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Abstract: The development of children’s concepts is often still studied without taking into account school
practices, namely, the verbal and instrumental activities in which these concepts develop. The present research
is rooted in a Vygotskian perspective that defines thinking and its dynamics within the semiotic contexts where
they take place. The article aims at showing how pupils were guided by their teacher to adopt an inquiry- and
argumentative-based approach to learning science. Software developed to support argumentation and learn-
ing — an argumentative map called Digalo that provides a visual representation of the discussion - was used in
the classroom by teachers and students to learn about astronomy. The data presented here were extracted from
a European project (Escalate) which aimed to enhance science learning through argumentation and inquiry
activities (Andriessen, Baker & Suthers, 2003; Muller Mirza ¢ Perret-Clermont, 2008; Muller Mirza, Tartas,
Perret-Clermont & De Pietro, 2007). Three elementary classes (grades 3, 4 and 5) participated in the study and
were led to explain “why are there seasons?” in the course of different phases of debates guided by the teacher
and mediated by argumentative maps. General quantitative results based on the comparison of pre-test and
post-test scores showed that the students in grades 4 and 5 improved their knowledge whereas the 3 grade
students did not progress. A more detailed analysis of the different phases of the study was then carried out,
focusing on the evolution of children’s understanding of the seasons through the analysis of their productions
(the structure and argumentative contents of their argumentative maps) and on how the 5" grade teacher scaf-
folded his students’ sessions. The results showed that elementary school students can learn from debate oriented
by argumentative maps and guided by the teacher. The roles of argumentative maps and teacher’s scaffolding
in learning and thinking processes are discussed from a sociocultural perspective.
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Introduction

The research presented here aims to show that
even in elementary school where children have not
yet developed scientific concepts?, they can engage
in a participatory way of doing science and can de-
velop discursive practices as scientists (namely ne-
gotiating the meaning of a phenomenon through de-
bate and dialogues mediated by cultural tools such
as scientific data or schemas, drafts, etc.). “Learning
and thinking are always situated in a cultural setting
and always dependent upon the utilization of cul-
tural resources” (Bruner, 1996, p. 4). This proposi-
tion was illustrated by studying some intermediate
ceuvres (Meyerson) by elementary school children
in the course of a scientific activity that consisted
in understanding the seasons. Three classes of 3%,
4™ and 5" grade students participated in construct-
ing an argumentative map and then re-using it in a
subsequent session guided by their teacher. Our re-
search questions are: what practices take place when
a particular tool is used in class to learn astronomy?
And how are durable traces of scientific activity and
thinking processes materialized in argumentative
maps used by the teacher to develop the children’s
understanding of a specific phenomenon, i.e., the
seasons?

In psychology, the role of materiality or ob-
jects in shedding light on the development of knowl-
edge is generally considered subsidiary. In Piagetian
theory, for example, objects are pretexts for study-
ing children’s individual competencies; they are not
taken into account as social and historical entities.
Being able to use them reveals the stage of thinking
reached by the child. Other authors, however, have
stressed the need to take objects and, more broadly,
all mediations (material or conceptual) into account
in order to understand where knowledge comes
from (Baucal, 2012; Perret & Perret-Clermont, 2011;
Serensen, 2009). This is also the case in the CHAT
(Cultural Historical Activity Theory) perspective

2 According to Vygotsky’s definition, scientific concepts
emerge during adolescence.

(Cole & Engestrom, 1995; Cole 1996; Engestrom,
1987). Following Vygotsky, these authors assign a
central role in learning situations to social interac-
tions in which students and teachers have the op-
portunity to reflect on their problem-solving strate-
gies by engaging in a reflexive written or oral activ-
ity. In this perspective, activities that use intermedi-
ate artefacts to support social interactions are cen-
tral in the meaning-making process. One such ar-
tefact is Digalo’®, a software designed by researchers
in psychology, education, communication and com-
puter sciences to support argumentation in learning
science. The underlying assumption was that debate
and argumentation in class might become thinking
tools that enhance learning. One of the aims of this
research was to invite children to engage in scien-
tific debates, as practicing scientists do, relying on
the appropriation of concepts and the use of valid
resources (for a detailed presentation of the role of
the software, see Andriessen, Baker & Suthers, 2003;
Muller-Mirza & Perret-Clermont, 2008). Draw-
ing on Vygotsky’s thesis that thinking is semiotical-
ly mediated (Vygotsky, 1978), we hypothesized that
the external representation of dialogues in argu-
mentative maps (Digalo) could transform exchang-
es in the three school grades studied and thereby
help to co-construct shared knowledge or ideas.

The originality of the Escalate research pro-
ject conducted in Toulouse (France) was to propose
this tool in an elementary school in order to study
how teachers and their students used it to achieve
a scientific understanding of the seasons. Three dif-
ferent grades took part in the research (Grades 3,
4 and 5) working on the cycle of seasons and the
day/night cycle. We present here only part of the re-
search project — the way children and their teacher
co-constructed a shared understanding of the phe-
nomenon of seasons by analysing the mediations
used. We first present some theoretical underpin-
nings of the study, then the methodology used and

3 Digalo was developed in the Dunes project IST-2001-34153
and was tested in Escalate (Enhancing SCience Appeal in Learn-
ing through Argumentative inTEraction) in science learning.
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the main results regarding the role of Digalo maps
in the teaching-learning situations.

