis dueto thedistributednature
not the optimumtype of architecture,and- building on the Edutellainfrastructure- one
of the distinguishingfeatureto otherprojects(e.g. the German“Teachware-on-Demand”
project) is exactly this distributed peer-to-peerinfrastructure,with plugins for different
kindsof peersparticipatingwithin theEdutellanetwork.

Intelligent archiving and flexible and intuitive accessto modularizedcontentcome
along with several problems: Contentmodulesare often detachedfrom context so that
interrelatedcontentmodulescanhardlybefoundandarethereforeof no use.This for in-
stancewill preventaninstructorto answera studentsquestionwith appropriateinstructive
materialif this materialis not intendedfor thatparticularcourse.Contentmodulescanbe
of differentfile types.Locally distributedcreationleadsto theneedfor versionlists. Of-
fline archiving of createdcontentmodulesis difficult andtedious.Instructorshave no fast
accessto contentmodulesdueto thelackof appropriatesearchstrategiesandmissingcon-
text information.Studentshaveno accessto many interestingcontentmodules.Especially
colleaguesfrom SwedenandGermany will producesamecontentin different languages
thatshouldbelinked.

Anotherproblemis thatin many educationalsettingsteachersandstudentsarenotable
to profit from the internationaldevelopmentof agreedmarkupschemesthatareevolving
within researchcommunities(mainly SGML-basedor XML-based,suchas the TEI en-
codingguidelinesamongscholarsin the humanities).Sincethe tools andpracticesused
in coursesoften do not keeppacewith suchinternationalde facto standards,the well-
structuredcontentof existing andemergingdigital researcharchivesarein many casesnot
easilyavailableto teachersandstudents.

Yet another problem concerns the rapidly increasing volume of scientific re-
sults/deliverablesavailableat the WWW. In somerapidly evolving fields, suchasbioin-
formatics,therearehardlyany coursebooks.This meansthatcurriculardevelopmentwill
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bedependenton teachers’ability to overview, navigate,identify andre-useappropriatese-
lectionsof existing digital archives.Thereis a needfor betterprinciplesfor thedesignof
modularizedcontentrepositories.

Therearealsoaseriesof morenarrow technicalproblems.Sinceexistingmaterialsare
oftenstoredin variousfile formatsanddeveloperversionsalongwith non-valid filenames,
it is difficult andsometimesimpossibleto re-useinformation.

Research Plan and Deliverables To solve the describedproblemsthe following tasks
have to beaccomplished:

Metadata and WindowsApplications. A strongfocus lies on the integration of (Win-
dows)de-factostandardfile formatslikeWord,PowerPoint,JPG,GIF, HTML, Math-
cad,Windows executablesetc. into Edutellaarchives. We will investigate,which
kind of constraintsthis leadsto, how Edutellametadataareusedespeciallyin this
environment.

To accessthis contentvery fastefficient andflexible text/keyword searchfacilities
are necessary. One situationthat occursduring a lecture is the studenthaving a
questionthatdealswith topic outsidetheprimaryscopeof the lecture.Usingthese
sophisticatedsearchfacilities instructorscan accessappropriatecontentvery fast
andanswerthestudentsquestioninstructively. Anotherimportantaspectis context
informationfor contentmodules.If every singlemodulecanhaveappendedcontext
information,it will bepossibleto providefastaccessto connectedmodulesvia visual
presentations(context maps).

The describedtaskswill leadto intensive cooperationwith the ”Edutella” andthe
”PersonalizedInterfaces”modules.(IfN)

RepositoryAr chitectureand Tools. We proposea local databasesystemwith a client
server architectureto supportinstructorsin an optimumway. This singledatabase
functionsas a university wide repositorythat canexchangemetadataand content
with otherdistributedrepositoriesasdescribedin the”Edutella” module.Commer-
cial productslike Hyperwave will beexaminedif thesecanbeextendedto suit our
needs.XML/SOAP et al canfunctionasastandardizedprotocolfor theexchangeof
metadataanddatabetweenrepositoriesor a repositoryanda user. Similar develop-
mentsatotherinstitutionswill alsobetakeninto account(for previouswork seee.g.
[27]).

An importantissueis the linking of personalizedelectronicstudentportfolioswith
sucha repository. Studentswill be able to download interestingmaterial to their
own electronicportfolio andmanagetheir content.Theseissueswill bediscussedin
cooperationwith membersof theMETAFOLIO group.(IfN)

Anothertaskis to developandexploremethodsandtoolsfor thedesignandcreation
of modularizedcontentarchives,aswell asdevelopandexploremethodsandtools
thatallow teachersandstudentsto accessandusealreadyexistingrepositoriesonthe
web,with a strongfocuson modularityandre-usabilityin differentcontext, based
on the contentarchive systemsdescribedin the previous paragraphs.They should
supporttheteachersandstudentsto work with thesearchives.For a specificcourse
theteachermight proposethestudentscertainpathsthroughthearchiveandcertain
subsetsof contentmodulesto be usedby the studentsandin somecasesaddedto
theirportfolios. (IfN, KBS, CID, Uppsala)

Theknowledgemanagementtool Conzillaalreadysupportstheorganizationof anno-
tatedcontentinto personalizedportfoliosin a way thatis compliantwith theemerg-
ing standardsfor automatedinformationexchange(XML) andmetadatahandling
(IMS). We will modify Conzilla to enhancethis supportin variousways,basedon
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the structureof this repository, and on user-feedbackfrom our activities in other
modules.(CID)

Metadata-BasedLearning Repositories. Basedon the Edutellasubmodulewe will im-
plementa secondserver implementationcalledanopenlearningrepository(OLR),
which just stores(RDF) metadata(both for classification/annotationandfor struc-
ture)in a centraldatabase,but no content(which is accessiblevia URLs/HTTP).

