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Promoting reflective interactions Iin a
computer-supported collaborative learning
environment

M. J. Baker & K. Lund
CNRS & University of Lyon 2, UMR-GRIC, COAST research team

Abstract.

Engaging inreflective activities in interactiorsuch asexplaining, justifying
and evaluatingproblem solutions, hadeen shown to be potentially
productive for learning. Here we addreiss problem of howthese activities
may be promoted ithe context ocomputer-mediated communication with
respect to a modelling task physics. We preserthe design principles of
two different communication interface3he first allows freetext to be
exchanged, and the second structdinesinteraction byproviding a restricted
set of communicative acts. Comparative analysesniafaction corpora
produced withthe two communicationinterfaces are then described. The
analyseshowthat use ofthe second structurethterface inperforming the
problem-solving task ideasiblefor students, andhat it promotes a task-
focussed andeflective interaction. Inconclusion we discusthe different
resources provided by different media dhd relativedegrees of efforthat
their use requires.

Keywords Collaborative problem-solving, reflection, computer-mediated
communication, dialogue, speech act theory.

Introduction
Over the past decade therdnas been a shift ofemphasis inresearch on
collaborative learning (Dillenbourg et al.995). The study ofthe conditions
under which pair¢earnmore effectively isnow combined with a growing
interest inmore process-oriented studies tbe dynamics ofcollaborative
interactions themselves (e.g. Resnick, Levine and Tedd®&y). Within this
interactionistparadigm,the commonly shared hypothesis that specific
types ofinteractionmay engender equally specifiypes of learning. For
example, interactions in which verbal confliciee cooperatively resolved
(Maverech & Light, 1992 ; Baker, 1996may lead to restructuring of
knowledge, and those in which subjects verbalise task-related explanations
may lead to deeper conceptuahderstanding (Chi & VanLehn, 1991). A
common factor of many such types ointeractions is that they involve
metacognitiveprocesses such as mutuategulation and reflection on the
foundations or understanding of the problem-solving activity (Brown, 1987).
The design of Computer-Supportécbllaborative Learnind"CSCL")
environments especiallythose where students woakd communicate at a
distance via anetwork - offersspecific advantage$or research on the
cognitive effects of interactiongVhen studentsollaborateside-by-side at a
computer,the usual approach is to studye verbal interactions thairn out
to be produced undeertain conditions and to attempt telate features of
them to possible learning effects. In the case of CSCL environmentswee
the possibility of controlling ostructuring the computer-mediatehteraction
itself, in the attempt to favouhe incidence of certaiforms of itrather than
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others.

The latterapproach is the onthat hasbeen adopted in the research
described here. We examine the extent to wtatlctive interactions- those
that involve explanation, justificatioand evaluation - arpromoted by two
different communication interfacegssed withthe same CSCL environment.
The first interface ("dialogue-box") allows free typewrittetext to be
exchanged between learners, whilst managing interaction controtet¢bead
("structured”) promotes aimteraction of a certaiform using interface
buttons for specific speech acts. ThHeSCL environment iscalled "C-
CHENE™" (Lund, Baker & Baron,1996 ;Baker & Lund, 1996), and is
designed to support qualitative modelling of energy in physics.

In the rest of the paper wefirst describe ourgeneral approach to
structuring interactions in @SCL environmentthen theenvironment itself,
together withthe two communicationinterfaces with which imay be used.
We then present comparative analyses of interaction corpora generated with
the two interfaces, with a view to identifying to whaxtent reflective
interaction is promoted. We conclude with further workirgaractiondesign
in CSCL environments.

Structuring collaborative problem solving interactions

Previous research on structuring interactions

Two main approaches to constrainimgeractionstowards formsthat
promotelearning have already been described in the literature fifdteis
termed "scripting” (e.g. Webb, at., 1991 ; see also Reinhard &k, this
specialissue), which involves requiring subjects most orall occasions to
make aparticular type of speedhct in aspecific context For example, all
domain-related assertiomsust befollowed by explanations athem. This
has beershown toproduce strong positiviearning effectsAlthough this is
effective in the context oéxperiments ireducationalpsychology, it is not
obvious that it constitutes a suitabl@edagogical approach Although
explanationmay promotelearning it is possiblethat enforcing it on all
occasions could be demotivating, it could interrdpé process of co-
constructing solutions innteractions andlead to ratheruneconomical
communication (e.g. re-explaining whhas already been explained). The
decision as tavhenit will be preferable to request explanation, imeal-life
learning situation,may thus be a complexatter that requires deeper
understanding of interaction contexts.

The second approacthat hasbeen described involves constraining a
particular space of 'legal' speechsefuencessing a dialogugrammar. For
example, Winograd (1988) has described a communicti@ncalled "The
Coordinator"thatuses aset of augmented transition netwagkammars to
constrain the different speedct sequenceghat may be performed in
different types of "conversations" withiwork settings (for example,
"conversations for action", "conversations for clarification”, or "conversations
for orientation").Okamoto, efal., (1995) have described similagrammars
for use in collaborative learning settings.

