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In this paperwe arguethatthe potentialof e-learningsystemdor active andautonomougnowledgeacquisi-
tion andusecanbe substantiallyenhancedy exploiting the personalizatiortapabilitiesof concept-oriented
contentmanagement.

Contentandimplementatiorpersonalizatiomreessentiatervicegprovidedby research-orientecbntentman-
agementystems. Personalizeadtonceptunderstandings well as concept-orientedontentacquisitionand
usearekey to mostlearningsituations. Therefore learningandresearctsystemsshouldcooperatewith the
commongoal of exchangingand sharingcontentand enablingprocessesvhich transparentlyspansystem
boundariesln this paper we discusshow personalizatiortanbe usedto enhancéoth, autonomousearning
actiities andresearch-orientedork o ws.

Personalizatiomndcontentcouplingtechnologiesreat the heartof oneof our operationalveb-basedppli-
cationsystemsthe Warkurg ElectronicLibrary. This systemis successfullyusedin a numberof researctas
well aslearningprojects duringwhich adwantage®f joint researctandlearningsystemsave beenidenti ed.

1 INTRODUCTION

Essentiagoalsof research-orientedontentmanage-
mentsystems— in short, reseach systems- and e-
learning systemsverlap. Both systemclassessup-
port autonomoususer actiities such as acquisition
and exploration of conceptsaswell ascreation,en-
richment, publication,and sharingof content. As a
consequence, closecouplingof bothsystenclasses
is consideredas mutually bene cial. Furthermore,
key requirementsare presentin both, most promi-
nently personalization. Researchsupportsystems
focuson the representationf factsby content. It is
important, however, thatthey do not imposea spe-
ci ¢ interpretationof contenton users. As thereis
generallyno agreed-uporsingle interpretation,such
systemsieedto allow usersto work with personaln-
terpretations. Moreover, associatingcontentwith a
x ed setsof a priori cateyoriesis inappropriatebe-
causeevery researcheneeddo focuson aspectspe-
ci ¢ tothework athand.

In additionto contentorganization,storageandre-
trieval, researctsystemshave to supportthreetypes
of researchwork ows: (1) personalizatiorof given
contentand structures,(2) sharingof personalized

contentamongstusers,and (3) makingthe views of
usersavailable to the generalpublic. Accordingto
our ndings mary of theserequirementganbe met
by meansf personalization.

E-learning systemsgenerally supportlearnersin
nding and studying content appropriatefor their
learningneeds;contentis packagedn learningunits
storedin e-learningsystems. Such learning units
canoftenbeparameterizetb bettersuitthelearners'
previous knowledgeor their preferencesvith respect
to learning styles, (GuttomsenSchar and Krueger,
2000). An integral part of learning, however, is
puttingthe heardinto practiceto gain athoroughun-
derstandingf the subjectareaat hand,e.g.,(El Sad-
dik etal.,2001).To allow learnergo work seamlessly
duringtheir entirelearningactiity, systemslsohave
to supportautonomougrvironmentsor active learn-
ing. We have foundthatactive participationof users
is alsoenabledy meansf personalization.

In addition, there is a need for contentlinking
andexchangebetweerresearclandlearningsystems:
Many of the researchresults of today evolve into
learningmaterialsof tomorraw.

We have gainedmary of theinsightspresentedhere
through our operationalsystem,the Warburg Elec-



tronicLibrary (WEL). TheWEL researchsystemem-
phasizeshe supportof researctby e xibility in both
structureand content,as well as for the respectie
processesBoth canbe personalizedo matchthere-
searchesintentions.Since2000,the WEL systemis
successfullyusedin a numberof researchprojects.
Becauseof the similar requirementsve have also
beenableto emplgy it asa learningsystem,demon-
stratingthe advantagef joint researchandlearning
systems.Usergroupsincluderesearcheri art his-
tory, schoolteachersanduniversity students.

