In Proceedings of ED-MEDIA 2002. Association for the
Advancement of Computing in Education (AACE), June 2002

Choosing an Online Leaning Platform focusing on
Reusability of Leaming Objects and its Implications br
Comparison Schemata Design

Oliver Merkel, Cornelia Seeberg and Ralf Steinmetz

KOM - Multimedia Communications
Department of Electrical Engineering and Informatie@ciihology
Darmstadt, Uniersity of Technology
Merckstr 25 « 64283 Darmstadt « Gernyan

{merkel, seeberg, steinmetz}@kom.tu-darmstadt.de

Abstract: Project decisionsaboutsuitability of existingonline learning platformsare oftendiscussedy using
projectspecificproprietary comparisorschematar via a comparisorserviceofferedin theworld wideweb.As
educationalmaterialin form of learning objectsbecomesnoreavailablefocusingon contentreusabilityaspects
is becomingmoreimportantfor online learning platformsdue to costminimizationin contentproductionand
preparation for contentreusal. Exactly thesereusability aspectscan hardly be found in thesecomparison
schemataln learning platformslearning objectsare storedin databasemanagemergystemsy usingdocument
managemensystemsModularization of coursesand course building elementsas objectsare essentialfor
reusability.For effectiveadministration storage searchandretrieval of theseelementsasa part of a reusability
procesanetadatadescriptionsof the processedearning objectsare neccessarnand fundamentalOur approach
to enrichcomparisorschematdy addingreusabilityspecificelementsills theexistinggapbetweemetadataand
reusability featuresimplementedn available online learning platformsand popular usedcomparativeanalysis
tools for online learning platforms, respectively.
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1 Intr oduction

This paperlinvestigatesvhich criterionsfor comparativeanalysisof onlinelearningplatformsareconsideredo be

relevantfor decisiongocusingon contenteusabilityaspect®f theseplatformswhenusingcurrentlyavailableand
often reviewedinformation systemdike [Lan01], [Edu01]. The term online learningplatform in this scopeis

definedby webbasedpplicationgo deliveror preseneducationamultimediacoursematerialsonalearner’sside
and to offer administrationfeatureson a tutor side through managemenbf courserelevantmetadatawhile

authoringsupportis offeredby contentmanagemenandcontentcreation.Dueto the lack of reusabilityspecific
categoriesin theseinformation systemsa set of already existing criterions is collected. Referring to this

investigationthis paperdescribesan approacHor handlinga criterion enrichmenty addingreusabilityspecific
categories to comparative analysis tools.

Thereforethetermreusabilityis describedasit is understoodn the contextof the contentof alearningplatform

asanobjectin section2. As aresultof this descriptiona metadataschematdor learningobjectsnamedLearning
ObjectMetadata(LOM) whichis proposedy theLearningTechnologystandardsCommittedl TSC)of thelEEE

[LWGO01] is introducedwhich is especiallyuseful for the attribution of learningresourceJHFM+01]. After

mentioningusecasesvorking on LOM andcurrentlynot solvedgranularityproblemsin LOM, section3 handles
thereusabilityaspect®f learningobjectsimplementedn currentlyavailablelearningplatforms.Afterwardsthis

paperis going on discussingincluded reusability specific criterionsin the comparisonschemataof [Bat99],

[Edu01]and[Lan01]. Thefollowing sectiord statesa proposalbf a hierarchicallystructuredsetof criterionswith

specificcategoriemndelementgo allow comparativeanalysisamongonlinelearningplatforms.Finally this paper
ends with a conclusion and an outlook of its discussed subject in section 5.

2. Reusability

Reusabilityin generals apossiblemethodfor savingmonetaryandnonmonetarycosts.n the contextof learning
platformsreuseof learningsystemcomponents the implementatioritself in modularizedform asit is usedin
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differentonline courses or its contentcanbe establishedWhile modularizedconfigurableimplementatioris a
well solved problemin recentonline learning platformslike Lotus Learning Spaceby Mindspan Solutions,