From atheoretical point ofview, dialoguegrammarsare somewhat
contentious. Itnow seemsclear that there can be rguch thing as a
descriptivegrammar ofdialogue (see e.gsood, 1989). Firstlythe lexical

1 "CHENE" = CHaine ENErgétique = Energy Chain. "C-CHENE" = "Collaborative CHENE".
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items used by such a grammaspeech acts - are inherentynbiguous,
given the multifunctionality of utterancg$adock 1994) andhe fact that
speechact status ininteraction is open to negotiation and retrospective
interpretation (Edmondson, 1981). Secontig, notion ofwell-formedness,
developedfor the phraselevel, can not be extended to the supra-sentential
level of sequences of utterances produced by distspetakers.There is
nothing that is necessarily ill-formed about a dialogue in wagdertions are
not explained, oquestions not answeredimply because other goals may
take precedence, or because the topic ofitial speechactmay nolonger

be thefocus of the discussion. At best, onean establish aystem of
expectationsSince the links between successive utterances in dialogue are not
wholly dependent ortheir grammatical structure they depend rather on
attentionaland intentionaktructures (Grosz & Sidner, 1986). This does not
of course precludeghe use of adialogue grammar for hierarchically
constructing dialogue histories.

A final possibility is that a dialoguegrammarcould be used in a
normative way, i.e. as a model of how the dialog®uld be structured if a
given extra-interactional goal is to be achieved. In the case considered here,
the aim would be to propose a "dialogue for learning” (Lund, Baker & Baron,
1996), i.e. onghat constrainghe dialogues to preferrddrms that generally
promote learning. Our research described hemay be viewed as an
intermediary step towards defining such a normative grammar.

Our theoretical approach : flexible structuring

Our mainresearch goal is to determih®w to design a systeithat
structureghe collaborative interaction between learners so davour the
incidence of "preferred collaborative interaction patterns"th@sethat have
been shown teotentiallyfavour learning, orhe basis of previous research.
Very few precise guidelines can be abstracted for defining such pdtmms
existing research, and these are relatively gendnah compared with the
degree of specificity requireidr a computer implementatioiihe following
are three plausiblexamplesthat are so prevalent in the literature that they
hardly require supporting citation :

1. Task-focussedPrefer aninteraction that is orientedowards the
problem-solving task (rathethan onhow to usethe interface,
controlling the interaction, off-task talk, ...)

2. Symmetrical InteractiarPrefer arinteraction inwhich both partners
make relatively equal contributions to producing intermediary
problem solutions (joint participation is required for learning)

3. Reflective Prefer an interaction in which partners do siatply state
problem solutions, but rather where they attempt to expamluate
and/or justify them.

In the subsequent sections of the paper we concentrate on possibilities 1
and 3 :to whatextent do theommunication interfacgsromote interactions
that are task-focussed aneflective ?By doing so, weexplore a specific
computer implementatiothat aims to supporthese types of examples of
preferred collaborative interaction patterns.

The approachthat we describe here, termefiexible structuring -
involves attempting to steer a middle way between complete constraint on the
interaction, andotal absence ofonstraints. It involveghe following two
aspects :
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1. providing a restricted set of communicatac$ that can baised in
the interaction, without necessarily enforcing these in given
contexts ;

2. providingflexible constraints and guidance ¢ime use of certain
communicative act sequences in specific dialogue contexts.
Here we address onlye first point (but see Lund, Baker & Baron,

op.cit.).

Flexible structuring has three main potential advantages :

1. the provision(explicit representation) of certacommunicativeacts
(such as "Why?") could encourage the students to use them ;

2. aspecialised communication interface based on graphtesiction
could lightenstudents' typing load anfcilitate coordination thus
potentially allowing a more task-focussed and reflective interaction ;

3. from the system’s point of view the specialised interfacallows
some natural language understandipgpblems to beavoided (the
communicative act performed, together with its linkshi® dialogue
history is rendereéxplicit by thestudents) and wouléhcilitate an
automated belief-modelling task.

Design approach

We adopted a standard approachsistem development used in
human-computer interaction research, an approach characterised by iterations
of the cycle :(re)design, implementation, and evaluatidfollowing
Hutchins, et al., (1986), system design is carried out withna toreducing
the Gulfs of Execution (from user's goals to systeany Evluation(from
system to user's goals). Tvaevelopment cycleare described here, with
respect totwo communicationinterfaces. The theoretical principles of the
designs and implementations, derivieain dialogue theory, are described in
subsequent sections of the paper.

Our approach to evaluating ti&CHENE CSCL systenexploits the
fact that it isdesigned tofacilitate computer-mediatednteraction between
human learners. Our evaluation is therefore based on anallgsiagiqlitative
aspects of the interaction that learners produced wisisgythe system. The
interaction corpora were collected in situations that are relevant to educational
practice. It is therefor@mportant to notehat theresults of these analyses,
presented later in the paper, designed teenable us to appreciate the extent
to which our system isadapted to theusers’ needs in ouspecific
collaborative learning situatio@ur resultsare intended tanform re-design
of the system, rather than to test hypotheses within a controlled experiment.