Reasoning in astronomy

Naive or everyday knowledge versus
scientific knowledge

In developmental psychology, studying chil-
dren’s initial knowledge in astronomy is based on
the identification of the naive knowledge they have
of the world. Vosniadou, Skopeliti & Ikospentaki
(2004) showed that 6- to 12-year-old children’s naive
representations about the shape of the Earth evolved
as a function of different models: the first models
represented the Earth as a disc or rectangle where-
as the final model matched the scientific one, i.e. a
spherical representation of the Earth. Between these
two extremes were intermediate models that inte-
grated new knowledge acquired in class into the ini-
tial or naive knowledge. Children appeared to have
a sort of naive theory about the shape of the Earth,
based on two presuppositions: “what looks flat is
flat” and “what is not held up, falls down”. In this
cognitivist perspective, the focus is on the organi-
sation and structuration of knowledge and its evo-
lution during development. This perspective, often
designated as conceptual change, tries to explain the
difficulties met by children and adults based on their
cognitive functioning. According to this theory, this
intra-individual level of analysis could explain the
difficulties people encounter in understanding a sci-
entific phenomenon.

Another perspective consists in reconsider-
ing the distinction made by Vygotsky between eve-
ryday concepts and scientific concepts and in rede-
fining developmental psychology as a psychology of
education or a psychology of teaching-learning situ-
ations and not only of an individual subject working
alone. Schoultz, Séljo & Wyndhamn (2001) showed,
for example, that it is necessary to take not only dis-
course practices seriously into account but also ar-
tefacts such as the globe in order to understand how

children reason and develop their reasoning regard-
ing the Earth. Most of the time, except in situated
and distributed approaches to cognition (Hutchins,
1995; Lave, 2011), these constructions have been
studied in a decontextualised manner, that is to say
outside the discursive and mediated activities in
which they were constituted.

The present study adopts a Vygotskian ap-
proach, which posits that the activity of thinking
and its dynamics or movements cannot be studied
independently from the social, material and semiot-
ic context from which they emerged (Moro, Schneu-
wly & Brossard, 1997). This is in line with the idea of
a “semiotic ecology” (Enyedy, 2005) where talk, ges-
tures, texts, graphics as well as body postures, mate-
rial environment and history are taken into account
(p-432). In order to understand the meaning-mak-
ing process of a phenomenon, it is necessary to take
seriously into account both materiality and semiot-
ic tools as resources that can be the stage for anoth-
er resource (p.432). In a sense, like Latour’s (1987,
1988) definition of science as an argumentative so-
cial process that is never stabilized, a process of con-
structing, defending and challenging arguments
about the nature of the world is used here. His prop-
osition of mapping controversies (cartographie des
controverses in French) in science seems to be both
a methodology to learn about the complexity of sci-
entific issues and a semiotic system to represent the
links or networks between the different viewpoints
of the actors involved in the process of doing sci-
ence. Digalo allows users to construct maps of dia-
logues and thus supports doing science dialogically
by visualizing the ongoing discussion about a scien-
tific phenomenon. Studying argumentative maps in
practice in different classes will illustrate whether or
not this kind of tool supports the meaning-making
process for students.

So following Latour, if doing science means
engaging in argumentation for practicing scientists,
children who learn to practice science need to learn
how to construct, negotiate, defend and challenge
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arguments (Danish & Enyedy, 2015). The develop-
mental literature in psychology showed that children
as young as three years old are able to provide justifi-
cations for their actions (Dunn & Dunn, 1987). Lat-
er, they also become able to adapt their justifications
to the audience and the context (Orsolini, 1993). As
we discussed elsewhere (Muller-Mirza, Perret-Cler-
mont, Tartas & Iannaconne, 2009), argumentation
is a socially and culturally situated activity. Children
learn to argue in everyday contexts and also learn
to argue differently at school depending on the top-
ic under study. Doing astronomy can be defined as
participating in a social dialogical process with part-
ners who do not always share the same background,
knowledge and theories, where negotiations are at
stake using different kinds of cultural resources. In
the next part, we will explore the role of mediations
in such a learning process.

Learning from social situations
through computers

Learning has been defined in a situated per-
spective as learners’ participation in inquiry- and
discourse-based activities in science that bring to-
gether social interactions and the technological,
material and symbolic resources available in the
environment. Learning processes are not deter-
mined but are shaped by the social and physical af-
fordances of the systems used by learners. Disagree-
ments and their resolution, socio-cognitive con-
flicts (Baucal, Arcidiacono & Budjevac, 2013; Doise,
Mugny & Perret-Clermont, 1975; Perret-Clermont,
1979/2000) and verbal exchanges (Jaubert, 2007)
play a central role in learning. Argumentation in
class is also a discursive activity that leads to learn-
ing and knowledge development (Andriessen, Bak-
er & Suthers, 2003; Douaire, 2004; Muller-Mirza &
Perret-Clermont, 2009).

