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Abstract

Studyingandevaluatingrealexperienceshatpromoteactive andcollaboratve learningis a
crucialfield in CSCL.Major issueghatremainunsoled dealwith the meging of qualita-
tive andquantitatve methodsanddata,especiallyin educationakettingsthatinvolve both
physicaland computersupportedcollaboration.In this paperwe presenta methodology
thatcombinedraditionalsourcef datawith computedogs,andintegratessocialnetwork
analysisin an overall qualitatve evaluationapproachSeveral computertools have been
developedto assistin this processintegratedwith genericsoftwarefor qualitative analysis.
We presenthe methodin the context of aneducationabndresearctprojectthathasbeen
goingon for threeyears,to which we have incrementallyappliedandvalidatedthe evalu-
ationdesignandtools. Our proposalandthe presenteatasestudyaim at giving ananswer
to the needof innovative techniquedor the studyof new forms of interactionemeging in
CSCL;atincreasingthe efficiengy of the traditionally demandingyualitatve methodsso
thatthey canbeusedby teachersn curriculum-basedxperiencesandat the definition of
asetof guidelinesfor bridgingdifferentdatasourcesandmethodologicaperspecties.

Key words: cooperatre/collaboréive learning,evaluationmethodologiedgearning
communitiespost-secondargducation

1 Introduction

Designanddevelopmentof ComputerSupportedCollaboratve Learning(CSCL)
systemsis very comple, due to the diversity of implied actorsand the variety
of issuesto consider:learningimprovement,school organization,cultural prob-
lems, software design, distributed systemsmanagementhuman-computemter-
action, etc. This complity demandsappropriatemethodsof evaluationthat let
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researcherandpractitionerdearnby applyinginnovative experiencesandreflect-
ing onthem(Neale& Carroll,1999).Theapplicationof computerdo collaboratve
learninghasbeenconsideredsanew resourcdor researctin thefield, dueto their
capability of logging interactionsand processinghemautomatically However, it
alsopresentsnewn challengesmainly relatedto the appearancef new collabora-
tive situationswith new forms of interactionandto problemsof automaticdata
managemerandinterpretationNGuribye& Wasson2002).

In orderto supportthe developmentof CSCL situationswe proposeda conceptual
framenvork namedDELFOS (“a Descriptionof a tele-EducationalayeredFrame-
work orientedto LearningSituations”)(Osuna& Dimitriadis, 1999).1t definesan
architecturdor the designof CSCL applicationsanda developmentmethodology
basedon the ideasof participatoryanalysisanddesign(Chin, Rosson& Carroll,
1997),which emphasizeshe role of formative evaluationin the developmentof
informationsystemsWe are currentlyworking on the refinementof the methods
andtechniqueslefinedin DELFOSfor this formative evaluation.For this purpose,
we drav onasituatve approachhatconsidersothindividualaswell associaland
participatoryaspectf learning(Wilson & Myers,2000).In the previousversion
of the framework, evaluationwas mainly orientedto the constructvist aspectof
learning focusingontheindividualratherthanonthesocialperspectie. Therefore,
we arenow completingthe evaluationmethodin DELFOSby definingamethodol-
ogy andtoolsfor evaluatingsocialaspectselatedwith the participationin acom-
munity of learners.

A discipline that has shaved to be appropriatefor the efficient study of these
social and participatoryaspectsof learningis Social Network Analysis (SNA)

(Wassermai Faust,1994).Severalstudieshave demonstrateds valuewithin the
CSCL field for the studyof structuralpropertiesof individualslearningin groups
(Nurmela,Lehtinen,& Palonen,1999;Cho, Steinone & Gay, 2002).Thesestud-
iesusuallytake computedogsasaninput, andprocesshemwith a SNA software
packagesuchasUCINET (Borgatti, Everett,& Freeman1999).However, SNA by

itself is not enoughfor achiezing a full understanding@f the problems,andneeds
to be complementedavith othermethods]ik e qualitatve contentanalysis.Unfor-

tunately no guidelineshave beenprovided in the CSCL literatureregardingthe
integrationof qualitatve dataandmethodswith SNA. On the otherhand,existing

SNA toolsrequirea high level of expertiseandthey useproprietarydataformats.
An approachbasedon XML (W3C, 2000)for the representatiomf collaboratve
interactionscould then offer a meansto solve the problemsof heterogeneityand
integrationin asystematiavay.

We considerthat the principlesof qualitatve casestudy (Stale, 1995) constitute
a good framawvork towardsthe integration of SNA methodsin the evaluation of
CSCL experiencesThis approachdrans on naturalisticresearcimethodsableto
dealwith thesubjective andcomplex natureof the studiedphenomenonCasestud-
ies performedunderthis perspectie are basedon the analysisof interactionsof



the participantsn the contects wheretheseeducationahctionstake place.These
studiesuseethnographisourcesf data,suchasobsenations,questionnaireand
interviews, ableto capturethe perception®f the participantsQuantitatve datacan
be usedto accountfor theoccurrencef actionsor events,andrelatethemwith the
gualitative cateyories. This way, the quantitatve databecomesan additionalinput
in the overall qualitatve approach.

