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ABSTRACT

Epistemicdialogues,involving explanationand argumentation have been recognizedas
potential vehiclesfor conceptualinderstandingAlthough the role of dialoguein learning
hasreceivedmuchattention the problemof creatingsituationsin which studentsngagein
epistemiadialoguehasonly begunto be addressedr his article highlights the setof factors
that must be takeninto accountin designinga computer-supportedollabordive learning
situationthat encouragesstudentsto discussscientific notions. Thesefactorsinclude the
choiceof thedomainissuethe activities proposedo studentsand the role of technology.
We describethe designof CONNECT, an integratedenvironnent and task sequencdor the
collaborative confrontation, negotiation, and construction of text. Results are then
presentedrom a studyin which studentsindividually wrote an interpretationof a sound
phenomenonyerematchedn dyadsso asto maximizesemanticdifferencesbetweentheir
texts,andthencollaborativelydiscussedand wrote commontexts acrossthe network using
CONNECT. We show how careful engineeringof the CONNECT environmentfavors the
occurrenceof epistemicdialogueand createsopportunities for conceptualunderstanding.
The discussioncenterson why these opportunitiesmight be missed,as well as on the
conditionsrequiredfor studentgo exploitthem.
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INTRODUCTION

An importantgoal of teachings for studentshot only to beableto solve specific problems,
butalso for themto understandhe conceptsand principlesthat underlie problemsolving.
Learningis oftenassesselly giving examinatiorproblemswhenstudentsucceedn solving
them, the questionas to whetherthey have acquied the underlying conceptsas well is
rarelyaddressedsuchconceptualinderstandings an importantprerequisitefor interpreting
new situations,predictingfuture statesof affairs, and solving typesof problemsthat have
not alreadybeenpracticed(Tiberghien,1994). However, successfuproblem solving does
not necessarilyimply understandinghor is extensivepractice a sure way of acquiring
conceptualunderstanding. A number of researchersstudied situations involving peer
interaction(Amigues,1990)andcollaboratiorbetween studentgRoschelle 1992) for their
potentialin promotingconceptualinderstandingT hesestudiesstressthe role of discourse
and dialoguein learningdomain concepts.More speciically, epistemicactivities such as
argumentatiorand explanation havebeendesignatedis potentially powerful mechanisms
by which studentscan collaborativelyconstructnew meanings(Roschelle,1992; Ohlsson,
1995). According to Ohlsson,this is conceivablebecausereflection is the process and
discourseis the medium through which one may acquire conceptual understanding.
Epistemic activities are important for the study of conceptualunderstandingsince, in
comparisonwith problem-solvingactivities, they embody a much smaller gap between
performanceand competence.In other words, the occurrenceof explanatory and
argumentativediscourse (performance) about concepts effectively reveals degree of
understandingcompetencedf thoseconceptsEpistemicactivities are thereforediscursive
activities (e.g. text writing, verbal interactionor presentationthat operateprimarily on
knowledgeandunderstanding;atherthanon procedures.

Our problemis thus to designsituationsthat encouragestudentsto engagein a specific
type of epistemicactivity, that we designateas epistemicdialogue Epistemicdialoguein
our definition meetsthree criteria, 1) it takesplacein a collaborative problem solving
situation,?) it canbecharacterizedsexplanatioror argumentationand 3) it is concerned
with the knowledgeandthe conceptaunderlying problemsolving ratherthan the execution
of problemsolving actions.Creatingsuchsituationsis difficult since specific conditionsare
requiredfor studentsto spontaneouslengagein explanationand argumentationalout
scientificnotions(Baker,1996;Golder,1996). Theseconditionsincludedifferencesn prior
knowledge of the domain of discourse,ability to generatesuitable arguments(Voss &
Means,1991),linguistic knowledge,interpersonafactors(overt disagrement constitutesa
threatto facework),social-institutionalfactors(what views can legitimately be expressed)
andfactorsrelatingto easeof useof the communicatiorchannel(Clark & Brennan,1991).
For example,studentsare often unawareof differencesin their views, and simply avoid
them by changingtopic, or by adoptingsuperficial compromisessa way of avoiding the
issue(Baker, 1991, 1996, 1999; Baker & Lund, 1997). Whereasit is relatively easy to
provoke andorganizeargumentatiorabout contenipous social topics suchas nuclear power
or capital punishment(see e.g., Kuhn, Shaw, & Felton, 1997; Resnick, Salmon, Zeitz,
Wathen,& Holowchak 1993),it is difficult to favor epistemicdialoguewith respectto
scientificnotionsthatare taughtin school andstill beingco-constructegNonnon,1996).

We claim that in order to stimulate epistemicdiscussion,engineeringof the whole
learning situationis needed(see also Pea, 1994), i.e. the issue,the procedureand the
computersupport.Theuseof a computerallowsfor carefuldesignof the taskinterfaceand
the communiation channeltherebyproviding ways of constrainingstudentsto certain
types of activities. Our multidisdplinary approachdraws on researchin didactics,
educational psychology, psycdhology of communication, computer science and on
philosophicalndlinguistic studiesof explanatoryandargumentativelialogues.

We reporta studyin thedomainof learningabout soundin physics.Soundprovidesgood
opportunitiesfor epistemicdialogue given the diversity of students'conceptions.The
problem given to the studentsinvolves them discussing their interpretationsof an
experimental situation concerning two tambourines in the CONNECT environment
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(Confrontation NegotiationandConstructiorof Text). In analyzingstudentsinteractions,
we aim to enhanceour knowledgeof explanationand argumentationas vehicles for
understandingscientific notions. Moreover, the amount and type of dialogue will be
establishedaswell asthe extentto which it addressedomainconcepts.

The paperpresentsthe theoreticalbackgroundfollowed by a descriptionof the sound
domainandthe CoNNECT environmentWe thenproceedby a detailed descriptionof our
methodologyandanalysis.Finally, we presenta qualitatve analysisof an entire sessionof
one dyad and a quantitativeanalysis of six dyadsof studentsworking togetherin this
situation.

THEORETICAL BACKGROUND

Thetheoreticabackgroundo our work drawsuponthreeareasof researchFirstly, research
in sdence educationprovides characterizationof students'difficulties in learning both
scienceconceptsn generaland particularconceptssuchas soundin physics.Secondly,we
reviewresearctaddressinghe relationbetweenepistemicactivitiesandthe understandingf
domainconceptsFinally, interfacedesignresearchprovidesthe backgroundfor developing
a new computer-supportedollaborative learning (CSCL) environment,to be usedat a
distanceacrossa network. This sectionpresentsthe main contributions in eachof these
areas.

Conceptual learning difficulties

This section presentssome of the barriers to learning science conceptsthat could be
overcomeby epistemicdialogue. Comprehendingstudents'difficulties in understanding
soundin particularis crucial for subsequentlgettinga graspof their discourse.

Prior knowledge constitutesthe first barrier to learning science concepts.Physics
learninginvolvesan articulationbetweenthe student’sknowledgeabout the materialworld
and domain knowledgeasiit is taughtin schools (Driver, Guesne,& Tiberghien, 1985;
McCloskey, 1983). Students'knowledgeis constructedfrom experiencewith concrete
objects and eventsin everydaylife and from prior schooling. Instruction aims at an
adapationtowardsscientifically acceptedheoriesin the domainof physics.This process,
called conceptualchange,may take place by adding notions to existing notions or by
changing existing notions, cf. enrichmentand revision (Chi, Slotta, & de Leeuw, 1994,
Vosniadou,1994). A number of studiesshowedthat studentshave a variety of different
potentiallyconflicting conceptionsabout sound.Theseconceptionsare often shownto be
persistentevenafter teaching(DiSessa1982). For example,Maurines (1998) found that
both beforeand after teaching,high school studentsdescribedsoundas a material object
createdandputinto motionby a source He concludedthat thesenaive conceptionshowa
high resistancédo teading. In fact, asthis exampleandthe examplesn the next paragraph
show, knowledgeaboutsoundis highly subjectto what DiSessahas called phenomenological
primitives (p-prims),in particularto the ideathat force causesnotion and that motion
naturallyfadesaway(DiSessal996).

An extra barrier to leaming scienceconceptsis their level of description.Linder and
Erickson (1989) found four different categoriesof descriptionof sound phenomenaby
tertiary physicsstudentyseeTable 1). Thesecategoriesare quditatively differentwaysin
which people make senseof part of the world. Two main perspectiveswere found,
microscopicandmacroscopicdiffering in termsof levelsof description:explanationdocus
eitherontheactionsof discretemoleculesor on the global propertiesof the mediumsuch
aspressureand density. The microscopicperspectivancludesconceptionsof soundas an
entity that is carried by individual moleculesthrough a medium. Molecules are seen as
initially stationary,or moving aroundrandomly, and soundprovidesthem with a forward
linear or somewhatjerky movement. The microscopic perspectivealso includes a
conceptionof soundas an entity that is transferredfrom one moleculeto anotherin a
medium.Sounds seenasa moreabstracentity, e.g. a vibration. This concetion may lead
to domino-effecdescriptionsn which moleculespushothermoleculesandsoforth.
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Table 1
Student conceptions of sound
Perspective Conceptiorof sound
Microscopic 1. Carriedby individual molecules

2. Transferredrom one moleculeto another

Macroscopic 1. Travelingsubstancevith impetus
2. Substancén the form of travelingpattern

The macroscopicperspectiveincludes conceptionsof sound as a traveling bounded
substancevith impetus,usuallyin the form of flowing air. Soundis describedas a swbstance
thathasa movingforce of its own, like atypeof wind. It is stronglyassociateavith a naive
impetustheory (DiSessa, 1982, McCloskey, 1983) according to which an object set in
motion obtainsan internal force that servesto maintainthe motion, and that gradually
dissipates.Another conceptionwithin the macroscopicgperspectivedescribessound as a
boundedsubstancen the form of sometraveling pattern.This view incorporateslearned
physicsterminology,for example,soundas a disturbancepropagatingthrougha medium.
This variety of conceptionshowshow the conceptof soundcan occupydifferent placesin
an ontologicaltree (Chi, Slotta, & de Leeuw, 1994): as a charateristic of molecules,as
matter,or asa process.The placeof a conceptin an ontologicaltree may be a barrier to
learningin itself, but in our view constitutesan interestingopportunityfor the occurrence
of epistemicdialogue.ln orderto reachmutual understandingpntological differencesand
differencesdn level of descriptiomeedto berenderedexplicit anddiscussed.

A final barrierto learningscienceconceptss the ambiguousnatureof languagen school
science(Linder & Erickson,1989).Many scientific termsare an integral part of ordinary
languagéut havea different setof linguistic functionsand meaningseg.g., the termsforce
andwave. Everydaymeaningsof words may facilitate or impair their understandingn a
scientificcontext(Collet, 1994).Suchdifferencedn the useof wordsbetweenstudentamay
constitutea starting point for epistemicdialogueand lead to conceptualdifferentiation.
Studentshaveto agreeon the meaningof the wordsthey employ.

Thesebarriersare not addressd by regularscienceteaching.The questionis then how to
designa teachingsituationthatin fact exploitsthe diversity of studentconceptionsand the
variety of meaningsof scientific termsby encouragingstudentso mutually questionthese
conceptions and meanings.The next sectionprovidesargumentsfor the claim that such
situationsinvolve epistemiadialogue.

The role of epistemic dialogue

If problem solving performances not necessarilyrelatedto understandingneitheras a

training mechanismnor as a testing device, then what types of tasks do exercise
undestandingdn comparisorwith skill acquisition,the processfor acquiringunderstanding
would bereflectionasopposedo practice andthe mediumwould bediscourseas opposedo

(essentiallynon-discursive)action (Ohlsson,1995). Ohlssonproposesa list of epistemic
activities or typesof discourserelevantfor understandingsuch as describing,explaining,
predicting, and arguing. Two have received more attention in learning research—

explanatiorandargumentation— andare atthe coreof this article.

