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Abstract

The proposalis structuredasa framevork + modulesdocument. The framevork
pageggive anexecutive summaryof the project,describethe overall researctagenda,
and briefly list the individual PADLR modules. Module descriptionswritten by the
subgroupsesponsiblaedescribethe researclagendan moredetail. Eachmodulede-
scriptionincludesexplicit informationabouthow it is integratedinto the total frame-
work anddescribethe interactionwith othermodulesandgroups(focusingespecially
on cross-disciplinaryand cross-institutionatollaboration). The descriptionsfurther
specifydeliverablestimelines,testbedsindbudgetinformation.

1 Executive Summary

Highereducatiorfacesproblemsof increasingstudengroupsin combinatiorwith ashort-
ageof resourcedor lecturingtime. As time for student/teacheinteractionis reducedstu-
dentshave to performmore self-studiegshanbefore. This calls for effective modularized
and personalizedearningmaterials,which help studentsto preparefor coursessupport
self-studyingperiodsaswell asown contributionsduring their coursesandprovide addi-
tional backgroundnformationaswell as(project)documentatioraftertheir courses.

Thedriving vision for this projectis a distributed“learningwebinfrastructure” which
malesit possibleto exchange/author/annotdteganizeandpersonalize/nagate/use/reuse
modularlearningobjects supportingavarietyof coursesdisciplinesanduniversities.Each
of the PADLR subprojectglealswith a specificproblemon the way towardsthis vision.
Infrastructuretools,courseletandarchiveswill bedesigned/deslopedn accordancevith
internationaktandard$or modularizatiormandmetadataandwill be compatibleacrosshe
PADLR project. We will specifyhow courseletsarebuilt (bothfrom atechnicalandfrom
an educationalpoint of view), how they are organizedand how they are exchangedand
reused.

Severaltestbedstouruniversitieswill bethetestandapplicationareaof ourinfrastruc-
ture,toolsandcourseletsproviding arich sourceof requirementsfeedbackandevaluation
resultsfor steeringour projectinto theright direction. Dueto budgetconstraintsyve could
notincludeall testbedervisionedin our letterof intentin our final proposakfor example
“Heat and Power Technologies’at KTH). We hopewe will be ableto expandour project
budgetin the secondyearto include additional project membersfrom the participating
sites.

Dueto differentbudgetyears projectfundingis supposedo starton April 1st,2001for
GermanandSwedishmodulesandon Septembef stfor Stanfordmoduleswith possibly



someearlierstartupfunding. The projectproposaldescribesvork for abouttwo years end
datefor proposedvork atall sitesist August30th,2003.

2 Project Overview

Identified Problems. Highereducation(in traditionalstudyprogramsaswell asin con-
tinuing educationprograms)of today facesproblemsof increasingand often inhomoge-
neousstudentgroupsin combinatiorwith a shortageof resourcegor lecturingandprepa-
rationtime. As time for student/teachanteractionis reduced studentshave to perform
moreself-studieghanbefore.

Beginning studentsare often frustratedby this situation, finding it hardto spendso
muchof their studytime alonewith atextbookto fill gapsin their learning,which cannot
be taughtwithin the traditional courses. Advancedstudentson the other hand,who are
more competentas learningconsumersare attendingcourseswith strict courseoutlines
andlearningmaterialsthey alreadyknow or do not need,frustratingtheir desireto have
morecontrolovertheirlearninganddirecttheirlearningto bettermeettheirpersonaheeds.

Facultymembersandteachersrealsofrustrated spendingalot of theirtime oncourse
preparatior(usuallywithout beingableto reuseexisting materials)andon managindarge
groupsof studentswith different(disciplinary)backgroundsdifferentlearningpreferences
and differentlevels of knowledge. Thougha lot of coursematerialsare producedusing
variousauthoringtoolsandernvironmentsthey tendto beisolatedandto bereusednly to
avery limited extent.

ProposedSolutions. Therelationbetweertime for lecturesandthetime for self-studies
will necessarihaveto bechangedThetimefor student/teacheinteractionis, andwill be,
limited andthe studentswill have to performmoreself-studieghanbefore.By increasing
the amountof time that studentancontrolin termsof time andplace,the universitycan
adoptto the new situationby increasindglexibility .

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 courseletcansupportthis goal, providedthatthey areof high quality in terms
of factualcontent,pedagogicembeddingjnteractvity andaccessibilityin a broadsense.
Specificlearningmodulescan be usedduring the course,extendedand customizedrom
a modularizedand distributed pool of resourcesvailableto the instructorsand students.
Additional learningmodulescansupportexcellentstudentsandfurther studies.

It is the goal of our proposalto advancethe stateof the artin instructionaldesignas
well asin technologicalinfrastructureto make sucha scenaridfeasible,beneficialand at
lastcommon-place.

Approach and Reseach Strategy. The PADLR ProjectProposalconsistsof several
modulesand subprojectsgachdealingwith a specificproblemon the way towardsour
goal. We will work on necessarynfrastructuretools, courseletsanddistributedarchives
(to be designed/deelopedin accordancevith internationalstandarddor modularization
andmetadata)andwe will make themcompatibleacrosshe whole PADLR project. We
will specifyhow courseletarebuilt (bothfrom atechnicalandfrom aneducationapointof
view), how they areorganizedandhow they areexchangedindreusedandhow distributed
contentarchivescanbe queriedandnavigated.

We will usesereraltestbedsat our universitiesfor providing a rich sourceof require-
ments feedbackandevaluationresults. Thesewill bethetestandapplicationareasof our
infrastructuretoolsandcourseletshelpingusto steerour projectinto theright direction.



The PADLR subprojectsare groupedinto threedifferentmodules,including the de-
scriptionsof testbedsat the participatingsites. The proposalconsistsof threeintertwined
moduleswith severalsubmodulegach:

e The module “Infrastructureand Intelligent Services”includeswork on exchange
facilities and basicinfrastructure personalizedjueriesand views over distributed
learningmaterials,and automaticextraction of metadataand ontologicalinforma-
tion.

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

e Themodule“SharedandPersonalized\ccessto EducationaMedia” includeswork
on personalizedearningsequencesnterfacesandguidancepersonalize@ccesso
largetext archivesandpersonalize@ndsharednathematicgourselets.

3 Module: Infrastructur e and Intelligent Services.

3.1 ExchangeFacilities / BasicInfrastructur e

Working Title. Edutella:An Infrastructurefor the Exchangeof EducationaMedia

Contributing Reseach Groups and Pls. Stanford Infolab (Manning/Decler), Han-
nover KBS (Nejdl), StockholmCID/NADA (Naeve)

Problem Description. Every single university usually hasalreadya large pool of edu-
cationalresourceglistributed over the institutions. Theseare undercontrol of the single
entities,andit is unlikely thattheseentitieswill give up this control. Thuscentral-serer
approachefor thedistribution of educationaimediaareunlikely to happenTo facilitateex-
changeof educationamedia,we proposeto develop anexchangenetwork for educational
media,basedon anapproacthasedon peerto-peer(P2P)networks. TheseP2Pnetworks
have alreadybeenquitesuccessfulor exchangingdatain heterogeneousrvironmentsand
have beenbroughtinto focuswith servicedike Napsterand Gnutella,providing accesgo
distributedresourcedik e MP3 codedaudiodata.

However, pureNapsterandGnutellalike approachegrenot suitablefor the exchange
of educationamedia.For example the metadatan Gnutellais limited to a file nameanda
path.While this might work for files with titles like "Madonna- like a Virgin”, it certainly
doesnotwork for "Introductionto Algebra- Lecture23”.

The educationatlomain,we thussee,is in needof a muchricher metadatanarkupof
resourcesa markupthatis often highly domainandresourceype specific.In orderto fa-
cilitate interoperabilityandreusabilityof educationatesourceswe needto build a system
supportinga wide rangeof suchresourcesThis placeshigh demandsn the interchange
protocolsandmetadataschemataisedin sucha systemaswell ason the overalltechnical
structure.

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

Reseach Plan and Deliverables. To solvetheseproblemswe proposeo usea metadata
basedpeerto peersystemfor educationaresourcesincluding Edutellanodesproviding
different client/sener functionalitiesbasedon commonand interoperablemetadataand
P2Pcorventions.Constructingsucha systemwill posetwo concreteproblems:1) define



the metadatanfrastructureandfunctionalitiesfor Edutellaand 2) definethe peerto-peer
infrastructureandfunctionalities.For both problemswe have to definethe basic(abstract)
modelandto designa soundimplementation.

For definingandimplementingthe metadatédnfrastructureandfunctionalities(1), we
have thetacklethefollowing tasks:

1. Metadataand metadataschematdor learningresources.We needto specifya ba-
sicmodel(RDF, RDF(S),[22]) to expressmetadatato identify / describemetadata
schematgstandardschematdike IEEE-LOM (P1484.12)to describegeneralas-
pectsof learnemesourcesMPEG-7for specificaspect®f audio-visualkcontentand
area/subjecspecificmetadatdik e the ACM classificationrschemeor computersci-
encetopics,etc.) andto describehow additionalkinds of metadataschematazanbe
added(e.g. learnermodels(IEEE P1484.2) which characterizdearnersand their
knowledge/abilitiego enablepersonalizednstructionandallow creatingandbuild-
ing personalearnemodelsutilizized throughoutheir educatiorandwork life). Us-
ing RDF andRDF(S)will bestratgically importantin orderto designour systento
be compliantwith the next generatior(= semanticveb[12, 8, 28]. Interoperability
with existingwebstandardeandmetadatachematarecrucialrequirementso lower
theentrylevel into the system.Thisis the fundamentapartof definingthe metadata
informationhandledby the Edutellasystem(KBS, CID, IfN).

2. DefiningthemetadatdandlingcapabilitieAPI, querylanguageyupdatesandiden-
tify requiredfunctionalitiesfor the accesgo the metadata.Edutellawill bring not
only multiple anddistibuted content,but multiple anddistributedmeta-dataswell
(where several different schematdor the samecontentwill be possibleand sev-
eral authorsprovide metadatdor the samecontent). Metadatathereforehave to be
identifiableandreproducibleto ensurethat differentmeta-datasetsare consistently
separablemetadatawill be seenasa resourceon its own (seealsothe next point
on schemanteroperabilitiy). This is the fundamentapartof accessingndworking
with Edutellametadatarrespectve of particularstoragerepresentationsSeealso
[25, 3Q] (Infolab, CID, KBS).