Research in CSCL (Computer Supported
Collaborative Learning) has shown that technologi-
cal, material, and social resources shape how users

think about technology. As a result, software devel-
opers design interfaces that are intended to struc-
ture social interactions as they can generate learn-
ing for the users and orient the structuration of the
argumentation. The software provides visual sup-
port for the discussion through the construction of
argumentative maps or discourse maps. The exter-
nalisation of arguments and claims in a visual rep-
resentation of knowledge has both advantages and
constraints for debating and learning. These argu-
mentative maps were first used as a means of com-
munication or as a way of recording argumentative
exchanges and then they became resources (both
stimuli and guides) for conversation and reasoning
(Roschelle, 1994). Suther (2003) showed for exam-
ple how different computer-based representational
shapes allowed the construction and manipulation
of external representations that mediated collabora-
tive interaction, a process he referred to as represen-
tational guidance. These representational tools pro-
vided the learners with the means of sharing their
understandings and once shared, their understand-
ings became open to question and usable by every-
one taking part in the discussion. They became part
of a shared context as objects of knowing. Represen-
tational guidelines play three main roles according
to Suthers (2003, p.31): (1) they can initiate negotia-
tions on the meanings at stake in the debate. For ex-
ample when learners want to transform one repre-
sentation or add a new idea they are obliged to agree
with each other, which leads to negotiations about
the representations used; (2) like deictics in writing,
they have a deictic function since their components
(i.e., arrows) make it possible to refer to what has
been proposed earlier. An agreement or disagree-
ment between two ideas or arguments can be pin-
pointed by using arrows to link two different shapes
in the graphical discussion; (3) they provide a foun-
dation for an explicitly shared awareness or a col-
lective memory (p.31); shared representations may
serve as memories for the group and they become
always accessible for future exchanges.
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As the present research concerns elementary
school pupils and not more advanced students as is
usual in CSCL studies, not all the functionalities of
Digalo were used by the teacher and students. Thus,
the shapes denoting different language acts were re-
duced to two or three: one for saying “I have an idea”
or “I have a question...” and one for saying “I have
a hypothesis” but in fact these shapes were used in-
differently by the users. What serves as meditational
means in our study is not the fact that shapes medi-
ate different statuses of knowledge (such as hypoth-
esis, argument, belief, question, counter-argument,
etc.), it is rather the possibility of tracking the main
ideas written in undifferentiated shapes and the pos-
sibility of going back to earlier elements in the con-
versation that serves as a tool to think about and ex-
plore in depth the problem under study. So writing
her/his own idea, sharing it with others, questioning
it, justifying it and trying to defend it or reviewing
it depending on the different points of view and ex-
changes may lead students to develop a better un-
derstanding of the seasons. Suther (2003) pointed
out that the units of knowledge made visually sa-
lient in the representational space become a more
important object of negotiation than the units that
were not challenged, discussed and linked to others.

Based on the thesis of the semiotic mediation
of the mind, we hypothesized that participating in
a debate mediated by Digalo followed by a reflex-
ive step on the argumentative maps considered as a
product or intermediate state of thinking (the maps
were printed and read and examined by the students
and their teacher), can be conducive to learning in
science. A great deal of research in CSCL has shown
the benefits of synchronous sessions with argumen-
tative tools but very few studies have examined how
the argumentative map as a process of meaning-
making can become a product from which anoth-
er thinking activity may emerge between students
and their teacher. What kind of practices take place
when the teacher uses Digalo in an elementary as-
tronomy class? To answer this question, we moni-
tored the way children and teachers used Digalo

in the course of different kinds of learning activi-
ties aiming at helping students to acquire a “scien-
tific culture”, i.e. to be able to propose a hypothesis,
to discuss it with others in order to improve it, and
to use acceptable and evaluable sources to support
their viewpoint.

We focused mainly on the transition from a
collaborative dialogical written activity - synchro-
nous debate through an argumentative map - to an-
other collective dialogical activity directed by the
teacher and mediated by a printed argumentative
map on which students were invited to assess the ar-
gumentation and the knowledge used. We assumed
that this space of negotiation, supported by argu-
mentative maps in both synchronous and asynchro-
nous (afterthought traces of activity) use, and guid-
ed by the teacher would lead to a reflexive activity
about knowledge and argumentation. It is not only
the semiotic activity based on this kind of map that
generates such a reflexive posture but the combina-
tion of these varying forms of work guided by the
teacher that can lead to such a inquiry attitude to-
wards others’ and towards their own ideas.

METHODOLOGY
Participants

Three grades in an elementary school in the
suburb of Toulouse participated in the study: 25
grade 3 students and their teacher, 23 students in
a double grade (grades 4 and 5) and their teacher,
and 28 Grade 5 students and their teacher. Different
artefacts (language as well as various semiotic tools
such as maps, tables, gestures, etc.) were used to an-
swer the question: why are there seasons? Teach-
ers and researchers co-constructed the class ses-
sions and chose the different tools distributed to the
students in order to support the scientific approach
based on the emergence of conflicts or contradic-
tions at different steps in the learning process.
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Material

The students took part in the activity ‘doing
astronomy’ by following different sessions in the
learning sequence in which various resources were
proposed: a scientific figure representing the dis-
tance between the Earth and the sun at the differ-
ent equinoxes; the uses of the software Digalo. The
teachers and the students also used the blackboard
and a globe. During the small group sessions, the
students used their notebooks to write down expla-
nations that completed/supported their verbal ex-
changes.

We focus particularly on (a) the argumenta-
tive maps in-the-making (in synchronous session)
as the visualization of the discussion in order to rep-
resent different points of view and their relations;
(b) the printed argumentative maps as specific med-
itational tools (tool of the tool in a sense) because
they can be used as discursive tools to support an in-
itial understanding of the object —seasons- and as a
discursive product when they become an object for
a new activity (evaluation of the propositions in the
map).