Within the first developmentycle, we collected aorpus offace-to-
face interactions betweeatudents working in pairs at a single computer on
the energy chaintask, within the constraints of a physicslassroom
(Megalakaki &Tiberghien1995, httpl).Clearly, many phenomena of such
verbal interactions can not be diredihgnsferredto theComputer-Mediated
Communication (CMClituation (see e.g. Cohet984). Werather viewed
the corpus as a rich source of phenomena from which we tankposethe
basic communicative andollaborative problem-solving functions to the
CMC situation (see subsequediscussion). Orthe basis of analysis of
collaborative interaction patterns awdmmunicative functions (see Baker,
1994, 1995), together with existing dialogue theory, we designed,
implemented ancdevaluated afirst "dialogue-box" CMC interface. The

2 With Bunt (1989), we use the term "communicative" rather than "speech” act in order to avoid the association of
the latter with exclusively spoken language.
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different constraints of thismediumobliged us to transpose antbdify the
instantiation of interactiormanagement functions such as turn-taking and
interruptions. Analysis ofhe dialogue-box interactioocorpusrevealed, for
examplethat a restrictedet of collaborative interaction pattewere used
(the students mostly adopted a "you construct tlecomment”pattern, and
the interactions displayed few reflective activities).

A second development cycle was therefore put into effect, based on the
idea thatstructuringthe interfacemight alleviate coordination and written
utterance productiorproblems, thusallowing the emergence of richer
collaboration patterns and a more reflective interacmralysis ofthe set of
communicative actsised inthe dialogue-boxcorpus thusled to design,
implementation and evaluation of the second structured interface.

To recapitulate, we began from interactionms that have beeshown
to relate to collaborative learning (i.e. reflective and faskissednteraction),
attempted to design and implement communicaiierfaces thapromote
the generation aduch forms,and evaluated the extentwich suchforms
are in fact generated in the interaction corpus .

We chose to design and implement our own communicatterfaces,
rather tharuse existingCMC technologies in conjunction witthe energy-
chain construction interfac&r a number of reasons. Firstly, we want to be
able toexperiment with as many aspectstidé communicationinterface as
possible. Secondly, we designed and implementedwuarinterfaces with a
view to implementing an underlying automatic modelling apddance
system.Finally, within the implementation wevereable tomake a strong
integration between theroblem-solving and collaboration/communication
tasks at the interface level. Although this appraactkesthe communication
interfacelessgeneric, wemadethe hypothesighat with such anintegration
learners would view communication dstrinsic to the collaborative
problem-solving task.

C-CHENE - a CSCL for modelling energy in physics

C-CHENE wasdeveloped within a long-term researghoject on the
teaching and (collaborative) learning of thetivity of modelling in physics
(see e.g. Tiberghien, 199B8gntal & Brna, 1995; Baker &Bielaczyc, 1995;
Devi et. al., 1996). The specifictask studied requires students to (co-
)constructqualitativemodels forenergy storage, transfer and transformation
("energy chains") for simple experiments, usingspecially designed
graphical interface. Thetudentsare also provided withreal experimental
apparatus (e.g. a bulb connected tmatiery viatwo wires), and dext that
gives basic definitions of energy, together with a set of syntactic rules to
which energy chains must conform (e.g. "A complete energy chainstauist
and end with a reservoif")

Figure 1 shows amxample energy chaithat was drawn by two
students using a dialogue-box communication interface, feal@xperiment
where a bulb was connected to a battery by two wires. For referecmeect
energy chain for this experiment is shown below the students’ solution.

3 See Tiberghien & de Vries, this issue for more details on the task and teaching sequence.
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Students’ energy chain :

reservoir conducting _ reservoir
battery %A light rays eyes
transformer
bulb
reservoir _ i
conducting & reservoir
battery wires human body
A correct solution :
electrical light rays
reservoir work > transformer |————pp|reservoir
battery bulb environment
heat

Figure 1. An energy chainfor the battery-wires-bulb experimentrawn by two
students using a dialogue-box communication interface (correct sokhimmnbelow

for reference).

The errors in the students’ solutionillustrate several important
difficulties that they experienogith this task. Firstlythere is notalways a
one-to-one matching between model elements and entities in the experimental
field. Thus, the studentshave (wrongly) assumedhat thetwo wires must
correspond to two energy transfers. Secontllg,studentshave confused
electrical current with energy (the conducting wire transfersogad as if in
an electrical circuit).Finally, elements ofthe model may correspond to
entities that have no determingtieysical locationsuch asthe environment.

The students thus spontaneoustyented other determinate physical objects
(eyes, body) to correspond with the final reservoirs.

In the problem-solving situation studied, studentsrked in pairs at a
distance in anetwork, each having their own real physics experiment
available, as well as terescribing thegroblems to be solved. Eastudent
in a given pair had the same graphical interface andahe communication
interface, both developed idypercard™. Thesénterfaces wereprojected
simultaneously ontahe students’ computer screens usiMpAE™ and
ShowMe™ on SUN Sparc stations.The students (16-17 years old)
constructed their energy chains together in this graphmtaface andall of
their discussion took place via specially designed communication interfaces.