Netcoachby Orbis Communicationsor HyperwaveeLearningSuiteby Hyperwavé - e.g. by configurationof
hiding or including a chator a discussiorforum to specificcoursegfor online learningplatform users- reusing
contentaslearningobjectsin form of documentsimages,other multimediacomponent®r a collectionof such
componentss recentlya matterof researcHLWGOL1]. In the scopeof this paperreusabilityhasto be understood
as reusability of contentrepresentingdocumentsor objectsas a part of a documentin form of educational
multimedia material used for testing of knowledge or transfering knowledge to a learner.
Contentorientedreuseof coursematerialcanbe doneby copyinga selectablecollectionof coursedocumentsn

wholeor building templatesrom formerly usedcourses e.g.like it is donein LotusLearningSpaceWebTychd
or HyperwaveeLearningSuitewhich arebasedon documenmanagemergystemgDMS) ontop of LotusNotes
/ LotusDoming or HyperwaverespectivelyAt leastif contentorientedreuseon amoredetailedlayeris focused,
the typical automaticallygeneratednetadateof suchDMS haveto be replacedby more abstractand learning
specific metadata schemata.

2.1 Knowledge Repesentation though LOM

To describea coherentcontextof a completereusableunit in [LWGO01] the term learningobjectis used.The
metadataf alearningobjectLOM is theinformationaboutthis object.Whenstoringlearningobjectsin local or

distributedrepositorysystemsthis metadataanbe usedto provideeffectiveretrieval,managementransfer,and
useof learningobjects e.g.from arepositorysystemnto a coursecontext,by working onthecorresponding.OM

entriesinsteadanalysinghe contentof alearningobject.Besidethatadditionalmetadatanformationwhichis not
partof thelearningobjectitself canbestoredn LOM. Consequenththeresultof theuseof metadatas areduction
of costghroughreusabilityof thedescribedearningobjectswhile facilitatingthemaintainancef learningobjects.
LOM offers dataelementsand a structurefor thesedataelementso describemetadataof a learningobject. It

containsnine main categorie®f metadatalementgepresentingnformationaboutthe relatedlearningobjectas
described in [LWGO01].

Since other metadataschematdike thosefrom ARIADNE - a consortiumof 20 Europeanuniversitiesand 5

internationakcorporations providemappinggo LTS®'s LOM andtheIMS’ (InstructionalManagemengystem)
metadataspecificationmodel which is compliantwith LOM [MBG+01], the relevanceof LOM is becoming
increasingly fundamental for online learning platforms.

2.2 Retrieval and Repository Administration

In onlinelearningplatformsworking ontop of a DMS theautomaticallygeneratednetadataanbeusedandoften
is usedon its own to establishthe administrationof learningdocumentsA more detailedaccesgo learning
resource®n a sub-documentayer resultsin the needof addingan additionalmetadataschemataif comfortable
retrieval mechanisms for learning objects should be realized.
Sothelearningplatformrepositorieshouldconsistof acontentrepositoryseparateffom themetadataepository.
Retrievalis donethroughexplicit usageandsearcton metadatavhichreferencesthermetadatar its represented
learning object.

2.3 Granularity

As mentionedbeforeit is of enormousmportanceijf eitherreuseshouldbe doneon a documenbrientedlayeror
onasub-documenayerinsidethe DMS environmenbf alearningplatform,too, becausén a DMS accessibility

of documentss fundamentalbutaccessibilityof elemengpartsof adocuments usuallynotsupportedy theDMS
without programmaticakffort. Furthermoreit can easily be seenthat metadatadescriptionsof more detailed
reusable content compared to a document level can also be used on higher non detailed abstraction levels.

URL: http://wwwlotus.com/home.nsf/welcome/learnspace
URL: http://wwworbis-communications.de/indenc.htm
URL: http://wwwhypernave.de/e/products/els.html

URL: http://tychousa.umuc.edu

URL: http://wwwariadne-eu.ar

URL: http://ltsc.ieee.ay

URL: http://wwwimsproject.og
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Foranincreasedupportof thisfunctionalityagranularityelementis includedin theLOM schemataescribinghe
typeandabstractiodayerof alearningobject.Onenotyetsolvedproblemin LOM is thatthis granularitydescribes
atwo dimensionabreawhile [LWGO01] describeshegranularityasa singleonedimensionafield with no further
specificationor descriptionaboutthe vocabularywhich build the entriesfor this LOM element.The horizontal
directionof thegranularityrepresentthetype- notformat- of thelearningobject(e.g.explanatorytext sectionof
alearningunit or in contrasijuestionaryextof anexam) while theverticaldirectionof the granularityrepresents
the abstractionlayer (e.g. icon, chart,image, explanatorytext section,chapter,document,lesson,course;see
[HFM+01]).