In this papemwe presenta methodthatfacesthe new requirementposedoy CSCL
situations,enablingthe integration of differentsourcesof dataand methodsinto
gualitatve casestudiesorientedto formative evaluation.Part of the datacomes
from eventlogs of computerbasedools that studentsuseto fulfill the courseas-
signmentswhile otherdataarecollectedby traditionalmeangformal obsenations,
guestionnaireggroupinterviews).As anintegral partof this methodwe presenthe
tools we have developedin orderto increasethe efficiency and usability of the
evaluationprocedureslin orderto exemplify the discussionyve presenthe method
in the contet of the classroom-baserksearchprojectnamedLAO (Dimitriadis,
Martinez, Rubia, & Gallego, 2001),on which we have beenworking during the
lastthreeyears.This projecthasbeenthe platform for the conceptionandvalida-
tion of the evaluationmethodpresentedn this paper We aim at providing answers
to the needof consideringnew forms of interactionthat arisewhenworking with
networked computersandthe needof developingan effective evaluationmethod
ableto dealwith differentdata,methodsandtools.

The restof the paperis structuredasfollows: next sectionoutlinesthe projectto
which the evaluationhasbeenapplied. Then, the researchmethodandtools de-
velopedfor its supportare presentedThe third sectionillustratesthe useof the
methodfor the studyof onecategory extractedfrom the casestudy We alsoelab-
orateon the advantagesandlimitations of the proposedmethodologyFinally, we
drav someconclusionsandoutline futurelinesof research.

2 Casestudy description: The LAO project

During the lastthreeyearswe have beeninvolvedin a classroom-basedesearch
anddevelopmentprojectaimedat the introductionof project-basedearningwith
casestudiesandcollaboratve learningin a courseof ComputerArchitecturein the
studiesof TelecommunicationEngineeringThedetailsof this projectandits evo-
lution canbefoundin (Dimitriadis etal., 2001).Here,we presenits mainfeatures
asthey constitutethe casestudyin which our evaluationmethodandtools evolved
andwerevalidated.

Following the principlesof theeducationamodelof DELFOSaswell asthedirec-
tivesof the [IEEE/ACM ComputingCurricula,the projectaimsto provide contex-
tualized,integratedand meaningfulknowledge; promotingactive, intentionaland



collaboratve learning.Besidestheselearningobjectives,the LAO projectsened
asaplatformfor educationatesearchwheresereralissuegelatedto theimpactof
thepedagogicatiesignandtoolson attitudegowardscollaboratiorhave beenstud-
ied. The experimentalwork hastaken placeduringthe lastthreeyears,during the
fall semeste(Septembeto February)of the academicyears1999-2000to 2001-
2002. The generaldesignwas validatedduring the fist year The revised project
wasextensvely andsystematicallyevaluatedjn orderto assesés effectivenessat
fulfilling theaforementionedearningobjectve. Generafindingsof this evaluation
canbereadin (Dimitriadis etal., 2001).Herewe presenthe main featuresof the
projectasthey constitutethe settingwherewe have appliedour evaluationdesign.

The whole courseis definedasa projectthat developsalongthe semesterwhose
objectve is the designandevaluationof computersystemsin orderto enabledis-
tinct perspectiesof the subjectwithin the classroomfive casestudieg(clientg are
defined,covering different market sectorsand systemrequirementsThe teacher
takesthe rolesof the differentclientsandthe director of the manufactuer com-
panies Studentswork in pairs,and assumehe roles of a consultingfirm anda
computemmanufactuer. Eachpair is assignedne out of the five casestudiesfor
thewholecoursej.e. they serveonly oneof thefive clients Thisway, in eachlab-
oratorygroupof atmostforty studentsdifferentclientsarebeingstudiedalongthe
course.Theeducationatlesignaimedat promotinginteractionwithin andbetween
the pairsassignedo differentclients

The projectis dividedinto threesubprojectghat study differentspecificissuesof
thewholeproblem Every subprojecpresentswo milestoneslin thefirst one,basic
decisionsaretaken,andin the secondmilestone gachpair hasto submita formal
technicalreportto the client (teacher)In every milestone eachlaboratorygroup
holds a debate,designedas a collaboratve review of the work of the students,
andwherethe problemsof the differentclients can be sharedand discussedt a
laboratorygrouplevel. At the end of the whole project,a technicalreportis col-
laboratvely producedamongall pairsthatdealwith the samecasestudyin each
laboratorygroup.

Severaltoolsareusedo supportheproject. BSCW (BasicSupportfor Co-operatre
Work) (Appelt, 1999),a well-known sharedvorkspacesystembasedn webinter-

face,wasusedfor asynchronouslocumentsharingand threadeddiscussionsOf

specialinteresthereis the fact that BSCW logs every action performedon the
sharedvorkspaceproviding datathatwereusedasa sourceof theanalysisasex-

plainedin the following section.Othertools, like e-mail for communicatiorand
simulatorsfor theassignmentarealsoused.

Next sectionpresentshemethodthatwasappliedfor theevaluationof theresearch
objective of the LAO project, while specificfindingsin the LAO casestudy are
presentedn section4.



3 Mixed evaluation methodology for the study of social aspects of learning

Many featuresincludedin the evaluationmethodproposedn this sectiontry to
giveananswetto thenew requirementposedoy CSCLwith respecto thisgeneral
problem.We outline briefly theseissueseforeproceedingwith the descriptionof
themethod asthey areimportantto understandhe motivationsof the proposal.