3. Defineandsetup metadatachemaureausi.e. senersthatstoremetadatachemata
andclassificationausedin the Edutellanetwork (seealso[11]. Enablingaccesgso
suchexplicit descriptionsof schematas crucial in orderto allow sharingof meta-
dataschematawithin usercommunities[17]. RDF schematalreadysupportthis
mechanismRDF metadaexplicitly referencemachinereadabledescriptionsof the
schematdhey areinstantiatedrom. Theseschematawill thenbe availableasre-
sourceswithin the Edutellanetwork. (Infolab)

4. Implementntology/schemanappingcapabilitiego beusedwithin the Edutellanet-
work in orderto allow exchangeof metadatdasedn different,but relatedmetadata
schemata(Infolab)

For the peerto-peerinfrastructureand functionalities(2), the following tasksareim-
portant:

1. Defineasetof well-designednterfacego theEdutellasystemandprotocolshetween
Edutellanodes,that allow accesgo and interchangebetweenEdutellaresources.
Again we canbuild uponemeging Web standardglik e the SQAP messagingro-
tocol which usesHTTP to carry messagesghat are formattedwith XML andthus
providesalightweightstandardbjectinvocationprotocolbuilt on Internetstandards
[7], or the new JXTA opensourceinitiative proposedy SUN). This makesit possi-
ble to implementEdutellafacilitiese.g. asplugin modulesto SQAP enabledseners
(suchasApache).Evenmorelightweightbasicsenerscanbeimaginedfor example



usingsimpleWebDAV over HTTP, or aread-onlysenersservingmetadatasstatic
XML files. Integrating suchlightweight sener capabilitiesinto arbitrary Edutella
nodesleadsto a P2P network whereevery nodecan offer servicesto othernodes
(possiblywith differentsophistification).This approachsatisfieghe very important
demandthat settingup a basicEdutellasener shouldbe a very simple procedure,
andthatdifferentlayersof addedfunctionality canbe addedstepby steplater This

is thefundamentapartof accessindgedutellaserviceoverthelnternet/\\eb(seealso

[13]. (CID, KBS)

2. Specifyanumberof supportedaddressingchemataWe needto addressheproblem
of relocationof resourcesndseners.Especiallyin theeducationatiomain thereis
a fundamentaheedfor persistentjocation-independenesourcddentifiers. A two
stepprocedure wherethe resourcedentifier is separatedrom the actualretrieval
processwould allow easyrelocation. Path URNSs is sucha solution, and IMS is
working on otherproposalsn this direction. We needto definewhich suchprotocols
thatareto be supportedn the systemandhow the metadatanodesshouldcooperate
in theresolvingof suchidentifiers.(CID)

3. Implementan open-sourcdaselibrary and setof plugin moduleswith supportfor
thebasicmetadatanodelfor Edutellanodesandthe peerto-peemetworking details
betweerEdutellanodes. Theselibraries/modulesvill provide basicaccessandup-
datefunctionalitiesfor Edutellanodes,andwill alsobe usedin othersubmodules
(like “modularcontentarchives” and“lightweight tools”) (KBS)

4. Implementasetof extendedunctionalitiesontop of thisbasdibrary in orderto sup-
portdifferenttypesof extensionge.g.anontologyinferencesngineor filtering [31]).
Functionalitiegprovidedby othersubmodule$ik e “personalization’canalsobeim-
plementedas such extensionplugin modulesplus appropriatemetadata/metadata
schematalmportantfurther aspectsncludeloadbalancingandefficient queryingin
the Edutellanetwork, influencingboth protocoldesignanddynamicreconfiguration
of network (KBS, Infolab).

Dissemination, Testbedsand Evaluation Disseminatiorof resultswill bedonethrough
reportsandscientificpublicationson the differentaspectoutlinedin theresearctplan. A
setof prototypeimplementationstthe participatingsitesasdescribecabove will be avail-
ableafter thefirst year which will be refinedandextendedduring the secondyearbased
on a evaluationand feedbackfrom theseimplementations.We will usesereral specific
coursesaswell asexisting intra- andinter-university projectcooperationgasresourcegor
our requirementanalysisandastestbeddgor ourimplementations.

In Germaly for example, our testbedcontext will be the ULI project, a distributed
computerscienceprogram,where8 universitiesand 17 CS professorswill work together
for 3 yearsto createa distributedcomputersciencestudyprogramaswell ascoursecontent
for thesecoursegfinancedwith about3 Mill. Eurofor thenext threeyears).KBS is oneof
thesepartnergresponsibldor the areaof artificial intelligence),andwill usethis project
asatestbedor theinfrastructureandtoolsdeveloped bothin therequirementsiefinement
andevaluationphaseln Swedenpurtestbedwill consistof the modularcontentarchives
for humanitiesandof personalize&ndsharednathematicatourselets.

Collaboration and Scholarly Exchange. Stronginteractionwith all modulesbuilding
tools undfunctionalities,in orderto definecommonstandardsstronginteractionwith all
modulesworking with testbedsn orderto definerequirementsandto useevaluationsto
drive development. Use researchvisits (2 weeksup to 3 months)(Hannover, Stanford,
Stockholm)in orderto integratedesignanddevelopmentwithin this moduleandwith other
modules.



Budget Overview (including overheadcosts):

KBS: 70K firstyear 40K second/ear 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.

Infolab: 70K first year Budgetwill payfor onePostdocoverheadcosts,travel and ex-
change.

CID: 30K first year 30K secondyear Budgetwill payfor parttime Ph.D.Studentover-
headcosts travel andexchange.

3.2 PersonalizedQueriesand Viewsover Distrib uted Learning Mate-
rials

The modulewill provide an infrastructurefor advancedpersonalizedjuery facilities on
top of the Edutellameta-datandpeerto-peerinfrastructure.This would complementhe
deliverablesn the module’InfrastructureandintelligentServices'.

Working Title. PSELO:A personalizedgearchenginefor learningobjects.
Contrib uting Reseach Groupsand Pls.  UppsalaUniversity (Risch)

Problem Description. In adistributedlearningervironmenttherewill belargenumbers
of learningobjectsandcourseletstoredin mary distributedanddiffering datastoresonthe
Internet.Without guidancestudentswill have greatdifficultiesto find thelearningobjects
relevant for a particularlearningtask. The meta-datadescriptionsprovide information
aboutpropertiesof the learningobjects,but the meta-dateby itself doesnot provide for

handling reconciliationof differencesbetweendifferent objectsnor doesit provide for

customizedandefficient queriesover views of reconciledearningobjects.

Reseach Plan and Deliverables. The purposeof this moduleis to provide technology
for definingpersonalizedearningviews of relevantlearningobjects/ courseletdor each
subject,studentor task. Thesepersonalizediews focusthe dataprimarily seenby a user
to a particularsetof relevant objects. The studentcanthenexplore the relevantlearning
objectsthrougha powerful andsubject-orientedjuerylanguage Heresubject-orientation
meansthat the operatorsusedin queriesare specializedor a particularlearningsubject.
Sucha querylanguageprovidesa tool for the studentfor advancedexplorationof a sub-
ject. It shouldbe possibleto dynamicallychangeandadaptthe personalizediew for each
studenttasketc.,asnew knowledgeis increasinglydeepeiexplored.

The personalizedriews are definedfrom the meta-datanodel. In our approacithese
views are definedfor the userasa setof object-oriented OO) dataviews inferred from
meta-data. Subject-orientedjueriesare then specifiedin termsof the personalizedlata
views usinganextensibleOO querylanguage.

For definingandimplementingsucha queryinfrastructurethe following tasksneedto
besolved:

1. Thesubject-orientedueriesshouldbe expressedn termsof the meta-datanodelof
learningobjects. The systemmustthereforehave the ability to interpretmeta-data
definitionsof Eduella. The learningobjectoften have complex structureghatneed
to beviewed asobjectstructures.The querylanguagenustthushave the ability to
expresgueriesandviews over complex objectstructures.



2. To supportsubject-orientedjueriesit must be possibleto easily extend the query
enginewith knowledgemodulesmplementingthe subject-orientedjueryoperators.
This includesplug-in facilities for implementingboth query operatorsas well as
optimizationrulesfor subject-orientedjueries.

3. Sincethe learningobjectsarestoredin mary differentplacesandin mary different
formatsthequeryenginemustbeableto dealwith querieshatspanmary heteroge-
neousanddistributeddatasources.

A majorchallenges hereto efficiently processsubject-orientedjueriesthataccess
andprocessnary distributedandheterogeneousnowledgeobjects.The queryexe-
cutionshouldtherebyutilize the peerto-peerinfrastructureof Eduella.

The projectenhanceslataintegrationtechnologyfor supportof learningapplicationsand
is expectedto enhancehe state-of-the-artn the areasof databaseand dataintegration
techniqueslt will producereportsandscientificpublications.

The work will extend on researchdeveloped at Uppsala DatabaselLaboratory
(http://lwww.dis.uu.se/"udblpn OO queriesover distributed and heterogeneoudata[41,
42, 32]. Researctfrom otherinstituteson wrappingand searchingheterogeneoug]is-
tributed,andsemistructuredata,e.g.[15, 23, 40, is alsoapplicable.Otherimportantsup-
plementakomponentareuserinterfacemodulesfor subject-orientedisualqueryspecifi-
cationsandfor visualizingretrievedlearningobjects which canbe addedasplugins.

Dissemination, Testbedsand Evaluation In the projectwe will implementa prototype
searchengine,PSELO,that provides personalizedDO views of the distributedlearning
objects.Theprototypesystemwill demonstrat¢hefeasibility of theapproachandsene as
aplatformfor furtherexperimentatiorandevaluations.