Resourcespotentiallydistributedall overtheInternetcanbecombinedto entitieswe
call “Courses”,logical documentsintegratingcontentfrom differentsources.While
the contentstaysat its original location our databaseholds all information about
thestructureof eachcourseandmetadataaboutthecontent.The responsibilityfor
maintainingcontentstayswith thepeopleproviding it. Whenbrowsinga courseall
HTML-pagesaregenerateddynamicall.

Thesystemprovidesaplatformfor testingoutdifferentnavigationschemesincluding
traditionalconceptssuchashierarchicaltreestructuresandtutorial-likecourse-trails
aswell ashighly adaptive approaches(personalizednavigation)– seethepersonal-
izedaccesssubmodules.(KBS)

A secondsystemwill explore an alternative architecturebasedon XML, XML
SchemaandJSP, againcompatiblewith theEdutellafunctionalities.It will include
a WebDAV-basedcoursewareauthoringmodulewhich enablesgeographicallydis-
persedcourseware authorsto collaboratively work on the coursecontents,and a
standalone,JSP-basedcoursewarepublishingenginewhichcanachieveflexible, dy-
namic courseware presentation.The systemcan be aware of any changesof the
coursecontentsandautomaticallyreflectthechangeson theWebat any time,again
customizableby metadata.(KBS, CID)

Dissemination,Testbedsand Evaluation Disseminationof theachievedresultswill be
accomplishedby scientificpublicationsin appropriatejournalsandby demonstrationsat
symposia.

In several testbedswe will show the impact of the developmentsin this moduleon
teachingandlearning. In Braunschweig,we will useseveralcoursesin the field of com-
munications,encouragingexchangeto otherinterestedfacultiesfrom otheruniversities,in
Hannover we will useseveralcomputersciencecoursesandtheULI project. At Uppsala
Universityseveralcoursesin humantiesandsocialsciencesandbioinformaticswill provide
suitabletestbeds.

Collaboration and Scholarly Exchange Interactionswith othermodules:

1. Edutellamodule(ExchangeFacilities/ BasicInfrastructure)

2. Automaticextractionof metadataandontologicalinformation

3. PersonalSearchEngine

Therearealsocloselinks betweenstudentportfoliosandcontentarchives.Thestudents
shouldbeoffered(andthemselvesableto create)contentin portablemodularizedformats,
suitableto beincorporatedinto their portfoliosandto bere-usedfor variouspurposesthat
maynot beforeseenby theteacher. Thereforethedevelopmentof portfolio practicespre-
supposesthecreationof archivesof contentmodules.

Use researchvisits (2 weeksup to 3 months)(Braunschweig,Hannover, Stanford,
Stockholm,Uppsala)in orderto integratedesignanddevelopmentwithin this moduleand
with othermodules.Workshopswill besuitableto promotecollaborationaswell.
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BudgetOverview (including overheadcosts):

IfN: 50K first year, 70K secondyear. Budgetwill pay for onePh.D.assistant(part-time
first year),L3S infrastructurecosts,travel andexchange.

KBS: 20K first year, 40K secondyear. Budgetwill payfor apart-timePh.D.student,L3S
infrastructurecosts,travel andexchange.

Uppsala: 15K first year, 15K secondyear. Budgetwill payfor a part-timePh.D.student,
infrastructurecosts,travel andexchange.

CID: 15K first year, 15K secondyear. Budgetwill pay for a part-timePh.D. student,
infrastructurecosts,travel andexchange.

4.2 Video/Audio Capturing and Metadata

Working Title. VACE:Video/AudioCapturingandEmbedding

Contrib uting Research Groupsand PIs. HannoverRVS (Pralle)

ProblemDescription. Currentlyweseetheneedto integratecapturedaudiovisualmate-
rial from actualseminars,courses,lecturesetc. into on-line(web-based)andoff-line (e. g.
CD-ROM-based)learningsystems.

TheseA/V recordingscanhelpstudentsin understandingthecontent,especiallywhen
they areembeddedin otherkinds of learningmaterial,asa simpleexample,the script of
thecourse.In additionthis,a largergroupof learnerscanbereachedandstudentscanget
accessto previousmaterial.

But nevertheless,it doesnot help to just do a recordingof a courseanpublishthis on
theweb,a CD-ROM or a video tape.Thekey for a usefulsolutionis the integrationin a
multi-medialearningsystem.Theideais not to producea “TV-Show” but to usecaptured
mediaasasupplementto otherlearningmaterial.

Therearesomeapproachesthatall haveseveraladvantagesanddisadvantages.

1. Oneway is to put all information(the A/V-recordingof the lectureandthe slides)
in a TV-quality audio/videostream,like it is done in a project called “Uni-TV”
(http://www.lrz-muenchen.de/wir/gigabit-vpp/demo-unitv/).

Therearecertaindrawbacksin this “single-media”approach:Theresolutionof the
slidesis restrictedto theTV standard(about720 576pixels). A high bandwidthis
neededto deliver themediastream(at leastfour Megabitspersecondfor aMPEG-2
stream).Apart from a VCR-like control (pause,play, fastforward,rewind) theuser
cannotnavigate the content. Finally, thereis no associationto other mediatypes
possible.

2. Thereare certain presentationtools commerciallyavailable (Real Presenter, Mi-
crosoft Media Tools) that allow to recordan actualpresentationand generatean
on-linerepresentationof this. Two mediastreamsareproduced,onecontainingthe
slides,theotheronecontainingtheA/V recordingof theinstructor.

As the producedmediastreamsarevendor-dependent,they cannotbe easily inte-
gratedin own learningapplications.There-useof thegeneratedmaterialis difficult
or evennot possiblebecauseit theproduceddatadependson theformatusedby the
tool. Thequalityof thestreamsis oftenpoorbecausethetoolsaremainlydeveloped
for low-bandwidthtransport.
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3. Onegeneralapproachis to recordthepresentationon video,convert this to a format
suitablefor online delivery and link it to web pagescontainingthe slidesof the
presentation.

Especiallyif differentmediatypesareusedmucheffort hasto bespenton thepost-
production. The slides(e.g. in MS Powerpoint format) have to be convertedto
browseableweb pagesandthe recordedaudioandvideodatahasto beencodedto
differentstreamingformats.