The paperis organizedasfollows: We begin with
detailsaboutpersonalizatior{section2) andshow in
section3 and section5, respectiely, how it is em-
ployed in researchand learningsystems. Section4
gives an accountof our experienceswith animple-
mentationof the conceptpresentedn this paper In
section6, we provide a closerlook at the coupling
technologyfor researchand learning systems. We
concludewith a summaryand outlook in section7.
Relatedwork is discussedavhereappropriate.

2 PERSONALIZA TION

By personalizationve meanthe ability of asystento
adaptto the individual needsof eachuser Personal-
izationcanbebrokendown into two aspectsschema
opennessnd systemdynamics An openschemais
onethatuserscanchangeon-the- y andatary time,
thusguaranteeindpestcorrespondencwith their in-
formationneeds.Informationsystemsaredynamicif
theirimplementatiorfollows ary on-the- y modi ca-
tion of aschemalynamically

Suchpersonalizatiorhappenson two levels: con-
tentandstructue personalizationThe formerrefers
to the ability of a systemto let userschangecontent
accordingo theirneedor opinions thelatterenables
usersto changethe schemaof the content. (Rossi
etal., 2001)referto contentpersonalizatiorasinfor-
mationpersonalization.

Notethatthis personalizations moregeneralthan
whatoneis usedto from contemporaryeb applica-
tions, wherepersonalizatiorusuallycoverspresenta-
tionalaspect®nly. (KochandRossi,2002)alsoshare
this broaderde nition of personalization.

Anotherimportantaspectof personalizatioris the
ability of usersto re-integratetheir changeswith the
contentbaseof alargercommunity( g. 1). Thisal-
lows for iterative enhancementf the content. Per
sonalizationis usedto achieze a numberof goals:
(1) Adaptationof contentto personalviews or in-
tents,(2) securingof privagy, and(3) handlingof large
amountsof databy Itering outwhatis not of inter
est, (Niedege, 2002). Also see(Riecken, 2000) on
personalization.
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Figure 1: Personalizationallows local changeand re-
integrationof content.

2.1 Content Personalization

Researchwork is explorative andoften subjectve. It
follows openand dynamic processegseeabore, or
(Sehring,2004)for moredetails)in which every user
hasanown — possiblychanging-view onthecontent.
This personaliew is re ected by individual modi -
cationsof the content. Userscan— at leastfor some
time — deviate from the opinion of the communityby
changinga pieceof content. Personalizatiorallows
themto modify existing content,but thosechanges
will only bevisible to the userwho madethem. This
approachs thereforecalled contentpersonalization.
Contentpersonalizatiowanbeusedo exploretheim-
plicationsof a hypothesis.

Notethatpresentatiopersonalizatiore.g.,chang-
ing the backgroundtolor) is a specialcaseof content
personalizatioras con guration datacan be treated
justlike ordinarycontent.

2.2 Structur e Personalization

Contentpersonalizatiorallows usersto modify con-
tentaccordingto their currentneedswithout interfer
ing with others. However, in mary situationsthis is
notsufcient, asit canhandleuniform contentonly.

Structurepersonalizationcomprisestwo aspects:
(1) Changingthe structureof contentby meansof
creatingvariantsof the contents schemaaswell as
(2) (re)catgorizing contentwith the option of creat-
ing new cateyories. As with contentpersonalization,
thereneedto bemeanghatallow userdo re-intggrate
their changewith the community Structureperson-
alizationis a dynamicapplicationof schemaevolu-
tion, e.g.(Banerjeeetal., 1987).

For example,oftenuserscreatea new attribute, to
capturenenly foundaspectsin addition,they might
alsowantto modify the cateyorizationof content.

2.3 Implementing Personalization

Personalizatiomsrequiredby researchandlearning
systemds not coveredby contemporarynformation
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Figure 2: Modulesinterfacewith eachotherin a layered
architecture.

systemgISs). SincelSsareusuallybasedndatabase
technologythey shareits typical constraintsthemost
crucialbeingthatdatabaserely on onestaticschema.
Theschemas adaptedo users'informationneedsy
meanf views or theapplicationlayerof amulti-tier
application.

