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Abstract. Whilst certain types of interactions betwéesrnersare potential vehicles for
conceptualchange favouring production of such interactions icomputer-mediated
communicationsituationsremains a difficult problem. Wedescribethe CONNECT task
sequenceand interface for collaborative textwriting, whose design aims to promote
epistemic interactions involving argumentation and explanation with respecitamental
domain concepts. Owpproachinvolves pairing studentaccordingto semanticdistance
between theimdividual texts,encouraging expression opinionson ideasin those texts,
giving appropriate instructions on discussions, and partly structuring interactions. Within
an iterative design approach, we present the results of a study in which studersskecre

to collaboratively write texts across the net on the interpretation of a sound phenomenon in
physics. The interactiongroduced contained a high amount of explanatiorand
argumentation, although communication managemneeminedoroblematic.

1. Introduction

It is now wellattestedthat, undeicertainconditions,specificforms of canmunicativeinteractions
between students can behiclesof conceptuachangge.g.,[1]). We hypothesise that, in order
for conceptuathange to occur durimgpmmunicativanteractions, students musttemptto ground
meanings of termelatingto fundanental concepts in the domain of discoufg¢, and they must
renderexplicit their reasoning andritically examineits foundations (cf. theelf-explanatioreffect
[3]). Following Ohlssorj4], we terminteractionsin which theseconditionsare satisfieapistemic
interactions Theycharacteristicallynvolveargumentatiomndexplanation(cf. [5], [6]).

Favouring the production ofepistemic interactions, especially in Computer-Mediated
Communicatio(CMC) situations, requires satisfyingamplexset of conditions. Firstly, in order
to provide a focus foepistemicinteractions, thenterfaceshould display both the ideas under
discussion andtudentsopinions with respect to thefid]. Secondly, theommunicationchannel
should minimise the degree of codgfive-interactional effort required for interaction and
communicatiormanagemenf8]. Whilst CMC channels presepotential obstacles taonceptual
learning, they can also bleliberatelystructured in order to promo#egumentatiorand explanation

* BakerM.J.,de Vries, E. & Lund, K. (1999). Designirmpmputer-mediate@pistemic interactionroceedingsof
the InternationalConferencen Artificial Intelligenceand Education Le Mans, July 1999S.P.Lajoie & M. Vivet
(Eds.)Artificial Intelligence inEducation pp. 139-146Amsterdam 10S Press.
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[9]. Thirdly, the topic of discussion must bafficiently epistemicallyladen anddebatablg10]. In
order to engage imargumentationdialogue, participantsmust havewell-elaboratedviews, and
clearly expressed anchutually recognised opposedttitudeswith respect to the subject dkbate
[11].

However theseconditionscan often be imlirect conflict. For example, students amelikely to
adopt firm argumentativestances(pro, contra) with respect to knowledge that is under co-
construction[12]. In addition, whercollaboratingat a distance, there sometimesa reductionin
students'domain-relatedinteraction as comparedto side-by-sidesituations [13]. Achieving a
specificbalancebetween theseonditionsis thereforea verydelicatematter. Our present work aims
to explore the space abmbinationsof conditions for a specific class of taskgcollaborative
writing of interpretation®f physicabhenomenaand to study thénteractionsof students working
in such conditions.

We propose amtegratedapproach to addressing these problems within the framework of the
design of a Computer-SupportedCollaborative Learning (CSCL) environment for the
Confrontation Negotiationand Constructionof Text (ConNECT) used at a distance. Our approach
involves pairing studentsccordingto semantiaistancebetween theindividual texts, encouraging
expression of opinions towards the ideas in those texts ifttergzeavingtask andcommunication
functions), givingappropriateinstructionson discussionsand partly structuring the interactions.
After presenting the design of the@ecT task sequence and interface, we present the results of a
studyinvolving dyads using 6GNNECT to discuss and write texts on timerpretationof sound.
Finally, we discuss thpotentialof our approach for favouringpistemicinteractionsand mention
lines of future research.

