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ABSTRACT

Collaborative learning tasks involve interactiostweenmultiple participants,who thus
needto maintainsomedegreeof mutual understandingThe processby which this is
accomplisheds termed grounding The way in which collaboration, grounding and
learning take place is largely determined by the task, the situation atubth@vailable.
This paper discusses relations between grounding, collaboeatiiearning,drawingon
researclfrom two main areas:the LanguageSciencesand Cultural-Historical Activity
Theory ("CHAT"). We build a unifying perspectiv# mutual understandingnediatedby
material and semiotic tools that can be used for analysis as well as for design of
collaborativelearningtasks, especiallythosethat are carried out via computer-mediated
communicationWe illustrate the perspectivewith referenceto a particular computer-
mediated collaborative learning situation in the domain of physics.

1. Introduction

Collaborative learning is a complex phenomenon that can be anatyseay different
levels.Oneof the most basic dichotomiesis betweenindividual and social levels of



analysis. From one perspective, all action and learning can be sedivigsial — it is
individuals who act and learn — and notions of group learningand action must be
derivedfrom thesebasicbuilding blocks. Yet, collective actionmustbe seenas more
than just a sum of isolated individual ad#oreover,as describedn numerousstudies
(seee.g. Plotzneret al., this volume Littleton et al., this volumg, collaborative
learning can be both quantitatively and qualitatively different from individual learning.

From another perspective, society or culture is nbagcthanthe individual, havinga
continuing historical presence, gradually evolvasa consequencef the accumulated
thinking and action of the individuals that have comprised it. The ofelengehereis
to understandhe specific natureof humanlearning that makesthis accumulationof
efforts possible. The answersuggestedhere is that human beings are capable of
externalising(or "objectivising") thinking into tools (material tools, such as pensand
computers,and semiotic tools, such as sign-systems).Such tools can then be
appropriatedby others(including new membersof the culture, especially children),
who canin turn further use and refine them. Appropriation — the special kind of
learning that concernssuch cultural objects — takes sign-mediatedassistanceérom
othermembersof the culture,who scaffold children’s first attemptswith the cultural
objectin sucha way that they gradually move from being able to use tools under
guidance to being able to use them on their own, and in their ow(Leamgtjev,1981;
core points also quoted in Tolman, 1988). In Vygotsky's words: "Buagtion in the
child's cultural development appears twice: [...] first, between people
(interpsychologicgl andtheninsidethe child (intrapsychologicgl" (Vygotsky, 1978,
p. 57).

Clearly both of these perspectivesare crucial to a comprehensiveaccount of
collaborativelearning:to explainboth how individual action can fruitfully combineto
yield collaborationand learning, and how the cultural tools of a society can be
appropriatedand usedby individualsthroughinteractionwithin the society. The main
aim of this chapter is therefore to explore the extent to which a theoretical perspective
collaborativelearning can be constructedthat unifies the two previously mentioned
ones: "individual to society" anitbocietyto individual". Given the ambitiousnatureof
such an endeavour, we have chogefocus on a single phenomenorthat is centralto
the interplay between individuals and between individaatssociety:the phenomenon
of grounding(Clark & Wilkes-Gibbs, 1986).

Groundingis the name given to the interactive processes by whitcimon ground(or
mutual understandingoetween individuals is constructed and maintaisenemutual
understandindgoetweenindividuals will already exist at the start of any interaction,
having beenattainedthrough integration of the individuals into a common culture.
However,asan importantpart of the communication process,this commonground
will needto be augmentedwith new information relatedto different facets of the
activity, such as the individuals themselvesthe tools, the goals and setting of the
activity. Thus, during the interaction, as a result of groundeayningmay take place,
in virtue of appropriation of refined tools. Our challengthereforeto understandhow
these processes— grounding and appropriation— operating on quite different
timescales, lead to collaborative learning. In otdeespondto this challengewe need
a deep understanding of the role that tools play in learning within cultures, together
micro-level analysesof how grounding actually takes place in the carrying out of
concrete collaborative tasks. A unified perspectiveon the role of grounding in
collaborative learning thereforeeedsto take into accountboth the roles of cultureand
of inter-individual interaction.

We draw on contributionsfrom two main areas:Language Sciencesresearchon
grounding and related phenomenae.g. Moeschler,1985; Clark & Wilkes-Gibbs,
1986; Clark and Schaefer,1989; Allwood et al., 1991; Roulet, 1992) and Cultural-
Historical Activity Theory ("CHAT") (e.g. Leontjev, 1981; Vygotsky, 1978, 1986;
Cole & Engestrom,1993; Wertsch,1994). LanguageSciencegesearctprovidesfine-
grainedcognitive modelsof the groundingprocess,collaboration,and how the two
relate,within the short timescaleof isolatedverbal interactions.CHAT, on the other



hand, provides us with the notiaf learning as appropriationof tools, andenablesus
to understandthe role of language(the 'tool of tools' accordingto Vygotsky) in

collaborativelearning. Thesetwo areasof researchare thus complementarygiven that
grounding is a process of language interaction. CHAT also enablesitisatethe role
of verbal interactionand groundingprocesse# particular,within a cultural-historical
timescale.