A staticschemapreventsdynamicprocessessall
partsof anlS —data,application andpresentatiotay-
ers—referto thatschema Changingit leadsto mod-
i cation of thewhole application.Sincethis requires
manualchangedo the software,it cannotbe doneby
end-usersThe sameis truefor view changesHence
thedemandor opennesss violated.

After rst experiments with monolithic multi-
schemaapplicationswhich enableopennesand dy-
namicsby meansof complex applicationcode we
now favor a new approachto 1S construction. This
approachs basednaconceptuamodelinglanguage
for contentand conceptschemataas describedin
(Schmidtand Sehring,2003). This languageintro-
ducesthe notion of an assetas an indivisible union
of percevable contentrepresentingan entity and a
setof expressionglescribingt abstractly Conceptual
expressionsncludevaluesof fundamentaproperties
of entities, relationshipsbetween(otherwiseindepen-
dent)entities,andconstraintgoverningrulesandreg-
ulationswhich entitiesfollow.

From de nitions givenin the assetde nition lan-
guage by end-usersppendynamicsystemsaregen-
eratedby a technologythat resemblesnodel-drizen
architecture approaches, (Sehring and Schmidt,
2004). It consistsof a modelcompiler and a mod-
ularized architectute for asset-basedystemswhich
canbeusedto createresearctandlearningsystems.

Userscan expresstheir information needsin the
assetde nition languagewithout regard to imple-
mentationconstraints. The model compiler estab-
lishesopennesby generatingoftwaresystemsneet-
ing thoserequirements.
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Figure 3: Samplecon guration of a personalizatiorfrom
schemaM toM °,

In our approachthe architectureof the generated
researchand learning systemsachieses personaliza-
tion by the ability to enabledynamicsystemsevolu-
tion. For thisit allows the openrede nition of assets
andthe dynamicinvocationof the modelcompiler

A systemconsistof asetof componentse ecting
oneschemaeach. Thesearebroken dovn into mod-
ules,which arethe outputof the modelcompiler For
our currentpurposesve identi ed  ve kindsof mod-
ules(see g. 2); eachmoduleof a components of
oneof the ve kinds. By introducingmodulekinds
we achieve asepaation of concernswvhich makesad-
dition andsubstitutionof modulespossible.

Personalizedcontentis storedin third party sys-
tems,database mostcases.Mappingassetsche-
matato schemataf suchsystemss doneby client
modules

The functionality of a componentis de ned by
a module con guration. Thereforea central build-
ing block of the architectureof mostapplicationsis
the mediatorarchitecturepresentedy (Wiederhold,
1992). In our approachit is implementedby mod-
ules of two kinds, namely mediationand mapping
modules Fig. 3 shavs an exampleof a con gura-
tion which enablespersonalization.The component
is accessetlia mediationmodulemp,eq . It distributes
requestaccordingto a personalizatiorstratey, e.g.,
to createand manipulatecontentobjectsin a users
privatestorage(via m9;.,, ) While retrieving content
from both the public (via mgien: ) and the private
store. The mappingmodulemp,, corvertsrequests
formulatedaccordingto the personalizegchemau ©
to onesaccordingo aglobalschemaM .

As can be seenin g. 3 the public component
(Mmgient @andthecorrespondinglatabaselk integrated
into a personalizeccomponentunchanged. This is
thekey to dynamicpersonalizatiorherechanginghe
contentstructurefrom M to M ©,

By useof distributionmodulescomponentspread
outoversereralsystemsThey areaccessedia server
moduleausingstandardgrotocols.



3 RESEARCH SYSTEMS

The supportof researchactiities is esentiallya con-
tent managementask, becauseinformation is re-
trieved asa basisto researchandnew contentis cre-
atedasits result. Software which supportsresearch
has— in extensionof commoncontentmanagement
systems-to provide contentin acooperatie andper
sonalizableway. The software hasto meetrequire-
mentswhich go beyond those of common content
managemensystemsand will be discussedn sec-
tion 3.1.