2. Designingfor epistemicinteractions: The ConNecT task sequenceand interface

We stress thembeddingof technologyin a teaching-learningsituationfor favouring epistemic
discussionsThespecificCoNNeCT task sequence comprises of seven phases:

Phasel: Individual interpretationand text writing.Students are given some domaformation
and subsequently write amdividual text on theirinterpretationof a new problensituationin that
domain. The aim of this phase is to allowtial elaborationof studentsindividual conceptions,
arguments and opinions.

Phase2: Dyad constitutionStudents are paired usingtechniquethat maximisessemantic
differencedetweenndividual texts (see section 3 below). Clearly, the aim of this phasecredte
asufficientlywide space oflebateand opposed points of view, the verbahfrontationof which
can lead t@xplanatiorandargumentation.

Phase3: Expressing opinins.This phase involves using thex@ecT interface(programmedn
HyperCard"). The students of each dyad are linkedetherthrough the network with screen
sharing usingrimbuktu Pro™ as adistancetechnology. Zones forommunicationand for doing
the task each occumpproximatelyhalf of the screen (Figurg). The taskinterfacedisplays the
individual textssegmentednto semanticallydistinct statements. Students are asked to mark their
opinions with respect to easbntencef their own and theipartner'stext using the menu buttons
on thebottomleft of the screenYes | agree;No, | don'tagreeor ?, | don'tunderstand or don't
have an opinion). This specificallythe way in whichdialogueand task functions are interwoven,
since expression of attitudes, usually performeddaymunicativeacts, isintegratedinto the task
interface.

Thecommunicatiorinterfaceis acombinationof adedicateduttoninterfaceand a chat box free
textinterface[9]. Here, werestrictedthe pre-definedbuttons tocommunicativeacts required for
interactionmanagementYes No, OK? | don'tagree I'll do it, Youdo it Hello?, andAre we
done?Clicking on a button makes itabel appear in thelialoguehistory. Clicking on the balloon
makes the chat box for typing a message appedraldguehistory appears in thaiddle of the
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Tes Ho Tes Mo Tes Ho

Ok? I dot1't agree 0k7 I don't agree 0k 7 Idon't agree
I'll do it Fou do it I'11 do it Woudo it I'11 do it Foudo it

Hello?  Rre we doned Hello?  Rare we done? Hello?  Hare we done?
Tambourines : Phase 1

Smdent 2 0 Zhould we ead the thing first?
{l,,] fmdent 1 : Tes, but what thing? The document?
" " Smdent 2 I'do it
Show Situation Smdent 1 - Youda it

Stmdentl Stdentz ToDo Textof Studentl

Yes W Yes W wetify ] teidle of e propaation, hefneen the fno tr

Yes ¥ Yes ¥ wetify 2

Yes w Yes w welify 3

Yes W Yes W | verfy 4

Yes v Yes w | werfy 5 ch hit trbourine 2.
Yes W Yes W | verfy B

Yes w T w1 explain 7

Smdentl Stmdentz ToDo

Yes W Yes w wetify 1
Yes W Yes W | weify 2 1
Yes w Yes w wetdfy 3
? Wl No w| explain 4
P v Yes ¥ | explain. 5
Yes w Yes w e
No w ? W explin. 7

Figure 1. TheconnecTinterface for marking opinions and discussing individual texts

screen, and scrollbars allow students to look back at their own dialogue. The aim of phase 3 is both
to encouragehe students to focus on tententof the texts and tatimulatethe formation of
positions for subsequent discussion. Taonaleof the communicationinterfaceis to facilitate
interactionmanagemenwhilst allowing fregextualexpression ofask-relatednteraction.