Whilst eachareaof researcthasa separateontributionto maketo our project, some
pre-existing theoretical connections between thedwaeadily apparentFor example,
the terms "intersubjectivity” (e.g. Forman, 1992), "negotiatiomeéning”(e.g. Lave,
1991) and the "interpsychologigalaneof functioning” (e.g. Wertsch,1994), referred
to in CHAT-inspiredareasof psychology,appearto refer to phenomendahat closely
relateto grounding,asdescribedin languagesciences Neverthelessalthoughthese
termsappearto designatesimilar phenomenonwe shouldnot neglectthe fact that the
theoriesthat underlie them are radically different: a deepertheoreticalcomparisonis
requiredif we areto benefitfrom both of theseareasof researchin understandinghe
role of grounding in collaborative learning.

In this chapter, wéaveconcretisedur theoreticalperspectiven the form of a simple
framework (or model) for analysing collaborative learning tasks that highlights the

different types of mutual understandinghat needto be achievedfor learning from

collaboration,as mediatedby tools. The framework is intendedto be useful for

designingcollaborativelearning tasks, particularly those that are computer-basear

mediated, since evdhetools for interactionare,to someextent,underthe designer’s
control. Throughoutthe chapter,we use a specific computer-mediatedollaborative
learning environment ("C-CHENE" — c.f., Bak&rLund, 1997)in orderto illustrate
our theoretical perspective and to instantiate our analytical framework.

We begin by discussinthe elementsof our objectof study (grounding,collaboration,
learning) and the possiblerelationsbetweenthem from the two different theoretical
perspectives: Language Sciences and CHAT. Se2tgives a brief overview of work
in languagesscienceson grounding. Section 3 then considershow learning takes
place,from a more macro-level,involving appropriationof tools. Next we consider
how to combine thesetwo areasof work to achievea perspectiveon the role of
grounding in collaborative learning (section 4). We then presentthe analytical
framework, which draws on eachof these areas(in Section 5) and describe an
instantiationof it with respectto the C-CHENE computer-supportectollaborative
learningenvironmentjn section6. We concludeby synthesisingand developingour
main claims, and with suggestiondor future researchon the role of groundingin
computer-supported collaborative learning.

2. Grounding

A common ground of mutual understanding,knowledge, beliefs, assumptions,
presuppositionsand so on, hasbeenclaimedto be necessaryfor many aspectsof
communication and collaboratioBrounding is the processby which agentsaugment
and maintain such a common grouAtthough agents who interact will usuatiyready
possess some such common ground, perhaps in virtheioEommonmembershipf
a particular culture or social group, their physical co-presenceor even due to their
previous interactions, this common ground will also need to be augmentedand
maintained during the interaction itself, in ordetake into accountnew aspectof the
common situation or task.

! For other recent attempts to integrate discourse analyses and CHAT, see, e.g, Wells (1996).



2.1 Basic principles

Clark and Marshall (1981) pointed out that mere accessibility or presentationof
information is not sufficient for it to be added to the common ground. Depeoditige
situation, other assumptionsmay be required, such as community co-membership,
rationality, locatability, attention, and rationality. Clark and Schaefer(1989) went
beyond this, claiming that feedback of some sort was needed to actually gratenidl
in conversationandthat this groundingprocesswas collaborative requiring effort by
both partners to achieve common ground. They point out that it reecessaryo fully
groundevery aspeciof the interaction,merelythat the participantsattain the following
"grounding criteriori:

"The contributor and the partners mutually believe that the patia@esunderstoodvhat
the contributor meant to a criterion sufficient for the current purpose.” (Cl&8&h&efer,
1989, p. 262)

What actually countsas a "sufficient” criterion of mutual understandingdependsof
course on the reasons for needing this information in the common grourchraraty
with the type of information and the collaborators’local and overall goals. As we
discusslater in the chapter,the criterion may needto be particularly stringentif the
collaborators' activity is to lead tdearning

The grounding process involves, in addition to the mentioning of &actproposalsn
the presenceof another,processesf diagnosis(to monitor the state of the other
collaborator) and feedback. When thirage going smoothly, this feedbackcan be just
simple acknowledgementgor even implicit, by performing an action which is
contingenton understanding)However, feedbackcan also take the form of repairs
whenunderstandingeemso deviatefrom commonality.Collaboratorsdo not always
explicitly attemptto checkthat everythingis mutually understood Rather,they often
makeassumptionas to what the common ground is amitl becomeon the basisthat
this will be more economical Clark and Wilkes-Gibbs(1986) introducedthe principle
of least collaborative effort, claiming that: "In conversationthe participantstry to
minimise their collaborative effor— the work that both do from the initiation of each
contributionto its mutualacceptance.Thusa commonform of feedbackis a simple
signal that the addresseas listening and comprehendingrather than a display of
preciselyhow the addresseés understandinghe speakerWhen it becomesmanifest
that an assumption of shared understanding has turned out to be unwatinantedl|
usually be someattemptto repairandfirmly establishthe commonground— though
only where this is deemed to be worth the effort involved.