Explanation

In order to explain, studentshave to externalize,but also to clarify, organize, and
restructuraheir knowledgepresentingmany opportunitiesfor learning. The learnergiving
explanationsnight detectand repairgapsin his or her own knowledge,find discrepancies
betweenprior and taughtknowledge,or discover the needfor extra information. When
their partnersdo not understandan initial explanation,explainersmight try to use more
familiar words,generateexamplespor link examplesto prior knowledge(Webb, 1989), all
of which activities can stimulatethe explainer'sunderstandingWebb (1989) examineda
numberof studieson peerinteractionin the domainof mathematicand computerscience
in orderto establishthe relation betweengiving or receiving explanationsand individual
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achievementThe resultsindicatedthat, evenwhen correctedfor ability, giving elaborate
explanationswas positively related to individual achievenent (mostly tests involving

problemsolving). However,receivingelaborateexplanationsshowedonly a few significant
positiverelationshipswith individualachievement.

Studieson the self-explanationeffect constituteanotherline of researchinto leaming
through explanation.Chi, Bassok,Lewis, Reimann,and Glaser(1989) found that good
studentsspontaneouslgeneratamore self-explanationshan poor studentswhile studying
worked-outexamplesof mechanicsproblems.In anotherstudy, students were explicitly
askedto self-explainwhile studyinga text on the humancirculatory system.The prompted
group showeda larger gain from pre-testto post-test,and within this group, the high
explainersshowedgreaterunderstandingf the circulatorysystemthanlow explainers(Chi,
de Leeuw, Chiu, & Lavancher,1994). Self-explanationthus has been shown to bear a
relationto bothlearninga proceduralskill (solving mechanicgproblems)and understanding
in a declarativedomain(acquiringa correctmentalmodelof the humancirculatory system).

Argumentation

Whilst bothargumentatiomndexplanationnvolve thefoundationsof knowledge the basic
differencelies in the fact thatin explanationthe main focus of discussionwhat is to be
explained) is not called into question (although explanationsmay be), whereas in
argumentationit preciselyis disputed.Thus, in an argumentatiordialogue,explanations
maytakeon the pragmaticvalue of argumentativelefense®r supports.

Argumentation,as a form of dialogue, may lead to knowledge co-constructionin a
numberof ways(Baker,1996,1999).0ne possibilityinvolvesan interactiveversionof the
self-explanationeffect. Argumentationobliges studentsto render their understanding
explicit, reflectuponit, andeventially reviseit. However,argumentatiormay also involve
a posteriori reconstructiorof new argumentsand the active searchfor knowledgein the
problem-solving environmentin order to produce convincing arguments.A second
possibility relatesto restructuing knowledgeas a result of argumentatioroutcomes,i.e.
refutationor successfutlefense.Thus, the loser of the argumentmight adoptthe winner's
proposaland restructurehis or her knowledgeto eliminatethe refutedproposal.However,
argumenbftenleadso droppingflawedproposaldrrespectiveof argumentatioroutcomes.
Oncea proposahasatleastone mutually recognizedcounter-argumenit can not become
part of the collectivelyvalid in Miller's (1987)terms.Moreover,argumentatioroutcomes
are often the result of a negotiatedcompromisethat combineselementsof different
proposals, although not necessarilyin a convergent way. Finally, the benefits of
argumentatiormay lie in its power to stimulateconceptualdifferentiation (Baker, 1999).
Argumentatiorpobligesthe participantdo be more precise(see,e.g. Perelman& Obrechts-
Tyteca,1988; Walton, 1992)— e.g. "but what do you meanby punishment?'This may
involve a reconceptualizatiorof the domain of discourseand a differentiation of the
conceptainderlyingthedebate.

Argumentatiorrequiresspecific conditionsin orderto be producedin the first place.As
Golder (1996) pointed out, one does not argue with anyone, about anything, in any
situation.Thetopic needdo be debatablethe participantsneedsufficient knowledgeof it,
andthe social situation must permit relatively free expressionof views. Thesestringent
conditions may explain why, in some researchcarried out within the socio-cognitive
conflict paradigm(Doise & Mugny, 1981),the resolutionof verbal conflict wasnot found
to bea determiningfactorof cognitive progress.The typesof tasksstudied— e.g., matrix
classification(Blaye, 1990) — were not sufficiently knowledge-richand provided little
opporunity for extendedargumentationto even occur. More specific conditions for
argumerdtion canbederivedfrom pragma-dialecticalesearct{Barth & Krabbe,1982;van
Eemeren& Grootendorst1984).In particular,the participantsmust havesome common
groundrelatingto thetopic andthe way in which the dialoguecan be carried out (e.g., you
must not simply ignore attacks,you can not arguearoundin circles, etc.), and they must
haveexplicitly expressedrelatively stableandopposedittitudes.

Two aspectsof the approachto learning involving epistemicdialogue have received
attentionin a broadercontext. The first aspectis that learningis intimately relatedto
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discourseandtalking. Ratherthanjust hearingabout scientific conceptsstudentsshouldbe
ableto talk aboutthem(Lemke,1990).In additionto understandingthe conceptsthey are
supposedo learnhow to presentand criticize ideas,i.e. actlike scientists(Scardamalia&
Bereiter,1994),and thus becomemembersof a communityof practitioners(Lave, 1988).
The secondaspects the fact that epistemicdialoguetakesplacein collaborativelearning
situationginvolving atleasttwo partidpants.In this view, the productsof collaborationare
the emergentconceptionsjointly constructedby two students(Roschelle 1992). We
postulatethat the benefitsof collaborativelearning could well residein explanationand
argumentatiomctivitiesundertakerby students.

Sohow doweencouragestudentdo explainand argueabouta scientific topic? The next
section deals with how to exploit computer-supporteatollaborative learning (CSCL)
environmentsfor facilitating, augmenting,and redefining interactions(Baker & Lund,
1997,Koschmann1994).

Computer-supported collaborative learning

Amongst numerous CSCL environments,we restrict ourselvesto those that focus on
learning about science conceptsthrough reflection and discussionin face-to-faceand
network situations.We review someof the special roles that the computercan fulfill by
virtue of its distinctivefeaturesThefollowing receivespecialattention:

» thecomputerasa collectivememoryof what hasbeenconstructed;

* thecomputerasthefocusingpoint of discourseandaction;

* thecomputerasa meansof representinglementsn a discussion;

* thecomputerasa medium for communication.

Firstly, the computercan take up the function of a collectivememoryof what hasbeen
constructed.This type of databasdéunctionis exploitedin Computer-Supportethtentional
LearningEnvironmentgCSILE). Activities of scientistsare takenasa model for students'
learningactivities.Studentsan evolvein knowledgebuilding communitiesin the sameway
asscientistdScardamali®& Bereiter,1994).Studentsuild a databas®f notesand elaborate
on their own and peers'notes.Thus, the databasdbecomesa locus of peerreview that is
consideredmportantfor student'snotivationandintentionallearning.

Secondlythe computercanbe the focusingpoint of discourseand action For example,
the Envisioning Machine (EM; Roschelle,1992) offers a direct-manipulationgraphical
simuktion of the conceptsof velocity and acceleration Collaboration between students
usingthe EM is studiedas a procesgshat graduallyleadsto convergentonceptuakhange.
Conceptualchangeis analyzedas it emergesfrom the combinationof utterancesand
gesturesn relationto the EM. The computerdisplay in this respects viewed as a social
tool for achievingcommonmeaningin discourse.ln anotherstudy, involving the same
environment,collaborationwas studied as a processof constructingand maintaining a
sharedconceptionof a problem(Roschelle& Teasley,1995).In additionto showinghow
coordinatedproductionof talk and actionenabledthis process,collaborativelearningwas
not alwaystaking place smoothly but requireda conscious,continued effort from both
students.

Thirdly, the computercan be usedto representthe knowledgeelementscurrently under
discussion andtherelationsbetweenthem. For example,Belvedere(Suthers,1998; Suthers
& Weinrer, 1995)representshelogical andrhetoricalrelationswithin a debate.Belvedereis
designedfor supporting studentslearning to engagein critical discussionof competing
scientifictheorieslIt allowsthe assemblyof componentgprinciples,theories,hypotheses,
claims) into a graphicalconfigurationthat reflectsthe currentdebate(supports,explains,
conflictsetc.). Abstractcomponentsandrelationshipsan berepresentedsingthe concrete
formsof the graphicallanguageTherepresentatiomllows studentgo jointly focus on and
discusghe sameclaim. Formativeevaluationsshowedsomecaseswhere studentsseemedo
changetheir conceptionsas a result of dialoguesaround Belvedere. Problems mainly
concernedurn-takingand studentsunderstandig of the taskposedto them. In addition,
manyideasandrelationshipsliscussedverenot capturedn thediagrams.

Fourthly,technologycan not only beusedasa memory,an instrument,or a display, but
also asthe mediumfor communication.The charactestics of a medium are thoughtto
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considerablyinfluence the natureof interactionsand the use of grounding mechanisms
(Blaye, Light, & Rubtsov, 1992; Clark & Brennan,1991). Sometypes of collaborative
interactionscouldbeobstructedor on the contrarybefacilitatedby usingthe computerasa
communicatiormedium.In previousresearchwe useda flexible structuringapproachto
collaborativelearninginteractions (Baker& Lund, 1997).An interfacewith a number of
dedicatedcommunicatiorbuttons(dealing with task actions,interaction managementand
reachingagreementyvasdesignedvith a view to encouragespecific types of interaction.
The task involved students' construction of energy chains modeling small physics
experiments(e.g. a bulb that lights up when connectedto a batery) using the CSCL
environmentC-CHENE. A preliminary study showedthat, in comparisonto a free text
interface,studentausingthe dedicatednterfaceproduceda greaterproportion of domain-
related communicative acts relating to explanation and argumentation, such as
verifications,explanationsjustificationsandevaluationgBaker& Lund, 1997).In addition
to the designof the interface,the natureof the task may also be an important factor
influencing the nature of collabarative interactions.The energychain building task, for
example,wasinitially designedfor studentscollaborating side-by-side,and required both
discussingand constructinga solution. However,a comparisorof the side-by-sideand the
network situation showedthat studentscollaboratingside-by-sidespentconsiderabletime
discussinga solutionbeforeconstructingit. In the network situation,studentsproceededy
a rapid construction of parts of the solution followed by a relatively small number of
dialogueturns(Tiberghien& deVries,1997).Theseresultsshowthatthe designof both the
taskandthe interfacecan be capitalizedon for facilitating certaintypes of collaborative
interactions.

The CONNECT environmentwas designedio incorporatein a specific way thesefour
points: providing a memory,a locus of actionanddiscoursea display of opinions,and a
mediumfor communication.The next sectionpresentshe featuresof the soundtaskthat
arerelatedto the goal of favoring epistemiadialogues

THE SOUND TASK

Conceptualinderstandingn the domain of physicsinvolves the ability to interpretand
predictthe physicalworld. Studentsusetheir own theoriesand modelswhen interpretinga
new situation, much like a physicist who usesa scientificaly acceptedphysics theory
(Tiberghien, 1994). An interesting teaching sequenceconsistsin giving students the
elementsof a scientifictheoryandaskingthemto useit in interpretingor modelinga new
situation (Tiberghien & Megalakaki, 1995). Studentsworking in pairs are thus led to
confronttheirindividualinterpretation®f the newsituationand to constructa meaningof
it in termsof the physicsto belearned.The soundtaskwasdesignedvithin sucha modeling
framework.It involved an introductian of the particle model of sound,student'sndividual
interpretationsof a new situation, and a confrontation between two students with
conflicting interpretations.

The particle model of sound

The particle model of soundwasintroducedto the studentsby showing them a video'
explaining the propagationof sound using a microscopic representationlt shows a
simulationin which small cylinders represenggasmolecules.The spokentext of the video
providesa way of talking aboutthe behaviorof gasmolecules(text translatedrom French):

Justlike somemusicalinstrumentsatuningfork producessoundwhenhit. Thesoundpropagatesrom
the fork to our ears.Physicistexplainthis propagationin air with a particularrepresentatiomf matter.
For physicids, air is a gas composedf moleculesin permanenimotion; this molecularrestlessnesis
representedby the motion of thesesmall entitieson the screen.If the air moleculesaroundthe tuning
fork couldbe seenwewould seethis whenthereis no sound.Thefork's vibrationsdisturb the motion of
the moleculesjust as our bladedisturbsthe motion of the small cylinders.Let's observeone of these
vibrationsin detail.Let's observeit again.A lasttime. In slow motion, propagatiorof the perturbationis
observableTheredline follows the progressiorof the perturbationThetuning fork's vibration disturbs

! Thevideowasdevelopedy RoblesandLe Maréchal(1996)
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the motionof the moleculesThis perturkation propagatesintil it getsto our eardrum.

