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Abstract: In this paperwe arguethatthepotentialof e-learningsystemsfor active andautonomousknowledgeacquisi-
tion andusecanbesubstantiallyenhancedby exploiting thepersonalizationcapabilitiesof concept-oriented
contentmanagement.
Contentandimplementationpersonalizationareessentialservicesprovidedby research-orientedcontentman-
agementsystems.Personalizedconceptunderstandingaswell asconcept-orientedcontentacquisitionand
usearekey to mostlearningsituations.Therefore,learningandresearchsystemsshouldcooperatewith the
commongoal of exchangingand sharingcontentand enablingprocesseswhich transparentlyspansystem
boundaries.In this paper, we discusshow personalizationcanbeusedto enhanceboth,autonomouslearning
activitiesandresearch-orientedwork�o ws.
Personalizationandcontentcouplingtechnologiesareat theheartof oneof our operationalweb-basedappli-
cationsystems,theWarburg ElectronicLibrary. This systemis successfullyusedin a numberof researchas
well aslearningprojects,duringwhichadvantagesof joint researchandlearningsystemshavebeenidenti�ed.

1 INTRODUCTION

Essentialgoalsof research-orientedcontentmanage-
ment systems– in short, research systems– and e-
learning systemsoverlap. Both systemclassessup-
port autonomoususer activities such as acquisition
andexplorationof conceptsaswell ascreation,en-
richment,publication,andsharingof content. As a
consequence,a closecouplingof bothsystemclasses
is consideredas mutually bene�cial. Furthermore,
key requirementsare presentin both, most promi-
nently personalization. Researchsupportsystems
focuson the representationof factsby content. It is
important,however, that they do not imposea spe-
ci�c interpretationof contenton users. As thereis
generallyno agreed-uponsingle interpretation,such
systemsneedto allow usersto work with personalin-
terpretations. Moreover, associatingcontentwith a
�x ed setsof a priori categoriesis inappropriatebe-
causeevery researcherneedsto focuson aspectsspe-
ci�c to thework athand.

In additionto contentorganization,storageandre-
trieval, researchsystemshave to supportthreetypes
of researchwork�o ws: (1) personalizationof given
contentand structures,(2) sharingof personalized

contentamongstusers,and(3) makingthe views of
usersavailable to the generalpublic. According to
our �ndings many of theserequirementscanbe met
by meansof personalization.

E-learningsystemsgenerallysupport learnersin
�nding and studying content appropriatefor their
learningneeds;contentis packagedin learningunits
stored in e-learningsystems. Such learning units
canoftenbeparameterizedto bettersuit thelearners'
previousknowledgeor their preferenceswith respect
to learning styles, (GuttomsenScḧar and Krueger,
2000). An integral part of learning, however, is
puttingtheheardinto practiceto gain a thoroughun-
derstandingof thesubjectareaat hand,e.g.,(El Sad-
dik etal.,2001).To allow learnersto work seamlessly
duringtheirentirelearningactivity, systemsalsohave
to supportautonomousenvironmentsfor active learn-
ing. We have found thatactive participationof users
is alsoenabledby meansof personalization.

In addition, there is a need for content linking
andexchangebetweenresearchandlearningsystems:
Many of the researchresults of today evolve into
learningmaterialsof tomorrow.

Wehavegainedmany of theinsightspresentedhere
throughour operationalsystem,the Warburg Elec-



tronicLibrary (WEL). TheWEL researchsystemem-
phasizesthesupportof researchby �e xibility in both
structureand content,as well as for the respective
processes.Both canbepersonalizedto matchthere-
searcher's intentions.Since2000,theWEL systemis
successfullyusedin a numberof researchprojects.
Becauseof the similar requirementswe have also
beenableto employ it asa learningsystem,demon-
stratingtheadvantagesof joint researchandlearning
systems.Usergroupsincluderesearchersin art his-
tory, schoolteachers,anduniversitystudents.

The paperis organizedasfollows: We begin with
detailsaboutpersonalization(section2) andshow in
section3 and section5, respectively, how it is em-
ployed in researchand learningsystems.Section4
gives an accountof our experienceswith an imple-
mentationof theconceptspresentedin this paper. In
section6, we provide a closer look at the coupling
technologyfor researchand learning systems. We
concludewith a summaryand outlook in section7.
Relatedwork is discussedwhereappropriate.