It is ervisionedthat this technologywill be animportantcomponenbf the Edutella
infrastructure It would utilize the meta-datgrotocolsof Edutellafor providing thetermi-
nologyin which the personalizediiews andqueriesareexpressedlt will usethe Edutella
peerto-peetinfrastructurdor efficientaccesso learningobjectsfrom thequeries With the
proposedsystemit will furthermorebe possibleto incorporatealgorithmsfor a particular
subjectassystenmplug-insthatdefinesubject-orientedjueryoperators.

Collaboration and Scholarly Exchange. Thework on this moduleis closelyrelatedto
othermodulesbuilding tools andfunctionalities. Researclvisits to otherparticipantsare
expectedo be complementedvith dayly e-mail contacts.

Budget Overview (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
Contributor. ChrisManning(Infolab/CS,Stanford)

Working Title. Extract: Automaticextractionof metadataandontologicalinformation.

Problem description. The basicinfrastructureportion of the proposaldependson the
availability of accuratemetadatdor learningresourceshuilt to fit within a looseontol-
ogy. While ametadatdramework providesa lightweightsolutionto mary of the problems
to be addressedh this project, it leavesthe questionof wherethe metadatds to come
from. For corecontent,hand-annotatiofs possible.However, evenfor corecontent,this



will bedifficult: busy educatorwill not appreciatéhaving to carry out an additionaltask
beyond contentcreation. A reasonwhy mary CBL projectsfail is becausehe materi-
als changemore slowly thaneducationaheeds.Any tool that can reducethis burdenby
semi-automaticallyproviding metadatawill be useful The problemis evenmoreacutefor
the enormousworld of information (e.g., on the Web) outsidethe coreresources.There
is alreadya vastarray of usefulteachingresource®n the web, and studentscould often
getvaluefrom makinguseof advancedor complementarynaterialsat otherinstitutions.
However, connectedo thepersonalizatioissueof adaptatiorcomeghedifficult andvery
time-consumindasksof finding appropriatenaterialsanddeterminingheir prerequisites,
etc. In thiscontet, standardkeyword searchis of verylimited effectivenesshbecausé can-
notfilter for: (i) thetypeof information (tutorial, appletor demo,review questionsegtc.),
(i) thelevel of the information (aimedat secondaryschoolstudentsthe generalpublic,
or graduatestudents?)(iii) the prerequisitesor understandinghe information,or (iv) the
quality of the information. Moreover, thereare all the usualproblemsof keyword-based
informationretrieval, suchasproblemswith synorymy, polysemyandsoon. Anymethod
which automaticallyannotatesnformationfromother sourcessothatit canbe easilyac-
cesseavithin our contentrepositorywill be of enormoussalue Suchadditionalresources,
while of lessconsistenbverall quality, will magnifythe valueof our contentrepository

Reseach plan and deliverables. The startingpoint is the useof statisticalinformation
extractionandnaturallanguageparsingechniqueso automaticallyderive classifcatoryand
metadatanformationfrom primarily textual data(web pagesWord, postscriptor similar
documentsetc.). While still challengingfor large ontologies text classificationmethods
which semanticallycategorizean entiredocumentrenow relatively well-understoodand
provide a goodlevel of performance A centralresearctchallenges how to extendthese
methodsto addresdssueslike trying to determinethe prerequisitesor understanding
topic, or thequality of theinformationpresentedWe believe thattwo of themostimportant
sourcesof informationherewill belinkageinformation(in the caseof hypertet sources
like the Web), and naturallanguageprocessingerminologyextraction (to identify terms
thatareassumeadvithout definitionwithin the text). Determiningthe level of information
is alsolittle explored,beyondcrudemeasuresf readingevel. ExploringNLP andmachine
learningapproacheto suchproblemswill bethe mainfocusof theresearch.

Theresearchwill leadto a prototypesystenwhich will classifyeducationatesources
from outsidethe repositorywith the metadataattributesdefinedin the central Edutella
infrastructure.

Disseminationand Evaluation. Theresultsof theresearclwill bedisseminatethrough
scientificpublications.The prototypewill beintegratedwith the Edutellainfrastructuren
the secondyear andevaluatedfor its successn finding andclassifyingsuitableinforma-
tion. In thefirst instancethis successvill be measuredisinginformationretrieval evalua-
tion methods A moretask-specifievaluationwould involve demonstratinghe additional
value over existing resourcegprovided by returnedresults,as seenin userstudies. This
evaluationcanbe anaspecbf the moregeneralevaluationof thetestbeds.

Collaborations. Ontheonehand thismodulefits in stronglywith aspect®f theEdutella
infrastructurejn particularthe issueof ontologymapping(InfoLab), which requiressim-
ilar techniques.On the otherhand, resourcedentificationand accurateclassification,in

particularidentifying approacheandprerequisitegreimportantenablingtechnologiegor

effective personalizationandthis projectwill work closelywith KBS andUppsalagroups
on personalizeccontentdelivery and computationalinguistics methods. Researclvisits
will assistin integratingthe designanddevelopmentetweerthesetwo groups.

Budget Overview (including overheadcosts):



InfoLab: 70K secondyear Budgetwill pay for one PhD student,overheadcosts,and
travel.

4 Module: Server and Client SideTools

4.1 Modular Content Archives

Contributing Reseach Groups and Pls. IfN Braunschweig(UIlrich Reimers),KBS
Hannwer (WolfgangNejdl), Uppsala(Broady),CID (Broady)

Working Title. Archives: Intuitive Storage UseandRetrieval of Archived Educational
Media.

Problem Description. At every university usually plenty of materialis availableor be-
ing producedfor the planning,preparatiorand executionof curricularactuities like lec-
tures,seminarsand projectwork. This materialis aninhomogeneouamountof content
of varioustype. Thesecould be lectureslides,presentationsscientificgraphicsandtexts,
descriptionof experimentssoftware,animationssimulations.

Existing distributed learning ervironmentsoften demandcontentto be molded into
proprietaryand applicationdependanformats. Thereforeit is difficult to re-usecontent
for differentpurposesand differentaudiences.Hence,teachergoday are proneto pro-
ducearchivesandcurriculabasedon redundantinformation, proprietaryapplicationsand
formats,andnon-modularizedolutions.

An intelligentandflexible archving, managementallocationanddistribution 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 centralsener approachs dueto the distributednature
not the optimumtype of architectureand- building on the Edutellainfrastructure- one
of the distinguishingfeatureto otherprojects(e.g. the German“Teachvare-on-Demand”
project) is exactly this distributed peerto-peerinfrastructure,with plugins for different
kindsof peersparticipatingwithin the Edutellanetwork.

Intelligent archiving and flexible and intuitive accesso modularizedcontentcome
alongwith several problems: Contentmodulesare often detachedrom contet so that
interrelatedcontentmodulescanhardly be found andarethereforeof no use. This for in-
stancewill preventaninstructorto answera studentgjuestiorwith appropriaténstructive
materialif this materialis notintendedfor thatparticularcourse.Contentmodulescanbe
of differentfile types. Locally distributedcreationleadsto the needfor versionlists. Of-
fline archiving of createdcontentmodulesis difficult andtedious.Instructorshave no fast
accesdgo contentmodulesdueto thelack of appropriatesearchstratgiesandmissingcon-
text information. Studentdave no accesso mary interestingcontentmodules.Especially
colleaguedrom Swedenand Germary will producesamecontentin differentlanguages
thatshouldbelinked.

Anotherproblemis thatin mary educationasettingseacherandstudentsarenotable
to profit from the internationaldevelopmentof agreedmarkupschemeshatare evolving
within researchcommunities(mainly SGML-basedor XML-based, suchasthe TEI en-
codingguidelinesamongscholarsin the humanities). Sincethe tools and practicesused
in coursesoften do not keep pacewith suchinternationalde facto standardsthe well-
structureccontentof existing andemenging digital researctarchivesarein mary casesiot
easilyavailableto teacherandstudents.

Yet another problem concernsthe rapidly increasing volume of scientific re-
sults/delverablesavailable at the WWW. In somerapidly evolving fields, suchasbioin-
formatics,therearehardlyany coursebooks. This meanghat curriculardevelopmentwill



be dependentnteachersability to overview, navigate,identify andre-useappropriatese-
lectionsof existing digital archives. Thereis a needfor betterprinciplesfor the designof
modularizeccontentrepositories.

Therearealsoa seriesof morenarrov technicalproblems.Sinceexisting materialsare
oftenstoredin variousfile formatsanddeveloperversionsalongwith non-valid filenames,
it is difficult andsometimesmpossibleto re-useinformation.

Reseach Plan and Deliverables To solve the describedoroblemsthe following tasks
have to beaccomplished:

Metadata and Windows Applications. A strongfocus lies on the integration of (Win-
dows)de-factostandardile formatslik e Word, PowverPoint JPG ,GIF, HTML, Math-
cad, Windows executabletc. into Edutellaarchives. We will investigatewhich
kind of constraintghis leadsto, how Edutellametadataare usedespeciallyin this
ervironment.

To accesghis contentvery fastefficient andflexible text/keyword searchfacilities
are necessary One situationthat occursduring a lectureis the studenthaving a
guestionthat dealswith topic outsidethe primary scopeof thelecture. Usingthese
sophisticatedsearchfacilities instructorscan accessappropriatecontentvery fast
andanswerthe studentsquestioninstructively. Anotherimportantaspecis context

informationfor contentmodules.If every singlemodulecanhave appendeaontext

information,it will bepossibleto providefastaccesso connectednodulesvia visual

presentationécontext maps).

