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Epistemic dialogues, involving explanation and argumentation, have been recog-
nized as potential vehicles for conceptual understanding. Although the role of dia-
logue in learning has received much attention, the problem of creating situationsin
which students engagein epistemic dial ogue has only begun to be addressed. Thisar-
ticle highlights the set of factors that must be taken into account in designing acom-
puter-supported collaborative learning situation that encourages students to discuss
scientific notions. These factorsinclude the choice of the domainissue, the activities
proposed to students, and the role of technology. We describe the design of CON-
NECT, an integrated environment and task sequencefor the collaborative confronta-
tion, negotiation, and construction of text. Results are then presented from astudy in
which students individually wrote an interpretation of a sound phenomenon, were
matched in dyads so as to maximize semantic differences between their texts, and
then collaboratively discussed and wrote common texts across the network using
CONNECT. We show how careful engineering of the CONNECT environment fa-
vors the occurrence of epistemic dialogue and creates opportunities for conceptual
understanding. Thediscussion centerson why these opportunitiesmight bemissed, as
well as on the conditions required for students to exploit them.
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An important goal of teaching is for students not only to be able to solve spe-
cific problems, but also for them to understand the concepts and principlesthat un-
derlie problem solving. Learning is often assessed by giving examination
problems; when students succeed in solving them, the question as to whether they
have acquired the underlying conceptsaswell israrely addressed. Such conceptual
understanding is an important prerequisite for interpreting new situations, predict-
ing future states of affairs, and solving types of problems that have not already
been practiced (Tiberghien, 1994). However, successful problem solving does not
necessarily imply understanding, nor is extensive practice a sure way of acquiring
conceptual understanding. A number of researchers studied situations involving
peer interaction (Amigues, 1990) and collaboration between students (Roschelle,
1992) for their potential in promoting conceptua understanding. These studies
stresstherole of discourse and dialoguein learning domain concepts. M ore specif-
ically, epistemic activities, such as argumentation and explanation, have been des-
ignated as potentially powerful mechanisms by which students can collaboratively
construct new meanings (Ohlsson, 1995; Roschelle, 1992). According to Ohlsson,
thisis conceivable because reflection is the process, and discourse is the medium
through which one may acquire conceptual understanding. Epistemic activitiesare
important for the study of conceptual understanding because, in comparison with
problem-solving activities, they embody a much smaller gap between perfor-
mance and competence. In other words, the occurrence of explanatory and argu-
mentative discourse (performance) about concepts effectively reveals degree of
understanding (competence) of those concepts. Epistemic activities are therefore
discursive activities (e.g., text writing, verbal interaction, or presentation) that op-
erate primarily on knowledge and understanding, rather than on procedures.

Our problem isthus to design situations that encourage studentsto engagein a
specific type of epistemic activity, that we designate as epistemic dialogue.
Epistemic dialogue in our definition meets three criteria:

1. It takes place in a collaborative problem-solving situation.

2. It can be characterized as explanation or argumentation.

3. Itisconcerned with the knowledge and the concepts underlying problem
solving rather than the execution of problem solving actions.

Creating such situationsisdifficult because specific conditionsarerequired for stu-
dents to spontaneously engage in explanation and argumentation about scientific
notions (Baker, 1996; Golder, 1996). These conditionsinclude differencesin prior
knowledge of thedomain of discourse, ability to generate suitablearguments(V oss
& Means, 1991), linguistic knowledge, interpersonal factors (overt disagreement
constitutesathreat to facework), social—institutional factors (what viewscan legit-
imately be expressed), and factors relating to ease of use of the communication
channel (Clark & Brennan, 1991). For example, students are often unaware of dif-
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ferencesin their views, and ssimply avoid them by changing topic, or by adopting
superficial compromises as away of avoiding the issue (Baker, 1991, 1996, 1999;
Baker & Lund, 1997). Whereasit isrelatively easy to provoke and organize argu-
mentation about contentious social topics such as nuclear power or capital punish-
ment (see, e.g., Kuhn, Shaw, & Felton, 1997; Resnick, Salmon, Zeitz, Wathen, &
Holowchak, 1993), it isdifficult to favor epistemic dialogue with respect to scien-
tific notionsthat aretaught in school and still being co-constructed (Nonnon, 1996).

We claim that in order to stimulate epistemic discussion, engineering of the
wholelearning situation isneeded (see also Pea, 1994), that is, theissue, the proce-
dure, and the computer support. The use of acomputer allowsfor careful design of
the task interface and the communication channel thereby providing ways of con-
straining students to certain types of activities. Our multidisciplinary approach
draws on research in didactics, educational psychology, psychology of communi-
cation, computer science, and on philosophical and linguistic studies of explana-
tory and argumentative dialogues.

Wereport astudy in the domain of learning about sound in physics. Sound pro-
vides good opportunities for epistemic dialogue given the diversity of students’
conceptions. The problem given to the studentsinvolves them discussing their in-
terpretations of an experimental situation concerning two tambourines in the
CONNECT environment (Confrontation, Negotiation, and Construction of Text).
In analyzing students’ interactions, we aim to enhance our knowledge of explana-
tion and argumentation asvehiclesfor understanding scientific notions. Moreover,
the amount and type of dialogue will be established, aswell asthe extent to which
it addresses domain concepts.

Thisarticle presentsthe theoretical background followed by adescription of the
sound domain and the CONNECT environment. Wethen proceed by adetailed de-
scription of our methodology and analysis. Finally, we present aqualitative analy-
sis of an entire session of one dyad and a quantitative analysis of six dyads of
students working together in this situation.

THEORETICAL BACKGROUND

The theoretical background to our work draws upon three areas of research.
First, research in science education provides characterizations of students' dif-
ficulties in learning both science concepts in general and particular concepts,
such as sound in physics. Second, we review research addressing the relation
between epistemic activities and the understanding of domain concepts.
Finally, interface design research provides the background for developing a
new computer-supported collaborative learning (CSCL) environment, to be
used at a distance across a network. This section presents the main contribu-
tions in each of these areas.
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Conceptual Learning Difficulties

This section presents some of the barriers to learning science concepts that could
be overcome by epistemic dialogue. Comprehending students’ difficultiesin un-
derstanding sound in particular is crucial for subsequently getting a grasp of
their discourse.

Prior knowledge constitutes the first barrier to learning science concepts.
Physics learning involves an articulation between the student’ s knowledge about
the material world and domain knowledge as it is taught in schools (Driver,
Guesne, & Tiberghien, 1985; McCloskey, 1983). Students' knowledge is con-
structed from experience with concrete objects and events in everyday life and
from prior schooling. Instruction aims at an adaptation towards scientifically ac-
cepted theories in the domain of physics. This process, called conceptual
change, may take place by adding notions to existing notions or by changing ex-
isting notions, that is, enrichment and revision (Chi, Slotta, & de Leeuw, 1994;
Vosniadou, 1994). A number of studies showed that students have a variety of
different potentially conflicting conceptions about sound. These conceptions are
often shown to be persistent even after teaching (DiSessa, 1982). For example,
Maurines (1998) found that both before and after teaching, high school students
described sound as a material object created and put into motion by a source. He
concluded that these naive conceptions show a high resistance to teaching. In
fact, as this example and the examples in the next paragraph show, knowledge
about sound is highly subject to what DiSessa has caled phenomenological
primitives (p-prims), in particular to the idea that force causes motion and that
motion naturally fades away (DiSessa, 1996).

Anextrabarrier tolearning science conceptsistheir level of description. Linder
and Erickson (1989) found four different categories of description of sound phe-
nomena by tertiary physics students (see Table 1). These categories are qualita-
tively different ways in which people make sense of part of the world. Two main
perspectives were found, microscopic and macroscopic, differing in terms of lev-
elsof description: Explanationsfocus either on the actions of discrete moleculesor
on the global properties of the medium such as pressure and density. The micro-
scopic perspective includes conceptions of sound as an entity that iscarried by in-

TABLE 1
Student Conceptions of Sound

Per spective Conception of Sound
Microscopic 1. Carried by individual molecules

2. Transferred from one molecule to another
Macroscopic 1. Traveling substance with impetus

2. Substance in the form of traveling pattern
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dividual molecules through a medium. Molecules are seen as initially stationary,
or moving around randomly, and sound provides them with a forward linear or
somewhat jerky movement. The microscopic perspective also includes a concep-
tion of sound as an entity that istransferred from one molecul e to another in ame-
dium. Sound is seen as a more abstract entity, for example, a vibration. This
conception may lead to domino-effect descriptionsin which molecules push other
molecules and so forth.

The macroscopic perspective includes conceptions of sound as a traveling
bounded substance with impetus, usually in the form of flowing air. Sound is de-
scribed as a substance that has a moving force of its own, like atype of wind. Itis
strongly associated with a naive impetus theory (DiSessa, 1982; McCloskey,
1983) according to which an object set in motion obtains an internal force that
serves to maintain the motion, and that gradually dissipates. Another conception
within the macroscopic perspective describes sound as a bounded substance in the
form of some traveling pattern. This view incorporates learned physics terminol-
ogy, for example, sound as a disturbance propagating through a medium. Thisva
riety of conceptions shows how the concept of sound can occupy different places
in an ontological tree (Chi, Slotta, & de Leeuw, 1994): as acharacteristic of mole-
cules, as matter, or as aprocess. The place of aconcept in an ontological tree may
beabarrier to learning initself, but in our view constitutes an interesting opportu-
nity for the occurrence of epistemic dialogue. In order to reach mutual understand-
ing, ontological differences and differences in level of description need to be
rendered explicit and discussed.

A final barrier to learning science conceptsisthe ambiguous nature of language
in school science (Linder & Erickson, 1989). Many scientific termsare an integral
part of ordinary language but have adifferent set of linguistic functions and mean-
ings, for example, the terms force and wave. Everyday meanings of words may fa-
cilitate or impair their understanding in a scientific context (Collet, 1996). Such
differencesin the use of words between students may constitute a starting point for
epistemic dialogue and lead to conceptual differentiation. Students have to agree
on the meaning of the words they employ.

These barriers are not addressed by regular science teaching. The question is
then how to design ateaching situation that in fact exploitsthe diversity of student
conceptions and the variety of meanings of scientific terms by encouraging stu-
dentsto mutually question these conceptions and meanings. The next section pro-
vides arguments for the claim that such situations involve epistemic dialogue.