The learning situation and the unit of analysis

A learning sequence comprised several ses-
sions during which different activities were pro-
posed in order to see whether or not students can
engage in an inquiry- and argumentation-based ap-
proach to science. These activities - formulating a
hypothesis, explaining seasons using different doc-
uments, debating in class, debating with Digalo, re-
using a collaborative work materialized on an argu-
mentative map in order to start a new debate - were
studied as mediated actions in context (the unit of
analysis suggested by Cole, 1996). The analyses of
these different actions concern two planes of cog-
nition: a plane with an analysis of the dynamics of
argumentation (Argument/Reply”Counter-Argu-
ment, Leitao 2000) and a conceptual plane, the di-

mension of meaning-making of the phenomenon
“seasons’. But as these mediated actions are guided
by the teacher, the processes of argumentation and
of co-constructing meanings of the seasons were
also studied with respect to the teacher’s actions and
in particular how the teacher scaffolded students’ ar-
gumentative and conceptual activity.

Figure 1 presents the different steps of the
learning sequence. (1) In the first phase, students
were asked to answer different questions about as-
tronomy in order to assess their comprehension of
the seasons and of the day/night cycle, etc. (2) In the
second phase, small groups of four students (with
different levels of understanding, based on the results
of the questionnaires in phase 1) had to write hy-
potheses to explain “why is it hotter in summer than
in winter?” after having worked together on a figure
representing the distance from the Earth to the sun.
(3) The third phase consisted of a whole-class debate
on the question “why are there seasons?” as a point
of departure and in which all the groups put forward
their hypotheses that had been formulated in the
previous phase. (4) A debate through Digalo then
took place, initiated by a question or a proposition,
which was not the one on which there was a consen-
sus in the small groups in phase 2. (5) The fifth phase
was a map-oriented discussion in small groups (the
same during all the phases): two reconstructed maps
based on the maps developed in phase 4 were pro-
posed in order to initiate another debate. (6) A fi-
nal collective debate based on these two argumen-
tative maps was orchestrated by the teacher. (7) Stu-
dents were individually asked the same questions as
in phase 1, as a sort of post-test (even if it can also
be defined as a learning phase as we discussed else-
where; see Tartas & Perret-Clermont, 2012; Tartas,
Baucal & Perret-Clermont, 2010). All of these steps
were videotaped and transcribed. In this article, we
will focus mainly on the fourth phase (in which the
maps were produced by the students) and on the fol-
lowing phases where they were re-used. The analy-
sis of the last collective debate (step 6) has been re-
ported elsewhere (Tartas & Simonneaux, 2015), so
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will not be presented here in detail. Rather, we used
the epistemic obstacles identified in this first anal-
ysis (Tartas & Simonneaux, 2015) as indicators to
study the co-construction of the scientific meanings
of the seasons through several argumentative ses-
sions (from 2 to 5). We focused our analysis mainly

Phase Nature of the task

1. Individual work (pre-test)

To explain the planets’

on some of these “epistemic obstacles” such as the
movements of the sun/the movements of the Earth,
the tilt of the earth/ the angle of the sunbeams, the
“speed” of the Earth (the fact that the Earth can ro-
tate faster or more slowly).

Data

First written production

moves, seasons, day and

night cycle...

2 (a) collective in the class
explanations

2. (b) collective work in group Putting foward a hypothesis
(distance document)

of 4 (heterogeneous)

3. Collective debate in class— To confront groups’
hypotheses to outline the

joint setting

Initial question + first

oral exchanges in the class
and within small groups
(video-recorded) + written
production (joint
hypotheses)

Oral exchanges in class
(video-recorded)

diversity of explanations

4.Digalo session in group of 4 To debate from another
hypothesis than the one

proposed

5. Small group on maps

6. Collective in the class

7. Individual work (post-test) Same as 1

To evaluate two
argumentative maps

Debate on the maps

Writen exchanges on digalo +
oral exchanges (video-
recorded)

Oral exchanges (video-
recorded)

Oral exchanges (video-
recorded)

Written production

Figure 1. The different phases of the learning sequence regarding the nature of the task and the kind of data.

Results

General results (comparison of phases 1 and 7)

The analysis of the students’ answers to the
questions concerning their knowledge about the so-
lar system (first and last phases of the learning se-
quence) led to the conclusion that the grade 5 stu-
dents and the double 4™ and 5™ grade students im-

proved their knowledge about the seasons (com-
parisons of scores between pre- and post-tests:
grade 5: t=2.585, p=0.017 and grade 4-5™: t= 2,750,
p=0.010). More particularly, the most frequently
used argument in phase one (the distance) to ex-
plain the fact that it is hotter in summer than in win-
ter, was less frequent in the last phase for these two
grades. Only the 3 grade students did not progress
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t=2.750; p=0.010)
8 t=2.585; p=0.017). %
e,
7 FAY
——

6
5 ~— mphasel (pre-test)
4 ——phase 7 (post-test)
3
2
1
0

Grade 3 Grade 4-5 Grade 5

Figure 2. Evolution of the score of understanding the seasons from pre-test (phase 1) to post-test (phase 7)

between phase 1 and phase 7. However, this general
analysis tells us nothing about what happens dur-
ing the different argumentative phases of the learn-
ing sequence. We therefore undertook more de-
tailed analyses to examine (a) the different hypoth-
eses proposed by the groups of students in the three
elementary grades; (b) the way they discussed them
through argumentative discussion online (Digalo
session phase 3); (c) the way the 5" grade teacher
and his class co-constructed a shared explanation of
the seasons by using the argumentative maps.