An importantconsequencef theuseof computers$o supportcollaboratvelearning
is thefactthatmary researchersaw in it anopportunityfor evaluation,dueto their
storageand processingcapabilities.This way, log files provided by the computer
arenowadaysa commonsourceof data,normally combinedwith moretraditional
ones.However, not everythingis an advantage Computemediationof collabora-
tivelearninghasintroducedhew challengeso evaluation.Someof themarerelated
to new featuresof the situation,lik e the needto dealwith asynchronousinddis-
tant settings(Neale& Carroll, 1999) or new forms of interaction(Crook, 1994).
Otherproblemsreferto datamanagemeninterpretationand privacy (Guribye &
Wasson,2002). Many studiesreportedin the literatureusead hoc datalogs not
specificallytailoredfor evaluation.This leadsto large amountof unnecessargnd
redundandata.Furthermorethe formatis not suitablefor direct processingand
they do not provide the semantianformationneededor automaticprocessinglt
is notcommonto find customizatiorfunctionsthatallow theteacheior researcher
to selectthe kind of study shewantsto perform,or to dealwith privagy issues.
Thereforechallengesn CSCLresearcharehow to make log dataeasilyavailable
to researchersllowing themto configurethe evaluation;how to performdatapro-
cessingoy automatiomeansandhow to presentesultsin anintuitive format.
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In orderto facetheseproblemswe have defineda mixed evaluationmethod,de-
pictedin figure 1. It usesseveral sourcesof dataandanalyticalmethodsandis
supportedy automatidoolsto increaseheefficiency of theoverall process.

3.1 Datasouices

Theresearchmethodusesethnographidatafrom avarietyor sourceslt combines
different questionnairesgenerl questionnaies at the beginning and end of the
coursewith openandclosedquestiongegardingthe researclobjectve; students’
posthoccommentso gettheir short-termimpressiongftermeaningfulactiities or
events;students’critics aboutthe educationaproject, submittedas appendiceso
thereports,n orderto gettheir subjectve view of the project.Groupinterviensare
heldwith a groupof volunteersat appropriatemilestonesincludingthe beginning
andthe endof the coursejn orderto gaininsightinto the students’point of view;
classoomnon-participantobservationsvhereanobsener takesnoteof the differ-
entinteractionsandattitudegowardsparticipationin the studentsdaily work atthe
laboratory Finally, log files registerinteractionsheld throughthe CSCL tool that
is beingused.While interview andquestionnairesare more suitablefor acquiring
a participants perspectre of the problem,datacollectedautomaticallyandobser
vationsarebetterfor measuringactualuseof the toolsandthe interactionsarising
from it. This variety of sourcesaimsat supportinga datatriangulationschemehat
considerghe new requirement®f CSCL settings.

Part of this datais processethy softwaretools,asexplainedin section3.3.1t is im-
portantto notethatthe useof thesetoolsrequireshe datato be describedatanap-
propriatelevel of abstractionsuitablefor beingprocessedtbhy a computerWe have
chosenXML (W3C, 2000) asthe datarepresentatioriormat. The main reasons
for this choiceareself-descriptrenessstandardizatiorandinteroperability XML
files are easyto understandand produce,asthey follow a syntaxthatis defined
by meansof aDTD (DocumentType Definition). In our case this DTD describes
in anabstractmannerthe differenttypesof interactionthatcanbe encounteredn
different CSCL scenariosBy definingthis DTD, we are providing a unified rep-
resentatiorof the distinct sourcesf data,andthusavoiding the cumbersomelata
transformatiorprocessesypical in scenarioswith differentdataandtools. More-
over, beingagenerallyacceptedtandardgevelopersof toolscantake advantageof
theincreasingnumberof technologiedvasedon XML; while final users(teachers,
researcheranight benefitfrom the integrationof the proposedools with generic
webtechnologie®r anothersystembasedn XML. Furtherdetailsaboutthe DTD
andits useto supportevaluationcanbe foundin (Martinez, Dimitriadis, & dela
Fuente2002).



3.2 Descriptionof the method

The evaluationmethodis basedon the principlesof casestudyresearchAs ex-
plainedbeforehandthe study of CSCL situationsneedsto be donefrom a qual-
itative standpointwhich aimsto understanagachexperienceconsideringts con-
text andevolution. Amongthe qualitatve methodscasestudiesareappropriatdor
evaluationsasthey dealwith theintensve studyof oneor few examplesof certain
phenomenorQuantitatve datacanbe usedin the studyto accounfor occurrences
of actionsandrelatethemwith thegeneralscheme.

As shavn in figure 1, the studystartswith the definition of a schemeof cateyories,
which canbedoneempirically, basedntheresultsof pastexperiencesor theoreti-
cally, accordingo the specificevaluationobjectves.Theschemevolvesalongthe

study by specializatiorof existing categyoriesor additionof newvw onesthatemege

from theanalysis.This qualitative analysiss fed by qualitatve datasourcegopen
guestionnairespbsenations,groupinterviews) in a traditionalmanner Addition-

ally, quantitatve dataandSNA resultsarealsosubmittedo thequalitatve analysis,
in theway explainedbelow.

Quantitatve analysiof closedquestionss performedn orderto accounfor occur
rencesof facts,possibleproblematicpoints,etc.,in anefficient mannerlt consists
of simpledescriptve statisticalanalysisassistedoy ary of the currently available
statisticalpackagesWe “qualitize” thesequantitatve databy including them as
new inputsto the qualitatve evaluation.