The describedaskswill leadto intensve cooperationwith the "Edutella” andthe
"Personalizednterfaces’'modules.(IfN)

Repository Ar chitecture and Tools. We proposea local databasesystemwith a client

sener architecturgo supportinstructorsin an optimumway. This single database
functionsas a university wide repositorythat can exchangemetadataand content
with otherdistributedrepositoriesasdescribedn the "Edutella” module. Commer
cial productslike Hyperwave will be examinedif thesecanbe extendedto suit our
needsXML/SOAP etal canfunctionasa standardizegrotocolfor the exchangeof
metadataanddatabetweerrepositorier a repositoryanda user Similar develop-
mentsat otherinstitutionswill alsobetakeninto accountfor previouswork seee.qg.
[27)).
An importantissueis the linking of personalizealectronicstudentportfolios with
sucha repository Studentswill be ableto download interestingmaterialto their
own electronicportfolio andmanageheir content. Theseissueswill bediscussedn
cooperatiorwith memberof the METAFOLIO group.(IfN)

Anothertaskis to developandexplore methodsandtoolsfor thedesignandcreation
of modularizedcontentarchives,aswell asdevelop andexplore methodsandtools
thatallow teacherandstudentdo accesandusealreadyexisting repositorieonthe

web, with a strongfocuson modularityandre-usabilityin differentcontext, based
on the contentarchive systemsdescribedn the previous paragraphs.They should
supportthe teacherandstudentdo work with thesearchives. For a specificcourse
theteachemight proposethe studentscertainpathsthroughthe archive andcertain
subsetof contentmodulesto be usedby the studentsandin somecasesaddedto

their portfolios. (IfN, KBS, CID, Uppsala)

Theknowledgemanagemertbol Conzillaalreadysupportgheorganizatiorof anno-
tatedcontentinto personalizegbortfoliosin away thatis compliantwith theemen-
ing standardgor automatednformation exchange(XML) and metadatshandling
(IMS). We will modify Conzillato enhancehis supportin variousways, basedon
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the structureof this repository and on userfeedbackfrom our actiities in other
modules(CID)

Metadata-BasedLearning Repositories. Basedon the Edutellasubmodulewe will im-
plementa secondsener implementatiorcalledan openlearningrepository(OLR),
which just stores(RDF) metadatgboth for classification/annotatioand for struc-
ture)in acentraldatabasehut no content(whichis accessibleia URLS/HTTP).

Resourcepotentiallydistributedall overthe Internetcanbe combinedo entitieswe
call “Courses” logical documentsntegratingcontentfrom differentsources While

the contentstaysat its original location our databaseholds all information about
the structureof eachcourseand metadataaboutthe content. The responsibilityfor

maintainingcontentstayswith the peopleproviding it. Whenbrowsinga courseall

HTML-pagesaregeneratediynamicall.

Thesystenprovidesaplatformfor testingoutdifferentnavigationschemencluding
traditionalconceptsuchashierarchicakreestructuresandtutorial-like course-trails
aswell ashighly adaptve approachegpersonalizechavigation) — seethe personal-
izedaccessubmodules(KBS)

A secondsystemwill explore an alternatve architecturebasedon XML, XML

SchemaandJSPR againcompatiblewith the Edutellafunctionalities. It will include
a WebDAV-basedcoursevare authoringmodulewhich enablesgeographicallydis-
persedcoursevare authorsto collaboratvely work on the coursecontents,and a
standaloneJSP-basedoursavarepublishingenginewhich canachieve flexible, dy-
namic coursevare presentation. The systemcan be aware of ary changesf the
coursecontentsaandautomaticallyreflectthe changesn the Web at ary time, again
customizabléy metadata(KBS, CID)

Dissemination, Testbedsand Evaluation Disseminatiorof theachievedresultswill be
accomplishedy scientific publicationsin appropriatgournalsand by demonstrationsit
symposia.

In several testbedsve will shav the impact of the developmentsin this moduleon
teachingandlearning. In Braunschweigwe will useseveral coursesn thefield of com-
municationsgncouragingxchangeo otherinterestedacultiesfrom otheruniversities,in
Hannoer we will useseveral computersciencecoursesandthe ULI project. At Uppsala
Universityseveralcoursesn humantiesindsocialsciencesndbioinformaticswill provide
suitabletestbeds.

Collaboration and Scholarly Exchange Interactionswith othermodules:
1. Edutellamodule(Exchangdracilities/ Basiclnfrastructure)
2. Automaticextractionof metadataandontologicalinformation
3. PersonabearchEngine

Therearealsocloselinks betweerstudenportfoliosandcontentarchives. Thestudents
shouldbe offered(andthemselesableto create)contentin portablemodularizedormats,
suitableto beincorporatednto their portfoliosandto bere-usedor variouspurposeshat
may not be foreseerby the teacher Thereforethe developmentof portfolio practicespre-
supposeshecreationof archivesof contentmodules.

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

IfN: 50K first year, 70K secondyear Budgetwill payfor onePh.D.assistan{part-time
first year),L3S infrastructurecosts travel andexchange.

KBS: 20K first year 40K secondyear Budgetwill payfor apart-timePh.D.student.3S
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-time Ph.D. student,
infrastructurecosts travel andexchange.

4.2 Video/Audio Capturing and Metadata
Working Title. VACE: Video/AudioCapturingandEmbedding

Contrib uting Research Groupsand PIs. HannorerRVS (Pralle)

ProblemDescription. Currentlywe seethe needto integratecapturecaudiovisualmate-
rial from actualseminarscourseslecturesetc. into on-line (web-basedandoff-line (e. g.
CD-ROM-based)earningsystems.

TheseA/V recordingcanhelp studentsn understandinghe content,especiallywhen
they areembeddedn otherkinds of learningmaterial,asa simple example,the script of
the course.In additionthis, alargergroupof learnerscanbereachedandstudentanget
accesdo previousmaterial.

But neverthelessit doesnot helpto just do a recordingof a coursean publishthis on
theweb,a CD-ROM or avideotape. The key for a usefulsolutionis the integrationin a
multi-medialearningsystem.Theideais notto producea “TV-Shown” but to usecaptured
mediaasa supplemento otherlearningmaterial.

Therearesomeapproachethatall have severaladvantagesanddisadwantages.

1. Oneway is to put all information (the A/V-recordingof the lectureandthe slides)
in a TV-quality audio/videostream,like it is donein a project called “Uni-TV”
(http://wvww.Irz-muenchen.devir/gigakit-vpp/demao-unitv/).

Therearecertaindravbacksin this “single-media’approach:The resolutionof the
slidesis restrictedto the TV standardabout720 576 pixels). A high bandwidthis
neededo deliverthe mediastream(atleastfour Megabitspersecondor aMPEG-2
stream).Apart from a VCR-like control (pauseplay, fastforward, rewind) the user
cannotnavigate the content. Finally, thereis no associatiorto other mediatypes
possible.

2. There are certain presentatiortools commercially available (Real Presenter Mi-
crosoft Media Tools) that allow to record an actual presentatiorand generatean
on-line representationf this. Two mediastreamsare produced onecontainingthe
slides,the otheronecontainingthe A/V recordingof theinstructor

As the producedmediastreamsare vendordependentthey cannotbe easily inte-
gratedin own learningapplications.There-useof the generatedanaterialis difficult
or evennot possiblebecausét the produceddatadependon theformatusedby the
tool. Thequality of the streamss oftenpoorbecaus¢hetoolsaremainly developed
for low-bandwidthtransport.
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3. Onegenerabpproachis to recordthe presentatioron video, corvertthis to aformat
suitablefor online delivery and link it to web pagescontainingthe slidesof the
presentation.

Especiallyif differentmediatypesareusedmucheffort hasto be spenton the post-
production. The slides(e.g. in MS Pawerpoint format) have to be corvertedto
browseableweb pagesandthe recordedaudioandvideo datahasto be encodedo
differentstreamingormats.

4. Thereis somedevelopmengoingonin building a systemfor the “authoring-on-the-
fly” of lectures. Several mediastreamsare captured(audio, video, whiteboard)an
canbepublishedright afterthe presentation.

This LINUX-basedsystemaeedsspecialsoftware on both, the instructorsandthe
studentscomputers. Commonapplications file- and streaming-formatgannotbe
usedwith this system.Although a platform-independends not urgentlynecessary
the applicationsneededo obtainthe mediashouldat leastrun on commonPCsin
orderto achieve awide acceptance.

As we see althoughit seemgo bea commonproblemthereis noidealsolutionyet.

Reseach Plan and Deliverables. To comecloserto a solutionthe featuresof ideal cap-
turing systemshasbe seenfrom differentkinds of view.

1. Theauthorg(i. e. theinstructorsor professorsyiew. In thetermsof "light-weight-
authoring”the systemhasto be easyto usefor the producer In anideal case,the
capturingtool shouldrun in the backgroundso that the professorcanfocuson the
actualpresentationCommonpresentatioriools like MS PowerPoint,PDF viewers
or web browsersshouldbe supportedandassociation$o the capturedA/V content
shouldbegenerategutomatically The post-productiorshouldbereducedo a mini-
mum. Thecontentshouldbereusabldor differentkindsof media(e. g. on-line/web,
off-line/CD).

2. The users(studentsyiew. 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 browsingandsearchingt like abook. The slidesand
the A/V streamsshouldbe synchronizedo eachothersothattheviewer canchoose
betweernwatchingthe AV streamor browsing throughthe web pageswithout los-
ing accesdo the associatedtherdatatype. The integrationof other systemdike
discussion-forumsr chatcouldbe helpful.

In orderto constructa flexible, opensystemit would be useful to think of several
moduleswith definedinterfaces.Therehasto be modulesfor capturingmeta-datajnter-
facesto A/V-systemsandpublishing. Thedifferentmodulesmake useof differentexisting
applicationsfor presenting A/V-codecsand streaming-systemigut itself will be vendor
independent.

Examplescenario:The authorusesPaverPointto presenthis slidesin the actualpre-
sentation.Thelectureis recordedby a PCwith capturecard. A browseableveb presenta-
tion anda CD-ROM with additionallearningmaterialshouldbe created.

In this casewe needa modulethatcaptureghe eventsin PaverPoint(changingslides)
andextractsthe contentof the slidesfor web pages Anothermodulehasto generateneta-
datafor A/V streaming(e. g. RealMedia)by associatinghe time-stampsand keywords
from the slides. A third modulegenerateean HTML framework for the web presentation
thatcontainsthe contentfrom the slidesandthelinks to the A/V streamingnedia.Finally
amodulethatextractsthe informationfor the CD-ROM productionis needed.
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Theconcepbf modulesalsoallowstheintegrationof forthcomingtechniquegor media
delivery. Metadatawill berecordedn away compatibleto the Edutellasubmodule.