Designing
interaction

the

collaborative

problem-solving

The students usingC-CHENE have toperform two maininterdependent
cognitivetasks :solve theproblem(modelling in physics), andollaborate
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The latter requires that thepmmunicatén order to exchange domain-related

B-wrdre

res, —-‘-27 Fr.
"

battery 1-wrire bulh

1-light rawrs 1 1 \1_ heat

[ res

eyes biody
construire
communiquer

ecrive clairement la response sur 1 ecran
(3008s) Andrew : 5i je parle op lentement alors donnel v
ArepOnse s

(31613) Céline : ok ma vieille! lareponce estque ¢ est 1
antre groupe qui a donner la meillewre solution car n
avons par faire evoluer notre montage il est wop simple
tnes d accord andreyw

(31925) Avdrey : oul passons a la deuxieme

(3254z) CEling : hon je covunence a le modifier et t fais
Ie reste ok

(3313s) Avdrew : ok mais que stce que m was faire
(33793) Céline : je wais changer le montaze ne taffolle
pas car ox est a la boure ok

(34032) Avdrew : alors CoONUMenCe

Exeroize terring

Celine faaazeh Celine : on a find

| Andrew

ol s i

]

Figure 2. The dialogue-box interface of C-CHENE, with students' solution for
battery-wires-bulbexperiment.(The energy chain has been relabelled in English,
the text in the dialgue histoy left in the orginal French).

Information, coordinate actions and reach agreement. In this section we
describe the communicative possibilities that the system offéine giudents

to enable them to perform these tas&gether withthe underlyingmodel of
collaborative dialogue.

The dialogue-box communication interface

Figure 2 shows acreendump ofthe dialogue-box interface i8-CHENE.
The full screen is divided inttwo parts fromtop to bottom, by two buttons
for shifting mode between "construct" ("construire™) energy chains and
"communicate" ("communiquer").

In "construct" mode, menus appear which contain itemgreghically
constructing energy chains ("creat&fame”,"delete”,"move”, ...),and use
of the lower "communicate"area is blocked. Thécommunicate"area is
activated by thebutton "communiquer® (communicate), which blocks
construction above by hiding th@menus. The "communicate" screemrea
contains three windows (in addition to a button for terminatmegexercise) :
one dialogue-box foeach of thewo students (beloveft and right) and a
dynamically updated dialogue histomace (above, middle). Studentype
their messages itineir respective dialogue-boxes, tHeend' them byitting
the tabkey, which clears tleessage itheir box, adding it tahe end of the
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dialoguehistory. It also closetheir own dialogue-box and operhat of the
other student. The students can obsaiivactions on screen (construction or
communicate) of each other, in real time.

The possibility of interruption igrovided in all situations, and is
performed byclicking on the"communiquer” or "construire" buttons in the
middle ofthe screenfor example, if studentl tgping in his/her dialogue-
box, student2can interrupt inorder to communicate bylicking the
"communiquer" button, orinterrupt to construct by clicking on the
“construire” button, and so on father cases (eg construct -> construct,
construct -> communicate,...). On interruption, a dialogue-box appears
saying "May | interrupt ?", providing "yes" or "no" aliernativebuttons for
the initial speaker/constructor. If the interruption is not accepted, control
remains with the initial speaker, otherwise it is given to the interruptor.

The design of this interfacsas based othe fact thatvhereas irface-
to-face/side-by-side collaborativaetivity it is possible to speak anact in
parallel (e.g. speaking whilst demonstrating action, overlapping speech,
...), In the CMC situation studied here this is not possible. The main goal was
therefore toalleviate additionatoordinationproblems. Thusthe rendering
explicit (and enforcement) of construct / communicatede switching was
intended toremind studentghat it is not possible to communicate and
construct at thesame time. Similarlythe flipping between dialogue-boxes
was intended to enforce strict turn-taking (with possibility of interruption), i.e.
it would always be clear who was communicating at any given moment.

The dialoguehistory is viewed here as an important resource in
collaborative dialogue since frovides a commorobjective reference to
previous activity (unlike most spokendialogues) that may encourage
reflection and more effective collaboration (CollinsB&own, 1988 Katz &
Lesgold, 1993). This is one way axploiting an advantage of this
communication medium in comparison with spoken interactions.

The structured communication interface
Figure 3 showsthe communication window ofthe second structured
communication interface (redrawn sirtte original is inFrench). Itshows

the set oftcommunicativeact buttonsthat replace thelialogue-boxes of the
first interface.
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Construct the chain Come to agreement

( oK )( not OK )

( | propose to...

( | think that... ( Do you agree? )
( Why? ( What? ) ( Yes, but... )
( Because... ( | don’t know )

( whatis its name? Manage the interaction

( Where do we start? )

( Wait! )( Wake up! )
(Yougo )( I'll go )

(What should we do now? )

( Its name is...

( Which one?

NN

( From what to what?

Do something else
( Read the handout ) ( | made a mistake )
(Look at the experiment ) ( Are we done? )

Figure 3. Communicative act buttons of the structured communication interface of C-
CHENE (translated into English)

As with the dialogue-box interface, the full screen is divided into construction
and communication area3he lower part ofthe lattercontains a set of
communicative acts (hereaft€A) for eachstudent to use, anthe upper

part the ongoing dialogue history, displayed for the students as before.

The CA buttons are grouped accordingheir function with respect to
the collaborative interaction, in order itnpose a moreasily understandable
structure on what would otherwise be a (long) heterogenous list of buttons.

Oncethe studentasclicked on a specifibutton, one of three things
happens :

1. for certainbuttons,relating directly to the energy chain construction
task, a set ohierarchicalmenu choices is presentedcor example,after
clicking [l propose to ...Jthe student is given choicdkat correspond to
menu choices in the construction screen area, such as <Create a reservoir> ;

2. some buttons, relating oteractionmanagement (e.g. [OkBimply
send the corresponding message into the visible dialogue history ;

3. finally, some buttons (such as "I thitflat...") allow the student to
type free text in amall dialogue-boxvindow (as beforethe text issent to
the dialogue history).