The Role of Epistemic Dialogue

If problem-solving performanceisnot necessarily related to understanding, neither
asatraining mechanism nor asatesting device, then what typesof tasksdo exercise
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understanding? In comparison with skill acquisition, the process for acquiring un-
derstanding would be reflection as opposed to practice, and the medium would be
discourse as opposed to (essentially non-discursive) action (Ohlsson, 1995).
Ohlsson proposesalist of epistemic activitiesor types of discourse relevant for un-
derstanding, such as describing, explaining, predicting, and arguing. Two havere-
ceived more attention in learning research—expl anation and argumentation—and
are at the core of this article.

EXPLANATION

Inorder toexplain, studentshaveto externalize, but alsoto clarify, organize, and re-
structure their knowledge presenting many opportunitiesfor learning. Thelearner
giving explanations might detect and repair gapsin hisor her own knowledge, find
discrepancies between prior and taught knowledge, or discover the need for extra
information. When their partnersdo not understand aninitial explanation, explain-
ers might try to use more familiar words, generate examples, or link examples to
prior knowledge (Webb, 1989), all of which can stimulate the explainer’s under-
standing. Webb examined anumber of studies on peer interaction in the domain of
mathematicsand computer sciencein order to establish therel ation between giving
or receiving explanations and individual achievement. The results indicated that,
even when corrected for ability, giving elaborate explanations was positively re-
lated to individual achievement (mostly tests involving problem solving). How-
ever, receiving elaborate explanations showed only afew significant positiverela-
tionships with individual achievement.

Studies on the self-explanation effect constitute another line of research into
learning through explanation. Chi, Bassok, Lewis, Reimann, and Glaser (1989)
found that good students spontaneously generate more self-explanations than poor
students while studying worked-out examples of mechanics problems. In another
study, studentswere explicitly asked to self-explain whil e studying atext on the hu-
man circulatory system. The prompted group showed alarger gain from pretest to
post-test, and withinthisgroup, thehigh explainersshowed greater understanding of
the circulatory system than low explainers (Chi, de Leeuw, Chiu, & LaVancher,
1994). Self-explanationthushasbeen shownto bear arel ationto bothlearning apro-
cedural skill (solving mechanics problems) and understanding in adeclarative do-
main (acquiring a correct mental model of the human circulatory system).

ARGUMENTATION

While both argumentation and explanation involve the foundations of knowl-
edge, the basic difference lies in the fact that in explanation, the main focus of
discussion (what is to be explained) is not called into question (although expla-
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nations may be), whereas in argumentation, it precisely is disputed. Thus, in an
argumentation dialogue, explanations may take on the pragmatic value of argu-
mentative defenses or supports.

Argumentation, as a form of dialogue, may lead to knowledge co-construc-
tion in a number of ways (Baker, 1996, 1999). One possibility involves an inter-
active version of the self-explanation effect. Argumentation obliges students to
render their understanding explicitly, reflect upon it, and eventualy revise it.
However, argumentation may also involve a posteriori reconstruction of new ar-
guments and the active search for knowledge in the problem-solving environ-
ment in order to produce convincing arguments. A second possibility relates to
restructuring knowledge as a result of argumentation outcomes, that is, refuta-
tion or successful defense. Thus, the loser of the argument might adopt the win-
ner's proposal and restructure his or her knowledge to eliminate the refuted
proposal. However, argument often leads to dropping flawed proposals irrespec-
tive of argumentation outcomes. Once a proposal has at least one mutually rec-
ognized counterargument, it cannot become part of the collectively valid in
Miller's (1987) terms. Moreover, argumentation outcomes are often the result of
a negotiated compromise that combines elements of different proposals, a-
though not necessarily in a convergent way. Finally, the benefits of argumenta-
tion may lie in its power to stimulate conceptual differentiation (Baker, 1999).
Argumentation obliges the participants to be more precise (see, e.g., Perelman &
Obrechts-Tyteca, 1988; Walton, 1992)—for example, “but what do you mean
by punishment?’ This may involve a reconceptualization of the domain of dis-
course and a differentiation of the concepts underlying the debate.

Argumentation requires specific conditions in order to be produced in the
first place. As Golder (1996) pointed out, one does not argue with anyone, about
anything, in any situation. The topic needs to be debatable, the participants need
sufficient knowledge of it, and the social situation must permit relatively free
expression of views. These stringent conditions may explain why, in some re-
search carried out within the sociocognitive conflict paradigm (Doise & Mugny,
1981), the resolution of verbal conflict was not found to be a determining factor
of cognitive progress. The types of tasks studied—for example, matrix classifi-
cation (Blaye, 1990)—were not sufficiently knowledge rich and provided little
opportunity for extended argumentation to even occur. More specific conditions
for argumentation can be derived from pragma-dialectical research (Barth &
Krabbe, 1982; van Eemeren & Grootendorst, 1984). In particular, the partici-
pants must have some common ground relating to the topic and the way in
which the dialogue can be carried out (e.g., you must not simply ignore attacks,
you cannot argue around in circles, etc.), and they must have explicitly ex-
pressed, relatively stable, and opposed attitudes.

Two aspects of the approach to learning involving epistemic dialogue have re-
ceived attention in abroader context. Thefirst aspect isthat learning is intimately
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related to discourse and talking. Rather than just hearing about scientific concepts,
students should be able to talk about them (Lemke, 1990). In addition to under-
standing the concepts, they are supposed to learn how to present and criticize
ideas, that is, act like scientists (Scardamalia & Bereiter, 1994), and thus become
members of a community of practitioners (Lave, 1988). The second aspect is the
fact that epistemic dialogue takes place in collaborative |earning situationsinvol v-
ing at least two participants. In this view, the products of collaboration are the
emergent conceptions jointly constructed by two students (Roschelle, 1992). We
postulate that the benefits of collaborative learning could well reside in explana-
tion and argumentation activities undertaken by students.

So how do we encourage students to explain and argue about a scientific
topic? The next section deals with how to exploit CSCL environments for facili-
tating, augmenting, and redefining interactions (Baker & Lund, 1997;
Koschmann, 1994).

Computer-Supported Collaborative Learning

Amongst numerous CSCL environments, we restrict ourselves to those that fo-
cus on learning about science concepts through reflection and discussion in
face-to-face and network situations. We review some of the special roles that the
computer can fulfill by virtue of its distinctive features. The following receive
special attention:

e The computer as a collective memory of what has been constructed.
e The computer as the focusing point of discourse and action.

e The computer as a means of representing elementsin a discussion.

e The computer as a medium for communication.

First, the computer can take up the function of a collective memory of what has
been constructed. This type of database function is exploited in Computer-Sup-
ported Intentional Learning Environments (CSILE). Activities of scientists are
taken as a model for students' learning activities. Students can evolve in knowl-
edge building communitiesin the same way as scientists (Scardamalia & Bereiter,
1994). Students build a database of notes and elaborate on their own and peers
notes. Thus, the database becomes alocus of peer review that is considered impor-
tant for student’ s motivation and intentional learning.

Second, the computer can be the focusing point of discourse and action. For ex-
ample, the Envisioning Machine (EM; Roschelle, 1992) offers adirect-manipula-
tion graphical simulation of the concepts of velocity and acceleration.
Collaboration between students using the EM is studied as aprocessthat gradually
leads to convergent conceptual change. Conceptual change is analyzed as it
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emerges from the combination of utterances and gestures in relation to the EM.
The computer display in thisrespect is viewed as asocial tool for achieving com-
mon meaning in discourse. In another study, involving the same environment, col-
laboration was studied as a process of constructing and maintaining a shared
conception of aproblem (Roschelle & Teasley, 1995). In addition to showing how
coordinated production of talk and action enabl ed this process, collaborativelearn-
ing was not always taking place smoothly but required a conscious, continued ef-
fort from both students.

Third, the computer can be used to represent the knowledge elements currently
under discussion and the relations between them. For example, Belvedere
(Suthers, 1998; Suthers & Weiner, 1995) representsthelogical and rhetorical rela-
tionswithin adebate. Belvedereisdesigned for supporting studentslearning to en-
gagein critical discussion of competing scientific theories. It allows the assembly
of components (principles, theories, hypotheses, claims) into agraphical configu-
ration that reflects the current debate (supports, explains, conflicts, etc.). Abstract
components and relationships can be represented using the concrete forms of the
graphical language. The representation allows studentsto jointly focus on and dis-
cuss the same claim. Formative evaluations showed some cases where students
seemed to change their conceptions as a result of dialogues around Belvedere.
Problems mainly concerned turn-taking and students' understanding of the task
posed to them. In addition, many ideas and relationships discussed were not cap-
tured in the diagrams.

Fourth, technology cannot only be used as a memory, an instrument, or adis-
play, but also as the medium for communication. The characteristics of amedium
are thought to considerably influence the nature of interactions and the use of
grounding mechanisms (Blaye, Light, & Rubtsov, 1992; Clark & Brennan, 1991).
Some types of collaborativeinteractions could be obstructed or on the contrary be
facilitated by using the computer as a communication medium. In previous re-
search, we used a flexible structuring approach to collaborative learning interac-
tions (Baker & Lund, 1997). An interface with a number of dedicated
communication buttons (dealing with task actions, interaction management, and
reaching agreement) was designed with a view to encourage specific types of in-
teraction. The task involved students construction of energy chains modeling
small physics experiments (e.g., abulb that lights up when connected to a battery)
using the C-CHENE (Collaborative ENErgy CHains). A preliminary study
showed that, in comparison to afreetext interface, students using the dedicated in-
terface produced agreater proportion of domain-related communicative actsrel at-
ing to explanation and argumentation, such as verifications, explanations,
justifications, and evaluations (Baker & Lund, 1997). In addition to the design of
theinterface, the nature of the task may also be an important factor influencing the
nature of collaborative interactions. The energy chain-building task, for example,
was initially designed for students collaborating side-by-side, and required both
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discussing and constructing asolution. However, acomparison of the side-by-side
and the network situation showed that students collaborating side-by-side spent
considerabl e time discussing a sol ution before constructing it. In the network situ-
ation, students proceeded by arapid construction of parts of the solution followed
by a relatively small number of dialogue turns (Tiberghien & de Vries, 1997).
These results show that the design of both the task and the interface can be capital-
ized on for facilitating certain types of collaborative interactions.