The generatectontentshouldbe accessibléby the useof commonapplicationslike
web-bravsersan streamingplayerslike Real or Windows-Mediaso that no specialpro-
gramshave to beinstalledon the studentcomputer

The contentcanbe usefor differentpurposesg. g. for archives, portfolios andcan
be integratedin existing or forthcominglearningsystems. The systemcanbe seenasa
frameawvork. Extensionsaschat,forumsor othercommunicatiorsystemsanbeintegrated
whenusingon-line publishing.

Onecouldthink of on-demandieliveryin web-basedn-linesystemsaswell astheuse
in areal-timelearningscenarioor for storedmedia(on CD, DVD).

Collaboration / Scholarly Exchange. Collaborationespeciallywith the Edutellamod-
ule, basedon direct collaborationand exchangevisits to otherparticipatinglabs. Use of
thistool in thedifferenttestbedge.g. ULI).

Budget Overview (incl. overheadcosts):

RVS: 70K for first andsecondyear, which paysfor onefull Ph.D.studentjncludingL3S
overheactosts travel andexchange.

5 Module: Shared and Personalized Accessto Educa-
tional Media

5.1 PersonalizedLearning Sequences

Working Title. PLeaSePersonalizedlearningSequences

Contributing Reseach Groupsand Pls. Hannoer KBS (Nejdl/Henze) UppsalaLin-
guistics(Borin)

Problem Description. It is generallyagreedhatit is a desirablegoalin ary educational
settingto be ableto tailor coursesand coursematerialsto individual students’needs,as
determinedy suchfactorsastheir previousknowledgeof the subject theirlearningstyle,
their generahttitude,aswell astheir culturalandlinguistic backgroundA skilled teacher
will beableto achieve this goalin one-to-onénteractionswith learnersput notasarulein
thelecturehall/classroonsettingsmoretypical of highereducation.Nor will a developer
of traditional coursematerialsbe able to caterfor individual learnerneedsto ary great
extent.

ICT-baseceducationamaterialscanpotentiallybe muchmoreflexible thantraditional
coursematerials however. They offer a uniqueopportunityto achieve the mentionedyoal
throughpersonalization whereboth the selectionand presentatiorsequenc®f the units
of educationamaterialmakingup a courselebr coursearedeterminedoy a dynamically
updatedearnermode] which takesinto accountatleastthelearners previousknowledge
andherprogressn masteringhe material.

The aim of the personalizatioomoduleis to provide individualizedaccesgo learning
materialsto coursesgourseletsetc. A “one-size-fits-alllearningpaththroughthesemate-
rials (or eventhroughpartsof it) would neglectindividual needsknowledgeor preferences
of theuserq21]. To maximizethe students'successvith theopenlearningrepositoryit is
necessaryo provide a quick, userfocussedaccesgo thoseentitiesin the learningreposi-
tory which correspondo theusers actualinformationneedsto her/hisknowledge current
situationandpreferences.
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Reseach Plan. Researclin adaptingnformationsystemgo theindividual usersis con-
ductede.g. in the areaof adaptve hypermediasystems. Adaptive hypermediasystems
usea model of the userto collect information about her/his knowledge, goals, experi-
ence.etc.,in orderto adaptthe contentandthe navigationalstructure.Therearetwo main
adaptatiorstratgiesin adaptinghypermediasystemd9]: link-level adaptatiorcalculates
usefulnavigationalstratgyiesfor the individual user content-le&el adaptatiorindividually
placescontent-chunk®n the information entities. We assumethat our repositorieswill
provide lots of informationon ary onetopic: differentexplanationsgxamples,use-cases,
etc.,thereforein PLeaSemodulewe will concentrat®n selectingandpresentinghe most
appropriatematerialfor eachuserinto personalizedearningsequence§l0]. In module
PALaTe we will explore the issueof creatingnew hypertext pagesout of existing text,
particularlyin connectiorwith thelargetext archivestestbed35].

Theoverall problemsettingfor our adaptatiorfunctionalitiesis thefollowing: We will
have accesdo a large setof learningmaterials.Many differentauthorscanmaodify, delete
oraddnew contento the OLR, thelearningobjectsmightbedistributed,andwe canexpect
thatwe will oftenfind morethanonelearningobjectonthe sametopic.

Adaptive hypermediasystemsnormally combinelearning materialswith readingse-
guencesgdidacticalrules, pre- andpost-knavledgeor pre-andpost-learningobjects[19].
As we wantto adaptmaterialsfrom differentcoursesandfrom differentcontexts, we need
a flexible approachto adaptation[18, 20}, where information aboutlearningobjectsis
readout from metadatabut alsoinferredfrom the objectsthemseles. Usinginformation
retrieval, information extraction and naturallanguageprocessingmethodsfor obtaining
automaticor semi-automatiéndexing is of advantage(seethe submodulé'Automaticex-
tractionof metadatandontologicalinformation”), evencrucialin the caseof largetextual
resourcessusede.g. in the Languages/Humanitigseethe sectionon the “PALaTe sub-
module/testbed”).

Deliverables.

1. Userorientation: The adaptatiorcomponentill focuson orientationguides:Pro-
vide accesdo relevantinformation, selectand shov casestudies,give hints, shov
examplesshav context, generategeadingsequences.

e How to dealwith differentteachingstrat@iesin onesinglecourse?Different
authorsof courses/courseletsill follow differentteachingstratejies.

e How to dealwith informationoversupply?Presentbest”, find bestfitting tour.

e How to generatepersonalizedearningsequencebasedon differentlearning
theorieg(seemodulePerINaG)?

e How to dealwith structuredmaterials?Iin our repositoriesve will find lots of
structuredmaterials. How canwe make useof thesestructureqfor presenta-
tion, visualization selectionof materials?).

2. Userlnteractions: All interactionsof a userwith our learningrepositoriecanpos-
sibly carryinformationaboutthe users goals,knowledge preferences.

e How to interpretthis raw input data,e.g. mouseclicks?

o We will usedifferentkinds of userinteractionas evidence(andthereforeas
inputfor theusermodel): quizanswersprojectperformanceretrievedlearning
objects. We wantto distinguishthe differentstrengthof beliefin conclusions
aboutuserinteractions.This implies a requiremenfor the knowledgemodel:
Theknowledgemodelmustbeableto dealwith obsenationsof differentkinds
anddifferentgranularity
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e Diagnostictestingmethods(suchasthe Didax systembeingdevelopedin the
Swedish_earningLab (SwelLL) APE-DRHumproject[5, 6]) will beappliedto
enhancehevalueof informationwe obtainfrom thedifferentuserinteractions.

3. UserModel/ Knowledg Model: Theusermodelstoresindividual datalike name,
overall preferencesabilities, etc. The knowledgemodelmanagedearningdepen-
denciesof someapplicationdomain. In defining thesemodelsand implementing
tools for usingthem, we will build uponwork doneby IEEE LTSC Working and
StudyGroups especiallyP1484.ALearneModel WG), P1484.4TaskModel WG),
P1484.6CourseSequencingVG), andP1484.2QCompeteng DefinitionsSG).

e How canwe build knowledgemodelsthatcanbe enlagedwith new topics?

e How canwe build knowledgemodelsandexchangeanformationwith different
or partly overlappingknowledgemodels?

e Canwe constructour knowledgemodelsfrom the ontologiesdescribedn the
basicinfrastructurenodule?

Dissemination, Testbedsand Evaluation Disseminatiorof resultswill bedonethrough
reportsandscientificpublicationson the differentaspect®utlinedin theresearctplan. A
setof prototypeimplementationst the participatingsitesasdescribedabove will be avail-
ableafter thefirst year which will be refinedandextendedduringthe secondyearbased
on a evaluationand feedbackfrom theseimplementations.We will usesereral specific
coursesaaswell asexisting intra- andinter-university projectcooperationgasresourcegor
our requirementanalysisandastestbeddor ourimplementations.

In Germaty our testbedcontect will bethe ULI project(seedescriptionof submodule
“Exchangefacilities/ Basicinfrastructure”).

In Sweden Languagesand Humanitieseducationwill sene asanimportanttestbed,
with personalizeéccesdo largetext archivesasthe commonmotif (seethesectiononthe
“PALaTe submodule/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 learning materials. Theselearning
materialamight be structuredhierarchical sequentialconceptmaps.etc.).
Interactionwith the Module “Interfacesand Navigation”: Outcomeof the adaptation
componen{readingsequencesccesso examplesalternatve views, explanations) how
to integrateit in a smartuserinterface? Interactionwith “PersonalizedAccessto Large
Text Archive”s: How cantextual resourcede effectively usedfor personalizedearning?
Useresearchvisits (2 weeksup to 3 months)(Hannover, Stanford,Uppsala)in orderto
integratedesignanddevelopmentwithin this moduleandwith othermodules.

Budget Overview (including overheadcosts):

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

L3S central: 20K first year 20K secondyear, for a part-timePh.D.studentin mediaand
designeducation.3S infrastructurecosts travel andexchange.

Uppsala: 30K first year 30K secondyear, budgetwill payfor a half time Postdocpver
headcosts travel andexchange.
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5.2 PersonalizedAccesso Lar ge Text Ar chives(Submodule/Testbed)

Working Title. PALaTe: Personalized\ccessto Large Text Archives
Contrib uting Reseach Groupsand Pls. Uppsala(Borin/Broady),CID (Broady).

Problem Description. Text is still importantin the teachingof almostary subject,viz.
in the form of textbooksandothercoursetexts. In Languagesnd Humanitieseducation,
(large)textual resourcesrealsoquite often objectsof studyin themseles. Arguably, their
effective deploymentasstudyobjectsin thecontext of ICT-basedoersonalizedearningde-
mandssomekind of languageunderstandingHence,personalizegccessand navigation
amongsuchresourceshould— almostby definition — make use of ComputationaLin-
guistics(CL) / NaturalLanguageProcessindNLP) techniquesto complementhe more
generalpersonalizatiotioolswhich will be developedin the submodulé’PLeaSe:Person-
alizedLearningSequences”.