4. Thereis somedevelopmentgoingon in building asystemfor the“authoring-on-the-
fly” of lectures.Several mediastreamsarecaptured(audio,video, whiteboard)an
canbepublishedright afterthepresentation.

This LINUX-basedsystemsneedsspecialsoftwareon both, the instructorsandthe
studentscomputers.Commonapplications,file- andstreaming-formatscannotbe
usedwith this system.Althougha platform-independenceis not urgentlynecessary,
the applicationsneededto obtainthe mediashouldat leastrun on commonPCsin
orderto achieveawide acceptance.

As wesee,althoughit seemsto bea commonproblemthereis no idealsolutionyet.

Research Plan and Deliverables. To comecloserto a solutionthefeaturesof idealcap-
turingsystemshasbeseenfrom differentkindsof view.

1. Theauthors(i. e. the instructorsor professors)view. In thetermsof ”light-weight-
authoring”the systemhasto be easyto usefor the producer. In an ideal case,the
capturingtool shouldrun in the backgroundso that the professorcanfocuson the
actualpresentation.Commonpresentationtools like MS PowerPoint,PDFviewers
or webbrowsersshouldbesupportedandassociationsto the capturedA/V content
shouldbegeneratedautomatically. Thepost-productionshouldbereducedto amini-
mum.Thecontentshouldbereusablefor differentkindsof media(e. g. on-line/web,
off-line/CD).

2. The users(students)view. The viewer shouldhave the possibility to navigateand
browse the content. Different ways of using the contenthave to be offered to
the learnerto satisfy the individual preferences:Watchingthe courselike a video
(“timeline-based”)or reading,browsingandsearchingit like a book.Theslidesand
theA/V streamsshouldbesynchronizedto eachothersothattheviewercanchoose
betweenwatchingthe AV streamor browsing throughthe web pageswithout los-
ing accessto the associatedotherdatatype. The integrationof othersystemslike
discussion-forumsor chatcouldbehelpful.

In order to constructa flexible, opensystemit would be useful to think of several
moduleswith definedinterfaces.Therehasto be modulesfor capturingmeta-data,inter-
facesto A/V-systemsandpublishing.Thedifferentmodulesmakeuseof differentexisting
applicationsfor presenting,A/V-codecsandstreaming-systemsbut itself will be vendor-
independent.

Examplescenario:TheauthorusesPowerPointto presenthis slidesin theactualpre-
sentation.Thelectureis recordedby a PCwith capturecard.A browseablewebpresenta-
tion andaCD-ROM with additionallearningmaterialshouldbecreated.

In this caseweneeda modulethatcapturestheeventsin PowerPoint(changingslides)
andextractsthecontentof theslidesfor webpages.Anothermodulehasto generatemeta-
datafor A/V streaming(e. g. RealMedia)by associatingthe time-stampsandkeywords
from theslides. A third modulegeneratesanHTML framework for thewebpresentation
thatcontainsthecontentfrom theslidesandthelinks to theA/V streamingmedia.Finally
a modulethatextractstheinformationfor theCD-ROM productionis needed.
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Theconceptof modulesalsoallowstheintegrationof forthcomingtechniquesfor media
delivery. Metadatawill berecordedin a waycompatibleto theEdutellasubmodule.

The generatedcontentshouldbe accessibleby the useof commonapplicationslike
web-browsersan streamingplayerslike Realor Windows-Mediaso that no specialpro-
gramshaveto beinstalledon thestudentscomputer.

The contentcanbe usefor differentpurposes,e. g. for archives,portfolios andcan
be integratedin existing or forthcominglearningsystems.The systemcanbe seenasa
framework. Extensionsaschat,forumsor othercommunicationsystemscanbeintegrated
whenusingon-linepublishing.

Onecouldthink of on-demanddelivery in web-basedon-linesystemsaswell astheuse
in a real-timelearningscenariosor for storedmedia(onCD, DVD).

Collaboration / Scholarly Exchange. Collaborationespeciallywith the Edutellamod-
ule, basedon direct collaborationandexchangevisits to otherparticipatinglabs. Useof
this tool in thedifferenttestbeds(e.g.ULI).

BudgetOverview (incl. overheadcosts):

RVS: 70K for first andsecondyear, which paysfor onefull Ph.D.student,includingL3S
overheadcosts,travel andexchange.

5 Module: Shared and Personalized Accessto Educa-
tional Media

5.1 PersonalizedLearning Sequences

Working Title. PLeaSe:PersonalizedLearningSequences

Contrib uting Research Groupsand PIs. Hannover KBS (Nejdl/Henze),UppsalaLin-
guistics(Borin)

ProblemDescription. It is generallyagreedthatit is a desirablegoalin any educational
settingto be able to tailor coursesandcoursematerialsto individual students’needs,as
determinedby suchfactorsastheir previousknowledgeof thesubject,their learningstyle,
their generalattitude,aswell astheir culturalandlinguistic background.A skilled teacher
will beableto achievethisgoalin one-to-oneinteractionswith learners,but notasarule in
the lecturehall/classroomsettingsmoretypical of highereducation.Nor will a developer
of traditional coursematerialsbe able to caterfor individual learnerneedsto any great
extent.

ICT-basededucationalmaterialscanpotentiallybemuchmoreflexible thantraditional
coursematerials,however. They offer a uniqueopportunityto achieve thementionedgoal
throughpersonalization, whereboth the selectionandpresentationsequenceof the units
of educationalmaterialmakingup a courseletor coursearedeterminedby a dynamically
updatedlearnermodel, which takesinto accountat leastthelearner’spreviousknowledge
andherprogressin masteringthematerial.