As with the dialogue-box interface, all actions are added, numbered and
time-stamped, to the end of the dynamic dialogue history.

The set of CA buttons providaglas designed othe basis of analysis
of a corpus of dialogue-box interactions with C-CHENE, existing models for
information dialogues (Moeschler, 1985 ; Bunt, 1995) andc@diaborative
problem-solving interactions (Baker, 1994).

Bunt (op.cit.)makes adistinction betweertask-orientedCAs, whose
primary function is to accomplisthe task external tahe dialogue(e.g.
transfer of information, problem-solving), amtlalogue controlCAs, the
function of which is to keegthe dialogue itselfon track'.The latter category
includes classes of actr giving feedback on attitudes (agreement,
disagreement), perception and understanding, and dibhrestructuring the
dialogue (e.g. opening and closing, time management, etc.). This fundamental
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distinction is reflected in the organisation of the two basiomns of buttons
in the communication interface (task-orienteteft column; dialogue control
= right column).

A second important distinction is betwemmitiative and reactive CAs
(Moeschler, op.cit.). This igeflected in the differentypes of semantic
content of CAs. Firstly,initiative acts,such as [|I propose to..denerally
have gpropositional content, that is determined by selection dmesarchical
set of menusthat aredisplayed once the button is clickedor example,
following [I propose to...],the student can select one of {<create a
reservoir>, <create a transformer>,...}. Other acts reitbier tothe dialogue
itself (e.g. [Are we done?] or to propositiostated inprevious CAs(e.g.
[Why?] refers to a previously asserted propositiéimally, some CAswill
have a content that is(presently unanalysed) fraéext string (e.g. [l think
that...] "the battery should be a reservoir”).

Finally, a third distinction ismade in terms ofthe type of
communicative  act concerned (e.g. QUESTION, REQUEST,
ASSERTION). In terms ofhese three distinctions, propose to...] is, for
example task-oriented (it is designed tachieve theproblem-solving task),
initiative (it does not necessarifgactto a previous CA), and has @FFER
communicative function (see Baker, 1994).

An empirical study of the interfaces
The situation studied

We performed empirical studies, inthe laboratorywith pairs of students
using bothinterfaces (dialogue-box and structuretije main aim was to
study the extent towhich the two interfaces led to generation of different
CAs. The subjects were secondary school students (16-17 years old) for
whom participation in the experiment constituted an extra-curricular
instruction on energy and modelling. Within these constraints we were
initially able to work with sixteen students (eight pairs), where four pairs used
the dialogue-box interface and four pairs the structured one.

The students were asked to study a short text describing the elements of
the energy chain model, together with the principle of conservation of energy
and a set of rules to be respected in constructing energy chains (e.g. "a
complete chain must start and end with a different reservoir"). Once assigned
to "friendship pairs”, studenthen wereeach seated at separatamputers
(SUNS linked by ShowMe™) wherevisual and auditorycontact was
prevented. Thatudentscarried out threexperiments and constructélaree
energy chains successively, duringessiorthat lasted 3hours. Automatic
traces of their interactions were recorded analysis (around 24 hours of
automatically transcribed interaction in all).

Analysis approach

The analysis categories were designedet@ble us to provide preliminary
answers to the following types of questions with respect to the corpus :
(Comparing dialogue-box and structured interface interachions
» What wasthe relativeproportion of graphics actions vs communicative
acts (CAs) ?
» What wasthe relativeproportion ofinteraction control véask-focussed
vs social acts ?
« What wasthe relativeproportion of CAsthat express intermediary
problem-solution vs those that express reflective activities ?

184



We developed aimple andoperational set of analysis categories and
subcategories, ashown in Figure 4 (sealso Table 1 for examples of
utterances within categories).

1. interface actions

N\

2. graphical construction yunicaﬂve acts
4. "social" (off task) 5. collaborative problem-solving
oriented
6. interaction control 7. task-focussed
8. intermediary problem 9. reflective
solutions
10. evaluations 12. reasons
(for / against)

11. explanations
Figure 4. Analysis categories and subcategories.
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Table 1
Analysis categories with examples.

Category Number and Name Example
2. graphical construction "transformer created : transformerl"
actions
4. CA: "social" (off-task) "You should stop drinking and smoking!"
6. CA: interaction control "Are you there?"
8. CA: intermediary problem- "l propose to create a reservoir."
solutions
10. CA: reflective : evaluations "l think that we weren't far from tiyatrsolution.”
11. CA: reflective : "Because the current goes from the battery to the
explanations bulb."
12. CA: reflective : reasons "Yes, but in the experiment there's only one
battery."

In thefollowing, we briefly explain the categorieshown in Figure 4.
Category 1 containall of the interaction. It issubdivided into categories 2
and 3thatrefer to use ofthe interface's construction amdmmunication
modes, respectively.

Category 3 (communicative acts, hereaf@As) is separated into
category 4 ("social’) and category 5 (collaboratigeoblem-solving
oriented). Theformer includes jokeschatting about everyday lifetc. while
the latter is directly related to collaborative problem solving.