3. Current Situation

At the momentcommercialand non-commercialvell-known online learningplatformsonly attemptto support
IMS or IEEE/LOMor ratherannouncelevelopmenbf this featuresn nearfuture[Edu01].Soontheproduceand
researchesidedevelopersf onlinelearningplatformsseetheneedo supportdetailedmetadatapecificationsand
those features are partly implemented.

The currentlyavailableversionsof comparisorschematan generaldo not containany categorynamedreuseor
reusabilityandonly onewell referencecomparisorschematdEdu01] containsinformationregardingmetadata
in its generalsection.

3.1 Leaming Platforms

Thefollowing learningplatformswereinvestigatedor this paperto seewhethertheyalreadysupportanytype of
metadatafor learning objectsor whethersupportis plannedor if it is possibleto add an own supportvia a
framework or an application programmers interface if existent.

WebTycho

At the UMUC homecampusn Adelphi, Maryland,aweb-base@ducatiordelivery systemnamediWebTychdas
beendevelopedlt is basedon Lotus Notes/ Lotus Dominoanddueto the replicationfeaturesof this platform
WebTychds offeredvia severalserverslocatedin Germany,Japanandthe United States WebTychdtself is
neitherfreely availablenor commerciallyofferedbut often countsasa referencesystemwhencomparingonline
learning platforms.

Its currentauthoringsupportfor reusabilityof coursecontentoffersstoringof templateobjectsrangingfrom whole
coursego singledocumentsSubdocumenayerelementgeusehasto bedonemanually Metadatasupporteside
that ofLotus Notes / Lotus Domire not implemented so far.

Lotus Learning Space

Forpracticalinvestigatiorpurposewsersion3.5of the LotusLearningSpacenvasusedin this scopeln generathe
same reusability options like those fralfebTychare supported.

Correspondingo [Edu01]LotusLearningSpaceversiond.0allowsimport of AICC courseswhile IMS supportis
announced. Import and export of course content and course state in XML format is already supported.
SincelotusLearningSpacds adatabaséemplatefor LotusNotes/ LotusDominowith partly opencoursedesign
(partly changeablesources) actorswith designeror managerightsin their Notesaccesscontrol list canapply
implementationspecific changeso the learning platform via C/C++-API, Java-AP]| Lotus Script and Lotus
Formula Languag.

Netcoach

The Netcoachsystemis implementedn Lisp and usesthe server’slocal filesystemasthe storagesystemand
repositoryfor all userand coursespecific data. Coursesexamsand userdataare storedin different but task
immanent files in singleisp structures.

Althoughthis resultsin a well modularizedform, reusabilityof datais only supportedoer exportingof courses.
Exported data is proprietary so that it can only be import&tinoachservers again.

Netcoachusests own metadatastructureof coursecontent.The currentimplementatiordoesnot offer mappings
or imports and exports to other metadata formats.



Hyperwave eLeamning Suite

Theonlinelearningplatform HyperwavesLearningSuiteis runningon top of the HyperwavdnformationServer
which is a documenimanagemengystenwhich storesits documentsn anobjectrelationalDBMS (Hyperwave
recommend®racle). The HyperwavdnformationServerandits relatedadditionalcomponentsredevelopedat

the Technical University Graz, Austria

The underlying documentmanagemensystemoffers superficial supportof metadatawhile the Hyperwave
elLearningSuiteitself doesnotsupportmetadatalescriptiorof learningresourcesSystenmimmanentdevelopment

of metadataupportor accesso coursecontentvia anapplicationprogrammer’snterfaceis supportedutresults

in high efforts.

Direct reuse of courses or course documents above subdocument layer is possible through system functions.

llias®

The opensourcellias online learningplatform is developedat the University of Cologne,Germany It usesa

modularizedarchitecturebasedon LAMP (Linux, Apache MySQL,PHP). llias usesa proprietaryformatnamed
VRI (Virtual Resourcelndex) to refer to the modularizedlearning objectsdynamically. It directly usesthis

addressing type of learning objects to support reusability.