The CONNECT environment was designed to incorporate in a specific way
thesefour points: providing amemory, alocus of action and discourse, adisplay of
opinions, and amedium for communication. The next section presentsthe features
of the sound task that are related to the goal of favoring epistemic dialogues.

THE SOUND TASK

Conceptual understanding in the domain of physics involves the ability to inter-
pret and predict the physical world. Students use their own theories and models
when interpreting a new situation, much like a physicist who uses a scientifi-
cally accepted physics theory (Tiberghien, 1994). An interesting teaching se-
guence consists in giving students the elements of a scientific theory and asking
them to use it in interpreting or modeling a new situation (Tiberghien &
Megalakaki, 1995). Students working in pairs are thus led to confront their indi-
vidua interpretations of the new situation and to construct a meaning of it in
terms of the physics to be learned. The sound task was designed within such a
modeling framework. It involved an introduction of the particle model of sound,
student’s individual interpretations of a new situation, and a confrontation be-
tween two students with conflicting interpretations.

The Particle Model of Sound

The particle model of sound was introduced to the students by showing them a
video (developed by Robles & Le Maréchal, 1996) explaining the propagation of
sound using amicroscopic representation. It showsasimulationinwhich small cyl-
indersrepresent gas molecules. The spokentext of thevideo providesaway of talk-
ing about the behavior of gas molecules (text translated from French):

Just like some musical instruments, atuning fork produces asound when hit.
Thesound propagatesfrom thefork to our ears. Physicistsexplainthispropa-
gationinair with aparticular representation of matter. For physicists, airisa
gas composed of moleculesin permanent motion; thismolecular restlessness
is represented by the motion of these small entities on the screen. If the air
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moleculesaround thetuning fork could be seen, wewould seethiswhen there
isno sound. Thefork’ svibrations disturb the motion of the moleculesjust as
our blade disturbs the motion of the small cylinders. Let’s observe one of
thesevibrationsin detail. Let’ sobserveit again. A last time. In slow motion,
propagation of the perturbation is observable. The red line follows the pro-
gression of the perturbation. The tuning fork’ s vibration disturbs the motion
of the molecules. This perturbation propagates until it gets to our eardrum.

Studentscan useboth theimagesand thetext of thevideotointerpret futuresituations.
The Two-Tambourine Situation

We designed a new situation for eliciting students' interpretations of sound phe-
nomena provoking the use of the terms introduced by the video, such as perturba-
tion, vibration, propagation, and movement of entities. Students were shown Fig-
ure 1 accompanied by the following description and questions:

There are two identical tambourines. We delicately put alittle ball hanging
from astring in contact with the skin of the second tambourine. When tam-
bourinelishitwithastick, it emitsasound. Directly afterwards, thelittleball
in contact with tambourine 2 starts bouncing. Use your own knowledge and
the knowledge you gained from the video to explain what happensin the air
so that the little ball in contact with the second tambourine starts to bounce.
What happensto the mol ecul es near tambourine 1, the moleculesin between
thetwo tambourines, and the mol eculesnear tambourine2 (A, B,and Cinthe
figure)? What changesin the behavior of thelittle ball when tambourine 1 is
hit harder with the stick? Using two tambourineswith alower sound having a
skin that is stretched much less tightly, what changes in the behavior of the
skin of the second tambourine after hitting the first?

Propagation Tambourine 1 Tambourine 2
medium (air)
LI
t
{

i
®
o d - -

A B C
Tambourine 1 Tambourine 2

(a) (b)

FIGURE 1 Thetwo-tambourine situation (a) and diagram (b).
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In writing their interpretation of the two-tambourine situation, students are sup-
posed to construct a mental model of sound (Vosniadou, 1994) that should pro-
vide an explanation of the described phenomenon and allow them to predict
phenomena in other situations. The description in terms of the A, B, and C mol-
ecules forces students to give a more precise description of the situation, thus al-
lowing researchers to categorize the students texts into different types of
models. Two main ways of describing the two-tambourines situation can be dis-
tinguished beforehand (see Figure 2): initial and synthetic models. Initial models
correspond to a naive framework of physics. Students with this type of model
believe that al molecules (A, B, C) will move to tambourine 2. The initial
model corresponds to the first microscopic perspective in Table 1. Synthetic
models incorporate some physics knowledge, but do not yet correspond to the
accepted scientific model. Students with this type of model do realize that sound
is not a permanent displacement of molecules from left to right. Similar to the
second microscopic perspective (Table 1), they describe the process as mole-
cules hitting other molecules that eventually hit tambourine 2. A variety of verbs
can be used for describing the behavior of the molecules: molecules move, drag,
are gected, or alternatively, molecules hit, push, or mix. The third type of de-
scription depicted in Figure 2 is one in which students specify what happens
once the molecules hit tambourine 2 (added on to a synthetic model description).

THE CONNECT TASK SEQUENCE AND ENVIRONMENT

A CSCL environment CONNECT was designed to create conditions for epistemic
dialogue and used within a global task sequence (Table 2). CONNECT was pro-
grammedinHyperCard[J and Timbuktu ProJ wasused asadi stancetechnol ogy en-
abling full screen sharing across the network. The sequence involved two task

Initial model description
All A, B, and C molecules go to tambourine 2, or A, B, and <
C are consecutive stages of the same set of molecules

!

Synthetic model description
The A molecules hit the B molecutes, which in turn hit
the C molecules, only the C molecules hit tambourine 2

;

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

FIGURE 2 Three different descriptions of the behavior of the molecules.
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phases: aconfrontation between two studentsregarding their individual interpreta-
tionandthecollaborativeconstruction of acommoninterpretation. Themain screen

consist

ed of two parts (see Figure 3): a communication interface (top half) and a

task-specific interface (bottom half). The design took into account both the general
rolesof CSCL and the necessary conditionsfor argumentation described earlier. In

particu

lar, attention was paid to provide

Preparation for discussion. Students need to have previoudy performed atask
that enables them to individually construct an initial conceptua viewpoint.
Conditions for discussion. Students need to gain understanding of their
partner’ sviews, to comparethemwith their own, andtoform clear opinions
with respect to them.

TABLE 2
Global Task Sequence Used With the CONNECT Interface

Phase  Sudents Stuation Task Rationale

0 Individuals ~ Classroom Write text Preparation for discussion

— Resear chers analyze student texts and create dyads Conditions for discussion

1 Dyads Laboratory Connect 1~ Study and discusstexts ~ Conditions and guidance
for discussion

2 Dyads Laboratory Connect 2 Write common text Goal for discussion

ConNeCT i 3\
»

Yes No Yes No Yes No

ram——— .
,DK, 1don t sgree] > (a)
11 de it You do it

0k ? Idon‘tagree Ok ? Idon't egree
1'11 do it You do it 1'11 do it You do it

Hello? _ JAre we done?) Hetlo?  Hare we done?

Hello? RAre we done?

Tambourines : Phase 1 <]
Student 2 : Should we read the thing firs@ .
{1’ Student 1 : Yes, but what thing? The document?
— - Student2 : I'itdeo it N
Stdent | Youdo it s}
Stadent] Student? Text of Studenti ﬁ
Ves ¥ Ves w1  verify...]
Yes ¥ Ves ¥ 2
Yes ¥ Ves ¥ 3
Ves ¥ Yes W 4
Yes ¥ Yes w <}
Yes ¥ Ves ¥ 5]
VYesw ? ¥ expain 7 . > (b)
Studentl Stmdent2 ToDo
Ves ¥ Yes ¥
Yes ¥ Yes v
Yes ¥ Yes ¥
7 v No ¥
T v Yes ¥
Yes ¥ Yes ¥
No W 2w |'en

FIGURE 3 TheCONNECT interfacefor discussing individual interpretations consisting of a
communication (a) and atask (b) interface (translated from French).
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« Guidance for discussion. On the basis of a comparison between opinions,
students need to have some idea of the appropriate way of going about dis-
cussing their views.

The Communication Interface

The text-based communication interface provided three separate participant ar-
eas, one for each student and one for a teacher (see top half of Figure 3). Each
of the participant areas contained a chat box (free text) and a dedicated (but-
ton) interface. The chat box appeared upon clicking on the empty text balloon
(see Figure 3) so that a free text message could be typed and sent. The dedi-
cated interface consisted of a number of pre-defined communication buttons
dealing with interaction management: Yes, No, OK?, | don't agree, I'll do it,
You do it, Hello?, and Are we done? Clicking on a communication button sent
the corresponding message. The communication buttons were based on former
research on structuring interactions in CSCL environments (Baker & Lund,
1997). The research reported in this article only used the student areas for
communication (fourth role of CSCL). The teacher area was added to allow for
a tutoring session after the discussion and construction activities (see Lund,
Baker & de Vries, 1997).

The communication interface also contained a dialogue history. A scrollbar
permitted students to look back at their own dialogue, thereby providing a collec-
tive memory of what was discussed before (first role of CSCL). Finally, buttons
were provided for changing between phases and for showing the two-tambourine
situation (Figure 1).

Task Interface for Phase 1: Discussing Individual
Interpretations

The task interface for Phase 1 consisted of spaces for individual student texts,
choice boxes for expressing opinions, and instruction labels (see bottom half of
Figure 3). It displays two individual texts asalist of seven sentences with choice
boxes for expressing one of three opinions: Yes (Yes, | agree with that), No (No,
| don't agree with that), or ? (I don't understand, | don’t know, or | don’'t have
an opinion). Students were asked to judge both their partner’s and their own
text. Judging their own text allowed them to express a possible change of opin-
ion that might have occurred since the moment of writing it. At this point, the
task interface has the function of representing the elements under discussion and
the positions of both participants (third role of CSCL).
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Depending on the particular combination of opinions, one of four instruction
labels was dynamically generated and displayed next to each sentence: verify,
discuss, explain, or to be seen (see also Table 3). Verify encourages students to
check whether they have the same understanding of a sentence. Discuss prompts
the students to discuss the sentence, address their difference in opinion, and try
to come to an agreement. Explain suggests that one of the students explain the
sentence to the other. Finally, To be seen appears when the students both don’t
understand, don’t know, or don’t have an opinion, and advises students to try to
see what is meant by the sentence. The meaning of these four labels was ex-
plained prior to working with CONNECT. Students were told to follow the in-
structions next to each sentence, preferably starting with the sentences marked
Discuss. In addition, they were informed that in such a complex topic, there is
no right or wrong answer, but that any opinion contributes to the discussion. The
task interface alowed students to reflect changes in their judgment as a result of
discussion by modifying the opinion marks.