Different kinds of hypotheses depending
on the school grade

If we examine first the hypotheses proposed
by the students after phase 2, where they worked
in small groups of four students on a scientific
document (a figure representing the distance from
the sun to the Earth at the different equinoxes) and

after the first whole-class debate (phase 3), it was the
hypothesis of distance that was preferentially used
by the students even though they had a document
that directly contradicted this proposition. This
contradiction, deliberately introduced by the
teacher, did not achieve the intended effect from
the students’ perspective as they did not use it at the
beginning of the learning sequence.

The 3" grade students proposed two
hypotheses: (a) the Earth goes faster in winter than
in summer and (b) the Earth is nearer the sun in
summer.

The 4-5" grade students proposed two
hypotheses: (a) the Earth is nearer the sun in
summer and (b) the days are shorter in winter
because the Earth is tilted.

The 5" grade students developed four
hypotheses: (a) summer is due to the fact that the
Earth approaches the sun; (b) half of the Earth is lit
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by the sun and the other half not; (c) the hot season
is due to the fact that the sun is higher; (d) the
sunbeams arrive straight on the Earth in summer.

Examples of argumentative maps
at the three elementary school levels

These different hypotheses were re-used to in-
itiate the debate via Digalo software in phase 4: the
students discussed in pairs via the software in the
same small groups as those initially formed in phase

2. Three examples of argumentative maps are shown
to illustrate the kinds of maps elaborated by the stu-
dents as a function of their grade (see Figures 3, 4
and 5). We analysed the maps using Leitaos (2000)
patterns of Claim/ Counter-Claim/Reply in order to
shed light on argumentative dynamics and we also
tried to identify the different themes proposed and
negotiated during the various debates.

The way 3" grade students used Digalo is spe-
cific: they did not justify their propositions and sim-

1 La Terre tourne plus vite en hiver qu'en &té
c'est pour cela qu'ily a des saisons. Que
"‘{pensez—vous de cette hypothése?

5 il faudrait qu'il fase ete tout les jours

> &

Z 2 Nous ne savons pas

4 il nous faut des saisons pourfaire

7 pourguoi les saisons existent?
< pousse les plante
'%

> F—"’"N*j
ot g
{? il faut des saison par se que sane \{1
serais pas drole qu'il face toul tant
>J Dychaud

o )

Figure 3. Example of an argumentative map in grade 3 (phase 4)

Legend: translation of the map

1.The Earth turns faster in winter than in summer that’s why there are seasons

2.we don’t know

3.why do seasons exist?

4.seasons are needed to make the plants grow
5.1t should be summer everyday.

6.

7.we need seasons because it would not be funny if it is always hot.

ply juxtaposed their ideas without linking them up.
Furthermore, whatever the hypothesis proposed,
as here in figure 3 “the Earth goes faster in winter
than in summer, that's why there are seasons’, grade
3 students proposed functional explanations such as
“seasons are necessary to make plants grow!” This

proposition was not challenged or taken up as an
object of discourse. Each of the participants in the
debate wrote a proposition without any link with
what had been previously proposed.

In the 4-5™ grade, the argumentative maps
were not more fully developed than in the 3 grade
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2 heureusement gqu'il v a des pays froid [
car sinon la terre serais tout le temps
Chaudea

3 ouicarles pays du has ne sant pas
atteint par les rayons du saleil.

S

1 Mous n'avons pas tous le méme
ensoleillement car les pays ne sont pas

.{lnua droits. Ceux du bas auront moins de
soleil I'hiver. Gu'eh pensez-yous?

4 fitle

5 I'ensoleillement et faible I'hiver car les
raillon du soleil les ateigne main

Figure 4. Example of an argumentative map in the 4-5th grade

Legend: translation of the map

1.We do not have the same sunlight because not all countries are straight. The ones in the bottom

will have less sun. What do you think about that?

2.fortunately there are some cold countries otherwise the Earth would always be hot.
3.yes because the sunbeams can’t reach the countries at the bottom .

4.-

5.the sunlight is weak in winter because the sunbeams reach them less.

but the students tried to answer the question that
can be reformulated as: what are the origins of the
seasons? The initial hypothesis presented in figure 4
was “we do not all receive the same amount of sun-
light because the countries are not all straight on.
The ones that are at the bottom have less sun in win-
ter” (see figure 4, number one). This hypothesis was
not taken into account by the students but they tried
to answer why there are seasons or they tried to jus-
tify their proposition. In another argumentative
map, the following hypothesis “the days are shorter
in winter because the Earth is tilted” was challenged,
with opponents “I think it is wrong because in that
case the days would also be longer in summer” and

defenders “we think it is true because the sun rises
later in winter and sets earlier”. Answers at this level
begin to be justified and co-exist with propositions
that are juxtaposed.