Thellias metadatasystemVRI is basedon the conceptf IMS, ARIADNEandDublin Core This allows direct

mappingsrom VRI to thesetargetformats.It is usedon the courselayer, the learningunit layer, the documents
layer, and subdocument layers like pages or page elements of the learning platform contents.

Since llias version 2.0 XML templatescan be usedfor increasedreusability of coursecontentand course
properties.

3.2 Comparison Schemata

In [Bat99] Batessuggestsan online learning platform comparisonschematanamedACTIONS This nameis
derived from its main comparisoncategories:Access,Costs, Teaching,Interactivity, Organisationalissues,
Novelty and Speed.Without classifyinga specificonline learningplatformit canbe implied thatthe reusability
criteria costsand speedare influencedin form of pre-programmednultimediaand the amountof neededre-
programmingof coursematerialswhenstoredin repositoriesor not. The termsreuseor reusabilityof learning
materialsitself arenot mentioned Furtheraspectghat canbe treatedas contentreusagerientedaspectsarenot
discussed.

The LandOnline service offered in the world wide web [Lan01] comparesdifferent commercialand non-
commerciabnlinelearningplatforms.lt is updatedandreviewedfrequentlyandits comparisorschemat&onsists
of 3 maincategoriesvith atotal of 15 subcategoriesontainingatotal of 62 criterions.At themoments5 different
platformsarereviewed.Regardinghe classificationof mentionedplatformsin reusabilitycontextsthe criterion
IMS_compliancés the only criterion giving information about learning object reuse.

While Edutechis offering a detailedcomparisoranalysisservicein generalt is superficialregardingreusability.
It is updatedrequentlyandcompared 08 criterionson 9 learningplatforms.Only its generalsectionhandlesall
available authoring support with reusability oriented criterions.

The obtainedlist of the considerectriterionswith reusabilityaspectver all mentionedcomparisorschemata
thereforeconsistsof the following elementsiMS compliance standardg metadatasupport(IMS, IEEE, AICC),
XML supportprogrammingnterfaceswebtechnologycompatibility (compatibilityof presentedearningobjects
with commonweb media types), import / convert existing material, flexible resourcepool (for the course
developer).

4. Adding Reusability Features in Comparison Schemata

Summarizedt caneasily be seenandimplied that currently offered popularcomparativeanalysistools do not
comply with online learning projectsneedswhen decisionshaveto be maderegardingwhich online learning
platform should be used.

In this sectionof this papera proposalis introducedto add reusabilityfeaturesin comparisonschemataThe
introducednaincategoryof thecomparisorschemat&nrichments namedeusabilityandconsistof subsections
namedbasig learningObject andadditional.

1. URL: http://wwwilias.uni-koeln.de/ios/inde-e.html



Thenotationfollows therule thata highersectionidentifieris separateffom theincludedsubsectiondentifier by
the separationcharacter.” (e.g. reusability.learningObjecmeansthat learningObjectis a subsectionof the
categoryreusability).

4.1 Fundamental Reusability Specific Criteria

reusability.basic. Category grouping general information for reusability support.
reusability.basic.architecture Category describing the general architecture of the online learning platform.
reusability.basic.architecture.type Data element describing the fundamental type of the online learning
platform (e.g. monolithic or modular architecture).

reusability.basic.architecture. DMS Data element describing the document management system of the
online learning platform (e.g. no clean separation in architedtares Notes / Lotus DominHyperwave
Information ServerZops.

reusability.basic.architecture.ServerServerReplicationData element decribing if the system provides
server-server replication to reuse the same course content at a different location through distribution.
reusability.basic.development Category grouping developmental aspects of the online learning platform
code.

reusability.basic.development.systemTemplatdata element describing if the online learning platform is

a template system as an included application for a OM&I$§ Learning Spac¢&VebtychoHyperwave
elLearning Suiteor if it is an encapsulated codédtcoach.
reusability.basic.development.sourceCodeAcceddata element describing if platform source code is
accessiblelljas, Hyperwave eLearning Sujtpartly available inotus Learning Spage
reusability.basic.development.APIsData element describing which programming languages are supported
through APIs.