Very roughly, doing researctcanbe broken dovn
into two parts,which areshavn in gure 4. The rst
is working with existing knowvledgeandfactsto de-
rive nev ndings from them. This is shawvn in the
inner cycle. In aresearctsupportsystem,this typi-
cally involves customizingexisting contentandthen
changingt to re ect new ideas.

Theoutercyclein gure 4 describesheinteraction
with thescienti c community After anumberof iter-
ationsin theinnercycle, researchernill publishtheir
results.This senestwo purposesMaking their nd-
ingsknown to theworld aswell asreceving feedback
from theworld.

An integral part of researchs the discovery and
constructionof new concepts. Thesemale it possi-
ble to putthenew ndings into relationwith existing
knowledge thusaidingtheunderstandingf new dis-
coveries. To this end, it is importantto notethatre-
taining existing conceptsand contentstructureswill
be hinderingat best. The old structuresveredevised
in previous researchterationsand canonly be used
to storeinformationthe correspondingtructuresEs-
pecially the cateyorieswill t the new ndings only
partially.

712

»
[

Publish

Knowledge

Customize

i Personal

findings

Research
content

Enrich

Figure4: Researcltycle shaving personalactionsof the
researcheaswell asinteractionswith thecommunity

3.1 Reseach SystemRequirements

In extensionto typical demanddgo researchsystems
(Yao, 2003), we identify additional requirements.
Alltogether researcherseedto beableto:

2 createnew structuregi.e., both new conceptsand
new datastructuredo store ndings) aswell asnew
contentwhich representsheactual ndings,

2 catgorizeexisting aswell asnew contentaccord-
ing to their needs,which might involve changing
the categorizationof existing contentor nding ev-
idence(content)for existing cateyories,

2 manageco-e&isting structuresof conceptgo han-
dle personalizedswell aspublic researchiesults,

2 enterareview procesge.g.,by peergroups)which
ensuregonsisteng of thenew ndings with exist-
ing ones,andto

2 republishtheir ndings to the outsideworld once
theresearchs complete.

A researchsystemneedsto have an additionalprop-
erty: It needgo ensurethatintermediarystepsin the
researchareonly visible to the researcheandnot to
the outsideworld. Intermediaryresultshardly ever
malke senseto arybody but their creator In mary
elds of researclfe.g.,in socialstudiestherearealso
privagy concerns.

Ordinary information systemsare ill-suited as re-
searchsupportsystemsasthey generallydo not meet
mary of the requirements.Shareddatais the com-
municationparadigmof informationsystemgGoldin
andThalheim,2000). Thesesystemghereforeallow
neither changesin structurenor in contentwithout
making the changesvisible to all usersat the same
time. Evenif catgorizationis handled,on-demand
re-catgorizationis usuallynot supported.

3.2 Personalizationin Reseach
Systems

By meansof personalizatiomnecancreatea system
thatmeetsheabove requirements.

First of all, it allows the implementatiorof thein-
nercycleof g. 4: Researchersantake existing con-
tentandchangebothits valueaswell asits schema.
They canalsorestructurecontenton a larger scope,
e.g., by changingor adding cateyorizations. This
processanberepeatedintil thepersonalndings are
in aconsistenstate.

Thenresearchergan chooseto publishthe nd-
ingsto a larger community This canhappenin sev-
eral steps,for example rst to othermembersof the
researctgroup, andonly later to the generalpublic.
Here again supportis given by personalizationpe-
causdt alsoincludesan upward paththatallows the
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Figure5: A view of therunningWEL system.

reintegrationof personalizeatontentinto the content

thatwasoriginally personalizedrom, see gure 1.
Personalizatiofis thusthe outstandingeaturethat

enableghe conductof researclhin thesystem.