Ontheotherhand,integrationof SNA in theoverall evaluationschemas achieved
by identifying a setof SNA measurementhatrelateto oneor moreof thequalita-
tive catggories.As mentionedbeforehandye have introducedSNA in the evalua-
tion procesgdueto its potentialfor the studyof socialrolesandstructuralpatterns
relatedto participationin the community Givena socialnetwork, in which actors
arelinked by meansof oneor severalrelationshipsSNA providesstructuralmea-
surementshatdescribethe network asa whole,aswell asactors’measurements,
yielding informationaboutthe participationof eachactorin the network. We have
identifiedasetof SNA indicatorsasa startingpoint of our proposal:Networkden-
sity (D), actor’'s degreecentrlity (Cp(n;)), andnetworkdegreecentmalization (Cp)
(Wassermai& Faust,1994).D measurefiov muchknittedis a network, with val-
uesrangingfrom 0 (mostscarce)o 1 (mostdense)Degreecentmlity is anindex
of actor’s prestige.Given an actorn;, Cp(n;) is the proportionof actorsthat are
adjacento n;. It givesanideaof the actvity of the actors.In the caseof directed
relationshipsthat considerthe direction of the link, two degreeindexes are de-
fined: indeggreg or the numberof links terminatingat the node;and outdeyree or
the numberof links originatingwith the node.Finally, networkdegree centraliza-
tion (Cp), is a group-level measurebasedon actors degree,which givesan idea
aboutthedependengof the network onthe actvity of a smallgroupof actors.Di-



rectednetworks definethe correspondingndexesof indegreecentralization(D,p)
andoutdagreecentralizationDop).

A relevantfeatureof socialnetworksis thatthey canbevisualizedasgraphscalled
sociogramswhich representhe actorsasnodesof the graphsandthelinks among
themaslinesin thegraph.A cornvenientrepresentationf sociogramss produced
by theuseof MultidimensionalScaling(MDS). MDS mapsthe similaritiesamong
actors,sothatthosethataresimilar to eachotherin theinput dataappeaicloserin
thegraph,andvice versaUsinggeodesidistancesasa measuref dissimilarity, a
sociogramwill show in anintuitive mannersubgroupof inter-relatedactors,and
somerelevantpositions suchasthe moreandlessprominentactors(\Wassermaig
Faust,1994).

In orderto performsocialnetwork analysiswe needto definethe setof networks
andrelationshipdo which the studyis to be applied.This taskdepend®n the par
ticular context beingstudied However, it is possibleto proposea setof genericnet-
works, definedfrom differentdatasourcespamely:questionnairespbsenations,
logs of interactionghroughthe computerWe will shav examplesof themin sec-
tion 4.2.We shouldnotethattheuseof thesedifferentdatasourcesaswell asin the
overall evaluationschemegcomplementshe informationand providesfor a more
thoroughandreliableunderstandingf the processes.

3.3 Supportingevaluationtools

Ourglobalevaluationschemas supportedy threesoftwaretools: QUEST, SAMSA
(Systemfor Adjaceny Matrix andSociogram-baseAnalysis),andNud*IST. Ad-
ditionally, ary statisticalpackagecanbe usedfor the quantitatve analysis Figure
2 shaws their usein the overall analysismethod,which will be outlinedin this
section.

QUEST (Gomez,Dimitriadis, Rubia,& Martinez,2002)allows for the designof
guestionnaireby ateachepor researcheandtheir presentatiomsweb-basedorms
to the studentsQUEST collectsautomaticallythe resultsand corvertstheminto
differentformats:RTF filesfor its usewith Nud*IST, spreadshediies for quantita-
tive dataanalysisand XML filesrepresentingheinteractionsor SNA. We should
point out that theseautomaticcorversionsof dataare simple,but very necessary
for improving the efficiency of thewholeprocess.

SAMSA! supportsthe socialnetwork analysisproceduref the evaluation.As
shawvn in figure 2, it containsseveralinput modules(obs2xm , el 2xm ), thattake
datafrom differentsourcegobsenationsandeventlogsrespectirely) andtransform
theminto the XML file representingheinteractionsThen,SAMSA allows there-

1 Namedafterthe subjectto Kafka's Metamorphosis
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searcheto selectand configurethe network shewantsto study (selectingdates,
actors,andrelationship).The tool builds the matrix that representshe network,
known associomatrix andcomputeghe indexeschosenby theresearcheit also
shawvsthe sociogranrepresentinghe network, andallows for actors’attributesvi-
sualization SAMSA supportsall theaforementione@NA measurementhathave
beenidentifiedfor our generakvaluationpurposesHowever, deepemnetwork anal-
ysismight be necessaryo find out new featuresof the networks. In orderto allow
for this deeperanalysis SAMSA producesa DL (DatalLanguagefile, thatcanbe
readby UCINET (Borgattietal.,1999),agenericSNA softwarepackageThrough
this feature, SAMSA supportsgenericsocial network researchpy automatically
converting differentsourcesof data,andthusavoiding thesecostly datatransfor
mationprocedures.

The overall evaluation procedureis supportedby a third tool, Nud*IST (QSR,
1997),a well known qualitatve dataanalysispackage As explainedin the pre-
vious section,the qualitative analysisis at the core of the processandtherefore,
this tool recevesdatafrom the restof the elementsof the system(figures1 and
2). It takesdirectinputfrom QUEST (free-formquestionnaires RTF format),as
well asthe transcriptionsof the obsenationsandthe groupinterviens. As men-
tionedbeforehandboth the statisticalanalysisandthe SNA resultsareprocessed
with Nud*IST to fulfill thequalitatve analysis.