Many aspectsof interactionmay be grounded,not just the meaningsof utterances.
Allwood et al. (1991)describefour basiccommunicativefunctions,which correspond
to ‘levels’ at which problemsfor maintainingcommon ground may arise (c.f. also
Clark, 1994):

» contact(whether the interlocutor is willing and able to continue the interaction);
» perception(whether the interlocutor is willing and able to perceive the message);

» understandingwhether the interlocutor is willing and able to understandthe
message);

« attitudinal reaction (whether the interlocutor is willing and able to react and
adequately respond to the message, specifically whether s/he accepts or rejects it).

Clearly, thereis an ordering betweenfunctions: one can not genuinely establishan
attitudinal reaction unless the message is understadadh requiresperceptionand, in
turn, contact. In facClark and Schaefer(1987) show that explicitly groundingon one
of theselevel revealsthat groundingat a higherlevel is not achieved.The processof
proposal, diagnosis and feedback which are centgiadondingcanalsobe viewedas



a kind of negotiation, where the different levels representdifferent objects of
negotiation (Moeschler, 1985; Roulet, 1992; Baker, 1994). In fact, nalbdgpectof
managemenodf the interaction(seeBunt, 1995) may be negotiable(e.g. turn-taking,
opening and closing the dialogue, focusing, time management).

Whether researchersspeak of grounding, negotiation or intersubjectivity (see 81
above),thereis neverthelessommonagreementhat various forms of linguistic and
non-linguistic feedback constitutke basicmechanismsy which the commonground
is achieved and maintained. However, the precise forntlthaémechanismsake also
depends on thmediaof communication concerned (Clark & Brennan, 1991a-peint
that we return in the subsequent discussion of the role of tools in learning (8 4.1).

Different media (e.g. face-to-face, telephone, video-teleconference,terminal
teleconferenceand email) bring different resourcego, and constraintson grounding.
For example to what extentdoesthe medium supportcopresencegcan seethe same
things), cotemporality(messagesgeceivedat the sametime as sent), simultaneity(can
both partiessend messagest the sametime or do they have to take turns ?) or
sequentiality(can the turns get out of sequence)Theseconstraintslead to different
associatedcosts', in terms of the effort required of interactionalparticipants.For
example, how difficult ist to changespeakerto repairmisunderstandingp tell what
is being responded to or to formulate what one wants to say?

Sincedifferent mediahavedifferent combinationsof theseconstraintsand costs, one
would therefore expectthe principle of least collaborative effort (re the grounding
criterion) to predictdifferent stylesof groundingfor usein different media.Designers
of Computer-Mediateommunicatiorsystems usedfor collaborativelearningtasks,
need to pay particular attention to these factors (see also Heredethis volumé.

2.2 An example of grounding in computer-mediated communication
The short interaction sequence reproduced in Table 1 lgpl@s a concreteillustration
of someof the points madeabove.lt is takenfrom a corpusof computer-mediated

interactionsproducedby two studentsusing the C-CHENE system(Baker & Lund,
1997).

Tablel. Extractfrom computer-mediateihteractionusing C-CHENE

N T(s) S Dialogue Trace of successive interface states /actions
1 208 S2 reservoil transforme

reservoir transformer

reservoil transforme

(link from transformer to reservoir created then delet
451 S1 [l do the transfer
482 S2 what about me
527 S1 you the second reservoir
564 S2 OK, go ahead
<...>

a b~ wiN




"N = line number; T(s) = time in seconds,; Dialogue = typewritten synchronousmessagegfull screen-
sharing). Only the dialoguehistory andthe current state of the graphical interface is visible to both
students.

Extended sequences from the corpus wilabalysedn more detail laterin the chapter
(Table 3). For our present purposestladitis necessaryor understandinghe example
is that the students are attempting to dradiagram(called an "energychain”) together
on a sharedcomputerscreento representenergyin a simple experimentakituation(a
battery linked to a bulb by two wires). The diagram consistsof reservoirsand
transformers of energy, with transfers of energy that link them together.

Firstly, with respecto grounding,the questionarisesasto how S2 could understand
what S1 meant by "the transfer” (line 2)? The answer is: because S1 and S2thgsume
they have a common ground. Tliemmongroundconsistsof a commonmemoryfor
the problem-solving actions that have already been performed, which is partly
externalisedon the computerscreen,and must be partly rememberedthey assume
common knowledge of thiact that S2 just drew an arrow from the transformerto the
reservoir, then deleted it). However, the students must also assume common
understanding that the arrow drawn tlietetedwas intendedto representa transfer'.
Furthermore S2 needsthesecommonassumptionsn order to understandhat S1 is
talking about @ransferbetweenthe reservoirandthe transformer.Justas S2 needsto
accesstheseassumptionsn order to understandwhat S1 meant, S1 has in fact
formulated and presentedthe contribution of line 2 on the basis of the same
assumptions. S1 can thus produce his utterance with greater ecprodhyctioncosts
with this typewrittenmediumare high). Note that althoughtheseassumptionsappear
minimally sufficient for S1 to convey an understanding to S2 of whas $itendingto
do (draw an arrow from the reservoirto the transformerto represent transfer),and
thus for the interactionto continue,this does not guaranteeindividual or mutual
understandingn a 'deeper'senseof what "transfer(of energy)“really is, in terms of
the physics task (a point with which students often have difficulties).

