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WORKING GROUP A/ GROUP DE TRAVAILA

CIEAEM 70
MostaganeniAlgérie)
July, 15-19 2018

"MATHEMATIQUES ET VIVRE ENSEMBLE":
POURQUOIL, QUOL, COMMENT?

"MATHEMATICS AND LIVING TOGETHER™:
WHY, HOW, WHAT?
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Report Working Group A / Report Group de Travail A

Mathematics and Living together / Mathématiques et Vivre
ensemble

Animators:Cristina Sabena & Philippe Vaz

FRANCAIS:
Les travaux du groupe A étaient orientés sur le théme « Mathématiques et Vivre ensemble E, un titre

qui reprenait I’intitulé du colloque lui-meme. Aussi pour cette raison, le groupe a toujours ZtZ
nombreux (environ 50 participants a chaque séance)

On peut affirmer que trois ¢léments ont contribué a la synergie qui s’est créée autour de cette
proposition.

Tout dOabord les travaux des chercheurs qui ont ZtZ prZsentZs ont apportZ chacun ~ leur maniere
Zclairage sur ce que peut stre la mise en luvre du concept de Vivre ensemble dans une classe dk
mathZmatiques et qu@esigque cela peut apporter de plusmes Zlsves.

La prZsence de 116 inspecteurs du ministere de IOEducation Nationale en AlgZrie a gZnZrZ di
attentes concretes de la part de ceux qui sont chargZs de faire appliquer les programmes dans «

pays. Comme rZsultat concret du colloque estd@itisn dans les programmes scolaires des la
rentrée 2019 de la Culture de paix.

Le discours d’ouverture du Cheikh Khaled Bentounes a aussi poser les bases de ce qui allait
constituer notre dZmarche. Il y indiquait une parole du cZhtabeZmaticien franeais du XIXe
siscle, Monsieur Henri PoincarZ« faire des mathZmatiques, cOest donner le meme nom ~ deux
choses diffZrentes

Se poser la questiong@elle est la relation entre les mathématiques et le Vivre ensemble ? E cOZtait
rZsoudrewu sens ou le décrivait Monsieur Poincaré, une équation mathématique. Voila le défi que

nous avons tentZ de relever, aidZs en cela par ce quQavait dit RenZ Desc@ies dghs d or

pour la direction de 1Qespritll n'y a de science qu'avec liition et la dZduction.

Vivre ensemble cOest aussi travailler ensemble et la problZmatique a ZtZ posZe
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Le premier jour, la prZsentatlon a ZtZ celle de Philippe Vaz (France) qui a relatZ une expZrienc
rZalisZe durant I0annZe scolaire Y18 dans ses classes. A trav@xspanneaux il sOagissait de
construire en classe le sens de six compZtences nsapgrit®activitZ mathZmatiqueSh@-cher,
modéliser, représenter, raisonner, calculer, communiquer E €t comment gr¥%oce ~ des transpositions,
dZcouvrir en quoi les Zlsves peuvent se sentir interpellZs dans leur parcours de vie et semer ainsi le
graines dOumieux Vivre ensemble au service, dOune citoyennetZ active et de la culture de paix. Ce
qui a ZtZ mis en avant cOest la diversitZ des reprZsentations du Vivre ensemble en paix, la nZces
de I0engagement Zthique de IOenseignant et le recours nZoeddbat a

Le deuxisme jour les travaux de groupe se sont poursuivis par IOZlaboration dOun ~sctha pouve
servir de modele. Il est apparu en regroupant les propositions des participants de lOatelier en cin
catZgories I0intuition, |OZthique, les compais, I0activitZ mathZmatique et le dZbat.

Intuition

Déductions pour
I'avenir /
Deductions for the
future

Ethique de
I'enseignant /
Teacher Ethics

Compétences /
Competencies

Expérimentation

La prZsentation de Claire Chevrier (Franc®eGa pyramide au cercle au LycZkes apports dOun
enseignement coopératif E a permis de jeter les bases dOun nouveau paradigme pour mener les
dZbats en proposale modéle du Cercle generateur de coopération, de bienveillance, et d’écoute y

compris entre les Zlsves en opposition ~ un systeme pyramidal avec ce quOil comporte de tensions ¢
de conflits et qui appara’t comme de plus en plus inadZquate pour leBasog¥nZrations.

La présentation de Ema Mamede et Liliane Carvalho (Portugal) a montré comment aller a la
recherche des idZes des enfants dans le cadre tres prZcis de |Qudbsatianables discretes en
utilisant des graphiques, des tableaux et aussi dans des cas particuliers. Cela a apporté un éclairage

trés intéressant sur la compétence « représenter E et son influence dZterminante sur le raisonnement
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des éléves.

Le troisisme jour, la prZsentation dOun atelier a ZtZ faite aux participants du groupe de travail. Il
sOagissait de proposer concretement comment mettre en fuvre un processus liant MathZmatiques ¢
Vivre ensemble en reprenant le schZma construit ensemble.

Comme prZable, IQintuition guidZe et partagZe Ztait quOil est possible de Vivre ensemble en paix ¢
que les mathZmatiques peuvent y contribuer.

Il sOagissait donc de suivre 4 Ztapes

ETAPE 1- Choisir un message/un aspect que nous voulons introduire auprdsveésse? qui nous
concerne sur le plan de no#fthique

ETAPE 2- Choisir une compZtence mathZmatig(@hercher, ReprZsenter, Raisonner, ModZliser,
Calculer, Communiquer).