In this submodule/testbedye thus considerthe issueof personalizedaccesdo large
text archivesin Languagesaind Humanitieseducation.In orderto malke the fruits of our
laborin the proposedrojectuseablealsoin othersubjectareaswe will focuson certain
aspectof thisissue hamelyhow (aspectof the) contentanddifficulty of texts or partsof
texts canbeinferredandutilized for creatingpersonalizedccesgo text material.

Reseach plan and deliverables. We will considerthe useof two fairly differentkinds
of largetext archves:

1. In language=ducationandlinguistics, large text archivesareimportantmainly (but
not only!) becauseof their (linguistic) form. Here, the so-calledtext corpushas
becomeanimportanteducationalandresearchyesource.The usesof text corpora
in languageeducatioraremanifold:

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

e asa sourceof empirical examplesin ‘data-drivenlearning’ [4]. The English
Departmenat Uppsalausesthe British NationalCorpusin this way, andother
languagedepartmentsaregettingreadyto do the same e.g. the Slavic Depart-
mentfor usein their Russiarcourses.

e asasourceof readingmatter useradaptedasto its level of difficulty andsub-
jectarea(wherecontentobviously becomesmportant,too)

2. Ontheotherhand,in suchHumanitiessubjectsasHistory, LiteratureStudiesHistory
of Science,TeachefTraining, etc.,largetext archivesareimportantmainly because
of their contenti.e. becaus@f theinformationcontainedn thetexts (and,asarule,
the rangeof languageslealtwith will be muchsmaller;seebelow). Typical issues
which arisewhensuchtext archivesareto be usedin educationor researchgre:

e Locatingtexts or text portionsin the archive which dealwith a particularper
son,placeor time (‘PPT extraction’). Partly, thisis addresseh thefield of In-
formationExtraction(underthe headingof “namerecognition”),but the prob-
lemis still alongway from beingsolved, especiallyif we take into account—
as our ambition shouldbe—thegeneralproblemof entity referencesn text
(by noun,pronoun,hyperorymy / hyporymy, etc.). Concretelythis hasbeen
anissuebothin thework on the electronicversionof SwedishauthorAugust
Strindbeg'’s collectedworks at KTH in Stockholm,andin the work with the
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so-calledWallenbeg Interviews (intervievs with Jevs who escapedrom Hun-
garyandNazi persecutiorthanksto RaoulWallenbeg) in the History Depart-
mentat Uppsala. Theseandotherlarge textual resourcesvould seemoreuse
in education—nbridginghe gapbetweereducatiorandthekind of researctior
which this educationis preparingthe students—ifthe accesdo the resources
couldbe madelessunwieldy.

e Selectingtexts or portionsof texts in the archive which dealwith a particular
topic, or successiof topics,the latterfor assemblinga readingsequenceut
of alargertextual material.

For bothkindsof text archives,andfor mary of theissuegustlisted, methodsandtools
from thefieldsof InformationRetrieval, InformationExtractionandCL/NLP areavailable.
Therearealsomoreopen-endedesearchssuesn thelist, e.g.the—alreadymentioned—
problemof entity referencesn text, or thatof determiningthe level of difficulty of a text
(for alanguagédearnerhaving aparticularlinguistic backgroundseealsosubmodule' Au-
tomatic extraction of metadataand ontologicalinformation”, wherethe relatedissueof
“determiningthelevel of information”is discussed).

Generallywe believe thattherealisticcourseof actionhereis to pursueso-calledshal-
low’, or ‘knowledge-light'techniquedor text corporausedin languageeducationbecause
of their potentialapplicationto alargenumberof languages—Uppsaldniversitycurrently
offerscoursesatvariouslevelsin about40 languages—whicin practiceprecludegheuse
of ‘deep’, ‘knowledge-intensie’ techniquesWhentherearesuchtechniqueswvailable(as
may be the casefor English, Germananda few otherlanguages)they shouldbe consid-
ered,of course,but developingthemfrom scratchis too costly For the caseof general
Humanitiestextual resourceshowever, we shouldconsiderdevelopingmoreknowledge-
intensize methoddor selectecbroblems suchasthe ‘PPT extraction’ alreadymentioned,
wherethereis anexpressecheedamongeducatorandresearchers.

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

1. We will explorethe issueof using partial parsingandinformation extractiontech-
niguesfor markingtext portionsfor personsplaces,andtimes, and carry out for-
mative evaluationof thesetechniquedn an educationaketting. This work will be
pursuedin collaborationwith the work in the submodules'Automatic extraction
of metadataand ontologicalinformation” and “PLeaSe: Personalizedearningse-
guences”.

DeliverablesPrototypeperson/place/timpartialparser('PPT extractor’), andeval-
uationreports.

2. We will pursuetheissueof how to (operationally)defineanddeterminethe level of
difficulty (or “level of information”; seeabove) of a text or a portion of a text (for
languageeducatiorpurposest would be usefulto beableto determinehis evenfor
smalllinguistic units suchasphrase®r clauses)andcarry out formative evaluation
of this definition in an educationaketting. This work, too, will be a collaboration
with thework in the submodule$Automaticextractionof metadataandontological
information” and“PLeaSe:Personalizedearningsequences”.

Deliverables: Preliminary operationaldefinition of level of difficulty (for particu-
lar foreign/secondanguagédearner),prototypeapplicationfor determininglevel of
difficulty atleastfor SwedishandEnglishtext material,andevaluationreports.

Dissemination, Testbedsand Evaluation Disseminatiorof resultswill bedonethrough
reportsand scientific publicationson the differentaspectsoutlinedin the researctplan.
In generalwe planto do research/deslopmentandevaluationin parallel(i.e., formative
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evaluation),but for obviousreasonsthefirst yearwill be devotedmainly to researctand
development,while the secondyearwill be dominatedoy deploymentand evaluationin
regulareducation.

We will useexisting coursesin the department®f the Faculty of Languagesin the
History Departmentandin the Departmenbf TeacherEducationasresourcedor our re-
guirementsanalysisandastestbeddor ourimplementations.

Collaboration and Scholarly Exchange. Strong interactionswith the submodules
“PLeaSe:Personalizedl earningSequences™Automaticextractionof metadatandonto-
logicalinformation” and“ContentArchives”.

Budget Overview (including overheadcosts):

Uppsala: 25K first year 25K secondyear Budgetwill pay for one part-time Postdoc,
andfor faculty involvementin testbedntegrationin regular Languages/Humanities
curricula,overheactosts travel andexchange.

CID: 10K first year 10K secondyear Budgetwill pay for a part-time Ph.D. student,
overheactosts travel andexchange.

5.3 Personalizedand Shared Mathematics Courselets

Working Title. Personalize@ndSharedViathematicgCourselets.

Contributing reseach groups and Pls. DSV at KTH Stockholm(Jansson)CID at
KTH Stockholm(Naeve).

Problem Description. This submoduleattackstwo major difficulties for teachersand

learners:the difficulty to shareandreuselearningmaterialamongstudentsandteachers
and acrossgeographicabnd organizationalboundariesand the difficulty to personalize
andadapexisting learningmaterialto a particuladearningsituation.Adaptationis relevant

bothwith respecto the studentscharacteristiceindthe context of learningOur particular

concernis mathematicgducation By courseletsve meanfragmentsof coursesomposed
from multimediaexplanationmodulesor contentmodulesn electronicform.

The work will extendon researchat DSV on personalizedsupportfor learningcon-
ceptualmodeling[38, 33, 39 andresearchat CID, wherethe ideaof a conceptbrowser
hasbeendevelopedby Naeve and his teamover the past3 years[24, 25]. A first proto-
type of a conceptorowser, calledConzilla, hasalreadybeenimplemented30, 29]. While
conformingto evolving internationaprogrammingande-learningstandardg¢suchasXML
andIMS), Conzillacombinesconceptuamodelingwith annotatecaccesdo multi-media
basedarchivesin anovel way. This makesConzillaa powerful basicplatformfor thekind
of problemsthat our projectaimsto addressMoreover, sinceConzillais beingdeveloped
asanopensourceproject,it hasthepotentialto evolve into awidely usedtool thatprovides
supportfor studentsandteachersn handlingmultimedia-basedrchivesof digital informa-
tion. Otherrelatedsystemslevelopedat CID includePDB (Projective Drawing 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 mathematicscoursesat both the university and the school level (see
http://www.amt.kth.se/projekt/matemalgiml).
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Reseach Plan. We articulatesevenmain concerndor this researchthe commitmento
sharedstandardslanguagesndtools to make sharingandreusepossibleon a technical
level (relationsto the Module on Infrastructureandintelligent services) the management
of incrementallygrowing multimediacontentarchies,in particularversionhandlingand
the handlingof problemsof structureand navigation (relationsto the moduleon Infras-
tructuresand intelligent services) the sharingof simple modelsfor courseletstructures,
the modelingof domainknowledge,tasksand usercompetencaswell aspersonaluser
preferencesn sucha way thatit canform a basisfor coursestructuringand personaliza-
tion, the personalizatiorof contentmodulesthroughannotationsexpressedis meta-data,
thepersonalizatioof courser courseletshroughdifferentwaysto configureandmodify
structuresof modulesand the adaptionand combinationof userinterface metaphordor
authoringanduseof courselets.

In our approachthe studentswill be stimulatedto play with preauthoredsizualisa-
tions and othermultimediaexplanationmodulesfor mathematicatonceptsgcreate reuse
or modify suchmodules createtheir own conceptuamodelsof mathematicaknowledge,
annotatenodesin conceptuaktructuresvith personainformation,createcourseletbased
on sequencesf explanationsgeneratedrom the personalconceptuaimodels,indirectly
createcourseletggeneratedhroughknowledge-basedechniquesbasingtheir inferences
onmeta-dataodingrelevantcontextualinformation,browsecourselestructuresexchange
courseletsConzillawill provide thebasicplatformfor thetheseactuvities, andthe Graph-
ing Calculator(http://www.pacifict.com)will bethebasicvisualizationtool.