The lists of sentences, opinions, and instruction labels were designed so as to
function as a focusing point of students’ discourse (second role of CSCL). The
goal was to make students carry out a concrete action concerning all sentences
(read and express an opinion) thereby stimulating and rendering explicit the poten-
tially conflicting points between their interpretations. Furthermore, the goal of the
instructions was to encourage explanation and argumentation types of interactions
asaway of co-constructing mutual understanding.

Task Interface for Phase 2: Collaborative Construction of a
Common Interpretation

The task-specific interface for this phase displays the individual student texts and
hasaspacefor editing thecommontext (see Figure4). Theoriginal individual texts
were shown and by clicking on asentence copied it into the text editing space. The
sentences on which both students put Y esin Phase 1 can be seen asthejoint collec-
tion of propositions on which the students agree. However, both agreed and
non-agreed sentences could be chosen for copying into the common text. The text

TABLE 3
Instruction and Expected Dialogue Type as a Function of Opinion Pair

Opinion Pair Description Instruction  Expected Dialogue Type
Yes-No, No-Yes Conflict Discuss Argumentation
Yes-Yes, No-No Agreement Verify Verification

?-? Both studentsdon't know  To be seen Enquiry

Yes?, No-?, -Yes, -No One student doesn’t know Explain Explanation
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ConNeCT 14

No Yes No Yes No

Yes
D 0Ok ? Tdon'tegree Q 0k? 1don'tagree Q 0k? 1don'tagree
i I'll do it You do it 1'l do it You do it I'l1 do it You do it

Hello?  fAre we done? Hello? lAre we doned Hello? Are we done?
Tambourines : Phase 2 Student 2 - 1've already done a lot. You go shead. &
Student 1 ;I would like to modify "push less suongly * by "amplifies itself less" ==
o [Tl u
" - Student 2 : Frankly, I'm not OK with that. “amplifies itself less" doesn‘t work but [FF]
Show Situation I know that "pushes less stongly” isn't very exciting - whatdo you think sbout " [

Text of Student 1 ) Common text

1 The molecutes in the middle of the propagation, between the two <3
tamboxrines, &in o each other.

2 Theve is a propagation from tambourine 1 10 tambourine 2. The

propagation hits tambourine 2.

3 The tambourine 2's skin vixates. The dall kimps because 2's in

oonact with the skin of sambourine 2. thoses in C. The propagation is carried out from

4 The & molecules are pushed towards the B molecules. ambourine 1 1o tambourine 2. When the vibration gets o
Text of Student 2 T2, the air molecules hit T2. The skin of tambourine 2

7 When the sound Js_emitted I 17, i moves and emits @ vibrates. The ball jumps because it's in contact with the

mm“_ skin of tambourine 2. If we hit more stongly, 1heAlmle ball

mma Wt T2, & moves jumps farther out because the molcules move with less

mr o force. But during every A-C path or C-8 | the molecules

3 The A molecules go 10 the Aght, push those in 8, which push move with less force.
thosein C - o Push. 1t we hit tambourine 1 more stongly, the molcules move

4 When these mofecutes have hit T2, they go 1o the ight and push with more a.mpiiyde and hit the others more strongly . The |

el .

When the sound is emitted from tembourine 1, itmoves
and emits a vibration. This is a movement of air molecules.
The molecules situated in the propagation space, the air,
between the two tambourines, run into each other. The A
molecules go to the right, push those in B which push

FIGURE 4 TheCONNECT interfacefor writing thecommon text (seetext for explanation).

editing space allowed anumber of operations such as adding, changing, and delet-
ing text. The goal of this collaborative text production phase isto produce a com-
montext that givesaninterpretation of thesituation aswell asto provideafinal goal
towards which the students' previous discussion of their texts can be directed.

AN EMPIRICAL STUDY WITH CONNECT
An empirical study with CONNECT was carried out involving several steps,
namely data collection, constitution of the dyads, development of an anaysis

scheme for epistemic dialogue, and finally qualitative and quantitative analysis of
the dialogue produced within the CONNECT task sequence and environment.

Data Collection

At the outset, 15 participants volunteered for the study. The participants were stu-
dentsof oneclassat the high school level who had not yet had acourse on sound as



COMPUTER-MEDIATED EPISTEMIC DIALOGUE 79

part of their normal curriculum (11th grade, age 16to 17 years). The procedurecon-
sisted of one group session in the classroom, and for each dyad, an individual ses-
sion in the laboratory.

The aim of the group session wasto collect students’ individual texts. Students
were shown the sound video and they individually wrote an interpretation of the
two-tambourine situation. They also wrote a small text on the topic of censorship
ontelevision, which served asapractice text for the CONNECT environment. The
individual texts (two-tambourine situation) were analyzed in order to constitute
seven dyads (see next subsection).

The dyads were invited to come to the laboratory at different times. The two
students of adyad were seated in front of acomputer in two different roomsin the
|aboratory. Each session started with a practice period using CONNECT on the
censorship texts. The individual texts dealing with the two-tambourine situation
were dlightly adapted and then displayed on the CONNECT interface showing the
author’ s first name. The students then marked their opinions and discussed their
individual texts (Phase 1) and produced acommon text (Phase 2). All dialogue in-
terventions and task actions (dialogue, text typed, and buttons clicked) were writ-
ten to log files. The dialogues were examined using the analysis scheme for
epistemic dialogue described below.

Constitution of the Dyads

In order to augment the chances of occurrence of epistemic dialogue, thetextswere
analyzed with a view to creating dyads with maximum semantic differences be-
tween texts and different mental models underlying the texts. However, the dyads
should also present about the same degree of difference between texts (instead of
dyads with small and dyads with large differences between texts). Mean length of
the texts was 135 words (minimum 83, maximum 174). The answers to the four
questions of the two-tambourine situation (Figure 1) wererated. Four aspectswere
identified for thefirst question, and oneaspect for each of theremaining three ques-
tions, making atotal of seven aspects.

Thefour aspectsrated for the question “What happensin the air that makesthe
little ball bounce?’ were (a) the description of the main cause, (b) the traveling
substance, (c) the nature of the traveling, and (d) the effect produced (forming a
chronological description). For example, the answer categories for the traveling
substance were the molecules, the air, the sound, or the propagation (that went
from tambourine 1 to tambourine 2). These terms can be seen asamanifestation of
aconception of sound; the term molecule is viewed as evidence for amicroscopic
perspective, whereas the term propagation implies a macroscopic perspective.

The three authorsjointly rated all 15 texts on the seven aspects by scoring oc-
currences of the (nonexclusive) answer categories for each aspect. A text was at-
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tributed a 1 if it contained a category, for example, molecules as the traveling
substance, and a0 if it didn’t. Asaresult, atable was obtained with ascore on each
text for each answer category (29 categories for seven aspects). The matrix with
the cumul ated differences between student texts allowed determining for each text
the most distant text amongst those remaining. The text showing the lowest maxi-
mum distance with any other text (9 points) was excluded. The second lowest
maximum distance was 13 points, and 26 out of the 105 possible pairs showed a
distance equal to or higher than 13 points (highest maximum distance was 19
points). The distances of the selected dyads were 13 (4 pairs), 14 (1 pair), and 15
points (2 pairs).

In addition to the wording of the texts, the texts were checked for evidence of
different underlying mental models (Figure 2) as assessed by the second ques-
tion (see Figure 1b). The answer categories for this aspect were “All molecules
go to tambourine 2,” “The A molecules go to B, the B molecules go to C, the C
molecules hit tambourine 2,” and statements asserting that “ The same movement
occurs in the opposite direction.” All seven pairs constituted by the distance pro-
cedure showed a different combination of these three answer categories. Six of
the seven dyads worked with CONNECT and one dyad was used for a
side-by-side pilot session.

An Analysis Scheme for Epistemic Dialogue

Our goal in analyzing the dialogues was to determine the amount and the type of
epistemic dialogue as a function of the differences in individual texts and opin-
ion marks of the two students of each dyad. The log files were made up of task
and dialogue interventions. The dialogue interventions were segmented into se-
mantic units, approximately corresponding to phrases. In doing so, we took into
account the punctuation marks used by the students themselves. We distin-
guished four main categories (see Figure 5 and Table 4): Explanation, Argumen-
tation, Problem Resolution, and Management.

The distinction between explanation and argumentation requires an examina-
tion of the surrounding context of a unit. Units were categorized as argumenta-
tion only if they appeared in an argumentative sequence, that is, only if a clear
disagreement could be identified either in the opinion marks on the interface
(Yes—No opinion marks) or in the dialogue itself. Proposing or evaluating a so-
lution element, such as a sentence to be included in the common text (Phase 2)
fell into the problem resolution category. The management category contained
units dealing with the coordination of the interaction, of the task, as well as units
falling into a social off-task subcategory. The three authors jointly analyzed the
whole corpus (a total of 492 collective decisions in six dialogues).
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Units
Explanation Argumentation Problem resolution Management

N A
Proposing Evaluating Interaction Task Off-task

o

Explicate  Understand

Thesis Aftack Defence Concession Compromise  Outcome
FIGURE 5 Coding scheme for analysis of the dialogues.

QUALITATIVE ANALYSIS

Webegin our discussion of analysisresultsby ablow-by-blow illustrativeanalysis
of the whole sequence for dyad 5: Andy and Jerry (not their actual names). The
analysisconcernstheir individual texts, al task actions, and dialogueinterventions
of Phase 1 and most of the task actions and dialogue interventions of Phase 2. The
excerpts are presented in chronological order. The analysis aims at revealing how
the elements of the design of the CONNECT environment lead the students to ex-
plain and argue about domain concepts and to describe how knowledge and con-
ceptionsevolvein such dialogue. Wethenwill discuss excerptsfrom two other dia-
logues that show how students, in spite of favorable conditions, may engagein a
type of dialogue that does not address their domain notions.