2 PERSONALIZA TION

By personalizationwemeantheability of asystemto
adaptto the individual needsof eachuser. Personal-
izationcanbebrokendown into two aspects:schema
opennessandsystemdynamics. An openschemais
onethatuserscanchangeon-the-�y andat any time,
thusguaranteeingbestcorrespondencewith their in-
formationneeds.Informationsystemsaredynamicif
their implementationfollowsany on-the-�y modi�ca-
tion of aschemadynamically.

Suchpersonalizationhappenson two levels: con-
tent andstructure personalization.Theformer refers
to the ability of a systemto let userschangecontent
accordingto theirneedsor opinions,thelatterenables
usersto changethe schemaof the content. (Rossi
et al., 2001)refer to contentpersonalizationasinfor-
mationpersonalization.

Notethat this personalizationis moregeneralthan
whatoneis usedto from contemporarywebapplica-
tions,wherepersonalizationusuallycoverspresenta-
tionalaspectsonly. (KochandRossi,2002)alsoshare
thisbroaderde�nition of personalization.

Anotherimportantaspectof personalizationis the
ability of usersto re-integratetheir changeswith the
contentbaseof a largercommunity(�g. 1). This al-
lows for iterative enhancementof the content. Per-
sonalizationis usedto achieve a numberof goals:
(1) Adaptationof content to personalviews or in-
tents,(2) securingof privacy, and(3)handlingof large
amountsof databy �ltering out what is not of inter-
est, (Niedeŕee,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 andoftensubjective. It
follows openand dynamicprocesses(seeabove, or
(Sehring,2004)for moredetails)in which every user
hasanown – possiblychanging– view onthecontent.
This personalview is re�ected by individual modi�-
cationsof thecontent.Userscan– at leastfor some
time – deviatefrom theopinionof thecommunityby
changinga pieceof content. Personalizationallows
them to modify existing content,but thosechanges
will only bevisible to theuserwho madethem.This
approachis thereforecalledcontentpersonalization.
Contentpersonalizationcanbeusedtoexploretheim-
plicationsof ahypothesis.

Notethatpresentationpersonalization(e.g.,chang-
ing thebackgroundcolor) is a specialcaseof content
personalizationas con�guration datacan be treated
just likeordinarycontent.

2.2 Structur ePersonalization

Contentpersonalizationallows usersto modify con-
tentaccordingto their currentneedswithout interfer-
ing with others. However, in many situationsthis is
not suf�cient, asit canhandleuniformcontentonly.

Structurepersonalizationcomprisestwo aspects:
(1) Changingthe structureof contentby meansof
creatingvariantsof the content's schemaas well as
(2) (re)categorizing contentwith the option of creat-
ing new categories. As with contentpersonalization,
thereneedto bemeansthatallow usersto re-integrate
their changeswith thecommunity. Structureperson-
alization is a dynamicapplicationof schemaevolu-
tion, e.g.(Banerjeeetal., 1987).

For example,oftenuserscreatea new attribute, to
capturenewly foundaspects.In addition,they might
alsowantto modify thecategorizationof content.

2.3 Implementing Personalization

Personalizationasrequiredby researchandlearning
systemsis not coveredby contemporaryinformation
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Figure 2: Modulesinterfacewith eachother in a layered
architecture.

systems(ISs).SinceISsareusuallybasedondatabase
technologythey shareits typicalconstraints,themost
crucialbeingthatdatabasesrely ononestaticschema.
Theschemais adaptedto users'informationneedsby
meansof viewsor theapplicationlayerof amulti-tier
application.

A staticschemapreventsdynamicprocesses,asall
partsof anIS–data,application,andpresentationlay-
ers– refer to thatschema.Changingit leadsto mod-
i�cation of thewholeapplication.Sincethis requires
manualchangesto thesoftware,it cannotbedoneby
end-users.Thesameis truefor view changes.Hence
thedemandfor opennessis violated.

After �rst experiments with monolithic multi-
schemaapplicationswhich enableopennessanddy-
namicsby meansof complex applicationcode we
now favor a new approachto IS construction. This
approachis basedonaconceptualmodelinglanguage
for content and conceptschemataas describedin
(Schmidtand Sehring,2003). This languageintro-
ducesthe notion of an assetas an indivisible union
of perceivable contentrepresentingan entity and a
setof expressionsdescribingit abstractly. Conceptual
expressionsincludevaluesof fundamentalproperties
of entities,relationshipsbetween(otherwiseindepen-
dent)entities,andconstraintsgoverningrulesandreg-
ulationswhichentitiesfollow.