Studentanuseboththeimagesandthetext of thevideo to interpretfuture situations.
The two-tambourine situation

We designeda new situation for eliciting students'interpretationsof sound phenomena
provokingthe useof the termsintroducedby the video, such as perturbation,vibration,
propagationandmovementof entities. Studentswere shown Figure1l accompaniedy the
following descriptionandquestions:

Therearetwo identicaltambourinesWedelicatelyputalittle ball hangingfrom a string in contactwith

the skin of the secondtambourine When tambourinel is hit with a stick, it emits a sound. Directly
afterwardsthe little ball in contactwith tambourine? startsbouncing.Use your own knowledgeand the
knowledgeyou gainedfrom the videoto explainwhathappensn the air so that the little ball in contact
with the secondtambourinestartsto bounce.What happensto the moleculesnear tambourinel, the
moleculesin betweenthe two tambourinesand the moleculesnear tambourine2 (A, B, and C in the
figure)?Whatchangesn the behaviorof the little ball whentambourinel is hit harderwith the stick?
Using two tambourineswith a lower sound having a skin that is stretchedmuch less tightly, what
changesn the behaviorof the skin of the secondambourineafter hitting the first?

Propagation

" ’ Tambourine 1 Tambourine 2
medium (air)

mn

Tambourine 1 Tambourine 2

(@) (b)
Figure 1 The two-tambourine situation (a) and diagram (b)

In writing their interpretationof the two-tambourinesituation, studentsare supposedo
constructa mentalmodel of sourd (Vosniadou,1994)thatshouldprovidean explanationof
the describedphenomenorand allow themto predictphenomenan othersituations.The
descriptionin termsof the A, B, and C moleculesforces studentsto give a more precise
descriptionof the situation thus allowing researcherso categorizethe students’textsinto
differenttypesof models.Two main waysof describingthe two-tambourinesituationcan
be distinguishedbeforehand(see Figure 2): initial and synthetic models. Initial models
correspondo a naive frameworkof physics.Studentswith this type of model believethat
all molecules(A, B, C) will moveto tambourine2. The initial model correspondsto the
first microscopic perspectivein Table 1. Synthetic models incorporate some physics
knowledge,but do not yet correspondo the acceptedscientific model. Studentswith this
type of modeldo realizethatsoundis nota permanendisplacementf moleculesfrom left
to right. Similarto the secondmicroscopicperspectivg Table 1), they describethe process
as moleculeshitting other molecules,that eventuallyhit tambourine2. A variety of verbs
canbeusedor descrbingthebehaviorof the molecules:moleculesmove, drag, are ejected,
or alterratively, moleculeshit, push, or mix. The third type of descriptiondepicted in
Figure2 is onein which studentspecifywhat happen®ncethe moleculeshit tambourine2
(addedbn to a syntheticmodel description).
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hitial model description
All A, B, and C molecules go to tambourine 2
C are consecutive stages of the same set of 1

!

Synthetic model description
The A molecules hit the B molecules, which in
the C molecules, only the C molecules hit tamp

¢

Extended synthetic model description
Specifies what happens after, e g., that the sed
takes place in the opposite direction

—

=

Figure2 Three different descriptions of the behavior of the molecules

THE CONNECT TASK SEQUENCE AND ENVIRONMENT

A CSCL environmentCoNNECT wasdesignedo createconditionsfor epistemicdialogueand
usedwithin a globaltasksequencéTable2). CoNNECT wasprogrammedn HyperCard™ and
Timbuktu Pro™ wasusedas a distancetechnology enablingfull screensharing acrossthe
network. The sequencanvolved two task phases:a confrontationbetweentwo students
regardingtheir individual interpretationand the collaborativeconstruction of a common
interpretation.The main screenconsistedof two pars (see Figure 3); a communication
interface (top half) and a task-specificinterface (bottom half). The designtook into
accountboth the generalroles of CSCL and the necessaryconditionsfor argumentation
describecararlier.In particular,attentionwaspaidto provide:

» Preparationfor discussion Studentsneedto havepreviously performeda task that
enablegshemto individually constructan initial conceptualviewpoint.

« Conditions for discussion Studentsneed to gain understandingof their partner's
views, to comparethemwith their own, andto form clear opinionswith respectto
them.

» Guidancefor discussion On the basisof a comparisonbetweenopinions, students
needto havesomeideaof the appopriateway of goingaboutdiscussingheir views.

Table 2
Global task sequence used with the CONNECT interface
Phase Students Situation Task Rationale
- . Preparation for
0 Individuals Classroorr Write text discussion
Researchers analyze student texts and cre Conditions for
dyads discussion
1 Dvads Laboratory  Study and discuss Conditions and
y CoNnNECT1 texts guidance for discussic
Laboratory . . .
2 Dyads CONNECT 2 Write common text Goal for discussion

The communication interface

Thetext-basedommunicatiorinterfaceprovidedthreeseparatgarticipantareas,onefor
eachstudentandonefor ateachei(seetop half of Figure3). Eachof the participantareas
containeda chatbox (free text) and a dedcated(button) interface.The chatbox appeared
uponclicking onthe emptytext balloon(seeFigure3) so that a free text messageould be
typed and sent. The dedicated interface consisted of a number of pre-defined
communicatiorbuttonsdealingwith interactionmanagementyes, No, OK?, | don'tagree,
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I'll doit, You doit, Hello?,andAre wedone?Clicking on a communicatiorbutton sentthe
correspondingnessageThe communicationbuttons were basedon former researt on
structuring interactionsin CSCL environments(Baker & Lund, 1997). The research
reportedin this article only usedthe studentareasfor communication(fourth role of
CSCL).The teacherareawasaddedto allow for a tutoring sessionafter the discusson and
constructioractivities(seeLund, Baker & deVries,1997).

The communicationinterfacealso containeda dialoguehistory. A scrollbar permitted
studentdo look backattheir own dialoguetherebyproviding a collective memoryof what
was discussd before (first role of CSCL). Finally, butons were provided for changing
betweerphasesandfor showingthe two-tambourinesituation(Figurel).

: Q 0k? Tdon't sgree Q 0k? Tdon'tsgres Q 0k? Tdon'tagres >(a)
Il do it Youdoit Il doit Tou do it Il doit Youdo it

Hello?  Rhre we done? Hello?  Rhre wedone? Hello?  Hare we done?
Tambourines : Phase 1 {3
Smdent 2 : Should we read the thing first? .
{"‘J Smdent 1 : Tes, but what thing? The document?
— Smdent2 : 'l do it =
Show Situation Smdent 1 : Youdo it )
Stdentl Stdentz ToDo Textof Studentl \

Yes ¥ Yes ¥ | werify
VYesw Ves w |  werf

Yes ¥ Yes v
Yes W Yes v
Yes ¥ Yes w
Yes W Yes v
Ves ¥ E.

on >(b)

Swmdentl Swmdent2 Text of Stadent2
Yes w Yes w
Yes W Yes ¥
Yes w Yes w
P No ¥
[ Yes w
Yes W Yes ¥

No_ w v

Figure3 The CoNNECT interface for discussing individual interpretations consisting of a communication
(a) and a task (b) interface (translated from French)

Task interface for phase 1: Discussing individual interpretations

Thetaskinterfacefor phasel consistedf spacedor individual studenttexts, choiceboxes
for expressingpinions,andinstructionlabels(seebottomhalf of Figure3). It displaystwo
individual textsasa list of sevensentencesvith choiceboxesfor expressingone of three
opinions: Yes (Yes, | agreewith that), No (No, | don't agreewith that), or ? (I don't
understand| don'tknow, or | don'thave an opinion). Studentswere askedto judge both
their partner'sandtheir own text. Judgingtheir own text allowedthemto expressa possible
changeof opinionthatmight haveoccurredsince the momentof writing it. At this point,
the taskinterfacehasthe function of represeting the elementsunder discussionand the
positionsof both participantqthird role of CSCL).

Dependingon the particularcombinationof opinions, one of four instructionlabelswas
dynamicallygenerate@nddisplayednextto eachsentenceverify, discuss,explainor to be
seen(seealso Table 3). Verify encouragestudentsto checkwhetherthey have the same
understandingf a sentenceDiscusspromptsthe studentgo discussthe sentenceaddress
their differencein opinion,andtry to cometo an agreementExplain suggestthat one of
the studentsexplain the sentenceto the other. Finally, To be seen appearswhen the
studentsboth don't understanddon't know, or don't havean opinion, and advisesstudents
to try to seewhatis meantby the sentenceThe meaningof thesefour labelswasexplained
prior to working with CONNECT. Studentsweretold to follow the instructons nextto each
sentencepreferablystartingwith the sentencesmarkedDiscuss In addition, they were
informedthatin sucha complextopic, thereis no right or wrong answer,but that any
opinion contributego the discussionThetaskinterfaceallowed studentsto reflect changes
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in their judgmentasa resultof discussiorby modifying the opinionmarks.

Table 3
Instruction and expected dialogue type as a function of opinion pair
Opinion pair Description Instruction Exp. dialogue
type
Yes-No, No-Yes Conflict Discuss  Argumentation
Yes-Yes, No-No Agreement Verify Verification
?-? Both students don't kno\ To be seen Enquiry

Yes-?, No-?, ?-Yes, ?-Nc One student doesn't kno Explain Explanation

Thelists of sentencegypinions andinstructionlabelsweredesignedo asto function asa
focusingpoint of studentstiiscoursgsecondrole of CSCL). The goal wasto makestudents
carryouta concreteaction concerningall sentenceg¢read and expressan opinion) thereby
stimulating and rendering explicit the potentially conflicting points between their
interpretationskurthermorethe goal of theinstructionswasto encourageexplanationand
argumentationypesof interactionsasa way of co-constructingnutualunderstanding.

Task interface for phase 2: Collaborative construction of a common interpretation

The task-specificinterfacefor this phasedisplaysthe individual studenttexts and has a
spacefor editingthecommontext (seeFigure4). The original individual texts were shown
and clicking on a sentencecopied it into the text editing space.The sentencesn which
both studentsput Yes in phasel can be seenas the joint collection of propositionson
which the studentsagree.However,both agreedand non-agreedgsentencesould be chosen
for copyinginto thecommontext. The text editing spacealloweda numberof operations
suchasadding,changing,and deleting text. The goal of this collaborativetext production
phasds to producea commontext thatgivesan interpretatiorof the situationaswell asto
provide a final goal towardswhich the students’previousdiscussionof their texts can be
directed..

Tes No Yes Ho Yes o
Q Ok? Idon't agree Q Ok ? 1dontagres Q Ok ? 1don‘tagres
I'll do it Toudo it Tl do i1 Toudo it 111 do i1 Toudo it
i Hello?  Hare we done? Hello?  Hhre we dones Hello?  HAre we done?

Stodent 1 I would like to modify "push less strongly " by "amplifies itself less"
by |Phat do yom think? | ]

" = Stodent 2 : Frankly, I'm not OF with that. "amplifies itself less" doesn't work but
Show Situation I know that "pushes less strongly” isn't very exciting - what do you think about

Tambourines : Phase 2 Student 2 1 I've alread ¥ done & ot Tou go ahead. ]
g
|
]

Tertof Smdent 1 Cormmeon bext

1 The molecules in the middle of the propacation, between the two [<3# [ ihen the sound is emitied from tambouring 1, itmoves

tarnbowrines, i o exch other. and emits & vibration. This is a mowvement of air rolecules

2 There i & propagation from famboing 1 1o tarbowine 2. The The molecules situated in the propagation space, the air,
between the two tambournes, run into each other, The &

RropEGEtion hits tambonting 2.