Phase 4: Discussion This phase uses the sameeifsice as above.Depending on the
combinationof opinions with respect to each sentence, one ofif@tiructionsappears next to it.
TheinstructionVerify (Yes-Yes, No-Noexpectedlialoguetype: checking)encourages students to
check whether they have the same understanding.iriBireiction Discuss (Yes-No; expected
dialoguetype:argumentationprompts the students to discuss and try to come to an agreement. The
instruction Explain (Yes-?, No-?, expecteddialoguetype: explanation)suggests that one of the
students explains treentencdo the other. Finally, thmstructionTo be seemppears when both
studentdon'tknow ordon'thave an opinion, and suggests that students try to see wheaiis
by the sentence. The students are told to follow the instructions next teezaehcepreferably
starting with the sentences mark@dcuss It is stated that in such @mplextopic, there is no
right or wrong answer,but that any opiniorcontributesto the discussion. In the course of
discussion, students are allowed to change their opinion markings in ordéled¢ttheir changing
of opinion. The aim of this phase is to focstdents'attentionon the differencesthat exist
between theiindividual interpretationsand to giveguidanceas to what type of discussion is
appropriategiven these differences.

Phaseb: Collaborativetext writing Students are asked to write a common text on the basis of
their previous discussion. Thmmmunicationinterface for this phase igdentical to the one

Text of Student 1 Commaon bext

1 The moleniles in the midde of the propagation, between the two |43 [ Wirthen the sound is emitted from tambourine 1, it moves
tarborines, i o exch other, and emitz & vibration. This is a mowerment of air molecules. .
2 There s & priopagation from tambonvine 1 fo tambouine 2 The The molecules situated in the propagation space, the air,
onagation hits tamboiine 2. between the two tam bourines, run into each other. The &
3 The tamboiine 2's skin vibvates. The ball iieps becawse i's in molecules go o the right, push those in B which push
couttact with the skin of tambowring 2. thozes in C. The propagation is canied out fram
4 The b molecules are pushed towards the B molecules. tambouring 110 tambouring 2. When the vibraton gets to
Text of Stmdent 2 T2, the air malecules hit T2, The skin of tambouring 2
wibrates. The ball jumps because it's in contact with the
=kin of tambourine 2. If we hit more strongly, the litte ball
jumps farther out because the molcules mowve with less
force. But during every &-C path or -4 | the molecules
mave with less force.

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

3 When the sound s emitted frine T, i reoves and emits 2
vibvation. This s & deplacerrent of i moleciles

2 When the vibvstion gefs to T2, the sir reolecedes hit T2, 4 roves
and makes the ball move.

3 The Amolecites go 2o the fght, push those in 8, which push
thosein C.

4 When these moleciles have hit T2, they go 1o the dght and push Y

Figure 2. The GNNECT task interface for collaborative text writing (translated from Frencl
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described above. The taskerfaceprovides a space foediting this common text and spaces
showing all thevriginal (individual) sentences in two boxes (see FigRyeClicking on an agreed
(underlined)or a non-agreesentenceauses it to be copied into the text editing space (and turn into
Italics). The texiediting space allows a number of operations such as adding, changing, and
deletingtext. The maimbjectivesof this phase are tmaterialisestudentsmutualunderstanding of
the problem in the form of a common text and to allow discussion of any unresebuess,
misunderstandings, andonflicting interpretations. In addition, prior knowledge of the
requirement®f this phase gives the students all the more reason for discussingdhgdual
texts in phase 4.

Phase6 and 7. Teacherstudy of studenhteractionsandtutoring session In phase 6, &acher
studies théraceof adyad'sinteractionsn order to prepare fortatoringsessionPhase 7 involves
a tutoring session in which theeacherand two students atommunicateat a distanceAlthough
not further discussed in this paper, tagonaleof these phases [14] isiportantfor the sequence
as awhole. Firstly, the fact that the students know that theynteithctwith ateachemeans that
more is at stake in their discussion; and secondly, studentdikalystvill not be able to resolve all
conflictswithout outside help.