Thedatasourcesproceduresndtoolsdescribedn this sectionconstituteour pro-
posalof a mixed methodfor evaluation,in which SNA methodsand quantitatve
statisticshave beenintegratedin an overall qualitatve scheme SNA hasbeenin-
troduceddueto our interestin the study of participatoryaspectsof learning,and
guantitatve datais usedin orderto detectgenerakendenciesAll the methodsare
fedwith datacomingfrom differentsourcesfacingtheneedof capturingthediffer-
entformsof interactionthatarisein computemetwork supportectlassroomsThis



way, we provide for methodaswell asdatatriangulationthatwill leadto increase
the evaluationreliability. The needof unifying the differentdatasourceshasled
usto proposethe useof XML andthe subsequerndefinitionof aDTD thatmodels
differenttypesof collaboratve interaction.Next sectionwill illustrate the use of
the systemwith anexamplerelatedto the LAO project.

4 Collaboration as sharing information: an example of the method in the
LAO project

The methodproposedn the previous sectionhasbeenappliedto the educational
andresearclprojectdescribedn section2. In the presensectionwe illustratethe
proposedschemeusing a specificexample,that focuseson a cateyory (collabo-
ration as sharinginformation thatis speciallyrelevant within the context of the
educationatesearclobjectve of the project.

4.1 Evaluationdataand proceduesoftheexperience

Theexamplepresentedh this sectionhasbeenextractedirom thegenerafresultsof
fall 2001 casestudy thatwasappliedto a coursein thefourth (out of five) yearof
the studiescarriedout in the TelecommunicationEngineeringSchoolat the Uni-
versity of Valladolid, Spain.Thewhole classof 100-120studentsvasdividedinto
threesession®f forty studentymaximum),in which the elementaryunit consists
of groupsof two studentqpairs). The fifteen-weeklong semestecorrespondso
threesubproject®f four weekseachwherethereviews (synchronouslebatesjook
placeevery two weeks Elaborationof thefinal reportstartedn the sixth week.Fi-
nal reportwasto be submitteda monthafterthe coursehadfinished,andtherefore,
duringthis period,therewereno lectureswherestudentsould meetfaceto face.

The mainissueof evaluationwasto know if theseinnovative methodswvould suc-
ceedin developingnew conceptsattitudesand proceduresowardscollaboration,
in the context of the passve andindividualisticcultureof Spanishuniversities We
werealsointerestedn therole of computerbasedoolsin this potentialchangeof
perspectre. An initial schemeof categorieswasdefinedaccordingio theseevalua-
tion objectves,andtakinginto accounthe cateyoriesidentifiedin fall 2000study

One of thosecategorieswas “collaboration as sharing information”. This con-
ceptis of specialinterestin our educationakettingfor several reasonsFirst, the
emepgenceof a communityof learnergequiresthe freeflow of informationin the
group,whereeverybodyhasthefeeling (andthe certainty)thatthey canaccessm-
portantdataavailablein the community This wasa majorchallengéan our project,
asthe previous experienceof the studentswas closerto that found in traditional
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classroomsyhereinformationis expectedo flow mainly betweerteacheandstu-

dents.Secondcomputersupportectollaborationin the projecttakesplacemainly

throughsharinginformation:BSCW canbe usedin orderto sharereports,papers,
URLs andotherinformationresourcesand studentsvere strongly encouragedo

dosoby theteacherAnd finally, theeducationaprojectwasalsodesignedn order
to promotethesesharinginteractions.The studentswere asked to write the final

technicalreportamongall the pairsof eachlaboratorygroupdealingwith thesame
client, thusrequiringthemto share(at least)their subprojectreports.They were
alsoasledto compareheir solutionswith therestof theclients which wasitself a

meansof encouraginghe studentdo acces®thers pairsinformation.

The evaluationfollowed the schemepresentedn section3, adaptedo the partic-
ular characteristic®f the project. Formal obsenationstook placeevery weekin
oneof the laboratorygroups,andgroupinterviens were held with a groupof ten
volunteersQuestionnairesveresubmittedo the studentgollowing the evaluation
designandBSCWeventswereloggedduringthewholecourse Severalsocialnet-
works were constructedo inspectthe interactions.The examplepresentedn this
sectionaimsat shaving how the differentsourcesf data,methodsandtechniques
of analysisprovide a betterunderstandingf the conceptunderstudy

4.2 Analysisprocedues

Right beforethe coursestarted,previous conceptsrelatedto collaborationwere
inspectedhroughtwo questionnaireynedevotedto establishaninitial socialnet-
work of collaboration,while the other wonderedfor their perceptionof it. The
resultsof the formerwereprocessedavith SAMSA, yielding theindexesshavn in
the first column of table 1. They indicatethat their previous experiencedid not
include sharinginformationas a main form of collaboration(this conceptis the
leastdense,with D;j=0.29%),whereassolving doubtsand creating a productin
commonwerethe mostdenserelationshipsin addition,in the latter questionnaire
only afew studentgegardedthe classroonmenvironmentascollaboratve (16.5%),
andsomeothers(30.6%)saidthat collaborationhappenednly with friends.Sur
prisingly, mostpairs (75 vs. 10) declarethemseles motivatedto work in group.
This pointsout an apparentontradictionithey appreciatecollaborationasan ab-
stractvalue,but their previous experiences ratherpooranddoesnot actuallytend
towardscollaboratve attitudes.