Theaim of thepersonalizationmoduleis to provide individualizedaccessto learning
materials,to courses,courselets,etc.A “one-size-fits-all”learningpaththroughthesemate-
rials(or eventhroughpartsof it) wouldneglectindividualneeds,knowledgeor preferences
of theusers[21]. To maximizethestudents’successwith theopenlearningrepositoryit is
necessaryto provide a quick, user-focussedaccessto thoseentitiesin the learningreposi-
tory whichcorrespondto theuser’sactualinformationneeds,to her/hisknowledge,current
situationandpreferences.
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Research Plan. Researchin adaptinginformationsystemsto theindividualusersis con-
ductede.g. in the areaof adaptive hypermediasystems.Adaptive hypermediasystems
usea model of the user to collect information abouther/hisknowledge,goals,experi-
ence,etc.,in orderto adaptthecontentandthenavigationalstructure.Therearetwo main
adaptationstrategiesin adaptinghypermediasystems[9]: link-level adaptationcalculates
usefulnavigationalstrategiesfor the individual user, content-level adaptationindividually
placescontent-chunkson the informationentities. We assumethat our repositorieswill
provide lots of informationon any onetopic: differentexplanations,examples,use-cases,
etc.,thereforein PLeaSemodulewe will concentrateon selectingandpresentingthemost
appropriatematerialfor eachuserinto personalizedlearningsequences[10]. In module
PALaTe we will explore the issueof creatingnew hypertext pagesout of existing text,
particularlyin connectionwith thelargetext archivestestbed[35].

Theoverallproblemsettingfor ouradaptationfunctionalitiesis thefollowing: We will
have accessto a largesetof learningmaterials.Many differentauthorscanmodify, delete
or addnew contentto theOLR, thelearningobjectsmightbedistributed,andwecanexpect
thatwe will oftenfind morethanonelearningobjecton thesametopic.

Adaptive hypermediasystemsnormally combinelearningmaterialswith readingse-
quences,didacticalrules,pre-andpost-knowledgeor pre-andpost-learningobjects[19].
As we wantto adaptmaterialsfrom differentcoursesandfrom differentcontexts,weneed
a flexible approachto adaptation[18, 20], where information about learningobjectsis
readout from metadata,but alsoinferredfrom theobjectsthemselves.Using information
retrieval, information extraction and natural languageprocessingmethodsfor obtaining
automaticor semi-automaticindexing is of advantage(seethesubmodule“Automaticex-
tractionof metadataandontologicalinformation”),evencrucialin thecaseof largetextual
resourcesasusede.g. in theLanguages/Humanities(seethesectionon the“PALaTe sub-
module/testbed”).

Deliverables.

1. Userorientation: Theadaptationcomponentwill focuson orientationguides:Pro-
vide accessto relevant information,selectandshow casestudies,give hints, show
examples,show context, generatereadingsequences.

� How to dealwith differentteachingstrategiesin onesinglecourse?Different
authorsof courses/courseletswill follow differentteachingstrategies.

� How to dealwith informationoversupply?Present“best”, find bestfitting tour.
� How to generatepersonalizedlearningsequencesbasedon different learning

theories(seemodulePerINaG)?
� How to dealwith structuredmaterials?In our repositorieswe will find lots of

structuredmaterials.How canwe make useof thesestructures(for presenta-
tion, visualization,selectionof materials?).

2. UserInteractions: All interactionsof a userwith our learningrepositoriescanpos-
sibly carryinformationabouttheuser’sgoals,knowledge,preferences.

� How to interpretthis raw input data,e.g.mouseclicks?
� We will usedifferentkinds of userinteractionasevidence(and thereforeas

inputfor theusermodel):quizanswers,projectperformance,retrievedlearning
objects.We want to distinguishthedifferentstrengthof belief in conclusions
aboutuserinteractions.This impliesa requirementfor theknowledgemodel:
Theknowledgemodelmustbeableto dealwith observationsof differentkinds
anddifferentgranularity.

15



� Diagnostictestingmethods(suchastheDidax systembeingdevelopedin the
SwedishLearningLab(SweLL)APE-DRHumproject[5, 6]) will beappliedto
enhancethevalueof informationweobtainfrom thedifferentuserinteractions.

3. UserModel / Knowledge Model: Theusermodelstoresindividual datalike name,
overall preferences,abilities, etc. The knowledgemodelmanageslearningdepen-
denciesof someapplicationdomain. In defining thesemodelsand implementing
tools for using them,we will build uponwork doneby IEEE LTSC Working and
StudyGroups,especiallyP1484.2(LearnerModelWG),P1484.4(TaskModelWG),
P1484.6(CourseSequencingWG), andP1484.20(Competency DefinitionsSG).

� How canwe build knowledgemodelsthatcanbeenlargedwith new topics?
� How canwe build knowledgemodelsandexchangeinformationwith different

or partly overlappingknowledgemodels?
� Canwe constructour knowledgemodelsfrom theontologiesdescribedin the

basicinfrastructuremodule?

Dissemination,Testbedsand Evaluation Disseminationof resultswill bedonethrough
reportsandscientificpublicationson thedifferentaspectsoutlinedin theresearchplan. A
setof prototypeimplementationsat theparticipatingsitesasdescribedabovewill beavail-
ableafter thefirst year, which will be refinedandextendedduring thesecondyearbased
on a evaluationand feedbackfrom theseimplementations.We will useseveral specific
coursesaswell asexisting intra- andinter-universityprojectcooperationsasresourcesfor
our requirementsanalysisandastestbedsfor our implementations.

In Germany our testbedcontext will betheULI project(seedescriptionof submodule
“Exchangefacilities/ Basicinfrastructure”).

In Sweden,LanguagesandHumanitieseducationwill serve asan importanttestbed,
with personalizedaccessto largetext archivesasthecommonmotif (seethesectionon the
“PALaTesubmodule/testbed”).

Collaboration and Scholarly Exchange. Interactionwith the Module “Infrastructure
and Intelligent Services”: incorporatingrequirementsfrom the adaptationcomponent:
contentand usage(including context of use) of eachlearning object; indexing (semi-
automatic),informationretrieval methodsin the meta-datadefinition. In addition,users
shouldbe enabledto storeand manipulateretrieved learningmaterials. Theselearning
materialsmight bestructured(hierarchical,sequential,conceptmaps,etc.).