Andy and Jerry: Conceptual Differentiation

Table 5 shows the individual texts. Andy’s text was classified as a synthetic
model and Jerry’s text as an extended synthetic model description (Figure 2).
Lines 1 to 3 concern the students’ initial spontaneous descriptions of what hap-
pens between the two tambourines. Lines 4 and 5 reflect their response to the di-
agram with the A, B, and C molecules (triggered microscopic description). Line
6 deals with what happens if one hits harder and line 7 deals with what happens
when one takes tambourines with less tightly stretched skins.

Both spontaneous descriptions contain evidence for a macroscopic type 2
conception (see Table 1): sound as a substance in the form of atraveling pattern.
Andy’s text mentions vibrations and displacements and Jerry’s text mentions a
stretching of molecules. In addition Jerry’s text specifies that the air molecules
will position themselves as before. This addition distinguishes an extended syn-
thetic model from a synthetic model and constituted one of the grounds for putt-
ing Andy and Jerry together to form a dyad.



TABLE 4

Category Definitions With Examples (Originally in French) From the Corpus

Explanation
Explicate

Understand

Argumentation
Thesis

Attack

Defense

Concession

Compromise

Outcome

Problem resolution
Proposing

Evaluating

Management
Interaction

Task

Off-task

To express one' s understanding of the meaning of a
concept or why an event happened, in order to enable
understanding of it by one’s partner. Example: Often you
can say that sound is like the wind.

To ask the partner whether he or she understood something
or to express one's own (mis)understanding. Example: Is
that clear? or | don't get it.

To make a proposal in an argumentative context (explicit
conflict), that is, that becomes a subject of debate.
Example: This skin thus “fits” the form of the ball,
(partner: | don't agree).

To state reasons against a particular position. Example: If
the molecules always went as fast and as hard, the ball
would never stop jumping!

To state reasons for a particular position Example: Believe
in my experience as a percussionist, a snare drum that
has a very tight skin vibrates much less than a bass drum.

Togivein, that is, admit the partner isright. Example: Yes,
you must be right or Okay, you’ ve convinced me.

To propose an idea that unifies two conflicting
interpretations. Example: Another explanation: take a
cord that isn't tightly stretched When you touch it, it will
move alot but vibrate alittle.

To discuss the outcome of an argumentative sequence.
Example: In case you’ ve noticed, we agree.

To present anew element to be incorporated in the text.
Example: We carried out an Experiment with two
tambourines. We observed (and then we'll put in our
sentences).

To judge an element in the text either positively or
negatively. Example: Yes; sorry for that, but you put T2
instead of T1.

To manage the interaction (perceive each other’ s actions
and dialogue) and turn-taking (without reference to
specific task elements). Example: What's happening
here?

To manage the problem-solving task (with explicit mention
of atask element). Example: | have to explain my line 5
toyou

To make off-task (i.e. problem-solving) or social relational
remarks. Example: You're smart!

82



TABLE 5
The Individual Texts of Dyad 5 on the CONNECT Interface

Andy

Jerry Assignment Andy’s Text

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes Verify 1. When hitting tambourine 1, it emits a
sound. This sound propagates itself
in the form of vibrations.

Yes Verify 2. These vibrations reach tambourine 2,
by creating displacements of
moleculesin theair.

Yes Verify 3. The tambourine 2 starts to shake,
dragging thelittle ball along.

Yes Verify 4. Thereisachain reaction. The
vibrations emitted by the sound
push the molecules from A to B.

Yes Verify 5. The A molecules push the B
molecules towards C. The B
molecules push the C' s towards T2.

Yes Verify 6. (hitting harder) It moves more, since
the displacement of moleculesis
more important.

Yes Verify 7. The skin lesstightly stretched of
tambourine 2 absorbs the vibrations
more, and thus vibrates |ess itself.

Andy

Jerry Assignment Jerry's Text

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes Discuss 1. It disturbs the air molecules contained
between t1 and t2. These move
away from each other .

Yes Verify 2. The stretching of molecules arrives at
t2, those near strike it, provoking
the movement of the ball.

Yes Verify 3. Then the air molecules, between t1
and t2 position themselves as
before.

Yes Verify 4. The A molecules hit the B molecules,
that on their turn hit the C, that
subsequently hit T2.

Yes Verify 5. Then those groupings go back to their
place, like before.

Yes Verify 6. (hitting harder) The molecules stretch
more violently, thus strike t2
harder. The ball moves more, jumps
farther.

Yes Verify 7. The skin less tightly stretched, it is
easier for the molecules to make it
move but the ball moves less.

83
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Forging Opinions

The two students started by marking their opinions taking a total of 31 actions
(28 are minimally necessary), that is, clicks on choice boxes. In addition, they
viewed the two-tambourine situation (picture and assignment shown in Figure 1)
three times. The existence of changes of opinion during this opinion-forging
phase suggests that it led to genuine reflection on the part of the students. Andy
and Jerry predominantly marked their own and partner’s text lines with a“Yes”
(see Table 5). It seems that Andy was neither surprised nor intrigued by Jerry’s
remark about the molecules going back to their initial place. The interface nev-
ertheless shows one “No,” Jerry’sfirst line, that needed discussion. The apparent
agreement between the two students was a rather disappointing outcome and
showed that the dyad matching procedure is not a sufficient condition for pin-
pointing debatable topics (see final section). The dialogue about the texts started
only after completion of al opinions.

Guided Discussion

Theinterface showed onelinetodiscuss(see Table5): “ It disturbstheair molecules
contained between t1 and t2. These move away from each other”. Thefirst episode
shows how Andy and Jerry immediately focus on the controversial line (asindeed
they were requested to).

1A:  They don’'t move away from each other, they all go towardst2. A — Attack
2J My 1 We saw in the movie that the air molecules that were positioned A — Defense
in acertain way, spread ahead, here t2, thus creating more spacing
between the molecules than before. / OK? YES OR NO.
A — Concession
3A: yes A — Concession

Note. In the excerpts throughout the results section, units are separated by slashes and main
categories are abbreviated (E = explanation; A = argumentation; P = problem resolution; M =
management).

The episode is very short, only three turns. The unambiguous “Yes’ versus “No”
on the interface led us to categorize the interventions as argumentation. Andy
immediately objects to Jerry’s line by stating that all molecules go towards the
second tambourine. Jerry defends the idea of spreading molecules, but at the
same time concedes that they move ahead. They then converge to an interpreta-
tion that combines the two ideas. Molecules both move away from each other
and move towards the second tambourine. Note how the students do not need to
explicitly discuss management of their interaction or the task in this episode. Be-
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cause there is only one controversial line, Andy does not even bother explaining
what he is talking about. The salience of the instruction label Discuss alone
seems to give rise to their discussion.

Multiple Meanings

Theremaining linesreceived thelabel “Verify”: the students supposedly agreed on
them. However, Andy discoversapoint that needs clarification. He signalsthisby
changingtheopinionmark fromaY esintoa?on Jerry’ stextline7“Withaskinless
tightly stretched, it’ seasier for the mol eculesto makeit move, but thelittleball will
move less.”

Andy changes his Yeson Jerry’s 7th lineinto a 2.
4A: If the skin moves more why does the little ball moves less? E — Explicate
5J The skin moves more because it is less tightly stretched but the E — Explicate
pressure exerted by the air is the same. This skin thus “fits’ the
form of the little ball.
A — Thesis
6A: Don’'t agree. In my opinion the skin of T2 movesless (see my 7). A — Attack

Andy proceeds by explicitly asking for an explanation. Following Jerry’ sexplana
tion, aconflict arises about whether the skin moves more or less, aconflict also oc-
curring in another dialogue.

We found, in fact, several ways of describing what happens when you have
less tightly stretched skins. Some students predict a change in frequency (the
skin will vibrate less), whereas others predict a change in the amplitude (the skin
will go farther out). The descriptions are not incompatible, but due to their im-
precise nature, they actually denote the same interpretation (see Figure 6a and
b). For example, the skin in Figure 6b can be said to move less (referring to its
frequency: less movements per second) or to move more (referring to its ampli-
tude: it goes farther out). In other words, to move a lot can either mean that
something has a high frequency or that it has high amplitude. These opposite
meanings are a source of conflict in two of the six dialogues. In the Andy and
Jerry dialogue, both students use the verb “to move,” but Jerry means to say that
the skin goes further out (moves more), whereas Andy means to say that it does
not vibrate as much (moves less). In the last turn of this episode, Andy maintains
that the skin will move less and refersto hisline 7 that says that the skin will vi-
brate less, a clear example of a conflict related to the ambiguous nature of lan-
guage. In order to sort it out, the students will need to differentiate between the
two opposite meanings of the expression “moving a lot.”
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(a) (b) (c)

FIGURE 6 Mental models of atightly (a) or alesstightly stretched (b, c) skin.
Divergent Mental Models

Jerry also usestheverb “tofit” for describing the behavior of the skin. Further anal-
ysislead to two different mental modelsfor the behavior of thelittle ball asaresult
of the behavior of the skin: the little ball moves as much as the skin (Figure 6b) or
the skin is very loose and goes around the little ball (Figure 6¢). This latter model
lead to statements such as“ the skin moves more, but thelittle ball movesless (than
it would with atightly stretched skin).” Note that the original question referred to
thebehavior of theskinonly. It eft aside the behavior of thelittle ball, whichwould
behardto predict from physicsknowledge. Jerry’ suseof theverb“tofit” clearly re-
fers to the second model. So in addition to a language problem, the students will
haveto sort out their differencesrel ated to what actually happenstothelittleball.

Conceptual Differentiation and Use of Analogy
One way of solving the language problem is to discriminate between different mean-

ings by using anaogy. The choice of a particular analogy reveals one's conception of
the phenomenon &t hand. In turn 7 and 8, Andy and Jerry use different analogies to
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defend their interpretations. a guitar cord that vibrates versus a piece of cloth that
moves. Their analogies nicely disclose the two meanings of “to move’ and reved two
dightly different macroscopic conceptions of sound: Sound as a traveling pattern that
will make something vibrate and sound as a substance with impetus that will make
something move. Moreover, Andy tries to solve the language conflict by explicitly
differentiating “to move” from “to vibrate.”