Secondly,how doesS1 know whether, or to what extent, S2 has understoodthe
utterance of line 2, i.e. the extentwhich the utterancdas grounde® The caseis quite
complex, sincano explicit feedback(e.g. "right”, "OK, ...") is given. At this pointin
the interaction the studentsare discussing 'who will do what'. S2 therefore
demonstrates understanding of S1's utterance (limel@)e 3 by continuingrelevantly
with respectto this commongoal, i.e. S2's askingwhat s/hewill do, as part of a
negotiation of tasks (S2 wilcceptS1’s claimedtask, aslong as S2 hasan acceptable
assignment).

A similar analysis can be given for lines 4 and 5. What is significant abo( ignthat
S2 explicitly grounds theroposeddivision of responsibilitieg"OK, ...") on the level
of agreementherebygroundingunderstandingas well (agreementvith x presupposes
understandingf x). At the endof this extract, the proposalsfor who will do what,
with what, and when, can be assumedto be groundedfor the participantsin the
interaction to a sufficient degree.

From this example we can thus see: (i) some of the range of possible thgjecds be
grounded (referents such as "the transformer”, meanings of words such as
"transformer”, responsibilities for and co-ordination of problem-solving), (ii)

communicative levels at which grounding needs to take place (understanding,
agreement), and (iii) the role of the medium in the ey utterancesre producedand
grounded.

2.3 Computational work on grounding

Groundingis becomingincreasinglyimportantin computerdialogue systems.This is
particularlytrue for systemswith spokenlanguageinterfacesbecausecurrentspeech



recognition technology produces far more ertbesra humanlistenerwould make.In
order for the system to correctly interpret communicationthéyser, the systemmust
sometimes try to verifpr attemptto repairits first hypothesis As with human-human
communicationsthere are a numberof possiblegroundingstrategies,ranging from
explicit requestdfor verification to demonstratinghe currentunderstandingperhaps
with a visual display), to implicitly revealingit by performinga contextuallyrelevant
action. Notions of the groundingcriterion and principle of least collaborative effort
apply for human-computer interaction, as well: often simple feedbackthe usercan
be more efficient and accuratehan computation On the other hand, frequentrequests
for verification can be very annoying to the user, and slow dbemteraction. Much
currentwork (e.g., Smith & Hipp, 1994; Danielli & Gerbino, 1995) is devotedto
investigations of the best styles, i.e. what kind and when to perform verifications.

Traum (1994) presented a computational model of groundiigndingpreviouswork

by Clark and Schaefer (1989). In this modgterancesre seenasthe performanceof

particularkinds of speechacts (such as initiate, continue,repair, and acknowledge)
which change the state of groundedness of safoemation. The modelallows oneto

form a precise theory (which can still tupat to be incorrect)of whatis groundedand

what actions need to be performed to achieve grounding at any point in the

conversationMoreoverthe modelincludeda relation of theseactsto mental statesof

the agentsin sucha way thatit could be implemented andusedas a componentin a

human computer dialogue system (Allehal, 1994).

As well as providinghe resourcefor a computationabgentto engagan moreflexible
and natural groundingehaviour,sucha modelcould also be usedwithin a computer-
mediated communication system, to help make explicit to the users how their
groundingof contentis proceeding.Dillenbourg et al. (1997) describepreliminary
implementation®f "observer"agentswhich provide visual views of severalmeasures
of collaboration, including degree of grounding.

Computationalvork on groundingmay thus be importantin educationalsettings,for
the design otomputer-mediatedommunicationin distancelearningandfor designof
computer dialogue systems in computer-based learning systems.

2.4 The relations between grounding, collaboration and collaborative
learning

Having describedgrounding,we now discusshow it relatesto collaborationand to
collaborative learning. We argue that, under specific operational definttfidhse terms
"collaboration™" and "collaborative learning”, where the latter is interpretedas the
learningthat occursin virtue of collaborativeactivity per se groundingis an integral
part of both.

As illustrated in the introductorghapterof this book (Dillenbourg, this volumg, there

are many notions of collaborativelearning, and collaborationitself. Whilst various
proposed definitions differ widely as to the specific necessadysufficientingredients

of collaboration,mostdo convergeon somerelationto co-ordinationand mutuality of

the mental statesof the collaboratorsWe will thereforeuse one recentand widely
accepted definition of collaborative activity, proposed by Roschelle and Teasley (1995):

"[collaborationis] a coordinatedsynchronousactivity thatis the result of a continued
attemptto constructand maintain a sharedconceptionof a problem." (Roschelle &
Teasley, 1995, p. 70).