Teacherswill alsobe engagedn the samekind of activities with the purposeto create
relevantcourseletsTypically thelearningsituationwill be partly teachedrivenandpartly
studentdriven. The above actiities needa setof tools both for authoring(for conceptual
modelingand meta-dataspecification)and browsing. This setwill include Conzillaand
the GraphingCalculatorfrom the start,but will beincrementallyrevisedduringthe course
of the project. An importantpart of the projectwill be the usertestingof Conzillain a
realisticlearningervironment,andthe featuresof the programwill be modifiedaccording
to the feedbaclof the participatingteachersandstudents.

Fromamethodologicahndtechnicalpoint of view, theresearctwill combinemethods
andtechniquedrom the areasof conceptuamodeling,ie. designof ontologies,concepts
and relationsshipssuitablefor modeling mathematicaknowledge, artificial intelligence,
i.e. knowledgerepresentatiotior personalinformation, humanmachineinteraction,i.e.
adaptve interfacescognitive sciencde cognitive aspect®f conceptearning.

Deliverables, Timelines, Testbeds The submodulewill be focussedn the useof per
sonalizedcoursevare for a few coursesn Mathematicson the Information Technology
ProgramatKTH.

In thefirst half year we will introducethe Conzilla/GraphingCalculatelnasednethod-
ologyin two mathematicgoursessetup anarchive of appropriatanultimediaexplanation
modules. Teacherswill addappropriatemeta-datao explanationmodules,following up
on studiesof studentanodelingtheir own mathematicaknowledge. Teacherill create
prototypicalcourseletsnanuallyusing conceptuamodelingand semiautomaticallyising
knowledge-basetechniques.

In the secondhalf year, studentswill also usethesepre-authoredcourseletsauthor
their own explanatorymodule, and be able to browse archives of multimediaexplana-
tions. Studentswill generatepersonalizeccourseletsdhasedon conceptualmodels,will
sharecourselet@mongeachotheron the samecourseandwill addannotationgo modules
andexperimentwith knowledge-basedeneratiorof courselets.

In the third half year we will performa systematicstudyof coursesvherethe above
activities run in parallell. In the fourth half year, evaluationwill be performedguidelines
for themethodologydevelopedwill bewritten down.

Results§rom thesubmodulewill beprototypesempiricalstudiescourseleandcontent
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archivesfor particularsubdomain®f mathematicaswell asgenerakreports.

Collaboration/Scholarly Exchange. Strong collaboration between DSV/KTH and
KBS/Hannwerwith respecto interfacesfor personalizedoursematerialandknowledge-
basedechniqueso generateoursemateridirom coursemoduleasdescribedn two of the
othersubmodules.

Connectiongo the work with meta-datan module on Infrastructureand intelligent
services.Theempiricalresultsof the meta-datactiities of this modulewill sene asinput
to the developmenbf new metadata-handlingapabilitiesin theinfrastructuremodule.

Strongcollaborationwith the Mathemagigrojectat the AdvancedVedia Technology
(AMT) laboratoryat KTH, wherea multi-mediabasedcomponengarchive with mathemat-
ical contentis beingdevelopedunderthe coordinationof Naeve.

Exchangeof graduatestudentplannedbetweerK TH andHannover.

BudgetOverview (incl. overheadcosts):

KTH/DSV: 30K first year 30K secondyear Budgetwill pay for one part-time Ph.D.
studentjnfrastructurecosts travel andexchange.

KTH/CID: 10K first year 10K secondyear Budgetwill pay for one part-time Ph.D.
studentjnfrastructurecosts travel andexchange.

5.4 Personalizedinterfaces and Accesso Educational Media

Working Title. PersonalizednterfacesNavigationandGuidance PerINaG
Contrib uting Reseach Groupsand Pls. HannoerKBS (Nejdl/Allert)

Problem Description. Usinginformationspacedearneramustintegratenew chunksof

informationinto acoherenmentalrepresentationT hiscoherencéormationprocessnakes
greatdemandbn learners‘cognitive andmetacognitie skills. They mustmake mary deci-

sionsandthereis ahugenumberof possiblerouteswhich canbeconstructedndperformed
by thelearner They mustorientthemselesandbuild up connectiondbetweersinglecon-

ceptsjearningobjectsunitsandcourseletsThey haveto relateimportantitemsof content.
In hypertext navigation and navigationin non-lineardatabasedearnerssuffer from con-

flicting andcompetinggoalintentionsaswell asfrom cognitive overloadif thenavigational
taskconsumesoo muchof their resourcesThereis a strongneedof distractionandviola-

tion protectionin learningandproblemsolving. Theinstructionaldesignis thereforebased
on theoriesof working memory

By usinginformationspacesn projectorientedlearning,learnershave to performreal
taskssuchasansweringguestionssolving problems writing reports,etc. Sothey do not
only have to find informationbut also scan,read,interpret,evaluatefor utility, annotate,
andform coherence How canlearnersbe assistednosteffectively in orientation,access
andnavigation? Whatkinds of directandindirect help/aidshouldbe presented™How to
aid navigationin informationspaces?

Doesit helplearnerdo bepresentedheunderlyingcomple« domain/knaviedgemodel
which is organizedand structurednet-like? Or do they needdifferentaccessstructure?
For example:task-adaptie access/nadgationstructurefacingthe needsn differentstages
of a project(broadoverview, goal setting,informationseeking performingthe procedural
tasks,reflectionand analyses)dependingon their prior knowledge. How to contextual-
ize learningobjectsandunits andto organizeaccessandifferentaccess-structuriace
differenttask relatedas well aspersonalneeds(e.g. differentlearningstylesaswell as
navigationstyles/moreor lessgoal orientation)?
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State-of-the-artvork dealswith hypertext navigation and conflicting goal intensions
(distractionandvolitional protectionin learningand problemsolving [16]) andwith co-
herencdormationin learningwith hypertet [34] (learnersbenefitfrom learningwith hy-
pertext correspondindo their goal orientationand prior knowledge). On the otherhand
researcldealswith visualizingtechniquesn a moretechnicalperspectie. Thesevisualiz-
ing techniqueslo notreducecompleity for thelearner

AnotherresearcHield investigateghe effectivenesf adaptve interfacesfor instruc-
tional systemsandadaptye link annotatior{14], [36] and[43]. Thiswork hasproducecho
positive outcomefor adaptve navigation supportfor a generalpopulationof novice learn-
ers. Experimentaldesignhasto be developedfurtherin this researckHield, the impactof
differentfactorshasto be evaluated.Thereis evidencefor theinferencethatlearneramust
agreewith adaptve navigationhelp.

Reseach Plan and Deliverables. This submodulewill focuson coursestructuring,ac-
cesshavigation,andorientationin non-linearinformationspacesaswell asinstructional
andcognitiveimpactson thedesignof distributedlearningrepositoriesaswell asrequire-
mentsfor designingthesesystemswith evaluationin mind from the beginning (protocol
andtracefunctionality, educationaketup,etc.) It will includeappliedresearcthasedon
existing experimentalstudiesin cognitive science anddesignof interfacesfor knowledge
navigation.

In afirst stepwe will investigatehe effect of differentaccess-structuresearnerswill
be ableto choosefrom differentlinear or hierarchicallystructuredtrails: Eachlearning
object (fragment)is locatedin thosetrails. Learnersare given advice of pre- and post-
conceptdo belearned.Thetrails aredesignedalongdifferentlearningtheories.Metadata
is usedto generatehoselearningsequences.

Field ResearchWe obsene the requirement®f learnersn differentstagef project
orientedas well as self-oiganizedlearning. Testbedsn Germaly are describedin the
Edutellamodule. Questions:Doesnavigation in the non hierarchical(meshednet-like)
domain/knavledgemodelsupportthe procesf coherencdormation? Or shouldaccess
structurededifferent(hierarchieslineartrails, associatie relations)?

Task-adaptie access:We will investigatehow to contectualize and how to organize
accesgcopingwith the differentneedsof learnersn differentstagef problemsolving,
project/problembasedearningrelatedto specifictaskswithin a project-life-gscle). Dif-
ferenttrails/pathsbasedon differentlearningtheorieswill be dynamicallygeneratedand
the useof thesetrails will be evaluated. In controlledexperimentswe will evaluatethe
effectivenesof differentaccesstructuresaswell asof directandindirectnavigationaids.
Resultswill guidetherefinemenof toolsanddesignof prototypeimplementations.

In asecondstepwe will combinethesestudieswith ourresultswithin the PLeaseMod-
ule (personalizeatoursesequencing)againincluding experimentalstudiesin the second
year We will investigatethe effect of personalizedaccessand adaptve interfaces(e.g.
adaptie link annotation).

Deliverableswill alsoincludeguidanceor teachersincludinga cataloguédasedn ex-
isting learningtheoriesto supportteacherandcoursebuildersin decisionmaking. These
guidelineswill reflectvariousconditionsandfactorsof learnerqprior knowledge,domain
etc.)andguidethemduringthedesignof their coursesn specialdomains.This assistance
will notprovide presentatiomecipesput aidsfor decisionmaking: how to structureaccess
to learningrepositoriesyhich factorsto considetin designinghypertext navigation, etc.

Thesestudieswill alsobe embeddedn an overall evaluation,basedon theory based
evaluationasdecribedby the WGLN evaluationteam[26, 37]. We will (in strongcollabo-
rationwith Pls)detectanddetermineappropriatesetof goalsto focusevaluation,andwill
useit to guiderequiremenspecificationandrefinements For thesea reportwill be one
of the main deliverables.Field studiesand experimentalstudieswill be part of ongoing
evaluation.
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Wewill alsospecifyfunctionalrequirementsvithin differentmodulego facilitateeval-
uation,including logfiles, protocolandtrackingfunctionalitiesto obsere learners’inter-
actionand movementin the information space/opetearningrepository Complexity of
actionandnavigationis onefocusof obsenation.

Dissemination& Testbeds Testbedsmainly ULI andCScoursesatKBS (seeEdutella),
othertestbedsn interactionwith collaboratingmodules.Dissemination:Publicationsand
Reports.

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

BudgetOverview (incl. overheadcosts):

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

L3S central: 15K firstyear 15K secondyear, for part-timePh.D.studenin mediaandde-
signeducationgspeciallyfor evaluation,incl. overheactosts travel andexchange.