3. Students'useof CoNNECT to discussthe topic of soundin physics

The main reason for choosing sound lies in the diversity of stumgeptionsand linguistic
meanings regarding this topic providingportunitiesfor epistemicinteractions. Students were
shown a video [15] describingoarticularmodel of sound that explains soupgbpagatiorusing a
microscopicepregntation(propagation, perturbation, anération of gas molecules). They were
then asked to use the modelrterpreta newsituation(see Figure3). The questiorconcerning
movementof A, B, and C moleculesforces students to give a more precise microscopic
interpretation.

On the basis of previous researchstndents'conceptionsof sound[16, 17], we developed
initial hypotheses ostudentstonception®f thesituationin Figure 3, as follows: ahitial model,
all molecules(A,B,C) move from left to right, fromtambourinel to tambourine2; b) synthetic
model, Amoleculeshit B molecules, hit C molecules, which tambourine2 (dominoeffect); c)

There are two identical tambourines. We delicately puta little
ball hanging from a string in contact with the skin of the

Propagation ‘
second tambourine. When hitting tambo urine 1 with a stick, it medium (air)
emits a sound. Directly after, the little ball in contact with 'F\\ /“_
tambourine 2 starts bouncing. Using yourknowledge and the ( \ o
knowlk dge of the video, explain what happens in the air so ; [ |
b
1

that the little ball in contact with the second tamboutine starts
to bounce.

SO

NUE

Tambourine 1 Tambourine 2

———— e e

|
1
|
/

What happens to the molecules near tambourine 1, the
molecules in between the two tamboutines, and the molecules
neartamboutine 2 (A, B, and C in the fi gure)? What changes
n the behaviour of the little ball when tambourine is hit harder
with the stick? Using two tamboutines with a lower sound
having a skin thatis much kess tight, what changes in the
behaviourofthe skin of the second tambourine when hitting
the firgt?

Figure 3. The two-tambourine situation that the students were asked to interpret
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extendedsyntheticmodel, ad), with aspecificationof what happens aftémpactwith tambourine
2, e.g.that the same process takéscein opposite direction. The madifferencebetween a) and
b) is that in a), studentonceiveof sound as #&avelling entity, whereas irb), a moreabstract
property, such as\dbrationis propagated. In c), by contrast wih, the students provide more
generaldescriptions that go beyond what happertantbourine2.

The study wasarriedout with students of a class at the high school level, who had not yet had
a course on sound as part of their normariculum (age 16-17). 15 students of this class
volunteeredo participatein the study. Phase 1 toplacein their classroom. Students also wrote a
smalltext on the topic of censorship televisionthat served as practicetext for learningto use
ConNecT. In phase 2, the texts were analysed in order to form seven dyads out of the 15 students
(105 possible pairs of two students, more thanmviliion ways ofcreatingseven pairs). The aim
was tocreatea homogeneous set of dyads withximum (but comparableacross dyadsyemantic
differencesbetween the texts. The texts wgumtly rated by three researchers on seven aspects
relatedto different descriptions of sound phenomena. For example, describingittlaion in
terms of movementof moleculeswas taken as one sign of model a), whereas using the term
propagatiorwas taken as a sign of a maaboratedmodel. Amatrix was calculatedwith the
cumulateddifferencesbetween student texts. The student with the lowestimum distance(9
points) with theremaining 14 students was excludestarting with the second loweshaximum
distancg13 points), seven student pairs could be formed (26 out of the 105 possible pairs showed
adistanceequal to or higher thab3). The distances of theelectedpairs were 13 (four pairs), 14
(one pair), and 15 points (two pairs).ddditionto maximumdistancebetween the wording of the
student texts, the chosen student pairs differed regarding the main sopotentidldisagreement
between students.e. their basic models. Six of the seven dyadmeinto thelaboratoryfor a
practicesession with GNNECT andcarriedout phases 3 through All dialogueand task actions
were writterautomaticallyto a logfile.