Collaborative problem solving breaks down into catego(intéraction
control) and category Ttask-focussed). Category 6 contai@é&s whose
function is to controsomeaspect of thgroblem-solving or communicative
activitiesthemselves (e.g. controllingho will speak orperform anaction,
feedback on agreement, perception),. Category 7 contain€As that refer
directly to some aspect of the energy chain construction task.

Category 7 is divided in turn into category 8 (intermediaryblem-
solution) and category 9 (reflective). Problem solution utterances contain CAs
that refer directly toproblem solutions. Andinally, reflective utterances
contain task-focussed statements that do not fall into category 8.

In effect, category 9vasinitially defined byprocess ofelimination. It
contains anumber ofdifferent phenomenaglating to reflection on thiask.

We identified threemain categories. Category 10 (evaluations) contains
statements abouhe acceptability, plausibility or degree of certainty of the
solution as well as statements about understanding. Category 11 contains
explanations and category 12 contaregsons for ancgainst within an
argumentative context. Categories 11 and 12 consaime overlapping
utterances (see next paragraph) but were in general distinguished in the
following way : a reason has the object of modifyingetief value regarding

a statement while an explanation deals wite "why" of the statement
(Grize, 1996). The part in italics of the example statement "l thinkheeld

create anothereservoir like theenergy modesays atthe end’, is classified

as a reason since it is to be viewed as suppodréating aeservoir. On the

other handthe utterances in italics of thellowing example dialogue A)
"What do you call a reservoir of energy?" Bhéfalling weightmakes the

thing turn and thent's transformednto energyand goes tdhe motor." are
classified as explanations because student B is attempting to clarify for
student A what he means by a reservoir of energy.

Applying the categories required segmenting utterance<iAwbased
on separable semantic contents and sentfaroes markergeg "?"). The
CAs were subsequentlglassified interms of both problem-solvingask
domain and communicativéntention. Some categories are necessarily
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partially overlapping (multifunctionality of utterancedjor example, an
utterance such d¥ou go ahead and construct a resenffoir the battery"” is
clearly task-focussed[7] / intermediary problem-solution[8] sincenikes
some statement about what the solution is, but it isiatecaction control[6]
since it isproposing who shoul@ctually perform that interface action. In
these caseshe communicative act was counted twice i.e. for each
communicative function, in 8 and in 6 (Bunt, 1989).

Results and Interpretation

The main results of our analysestioé data arshown in Figures 5, &nd 7
below, comparinghe two interfaces described above. The bar chsiisw
averagenumbers ofactions andCAs for four dialogue-box interactions
compared with four structured interface interactions.

There were nanajor differences ithe quality of the energghain
solutions produced between pairs anderfaces ;our work in fact
concentrates on understandiggalitative differences in the nature of the
interactions in the compared situations.

80 1
70 A
60 A
50 A
40 A
30 A
20 A
10 A

B Communicative acts
O Graphical actions

Dialogue- Structured
Box

Figure 5. Average numbers of communicative acts and graphical actions with the two
interfaces.

45 1
40 A
35 A

30 1 .
u
25 - Task oriented

20 O Interaction control
15 - O Social
10 -

0 — | — |

Dialogue- Structured
box

Figure 6. Average numbers of task-focussed, interaction control aodial
communicative acts with the two interfaces.
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18 1
16 A
14 A
12 A

M Problem-solution
O Reflective

o NS~ O
1

Dialogue- Structured
box

Figure 7. Average numbers of problem-solution and reflective acts with the two
interfaces.

Bearing inmind the restricted nature of the data, fodowing points
arise from the above figures.

1. the balance betwearommunication andyraphical action remained
approximately the same with the two interfaces ;

2. the amounts of interaction control acts and social acts produced with
both interfaces were approximately the same :

3. the amount of task-focussed CAs and intermediary problem-solution
CAs produced with the structured (hereaff&rjnterfacewas higher
(aroundtwice asmuch)than withthe dialogue-box (hereafteDB)
interface, iethe structured interfacpromoted a more task-focussed
interaction ;

4. thenumber ofreflective CAs produced withthe S interface was
higher thanthat produced withthe DB interface, although in both
casesthe number wasquite small, i.ethe structured interface
promoted a (slightly) more reflective interaction ;

Although the first two points mightindicate that theravas noreal
difference in the relative ease of interactimmnagement betweehe two
interfaces, this may in fact be due to fhet that - paradoxically - it is easier
to perform a control act with tH2B interface (simply clicking on a button).

The third andfourth pointsindicate that, incomparison withthe DB
interface, theS interface appears to allow an interactibat is based to a
greater extent otask-focussed anekflectivecommunication, i.eproposing
problem solutions and thinking about them.

Discussion

The main outcome of our empirical study is ttheg structurednterface
is able to promote an interaction that enables learners to effectively collaborate
in problem-solving, usingflexibly structured CMC. The interactions
produced withthe structured interface amore task-focusseend reflective
than those produced withe dialogue-boxne. such an outcome wast at
all obvious to us athe outset ofdesigningthe structured interface, largely
because it was not clear to what extent learners woudbleetoauto-classify
their communicative action. Although this outcomast beconsidered with
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caution, given the relativelgmall size of the interactiorcorpora, it is
nevertheless encouraging for future re-design of the C-CHENE system.