From de�nitions given in the assetde�nition lan-
guage,by end-users,opendynamicsystemsaregen-
eratedby a technologythat resemblesmodel-driven
architecture approaches, (Sehring and Schmidt,
2004). It consistsof a modelcompiler and a mod-
ularizedarchitecture for asset-basedsystems,which
canbeusedto createresearchandlearningsystems.

Userscan expresstheir information needsin the
assetde�nition languagewithout regard to imple-
mentationconstraints. The model compiler estab-
lishesopennessby generatingsoftwaresystemsmeet-
ing thoserequirements.
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Figure3: Samplecon�guration of a personalizationfrom
schemaM to M 0.

In our approachthe architectureof the generated
researchand learningsystemsachieves personaliza-
tion by the ability to enabledynamicsystemsevolu-
tion. For this it allows theopenrede�nition of assets
andthedynamicinvocationof themodelcompiler.

A systemconsistsof asetof componentsre�ecting
oneschemaeach.Thesearebrokendown into mod-
ules,which aretheoutputof themodelcompiler. For
our currentpurposeswe identi�ed � ve kindsof mod-
ules (see�g. 2); eachmoduleof a componentis of
oneof the � ve kinds. By introducingmodulekinds
weachieveaseparationof concernswhichmakesad-
dition andsubstitutionof modulespossible.

Personalizedcontentis storedin third party sys-
tems,databasesin mostcases.Mappingassetsche-
matato schemataof suchsystemsis doneby client
modules.

The functionality of a componentis de�ned by
a modulecon�guration. Thereforea centralbuild-
ing block of the architectureof mostapplicationsis
the mediatorarchitecturepresentedby (Wiederhold,
1992). In our approachit is implementedby mod-
ules of two kinds, namely mediationand mapping
modules. Fig. 3 shows an exampleof a con�gura-
tion which enablespersonalization.The component
is accessedvia mediationmodulemmed . It distributes
requestsaccordingto a personalizationstrategy, e.g.,
to createand manipulatecontentobjectsin a user's
privatestorage(via m0

cl ient ) while retrieving content
from both the public (via mcl ient ) and the private
store. Themappingmodulemmap convertsrequests
formulatedaccordingto thepersonalizedschemaM 0

to onesaccordingto aglobalschemaM .
As can be seenin �g. 3 the public component

(mcl ient andthecorrespondingdatabase)is integrated
into a personalizedcomponentunchanged.This is
thekey to dynamicpersonalization,herechangingthe
contentstructurefrom M to M 0.

By useof distributionmodules, componentsspread
outoverseveralsystems.They areaccessedviaserver
modulesusingstandardprotocols.



3 RESEARCH SYSTEMS

Thesupportof researchactivities is esentiallya con-
tent managementtask, becauseinformation is re-
trievedasa basisto researchandnew contentis cre-
atedas its result. Softwarewhich supportsresearch
has– in extensionof commoncontentmanagement
systems– to providecontentin acooperativeandper-
sonalizableway. The softwarehasto meetrequire-
mentswhich go beyond thoseof commoncontent
managementsystemsand will be discussedin sec-
tion 3.1.

Very roughly, doing researchcanbe broken down
into two parts,which areshown in �gure 4. The�rst
is working with existing knowledgeandfactsto de-
rive new �ndings from them. This is shown in the
inner cycle. In a researchsupportsystem,this typi-
cally involvescustomizingexisting contentandthen
changingit to re�ect new ideas.

Theoutercycle in �gure 4 describestheinteraction
with thescienti�c community. After anumberof iter-
ationsin theinnercycle,researcherswill publishtheir
results.This servestwo purposes:Making their �nd-
ingsknown to theworld aswell asreceiving feedback
from theworld.

An integral part of researchis the discovery and
constructionof new concepts.Thesemake it possi-
ble to put thenew �ndings into relationwith existing
knowledge,thusaidingtheunderstandingof new dis-
coveries. To this end,it is importantto notethat re-
taining existing conceptsandcontentstructureswill
behinderingat best.Theold structuresweredevised
in previous researchiterationsandcanonly be used
to storeinformationthecorrespondingstructures.Es-
pecially the categorieswill �t the new �ndings only
partially.
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Figure4: Researchcycle showing personalactionsof the
researcheraswell asinteractionswith thecommunity.