4. Main results

We present two main types of resutisantitdive (opinion pairs expressed usingNRECT, types
of dialogueproduced) andualitativecharacteristicef the interactions.

4.1 Quantitativeanalysis

As a result of phase 2, all dyads consisted of studentsdiffédrent conceptionsof the two-
tambourinesituation. Phase 3 then allowed the students to express their opinions on their own and
their partner'stexts. Table 1 shows the six dyads with trifferent combinationsof initial,
syntheticandextendednodels as well as the opinions marked by the studentgalleshows that

the students overtly disagreed in very few cases (4% of sentéhggs, = 3). Rather, students
morefrequentlycalledinto question theipartner'stext (23% of sentencebl, ., = 19). In fact,

the studentactuallyagreed on 70% of all sentenclig( ,..= 58andN,,, = 1).

These results showtendencyto agree or to ask fadarification, rather than to overtly disagree
with the partnerTablel also shows the common model as expressed in the text written in phase 5.
A shift to the more evolved model was observed in four of thelgads,whereas two dyads
adhered to the mosempleinitial model in their common text.
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Table 1. Individual and commanodels, and opinion pair types for each dyad
Opinion pair type

Individual Verify Explain Discuss To be see Common
Dyad model Y-Y N-N Y-? ?2-Y N-? ?-N Y-N ?2-? model
1 Brenda Initial 6 1 Initial
Mary Extended 5 2
2 Ellen Initial 5 2 Initial
Carol Synthetic 3 4
3 Ann Initial 4 1 2 .
Franck Synthetic 6 1 Synthetic
4 Daphne Initial 2 5 .
Lydia Synthetic 4 2 1 Synthetic
5 Andy  Synthetic 7
Jerry  Extended 6 1 Extended
6 Claud Synthetic 6 1
Martin Extended 4 1 1 1 Extended

The principal goal of our analysis of the corpus wasd&germinethe amount and the type of
epistemianteractionsas a function of theverall design of ©@nNect. Wedistinguishedfour main
categories: Explanation, Argumentation, Problem resolution andManagement. Explanation
involvedattemptingto giveone'spartner aclearerunderstanding of theneanng of aconceptor
why an event happened, as well as expressions of (non) understaStatementswere
categorisedasargumentatioronly if a cleardisagreementould beidentified eitherin the opinion
marks on thénterface(Yes-No) or in thalialogueitself, and if at least onattackand onedefence
of a thesis could be identified. Proposingewaluatinga solution element.g.,a sentencan the
common text, fell into the problem resolution category. Mamagementategorycontainedunits
dealingwith theco-ordinationof theinteractionand of the task, as well as social or off-task units.
The three authojsintly analysed the whole corpust@al of 492 decisions in six dialogues).

The type ofdialogueproduced is shown iiiable 2 for both opinion marking and discussion
phases (3 and 4) and thellaborative writing phase(5). The amount ofexplanationand
argumentationn phases 3 and 4 is high, 33% and 23% respectively. As a comparison, in most
CMC collaborativeproblem-solvingsituations, thdevel of epistemicinteractionsis generallylow,
for exampldess than 10% in our own previous research on ainaskving graphicalconstruction
of a solution to a problem ilearningphysics[9]. Even when taking intaccountthat discussion
was the main task in phase 3 and 4 ctimaulatedamount ofexplanationand argumentatior(56%o)
is higher than wexpecteda priori  (35%, binomial (221;.35), p < .001).Phases 3 and 4 of the
task sequence itself did not involve problem solving, and the typ@&laigue observedreflected
this (3% of thanteraction).Phase ontainedrelatively little explanation(2%) andargumentation
(6%). This means that mosbonflicts seem to have been resolved in phases 3 and 4, but some
issuesneverthelesstill come up in phase 5 whagreemenbn a common text was required. As
can be expected, this phase containsrsiderableemount ofinteractionconcernedwith problem
solving, i.e. proposing an@valuatingthe common tex@42%).