Our evaluationsettingallows us to obsene the evolution of this concept,since
the sametwo questionnairesvererepeatedight afterthe coursefinished.Regard-
ing the relationshipsguestionnairethe densityof all actvities increasedsignifi-
cantly notablysharingofinformation thatalmostdoublests value.Positveresults
alsoappearedn the final generl questionnaie, wherethe samequestionabout
the classroontollaborationervironmentgot the following distribution: 6.8%very
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competitve; 18.2%competitve; 9.1%indifference40.9%only with friends. This
initial obsenationreflectsthe positiveimpactof theeducationaproject,but should
be furtherconfirmedby therestof theanalysistoolsin our methodology

Tablel
Densitymeasuementsfrom the networksbuilt from questionnaies (D;: initial question-
naire networkdensity;D+: final questionnaie networkdensity)

Relationship D; D¢
Discussing 0.34% 0.48%
Solvingdoubts 0.43% 1.11%
Sharinginformation 0.29% 0.53%

Createaproductin common 0.77% 0.82%

With respecto themeandor sharingnformation,BSCWoffersasharedvorkspace
wherestudentsvereencouragetb publishtheirdocumentspiecesof information,
andnoteswhile theteacheusedit to deliverdocument&ndcommentgo theclass.
An obvious questionthat emegesnow is whetherBSCW helpedthe aforemen-
tioneddevelopmentof collaboratve attitudeswith respecto sharinginformation.
In orderto answetthisquestionasocialnetwork wasconstructeanthebasisof in-
directrelationshipghatstemfrom postingandreadingotherspeoples documents,
sothatalink betweem; andn; represents; accessin@nobjectcreatedoy n;. The
two networks, oneincluding the teacherand otherleaving him out, will allow to
testhis overall influencein the useof BSCW Table 2 shovs densityandcentral-
izationindexesof the networks, dividedin four periodsthethreesubprojectgspl,
sp2, sp3) andthefinal project(spf). Thetwo columnsto theleft shav resultsof the
network includingtheteacherwhile columnsto theright, resultswithout him.

Both networksshaw thatdensitydecreasealongtime, duringthethreesubprojects.
Thelow useof BSCWi n this periodof the coursewas confirmedby mid-course,
througha questionnairgerformedin oneof the milestoneqpost-eview question-
naire), in which studentswvere asled if they intendedto posttheir notesandin-
termediatedocumentsn BSCW anda latter questionnairaskingif they actually
did soandwhy. Surprisingly twenty pairsexpressedheirintentionof sharingtheir
documentshput just threeof themdid it. Whenasled in the following milestone
throughan open-endedjuestionnair@aboutthe reasonf this contradiction they
arguedlack of time or confidencan their contrikbutions.

Neverthelessthe table shavs a sharppeakof densityin the period of the final
project.Thisincreaseof actwvity is explainedby severalreasonsatthis time of the
yearthey were on examinationperiodwithout lectures,andtherefore they could
not meetfaceto face.They startedto postdrafts,notes,commentsandnumerical
resultsin BSCW andreadalmostall the documentgostedby other pairshaving
the sameclient (i.e. the samecasestudy), which supportsthe ideathat collabo-
ration as sharinginformationdevelopspartially influencedby the relationshipof
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collaborationasgenertinga commorproduct

On the otherhand,outdegreecentralization(Cop) givesanideaof how balanced
wasthe creationof documentsyhich canbe regardedasactive sharingof infor-
mationin BSCW By observingtheresultsit is possibleto seethattheteachehas
a stronginfluence,with a peakin the secondsubproject(sp2). By inspectingthe
XML translatiorof theBSCWIlogs,we couldeasilyfind outthatduringthis period,
theteachempublishedarticlesandcommentsegardingthefirst subprojecteports,
thatwerereadby all the studentsCqp is alsovery high in the final project(spf),
whentheteachepublishedcommentgo thesuccessie versionsof thefinal reports
submittedby the studentsThesecommentaveremassvely readby the students.
Table2

Indexesfromthe BSCWindirectinteractionsnetwork.D: normalizeddensity;Cop: outde-
greecentrlization

Without teacher With teacher
Period D Cob D Cob
Spl 17.65% 115.57% 21.93% 374.38%
Sp2 13.73% 88.93% 17.54% 1668.21%
Sp3 10.13% 137.02% 14.33% 226.85%
Spf 31.05% 157.79% 35.38% 775.31%

Sociogramgomplementheinformationof thetablesabove,shawving atfirst glance
anideaof how the differentactors(pairs,in this case) aresituatedwith respecto
the relationship.Figure 3 shaws the sociogramf the indirect relationshipset-
work during the fourth period of the course,correspondingo the final project
writing, with the teacher(x00) includedin the network. We can obsenre several
interestingfeaturesFirst, the network shavs a completegraph(all nodesarecon-
nectedto eachother),which wasnot the casewith othernetworks built from the
guestionnaireandfrom the mapsof interactiongakenin the obsenations.There-
fore, afirst conclusionis thatBSCW succeedt eliminatingobstacledetweerthe
students Second,we seethat, in spite of the teacherbeing a most centralactor
asexplainedbeforehandsomepairs(x26,x34,x23,x39) occujy centralpositionsin
the sociogramInspectingthelogs, we could seethat someof thesepairshadpub-
lishednotesandcommentslongthe coursewhichweremassvely readby therest
of the studentsThus,thesecentralstudentscould be identifiedasbeingthe infor-
mation“sharers”of the class.Third, pairsare placednearbyothersthat sharethe
sameclient, dueto thefactthatin this periodBSCWwasusedmainly to exchange
informationandmessageselatedto thefinal report(thathadto be written among
severalpairswith thesameclient). Sincethisclient-centeredrganizationcannote
obsenedin thesociogramgorrespondingo therestof the subprojectgnotshovn
here),we may concludeagainthat writing a joint report (i.e. having a common
product)significantlyincreaseaollaborationthroughsharinginformation. This is
confirmedby thefollowing statementérom thefinal groupinterview: “[...] in this
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projectwe did useBSCWquite a lot to male appointmentsto publishthe things,

to...,in this onewedid, in the others we almostdid not”; “We usedBSCWso that

thepersonin charge of puttingthe piecedogether coulddoit athomein amoment,
andthenthe next daywe metwith the printedversionandon it we were modifying

it.”