3 The tarmbouring '8 skin Wibvates. The ball s becawse I's molecules go 1o the fight, push those in B which push
contact with the skin of fambowrine 2. thoses in . The propagaton is camied out from

4 The & molecules are pushed towards the B molecules tamnbouting 1 to tambourine 2. Withen the wibration gets to
Texrt of Stodent 2 T2, the air molecules hit T2. The skin of tamboutine 2
vibrates. The ball jurnps because its in contact with the
zkin of tambowine 2. If we hit more strongly, the litle ball
jumps farter out because the molcules mowe with less
force, Butduring every A-C path or S-& | the molecules
move with less farce.

If we hit tarnbourne 1 more strongly, the molcules mowve
with more amplitude and kit the others more strongly . The

3 When the sownd s emitted S T1, it reoves and emits 2
wibwstion. This is & deplacensent of s rcleciles

2 When the vibestion gets fo T2, the air moleties bit T2, ¥ roves
and rmakes the ball move.

3 The A molecies g0 to the dgle, push these in 8,_which prsh
those in C.

+ When these molequles have hit T2, they go fo the Aght and push [T}

Figure4 The CoNNECT interface for writing the common text (see text for explanation)

AN EMPIRICAL STUDY WITH CONNECT
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An empirical study with CONNECT was carried out involving severalsteps, namely data
collection, constitutionof the dyads,developmentof an analysis schemefor epistemic
dialogue andfinally qualitativeand quantitativeanalysisof the dialogueproducedwithin the
CONNECT tasksequencandenvironment.

Data collection

At theoutset,15 subjectsrolunteeredo participatein the study. The subjectswere students
of oneclassat the high schoollevel who hadnot yet had a courseon soundas part of their
normal curiculum (11th grade,age 16-17 years). The procedureconsistedof one group
sessionn theclassroomand,for eachdyad,an individual sessionin thelaboratory.

The aim of the group sessionwasto collect students'individual texts. Studentswere
shownthe soundvideo andtheyindividually wrote an interpretationof the two-tambourine
situation.They also wrote a small text on the topic of censorshipon television, which
servedas a practice text for the CONNECT environment. The individual texts (two-
tambourine situation) were analyzed in order to constitute seven dyads (see next
subsection).

Thedyadswereinvited to cometo the laboratoryat different times. The two studentsof
a dyadwere seatedin front of a computerin two differentroomsin the laboratory.Each
sessiorstartedwith a practiceperiodusingCoNNECT on the censorshigexts. The individual
textsdealingwith thetwo-tambourinesituationwere slightly adaptedand thendisplayedon
the CoNNECT interface showing the author'sfirst name. The studentsthen marked their
opinionsanddiscussedheir individual texts (phasel) and produceda commontext (phase
2). All dialogueinterventionsand task actions(dialogue,text typed and buttors clicked)
were written to logdfiles. The dialogueswere examined using the analysis schemefor
epistemiadialoguedescribedbelow.

Constitution of the dyads

In order to augmentthe chancesof occurrenceof epistemicdialogue,the texts were
analyzedwith a view to creatingdyadswith maximumsemanticdifferencesbetweentexts
and different mentalmodelsunderlying the texts. However,the dyadsshould also present
aboutthe samedegreeof differencebetweentexts (insteadof dyadswith small and dyads
with largedifferencesbetweentexts). Meanlength of the texts was 135 words (min. 83,
max. 174). The answergo the four questionsof the two-tambourinesituation (Figure 1)
wererated.Four aspectsvereidentifiedfor thefirst questionandoneaspecfor eachof the
remainingthreequestionsmakingatotal of sevenaspects.

The four aspectgatedfor the question"What happensn the air that makesthe little
ball bounce?'were 1) the descriptionof the main cause2) the traveling substance3) the
natureof the traveling, and 4) the effect produced(forming a chronologicaldescription).
For examplethe answercategoriedor the traveling substanceverethe molecules,the air,
thesound,or the propagatior(thatwent from tambourinel to tambourine2). Theseterms
canbeseenasa manifestatiorof a conceptionof sound,e.g. the term moleculesis viewed
as evidencefor a microscopic perspective,whereasthe term propagationimplies a
macroscopierspetive.

Thethreeauthorsjointly ratedall 15 texts on the sevenaspectdy scoring occurrences
of the (non-exclusive)answercategoriesfor eachaspect.A text wasattributeda 1 if it
containeda category,e.g. moleculesas the traveling substanceand a 0 if it didn't. As a
result, a table was obtainedwith a score on eachtext for each answer category (29
categoriedor sevenaspects)The matrix with the cumulateddifferencesbetweenstudent
textsalloweddeterminingfor eachtext the mostdistanttext amongsthoseremaining. The
text showingthe lowest maximum distancewith any other text (9 points) wasexcluded.
The secondlowest maximumdistancewas13 pointsand 26 out of the 105 possiblepairs
showeda distanceequalto or higherthan 13 points (highestmaximum distancewas 19
points).Thedistancesf the selecteddyadswerel13 (4 pairs), 14 (1 pair), and 15 points (2
pairs).

In additionto thewording of the texts,the textswere checkedfor evidenceof different
underlyingmentalmodels(Figure2) asassesselly the secondquestion(seeFigurelb). The
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answer categoriesfor this aspectwere "All molecules go to tambourine 2", "The A
moleculesgo to B, the B moleculesgo to C, the C molecules hit tambourine2"”, and
statementassertinghat"The samemovemenbccursin the oppositedirection”. All seven
pairs constitutedby the distanceprocedureshoweda different combinationof thesethree
answercategoriesSix of the sevendyadsworked with CONNECT and one dyad wasusedfor a
side-by-sidgilot session.

An analysis scheme for epistemic dialogue

Ourgoalin analyzingthe dialoguesvasto determinethe amountand the type of epistemic
dialogueas a function of the differencesin individualtexts and opinion marks of the two

studentsof eachdyad. The logfiles were madeup of task and dialogueinterventions.The
dialogueinterventionsweresegmentedto semantiainits, approximatelycorrespondingo

phrasesln doing so, we took into account the punctuationmarks usedby the students
themselvesWe distinguishedour maincategries (seeFigure5 and Table 4): Explanation,
ArgumentationProblemresolutionand Managment.

Units
Explanation Argume ntationProblem resolution Management

_—
Explicate Understand

U N

Proposingva luatingnte ractiorask Off-tasl

Thesis Attackp efe nce Conce ssiorCompromise Outcome

Figure5 Coding scheme for analysis of the dialogues
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Table 4
Category definitions with examples (originally in French) from the corpus

Explicate To expressone'sunderstandingf the meaningof a conceptor
why aneventhappenedin orderto enableunderstandingf it by
one'spartner Ex.: Oftenyou can say that soundis like the wind

Understand To askthe partnerwhetherhe or she understoodsometling or to
expressone'sown (mis)understandingex.: Is that clear? or |
don'tgetit

Thesis To make a proposal in an argumentativecontext (explicit
conflict), i.e.thatbecomes subjectof debateEx.: Thisskin thus
"fits" the form of the ball, (partner:l don'tagreg

Attack To state reasonsagainst a particular position. Ex.: If the
moleculesalwayswentas fastandas hard, the ball would never
stopjumping!

Defense To statereasonsfor a particular position Ex.: Believe in my
experence as a percussionista snare drum that has a very
tight skinvibratesmuchlessthana bassdrum

Concession To give in, i.e. admitthe partneris right. Ex.: Yes,you must be
right or Okay,you'veconvincedne

Compromise To proposean idea that unifies two conflicting interpretations
Ex.. Another explanation: take a cord that isn’t tightly
stretchedWhenyou touchit, it will movea lot butvibratea little

Outcome To discussthe outcomeof an argumentativesequenceEx.: In
caseyou'venoticedweagree

Proposing To presentanew elementto be incorporatedn the text. Ex.: We
carried out an experimentwith two tambourinesWeobserved
(andthenwe'll putin our sentences)

Evaluating  To judgean elementin the text eitherpositively or negatively
Ex.: Yes;sorryfor that, butyou put T2 insteadof T1

Interaction  To managethe interaction (perceive each other's actions and
dialogue) and turn-taking (without referenceto specific task
elements).Ex.: What'shappeninghere?

Task To managethe problem-solvingask (with explicit mentionof a
taskelement) Ex.: | haveto explainmyline 5 to you

Off-task To make off-task (i.e. problem-solving) or social relational
remarks Ex.: You'resmart!

Explanation

Argumentation

Problem
resolution

Management

The distinction betweenexplanationand argumentatiomequiresan examinationof the
surounding context of a unit. Units were categorizedas argumentationonly if they
appearedh an argumentativesequencei.e. only if a clear disagreementould be identified
eitherin the opinion markson the interface(Yes - No opinion marks)or in the dialogue
itself. Proposingor evaluatinga solution element,e.g., a sentenceto be includedin the
commontext (phase?2) fell into the problem resoltion category. The management
categorycontainedunits dealingwith the coordinationof the interaction,of the task, as
well asunits falling into a social off-task subcategoryThe three authorsjointly analyzed
thewhole corpus(a total of 492 collectivedecisionsn six dialogues).

QUALITATIVE ANALYSIS

We begin our discussionof analysisresultsby a blow-by-blow illustrative analysisof the
whole sequencéor dyad5: Andy and Jerry (not their actual names).The analysisconcerns
theirindividual texts,all taskactionsanddialogueinterventionsof phasel and mostof the
task actions and dialogue interventions of phase2. The excerpts are presentedin
chronologicalorder. The analysisaims at revealinghow the elementsof the designof the
CONNECT environmenteadthe studentdo explainand argueaboutdomainconceptsand to
describehow knowledgeand conceptionsevolve in such dialogue.We then will discuss
excerptdrom two otherdialogueghatshowhow studentsjn spite of favorableconditions,
may engagen atype of dialoguethatdoesnot addressheir domainnotions.

Andy and Jerry: Conceptual differentiation

Table 5 showsthe individual texts. Andy's text was classifiedas a synthetic model and



Computer-mediateépistemicdialogue Pagel5

Jerry'stext asan extendedsyntheticmodel description(Figure2). Lines 1 to 3 concernthe
students’initial spontaneousliescriptionsof what happensbetweenthe two tambourines.
Lines 4 and5 reflecttheirresponsdo the diagramwith the A, B, andC molecules(triggered
microscopiadescription) Line 6 dealswith what happensf one hits harderandline 7 deals
with what happensvhenonetakestambourinesvith lesstightly stretchedskins.

Both spontaneouslescriptionscontain evidencefor a macroscopicdype 2 conception
(seeTablel): soundasa substancen theform of a traveling pattern.Andy's text mentions
vibrations and displacementsand Jerry'stext mentionsa stretchingof molecules.Jerry's
text in addition specifiesthat the air moleculeswill position themselvesas before. This
additiondistinguishesn extendedsyntheticfrom a syntheticmodel and constitutedone of
thegrounddfor putting Andy andJerrytogetherto form a dyad.

Table 5
The individual texts of dyad 5 on the CONNECT interface
Andy Jerry Assignment Andy's text
Yes Yes Verify 1. When hitting tambourine 1, it emits a sound. This sound
propagatedself in the form of vibrations.
Yes Yes Verify 2. These vibrations reach tambourine 2, by creating

displacementsf moleculesin the air.
Yes Yes Verify 3. Thetambourine2 startsto shake,draggingthelittle ball along.

Yes Yes Verify 4. Thereisa chain reaction.The vibrationsemitted by the sound
pushthe moleculesfrom A to B.

Yes Yes Verify 5. The A moleculespushthe B moleculestowards C. The B
moleculespushthe C'stowardsT2.

Yes Yes Verify 6. (hitting harder) It moves more, since the displacementof

moleculesis moreimportant.
Yes Yes Verify 7. The skin less tightly stetchedof tambourine2 absorbsthe
vibrationsmore,andthusvibrateslessitself.

Andy Jerry Jerry's text
No Yes Discuss 1. It disturbstheair moleculescontainedbetweertl andt2. These

moveawayfrom eachother.

Yes Yes Verify 2. The stretchirg of moleculesarrivesat t2, thosenearstrike it,
provokingthe movemenif the ball.

Yes Yes Verify 3. Thentheair molecules,betweentl and t2 positionthemselves
asbefore.

Yes Yes Verify 4. The A moleculeshit the B molecules,that on their turn hit the

C, thatsubsequentlyit T2.
Yes Yes Verify 5. Thenthosegroupingsgo backto their place like before.