A closerinspectionof the managementategory, the mosmportant category, shows that the
larger portiorconcernedo-ordinatingtheinteractionrather than the task in both phagéable 3).

Table 2 Type of dialogue for each phase (mean frequency and percentage)

Phases 3& Phase5 Phases 3 & Phase 5
4 4
Type f % f % Type f % f %
Explanation 12z 33 0.8 2 Management
Argumentation 70 283 23 6 Interaction 10.2 63 17.2 76
Problem resolution 1.5 3 19.c 42 Task 5.C 31 47 21
Management 16.2 41 22.7 50 Off-task 1.C 6 g 3
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Tasks that involveonstructionof some solution demand margeractionmanagemendue to the
turn-takingnot only between partners dialoguing, but also duatéwnationof task anddialogue
turns (I speak, you speak, | act, you act). Our results shovedimputer-mediatedialogue, even
when focussing orspecifically discussion,still demands conderable amounts ofinteraction
management.

4.2 Qualitativeanalysis.

We briefly mention three phenomenathat illustrate possible mechanismsrelating epistemic
interactiongo conceptuathange.

Missedopportunitiesfor confrontingandelaboratingmentd models.Even whenopportunities
for confronting and discussinglifferent conceptionspresent themselves, students do not
necessarilyake them up6]. For example, in one dyadcanflict between amnitial and asynthetic
model wasmutually recognised by the students, but this was avoideddmperficialconcession
(on the 'linguisticsurfacethatrevealecho evidenceof change of conceptions.

Learning needs revealed, understandingwhat you do not understand?art of gaining
understanding is, arguably, beginningrealise what you do not understand, or when your
understanding is inadequate. In one dyad, as a resultiatamclusivediscussion, the students
recognised thateitherof their views was verglearor convincingand that they would have to ask
theirteacherfor extra information.

Conceptuadbifferentiation. Argumentationdialogues between students aometimedriven by
theattemptto differentiateconcepts from each othd8]. In one dyad the discussion turned on the
differentiationof the notions ofmovement"and'vibration" of the tambourine's skin. This reveals
an important mechanismby which argumentatiordialogue, and thuspistemicinteractions, can
lead toconceptuachange:conflicts are'dissolved’by operations on underlying concepts, rather
than'resolvedin adialogicalsense (sefb]).

4 .Discussion,conclusionsand further research

The design and study ob8NecT hasenabledus to explore part of the spaceacaimplexconditions
required for production otomputer-medig@d epistemic interactionsin relation to conceptual
changeDespitea markegreferencdor agreemenandavoidanceof overtdomain-relatecconflict,
the students' discussions wereepistemic to an extent that surpassed our expectations,
notwithstandinghe high degree of effort required foomputer-mediatedhteractionmanagement.
Moreover, ourgualitativeanalysisrevealedways in whichepistemicinteractionscould and could
notrelateto conceptuathange.

Two main issuesemergefrom this work: studest markedpreferencefor agreementand
avoidanceof disagreementand the high degree ofognitive-interactioneffort required for
managementWhilst the two issues are relateghanagingCMC leaves lesopportunitiesfor
emergenceof epistemicinteractions there areclearly inherent difficulties in the production of
argumentativeand explanatory interactions by students insituations designed forconceptual
change. Thesdifficulties concern thelynamicnature ofstudentsknowledge and understanding,
and the social dimensions ofteraction,i.e. friendshiprelationsmay inhibit free expression of
disagreement.

Our further work on GNNEcT will concentraten addressing théifficult problem offacilitating
interactionmanagementon improving students'mutual awareness and understanding of socio-
cognitive conflicts, onimproving their understanding ancbmpetencewith respect toepistemic
interactions, and on supporting production of suderactionswithin a human-computerco-
operationinvolving teachers
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