Interactionwith the Module “InterfacesandNavigation”: Outcomeof the adaptation
component(readingsequences,accessto examples,alternativeviews,explanations)- how
to integrateit in a smartuserinterface? Interactionwith “PersonalizedAccessto Large
Text Archive”s: How cantextual resourcesbeeffectively usedfor personalizedlearning?
Useresearchvisits (2 weeksup to 3 months)(Hannover, Stanford,Uppsala)in order to
integratedesignanddevelopmentwithin this moduleandwith othermodules.

BudgetOverview (including overheadcosts):

KBS: 20K first year, 30K secondyear. Budgetwill pay for onepart-timePh.D.student,
L3S infrastructurecosts,travel andexchange.

L3S central: 20K first year, 20 K secondyear, for a part-timePh.D.studentin mediaand
designeducation,L3S infrastructurecosts,travel andexchange.

Uppsala: 30K first year, 30K secondyear, budgetwill pay for a half time Postdoc,over-
headcosts,travel andexchange.
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5.2 PersonalizedAccessto Lar geText Ar chives(Submodule/Testbed)

Working Title. PALaTe: PersonalizedAccessto LargeText Archives

Contrib uting Research Groupsand PIs. Uppsala(Borin/Broady),CID (Broady).

Problem Description. Text is still importantin the teachingof almostany subject,viz.
in theform of textbooksandothercoursetexts. In LanguagesandHumanitieseducation,
(large)textualresourcesarealsoquiteoftenobjectsof studyin themselves.Arguably, their
effectivedeploymentasstudyobjectsin thecontext of ICT-basedpersonalizedlearningde-
mandssomekind of languageunderstanding.Hence,personalizedaccessandnavigation
amongsuchresourcesshould– almostby definition – make useof ComputationalLin-
guistics(CL) / NaturalLanguageProcessing(NLP) techniques,to complementthe more
generalpersonalizationtoolswhich will bedevelopedin thesubmodule“PLeaSe:Person-
alizedLearningSequences”.

In this submodule/testbed,we thusconsiderthe issueof personalizedaccessto large
text archivesin LanguagesandHumanitieseducation.In orderto make the fruits of our
labor in theproposedprojectuseablealsoin othersubjectareas,we will focuson certain
aspectsof this issue,namelyhow (aspectsof the)contentanddifficulty of texts or partsof
textscanbeinferredandutilized for creatingpersonalizedaccessto text material.

Research plan and deliverables. We will considertheuseof two fairly differentkinds
of largetext archives:

1. In languageeducationandlinguistics,largetext archivesareimportantmainly (but
not only!) becauseof their (linguistic) form. Here, the so-calledtext corpushas
becomean importanteducational(andresearch)resource.Theusesof text corpora
in languageeducationaremanifold:

� asa datasourcefor the preparationof (monolingualor bilingual) word lists,
grammars[1, 2, 3], test items (e.g. for diagnostictestssuch as the Didax
systembeingdevelopedin theSwedishLearningLab (SweLL) APE-DRHum
project[5, 6]), etc.

� asa sourceof empiricalexamplesin ‘data-driven learning’ [4]. The English
Departmentat UppsalausestheBritish NationalCorpusin this way, andother
languagedepartmentsaregettingreadyto do thesame,e.g. theSlavic Depart-
mentfor usein theirRussiancourses.

� asa sourceof readingmatter, user-adaptedasto its level of difficulty andsub-
ject area(wherecontentobviouslybecomesimportant,too)

2. Ontheotherhand,in suchHumanitiessubjectsasHistory, LiteratureStudies,History
of Science,TeacherTraining,etc.,largetext archivesareimportantmainly because
of theircontent, i.e. becauseof theinformationcontainedin thetexts (and,asa rule,
the rangeof languagesdealtwith will bemuchsmaller;seebelow). Typical issues
whicharisewhensuchtext archivesareto beusedin education(or research)are:

� Locatingtexts or text portionsin thearchive which dealwith a particularper-
son,placeor time(‘PPTextraction’). Partly, this is addressedin thefield of In-
formationExtraction(undertheheadingof “namerecognition”),but theprob-
lem is still a long way from beingsolved,especiallyif we take into account—
as our ambition shouldbe—thegeneralproblemof entity referencesin text
(by noun,pronoun,hyperonymy / hyponymy, etc.). Concretely, this hasbeen
an issueboth in thework on theelectronicversionof SwedishauthorAugust
Strindberg’s collectedworks at KTH in Stockholm,andin the work with the
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so-calledWallenberg Interviews(interviewswith Jewswhoescapedfrom Hun-
garyandNazi persecutionthanksto RaoulWallenberg) in theHistory Depart-
mentat Uppsala.Theseandotherlargetextual resourceswould seemoreuse
in education—bridgingthegapbetweeneducationandthekind of researchfor
which this educationis preparingthe students—ifthe accessto the resources
couldbemadelessunwieldy.

� Selectingtexts or portionsof texts in the archive which dealwith a particular
topic, or successionof topics,thelatter for assemblinga readingsequenceout
of a largertextualmaterial.

For bothkindsof text archives,andfor many of theissuesjust listed,methodsandtools
from thefieldsof InformationRetrieval, InformationExtractionandCL/NLP areavailable.
Therearealsomoreopen-endedresearchissuesin thelist, e.g. the—alreadymentioned—
problemof entity referencesin text, or thatof determiningthe level of difficulty of a text
(for a languagelearnerhaving aparticularlinguisticbackground;seealsosubmodule“Au-
tomatic extraction of metadataand ontological information”, wherethe relatedissueof
“determiningthelevel of information” is discussed).