In Figure 5 there are seventeen propositions,
some linked by arrows. The format of the discus-
sion through Digalo was rather Claim”Counter-
Claim”Reply (Leitao 2000; Muller-Mirza, Tartas,
Perret-Clermont, & De Pietro, 2007). The students
engaged fully in a sort of evaluative process about
what had been said and why. They asked questions
when it was not clear or when they needed further
information. Argumentative maps become richer in
quantity and quality as the school level increases.
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3 Awezvous d autre hipotheses 777 1 Estceque I'té estdl au fait que 1a Terre
[ ';'\4;59 rapproche du Soleil?
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Figure 5. Example of an argumentative map in the 5th grade

Is summer due to the fact that the Earth is nearer the Sun?

do you have any other hypotheses?

We do not have any

no we do not have any because we think the same.
let’s have another question

No, it is not due to the Earth but it is due to the angle of the sunbeams

we have to find other hypotheses otherwise the subject loses its interest
we have a hypothesis: maybe the Earth slows down when it is near the sun.
But no otherwise the sunbeams would burn us and if the Earth slows down when it rotates on itself it means that

00NV WD

the Earth rotates on itself in one day.
10. it is just an idea, do you have any other hypothesis?
11.
12.
13.
14. It is our proposition so of course we agree!
15. so we stop
16. yes it is nearly the end
17. goodbye see you soon!

let’s agree together on a hypothesis

As a conclusion, the argumentative maps
were not used in the same way in the three grades:
it is only in grade 5 that the students engage in the
dialogical dynamics of argumentation supported by
Digalo where they followed the other participant’s
proposition, tried to agree with it or dismiss it. Some
of the students in grade 4-5 and grade 5 seem to
have learnt not only about the topic at stake through

no we could change our subject we have already said everything.

We agree about the Earth moving closer to the sun and the angle of the sunbeams and you, do you agree?

the different debates (small group, whole group, Di-
galo debate) but also to have learnt about argumen-
tation. When only the structure of the argumenta-
tive exchanges is analysed, it is found that the grade
5 students proposed more coordinated propositions
in their discussion and their propositions are also
better linked and justified. Their justifications relied
on scientific proof as well as on an appeal to authori-
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ty (discourse of parents, teachers, etc.) or they asked
their partner to develop their viewpoint.

After having participated in this phase of dis-
cussion through Digalo, the argumentative maps
produced by each school grade were re-used and
re-built in order to give students the opportunity to
re-use the collective debate in another activity. Two
argumentative maps were constructed by the re-
searchers in order to confront the students’ knowl-
edge about the quality of the arguments proposed in
the map and the knowledge mobilized to generate
the discussion: one argumentative map was a “poor”
map with regard to both argumentation and knowl-
edge mobilized, while the second map was “rich” in
that opposite arguments were proposed, proposi-
tions were justified and coordinated. The students
from each grade received the following instruction:
read the two maps and evaluate the content and the
argumentation first in the same small groups (step
5) and then discuss them in the whole-class group
(step 6). It was during this last phase of debate guid-
ed by the printed map, and in particular when they
examined the richer one, that the 5"-grade students
engaged in a more reflexive activity and dismissed
the distance explanation for the seasons.

Examining one teacher’s scaffolding actions
to enhance argumentation in astronomy

The teacher of the 5™ grade initiated this re-
flexive activity mediated by the reprinted maps. He
first asked the students to work with the poor map.
What was the scaffolding proposed by the teacher?

Excerpt 1: the teacher’s scaffolding: towards the
construction of a shared dialogical space

1. Teacher. (The teacher proposed the follow-
ing activity to the students) So you will look at ... we
will see what happened when you exchanged: did it
go well? Are there some elements that are not good?
Try to review the conversation, try to understand it.
You will tell me what goes well and what is not good,
are the arguments good ones or not? Are they deliv-
ered at the right moment in the discussion? Do they
add something new to the debate or not? You can

write on these papers if you want if you see elements
that are worth discussing you can underline them,
discuss them together...

2. Teacher: so we begin < he reads in a loud
voice> the sunbeams arrive straight on the Earth in
summer and that’s why it is hotter in summer than
in winter. What do you think about that? What sort
of questions do you ask yourself? Can you remem-
ber what your hypotheses were?

A discussion began between some students
and the teacher about what makes a good argument
and the fact that it needs to be justified.

3. a student: ( A student reads a proposi-
tion from the printed map) “but how is it possible
to have more time to make a larger trajectory” (con-
cerning the sun) and added: “it is not a good argu-
ment this one, it is a question!”

4. group of students (Then the students com-
ment on the propositions in the poor map and fi-
nally agree that): saying we agree with this or that
proposition is not a sufficient element to talk about
argument or justification.

5. Another student: it is Clement’s hypothesis!

6. The teacher (sums up and reformulates
what happened): they asked a question and they de-
veloped another hypothesis so they began with a
question and they did not find arguments they said
yes, yes, it is true but even if it is true it is necessary
at a certain point to say why it is true that the sun-
beams arrive straight on the Earth but if you haven’t
got any arguments... You have no proof, “we agree
with that” does not further the debate.

7. The students approved.

8. A student: the sun does not make a trajec-
tory.

9. The teacher: the sun does not make a tra-

jectory; yes so why did they propose that the sun did
make a trajectory?