Roschelle& Teasley's(1995) definition of collaboration,relying as it doeson the
attempt to constru@nd maintaina "sharedconception”,appeardo be almostidentical
with the definitions ofgroundingand the commongroundpresentedere.lIf this were
so, then we could conclude that students are collaborating, quite simhelythey are
engaged in grounding. However, we would claim #ititoughgroundingis a form of



collaboration, and collaboration requires grounding, the two termsap®-extensive.
This is becausegroundingand collaborationcan take place with respectto different
objects and different communicative functions.

We claimed above (82.1) that grounding can take place with respect to four
communicativefunctions— contact,perceptionunderstandingnd agreement— and
with respectto different ‘objects’ — meanings,propositions, rights, obligations,
images,etc. When groundingand collaborationtake place with respectto a specific
level/object, then the two co-incide. However, grounding and interaction mapl|éaiee
with respect to different levels/objecsnultaneouslyn a given situation.In this case,
there can be both collaborationand non-collaboration but with respectto different
levels/objects Grounding and collaborationdo not, therefore,necessarilycoincide,
although they may do so in certain cases.

Consider the case of twatudentscollaborating,asin the examplefrom Table1. They
will alreadypossess certaincommongroundas membersof the sameclass, having
workedtogetherbefore,andso on. At one point a disagreementver an intermediary
solution to the problem could arise, be mutually recognised, leadingaigamentative
discussion.The studentsmay be groundingand thus collaboratingto the extentthat
each istrying to understandhe other,andto addresghe different points raisedfor or
against the proposed solution. However, they may be competing rather than
collaborating with respect to the communicative funcobagreemenbn domaingoals
and propositions. More subtlthe domain-leveldisagreementay be accompaniedy
anotherdisagreementworking on the level of the self-imagesthat they attemptto
impose in thanteraction.For example,one may attemptto imposethe imageof being
“more knowledgeable”pr “more reasonablethanthe other.In this example,thereis
thus co-existenceof collaborationand its absence,but with respectto different
levels/objects.

In summary, once we adopt the restricted notion of collaboration proposed by
Roschelleand Teasley (op. cit.), this being a definition that has become widely
acceptedthen studentsare collaboratingwhenthey are attemptingto groundin some
way, at some levelf we thenadoptthe premisethat a usefulconceptof collaborative
learningis the learningthat occursin virtue of the collaborationper se then learning-
from-grounding is "collaborative learning” in this sense

3. Learning as appropriation of tools

Grounding,asdescribedpreviously,is an importantaspeciof collaborating,and thus
collaborative learning. Another crucial component to investigatingaleeof grounding
in collaborativelearningis, of course,learningitself. We now extendour theoretical
perspectiveon collaborativelearningto incorporateelementsof CHAT, basedon the

work of Vygotsky (1978, 1986), Leontjev (1981) and LUfi&79). This enablesus to

takeinto accountthe role of tools and to extendthe timescaleof activity considered.
Fundamentally,CHAT views learning and developmentas a sociocultural activity

wherethe child appropriatesulturally accumulatedknowledgewith the assistancef

other people and tools available in the setting.

3.1 Tool-mediated activity

Within CHAT the basic structure dfumancognitionis characterise@s a triangle with
the subject (s) and object (0) on two sidésts baseandthe mediumor artefactsat its

2 One may thus wonder whether a student learning with thedfedpnore advancedutor would be considered
‘collaborative learning’. Clearly the two can be pursuing the same-go#ilat the studentlearns— andwill
engage in grounding behaviour. Whileis might be termeda collaboration, we would not considerit to be
collaborative learning.



apex (m/a) (seeFigure 1). In this model, the subjectrefersto an active, conscious
agent, and the object represethis objectof his/hercognitionandaction,which is the
thing or phenomenon that s/he is thinking about and acting upon.

M/A

S @)

Figure 1. The mediational triangle (subject object and medium/artefact)

Natural or unmediated actionrigpresentedby the line betweenS and O, andrefersto
those capacities that tilseibject'sown organismsupplies,i.e., what the senseseveal,
and theinstinctsthat the subjecthasaboutwhatto do with an objectof this kind. For
example,a small child facedwith a pot of boiling watersensesan object with certain
physicalqualities(spatialqualities,colour, humidity, heat),follows his/herinstinct to
explore unknown objectsand experiencesiew sensation®f heatand pain. This is
unmediatedaction. By unmediatedaction and cognition the child can learn that this
object provides unpleasas¢nsationsvhentouched.S/hemay also be ableto learnto
distinguishbetweenobjectsthat havethis quality and objectsthat do not. However, it
takes mediated action to learn to understand why. The latt¢hésieticalissue,which
presupposes ability to go beyond the immediacy of sensory experience.

Mediated action is depicted as the interaction of the subjéttthe object, mediatedby
auxiliary meang(this is indicatedby the lines s-m/aand m/a-0). Tool mediatedaction
refersnot only to material tools (e.g., thermometerscomputers,etc.), but also to
semiotic ones(concepts,signs, and models).Languageopensup a whole range of
possibilities. Without languagepeople could only deal with those things they could
perceive and manipulate directly. With language they can deal with thingsiimettbe
perceived directly and with products of past generations' experience.