3.1 Research SystemRequirements

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

² createnew structures(i.e., both new conceptsand
new datastructuresto store�ndings) aswell asnew
content,which representstheactual�ndings,

² categorizeexisting aswell asnew contentaccord-
ing to their needs,which might involve changing
thecategorizationof existingcontentor �nding ev-
idence(content)for existingcategories,

² manageco-existing structuresof conceptsto han-
dlepersonalizedaswell aspublic researchresults,

² entera review process(e.g.,by peergroups)which
ensuresconsistency of thenew �ndings with exist-
ing ones,andto

² republishtheir �ndings to the outsideworld once
theresearchis complete.

A researchsystemneedsto have an additionalprop-
erty: It needsto ensurethat intermediarystepsin the
researchareonly visible to the researcherandnot to
the outsideworld. Intermediaryresultshardly ever
make senseto anybody but their creator. In many
�elds of research(e.g.,in socialstudies)therearealso
privacy concerns.

Ordinary informationsystemsare ill-suited as re-
searchsupportsystemsasthey generallydo not meet
many of the requirements.Shareddatais the com-
municationparadigmof informationsystems(Goldin
andThalheim,2000). Thesesystemsthereforeallow
neither changesin structurenor in contentwithout
making the changesvisible to all usersat the same
time. Even if categorizationis handled,on-demand
re-categorizationis usuallynot supported.

3.2 Personalizationin Research
Systems

By meansof personalizationonecancreatea system
thatmeetstheabove requirements.

First of all, it allows the implementationof the in-
nercycleof �g. 4: Researcherscantakeexistingcon-
tent andchangeboth its valueaswell asits schema.
They canalsorestructurecontenton a larger scope,
e.g., by changingor adding categorizations. This
processcanberepeateduntil thepersonal�ndings are
in aconsistentstate.

Then researcherscan chooseto publish the �nd-
ings to a largercommunity. This canhappenin sev-
eral steps,for example�rst to othermembersof the
researchgroup,andonly later to the generalpublic.
Here again supportis given by personalization,be-
causeit alsoincludesanupwardpaththatallows the



Figure5: A view of therunningWEL system.

reintegrationof personalizedcontentinto thecontent
thatwasoriginally personalizedfrom, see�gure 1.

Personalizationis thustheoutstandingfeaturethat
enablestheconductof researchin thesystem.

4 A RESEARCH SYSTEM IN
E-LEARNING SCENARIOS

The Warburg Electronic Library (WEL for short1)
hascontributedmuchto theauthors'insightsinto re-
searchandlearningsupportsystems,(Schmidtet al.,
2001). It is publicly availableasa web-basedsystem
since2000.It is andhasbeenusedin severalresearch
and learningprojectsby a currenttotal of over 700
usersworld-wide.

4.1 Research

The WEL softwarewasoriginally developedfor the
project “RegentBase”which wascarriedout in co-
operationwith art historiansfrom the researchin-
stitute for Political Iconography at the University of
Hamburg. Analyzing the demandsof the human-
ities we soon discovered that they cannot express
their �ndings in conventionaldatabasessincesubjec-
tive views dominatethosedisciplines.Thereforethe

1Also seethewebsite: http://www.welib.de

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

The personalizationmethodologyof the WEL is
basedon theunderstandingthatmany organizational
paradigmsfor information,for examplethoseof pub-
lic libraries,referencelibraries,andcardindices,all
sharethe samefundamentalprinciples. Besidesthe
amountof content,they differ primarily in thecontent
schemata.Theorganizationalstructureis determined
by thesize– andthusthebroadnessof interests– of
theaddressedcommunity.

The usersof the WEL are organized in groups,
which are laid out in hierarchicalmannerto allow
researchersto capturetheir concernsin projectsand
subprojects.Groupmembershipdeterminesthecon-
tentwhich is visible to theuser. In combinationwith
transparentpersonalizationof content,this allows for
individual researchas well as collaborative work in
groups.Groupsexist for a rangeof projectswith of-
tendifferentbut sometimesoverlappingcontent.

4.2 Learning

The WEL systemhasbeenusedfor e-learningpur-
posessince1998. Several seminarshave beencar-
ried out with studentsof art history. A common
task in 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
regent's goals,or the ways of masscommunication
by art. Finally, studentsgive a presentationon their
�ndings andwrite a text aboutthem.UsingtheWEL
systemwe experimentedwith employing a research
systemto systematicallysupportsuchseminarwork.

We usedthechanceto try differentinteractionpat-
ternsof usersin differentroles.Thegeneralapproach
of usingtheWEL's personalizationin theseminarsis
depictedin �g. 6. This work�o w meetsthedemands
from (MaurerandLennon,1995).