10. Another student: we have to speak about
the Earth rather.
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11. The teacher concluded: so it is to show you
that in this map there is no argument in the debate
it is difficult to draw conclusions when there is no
argumentation and no debate in fact... so here’s an-
other map and I want you to discuss this map to-
gether in small groups and then tell me if the argu-
ments are good ones. Do they arrive at the right mo-
ment? Or not? etc., etc. Discuss this map together
for five minutes and then we'll discuss it all together.

In excerpt 1, the scaffolding proposed by the
teacher relies on reformulation and making explicit
the work that has to be done both conceptually (for
example when he asked “why did they propose that
the sun did make a trajectory”; excerpt 1, 9) and dia-
logically or argumentatively (excerpt 1, 11). He tried
to lead the students to confront their knowledge
about whether it is the Earth or the Sun that moves
and their relations. By asking questions or asking for
clarification, he co-constructed with them a com-
mon background to examine the seasons. Progres-
sively the students engaged in a debate on the sun’s
apparent movement and the fact that only the Earth
moves. Later they examined the movements of the
Earth: does the Earth tilt (“bascule” in French)? and
then the speed of the Earth (speed of rotation or
revolution?) as possible ways to explain the seasons.
The teacher’s reformulations and clarifications lead
the students to construct a shared space of discus-
sion and allow them progressively not to find one
answer but to dismiss unsatisfactory ones. Once this
space has been co-constructed, the teacher provides
another form of scaffolding by letting them work in
small groups: peer-work mediated by the map.

The teacher led the students to be able to
co-construct criteria to evaluate the others’ expla-
nations; these criteria became shared rules for the
group and sometimes for the class community when
the students presented them in the whole class de-
bate and when the teacher focused on them and
asked for discussion.

Discussion

Results showed that elementary students
guided by their teacher are able to use argumenta-
tive maps in order to engage in a discursive practice
of science, in this case astronomy. Most research has
focused on more advanced students so it is interest-
ing to see that elementary school students and par-
ticularly 5 grade students begin to engage in dia-
logical uses of mapping the different explanations of
the seasons. Through oral dialogues and dialogues
mediated by argumentative maps and by the teach-
ers scaffolding, they progressively scrutinized the
different explanations as well as the ways of express-
ing them in a debate. Participating in an argumen-
tative map construction to learn about the seasons
seems to be more difficult for grade 3 students. The
argumentative strategies used in the argumentative
maps at this level consist in juxtaposing ideas rath-
er than being able to challenge them. Subsequent-
ly, in grades 4-5 and grade 5 as the argumentation
develops, the maps become richer in challenges and
progressively the distance hypothesis is sidelined in
their explanation of the seasons. Grade 5 students
progressively engage in a more co-constructive way
of negotiating meanings from a scientific perspec-
tive during the learning sequence. Participating in
mapping the seasons dialogically is also transform-
ing: from a simple inscription or projection of an
idea and another one, etc. in a common space, it be-
comes a way of negotiating meanings with respect
to certain norms that are also negotiated. The re-
sults regarding the teacher’ scaffolding indicate that
scaffolding intervenes at several levels. The teacher
scaffolds the development of students’ understand-
ing by arranging socially and materially (Serensen,
2009; Kontopodis & Perret-Clermont, in print) the
conflict or the tension between their level of “actual”
development and the one they have to reach - the
potential one (Vygotsky’s (1933/1997) distinction
between actual level of development and the poten-
tial one): first when he proposed a scientific sche-
ma that contradicted the most common hypothe-
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sis about the seasons (the distance one), then when
he organised the peer groups with different levels of
understanding of the seasons, when he confronted
the peer group with another hypothesis than the one
they agreed on in order to generate a new debate
through Digalo argumentative maps, and also when
he proposed to compare two maps as a possible way
of generating another understanding and brought
the students to agree on specific rules to develop a
better argumentative discussion.

Conclusion

The research presented here provides differ-
ent aspects of learning-teaching in innovative ways.
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ap Banepu Tapta
Yuusepsuret y Tynysy JKan-’Kope, ®pannycka

Yueme npupopHnx HayKa momohy aujanomknx mana

Pa3Boj jeujux mojMoBa ce jolI yBeK Ipoy4asa 6e3 ysuMarma y 003Up MIKOJICKIX aKTUBHOCTH, IIpe CBera,
BepOa/THUX U MTHCTPYMEHTA/IHUX, Y OKBMPY KOjUX Ce OBY II0jMOBM pa3Bujajy. OBO MCTpakuBame ce 6as3upa Ha
subemy Burotckor, koju fieduHMIIE MUIITbebe U IETOBY AMHAMIKY Y OKBMPY CEMMOTCKOT KOHTEKCTA Y KOjeM
ce MuIIUberbe ofiBMja. OBaj paji MMa 32 LIM/b 1A TIOKaXKe KAKO je HACTaBHMK YBOAIMO YYEHIKE Y YCBajarbe yuerba
IPUPOJHUX HayKa HAa HAUMH KOjM je MCTPa>KMBA4YKM 1 apryMeHTOBaH. Pa3BujeH je copTBep Koju IoAp>KaBa ap-
TYMEHTAIjy U y4erbe — apryMeHTaTMBHA Maria Koja ce 30Be Jlurao, n KojoM ce 06e36ehyje BusyenHa npeses-
Tauuja IUCKyCcuje, a KOPUCTUIN CY je YIEHUIM M HACTaBHULIM Y YYMOHNIIM 32 Y4€rbe O aCTpOHOMUjU. [luramo
TOIyLITa KOPUCHMIMMA Jja KOHCTPYMIIY Malle IMjasiora 1 TaKO BU3Ya/lM3alyjoM JMCKyCHje Koja je y TOKY, a
y Be3u je ca HaygyHuUM HheHOMEHOM, IOApsKe paji M3 IPMPOJHNX HayKa. [IpoydaBame apryMeHTaTMBHUX Mara
y TIpaKkcy Ha pasIyyMTHM YacoByMa he mrycTpoBaty ja m oBa BpcTa opyba moppskasa mporjece y4eHIIKOr
pasyMeBama I yuema. baB/beme acTpOHOMIjOM MOXKe fa ce AeIHIIIIe Ka0 yIeCTBOBAme Y IPYIITBEHOM IIPO-
1[eCy ca MapTHEPOM KOju HeMa YBeK MCTO TIOPEKIIO, 3Hathe ¥ TEOPUjCKY ITOIJIOTY, U Te IIPeroBapame He MOpa
fia 6yzie YCIeIHo 300T pas/IM4nuTOr KY/ITYypPHOT IIOPEKIIa.