When a subject's actions are mediated, the taskigseiidamentallychangedyelative
to natural or unmediatedaction, and so is the cognition that goeswith it. The task
becomesa more complexstructureof actionsand cognitive processingsince subjects
mustincorporatethe threeelementof the triangle and the possiblerelationsbetween
them into a unified idea, in order to plan their actions and accomplish the task.

An exampleof action mediatedby material tools would be when a child uses a
thermometer to measure the temperature of a liquid. But even before s/he hdmlgarnt
to do that, s/he alreadyhaslearntto employ semiotic mediationin her/his questfor
understandingkor examples/hehas begunto understandvhat is meantby 'boiling
kettle'. S/he has learnt words such as 'boiling' and ‘temperatureaaadudimentary
understandingof what those conceptsmean. Similarly, the example discussedin
section2 aboveshowsthe use of two types of semiotic tools — the energy chain
graphical 'language’,and of coursetypewritten language— that are embeddedn
specific material tools (computer interfaces).

Children are said tappropriatecultural objects (material and semiotic toolshenthey
learn from other members the culture how thosecultural objectsare used,and what



they areusedto accomplish Appropriationis not a processof rote-learning,jn which

the individual simply adopts the facts and assumptionsof the culture. Children

appropriate these objects by participating in thegwith more expertmembersof that

culture. Learning resultsom the child's own experiencesnd practicewith the object
underthe guidanceof an expert.Thus, it is not a matterof information transmission
from the experto the novice, but of the novice"making this tool his own" (Leontjev,

1981).

3.2 Zone of proximal development

Within the viewpoint ofCHAT, the appropriationof semiotictools mustoccurwithin
the "zone of proximal development'("ZPD") (Vygotsky, 1978,1986).This is defined
as "the difference between the actdevelopmentalevel as determinedby independent
problem solving and thievel of potentialdevelopments determinedhroughproblem
solving underadult guidanceor in collaborationwith more capablepeers” (Vygotsky,
1978, p. 86). Children interacting in the zone of proxidetelopmentre participating
in more advancetbol mediatedactivity thanthey are capableof independentlyandin
doing so they appropriate thesegnitivetools, which advancesheir own independent
problem solving.

Within the ZPD the novicewill not perceivethe meaningof the object as fully as the
expertuser, and the novice and expert may have vastly different interpretations An
object such as a diagram or a representationcamguterinterfacemay be understood
very differently by the participants.Likewise, an utterancemay be understoodquite
differently. This is not necessarilya problem (in reality, all utterancesare always
understood slightly different by different interpreters, c.f. Rommetveit, 1979, 1885).
some instancesit is not essentialthat the participants strive for sharednessof
interpretations, as long as they agree enough to carry on the interaction (e.g ¢afthey
point to the same place ¢ime screenthey do not needthe sameinterpretationof what

is there for their attention to stay focused on that bit ofrttegface). This ability to talk
about objects which doot havea completelysharedmeaningis not a problem,but in
fact an advantage.lt allows for learning to occur when people with different
perspectives interact. In orderdatangledifferencesin understandingparticipantsare
forced tomaketheir assumption®xplicit, to argue,reasonaboutand exemplify them.

In order to reach agreementhey needto constructa conceptionwhich allows for
apparentlyinsightful assumptiongrom both partiesto be integrated,which will often
require a conceptualisation that is more complex than the individuals' original ones.

3.3 Intersubjectivity

Thus an importantprocessin the social origins of learningis joint constructionof
mutual understandingor intersubjectivity (Forman1992; Rommetveit,1979, 1985).
Wertsch (1985) identifies four levels of intersubjectivityin the transitionfrom inter-
psychological functioning to intra-psychological functioningminteractionbetweena
mother and a child. The task was to copy a puzzle (a truck) in accordgin@emodel.
Wertsch characterised the core goal directed astidime adultssituationdefinition asa
series of three steps:

i) Consult the model to determine the identity and location of the next piece;

i) Select the piece identified in step 1 from the pile of pieces;

i) Add the piece selected in step 2 to the copy.

Thefirst level of intersubjectivityis characterisedby the fact that the child's situation-
definition is so different from the adult's that this makes combinationdréigult. The
adult may try to direct the child, but the child's understanding of the setBodirsited

that the child doesnot interpretthe adult's utterancesppropriately For example,one
child shifted his attentionto the real windows in the room in responsdo a mother's
comment to look at the truck window.



At the secondevel, the child hasa limited understandingf the setting. Sharingthe
adult's basicunderstandingf the objectsin the setting (i.e. they depict piecesof a
truck). Howeverthe child does not fully understandthe relationshipthat has been
constructed between the truck and the model, and will often fail to respond
appropriatelyto adult directions.For examplein responseo one motherasking the
child "to put the wheel on next" the child picked up the wheel and placethéwrong
place, not taking in account of where the wheel was on the model.