Yes Yes Verify 6. (hitting harder) The molecules stretch more violently, thus
striket2 harder.The ball movesmore,jumpsfarther.
Yes Yes Verify 7. Theskinlesstightly stretchedit is easierfor the moleculesto

makeit movebutthe ball movesless.

Forging opinions

Thetwo studentsstartedby marking their opinionstaking a total of thirty-one actions
(twenty-eight are minimally necessary),i.e., clicks on choice boxes. In addition, they
viewed the two-tambourinesituation (picture and assigment shown in Figure 1) three
times.Theexistenceof changesof opinion duringthis opinion forging phasesuggestghat
it led to genuinereflection on the part of the students. Andy and Jerry predominantly
markedtheir own and partner'stext lines with a "Yes" (seeTable5). It seemsthat Andy

wasneithersurprisedhor intriguedby Jerry'sremarkaboutthe moleculesgoing back to their

initial place. The interfaceneverthelesshowsone "No"; Jerry'sfirst line, that needed
discussionThe apparentagreemenbetweenthe two studentswasa rather disappointing
outcomeand showedthat the dyad matchingprocedureis not a sufficient condition for

pinpointing debatableopics (seefinal section).The dialogueabout the texts startedonly

aftercompletionof all opinions.

Guided discussion

The interface showedone line to discuss(see Table 5): "It disturbsthe air molecules
containedhetweentl andt2. Thesemove away from eachother". The first episodeshows
how Andy and Jerry immediatelyfocus on the controversialline (as indeed they were
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requestedo).

1A: Theydon'tmoveawayfrom eachother,theyall gotowardst2 A - Attack
2J: My 1We sawin the moviethatthe air moleculesthat were positionedin A - Defense
a certain way, spread ahead, here t2, thus creating more spacin¢ A - Concession
betweerthe moleculesthanbefore./ OK? YESORNO
3A: yes A - Concession
Note: In the excerptsthroughoutthe results section, units are separatedy slashesand main categoriesare
abbreviatedE = Explanation A = ArgumentationP= ProblemresolutionM = Management).

The episodeis very short,only threeturns. The unambiguous'Yes" versus"No" on the

interfaceled usto categorizeheinterventionsasargumentationAndy immediatelyobjects
to Jerry'sline by statingthatall moleculesgo towardsthe secondtambourine Jerry defends
theideaof spreadingnoleculesbut atthe sametime concedeghat they move ahead. They

thenconvergeo aninterpretatiorthatcombineghetwo ideas:moleculesboth move away
from eachotherand move towardsthe secondtambourine Note how the studentsdo not

needto explidtly discussmanagemendf theirinteractionor the taskin this episode.Since
thereis only one controversialline, Andy doesnot even bother explaining what he is

talking about. The salienceof the instruction label "Discuss" alone seemsto give rise to

their discussion.

Multiple meanings

The remaininglines receivedthe label "Verify": the studentssupposedlyagreedon them.
However,Andy discoversa point that needsclarification. He signalsthis by changingthe
opinionmarkfrom a Yesinto a? on Jery's text line 7 "With a skin lesstightly stretched,
it's easierfor the moleculesto makeit move,butthelittle ball will moveless".

Andy changesis YesonJerry's7" line intoa ?.

4 A: If theskinmovesmorewhy doesthelittle ball movesless? E - Explicate

5J: Theskinmovesmorebecausét is lesstightly stretchedbut the pressurt E - Explicate
exertedby theair is the same.This skin thus"fits" the form of the little A - Thesis
ball.

6 A: Don'tagreeln my opinionthe skinof T2 movesless(seemy 7). A - Attack

Andy proceedsby explicitly asking for an explanation.Following Jerry's explanation,a
conflict arisesabout whetherthe skin movesmore or less, a conflict also occurring in
anotherdialogue.

(a) (b) ©
Figure6 Mental models of a tightly (a) or a less tightly stretched (b, c) skin

We found in fact severalways of describingwhat happenswvhen you have lesstightly
stretchedskins. Some studentspredict a changein frequency(the skin will vibrate less),
whereasothers predict a changein the amplitude (the skin will go farther out). The
descriptionsare not incompatible but dueto their imprecisenature,they actually denote
the sameinterpretationseeFigure6a andb). For example the skin in Figure6b can be said
to move less (referring to its frequency:less movementsper second)or to move more
(referringto its amplitude:it goesfartherout). In other words,to move a lot can either
meanthat somethinghasa high frequencyor that it has high amplitude. Theseopposite
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meaningsare a sourceof conflictin two of the six dialoguesin the Andy andJerry dialogue,
bothstudentsisetheverb "to move", but Jerrymeansto say that the skin goesfurther out
(movesmore),whereasAndy meando saythatit doesnotvibrateasmuch (movesless).In

thelastturn of this episode, Andy maintainsthat the skin will movelessandrefersto his
line 7 that saysthat the skin will vibrate less,a clear exampleof a conflict relatedto the
ambiguousatureof languageln orderto sortit out, the studentswill needto differentiate
betweenthe two oppositemeaningsf the expressiorimoving a lot".

Divergent mental models

Jerryalsousegheverb "to fit" for describinghe behaviorof the skin. Furtheranalysislead
to two differentmentalmodelsfor the behaviorof the little ball asa result of the behavior
of the skin: the little ball movesas much asthe skin (Figure6b) or the skin is very loose
and goesaround the little ball (Figure 6¢). This latter model lead to statementsuch as
"...the skin movesmore,butthelittle ball movesless(thanit wouldwith a tightly stretched
skin)". Notethatthe original questionreferredto the behaviorof theskin only. It left aside
the behaviorof the little ball, which would be hard to predict from physics knowledge.
Jerry'suseof the verb "to fit" clearly refersto the second model. So in addition to a
languageproblem, the studentswill have to sort out their differencesrelated to what
actuallyhappengo thelittle ball.

Conceptual differentiation and use of analogy

Oneway of solving the languageproblemis to discriminatebetweendifferent meaningshy
using analogy. The choice of a particular analogy reveals one's conception of the
phenomenom@thand.In turn 7 and8, Andy andJerryusedifferentanalogieto defendtheir
interpretations:a guitar cord that vibrates versusa piece of cloth that moves. Their
analogiesnicely disclosethe two meaningsof “to move” and revealtwo slightly different
macroscopiaconceptionf sound:soundas a traveling patternthat will make something
vibrate and soundas a substancewvith impetusthat will make somethingmove. Moreover,
Andy tries to solvethe languageconflict by explicitly differentiating”to move" from "to
vibrate".

7J: Difficult to know. When one looks at the skin one seesit move more A - Defense
thanonethathasa tightly stretchedskin/ When you hit somethinghard, A - Defense
that'sstablein spaceijt will notmovewhereasa pieceof cloth thatisn’t
tightly stretchedfor examplewill

8 A: Anotherexplanation:take a cord that isn't tightly stretchedWhen you A - Compromise
touchit, it will movea lot butvibrate a little / On the other hand, a tight A - Compromise
cord like a guitarwill movea little butvibrate a lot

9J: | agreewith your7/but| thoughtfor a momen that you did not agree A - Concession
with mine./ For me the two lines areright they just don't explain the M - Interaction
samething (vibrationsand movements). A - Compromise

10A: NO When a skin less tightly stretchedvibrates less itm movesaivse A - Attack
more movesmoresothelittle ball hasto move more too. / Pardonme,/ M - Interaction
doyou getit? E - Understand

Note: Somenon-wordsin thisexcerptshowthe occurrencef concurrentyping by the two students.

Andy's explanationhas come across Jerry'sanswer(line 9) showsthat he picked up the
differencebetweenvibrationsand movementsThe languageproblemhasbeensolved by a
conceptualdifferentiation of meanings.Andy now focuseson the implication for the
behaviorof the little ball, the essenceof their conflicting mentalmodels(Figure6b versus
Figure6c).
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11J: Hypothesiswith the sameforce of the air exertedon T2: a tight skin E - Understand
vibratesmore than a skin lesstightly stretchedbut will move less than
thelatter
12A: Yes.Yes. E - Understand
M - Interaction
13J: Forthelittle ball, | thinkit will movelesswith a lesstightly stretchedskin A - Attack
becausdt will vibrate lessand thusless"transmit"“the vibrations
14J: Okay? A - Outcome
15A: Maybe A - Outcome

Jerryoncemoreshowshis understandingf the vibration-movementssue(line 11), but in

line 13, he attacksAndy's statementball movesmore) saying that the skin transmitsless
(ball movesless). The final intervention showsthat Andy is not really convinced.So
whereasthey sort out the frequency-amplitudeonfusion,the questionaboutthe little ball
remainsunanswered.

Addressing remaining differences

Themainoutcomeof phasel wasa conceptualdifferentiationon the frequency/amplitude,
move more/moveless, movement/vibrationdebate. However, Andy and Jerry were put
togetherbecausdhey had a syntheticversusan extendedsyntheticmodel, i.e. Jerry in
addition describedwhat he thought would happenonce the molecules hit the second
tambourineThis issuedid not showupin the first phaseln the secondphasethe students
wereaskedto write acommontext describingthe tambourinesituation. This commontext
shouldreflect mutual understandingpf the phenomenorand constrainstudentsto identify
andaddressemainingdifferences.

The analysis of the second phasebeginswhen Andy and Jerry start adding original
individual sentencegdo their common text. The second sentenceadded causedsome
discussionn thefirst phaseendingin an agreementaboutthe moleculesboth spreadingand
movingtowardsthe secondtambourine Subsequenthyderrythinks it is necessaryo specify
the behaviorof the moleculesafter striking the tambourinej.e. the distinguishingfeature
betweentheir mentalmodels(moleculesgo back)

Whenhittingtambourinel, it emitsa sound.Thissoundpropagatestself Andy'stext line 1

in the form of vibrations. added
It disturbsthe air moleculescontainedbetweentl and t2. Thesemove Jerry'stext line 1
awayfromeachother. added
1.J: Yes M - Interaction
2.A Yes M - Interaction
3J: | don'tknow whetherthe moleculesgo back to their placeor whether, P- Evaluate
becausef the partial vacuumthey create
4A: O M - Interaction
5J: hbecawhatareyoudoing??? did notfinish my sentence M - Interaction
6 A: | gotit, it's OK, hypothesi® E - Understand
7J: continued;...create arereplaceddy othersThankyou P- Evaluate
8 A: | gotit, it's OK, hypesis2 E - Understand

Note: Somenonfinishedwordsin this excerptshow the occurrenceof concurrenttyping by the two studentsThe
translationof the Frenchexcerptshowsthe Englishequivalentsof the studentsioriginal typingor spellingerrors.

Andy seemsto agreewith an interpretationaccordingto which the moleculesget replaced
by others(he refersto it ashypothesis?), andthe original onesdo not go back to their
place.lt is difficult to interpretthe episodebecauseof problemsin the communication.
Severaldialogueturns in fact revealthe burdenrepresenteddy interaction management
necessaryn distancecommunication.

The burden of collaborative text writing at a distance

One of the disadvantagesf the doubletask of discussingand writing at a distanceis that
writing mayinhibit discussionThefollowing episodeshowsa numberof interventionsthat
aim at organizingthe interactionandproblemsolving.

9J: | thinkeverythingis OK: let'srereadtogetherand write if somethingis P- Evaluate
notright M- Task
10A: twhat? M - Interaction
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Whenhittingtambourinel, it emitsa sound.Thissoundpropagatesitself Andy'stext line 1

added
Textdeleted
11J: Yourl:OK? P- Propose
12A: Yes P- Evaluate
13J: your2 P- Propose
14A: YOUR 2 OK. P- Evaluate
15J: is that somethingis not right in the text, and then in mine. For me P- Evaluate
everythingseemsalrighte P- Evaluate
16 A: There'snoE atalright, FORTHE RESTit's OK. P- Evaluate

17J: and what aboutthe ball that does not move? And about the air that P- Propose
maybe getsreplacedby the one coming from outsic the zone of the P- Propose

tambourines?