At thebeginningof eachcoursetheinstructorspre-
parematerialfor studentgroupsworking on different
topics(“customize”). Using personalizationthey se-
lect WEL contentandmake it availableto thegroups
as a starting point. In this �rst interactionpattern
teacherscommunicatewith learnersusingtheWEL.

Studentsusethepreparedcontentto startapersonal
card index for their topic. They structureadditional
content,which they either�nd in digital repositories
availablethroughtheWEL or addby digitizing mate-
rial from booksor catalogues(“personalize”).

While �nding, structuring,and amendingcontent
(“(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 peer-to-
peerbasisthey areable to discussresultsandbring
out interrelationsof topics. This secondinteraction
patternallowsstudentsto jointly work ontheir topics.
It trainstheir ability to work in teamsandto partici-
patein scienti�c discourse(Alavi etal., 2002).

While workingonatopic,studentscanpresentma-
terial to their instructorssinceboth are WEL users.
Furthermore,instructorscanmonitor the progressof
studentsandguidethem. Both waysof communica-
tion form the third category of interactionpatterns:
learner-to-teachercommunication.

When they are donewith the acquisitionof con-
tent, studentsdemonstratetheir �ndings by giving a
talk. Normally they do this by taking attendantson
onelinearpaththroughtheirstructure,while showing
contentwhereappropriate.Using theWEL, they are
ableto visualizethecomplex structuresthey created,
resultingin morein-depthdiscussions.

Finally, studentspreparea medialpresentationof
their �ndings. All pastseminarscreateda web page
for thispurpose,asindicatedin �g. 7.

In acurrentWEL-project,the“Hamburg MediaIn-
dex”, the WEL systemis taken to school teaching
to explore the remainingfourth interactionpattern,
namelyteacher-teacherinteraction.As schoolcurric-
ulaarecurrentlybeingreformed,teachershaveto col-
lect andcreatenew learningmaterial. With the help
of theWEL, teacherscanjointly work on new mater-
ial anddiscussit with colleagues.Individual teachers
canalsooffer contentto others.Personalizationgives
themcontrolover thepublicationof theirmaterials.

5 LEARNING SYSTEM
REQUIREMENTS

As is witnessedby many taughtcourses,absorbing
contentand applying the learnt are essentialparts
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Figure7: Multimediapublicationof content.

of learning,seefor example(Clancy, 1995). Con-
structionistsinterpretlearningasthe constructionof
knowledgeandnot its absorption,(Schroeder, 2002).
Practicalapplicationfacilitatesthe lastingstorageof
informationby guaranteeingthe incorporationof the
appropriateassociationinto theexistingcognitivenet-
work. By meansof thisassociationthelearntcanlater
beappliedto different,morecomplex problems.

5.1 Learning Activities

Fig. 8 depictsthis active way of learning. Thereare
two levels,which differ in closenessto thelearneras
well asin speedof iteration. The innercycle of pur-
posefulaction,gettingresultson the action,and in-
corporatingthoseinto the mentalmodel focuseson
activelearning.It is usuallycarriedoutby onelearner
alone.Theoutercircle describesthe interactionwith
others,learnersaswell asteachers.

Typical e-learningsystemssupporta passive way
of learning: There are usually a number of ways
to presentlessonsto learners(GuttomsenScḧar and
Krueger, 2000). Interactionof learnerandsystemis
frequentlylimited to formal testing.

Unfortunately, theabilitiesof e-learningsystemsto
allow thelearnerto solve problemsinsidethesystem
itself arelimited. Enablingthis is crucial to support
active learning,which is believed to be importantto
allow learnersto gaina thoroughunderstanding.
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Figure8: Learningcycle from the learner's point of view.
Inspiredby (Allert etal., 2004),but contentis different.

5.2 Personalizationin E-learning

Ideally consumptionof contentin e-learningsystems
is augmentedby makingthecontentparameterizable.
Thatis, usersareallowedto view thesamecontentin
differentforms.To thisend,thecontentis parameter-
izedanduserscantweakits presentationaccordingto
their needs.Typical dimensionsof parameterization
include the languageof presentation,the numberof
examples,or thedegreeof formalism.

While contentpersonalizationcanbe usedto im-
plementparameterization,personalizationitself cov-
ersa muchbroaderscope. Parameterizationmainly
appliesto teaching,while personalizationcoversall
aspectsof the learningcircle in �gure 8. It supports
discoursethroughexchangeof personalizedcontent
andstructureswith a limited groupof peerlearners.
Most importantly, usersareenabledto take actionin
thesystemitself andlearnthroughtheresultsof their
action. They canrecombineartifactsto solve learn-
ing problems.This appliesto thesubjectunderstudy
(whichis representedin thesystemin oneform or an-
otherthroughcontent)aswell aslearningobjects(the
courselessonswhichdealwith thesubject).