At the third level, the child canrespondto the adult'sdirections.(S)he is making the
appropriate inferences to the adult's statements, vitnilidtatesthat inter-psychological
functioning is beginning to account for much of the child's performance. Thedagsit
not haveto specify all the steps, becausethe child has a fairly complete situation
definition. At the fourth level the child takesover completeresponsibilityfor carrying
out the task.

Wertsch (1985) characterises learning as the transition from totextra-psychological
functioning. This processinvolves negotiatingan intersubjectivesituation definition

with the tutor. Initially this will be performed on the basis of a primitive

intersubjectivity with the tutor and subsequently by going through a nuphisguation
re-definitionsuntil finally the child acquiresa mature culturally appropriatesituation-
definition which providesthe basisfor self regulation.Children working with adults
caninteractat a more advancedevel of intersubjectiveunderstandinghanthey would

be capable of independently.

In summary, from the vantage point of CHAT, learning can be seen as the
appropriation of cultural tools. Grounding (on soleeel, with respectto someobject)
is thus necessarput clearly not sufficientfor collaborativelearning(aswe define it).
Firstly, if studentsareto learnfrom grounding,the commonground,or ‘background'
of materialand semiotictools provided by culture must be already appropriatedby
studentdo somedegree.This is preciselywhatis usuallyleft out by approacheshat
focus exclusively on the internal dynamicsof interpersonalinteractions.Secondly,
collaborationprovidesa vehiclefor learningif the individual participatesin solving a
task that is beyond his or her presentautonomousability. However, there are
constraints on hovar collaborationcan promotecognitive abilities at any given point:
grounding,or 'intersubjectivity'must be situatedwithin the ZPD if it is to lead to
learning.

4. Towards synthesis: grounding and collaborative learning as
the appropriation of tools

In the previous two sections we presentedsome basic material necessaryfor

understanding grounding as an interacpvecessandthe CHAT theory of learningas
the appropriation of tools. We now discuss some point®uvergencend divergence
betweenthesetwo areasof researchwith a view to understandinghow grounding
could lead to collaborative learning.

4.1 Language as a tool and an object of grounding in communication

The most obvious convergence between the grounding model and theafidéaming
as appropriationof tools obtainsvia the notions of language and communication
Grounding is a process whose primary function is to erefteetive communicationn
the senseof sharedunderstandingf utterancesin interaction. Although non-verbal
signals(e.g. gesturesind situationalfactors(suchas co-presenceplay an important
role in this processthe primary objectsthat arethemselvego be groundedarein fact
linguistic productions (utterances). The extEntvhich interactionsare linguistically or
else non-verbally basedis a function of how much common ground is already
establishedwhen participantsdo not know eachother very well, they will needto



speak; when they have interacted together for fifty yeastglat raising of an eyebrow
may be sufficient for communication.So, we can concludethat groundingin the
collaborative learning situations that we consider here is primarily language-based.

From the point of view of the Activity Theorist, languageis a (semiotic) tool, a
mediator of activity and thinking. During their development,children learn to use
language(in speech)as a tool in different ways: to enlist help from others by
communicating with thentp shapetheir ongoingactivity, to plan their future activity,
to structuretheir reasoning,and so on (Vygotsky, 1978). They may also refine the
meanings of wordg orderto usethemas more elaboratedoolsin new situations—
for example, they may learn to elaborate the meaning afdind "heat" from its usein
everydaylife to its usein the scienceclassroomlLanguages thusa multiform tool: it
enablesinterpersonalcommunication,it is instrumentalin individual and collective
activity and thinking.

How does thigheory of languageas a tool transformour way of seeinglearnerswho
are engagedin groundedinteraction ? Three main points of convergencecan be
identified.

Firstly, the instrumentalview of languageas a tool (for guiding action, exchanging
information, planning,and so on) leadsus to concentraten the interactionalcontext,
thediscourse genran which groundingakesplaceandto askthe following question:
why arethe learnersgrounding,what are their main goals ? This gives us a way of

understandinghe groundingcriterion mentionedabove(82.1), whereit is statedthat
participants attempt to attamutualunderstandindo a degreethatis deemedsufficient
for the current purposeAn understanding dearners’purposeggoals, motivations)is

thereforecrucial to understandingheir grounding activity. In the next section, we

discusshow thesegoals may be local to the problem-solvingtask, but also largely
determined by the subjects' interpretationsof the situation in which they find

themselves.

Secondly language— atool — may itself be an objectof mutualunderstandingFor
example Jearnersmay be led to attemptto understanda languageitself (e.g. foreign
language learning) or to inquire abdl 'deeper'meaningof a particulartermin their
common language. This view thus leads us to ask the question, in additioatovee
what are the studentsgrounding ? The answer from activity theory in this case
(language) is: semiotic tools. These include symbolic, iconic and natural langUiages.
type of learning especially associateih groundingwill thereforebe appropriationof
the very medium with which grounding takes place. We discuss such a formal
languagewhoseappropriationconstitutedearningin a specificdomainof physics,in
section 6 of this chapter.