Concludingthis sectionwe canresumesomeof thefindingsthatreferto theevalu-
ationobjective andpoint out how the proposedschemehelpedto achieve the eval-
uationgoal.

Resultsyielded by the quantitatve analysisof the pre- and post-coursequestion-
nairesreflectedan improvementin the students perceptionof their own collabo-
rative attitudestowardssharinginformation. This positive resultwaspartially con-
firmed by the rest of the methods,which helpedto uncover somenew aspects.
Comparingthe differencesbetweenthe social networks of the three subprojects
andthefinal one,we canconcludethatBSCWwasmainly usedto getinformation
from the teacherandonly in the last period studentsstartedto shareinformation
throughit. A deepemualitative analysisof students answergo open-endedjues-
tions, and of the groupinterviews confirmedthat this increasean the interchange
of informationwas mainly dueto practicalreasonsandnot so muchto the aim
of sharingtheir own knowledge.On the otherhand,quantitatve analysisshaved
that the generalperceptionof the classroomcollaboratve ervironmentimproved
dramaticallyafterthecourseln conclusionwe cansaythatthe educationatlesign
almostobliged the studentsto practicenewn forms of collaborationthat, in spite
of not beingasconstructve asintended helpedto improve the overall classroom
collaboratve ervironment.

Regardingtheevaluationmethoditself, we have alsoobseredthatsociograman
intuitively unveil interactionpatternspoth throughthe computer(usingcomputer
logs) or directly (usingthe obsener notesassourcedata). The discoveredpatterns
canbe confirmedby densityandcentralizationscoresprovided by the SNA tools.
Whenit comego explain more,purequalitatvetoolslike Nud*IST helpcateyorize
theinformationcomingfrom the qualitatve datasourcesasquestionnnairesnter-
views or theobsenrerannotationsThereforethecombinatiorof severalsourceof
dataresultsextremely cornvenientto avoid falseor incompleteconclusionsHow-
ever, we have seenthattriangulationin mixed evaluationschemesnay imposean
unafordableburdenon researchersn termsof time efficiency andusability. Our
experienceatthe LAO projectcansuggesthatthe proposedoolstogethemwith the
guidelinesmaysignificantlyalleviatethis problemin CSCL systemsevaluation.
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Fig. 3. Sociogranmof the indirectrelationshipghroughBSCW network duringthe last pe-
riod (writing of the final report). The teacherand the differentclients are representedh
differentstyles.

5 Conclusions and future work

We have proposeda mixed evaluationmethodthat aims at the study of partici-
patoryaspectof CSCL ervironments by including SNA techniquesguantitatve
statisticsandcomputerdatalogsinto anoverall qualitatve casestudydesign.The
proposedschemehasbeenextensvely testedduringathreeyearperiodin a semi-
presentiauniversity ervironmentwith considerablesucces@ndits main obsena-
tions have beenpresentedn this paper We canarguethatthe proposedevaluation
designis generalkenoughandits ideascanbe adoptedn CSCL ernvironmentsdif-
ferentfrom the onethathasbeenconsideredThis statemenhasbeenvalidatedby
ourown experiencan the evaluationof asignificantlydifferentervironmentbased
on a synchronougollaboratve puzzlefor kindeigartenchildren(Martinezet al.,
2002).

One of the major educationaresearchssuestackledby our designrefersto us-
ability andtime efficiency. Whenworking on formative evaluation,time limits are
very important,ascorrectve actionscould be of no valueif resultscometoo late.
In this senseQUEST provedvery efficientandflexible atdesigningcollectingand
corverting questionnairedatainto adequatdormats(both qualitatve and quanti-
tative). Besidesthat, SAMSA allows for an easyand efficient processingf data
comingfrom varioussourceginteractionmapsfrom obsenations,computerogs,
guestionnairesand providesconfigurableand easyto visualize SNA results.The
enhancemernt usability andefficiency hasbeenclearly obsered alongthe three
yearsof field work within the LAO project. As the proposedmethod,guidelines
andtools evolved, our effort could mainly focuson the evaluationobjectives,be-

15



ing alsoableto reactwith correctve actionsandto supportpartially the formative
evaluationprocesof the courseteacher

Theuseof XML to representheinteractiongrovidesfor theconceptuaandoper
ationalintegrationof the differentdataundera commondescriptionlt is the core
of alooselycoupledarchitecturein which new modulescanbe addedto dealwith
new sourcef data.Additionally, developerscantake advantageof the large offer
of XML-basedtechnologiedound in the market. All thesefactsareincreasingly
importantif we considerthata multifacetedevaluationschemeequiresthe useof
multiple datasourcesandthatCSCL settingstendto be composedy a numberof
differentandindependentools.