Generally, webelievethattherealisticcourseof actionhereis to pursueso-called‘shal-
low’, or ‘knowledge-light’techniquesfor text corporausedin languageeducation,because
of theirpotentialapplicationto alargenumberof languages—UppsalaUniversitycurrently
offerscoursesatvariouslevelsin about40 languages—whichin practiceprecludestheuse
of ‘deep’, ‘knowledge-intensive’ techniques.Whentherearesuchtechniquesavailable(as
maybe thecasefor English,Germananda few otherlanguages),they shouldbe consid-
ered,of course,but developingthemfrom scratchis too costly. For the caseof general
Humanitiestextual resources,however, we shouldconsiderdevelopingmoreknowledge-
intensive methodsfor selectedproblems,suchasthe ‘PPT extraction’ alreadymentioned,
wherethereis anexpressedneedamongeducatorsandresearchers.

The work with large text archiveswill proceedalongtwo interconnectedlines of re-
search:

1. We will explore the issueof usingpartial parsingandinformationextractiontech-
niquesfor markingtext portionsfor persons,places,andtimes,andcarry out for-
mative evaluationof thesetechniquesin an educationalsetting. This work will be
pursuedin collaborationwith the work in the submodules“Automatic extraction
of metadataandontologicalinformation” and“PLeaSe:Personalizedlearningse-
quences”.

Deliverables:Prototypeperson/place/timepartialparser(‘PPT extractor’),andeval-
uationreports.

2. We will pursuetheissueof how to (operationally)defineanddeterminethelevel of
difficulty (or “level of information”; seeabove) of a text or a portion of a text (for
languageeducationpurposesit would beusefulto beableto determinethis evenfor
small linguistic unitssuchasphrasesor clauses),andcarryout formativeevaluation
of this definition in an educationalsetting. This work, too, will be a collaboration
with thework in thesubmodules“Automaticextractionof metadataandontological
information”and“PLeaSe:Personalizedlearningsequences”.

Deliverables:Preliminaryoperationaldefinition of level of difficulty (for particu-
lar foreign/secondlanguagelearner),prototypeapplicationfor determininglevel of
difficulty at leastfor SwedishandEnglishtext material,andevaluationreports.

Dissemination,Testbedsand Evaluation Disseminationof resultswill bedonethrough
reportsandscientific publicationson the differentaspectsoutlined in the researchplan.
In general,we plan to do research/developmentandevaluationin parallel(i.e., formative
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evaluation),but for obviousreasons,thefirst yearwill bedevotedmainly to researchand
development,while the secondyearwill be dominatedby deploymentandevaluationin
regulareducation.

We will useexisting coursesin the departmentsof the Faculty of Languages,in the
History Departmentandin the Departmentof TeacherEducationasresourcesfor our re-
quirementsanalysisandastestbedsfor our implementations.

Collaboration and Scholarly Exchange. Strong interactionswith the submodules
“PLeaSe:PersonalizedLearningSequences”,“Automaticextractionof metadataandonto-
logical information”and“ContentArchives”.

BudgetOverview (including overheadcosts):

Uppsala: 25K first year, 25K secondyear. Budgetwill pay for onepart-timePostdoc,
andfor faculty involvementin testbedintegrationin regularLanguages/Humanities
curricula,overheadcosts,travel andexchange.

CID: 10K first year, 10K secondyear. Budgetwill pay for a part-timePh.D. student,
overheadcosts,travel andexchange.

5.3 Personalizedand Shared MathematicsCourselets

Working Title. PersonalizedandSharedMathematicsCourselets.

Contrib uting research groups and PIs. DSV at KTH Stockholm(Jansson),CID at
KTH Stockholm(Naeve).

Problem Description. This submoduleattackstwo major difficulties for teachersand
learners:the difficulty to shareandreuselearningmaterialamongstudentsandteachers
and acrossgeographicaland organizationalboundariesand the difficulty to personalize
andadaptexistinglearningmaterialto aparticularlearningsituation.Adaptationis relevant
bothwith respectto thestudentscharacteristicsandthecontext of learningOur particular
concernis mathematicseducation.By courseletswemeanfragmentsof coursescomposed
from multimediaexplanationmodulesor contentmodulesin electronicform.

The work will extendon researchat DSV on personalizedsupportfor learningcon-
ceptualmodeling[38, 33, 39] andresearchat CID, wherethe ideaof a conceptbrowser
hasbeendevelopedby Naeve andhis teamover the past3 years[24, 25]. A first proto-
typeof a conceptbrowser, calledConzilla,hasalreadybeenimplemented[30, 29]. While
conformingto evolving internationalprogrammingande-learningstandards(suchasXML
andIMS), Conzilla combinesconceptualmodelingwith annotatedaccessto multi-media
basedarchivesin a novel way. This makesConzillaa powerful basicplatformfor thekind
of problemsthatour projectaimsto address.Moreover, sinceConzillais beingdeveloped
asanopensourceproject,it hasthepotentialto evolveinto awidely usedtool thatprovides
supportfor studentsandteachersin handlingmultimedia-basedarchivesof digital informa-
tion. OtherrelatedsystemsdevelopedatCID includePDB(ProjectiveDrawing Board)and
CyberMath.

In cooperation with the Advanced Media Technology (AMT) laboratory at
KTH, CID is presently coordinating an effort to introduce new teaching method-
ology into mathematicscourses at both the university and the school level (see
http://www.amt.kth.se/projekt/matemagi.html).
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Research Plan. We articulatesevenmainconcernsfor this research:thecommitmentto
sharedstandards,languagesandtools to make sharingandreusepossibleon a technical
level (relationsto theModuleon Infrastructureandintelligentservices),themanagement
of incrementallygrowing multimediacontentarchives,in particularversionhandlingand
the handlingof problemsof structureandnavigation (relationsto the moduleon Infras-
tructuresand intelligent services),the sharingof simplemodelsfor courseletstructures,
the modelingof domainknowledge,tasksandusercompetenceaswell aspersonaluser
preferencesin sucha way that it canform a basisfor coursestructuringandpersonaliza-
tion, the personalizationof contentmodulesthroughannotationsexpressedasmeta-data,
thepersonalizationof coursesor courseletsthroughdifferentwaysto configureandmodify
structuresof modulesand the adaptionandcombinationof userinterfacemetaphorsfor
authoringanduseof courselets.