References

[1] MargaretaWestegren Axelsson. USE — The UppsalaStudentEnglish Corpus: an
instrumentfor needsanalysis.|CAME Journal, 24:155-1572000.

[2] LarsBorin. A corpusof written FinnishRomanitexts. In LREC2000.Secondnter-
nationalConfeenceon Language ResoucesandEvaluation WorkshopProceedings.
DevelopingLanguaje Resoucesfor Minority Languajes: Reusabilityand Strategic
Priorities, pages’5-82.ELRA, 2000.

[3] Lars Borin, editor Parallel corpora, parallel worlds. Papers presentecat a sym-
posiumon parallel and compaable corpora, Uppsala,22—-23April, 1999 Rodopi,
Amsterdamt a.

[4] LarsBorin andMats Dahllof. A corpus-basedrammartutor for educationin lan-
guageandspeechtechnology In EACL’'99, Computerand InternetSupportededu-
cationin Languaye and Speeh Technolagy. Proceedingof a WorkshopSponsoed
by ELSNETand The Associationfor ComputationaLinguistics pages36—43.ACL,
1999.

[5] Lars Borin, Kariné AkermanSarkisian,and Camilla Bengtsson. A stitch in time:
Enhancinguniversitylanguageeducatiorwith web-basedliagnostidesting. In Pro-
ceedingf the 20th ICDE Confeence Dusseldorfl-5April 2001 ICDE,t a.

[6] Lars Borin, Kariné AkermanSarkisian,Camilla Bengtssonand Monica Langerth
Zetterman.Developingandevaluatingweb-basedliagnostidanguageestingin uni-
versity languageeducation.In Acceptedor the ALTE EuropeanYearof Languajes
confeence Barcelona,5—7 July, 2001 ALTE, ta.

[7] Don Box, David Ehneluske, Gopal Kakivaya, Andrew Layman, Noah Mendel-
sohn, Henrik Frystyk Nielsen, Satish Thatte, and Dave Winer.  Simple ob-
ject accessprotocol (soap) 1.1.  Technical report, W3C Note, May 2000.
http://wvwww3.0m/TR/2000/NO E-SQAP-20000508/.

23



[8] JeenBroekstra, Michel Klein, Stefan Decker, Dieter Fensel,and lan Horrocks.
Adding formal semantics$o theweb: building ontop of RDF schemaln Proceedings
of the 10thWbrld Wide Web Confeence Hongkong,May 2001.

[9] P Brusilovsky. Methodsandtechnique®f adaptive hypermediaUserModelingand
User Adaptednteraction, 6(2-3):87—1291996.

[10] PeterBrusilovsky. Adaptive andintelligent technologiesor web-basededucation.
Speciallssueon IntelligentSystemandTeleteabing, (Kunstlichelntelligenz), 4:19—
25,1999.

[11] StefanDecker, Michael Erdmann Dieter FenselandRudi Studer Ontobroler: On-
tology basedaccesdo distributedandsemi-structuredhformation. In R. Meersman,
Z. Tari, andS. Stevens,editors,Semantidssuesn MultimediaSystemsKluwer Aca-
demicPublisheyBoston,1999.

[12] sStefan Decler, Frank van Harmelen, JeenBroekstra, Michael Erdmann, Dieter
Fensel,lan Horrocks, Michel Klein, and Segey Melnik. The semanticweb - on
therolesof XML andRDF. IEEE InternetComputing Septembe2000.

[13] Rael Dornfestand Dan Brickley. The power of metadata. In Andy Oram, edi-
tor, Peerto-Peer: Harnessinghe Power of Disruptive Technolagies O’Reilly, 2001.
http://www.openp2p.com/pafa/[R2p/2001/01/18/metadaa. htr.

[14] JohnEklundandKenSinclair An empiricalappraisabf theeffectivenes®of adaptie
interfacedor instructionalsystems EducationalTechnology & Society 3(4), 2000.

[15] H. Garcia-Molina,Y. PapalonstantinouD. QuassA. Rajaramany.Sagv, J. Ullman,
V. VassalosandJ. Widom. The tsimmisapproachto mediation: Datamodelsand
languagesintelligentinformationSystemgJIIS), Kluwer, 8(2):117-1321997.

[16] PeterGerjets,Katarina Scheitey and Elke Heise. Navigation and conflicting goal
intentions: Distractionandvolitional protectionin learningandproblemsolving. In
I. WachsmuthandB. Jung,editors,Proceedinggier 4. Fachtagungder Gesellsbaft
fur Kognitionswissengaaft, pages’3—78.Infix, 1999.

[17] Jef HeflinandJamedHendler Semantidnteroperabilityontheweh In Proceedings
ExtremeMarkup Languayes Montreal, August2000.

[18] Nicola Henze. AdaptiveHyperbooks: Adaptationfor Project-Based_earning Re-
souices PhDthesis,Universityof Hannover, 2000.

[19] NicolaHenzeandWolfgangNejdl. Adaptivity in the KBS HyperbookSystem.n 2nd
Workshopon AdaptiveSystemsand User Modelingon the WWW Toronto, Canada,
May 1999.

[20] NicolaHenzeandWolfgangNejdl. Extendibleadaptve hypermediaoursevare: In-
tegrating different coursesand web material. In Proccedingsof the International
Confeenceon AdaptiveHypermediaand Adaptive\Web-BasedSystemgAH 2000),
Trento, Italy, 2000.

[21] NicolaHenze WolfgangNejdl, andMartin Wolpers.Modeling Constructvist Teach-
ing Functionalityand Structurein the KBS HyperbookSystem. In Proc. Computer
SupportedCollaborative Learning Confeence Stanford,Decemberl999. a previ-
ousversionappeardn AIED99 Workshopon Ontologiesfor Intelligent Educational
Systems.

[22] Ora Lassila. Web metadata: A matter of semantics. IEEE Internet Computing
2(4):30-37,1998.

24



[23] L.Liu andC.Pu. An adaptve object-orientechpproacho integrationandaccesof
heterogeneoumformationsources. Distributed and Parallel Databases5(2):167—
205,1997.

[24] A. Naeve. The gardenof knowledgeasa knowledgemanifold - a conceptuaframe-
work for computersupportegersonalizeéducationTechnicaReportCID-17,KTH
Stockholm,1997.

[25] A. Naere. Conceptuahavigationandmultiple scalenarrationin a knowledgemani-
fold. TechnicalReportCID-52,KTH Stockholm,1999.

[26] JohnNash,Leo Plugge,andAnneke Eurelings. ManagingCSCL projects. internal
report.

[27] Wolfgang Nejdl and Martin Wolpers. KBS Hyperbook— a data-driven informa-
tion systemon theweh In 8th International\World Wide Web Confeence Toronto,
CanadaMay 1999.

[28] WolfgangNejdl, Martin Wolpes,andChristianCapelle. The RDF schemaspecifica-
tion revisited. In WorkshopModellierung200Q Koblenz,April 2000.

[29] M. Nilsson. The conzilla design - the definitive reference.
http://conzilla.sourcefge.ret/dodcorrilla-design/cazilla-designhtml, August
2000.

[30] M. NilssonandM. Palmer Conzilla- towardsa conceptbrowser TechnicalReport
CID-53,KTH Stockholm,1999.

[31] D. PetterssonAspectfiltering asatool to supportconceptuaéxplorationandpresen-
tation. TechnicalReportTRITA-NA-E0079,KTH Stockholm,Decembef000.

[32] T. RischandV. Josiforski. Distributeddataintegrationby object-orientednediator
seners. In Concurency- Practice and Experiencel. JohnWiley & Sons,2001.
http://www.dis.uu.selidbl/publ/concur00.¢f, to be published.

[33] F. Ruth,J. TholanderandK. Karlgren. Trustingthe tutor - designaspectsandtrust
issuesin a prototypicalpedagogicahssistant. In 7th International Confeenceon
Computesin Education Chiba,JapanNovember1999.

[34] WolfgangSchnotzandThomasZink. Informationsearchandcoherencéormationin
knowledgeacquisitionfrom hypertet. GermanJournal of EducationalPsydology,
11(2):95-1081997.

[35] Anne Morgan Spalterand RosemaryMichelle Simpson. Reusablenypertet struc-
turesfor distanceandJIT learning.In Hypertext 2000 pages29-38,2000.

[36] MarkusSpecht.Empirical evaluationof adaptie annotatiorin hypermedia.ln Pro-
ceedingsof ED-MEDIA & ED-TELECOM98 volume 2, pages1327-1332,Char
lottesville, VA, 1998.AACE.

[37] Helge Stromdahland Monica Langerth-Zetterman.On theory-anchore@valuation
researctof educationabettingsespeciallythosesupportedy informationandcom-
municationtechnologiesinternalreport.

[38] J. Tholandey K. Karlgren, F. Rutz, and R. Rambeg. Designand evaluationof an
apprenticeshipettingfor learningobject-orientednodeling. In 7th International
Confeenceon Computesin Education Chiba,JapanNovember1999.

25



[39] J.TholanderF. Rutz,P. Johannessonk. Karlgren,andR. Rambeg. A pedagogical
assistantor learningobject-orientediesign:Naggingstudentsnto self-reflection.In
Proceeding®f the 10th International PEG Confeence Exeter, England July 1999.

[40] A. Tomasic,L. Raschid,and P. Valduriez. Scalingaccessto heterogeneoudata
sourceswith DISCO. IEEE Transactionson Knowledg and Data Engineering

10(5):808—-8231998.

[41] V.Josiforski and T.Risch. Functionalqueryoptimizationover object-orientedriews
for dataintegration. IntelligentinformationSystemgJIIS), 12(2—3):165-1901999.

[42] V.Josiforski and T.Risch. Integrating heterogeneousverlappingdatabasethrough
object-orientedtransformations. In Proc. 25th Conf on Very Large Databases
(VLDB'99), pagesA35—-446 Edinhurg, Septembel 999.

[43] G.WeberandM. SpechtUserModelingandAdaptive NavigationSupportin WWW-
BasedTutoring Systems. In Proceedingsf the Sixth International Confeenceon

UserModeling UM97, Sardinia,ltaly, 1997.

26