Thereseem to be two main possible (amthted) lines of explanation
for the outcome of our study : "production costs", and "explicitness" in
communication (and cognition). Clark & Brenngh991) point out that
different media bring different resources and constraints on "groungivey”
process ofattaining mutual understanding in communication), as well as
having different associatettosts” (i.e. the amount of effort required).
Clearly, thehypothesis ighat the greater thécost”, givenlimited human
cognitive resources, the less likely an action will be performed fdltosving
types of costs may be important for explaining our results here :

1. production costs (how easy is it to articulate the message ?) ;

2. asynchrony costs (to whaitent is iteasy totell what is being

responded to?) ;

3. speaker change costs (what effort is requred to change speaker ?).

One possibility wouldherefore be that th&tructured interface reduces
costs along some @il of thesedimensions, thuguite simply leavingmore
time and energy for engaging in task-focussed wgiftctive activities.
However, whilst it is plausible that production costs mayeoleiced inmost
cases withthe structured interface, it igossiblethat thefollowing cost,
relating to explicitness in communication, may work against this factor :

4. formulation costs (how easy is it to decide exactly what to say?).

Thus, the fact that thestudents usinghe structured interface have to
auto-classify their communicativaction (which button to usenow to say
what | want to say ?)nay infact increase the generfort required to use
the interface. Alternativelythis auto-classificatiormay itself trigger task-
focussed reflection ("What daéally want to say?"). We leave the attempt to
decide between these possible explanations for future research.

Finally, there areimportant theoreticaland deontologicalproblems
associated witlthe approach of constrainilgpmmunication betweesocial
actors, and attempting to base this on a fixed set of spgh Thus,
Suchman (1994) haargued against the pernicious effects of controlling
computer-mediated communication in organisations, and aghmstotion
of fixed categories of speech acts. We hwe main generalresponses to
these complex issues.

Thefirst response ishat given the varieties afpeechact theory that
exist, the one we adopt does not assume fixed and unidimensional categories.
Speech acts amultidimensional. Everyspeechact, in contextoperates at
least on the threollowing dimensions social commitment, expression of
psychological states and representation of the world in a ceréginSadock,
1994). For example, clicking on an "areu there?" button could, in a given
context, express commitment toontinuing the interaction, psychological
frustration, and a representation of the interaction itself as 'stagnating'.

The second response concertie interesting possibilityfor future
researchthat students whaeally use a CSCL systemver a long period of
time, could be given the flexibility to partially structure thaivn interaction.
Clearly, thiswould not belikely to occurwith respect to specific learning
taskssince they are usuallynly performed a few times. It woultbpear to
be more likely for aspects of collaborative interaction thataremon across
tasks. For example, if for sevetakks students discovdrat they frequently
type requests for criticism of their proposals, then they may want to specialise

4 See the special issue of the jourGaimputer Supported Collaborative Work
1994/95, Vol. 3, No. 1, for extensive discussion of these issues.

189



a generic request button. The study of such a possibility weqgldre large-
scale integration ofcomputer-based synchronous communicatiomo
educational practices.

Conclusions and further work

Our researchsuggestghat it is feasible to flexiblystructure interactions in
CSCL environments in a sufficiently fine-grained way so as to fasemdain
forms of interaction, and in particulathose that aretask-focussed and
concentrate on the reflective activities of evaluation, explanation and giving
reasonsClearly, such aproject relies on existing researchsults on the
relationships between interaction and learnidgwever, in future research it
appears feasible tose CSCL environments as tools or "test-beds" for
identifying other interactionstructuresthat may relate to learning, in
conjunction with experimental evaluation of associated learning effects.

For the present, our result@re nevertheless restricted to a singisk,
and a restricted corpus. In futunerk weintend to extend the interface, and
the CSCL environment, to support a wider range of tasks, and to continue our
work on designing amutomatic guidancenodel for collaborative activity.
Such a model will be based on studies of teacher-student-student trilogues.

References

Baker, M. (1994). A Model foNegotiation in Teaching-Learning Dialogues.
Journal of Artificial Intelligence in Educatiob, 2, 199-254.

Baker, M., Bielaczyc, K. (1995). Missed opportunities folearning in
collaborativeproblem-solvinginteractions. InProceedings oArtificial
Intelligence in EducatianWashington, D.C., U.S.A. pp. 210-217.

Baker,M.J. & Lund, K. (1996).Flexibly Structuringthe Interaction in a
CSCL Environment. InProceedings othe EuroAIED Conference
Lisbon, Portugal. pp. 401-407.

Baker, M.J. (1996). Argumentation eto-construction des connaissances.
Interaction et Cognitionsl, 2/3, 157-191. Editions L'Harmattan, Paris.

Bental,D., Brna, P. (1995). Enabling Abstractions: Key Step8uriding
Physics Models. The Proceedings ofArtificial Intelligence in
Education,Washington, D.C., U.S.A. pp. 162-169.

Brown, A. (1987).Metacognition, Executive Control, Self-Regulation, and
Other More Mysterious Mechanisms. Metacognition, Motivation
and Understanding(eds.) WeinertF.E. & Kluwe, R.H.Lawrence
Erlbaum Associates, New Jersey.

Bunt, H.C. (1989). Information dialogues as communicative actioglation
to partner modelling and information processing. The Structure of
Multimodal Dialogue (eds.)Taylor, M.M., Néel, F. & Bouwhuis,
D.G., pp. 47-74. Elsevier Sciences Publishers, North-Holland.