In our approachthe studentswill be stimulatedto play with preauthoredvizualisa-
tions andothermultimediaexplanationmodulesfor mathematicalconcepts,create,reuse
or modify suchmodules,createtheir own conceptualmodelsof mathematicalknowledge,
annotatenodesin conceptualstructureswith personalinformation,createcourseletsbased
on sequencesof explanationsgeneratedfrom the personalconceptualmodels,indirectly
createcourseletsgeneratedthroughknowledge-basedtechniquesbasingtheir inferences
onmeta-datacodingrelevantcontextualinformation,browsecourseletstructures,exchange
courselets.Conzillawill provide thebasicplatformfor thetheseactivities,andtheGraph-
ing Calculator(http://www.pacifict.com)will bethebasicvisualizationtool.

Teacherswill alsobeengagedin thesamekind of activities with thepurposeto create
relevantcourselets.Typically thelearningsituationwill bepartly teacherdrivenandpartly
studentdriven. Theabove activities needa setof toolsbothfor authoring(for conceptual
modelingandmeta-dataspecification)andbrowsing. This setwill includeConzilla and
theGraphingCalculatorfrom thestart,but will beincrementallyrevisedduringthecourse
of the project. An importantpart of the projectwill be the user-testingof Conzilla in a
realisticlearningenvironment,andthefeaturesof theprogramwill bemodifiedaccording
to thefeedbackof theparticipatingteachersandstudents.

Fromamethodologicalandtechnicalpointof view, theresearchwill combinemethods
andtechniquesfrom theareasof conceptualmodeling,ie. designof ontologies,concepts
and relationsshipssuitablefor modelingmathematicalknowledge,artificial intelligence,
i.e. knowledgerepresentationfor personalinformation,humanmachineinteraction,i.e.
adaptive interfaces,cognitivescienceie cognitiveaspectsof conceptlearning.

Deliverables,Timelines, Testbeds The submodulewill be focussedon the useof per-
sonalizedcourseware for a few coursesin Mathematicson the Information Technology
ProgramatKTH.

In thefirst half year, wewill introducetheConzilla/GraphingCalculator-basedmethod-
ology in two mathematicscourses,setupanarchiveof appropriatemultimediaexplanation
modules.Teacherswill addappropriatemeta-datato explanationmodules,following up
on studiesof studentsmodelingtheir own mathematicalknowledge.Teacherswill create
prototypicalcourseletsmanuallyusingconceptualmodelingandsemiautomaticallyusing
knowledge-basedtechniques.

In the secondhalf year, studentswill also usethesepre-authoredcourselets,author
their own explanatorymodule,and be able to browse archives of multimediaexplana-
tions. Studentswill generatepersonalizedcourseletsbasedon conceptualmodels,will
sharecourseletsamongeachotheron thesamecourseandwill addannotationsto modules
andexperimentwith knowledge-basedgenerationof courselets.

In the third half year, we will performa systematicstudyof courseswheretheabove
activities run in parallell. In thefourth half year, evaluationwill beperformed,guidelines
for themethodologydevelopedwill bewrittendown.

Resultsfrom thesubmodulewill beprototypes,empiricalstudies,courseletandcontent
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archivesfor particularsubdomainsof mathematicsaswell asgeneralreports.

Collaboration/Scholarly Exchange. Strong collaboration between DSV/KTH and
KBS/Hannoverwith respectto interfacesfor personalizedcoursematerialandknowledge-
basedtechniquesto generatecoursematerialfrom coursemodulesasdescribedin two of the
othersubmodules.

Connectionsto the work with meta-datain moduleon Infrastructureand intelligent
services.Theempiricalresultsof themeta-dataactivitiesof thismodulewill serveasinput
to thedevelopmentof new metadata-handlingcapabilitiesin theinfrastructuremodule.

Strongcollaborationwith theMathemagicprojectat theAdvancedMediaTechnology
(AMT) laboratoryatKTH, whereamulti-mediabasedcomponentarchivewith mathemat-
ical contentis beingdevelopedunderthecoordinationof Naeve.

Exchangeof graduatestudentsplannedbetweenKTH andHannover.

BudgetOverview (incl. overheadcosts):

KTH/DSV: 30K first year, 30K secondyear. Budgetwill pay for onepart-timePh.D.
student,infrastructurecosts,travel andexchange.

KTH/CID: 10K first year, 10K secondyear. Budgetwill pay for one part-timePh.D.
student,infrastructurecosts,travel andexchange.

5.4 PersonalizedInterfacesand Accessto Educational Media

Working Title. PersonalizedInterfaces,NavigationandGuidance- PerINaG

Contrib uting Research Groupsand PIs. HannoverKBS (Nejdl/Allert)

Problem Description. Using informationspaceslearnersmustintegratenew chunksof
informationintoacoherentmentalrepresentation.Thiscoherenceformationprocessmakes
greatdemandon learners‘cognitiveandmetacognitiveskills. They mustmakemany deci-
sionsandthereis ahugenumberof possiblerouteswhichcanbeconstructedandperformed
by thelearner. They mustorientthemselvesandbuild up connectionsbetweensinglecon-
cepts,learningobjects,unitsandcourselets.They haveto relateimportantitemsof content.
In hypertext navigationandnavigation in non-lineardatabaseslearnerssuffer from con-
flicting andcompetinggoalintentionsaswell asfrom cognitiveoverloadif thenavigational
taskconsumestoomuchof their resources.Thereis astrongneedof distractionandviola-
tion protectionin learningandproblemsolving.Theinstructionaldesignis thereforebased
on theoriesof working memory.