This allows a new approachto e-learningin which
learnerscan structurally rework or even extend the
subjectmatter. For example,a lessoncouldstartwith
a given partial contentstructurethat the learnersare
to complete. In doing so, they apply what they pre-
viously learned. Thinning out the contentis again
achieved throughpersonalization(the left-out pieces
areof coursenot deletedglobally), asthewholesys-
temis likely to provide a muchhigherlevel of detail
in the given area,for exampleto alsosupportmore
advancedlearners.

6 COUPLED SYSTEMS

Active participationof the learnersis an important
partof the learningprocess.Practicalexperiencehas
shown thatthis in generalcanbeenabledby meansof
personalization.

While the needfor personalizationis sharedby
bothlearningandresearchsystems,thefeature– con-
tent aswell asstructurepersonalization– is usedin
different ways in eachkind of system. It is a criti-
cal part in the learningprocessto enableactive work
by learners,to allow learnersto shareknowledgein
groups,and to enableteachersto cooperatively de-
velop learningcontent. In researchsystemsperson-
alization allows usersto formulate hypotheses,de-
velop themin isolation,and �nally sharethemwith
thecommunityin acontrolledmanner.

Researchand learning systemscan be linked on
a technical level since they sharethe sameunder-
standingof personalization.Thereforeresearchand
learningprocessescanbe coupled,allowing the ex-
changeof researchresultsandlearningcontent.Joint
processescantransparentlyspansystemboundaries.
Combiningresearchandlearningprocessesallowsfor
varioussynergiesnotpossiblewith unrelatedsystems.

Findings obtainedthrough researchsystemswill
eventuallymake it into teaching.Jointprocessessup-
port sucha migrationby keepinga link from course
materialto researchcontent. This link is lost when
contentis copiedmanually from one systemto an-
other, discardinginformationabout,e.g.,authorship
anddataprovenance,see(Bunemanetal., 2001).

Occasionally, advanced learning content con-
tributesto research.For example,thestudents'results
from theseminarsreportedon above causedpartsof
theproject's contentto bere�ned. Similar resultscan
stemfrom Master's or PhD thesiswork which link
back to researchcontent. Tracking the life-cycle of
contentfrom aresearchsysteminto a learningsystem
andbackis not feasiblewithoutsystemsupport.

7 SUMMARY

The successof researchand learningsystemsrelies
heavily on their supportfor active processesin open
anddynamicenvironments.To our�ndings, suchsys-
temsarelargely basedon personalizationfunctional-
ity for content,structure,andtheprocessesattached.
Therequiredpersonalizationexceedsthecapabilities
of traditional information systems. Implementation
andapplicationexperienceshows thatadvancedper-
sonalizationcan be successfullyemployed for both
researchandlearningpurposes.

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



learnersandteachingstrategiesarerequiredin addi-
tion to the modelof a domain. The assetde�nition
languageallowstheopenformulationof thesemodels
comparableto, e.g.,usermodelscapturingexpertise
in researchsystemsby keepingtrack of their inter-
ests,contributions,andratingsby others. By means
of ITSs,modelsof learnerscanbeusedto give feed-
backand to dynamicallyadjustlearningmodulesto
the learners'abilities. How to make useof a setof
learnerdescriptionsto determinetypical obstaclesis
currentlybeingresearched.

Futurework will extend the principlesdiscussed
in this paperessentiallyin two dimensions. First,
we seek to extend the interaction patternsof the
WEL systemby designingandevaluatingtheteacher-
teachercommunicationdiscussedabove and group-
orientedstudent-studentinteractions.Second,we see
a needfor interoperabilitywith othere-learningsys-
temsthroughstandardizede-learningformatssuchas
LOM, SCORMandthelike. Furthermore,theuseof
exchangeformatsbasedonXML will alsoallow gen-
eral sharingof any content. In our approachXML
schemasare dynamicallygeneratedout of userde-
�ned assetmodels.A �rst prototypeimplementation
of anXML schemageneratorexists.

In a varity of applicationprojectswe areseeking
additionallearningandresearchscenariosto acquire
furtheruserdemandsthatwill challengethearchitec-
turaldecisionsfor ourpersonalizableconceptualcon-
tentmanagementsystems.
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