4 A RESEARCH SYSTEM IN
E-LEARNING SCENARIOS

The Warburg Electronic Library (WEL for short)
hascontritutedmuchto the authors'insightsinto re-
searchandlearningsupportsystems(Schmidtet al.,
2001). It is publicly availableasa web-basedystem
since2000.1t is andhasbeenusedin severalresearch
and learningprojectsby a currenttotal of over 700
usersworld-wide.

4.1 Reseach

The WEL software was originally developedfor the
project“RegentBase”which was carriedout in co-
operationwith art historiansfrom the researchin-
stitute for Political Iconograply at the University of
Hamlurg. Analyzing the demandsof the human-
ities we soon discovered that they cannotexpress
their ndings in corventionaldatabasesincesubjec-
tive views dominatethosedisciplines. Thereforethe

1Also seethewebsite: http://mwwwelib.de

WEL hasbeendesignedas a personalizabldigital
library which follows the paradigmof referenceli-
braries(Niedege,2002).

The personalizatiormethodologyof the WEL is
basedon the understandinghat mary organizational
paradigmdor information,for examplethoseof pub-
lic libraries, referencdibraries, and cardindices,all
sharethe samefundamentabprinciples. Besidesthe
amountof contentthey differ primarily in thecontent
schemataThe organizationalstructureis determined
by the size— andthusthe broadnes®f interests- of
theaddressedommunity

The usersof the WEL are organizedin groups,
which are laid out in hierarchicalmannerto allow
researcherto capturetheir concerndn projectsand
subprojects.Groupmembershipletermineghe con-
tentwhichis visible to the user In combinationwith
transparenpersonalizatiorf content this allows for
individual researchas well as collaboratve work in
groups. Groupsexist for a rangeof projectswith of-
tendifferentbut sometime®verlappingcontent.

4.2 Learning

The WEL systemhasbeenusedfor e-learningpur-
posessince 1998. Several seminarshave beencar
ried out with studentsof art history A common
taskin sucha seminaris to structurecontentfrom
a given subjectarea, e.g., a regent, a geographical
region, or an epoch. By relating contentand nd-
ing subjectterms describingthe areaat hand, stu-
dentsgatherinformationon the political situation,a
regents goals, or the ways of masscommunication
by art. Finally, studentggive a presentatioron their
ndings andwrite atext aboutthem. Usingthe WEL
systemwe experimentedwith employing a research
systemto systematicallysupportsuchseminamvork.

We usedthe chanceto try differentinteractionpat-
ternsof userdn differentroles. Thegenerakpproach
of usingthe WEL's personalizatiorin the seminarss
depictedin g. 6. Thiswork ow meetsthe demands
from (MaurerandLennon,1995).

At the beginningof eachcoursetheinstructorsre-
parematerialfor studenigroupsworking on different
topics (“customize”). Using personalizatiorthey se-
lect WEL contentandmale it availableto thegroups
as a starting point. In this rst interactionpattern
teachergommunicatavith learnerausingthe WEL.

Studentsisethepreparectontento startapersonal
cardindex for their topic. They structureadditional
content,which they either nd in digital repositories
availablethroughthe WEL or addby digitizing mate-
rial from booksor catalogueg“personalize”).

While nding, structuring,andamendingcontent
(“(re-)structureand improve”) the studentsare able
to communicatewith eachother By makingcontent
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Figure 6: An exampleof the learningcycle with system
support:theseminarprocess.

available to membersof other groupson a peetto-
peerbasisthey areableto discussresultsand bring
out interrelationsof topics. This secondinteraction
patternallows studentgo jointly work ontheirtopics.
It trainstheir ability to work in teamsandto partici-
patein scienti ¢ discoursgAlavi etal., 2002).

While working onatopic, studentsanpresentma-
terial to their instructorssince both are WEL users.
Furthermorejnstructorscanmonitor the progressof
studentsand guide them. Both waysof communica-
tion form the third categyory of interactionpatterns:
learnerto-teachecommunication.