Bunt, H.C. (1995)Dialogue Control Functions andteractionDesign. In
R.J. Beun, M.Baker, M. Reiner(Eds.), Dialogue and Instruction,
Modeling Interaction in IntelligenTutoring SystemsProceedings of
the NATO Advanced ResearcWorkshop onNatural Dialogue and
Interactive Student Modeling, pp. 197-214. Springer-Verlag, Berlin.

Chi, M.T.H. & VanLehn, K.A. (1991). The Content ofPhysics Self-
ExplanationsJournal of the Learning Sciengds 1, 69-105.

Clark, H & Brennan, S. (1991). Grounding in communication. In Resnick,
L.B., Levine,J.M. & Teasley,S.D., Perspectives orsocially Shared

190



Cognition.  pp. 127-149. American Psychological Association,
Washington D.C.

Cohen, P.R. (1984)The Pragmatics of Referring anthe Modality of
CommunicationComputational Linguistic0, 2, 97-124.

Collins, A. & Brown, J.S. (1988).The computer as dool for learning
throughreflection. In H. Mandl & A. Lesgoldeds.)Learning Issues
for Intelligent Tutoring Systempp. 1-18, Springer Verlag, New York.

Devi, R., Tiberghien, A, BakerM., & Brna, P. (1996Modelling students’
construction of energyodels in physicsinstructional Science 24,
259-293.

Dillenbourg, P.,Baker, M.J., Blaye, A. & O'Malley, C.(1995). The
evolution of research on collaborative learning. $pada, H. &
Reimann, P. (edsDhearning in Humans an¥achines. pp. 189-205.
Springer-Verlag, Berlin.

Edmondson, W. (1981). Spoken Discourse : A model &oalysis.
Longman, London.

Good, D.A. (1989).The Viability of ConversationalGrammars. InM.M.
Taylor, F. Néel, D.G. Bouwhuis (Eds.), Human Factors in Information
Technology 4,The Structure of Multimodal Dialogugp. 121-134.
Elsevier Science Publishers B.V., Amsterdam.

Grize, J.B. (1996). Uneexplication ne prouve rien. Proceedings of
Explication '96; Troisiémes journées Explicatiogop. 287-291. Sophia
Antiplis.

Grosz, B.Jand Sidner, C. (1986Attention, Intentions and the Structure of
Discourse. Computational Linguistids, 3, 175-204.

http1, (1997) http://www.ens-lyon.fr/~lund/DRED/

Hutchins, E.L., HollanJ.D., Norman, D.A. (1986)Direct Manipulation
Interfaces. InNorman, D.A. & Draper, S.W. (edslyser Centered
System Design, New Perspectives Hutman-Computernteraction.
pp. 87-124. Lawrence Erlbaum Associates, New Jersey.

Katz, S. & Lesgold, A.(1993). The role of the tutor ircomputer-based
collaborative learning situations. In %.ajoie & S. Derry (eds.)
Computers agCognitive Tools LawrenceErlbaum Associates, New
Jersey.

Lund, K., Baker,M.J. & Baron, M. (1996)Modelling dialogue and beliefs
as a basis forgenerating guidance in &SCL environment.
Proceedings othe International Conference on Intelligefutoring
Systemspp. 206-214. Montreal.

Megalakaki, O. &Tiberghien, A(1995). Corpus delialogues de trois
groupesd'éleves résolvant une séquencepdablémesmettant en jeu
une activité de modélisation.COAST Research Report CR-10/95.

Mevarech, Z.R. & Light, P,H. (1992). Peer-basgdraction at theomputer
. looking backward, looking forward.earning and Instruction 2,
275-280.

Moeschler, J. (1985Argumentation et ConversatiolCrédif-Hatier, Paris.

Okamoto, T., Inaba, A., Hasaba, Y. (199B)e Intelligent Learningsupport
System on the Distributed Cooperatizavironment.The Proceedings
of Artificial Intelligence in EducatioryVashington, D.C. pp. 588.

Resnick, L.B., Levine, J.M. & Teasley, S.D. (199R¢rspectives oocially
Shared CognitionAmerican Psychological Association, Washington
D.C.

Sadock, J. M. (1994). Toward a grammaticathalistic typology of speech
acts. InFoundations oSpeechAct Theory (ed.) Tsohatzidis, S. L. pp.
393-406. Routledge, London.

191



Suchman, L. (1994).Speech Acts and VoicesComputer Supported
Collaborative Work1994/953, 1, 85-95.

Tiberghien, A.(1994). Modeling as a basis fanalyzing teaching-learning
situationsLearning and Instruction4, 71-87.

Webb, N.M. (1991).Task Related Verbal Interaction and Mathematical
Learning in Small Group$esearch in Mathematics Educati@, 5,
366-389.

Winograd, T. (1988). ALanguage/Action Perspective on tiXesign of
Cooperative WorkiHuman-Computer Interactio, 3-30.

Acknowledgements

An earlier version of this paper was presented atBhmAIED conference, irlLisbon
(Baker & Lund, 1996). We would like to thank members of the COAST resdagin
for assistance incarrying out experiments, and the director of tteam, Andrée
Tiberghien, for her remarks on this paper. This research is financed byCeuatre
National de la Recherche Scientifigue, and has been partly cardedvithin the
LERANT European Laboratory.

192