73 Difficult to know. When one looks at the skin one sees it A — Defense
move more than one that has atightly stretched skin/ A — Defense
When you hit something hard, that's stable in space, it
will not move whereas a piece of cloth that isn't tightly
stretched, for example will.

8A: Another explanation: take a cord that isn’t tightly stretched. A — Compromise
When you touch it, it will move alot but vibrate alittle/ A — Compromise
On the other hand, atight cord like a guitar will move a
little but vibrate alot.

9J | agree with your 7/ but | thought for amoment that you A — Concession
did not agree with mine. / For me the two lines are right M — Interaction
they just don’t explain the same thing (vibrations and
movements). A — Compromise
10A: NO When a skin lesstightly stretched vibrates lessitm A — Attack
movesaivses more moves more so the little ball has to M — Interaction
move more too. / Pardon me, / do you get it? E — Understand

Note. Somenonwordsin thisexcerpt show theoccurrence of concurrent typing by thetwo students.

Andy’ sexplanation hascomeacross, Jerry’ sanswer (line9) showsthat hepicked up
the difference between vibrations and movements. Thelanguage problem hasbeen
solved by aconceptual differentiation of meanings. Andy now focusesontheimpli-
cationfor thebehavior of thelittleball, the essence of their conflicting mental mod-
els (Figure 6b versus Figure 6c).

11 Hypothesis: with the same force of the air exerted E — Understand
on T2: atight skin vibrates more than a skin less
tightly stretched but will move less than the

latter.
12 A: Yes. Yes. E — Understand
M — Interaction
13 For thelittle ball, | think it will move lesswith a A — Attack
lesstightly stretched skin because it will vibrate
less and thus less “transmit” the vibrations.
14 7. Okay? A — Outcome
15A: Maybe. A — Outcome

Jerry once more shows his understanding of the vibration—movement issue (line
11), but in line 13, he attacks Andy’ s statement (ball moves more) saying that the
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skintransmitsless (ball movesless). Thefinal intervention showsthat Andy isnot
really convinced. So whereasthey sort out the frequency—amplitude confusion, the
question about the little ball remains unanswered.

Addressing Remaining Differences

Themainoutcomeof Phase 1 wasaconceptual differentiationonthefrequency/am-
plitude, move more/move less, movement/vibration debate. However, Andy and
Jerry were put together because they had a synthetic versus an extended synthetic
model, that is, Jerry in addition described what he thought would happen once the
mol ecul eshit thesecond tambourine. Thisissuedid not show upinthefirst phase. In
thesecond phase, thestudentswereasked towriteacommontext describing thetam-
bourinesituation. Thiscommontext should refl ect mutual understanding of thephe-
nomenon and constrain students to identify and address remaining differences.
Theanalysisof the second phase beginswhen Andy and Jerry start adding origi-
nal individual sentencesto their common text. The second sentence added caused
somediscussioninthefirst phase ending in an agreement about the moleculesboth
spreading and moving towardsthe second tambourine. Subsequently, Jerry thinksit
is necessary to specify the behavior of the molecul es after striking the tambourine,
thatis, thedistinguishingfeaturebetweentheir mental model s(mol eculesgoback).

When hitting tambourine 1, it emits a sound. This Andy’stext line 1 added
sound propagates itself in the form of vibrations.
It disturbs the air molecules contained between t1 Jerry’ stext line 1 added
and t2. These move away from each other .
1.3 Yes. M — Interaction
2.A Yes. M — Interaction
3J | don’t know whether the molecules go back to P — Evauate

their place or whether , because of the partial
vacuum they create.

4A: (0] M — Interaction

5J h becau what are you doing??? | did not finish my M — Interaction
sentence.

6A: | got it, it's OK, hypothesis 2. E — Understand

73 continued; ...create, are replaced by others Thank P — Evaluate
you.

8A: I gotit, it'sOK, hypesis 2. E — Understand

Note. Some non finished wordsin thisexcerpt show the occurrence of concurrent typing by thetwo
students. The trandation of the French excerpts shows the English equival ents of the students’ original
typing or spelling errors.

Andy seemsto agreewith aninterpretation according to which themoleculesget
replaced by others (herefersto it asHypothesis 2), and the original ones do not go
back to their place. It isdifficult to interpret the episode because of problemsin the
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communication. Several dialogueturnsreveal theburden represented by interaction
management necessary in distance communication.

The Burden of Collaborative Text Writing at a Distance
Oneof the disadvantagesof thedoubletask of discussingandwriting at adistanceis

that writing may inhibit discussion. The following episode shows a number of in-
terventions that aim at organizing the interaction and problem solving.

9J | think everything is OK: |et’ sreread together and write P — Evaluate
if something is not right M— Task
10A: twhat? M — Interaction
When hitting tambourine 1, it emits asound. This Andy’stext line 1 added
sound propagates itself in the form of vibrations.
(When hitting tambourine 1, it emits a sound. This Text deleted
sound propagates itself in the form of vibrations.)
11 Yourl:OK? P — Propose
12A: Yes P— Evaluate
132 your2 P — Propose
14A: YOUR2OK. P— Evaluate
15J.  isthat something is not right in the text, and then in P — Evaduate
mine. For me everything seems arighte
P— Evaluate
16 A: There'sno E at dright, FOR THE REST it's OK. P — Evduate
173 and what about the ball that does not move? And about P — Propose
the air that maybe gets replaced by the one coming
from outside the zone of the tambourines?
P — Propose
Some of them strike T2. New text added
18A: OK? P — Evauate
193  I'mthinking M — Interaction
(Some of them strike T2.) thus provoking a stretching Text deleted and new text added
of the air mass in question.
20A: Areyousure P — Evaduate
21J  Wesaw in the movie that the space was larger when E — Explicate
there were vibrations
22A: OK M — Interaction
23J.  continue the summary of the displacements of air in M — Task

between T1 and T2

Although Andy and Jerry are proposing and eval uating solution elements and exe-
cuting task actions, the common text doesnot devel op until after turn 17. Infact, the
episode represents a status quo. Whereas Andy proposes a shortcut (some of the
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molecules strike the second tambourine), Jerry stays with the process itself, adds
that theair mass getsstretched, and inturn 23 asksfor still more precision about the
behavior of the molecules. In asense, both students are faithful to their initial indi-
vidual model. The text-writing task brings up the issue that distinguishes between
their models, but the burden of problem solving action of adding and del eting prop-
ositions interferes with a discussion about those propositions.

Communicating Through Text Writing

Andy and Jerry’s models did agree about the initial behavior of the A, B, and C
molecules. After an episode with text changes and management turns, they in-
clude the following sentence on the subject: “Through a chain reaction, the A
molecules hit the B molecules, which in their turn hit the C, which then hit T2.”
Jerry subsequently returns to the issue of what happens afterwards. In their text,
the students leave room for two interpretations. molecules either reposition
themselves as before or are chased by others. Writing the text does force the stu-
dents to be precise in expressing the fact that the moving molecules leave an
empty space. As the episode shows, the students communicate through their
problem solving action rather than discussing the issue first. The action of add-
ing or changing text in itself takes the function of proposing a solution element.
The students oscillate between a vacuum, a partial vacuum, and finally the word
space is introduced. The latter term seems to satisfy both, the word vacuum be-
ing too controversial.

Then the air moleculesin between t1 and t2 reposition themselves as Text added
before
36 A: We M — Interaction
37 would have Ito knowdidn't finish M — Interaction
, or are “chased” by others that comefill the vacuum, that is partial, that Text added
they produced.
38 OK? P — Evauate
39A: amost P — Evauate
fill the vacuum that they left behind Text changed
40 A: OK? P— Evauate
fill the partial vacuum that they left behind Text changed
41 A: Yes P — Evauate
fill the, partial, vacuum that they left behind Text changed
42 OK? P — Evauate
fill the space that they left behind Text changed
43 A: OK? P— Evauate
44 3. Areyou sure! 1! P — Evauate
45 2 VACUUM would be better A — Attack
46 A: It is not avacuum A — Defense
47 partial A — Compromise
48 A: asyou like A — Concession

(continued)
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(continued)

49 J let'sgoon M — Task
When the molecules strike T2, the little ball moves. Text added

50 A: OK? P — Evauate
because of the vibration provoked on the skin of the tambourine Text added

The students' final common text is an elaborate description:

When hitting tambourine 1, it emits a sound. This sound propagates itsdlf in the
formof vibrations. It disturbstheair molecules contained between tl and t2. These
move away from each other. Through a chain reaction, the A molecules hit the B
molecules, which at their turn hit the C, which then hit T2. Then theair molecules
inbetweentl andt2 reposition themselvesasbefore, or are* chased” by othersthat
come fill the space that they left behind. When the molecules strike T2, the little
ball moves, because of the vibration provoked on the skin of the tambourine.

Their textisareformulationincomparisonwith both of theindividual texts. They
do not mention their answer to the question of the tambourines with less tightly
stretched skins.

Carol and Ellen: Missed Opportunities

Theseconddyad, Carol and Ellen, showed adial oguewith apoor outcome. At theout-
set, Carol’ stext says” The A molecul esaredisturbed by tambourine 1. They propagate
right up to the B molecules. These last ones also propagate to the C molecules that
striketambourine2. A —» B — C” (synthetic modd!). Ellen’ stext says“The A and B
molecules are pushed away towards tambourine 2. Next, the A, B, and C molecules
makethelittleball in contact with T2 moveby being smashed against theskin” (initial
model). Ellen noticed thedifference, because she put question markson Carol’ slines.
Inthecorresponding excerpt, Ellenstartsby asking Carol toexplainher lines. Thisfirst
turn (Line 1) canbeinterpreted asacl ear referenceto the assignment shown onthein-
terface that Carol in the beginning of the second turn acknowledges.

1. E: You'll have to explain some of your lines to me? M — Task

2.C: | admit that some of my lines are difficult to understand. / About 3,/ the A M — Interaction
molecules are pushed over to the B molecules which in their turn push the M — Task
C molecules. / Thelast oneswill hit T2./ Then, the little ball that touches E — Explicate

the tambourine will start jumping. E — Explicate
E — Explicate

3. E: Soyou say that only the C molecules will touch the tambourine? E — Understand
4.C: It seemsto methat the A, B, and C molecules are the same ones/ but that  E — Explicate
they are the stagesin order to arrive at tambourine 2 E — Explicate

(continued)
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(continued)

5.E: That'salsowhat | think, / | badly understood the meaning of your E — Understand
sentences. / I'm going to change my answer for 3and 4/ but we'll have  E — Understand
to talk about the two last ones.