Whenthey are donewith the acquisitionof con-
tent, studentsdemonstrateheir ndings by giving a
talk. Normally they do this by taking attendantn
onelinearpaththroughtheir structurewhile shaving
contentwhereappropriate.Usingthe WEL, they are
ableto visualizethe comple structureghey created,
resultingin morein-depthdiscussions.

Finally, studentgpreparea medial presentatiorof
their ndings. All pastseminarscreateda web page
for this purposeasindicatedin g. 7.

In acurrentWEL-project,the“Hamburg Medialn-
dex”, the WEL systemis taken to schoolteaching
to explore the remainingfourth interaction pattern,
namelyteachetteacheiinteraction.As schoolcurric-
ulaarecurrentlybeingreformedteacherfiaveto col-
lect and createnew learningmaterial. With the help
of theWEL, teacherganjointly work on new mater
ial anddiscusst with colleaguesindividual teachers
canalsooffer contentto others.Personalizatiogives
themcontrolover the publicationof their materials.

5 LEARNING SYSTEM
REQUIREMENTS

As is witnessedby mary taughtcourses,absorbing
contentand applying the learnt are essentialparts

text

artist

Figure7: Multimediapublicationof content.

of learning, seefor example (Clangy, 1995). Con-
structionistsinterpretlearningasthe constructionof
knowledgeandnotits absorption(Schroeder2002).
Practicalapplicationfacilitatesthe lasting storageof
informationby guaranteeindghe incorporationof the
appropriateassociatiotinto theexisting cognitive net-
work. By meansf thisassociatiorthelearntcanlater
beappliedto different,morecomple problems.

5.1 Learning Activities

Fig. 8 depictsthis active way of learning. Thereare
two levels, which differ in closenesso thelearneras
well asin speedof iteration. The inner cycle of pur

posefulaction, getting resultson the action,andin-

corporatingthoseinto the mentalmodel focuseson

activelearning.lt is usuallycarriedout by onelearner
alone. The outercircle describeghe interactionwith

otherslearnersaswell asteachers.

Typical e-learningsystemssupporta passie way
of learning: There are usually a numberof ways
to presentiessongo learners(GuttomsenSchar and
Krueger, 2000). Interactionof learnerand systemis
frequentlylimited to formal testing.

Unfortunatelytheabilitiesof e-learningsystemso
allow thelearnerto solve problemsinsidethe system
itself arelimited. Enablingthis is crucialto support
active learning,which is believed to be importantto
allow learnerdo gain athoroughunderstanding.
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Inspiredby (Allert etal., 2004),but contentis different.

5.2 Personalizationin E-learning

Ideally consumptiorof contentin e-learningsystems
is augmentedby makingthe contentparameterizable.
Thatis, usersareallowedto view the samecontentin
differentforms. To this end,the contentis parameter
izedanduserscantweakits presentatiomccordingo
their needs. Typical dimensionsof parameterization
include the languageof presentationthe numberof
examplesor the degreeof formalism.

While contentpersonalizatiorcan be usedto im-
plementparameterizationpersonalizatioritself cov-
ersa much broaderscope. Parameterizationmainly
appliesto teaching,while personalizatiorcoversall
aspectf thelearningcircle in gure 8. It supports
discoursethroughexchangeof personalizeccontent
and structureswith a limited group of peerlearners.
Most importantly usersare enabledo take actionin
the systemitself andlearnthroughthe resultsof their
action. They canrecombineartifactsto solve learn-
ing problems.This appliesto the subjectunderstudy
(whichis representeth thesystemn oneform or an-
otherthroughcontentlaswell aslearningobjects(the
courselessonsavhich dealwith the subject).

This allows a new approacho e-learningin which
learnerscan structurally rework or even extend the
subjectmatter For example,alessoncould startwith
a given partial contentstructurethat the learnersare
to complete. In doing so, they apply whatthey pre-
viously learned. Thinning out the contentis again
achieved throughpersonalizatior{the left-out pieces
areof coursenot deletedglobally), asthe whole sys-
temis likely to provide a muchhigherlevel of detalil
in the given area,for exampleto also supportmore
adwancedearners.