Someof themstrike T2. New textadded
18A: OK? P- Evaluate
19J: I'mthinking M - Interaction

Someotthem-strike-T2. thus provoking a stretchingof the air massin Text deleted and

guestion. new textadded
20A: Areyousure P- Evaluate
21J: We saw in the movie that the spacewas larger when there were E - Explicate

vibrations
22A: OK M - Interaction

23J: continuethe summaryof the displacementsf air in betweenTl1 andT2 M - Task

Although Andy andJerryare proposingandevaluatingsolutionelementsand executingtask
actions, the common text does not develop until after turn 17. In fact, the episode
represents statusquo. WhereasAndy proposes shortcut(someof the moleculesstrike
the secondtambourine),Jerry stayswith the processitself, addsthat the air mass gets
stretchedandin turn 23 asksfor still more precisionaboutthe behaviorof the molecules.
In asensepothstudentsare faithful to their initial individual model. The text writing task
brings up the issuethat distinguishesbetweentheir models, but the burden of problem
solving action of addingand deleting propositionsinterfereswith a discussiorabout those
propositions.

Communicating through text writing

Andy and Jerry'smodelsdid agreeaboutthe initial behaviorof the A, B and C molecules.
After an episodewith text changesand managementurns, they include the following
sentenceon the subject:"Througha chainreaction,the A moleculeshit the B molecules,
whichin theirturn hit the C, which thenhit T2." Jerry subsequentlyeturnsto the issueof
what happensafterwards.In their text, the studentsleave room for two interpretations:
moleculeseitherrepositionthemselvess beforeor are chasedby others.Writing the text
doesforcethe studentdo beprecisein expressinghefact that the moving moleculesleave
an empty space As the episodeshows,the studentscommunicatethrough their problem
solving actionratherthandiscussingheissuefirst. The actionof addingor changingtext in
itself takesthe function of proposinga solution element.The studentsoscillatebetweena
vacuum,a partialvacuum,andfinally the word spaceis introduced.The lattertermseemsto
satisfyboth,theword vacuun beingtoo controversial.

Thenthe air moleculesin betweentl and t2 repositionthemselvesas Textadded

before
36A: We M - Interaction
37J: would havelto knowdidn'tfinish M - Interaction
, or are "chased"by othersthatcomefill the vacuum,that is partial, that Textadded
theyproduced.
38J: OK? P- Evaluate
39A: almost P- Evaluate
fill the vacuumthatthey left behind Textchanged
40A: OK? P- Evaluate
fill the partial vacuunthatthey left behind Textchanged
41A: Yes P- Evaluate
fill the, partial, vacuumthatthey left behind Textchanged
42J: OK? P- Evaluate
fill the spacethattheyleft behind Textchanged

43 A: OK? P- Evaluate
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44 J: Areyousure!llll P- Evaluate
45J: VACUUM would be better A - Attack
46 A: It isnotavacuum A - Defense
47J: partial A - Compromise
48 A: asyoulike A - Concession
49J: let'sgoon M - Task
Whenthe moleculesstrike T2,thelittle ball moves. Textadded
50A: OK? P- Evaluate
becausef the vibration provokedon the skin of the tambourine Textadded

Thestudentsfinal commontextis an elaboratalescrption:

Whenhitting tambourinel, it emitsasound.This soundpropagatestself in the form of vibrations.
It disturbsthe air moleculescontainedbetweentl and t2. Thesemove awayfrom eachother. Througha
chainreaction the A moleculeshit the B moleculeswhich at their turn hit the C, which then hit T2. Then
the air moleculesin betweentl and t2 repositionthemselvess before, or are"chased"by othersthat
comefill the spacethattheyleft behind.Whenthe moleculesstrike T2, the little ball moves,becauseof
the vibration provokedon the skin of the tambourine.

Their text is a reformulationin comparisorwith both of the individual texts. They do
not mention their answerto the questionof the tambourineswith lesstightly stretched
skins.

Carol and Ellen: Missed opportunities

The seconddyad, Carol and Ellen, showeda dialoguewith a poor outcome.At the outset,
Carol'stextsays"The A moleculesare digurbedby tambourinel. They propagateight up
to the B molecules. These last ones also propagateto the C molecules that strike
tambourine2. A < B < C" (syntheticmodel).Ellen'stextsays"The A and B moleculesare
pushedawaytowardstambourine2. Next, the A, B and C moleculesmakethe little ball in

contactwith T2 moveby beingsmashedgainsthe skin."” (initial model). Ellen noticedthe
difference,since she put questionmarks on Carol'slines. In the correspondingexcerpt,
Ellen startsby askingCarol to explainherlines. Thisfirst turn (line 1) canbe interpretedas
a clear referenceto the assignmenshownon the interfacethat Carol in the beginning of

the secondturn acknowledges.

1.E: You'll haveto explainsomeof your linesto me? M - Task

2.C: | admitthatsomeof my linesaredifficult to understand/ About 3,/ the A M - Interaction
moleculesarepushedover to the B moleculeswhich in their turn pushthe M - Task
C molecules/ Thelastoneswill hit T2. / Then, the little ball that touches E - Explicate

the tambourinewill startjumping. E - Explicate
E - Explicate

3.E: Soyousaythatonly the C moleculeswill touchthe tambourine? E - Understanc
4.C: It seemgomethatthe A, B, andC moleculesare the sameones/ but that E - Explicate
they arethe stagesn orderto arrive attambourine2 E - Explicate

5.E: That'salso what | think, / | badly understoodthe meaning of your E - Understanc
sentenced.I'm goingto changemy answerfor 3 and 4 / but we'll have to E - Understanc
talk aboutthe two lastones. M - Task

M - Task
Ellen changesher ? on Carol's3rd and4thline intoa Yes.

In the remainderof this turn, Carol reformulatesher lines into a descriptionwhich again
revealsher synthetic model: only the C molecues, "the last ones", will hit the second
tambourine.Ellen notices the discrepancywith her own initial model since she then
explicitly askswhetherEllen thinks that only the C moleculeswill touch the tambourine.
This seemdo bean excellentopportuniy for both studentsto figure out which of the two
models holds. The dialogue could even have turned into an argumentativesequence.
However,the conflict doesnot really becomeexplicit, neitherin the opinion marks,nor in
thedialoguebetweenthe two students.Insteadof answeringby a distinct confirmationthat
could have markedthe beginning of a verbal conflict situation, Carol attemptsanother
explanationbut this time adaptingher previousversionin a way that is compatiblewith
Ellen's initial model (see also Figure 2). Shenow describesA, B, and C as stagesin the
processEllen promptly acceptshis adaptationpoth in her answerand by changing her
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opinionmarks.

Two relatedthings can be observedfrom this excerpt.Firstly, the way in which the
studentsrefer to the assignmenshowsthat both seemto be very awareof the expected
type of behavior.somelines of text needto be explained.Secondly,althoughthereis an
attemptto clarify their conceptionof the behavior of the molecules, Carol merely
paraphraseler lines until Ellen is satisfied.Carol and Ellen seemto think that they must
have the sameconception from the outset,and that it is just a matter of finding the
formulationwith which theywill bothagree.lt is not clearfrom the dialoguewhetherCarol
hasa syntheticmodel (turn 2) which she badly formulatesinto an initial model (turn 4),
whetherit is the otherway around,i.e. an initial model that was badly formulatedat the
outset,or whehershechangesermind in between.

Although thereis good opportunity for argumentationthis type of dialogueseemsto
provide a very weak basisfor learning. Thereis no conceptually-basedrgumentatiorand
eventhe explanationsare mere paraphrasesl heir commontext showsno real resolution
of the conflict betweenthetwo interpretationginitial andsyntheticmodel):

Knowing thatair consistof moleculesn constantmovementweobservethatafterhitting tambourinel,
the A moleculesarepushedaway towardsthe B molecules.Those last onesalso propagateowardsthe C
molecules.Theyarrive attambourine2 and makethe little ball in contactwith it move.

In fact, theword"they" in thelast sentenceeflectsthe ambiguity becausét can refer both
to all or to only the C molecules.The dialogueand commontext of this dyadshowhow a
high opportunityfor epistemicactivitiesmaynot beexploited.Baker and Bielaczyc (1995)
termedthis type of situationa missedopportunity,demonstratingnow studeats can only be
ledto considertheir conceptuabifferencesup to a certainpoint. The questionarisesasto
how technologycouldhelpto furtherexploit suchsituations.

Daphne and Lydia: Learning needs revealed
Thefourth dyad, Daphneand Lydia, presertd anotheropportunityfor addressinglomain

notions. Their texts containedsevenlines in need of explanationand one line with two
guestionmarks(seeTable6 thatdisplaysonly partof their texts).

Table 6
Part of the individual texts of dyad 4 on the CONNECT interface
Daphne Lydia Assignment Daphne's text
Yes Yes Verify 3. WhenhittingT1, the A moleculesof air are disturbedand sent
tothesideof T2.
Yes ? Explain 4. In thisway, they mix and drag along the B and C molecule
groups.Thusthereis a displacemenbf air.
Daphne Lydia Lydia's text

Yes Yes Verify 3. The T1 pushesthe A molecules, that in turn push the B
moleculesthatthemselvego pushthe C's.
Yes Yes Verify 4. There'sa propagaton of movementwithin the molecules.

The ensuingdialogueand commontext focalize on the verbs mix, drag, and push for

describingthe behaviorof the molecules.The excerptshowsan omission of a word in

Daphne'dntervention,noticedby Lydia, and solved immediately. The discussionthen is
suspendedt is impossibleto decidefrom the dialoguewhethertheverbsto dragand to push
carry differentinterpretationgrespectivelyall or only the C moleculesreachthe second
tambourine).

1L: ... Ahyes,line4:areyousuretheymix? A - Attack
One of the studentshowsandhidesthe problemscreen.

2D: | don'tknow whethertheythe othermoleculesor whethertheydragthem. E - Explicate

3L: Haven'tyouforgottena word? M - Task

4D: Whetherthey pushthem... M - Task
One of the studentshowsandhidesthe problemscreen.

.22 D: The only problemleft, is for my line 4 andyour line 3. M - Task
23L: Why? M - Interaction
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24 D: Becauseave don'tknow whetherit mustbe pushingor dragging. M - Task
25L: That'sright/ we will haveto askMrs. L. M - Interaction
M - Task
26 D: You'restill convincedhatthe A moleculesarepushingthe others? A - Outcome
27L: Notconvinced] put that becausat seemedo be the bestanswer.Butit A - Outcome
couldvery well be thatthe B moleculesaredraggedalongby the A ones. A - Outcome
28D: Are we done? M - Interaction
29L: Yes,| thinkso M - Interaction

The studentsseemto searchfor evidenceoutsidetheir own judgmentas they consult the
assignmenscreenlt's only after eighteenturns, towardsthe end of the first phasethat
Daphnebringsthe issueup again. Neither of the studentshasan argumentfor one or the
otherverb, but both seemto be concerned(Lydia in turn 1, Daphre in turn 22). They
finally decidethattheyneedarefereej.e. their teacherand neitherof them commitsto a
particularverb. In a sensethey don't needto arguesincethey will be ableto ask a person
with morephysicsknowledge.Their commontext containsa syntheticmodel description,
containingonly theverbto push:

T1 pushesthe A molecules,which in turn pushthe B molecules,which themselvesgo pushthe C
molecules.

Thereis not much argumentatioror explanationin this sequenceput an interesting
resultis the studentsrecognitionof their needof moreinformation.

QUANTITATIVE ANALYSIS

The gquantitativeanalysisconcernedhe six pairs that worked with CONNECT at a distance.
Two main sourcesof obstructionfor the occurrenceof epistemicdialogue have been
recognized. The first source is the simultaneousexecution of a main task such as
constructinga solutionor writing a text. Dialogueentersinto competitionwith it: the more
time and actionsnecessanfor task execution,the lessroom there is left for dialogue,
especiallyin distancesituations (Tiberghien & de Vries, 1997). The second source is
dialoguethatconcernsgnteractionandtask managementThe presencef dialoguein itself
does not mean it can be categorizedas epistemic. Epistemic dialogue enters into
competitionwith managemendialogue.The level of epistemicdialogueis generallylow,
lessthan 10% in our previousresearchon a task involving graphicalconstructionof a
solution(Baker& Lund, 1997).In the CONNECT envirorment, the main taskis discussion,
at leastin the first phaseandthereforewe considerthat explanationand argumentation
shouldtakeup at least35% of the dialogue.In otherwords,we setthe lower limit for the
occurrenceof epistemicdialogueto appoximately one third of the entire dialogue.The
CONNECT environmentand task sequencavere designedso asto limit interactionand task
managemerto only two thirds of the dialogue.The costsof taskactionsversusdialogueon
the one hand, and of managenent and problem solving versus explanation and
argumentatioron the otherhand are measuredn termsof the numberof actionsand the
time spent. The quantitative analysis also involves the rate of students'recognition
(opinionmarks)of conceptuatlifferences.