By usinginformationspacesin projectorientedlearning,learnershave to performreal
taskssuchasansweringquestions,solvingproblems,writing reports,etc. So they do not
only have to find informationbut alsoscan,read,interpret,evaluatefor utility, annotate,
andform coherence.How canlearnersbe assistedmosteffectively in orientation,access
andnavigation? Whatkindsof directandindirecthelp/aidshouldbepresented?How to
aidnavigationin informationspaces?

Doesit helplearnersto bepresentedtheunderlyingcomplex domain/knowledgemodel
which is organizedandstructurednet-like? Or do they needdifferentaccessstructure?
For example:task-adaptiveaccess/navigationstructurefacingtheneedsin differentstages
of a project(broadoverview, goalsetting,informationseeking,performingtheprocedural
tasks,reflectionandanalyses),dependingon their prior knowledge. How to contextual-
ize learningobjectsandunitsandto organizeaccess?Candifferentaccess-structureface
different task relatedaswell aspersonalneeds(e.g. different learningstylesaswell as
navigationstyles/moreor lessgoalorientation)?
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State-of-the-artwork dealswith hypertext navigation andconflicting goal intensions
(distractionandvolitional protectionin learningandproblemsolving [16]) andwith co-
herenceformationin learningwith hypertext [34] (learnersbenefitfrom learningwith hy-
pertext correspondingto their goal orientationandprior knowledge). On the otherhand
researchdealswith visualizingtechniquesin a moretechnicalperspective. Thesevisualiz-
ing techniquesdonot reducecomplexity for thelearner.

Anotherresearchfield investigatestheeffectivenessof adaptive interfacesfor instruc-
tionalsystemsandadaptivelink annotation[14], [36] and[43]. Thiswork hasproducedno
positive outcomefor adaptivenavigationsupportfor a generalpopulationof novice learn-
ers. Experimentaldesignhasto be developedfurther in this researchfield, the impactof
differentfactorshasto beevaluated.Thereis evidencefor theinferencethatlearnersmust
agreewith adaptivenavigationhelp.

Research Plan and Deliverables. This submodulewill focuson coursestructuring,ac-
cess,navigation,andorientationin non-linearinformationspaces,aswell asinstructional
andcognitive impactson thedesignof distributedlearningrepositories,aswell asrequire-
mentsfor designingthesesystemswith evaluationin mind from the beginning (protocol
andtracefunctionality, educationalsetup,etc.) It will includeappliedresearchbasedon
existing experimentalstudiesin cognitive science,anddesignof interfacesfor knowledge
navigation.

In a first stepwe will investigatetheeffectof differentaccess-structures.Learnerswill
be able to choosefrom different linear or hierarchicallystructuredtrails: Eachlearning
object (fragment)is locatedin thosetrails. Learnersaregiven adviceof pre- andpost-
conceptsto belearned.Thetrails aredesignedalongdifferentlearningtheories.Metadata
is usedto generatethoselearningsequences.

Field Research:We observe therequirementsof learnersin differentstagesof project
orientedas well as self-organizedlearning. Testbedsin Germany are describedin the
Edutellamodule. Questions:Doesnavigation in the non hierarchical(meshed,net-like)
domain/knowledgemodelsupportthe processof coherenceformation? Or shouldaccess
structuresbedifferent(hierarchies,lineartrails,associative relations)?

Task-adaptive access:We will investigatehow to contextualizeandhow to organize
access(copingwith thedifferentneedsof learnersin differentstagesof problemsolving,
project/problembasedlearningrelatedto specifictaskswithin a project-life-cycle). Dif-
ferenttrails/pathsbasedon differentlearningtheorieswill be dynamicallygeneratedand
the useof thesetrails will be evaluated. In controlledexperimentswe will evaluatethe
effectivenessof differentaccessstructuresaswell asof directandindirectnavigationaids.
Resultswill guidetherefinementof toolsanddesignof prototypeimplementations.

In asecondstepwewill combinethesestudieswith ourresultswithin thePLeaseMod-
ule (personalizedcoursesequencing),againincluding experimentalstudiesin the second
year. We will investigatethe effect of personalizedaccessandadaptive interfaces(e.g.
adaptive link annotation).

Deliverableswill alsoincludeguidancefor teachers,includingacataloguebasedonex-
isting learningtheories,to supportteachersandcoursebuildersin decisionmaking.These
guidelineswill reflectvariousconditionsandfactorsof learners(prior knowledge,domain
etc.)andguidethemduringthedesignof their coursesin specialdomains.Thisassistance
will notprovidepresentationrecipes,but aidsfor decisionmaking:how to structureaccess
to learningrepositories,which factorsto considerin designinghypertext navigation,etc.

Thesestudieswill alsobe embeddedin an overall evaluation,basedon theorybased
evaluationasdecribedby theWGLN evaluationteam[26, 37]. We will (in strongcollabo-
rationwith PIs)detectanddetermineappropriatesetof goalsto focusevaluation,andwill
useit to guiderequirementspecificationsandrefinements.For these,a reportwill beone
of the main deliverables.Field studiesandexperimentalstudieswill be part of ongoing
evaluation.
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Wewill alsospecifyfunctionalrequirementswithin differentmodulesto facilitateeval-
uation,including logfiles,protocolandtrackingfunctionalitiesto observe learners ínter-
actionandmovementin the informationspace/openlearningrepository. Complexity of
actionandnavigationis onefocusof observation.

Dissemination& Testbeds Testbeds:mainlyULI andCScoursesatKBS (seeEdutella),
othertestbedsin interactionwith collaboratingmodules.Dissemination:Publicationsand
Reports.

Collaboration and Scholarly Exchange Especiallywith Edutella, PleaSe,Modular
ContentArchives, in Swedenwith Departmentof TeacherEducation. Cooperationand
researchvisits.

BudgetOverview (incl. overheadcosts):

KBS: 30K first year, 30K secondyear, for part-timePh.D.student,incl. overheadcosts,
travel andexchange.

L3S central: 15K first year, 15K secondyear, for part-timePh.D.studentin mediaandde-
signeducation,especiallyfor evaluation,incl. overheadcosts,travel andexchange.
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