M — Task
M — Task
Ellen changes her ? on Carol’s 3rd and 4th lineinto a Yes.

In the remainder of this turn, Carol reformulates her lines into a description that
again reveals her synthetic model: only the C molecules, “the last ones,” will hit
the second tambourine. Ellen notices the discrepancy with her own initial model
because she then explicitly asks whether Ellen thinks that only the C molecules
will touch the tambourine. This seems to be an excellent opportunity for both
students to figure out which of the two models holds. The dialogue could even
have turned into an argumentative sequence. However, the conflict does not re-
ally become explicit, neither in the opinion marks, nor in the dialogue between
the two students. Instead of answering by a distinct confirmation that could have
marked the beginning of a verbal conflict situation, Carol attempts another ex-
planation but this time adapting her previous version in away that is compatible
with Ellen’s initial model (see also Figure 2). She now describes A, B, and C as
stages in the process. Ellen promptly accepts this adaptation, both in her answer
and by changing her opinion marks.

Two related things can be observed from this excerpt. First, the way in which
the students refer to the assignment shows that both seem to be very aware of
the expected type of behavior: some lines of text need to be explained. Second,
although there is an attempt to clarify their conception of the behavior of the
molecules, Carol merely paraphrases her lines until Ellen is satisfied. Carol and
Ellen seem to think that they must have the same conception from the outset,
and that it is just a matter of finding the formulation with which they will both
agree. It is not clear from the dialogue whether Carol has a synthetic model (turn
2) that she badly formulates into an initial model (turn 4), whether it is the other
way around, that is, an initial model that was badly formulated at the outset, or
whether she changes her mind in between.

Although there is good opportunity for argumentation, this type of dialogue
seems to provide a very weak basis for learning. There is no conceptually based
argumentation and even the explanations are mere paraphrases. Their common
text shows no real resolution of the conflict between the two interpretations (ini-
tia and synthetic model):

Knowing that air consists of molecules in constant movement, we observe
that after hitting tambourine 1, the A molecules are pushed away towardsthe
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B molecules. Those |ast ones also propagate towards the C molecules. They
arrive at tambourine 2 and make the little ball in contact with it move.

Infact, theword*“they” inthelast sentencereflectstheambiguity becauseit canrefer
either to all or to only the C molecules. The dial ogue and common text of thisdyad
show how a high opportunity for epistemic activities may not be exploited. Baker
and Bielaczyc (1995) termed this type of situation a missed opportunity, demon-
strating how studentscan only beled to consider their conceptual differencesuptoa
certain point. The question arisesasto how technol ogy could help to further exploit
such situations.

Daphne and Lydia: Learning Needs Revealed

Thefourth dyad, Daphne and Lydia, presented another opportunity for addressing
domain notions. Their texts contained seven lines in need of explanation and one
line with two question marks (see Table 6 that displays only part of their texts).

The ensuing dialogue and common text focalize on the verbs mix, drag, and
push for describing the behavior of the molecules. The excerpt shows an omission
of aword in Daphne’s intervention, noticed by Lydia, and solved immediately.
The discussion then is suspended. It is impossible to decide from the dialogue
whether the verbs to drag and to push carry different interpretations (respectively
al or only the C molecules reach the second tambourine).

TABLE 6
Part of the Individual Texts of Dyad 4 on the CONNECT Interface

Daphne Lydia Assignment Daphne's Text

Yes Yes Verify 3. When hitting T1, the A molecules of air
are disturbed and sent to the side of T2.

Yes ? Explain 4. In thisway, they mix and drag along the

B and C molecule groups. Thusthereis
adisplacement of air.

Daphne Lydia Assignment Lydia’'s Text

Yes Yes Verify 3. The T1 pushes the A molecules, that in
turn push the B molecules, that
themselves go push the C's.

Yes Yes Verify 4. There's a propagation of movement
within the molecules.




94 DE VRIES, LUND, BAKER

1L: ... Ahyes, line 4: are you sure they mix? A — Attack
One of the students shows and hides the problem screen.
2D: | don’t know whether they the other molecules or whether they drag E — Explicate
them.
3L: Haven't you forgotten aword? M — Task
4D: Whether they push them... M — Task
One of the students shows and hides the problem screen.
22D: The only problem left, isfor my line 4 and your line 3. M — Task
23L: Why? M — Interaction
24D: Because we don’t know whether it must be pushing or dragging. M — Task
251L: That'sright / we will haveto ask Mrs. L. M — Interaction
M — Task

26 D: You're still convinced that the A molecules are pushing the others? A — QOutcome
27 L: Not convinced, | put that because it seemed to be the best answer. But A — Outcome
it could very well be that the B molecules are dragged aong by the

A ones.
A — Outcome
28 D: Are we done? M — Interaction
29L: Yes, | think so M — Interaction

Thestudentsseemto searchfor evidenceoutsidetheir own judgment asthey con-
sulttheassignment screen. It sonly after 18 turns, towardstheend of thefirst phase,
that Daphne brings the issue up again. Neither of the students has an argument for
oneverbor theother, but both seemto beconcerned (Lydiainturn 1, Daphneinturn
22). They finally decidethat they need areferee, their teacher, and neither of them
commitstoaparticular verb. Inasense, they don’ t needto argue becausethey will be
able to ask a person with more physics knowledge. Their common text contains a
synthetic model description, containing only the verb to push:

T1 pushesthe A molecules, whichinturn push the B molecules, which them-
selves go push the C molecules.

There is not much argumentation or explanation in this sequence, but an inter-
esting result is the students’ recognition of their need of more information.

QUANTITATIVE ANALYSIS

The quantitative analysis concerned the six pairsthat worked with CONNECT at a
distance. Two main sources of obstruction for the occurrence of epistemic dialogue
have been recognized. Thefirst sourceisthe simultaneous execution of amain task
such as constructing a solution or writing atext. Dialogue enters into competition
withit: the more time and actions necessary for task execution, the lessroom there
isleft for dialogue, especialy in distance situations (Tiberghien & deVries, 1997).
The second sourceisdialoguethat concernsinteraction and task management. The



COMPUTER-MEDIATED EPISTEMIC DIALOGUE 95

presence of dialogue in itself does not mean it can be categorized as epistemic.
Epistemic dialogue enters into competition with management dialogue. The level
of epistemic dialogueisgeneraly low, lessthan 10% in our previousresearch ona
task involving graphical construction of a solution (Baker & Lund, 1997). In the
CONNECT environment, themain task isdiscussion, at least in thefirst phase, and
therefore we consider that explanation and argumentation should take up at least
35% of the dialogue. In other words, we set the lower limit for the occurrence of
epistemic dialogue to approximately one third of the entire dialogue. The CON-
NECT environment and task sequence were designed so asto limit interaction and
task management to only two thirdsof thedialogue. Thecostsof task actionsversus
dialogue onthe one hand, and of management and problem solving versus explana-
tion and argumentation on the other hand, are measured in terms of the number of
actions and the time spent. The quantitative analysis also involves the rate of stu-
dents’ recognition (opinion marks) of conceptual differences.

The Amount of Dialogue Turns and Task Actions

Table 7 shows the balance between dialogue turns and task actions in each of the
two phases in terms of both their frequency and their total duration. In the first
phase, the task actions consist of the marking of opinions, and therefore we find a
mean of at |east 28 actions (7 lines x 2 texts x 2 students). Table 7 showsthat they do
not take up much time (about 7% min). In contrast, whereas in the same phase a
smaller number of dialogue turns are observed, they actually take up most of the
time (@most 30 min).

Because conceptual differences supposedly have been sorted out, students are
supposed to concentrate on writing a common text in the second phase. The task
actions consist of adding sentences and editing. In this phase, frequency and dura-
tion show almost identical proportions in favor of dialogue turns (62% and 64%)
as opposed to task actions (38% and 36%).

TABLE 7
Amount of Dialogue Turns and Task Actions in Each Phase (Mean Number of Turns and
Duration)
Type
Phase N Dialogue Turn Task Action
1. Marking opinions and discussion Turns 24.7 38% 37.8 62%
Minutes 28.6 76% 75 24%
2. Common text production Turns 39.0 62% 21.7 38%

Minutes 239 64% 13.6 36%
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Students’ Recognition of Their Conceptual Differences

The dyad constitution procedure assured that the dyads consisted of students hav-
ing different models underlying their texts. Results showed that the studentsin fact
most frequently agreed on each other’ s sentences; the Y es-Y es opinion pairs made
up 69% of the cases. The second most frequently encountered combination wasthe
other student (not the author of a sentence) putting a question mark (23%). These
cases can be interpreted as requests for explanation. A clear conflict situation, a
Y es-No opinion pair, was encountered only three times (4%). In the remaining
cases, one student put a No and the other a question mark (2%), both put aNo (1
case, 1%) or both put aquestion mark (1 case, 1%). Did the studentsmark withaNo
or with aquestion mark precisely those sentencesthat were representative of acon-
ceptual model different from their own? A closer inspection of the opinion marks
showed that infiveof thesix dyads, at |east one of thetwo studentsdid not explicitly
agreewith the partner’ s sentence that contained the defining characteristic of hisor
her student model (did not put Y es). The differences between conceptual models
therefore were noticed in five out of six cases.

Level of Explanation and Argumentation

Table 8 shows the results of the analysis of the six dialogues. The dyads pro-
duced approximately the same number of statements during marking opinions
and discussion (first phase) as during the production of the common text (second
phase). The mean number of statements added up to atotal of 36.8 and 45.2 re-
spectively [t(5) = —.79, ns]. The amount of explanation and argumentation pro-
duced in the first phase was high, 33% and 23% respectively. Even when taking
into account that discussion in fact was the main task, the cumulated amount of
explanation and argumentation (56%) is higher than we expected a priori [35%,
binomial (221; .35), p < .001]. Thefirst phase of the task sequence itself did not
involve problem solving, and the type of dialogue observed reflected this (prob-
lem solving dialogue: 3%). The fourth category contained management and in-
volved 41% of the statements in the student dialogues.