The amount of dialogue turns and task actions

Table7 showsthe balancebetweendialogueturnsandtaskactionsin eachof the two phases
in termsof boththeir frequencyandtheir total duration.In thefirst phasethe taskactions
consistof themarkingof opinions,and thereforewe find a meanof at least28 actions(7
lines x 2 textsx 2 students).Table7 showsthat they do not take up much time (about
sevenand a half minutes).In contrast,whereasin the samephasea smaller number of
dialogueturnsis observedtheyactuallytakeup mostof thetime (almostthirty minutes).
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Table 7
Amount of dialogue turns and task actions in each phase (mean number of turns and
duration)
Type

Phase Dialogue turn Task action

1. Marking opinionsanddiscussion N of turns 24.7 38% 37.8 62%

N of minutes 28.6 76% 7.5 24%

2. Commortext production N of turns 39.0 62% 21.7 38%

N of minutes 23.9 64% 13.6 36%

Sinceconceptualifferencessupposediyhave been sorted out, studentsare supposedto
concentraten writing a commontext in the secondphase.The task actionsconsistof
addingsentencesind editing. In this phase,frequencyand duration show almostidentical
proportionsin favor of dialogueturns(62%and64%)as opposedo taskactions(38% and
36%).

Students' recognition of their conceptual differences

The dyad constitution procedure assuredthat the dyads consistedof studentshaving
different models underlying their texts. Resultsshowedthat the studentsin fact most
frequentlyagreedon eachother'ssentenceghe Yes-Yesopinionpairs madeup 69% of the
casesThesecondmostfrequentlyencountered@dombinationwasthe other student(not the
authorof a sentenceputting a question mark (23%). Thesecasescan be interpretedas
requestgor explanationA clearconflict situation,a Yes-No opinion pair, wasencountered
only threetimes (4%). In the remainingcases,one studentput a No and the other a
guestionmark (2%), bothputaNo (1 case,1%) or both put a questionmark (1 case,1%).
Did the studentamark with a No or with a question mark preciselythose sentenceghat
wererepresentativef a conceptuamodeldifferentfrom their own? A closerinspectionof
the opinion marksshowedhatin five of the six dyads,at leastone of the two studentsid
not explicitly agreewith the partner'ssentenceéhatcontainedhe defining characteristiof
his or her studentmodel (did not put Yes). The differencesbetween conceptial models
thereforewerenoticedin five outof six cases.

Level of explanation and argumentation

Table 8 showsthe results of the analysis of the six dialogues.The dyads produced
approximatelythe samenumberof statementsgluringmarkingopinionsand discussion(first
phase)gsduringthe productionof the commontext (secondphase).The meannumberof
statementaddedup to atotal of 36.8 and 45.2 respectively(t(5) = -.79, ns). The amount
of explanationand argumentatiorproducedin the first phasewas high, 33% and 23%
respectivelyEvenwhentaking into accountthat discussiorin fact wasthe main task,the
cumulatedamountof explanationand argumentatior(56%) is higher than we expecteda
priori (35%, binomial (221;.35),p < .001). The first phaseof the task sequencatself did
not involve problem solving, and the type of dialogueobservedreflected this (problem
solving dialogue:3%). The fourth categorycontainednanagemerdandinvolved41% of the
statement# the studentdialogues.

Inspectionof the sub-categoriesevealedthat about half of the explanationstatements
concernedgiving explanationswhereasthe other half concernedreceiving explanations,
expressionof (lack of) understandingor asking for a confirmation of understanding.
Regardingargumentationthe statementsvere almostequally distributedacrossthe six sub-
categoriesThe amountof statement$n eachof the sub-categoriesvaslow. Finally, the
largerportionof the managemergtatementsoncernedhe interactionratherthe task. In
fact, interactionmanagemenwasthe largestcategoryconcerning26% of the statementsn
thefirst phase.
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Table 8
Type of dialogue in each phase (mean frequency and percentage)
Phase 1 Phase 2
Type Freq. % Freq. %
Explanation 12.2 33 0.8 2
Explicate 5.8 16 .z 0
Understand 6.3 18 N 1
Argumentation 7.0 23 2.3 6
Thesis 1.2 3 .z 1
Attack 1.2 5 g 1
Defense 1.8 5 . 1
Concession 1.2 5 .z 0
Compromise 0.5 2 .2 1
Discuss outcome 1.2 3 1.C 2
Problem resolution 15 3 19.3 42
Proposing 0.0 0 6.C 14
Evaluating 1.5 3 13.% 28
Management 16.2 41 22.7 50
Interaction 10.2 26 17.2 38
Task 5.0 13 4.7 10
Off-task 1.0 2 7 2
Total 36.8 100 45.2 100

Thesecondphasedealtwith writing the commontext. As expectedstatementsn which
problem solution elementswere proposedor evaluatedwere more prominentthanin the
first phasgqt(5) = -3.82,p < .05).Inversely,the amountof explanabry dialoguewaslower
thanin thefirst phase(t(5) = 3.54,p < .05) both in absolutenumberand proportionally.
The dyadsalso producedvery few argumentatiorstatementsManagementvas again an
important category (no difference between phases (t(5) =-1.08, ns) and in particular
managememf theinteraction.

CONCLUSIONS, DISCUSSION AND FURTHER WORK

This articlefocuseson epistemiadialogueasa vehiclefor understandingcientificnotionsas
well ason the conditionsfor the occurrenceof suchdialogue.In particular,it concentrates
on epistemiaialogueproducedn computer-supportecollaborativelearningenvironments.
In thefirst sectionswefurtherspecifiedthe necessargonditionsfor epistemicdialogueon
thebasisof existingliterature.We claim that theseconditionsinvolve domainchoice,task
sequence(dyad constitution, prescribed activities), and computer support (task and
communicatiorstructuringon the interface).Moreover,we describechow theseconditions
can besatisfiedthroughthe concurrenengineeringf the component®f a specificlearning
situation,i.e. the CONNECT environmentindtasksequenceThe empirical study thenaimed
at studyingthe occurrenceof epistemicdialoguein relationto eachof the componentof
thesituationandtheway in which knowledgeandconceptiongvolvein epistemicdialogue.
Regardingthesetwo points, we will now summarizethe results of the qualitative and
quantitativeanalysisof the dialogueproducedin the CONNECT environment.We will also
discusssomeof the obstacleghatmayinhibit the occurrenceof epistemicdialogue.Finally,
wewill discusdurtherwork.

Conditions for and occurrence of epistemic dialogue

Thefirst componentf the CONNECT environmentandtask sequenceoncernghe topic of
discussionWithin the scientific domain of physics,we chosea problem about soundfor
severareasonghatwerein fact corroboratedy the qualitativeanalysis.Firstly, soundis a
complexdomain that can be understoodat different levels of degription (cf. Andy and
Jerry: conceptualdifferentiation and use of analogy).Secondly, it has been shown that
studentscommonly hold a variety of perspectiven sound phenomena(cf. Andy and
Jerry:divergentmentalmodels,conceptuadifferentiationanduseof analogy).Thirdly, the
everydaymeaningof termsrelatedto sounddiffer from their scientific meaningsand may
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also differ betweenindividuals (cf. Andy and Jerry: multiple meanings).Thesereasons
constitutebothlearningbarriersand opportunites for debate.Our qualitativeanalysisthus
showedepisodesn which the occurrenceof epistemicdialoguewasclosely relatedto levels
of description different perspectivesand doublemeaningsn the domainand as such may
contributeto the developmenbdf conceptualinderstandingn thatdomain.

The second componentrelatesto the task sequencetself, i.e. dyad constitution and
prescribedactivities. The dyad constitutionproceduremaximizedthe chancesfor students
to havedifferentconception@ndmodels.However,putting studentsogetherwith differing
viewpointsis not a sufficient condition. Studentsmust notice their differencesand want to
discusshem.A close inspectionof the opinion marksshowedthat model differenceswere
noticedin five out of six casesThe high percentagef questionmarksasopposedo No's
showsthatstudentgnight not be preparedo explicitly disagreebut ratherwill expresshe
needfor explanationNoticing differencesand evenbeing preparedo requestexplanations
for themdoesnot necessarilymean,however,that studentswill actually proceedto discuss
them (cf. Carol and Ellen: missedopportunities)In somecasesstudentswill only discuss
them when confrontedwith the task of writing a commontext (cf. Andy and Jerry:
addressingemainingdifferences).

One possibleexplanationlies in the tensionbetweenconditionsfor conceptuallybased
learningand conditionsfor epistemicdiscourse(c.f. Nonnon, 1996). For the former, the
conceptanust be within the studerts’ capabilities,but neverthelesseedto be constructed
or elaboratedduring the task sequenceFor the latter, students'conceptionsmust be
sufficiently elaboratedso that they are ableto give or requestan explanation,and/orto
defendtheir viewpoints by argumentationThesesetsof conditionsare thereforeclearly in
conflict: how couldonebesureenoughof anideacurrently being constructedn orderto be
willing to defendit? A secondpossibleexplanationfor not engagingin epistemicdialogue
relatesto the social aspectof managingconflict (Traverso,1998). Sharpeninga cognitive
conflict may sharperan interpersonakocial conflict and the studentsas membersof the
sameclass,may not havewantedto pursuesuchan outcome.A third possibleexplanation
lies in the natureof explanationand argumentatioras social discoursepracticesthat have
to belearned(e.g.Voss& Means,1991).Thus,it mayhavebeenthat studentsdid not have
sufficientunderstandingf, andpracticein, argumentatiomndexplanation.

The third componenis the task and communicationinterfaceand its insertioninto the
CONNECT sequencewhich wasdesignedo provide the preparationthe conditions,and the
guidancdor discussionThe preparatiornconsistedof studentswriting an individual text (in
class)thatdescribedhe soundphenomenonThis wasmeantto initiate the constructionof
their own conceptualiewpoints. The display of individual texts and the studentsbpinion
markingconstitutedhe conditionsand the guidancefor discussionTheseactivities helped
studentsgain an understandingof their partner’sviews, reflect upon them and compare
themwith their own (cf. Andy andJerry:forging opinions).The instructionlabelsfor each
sentencen theinterfacegave directionto students’dialoguebut with mixed outcomedcf.
Andy andJerry:guideddiscussionCarol andEllen: missedopportunities Daphneand Lydia:
learningneedsrevealed).Thus, explanationand argumentatiorsequencebavebeenshown
to originatein the task and communicationinterface of CONNECT. However, students’
dialoguesalso showed communicationalburdensthat hindered students’ participation in
epistemicdialogue.Firstly, eventhoughwe provided shortcutsfor the studentsto usein
managingtheir interaction their dialoguesevealedthe burdenof dialogueturns neededfor
interactionmanagemenfcf. Andy and Jerry:the burdenof collaborativetext writing at a
distance)Secondlythe burdenof executingtask actionsthemselvese.g. addirg phrasego
the common text, took time away from epistemic dialogue (cf. Andy and Jerry:
communicatinghroughtext writing).

The quantitativeanalysisof the interactionsof the six dyadswas carried out in order to
determinethe extentto which the CONNECT situation favored dialoguerather than task
activities,andexplanatiorand argumentatiorratherthan othertypesof discourseFirstly,
analysisof theinteractionshoweda prevalencef dialogueover task actions.We view this
predominancasa posiive outcomeof the designof the interfaceand task sequenceDue
to the burdenof communicationin a computer-mediatedituation,task actionscould well
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haveprevailedoverdialogueespeciallyin the secondphase.Secondly,analysisof the type
of dialogue showed high percentagesof explanationand argumentationcomparedto
percentagefound in previousresearchSo, whereascoordinatingthe interactionand the
task still took up an important portion of a computer-mediateddialogue, these
communicationaburdenghadonly limited effectsin the CONNECT environmentMoreover,
thereseemto be importantdifferencesdependingon the activity thatis carried out. Pure
constructiontype activities demandmore managementlue to the turn-taking not only
betweenpartners dialoguing,but also due to alternationof task and dialogueturns. The
interplayof two partnersandtwo possibilitiesfor proceedindl speakyou speak,| act, you
act) renders the computer-mediatedsituation for construction activities a rather
compicatedone.