6 COUPLED SYSTEMS

Active participationof the learnersis an important
partof thelearningprocess Practicalexperiencenas
shawvn thatthisin generatanbeenablecdy meansof
personalization.

While the needfor personalizationis sharedby
bothlearningandresearclsystemsthefeature- con-
tentaswell asstructurepersonalizatiorn- is usedin
differentwaysin eachkind of system. It is a criti-
cal partin thelearningprocesgo enableactive work
by learnersto allow learnersto shareknowledgein
groups,andto enableteachergo cooperatrely de-
velop learningcontent. In researchsystemsperson-
alization allows usersto formulate hypothesesde-
velop themin isolation,and nally sharethemwith
thecommunityin a controlledmanner

Researchand learning systemscan be linked on
a technicallevel sincethey sharethe sameunder
standingof personalization.Thereforeresearchand
learningprocessegan be coupled,allowing the ex-
changeof researchesultsandlearningcontent.Joint
processesantransparentlyspansystemboundaries.
Combiningresearctandlearningprocesseallows for
varioussynegiesnotpossiblewith unrelatedsystems.

Findings obtainedthrough researchsystemswill
eventuallymale it into teaching Jointprocessesup-
port sucha migrationby keepinga link from course
materialto researclcontent. This link is lost when
contentis copied manuallyfrom one systemto an-
other discardinginformationabout,e.g., authorship
anddataprovenancesee(Bunemaretal., 2001).

Occasionally adwanced learning content con-
tributesto researchiFor example thestudentstesults
from the seminargeportedon above causedpartsof
theproject’s contentto bere ned. Similarresultscan
stemfrom Masters or PhD thesiswork which link
backto researchcontent. Trackingthe life-cycle of
contentfrom aresearctsystemnto alearningsystem
andbackis notfeasiblewithout systemsupport.

7 SUMMARY

The succesof researchand learningsystemsrelies
heavily on their supportfor active processef open
anddynamicervironments.To our ndings, suchsys-
temsarelargely basedon personalizatioriunctional-
ity for content,structure andthe processesattached.
Therequiredpersonalizatiorexceedghe capabilities
of traditionalinformation systems. Implementation
andapplicationexperienceshows that advancedper
sonalizationcan be successfullyemployed for both
researctandlearningpurposes.

To extend the approachpresentedhere towards
Intelligent Tutoring Systems(ITSs), modelsof the



learnersandteachingstratgiesarerequiredin addi-
tion to the modelof a domain. The assetde nition
languagellowstheopenformulationof thesemodels
comparabldo, e.g.,usermodelscapturingexpertise
in researchsystemsby keepingtrack of their inter-
ests,contritutions, andratingsby others. By means
of ITSs, modelsof learnerscanbe usedto give feed-
backandto dynamicallyadjustlearningmodulesto
the learners'abilities. How to make useof a setof
learnerdescriptiongdo determinetypical obstacless
currentlybeingresearched.

Futurework will extend the principles discussed
in this paperessentiallyin two dimensions. First,
we seekto extend the interaction patternsof the
WEL systemby designingandevaluatingtheteacher
teachercommunicationdiscussedabove and group-
orientedstudent-studeritteractions.Secondwe see
a needfor interoperabilitywith othere-learningsys-
temsthroughstandardize@-learningformatssuchas
LOM, SCORMandthelike. Furthermorethe useof
exchangdormatsbasedn XML will alsoallow gen-
eral sharingof ary content. In our approachXML
schemasare dynamically generatedbut of userde-
ned asseimodels.A rst prototypeimplementation
of anXML schemaeneratoexists.

In a varity of applicationprojectswe are seeking
additionallearningandresearctscenariogo acquire
furtheruserdemandshatwill challengethearchitec-
tural decisiondor our personalizableonceptuaton-
tentmanagemergystems.
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