Thirdly, communicationin languagemay sometimesinvolve the use of material
(communication}ools. In spokenface-to-faceinteractionsthis is less evident, but is
more so in the caseof computer-mediatedommunication.n termsof the grounding
model, suchtools are consideredas the communication'channel”. However, such a
metaphoirleadscould lead oneto think of the channelas a passivemedium, however
much "noise" is introduced. There is thus an importanivergencéetweenthe notion
of materialtools, constitutingthe physical communicationmedium, as mediatorsthat
shapecommunicationand the results concerningthe role of media in grounding
mentionedearlier (82.1). Thus communication"costs" and "constraints"within the
groundingmodelcan be understoodas difficulties in appropriatingmaterialtools, that
influence the way in which semiotic tools are used and appropriated in grounding.

Viewing learnersengagedn groundingas appropriatingtools leads us to focus on
understandindearners'goals within specific types of discourse,on what is being
groundedand on how the material tools used for communicationitself shapethe
grounding process.



4.2 Grounding, intersubjectivity and learning as appropriation of tools

Whatis the type of learning associatedvith grounding— at leastfrom a theoretical
point of view — and what are the necessaryconditions for its occurrence?\Ve

mentioned above that CHAIEadsus to posethe importantquestionof learners'goals
underlying their grounding activity, and the focus of it. To deal with the second
question first— what learnersare attemptingto ground— from the point of view of

the grounding model (and see, e.g. Schwartz, 1995) we thakalowing conjecture:
collaborative learning will be associated withrelatively high groundingcriterion, with

a high degree of cognitive-interactional effort.

However, for learning to take place irparticularknowledgedomain,this effort needs
to be directed towards the right objdct.simpleterms,we cansay that groundingcan
take place on pragmatic and semanticlevels’. At the pragmatic level, grounding
involves, for example, interactional participants understanding each others'
communicative intentions, what the otheftrying to tell them'. At the semantidevel,

it involves searchingor commonunderstandingf referentsand meaningsof terms.
Pragmatidevel groundingis part of learning to collaborate one learnsto generally
understand what the othesll be trying to tell us. Semantidevel groundinghowever,
relatesto attaining mutual understandingof what is meant by certain terms and
expressions; it thus relates mateselyto learningin a specificknowledgedomainby

means ofinterpersonalnteraction.Learningto understandne anotherandlearningto

understand semiotic tools are thus two important aspects of collabdeatinmgas we

define it. It seems plausible that students will need to have learnetblumiaboratein

order to learn together imtaskdomain.We canthusview learningby groundingasa
gradual transition from pragmatic to semantic grounding.

Finally, from our above discussion,it should be clear that what has been termed
semanticgrounding can also be viewed as appropriationof a semiotic tool. Our
previously mentionedconjecturecan thus be reformulatedas follows: collaborative
learning will be associatedwith a gradual transition from the use of languageas a
mediumfor grounding communication(pragmatic)to groundingon the level of the
medium itself (semantic), leading to appropriation of the medium.

Why should students expend exéffort in semanticgrounding,ratherthan contenting
themselves witla level of pragmaticgroundingthat enableghe interactionto continue

in a minimal sense ? In this theoretical discussion, we can only point to the ndoessity
detailed analysis of learners' godltseir motivations,as mentionedabove.Sometasks
may be intrinsically motivating for some students;with other students, extrinsic
situational goals may come to the forefront. It @ppeargplausiblethat learners'must
have some understanding of what they are trying tedsupposedto do in orderto

be willing to expend efforon trying to understandhe task: what researcheor teacher
has not had the experience of discovering subsequently that the subjects/studeats had
clear understandingf what they were doing or had beenaskedto do ? A more
concrete question is: what are tenditionsthat would favour suchgroundingactivity

? Someanswersmay be found in the researchon intersubjectivity,referredto earlier
(83.3). On one hand, semantic(or 'deep’) groundingcan not lead to learningif the
concepts dealt with are simply beyond #stedents’zoneof proximal developmentOn

the other, it seemsthat an optimal level of difference betweenlearners'conceptual
viewpoints can stimulate the desire to gain deeper understanding.

4.3 Recapitulation

Grounding is a process that is directed primarily towards attaining mutual
understandingof linguistic productions(utterances)Languageis thus the primary

® Note that the semantics/pragmatics distinction is a subject of much controversy in language seisaees
e.g. Allwood (1976) and Levinson (1983) for reviews of these debates.



mediumof groundingand (in virtue of its role as a semiotictool) may itself be the
objectof attemptedmutual understandingLearningfrom grounding— collaborative
learning— canthusbe viewed as appropriationof semiotictools, mediatedby those
very tools. Interactantsjoalsin specific situationsdeterminethe extentto which they
will be willing to expendeffort in achieving mutual understanding.The learning
associated with grounding will be associated withgh degreeof expendedcognitive-
interactionaleffort to gain mutualunderstandingAppropriationof cognitive tools can
be viewed as a gradual transition from pragmatic level grounding — lear