Epistemic dialogue and conceptual understanding

Once epistemicdialogue occurs, the questionis how it may contribute to conceptual
understandingf scientific notions.The Andy and Jerry interactionillustratesone of the
waysin which this cantakeplace,namelythroughconceptualifferentiationresulting from

the resolutionof vocabulary ambiguities. The example “moving a lot” meaningeither
movemenin termsof frequencyor movemenin termsof amplitudeshowsthe importance
of renderng explicit meaningsehindwords.

In contrast,Carol and Ellen’s caseshowshow an initially recognizedconflict leadsto
epistemicdialogue, but does not reveal progresstowards conceptualunderstandingWe
gualifiedthis as a missedopportunity. Instea of both exploring the differencesbetween
their models,Carol presentssuccessiveexplanationsof her own model seeminglywith a
goal of coincidingwith Ellen’s model.

Another route towards conceptualunderstandingpresentin the CONNECT data, is the
recognitionof a lack of understandingln fact, it is not necessarilyobvious that students
realizejustwhatit is they do not understandor that they realize thatit is the appropriate
momentto consultan outsidesource(for exampletheir teacherin the Daphneand Lydia
case).The arrival at suchan impassecan be consideredto be a positive outcomein the
sensehatthe studenthavetakenchargeof their own pursuitof understanding.

Further work

In conclusion, our work has demonstratedhow different components of CSCL
environmentscan play a role in favoring epistemicdialogue. We have highlighted the
complexandinteractingsetof factorsthat are involved in enablingstudentso engagein

suchdialoguesn awaythatcouldleadto conceptualinderstading and havedescribedvays
in which this cantakeplace.Our future work will addressheissueof defendingopinionsvs.

constructingknowledge, focus on how to teach argumentationdiscoursepractices,and
explorehow technologycan help facilitate corceptualdifferentiation and recognition of

learningneedswhile working againstthe missedopportunityphenomenonThe integrated
approachembodiedin the CONNECT environmentprovidesa promisingway of exploring
these complex issues in future research.Addressingthese issues requires a broader
understandingf how communicatiorandinformationtechnologiesan be embeddedvithin

discursivepracticesn educationakettings.

ACKNOWLEDGEMENTS

This researchwascarried out during the time of the first autha's stay as a Marie Curie
Fellow (Training and Mobility of Researchergrant of the EuropeanCommission)in the
COAST researchteamof the GRIC Laboratoryin Lyon, France.We extendour warmest
thanksto the studentavho participatedn the study.

REFERENCES

Amigues,R. (1990). Peerinteractionand conceptuakhange.In H. Mandle, E. De Corte, N. Bennett,& H. F. Friedrich (Eds.),
LearningandInstruction: Europeanresearchin aninternationalcontext.Volume 2:1 Social and cognitive aspectsof learning
andinstruction(pp. 27-43). Oxford: Pergamon.

Baker, M. J. (1991). the influence of dialogueprocesse®n the generationof students'collaborative explanationsfor simple



Computer-mediateépistemicdialogue Page27

physicalphenomenan L Birnbaum(Ed.), Proceeding®f the International Conferenceon the Learning Sciencegpp. 9-19).
Evanston|llinois.

Baker, M. J. (1996). Argumentationet co-constructiordes connaissancefArgumentationand co-constructiorof knowledge].
Interactionet cognitions 1, 157-191.

Baker, M. J. & Bielaczyc,K. (1995). Missed opportunitiesin collaborative problem-solvinginteractions.In J. Greer (Ed.),
Proceeding®f the World Conferencen Atrtificial Intelligenceand Education(pp. 210-217).WashingtonDC: AACE.

Baker, M. J.& Lund, K. (1997). Promotingeflectiveinteractionsin a CSCLenvironmentJournal of Computer-Assistetiearning
13,175-193.

Baker, M. J. (1999). Argumentation and constructive interaction. In P. Coirier & J. Andriessen (Eds.), Foundations of
ArgumentativeTextProcessingpp. 179-202).Amsterdam University of AmsterdamPress.

Barth,E. M. & Krabbe,E. C. W. (1982). From Axiom to Dialogue: A philosophicalstudy of logics and argumentation Berlin:
Walterde Gruyter.

Blaye, A. (1990). Peerinteractionin solvinga binary matrix problem: Possiblemechanismscausingindividual progress.In H.
Mandl, E. De Corte,S.N. Bennett& H. F.Friedrich (Eds.), Learningand Instruction: Europeanresearchin an international
context,Vol. 2:1. Socialand cognitiveaspectf learningandinstruction(pp. 45-56). Oxford: Pergamon.

Blaye, A., Light, P.,& RubtsovV. (1992). Collaborativelearningat the computer:How social processesinterface" with human-
computerinteraction.EuropeanJournal of Psychologyf Education 7, 257-267.

Chi,M. T. H., SlottaJ.D., & Leeuw,N. de.(1994). Fromthingsto processesA theory of conceptuathangefor learning science
conceptsLearningandInstruction,4, 27-43.

Chi, M. T. H., Bassok,M., Lewis, M. W., Reimann,P.,& Glaser,R. (1989). Self-explanations:How studentsstudy and use
examplesin learningto solveproblems.CognitiveSciencel3, 145-182.

Chi,M. T. H., Leeuw,N. de, Chiu, M.-H., LaVancher,C. (1994). Eliciting self-explanationsmprovesunderstandingCogritive
Sciencel8, 439-477.

Clark, H. H., & Brennan S. E. (1991). Groundingin communication.n L. B. Resnick,J. M. Levine, & S.D. Teasley(Eds.),
Perspectivesn socially sharedcognition(pp. 127-149).Washington DC: APA.

Collet, G. (1996). Apportslinguistiquesa I'analyse des mécanismesognitifsde modélisationen sciencesphysiquegLinguistic
contributiongo the analysisof cognitivemechanism®f modelingin physics].DoctoraldissertationGrenoble INPG.

diSessaA. A. (1982).UnlearningAristoteleanphysics:A studyof knowledge-baselbarring. CognitiveScience6, 37-75.

diSessaA; A. (1996). What do "just plain folk" know aboutphysics.In D. R. Olson& N. Torrance(Eds.), The handbook of
educationandhumandevelopmenfpp. 709-724).Cambridge Blackwell.

Driver, R.,GuesneE., & Tiberghien,A. (1985). Children'sideasin scienceMilton Keynes:OpenUniversity Press.

Golder, C. (1996). Le développementles discours argumentatifsiThe developmentof argumentativediscourse].Lausanne:
Delachaux& Niestlé.

KoschmannT. D. (1994). Towad a theory of computersupportfor collaborativelearning. Journal of the Learning Sciences3,
219-225.

Kuhn, D., Shaw,V., & Felton,M. (1997). Effectsof dyadicinteractionon argumentativeeasoning.Cognitionand Instruction 15,
287-315.

Lave,J.(1988). Cognitionin practice. Cambridge CambridgeUniversity Press.

Lemke, J.(1990). TalkingscienceLanguagelearningandvalues Norwood, NJ: Ablex.

Linder, C.J.& Erickson,G. L. (1989).A studyof tertiary physicsstudentstonceptualizationsf sownd. International Journal of
ScienceEducation 11, 491-501.

Lund, K., Baker,M., & de Vries, E. (1997). Teachersanalysisof and supportfor students'collaborative problem-solvingactivity:
a studyin a CSCLenvironmenfor understandingoundin physics. Postempresentedt the secondinternationalconferenceon
Computer  Support  for Collaborative learning, Toronto, Canada [Online], abstract.  Available:
http://lwww.oise.utoronto.ca/cscl/posters.h{®99, Februaryl1].

Maurines,L. (1998,January)Les éléveset la propagationdessignauxsonoresBulletinde I'Union desPhysiciens 92, 1-22.

McCloskey,M. (1983).L'intuition en physique Pourla science68, 68-76.

Miller, M. (1987). Argumentationand Cognition. In M. Hickmann (Ed.), Social and Functiond Approachesto Languageand
Thoughi(pp. 225-249).London:AcademicPress.

Nonnon,E. (1996,December) Activités argumentative®t élaborationde connaissancesouvelles:le dialoguecommeespace
d'exploration[Argumentative activities and elaboration of new knowledge: dialog as an exploration space]. Langue
Francaise,112, 67-87.

OhlssonS.(1995).Learningto do andlearningto understandA lessonanda challengefor cognitive modeling.In P. Reimann&
H. Spada(Eds.),Learningin humansand machinegpp. 37-62). Oxford: Elsevier.

Pea, R. D. (1994). Seeingwhat we build together: Distributed multimedia learning environments for transformative
communicationsJournal of the LearningSciences3, 285-299.

PerelmanC. & Olbrechts-Tytecd,. (1988). Traité de I'Argumentation[Essay of argumentation]5th ed). Brussels:Editionsde
I'Universitéde Bruxelles.

Robles,A., & Le Marechal, J.-F. (1996). La propagation du son: Representationmicroscopique [Sound propagation: a
microscopicalepresentation]Vide otape].Lyon: GRIC-COAST,CNRS-Universityof Lyon II.

Resnick,L.B., Salmon,M.H., Zeitz, C.M., Wathen,S.H. & Holowchak,M. (1993). Reasoningin conversation.Cognition and
Instruction 11 (3 & 4), 347-364.

RoschelleJ.(1992). Learningby collaborating:ConvergentconceptuathangeJournal of the LearningSciences2, 235-276.

RoschelleJ.& Teasley,S. D. (1995). The constructionof sharedknowledgein collaborativeproblemsolving.In C. O'Malley
(Ed.), Computersupportedcollaborativelearning (pp. 69-97). Berlin: SpringerVerlag.

ScardamaliaM. & Bereiter,C. (1994). Computersupportfor knowledge-buildingcommunities.The Journal of the Learning
Sciences3, 265-283.


http://www.oise.utoronto.ca/cscl/posters.html

Computer-mediateépistemicdialogue Page28

SuthersD. (1998). Representationfor scaffoldingcollaborativeinquiry onill- structuredproblems Paper presentedat the annual
conferencef the AmericanEducationalResearcissociation,SanDiego, California.

SuthersD. & Weiner,A. (1995). Groupwarefor developingcritical discussiorskills. In J. L. Schnase& E. L. Cunnius(Eds.),
Proceeding®f ComputerSupportedCooperativelLearning Bloomington,Indiana.

Tiberghien,A. (1994). Modelingasa basisfor analyzingteaching- learningsituationsLearningandInstruction 4, 71-87.

Tiberghien,A., & De Vries, E. (1997). Relatirg characteristic®f learning situationsto learneractivities. Journal of Computer
Assisted_earning 13, 163-174.

Tiberghien,A. & Megalakaki,O. (1995). Characterizationf a modellingactivity for a first qualitative approachto the concept
of energy EuropeanJournal of Psychologyf Education 10, 369-284.

Traverso,V. (1998). Negociaciony argumentacioren la conversaciénfamiliar [Negotiation and argumentationin informal
conversation]Escritos 17/18,51-88.

Van EemerenF.H. & GrootendorstR. (1984).Speeclactsin argumentativediscussionsDordrecht-HollandForisPublications.

Vosniadou,S.(1994). Capturingand modelingthe procesof conceptuathangelLearningandInstruction 4, 45-69.

Voss,J.F.& Means,M. L. (1991). Learningto reasorvia instructionin argumentationLearningand Instruction 1, 337-350.

Walton, D. N. (1992). Plausibleargumentin everydayconversationNew York: StateUniversity of New York Press.

Webb, N. M. (1989). Peerinteractionandlearningin smallgroups.InternationalJournal of EducationResearchl13, 21-39.