Severalissueseedstill to beaddressedOneof themostimportantrefersto thefact
thattriangulationdepend$iearily ontheexpertiseof theresearcher/teachex deep
knowledgeof the contet, a preciseand carefuldesignof the researctobjectves
andcateyories,aswell asa gooduseof thetoolsarerequiredfor a successfuap-

proach.Although several of theseproblemsareclearly relatedto naturalisticeval-

uationapproaches generalwe aim at providing a morerefinedsetof guidelines
aswell astoolsbasedntechnique®f Artificial Intelligence.

Ongoingresearctdealswith the integrationof this perspeciie with the existing
constructvist evaluationof DELFOS,whichwill allow usto reflectontheintegra-
tion of individual and socialaspectsf learning.This could leadto considemewn
SNA techniqueselatedio therolesof actorsandtheir positionswithin thenetwork.

Acknowledgements

Theauthorswvouldlik eto acknavledgethecontributionsof OlgaVelloso,JuditTar-
dajos,InmaculadaGarractbon and JoseMaria Marcos(developmentof SAMSA),
RaquelDiazandM. Jo% Gallego (setupof theinitial experimentalervironment),
Dr. CésarOsuna(DELFOS framework), the rest of the transdisciplinarygroup
EMIC, andlastbut not leastall the studentdhateagerlyparticipatedn theseaca-
demicexperiencesPartial financialsupportfor this researctprojectwasgiven by
the AutonomousGovernmentof CastillaandLeon, Spain(VA18/99,VA117/01),
the Ministry of Scienceand Technology Spainandthe EuropeanFundsfor Re-
gionalDevelopmen{TIC2000-1054pndthe EuropearunionLeonarddProgramme.

References

Appelt, W. (1999). WWW BasedCollaboratiorwith theBSCW System.Proceed-
ings of SOFSEM’99 Springer Lectue Notesin ComputerSciencel 725 (p.

16



66-78). Milovy.

Borgatti, S.,Everett,M., & FreemanL. (Eds.).(1999).UCINET5.0Version1.00.
Natick: Analytic Technologies.

Chin, G., RossonM., & Carroll,J. (1997). Participatoryanalysis:Shareddevel-
opmentof requirementgrom scenarios.Proceedingof HumanFactors in
ComputingSystemsCHI'97 Confeence(p. 162-197).N.Y.: ACM.

Cho,H., Steinone M., & Gay, G. (2002). SociallnformationSharingin aCSCL
Community. Proceeding®f ComputerSupportfor Collaborative Learning
CSCL2002(p. 43-50).Boulder CO.

Crook, C. (1994). Computes andthe collaborative experienceof learning Lon-
don:Routeledge.

Dimitriadis, Y., Martinez,A., Rubia,B., & Gallego,M. (2001).Cooperatie Learn-
ing in ComputerArchitecture:an educationaprojectandits telematicsup-
port. Proceedingsf the Confeenceof Frontiers in Education,FIE 2001.
Reno,NE.

W3C (2000). Extensiblemarkuplanguage (XML).(ht t p: / / www. w3. or g/ XM/ )

Gomez,E., Dimitriadis, Y., Rubia,B., & Martinez,A. (2002). Quest,a telem-
atic tool for automaticmanagementf studentquestionnaireg educational
researchProceeding®f 2" EuropeanConfeenceon Technolagy, Informa-
tion, Educationand Citizenship,TIEC 2002. Barcelona.

Guribye, F., & Wasson,B. (2002). The ethnographyof distributed collabora-
tive learning.Proceeding®f ComputerSupportfor Collaborative Learning
CSCL2002(pp.637-638).Boulder CO.

Martinez,A., Dimitriadis, Y., & dela FuenteP. (2002).CSCLformative evaluation
supportby meansof analysisof interactions(in Spanish). Proceeding=f
IV Simposiolnternacionalde Informéatica Educativa,lE 2002. Vigo. (To
appear)

Neale,D., & Carroll, J. (1999). Multi-f acetedevaluationof comple, distributed
actiities. Proceedingsof ComputerSupportfor Collaborative Learning
CSCL99. Stanford,PaloAlto, CA.

NurmelaK., Lehtinen,E., & Palonen,T. (1999).EvaluatingCSCLIlog filesby So-
cial Network Analysis. Proceeding®f ComputerSupportfor Collaborative
Learning CSCL99. Stanford,PaloAlto, CA.

OsunagC., & Dimitriadis, Y. (1999).A Framavork for the Developmenbf Educa-
tional Collaboratve Applicationsbasedon SocialConstructvism. Proceed-
ings of CYTEDRITOS InternationalWorkshopon Groupwae, CRIWG’99
(p. 71-80). Candin, QuintanaRoo.

QSR (1997). NUD*IST. Softwae for qualitative data analysis. ThousandOaks,
CA: Scolari.

Stale,R. (Ed.).(1995).Theart of casestudyreseach. ThousandDaks,CA: SAGE
Publications]nc.

WassermarS.,& Faust,K. (1994). SocialNetworkAnalysis:Methodsand Appli-
cations.Cambridge CambridgeJniversity Press.

Wilson, B., & Myers,K. (2000). SituatedCognitionin TheoreticalandPractical
Contet. In D. Jonasse& S.Land(Eds.),Theoetical foundationsof learn-

17



ing ervironmentgpp.57-88).Mahwah,N.J.:LawrenceErlbaumAssociates,
publishers.

18