[Tomaum koju cy oBfe mpukasanu ysetu cy us EBpormckor npojexra (Escalate), xoju uma 3a uwmp ga
00yXBaTy yuere IPUPOFHNX HayKa KPO3 apryMeHTalujy ¥ aKTMBHOCTU UcTpaxuBama. (Andriessen, Baker
& Suthers, 2003; Muller Mirza & Perret-Clermont, 2008; Muller Mirza, Tartas, Perret-Clermont & De Pietro,
2007). Tpu paspena ocHOBHe LIKojie (Tpehn, 4eTBpTH U NeTu) y4ecTBOBAIA CY Y OBOM MCTPaKMBamby U 3afia-
TaK je 6110 /ja 06jacHe 3alITO MOCTOje TOANIIbA 106 TOKOM pasmnunTux ¢asa febare Koje je BOAMO HACTABHUK
¥ Koje Cy OVIe ITIOTIIOMOTHYTe apryMeHTaTVBHIM MalaMa.
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OmnuIty KBaHTUTATUBHY Pe3y/ITaT, 3aCHOBAaHY Ha mopebemy pesynTara mpe TecTa U MOCie TeCTa, Io-
Kasa/Iu Cy Ja Cy YYeHUIIM YeTBPTOT U MeTOT pa3pefia HAIIPEAUIU 3Hambe, JOK yueHuuy Tpeher paspena Hucy
HaIlpeJOBaIN.

HeTa/pHnja aHanM3a pa3mMunTKX pasa UCTPaKMBamba je cripoBefieHa ycpeacpehyjyhu ce Ha neunje pas-
yMeBame TOIMIIBYX H00a KPO3 aHa/IN3y HBIXOBUX 3aK/bydaka (CTPYKTYpY apryMeHTOBAHOT cafip)Kaja apry-
MEHTOBAHMX Malla) ¥ KaKo je HaCTaBHMK IIeTOT pa3pefia mocMaTpao cecuje cBojux haka. Pesynraru cy mokasa-
JIN [la YYeHUIIM OCHOBHE IIKOJIe MOTY Jia yue U3 febaTa Koje Cy ycMepeHe Ka apr'yMeHTOBaH)M MallaMa 1 Koje
BOIM HacTaBHMK. O Y1031 apryMeHTaTVBHMX Malla ¥ OTpaHuYera Koje HaMehe HAaCTaBHUK y IpolLiecy yuema
U MUIUBEHA Ce IUCKYTYjy U3 COLMOKYNTYPHE NepPCIIeKTUBE.

VicTtpaxkuBame Koje je OBJie CIIPOBENEHO IIPUKa3yje pasaudnTe aclleKTe yderba U IoydaBama Ha MHO-
BaTuBHe HauyHe. [IpBo, MpoyyaBaHO je Kako apryMeHTOBaHe Malle MOTY Jia ce KOpycTe jja 6u ce 00yXBaTuio
yueme I Ioy4aBarbe IPUMPOJSHMX HayKa Y OCHOBHO]j KO/, TEMA O KOjOj Ceé HIjeé MHOIO JUCKYTOBAJIO y JIUTe-
parypu. [Ipyro, HarauleHa je morpe6a fa ce gedMHUITY aKTMBHOCTY IIOyYaBamba I yuema Kao 3ajefHu4Ke (a
fla ce He ITpOy4YaBa pa3Boj I0jMOBA KOJ| y4€HMKa He3aBJCHO Off aKTVBHOCTY HaCTaBHMKA). 3aK/by4aK je f1a MO-
ryhHOCT #a yuyeHMIM MMajy IPUINKY Jia IOHOBO KOPMCTE 3ajefHIUKY enabopalyjy Moxe fia 6yne 3aHUMIbY-
Ba MHOBAllYja y TI0y4YaBalby, a TAKO OM Ce CTUMY/INCAJIO M BUX0BO yuelihe y pedIeKCBHUM aKTUBHOCTUMA.

Kmyune peuu: ydaerme IpUpPOAHUX HayKa, apryMeHTalIyja, CeMIOTIYKa opyba 1 Meamjamyja, apryMeHTa-
TUBHA Mala.
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