4.2 Leaming Object Specific Criteria

reusability.learningObject: Category grouping learning object specific information.
reusability.learningObject.accessCategory grouping information about accessibility of learning objects.
reusability.learningObject.access.typeData element describing the type of access to a learning object
(programmatic through API functions, manually by author through platform function).
reusability.learningObject.access.granularity Data element describing on which content layer the access
of learningobjectsis supportedcoursdayer,documentayer,subdocumenayer,elementollections single
elements).

reusability.learningObject.metadata Category describing metadata support.
reusability.learningObject.metadata.type Data element describing the type of metadata representation in
the platform (proprietary, TSC LOM ARIADNE IMS Global Learning Consortiupbublin Core.
reusability.learningObject.metadata.version Data element describing the version of supported metadata.
reusability.learningObject.metadata.mappings Data element describing which mappings exist to other
metadata formats.

reusability.learningObject.metadata.supportLevel Data element describing the level of metadata support
in the used metadata format (fully, partly, percentage value).
reusability.learningObject.metadata.cardinalityType: Data element describing the number of metadata
sets associated to the number of learning objects (1:1, 1:n, m:1, m:n associations).
reusability.learningObject.metadata.usageData element describing how metadata is used by the platform
(used in retrieval process; import-/export functions).

4.3 Additional Criteria

reusability.additional: Category describing additional criteria with content reusability support.
reusability.additional.interoperability : Data element describing the ability to integrate the platform in an
existingcomputeiinfrastructurge.g.to usecommonwebserversprotocols datastandardandprogramming
languages).

reusability.additional.contentStorage Category describing the platform content storage system.
reusability.additional.contentStorage.type Data element describing the type of database used (filesystem;
proprietary platform build-in; external RDBMS, ORDBMS, XML DB, object-oriented DB).
reusability.additional.contentStorage.dataFormat Data element describing the format of the stored
content (XML, relational tables, proprietary, BLOB, CLOB).



* reusability.additional.contentStorage.accessTypdata element describing the content access type
(programmatically through API, macro definition/manually by platform function).

» reusability.additional.metadataStorage Similar to reusability.additional.contentStorage but for metadata.

» reusability.additional.metadataStorage.type Similar to reusability.additional.contentStorage.type but for
metadata.

» reusability.additional.metadataStorage.dataFormat Similar to
reusability.additional.contentStorage.dataFormat but for metadata.

» reusability.additional. metadataStorage.accessTyp&imilar to
reusability.additional.contentStorage.accessType but for metadata.

« reusability.additional.export: Category grouping data export specific information about the platform.

« reusability.additional.export.datatype: Data element describing which type of data can be exported
(courses, documents, images, text sections, audio, video, applications, exams, &c.)

» reusability.additional.export.format: Data element describing the format used to export the corresponding
data type (XML, object specific format)

* reusability.additional.import : Similar to reusability.additional.export but for import.

« reusability.additional.import.datatype: Similar to reusability.additional.export.datatype but for import.

» reusability.additional.import.format : Similar to reusability.additional.export.format but for import.

» reusability.additional.transcoding: Data element describing to which formats learning objects or metadata
can be automatically/manually transcoded (format conversion) by the platform.

5. Conclusion and Outlook

This work proposesa criterion enrichmentby addingcontentreusespecific categoriedo comparativeanalysis
toolsto supportarchitecuralecisionmakingin anonlinelearningenvironmentAfter analysisof existinglearning
platformsand their reusability featuresimplementedin currently availableversionsan abstractdescriptionof
decisiormakingonlearningplatformswasinvestigatedindafterwardssoncreteexistingoftenreferedcomparative
analysigoolswereanalysedReferringto this analysisa proposahasbeenstatedollowing alogical structureand
associatesnlinelearningplatform propertiesandfeaturesstorediearningobjectandtheir metadatgropertieso
significant and meaningful identifiers in comparison schemata design for online learning platforms.
Investigatednlinelearningplatformsfit in theproposedchematanrichmenverywell. Futurework mightresult
in implementingthe proposalinto existing comparativeanalysistools. Furthermorean introductionof project
characteristicoefficientsdescribinga typical specificpropertyrating spectrumof a projectwill beinvestigated.
This might allow a morespecificchoiceof anavailablesetof targetplatformsdueto thelargescaleandvariety of
different types of reusability demands in online learning projects.
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