Inspection of the subcategories revealed that about half of the explanation
statements concerned giving explanations, whereas the other half concerned re-
ceiving explanations, expression of (lack of) understanding, or asking for a con-
firmation of understanding. Regarding argumentation, the statements were
amost equally distributed across the six subcategories. The amount of state-
ments in each of the subcategories was low. Finally, the larger portion of the
management statements concerned the interaction rather than the task. In fact,
interaction management was the largest category concerning 26% of the state-
ments in the first phase.
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TABLE 8
Type of Dialogue in Each Phase (Mean, Frequency, and Percentage)

Phasel Phase 2
Type Frequency Percentage Frequency Percentage
Explanation 12.2 33 0.8 2
Explicate 58 16 0.2 0
Understand 6.3 18 0.7 1
Argumentation 7.0 23 23 6
Thesis 12 3 0.2 1
Attack 12 5 0.3 1
Defense 18 5 0.3 1
Concession 12 5 0.2 0
Compromise 0.5 2 0.3 1
Discuss outcome 12 3 1.0 2
Problem resolution 15 3 19.3 12
Proposing 0.0 0 6.0 14
Evaluating 15 3 13.3 28
Management 16.2 41 227 50
Interaction 10.2 26 17.3 38
Task 5.0 13 4.7 10
Off-task 1.0 2 0.7 2
Tota 36.8 100 452 100

The second phase dealt with writing the common text. As expected, statements
inwhich problem solution elementswere proposed or evaluated were more promi-
nent than in thefirst phase, t(5) = -3.82, p <.05. Inversely, the amount of explana-
tory dialoguewaslower than in thefirst phase, t(5) = 3.54, p < .05, both in absolute
number and proportionally. The dyads also produced very few argumentation
statements. Management was again an important category (no difference between
phases, t(5) = —1.08, ns, and in particular management of the interaction).

CONCLUSIONS, DISCUSSION, AND FURTHER WORK

Thisarticlefocuses on epistemic dialogue as avehiclefor understanding scientific
notionsaswell as on the conditionsfor the occurrence of such dialogue. In particu-
lar, it concentrates on epistemic dialogue produced in CSCL environments. In the
first sections, we further specified the necessary conditions for epistemic dialogue
on the basis of existing literature. We claim that these conditions involve domain
choice, task sequence (dyad constitution, prescribed activities), and computer sup-
port (task and communication structuring on the interface). Moreover, we de-
scribed how these conditions can be sati sfied through the concurrent engineering of
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the components of a specific learning situation, that is, the CONNECT environ-
ment and task sequence. Theempirical study then aimed at studying the occurrence
of epistemic dialogue in relation to each of the components of the situation and the
way that knowledge and conceptions evolve in epistemic dialogue. Regarding
thesetwo points, wewill now summarizetheresultsof the qualitative and quantita-
tiveanalysisof thedialogue producedinthe CONNECT environment. Wewill also
discusssomeof the obstaclesthat may inhibit the occurrence of epistemic dialogue.
Finally, we will discuss further work.

Conditions for and Occurrence of Epistemic Dialogue

The first component of the CONNECT environment and task sequence concerns
the topic of discussion. Within the scientific domain of physics, we chose a
problem about sound for several reasons that were in fact corroborated by the
qualitative analysis. First, sound is a complex domain that can be understood at
different levels of description (cf. Andy and Jerry: Conceptual Differentiation
and Use of Analogy). Second, it has been shown that students commonly hold a
variety of perspectives on sound phenomena (cf. Andy and Jerry: Divergent
Mental Models, Conceptual Differentiation and Use of Analogy). Third, the ev-
eryday meanings of terms related to sound differ from their scientific meanings,
and may also differ between individuals (cf. Andy and Jerry: Multiple Mean-
ings). These reasons constitute both learning barriers and opportunities for de-
bate. Our qualitative analysis thus showed episodes in which the occurrence of
epistemic dialogue was closely related to levels of description, different perspec-
tives and double meanings in the domain and as such may contribute to the de-
velopment of conceptual understanding in that domain.

The second component rel atesto the task sequenceitself (i.e., dyad constitution
and prescribed activities). The dyad constitution procedure maximized the
chances for students to have different conceptions and models. However, putting
students together with differing viewpointsis not a sufficient condition. Students
must notice their differences and want to discuss them. A close inspection of the
opinion marks showed that model differenceswere noticed in five out of six cases.
The high percentage of question marks as opposed to No's shows that students
might not be prepared to explicitly disagree but rather will expressthe need for ex-
planation. Noticing differences and even being prepared to request explanations
for them does not necessarily mean, however, that studentswill actually proceed to
discuss them (cf. Carol and Ellen: Missed Opportunities). In some cases, students
will only discussthem when confronted with the task of writing acommon text (cf.
Andy and Jerry: Addressing Remaining Differences).

One possible explanation lies in the tension between conditions for conceptu-
ally based learning and conditions for epistemic discourse (e.g., Nonnon, 1996).
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For the former, the concepts must be within the students’ capabilities, but never-
theless need to be constructed or elaborated during the task sequence. For the lat-
ter, students conceptions must be sufficiently elaborated, so that they are able to
give or request an explanation, and/or to defend their viewpoints by argumenta-
tion. These sets of conditions are therefore clearly in conflict: How could one be
sure enough of an idea currently being constructed in order to be willing to defend
it? A second possible explanation for not engaging in epistemic dialogue relatesto
the social aspect of managing conflict (Traverso, 1998). Sharpening a cognitive
conflict may sharpen an interpersonal social conflict and the students, as members
of the same class, may not have wanted to pursue such an outcome. A third possi-
ble explanation lies in the nature of explanation and argumentation as social dis-
course practices that have to be learned (e.g., Voss & Means, 1991). Thus, it may
have been that students did not have sufficient understanding of, and practicein,
argumentation and explanation.

The third component is the task and communication interface and its insertion
into the CONNECT sequence, which was designed to provide the preparation, the
conditions, and the guidance for discussion. The preparation consisted of students
writing an individual text (in class) that described the sound phenomenon. This
was meant to initiate the construction of their own conceptual viewpoints. Thedis-
play of individual texts and the students’ opinion marking constituted the condi-
tions and the guidance for discussion. These activities helped students gain an
understanding of their partner’ s views, reflect upon them, and compare them with
their own (cf. Andy and Jerry: Forging Opinions). The instruction labels for each
sentence on the interface gave direction to students' dialogue but with mixed out-
comes (cf. Andy and Jerry: Guided Discussion; Carol and Ellen: Missed Opportu-
nities; Daphne and Lydia: Learning Needs Reveaed). Thus, explanation and
argumentation sequences have been shown to originate in the task and communi-
cation interface of CONNECT. However, students' dialogues also showed
communicational burdens that hindered students' participation in epistemic dia-
logue. First, even though we provided shortcutsfor the studentsto usein managing
their interaction, their dialogues revealed the burden of dialogue turns needed for
interaction management (cf. Andy and Jerry: The burden of collaborative text
writing at adistance). Second, the burden of executing task actionsthemselves, for
example, adding phrases to the common text, took time away from epistemic dia-
logue (cf. Andy and Jerry: Communicating Through Text Writing).

The quantitative analysis of the interactions of the six dyads was carried out in
order to determine the extent to which the CONNECT situation favored dialogue
rather than task activities, and explanation and argumentation rather than other
types of discourse. First, analysis of the interaction showed a prevalence of dia-
logue over task actions. We view this predominance as a positive outcome of the
design of theinterface and task sequence. Dueto the burden of communicationina
computer-mediated situation, task actions could well have prevailed over dialogue
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especialy in the second phase. Second, analysis of the type of dialogue showed
high percentages of explanation and argumentation compared to percentages
found in previous research. So, whereas coordinating the interaction and the task
still took up an important portion of a computer-mediated dialogue, these
communicationa burdens had only limited effects in the CONNECT environ-
ment. Moreover, there seem to be important differences depending on the activity
that iscarried out. Pure construction type activities demand more management due
to the turn taking not only between partners dialoguing, but also dueto alternation
of task and dialogue turns. The interplay of two partners and two possibilities for
proceeding (I speak, you speak, | act, you act) rendersthe computer-mediated situ-
ation for construction activities a rather complicated one.

Epistemic Dialogue and Conceptual Understanding

Once epistemic dialogue occurs, the question is how it may contribute to concep-
tual understanding of scientific notions. The Andy and Jerry interaction illustrates
one of thewaysinwhich this can take place, namely through conceptual differenti-
ation resulting from the resol ution of vocabulary ambiguities. The example “ mov-
ingalot,” meaning either movement intermsof frequency or movement in termsof
amplitude, shows the importance of rendering explicit meanings behind words.

In contrast, Carol and Ellen’s case shows how an initially recognized conflict
leads to epistemic dialogue, but does not reveal progress towards conceptual un-
derstanding. We qualified this as a missed opportunity. Instead of both exploring
the differences between their models, Carol presents successive explanations of
her own model seemingly with agoal of coinciding with Ellen’s model.

Another route towards conceptual understanding, present in the CONNECT
data, istherecognition of alack of understanding. Infact, itisnot necessarily obvi-
ous that students realize just what it is they do not understand or that they realize
that it isthe appropriate moment to consult an outside source (e.g., their teacher in
the Daphneand Lydiacase). Thearrival at such animpasse can be considered to be
a positive outcome in the sense that the students have taken charge of their own
pursuit of understanding.

Further Work

In conclusion, our work has demonstrated how different components of CSCL en-
vironmentscan play aroleinfavoring epistemic dialogue. We have highlighted the
complex and interacting set of factorsthat areinvolved in enabling studentsto en-
gage in such dialoguesin away that could lead to conceptual understanding and
have described waysin which this can take place. Our future work will addressthe
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issue of defending opinions versus constructing knowledge, focus on how to teach
argumentation discourse practices, and explore how technology can help facilitate
conceptual differentiation and recognition of learning needs, while working
against the missed opportunity phenomenon. Theintegrated approach embodiedin
the CONNECT environment providesapromising way of exploring these complex
issuesin future research. Addressing theseissues requires abroader understanding
of how communication and information technol ogies can be embedded within dis-
cursive practices in educational settings.
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