ETAPE 3- Identifier un processus/tache/activit¢ en mathématiques qui peut illustrer notre choix

Zthique en lien avec la compZtence choisie.

ETAPE 4- Imaginer des situations plus larges qui mettent en luvre ce processus dans la vie de
citoyen.

La prZsentatiorCristina Sabena et Carlotta Soldano (ltalie) a ZtZ tres riche dans leuselfs 0

montrZ IOutilisation du jeu comme outil dOexpZrimentation et de dZcouverte pour les Zlsves. |
sOagissait d'exploiter des enquetes pour encourager la pensZe logique des Zleves, ainsi que
connaissance gZomZtrlque dans des environnements detriZ dgmdmique et leurs processus
d'argumentation. LOZtude des conditions de vZritZ des assertions est un moyen important po
valider les affirmations lors des débats et construire une pensée critique face aux situations.

La présentation de David Kollocche (Allemagne) a montrZ la difficultZ quOune institution peut
rencontrer quand il s’agit d’effectuer un changement culturel aupres des enseignants en rappelant
|IOampleur des travauxe chombreux chercheurs qui ont activement soutenu les paradigmes
pZdagogjues qui cherchent ~ surmonter une philosophie Zducative qui repose sur les explications
des enseignants et la pratique de la solitude sur les problemes axZs sur le calcul. Il a indiquZ aus:
comment du moins en Allemagne, |Qorientation du calcul resgar{dation dominante de
|Qapprentissage des mathZmatiques et de loin. Il nous a indiquZ les raisons possibles de ce
situation mais que 1’orientation du calcul peut ne pas étre seulement un moyen accepté de fagon

latente de limiter IQintellectualitZ dujet dans la salle de classe par les enseignants et les
apprenants. Toutefois il soutient Zgalement que IQorientation calculatoire constitue une reproductio
de IOorganisation bureaucratique de IOZcole dans le domaine des mathZmatiques.

Le quatrisme jour, les travaux en groupes se sont poursuivis sur le modele prvoposZ la veille. 1l faut
ici souligner I0implication des participants et les vifs dZbats qui ont ZtZ menZs. Les propositions or
ZtZ prZsentZes en plZniere le cinquieme jourderka restitution finale.

La prZsentation de Marcelo Bairral et Marcos Paulo Henrique (BrZsil) nous a emmenZs vers
IOexploration de la configuration de droites parallsles coupZes par une sZcante avec GeoGebra s
smartphone. I a montrZ comment gr%ocet "oatil les Zlsves avaient une vision plus large des
proantZs gZomZtrlques et de leurs articulations. LOutilisation des de ces nouvelles _technologie
sOest avZrZe stimulante, car elle permettait aux Zleves de regarder un ensemble dOZIZments (an
podtion des droites, etc.) en relation avec la manipulation des droites tracZes. Les rZsultats de
|OZtude notent Zgalement que IOaccemoest mis sur la mZmorisation des noms plut™t que sur
une comprZhension plus approfondie des propriZtZs angulaides etlations entre elles. Il a
souligné aussi comment 1’utilisation d’écrans tactiles va jusqu’a transformer les gestes
dOapprentissage de I0Zlsve. Toutes choses " prendre en compte dans la relation " IGenvironnemer
“10autre.
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En conclusion nous pouvons affirmer que lier les mathZmatiques au Vivre ensemble nous ouvre des
perspectives nouvelles de comprZhension, dQattitudes, de coopZration et de sens pour |
mathématiques. A I'inverse les mathématiques peuvent en s’appuyant sur leurs fondamentaux que

sont IOargumentation, IQusage du raisonnement, le partage des preuves et la validation par les pe
permettre aux femmes et aux hommes puisque cOest dans leur nature de chercher " saisir ce qui
dZfinit en tant quOetre humain et construire |Oavenial®a IQautre et non pas I0un contre 1Qautre.
COest notre espoir et ce qui fait toute la beautZ du processus.

ENGLISH:

The work of Group A was focused on the theme "Mathematics and Living Together", a title that
took up the title of the symposium itedFor this reason, the group has always been large (about 50
participants in each session)

We can identify three elements have contributed to the synergy that has been created around thi
proposal.

First of all, the work of the different researchers who were presenting shédi digbih in their own

wayN on what the implementation of the concept of Living Together in a mathematics class can be
and what more it can bring to the students.

The presence df16 inspectors from the Ministry of National Education in Algeria has generated
concrete expectations on the part of those responsible for implementing the programmes in thai
country. As a concrete result of the symposium, the Culture of Peace willlbdeithdn school
curricula from the beginning of the 2019 school year.

Sheikh Khaled Bentounes' opening speech also laid the foundations for what would become our
approach. He said something of the famous 19th century French mathematidisemiVPoincarZ:

"To do mathematics is to give the same name to two different things".

Ask yourself the question "what is the relationship between mathematics and Living Together? "it
was solving in the sense described by Mr. PoincarZ, a mathematiatibegWhis is the challenge

we have tried to meet, helped in this by what RenZ Descartes said in "Les regles d'or pour la
direction de I'esprit: There is no science without intuition and deduction.

Living together is also working together and the probihe® been raised:
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On the first day, the presentation was given by Philippe Vaz (France), who reported on an
experiment carried out during the 2012018 school year in his classes. Through six panels, the
aim was to build in the lassroom the meaning of six major mathematical skills: "Seeking,
modelling, representing, representing, reasoning, calculating, communicating” and how, thanks to
transpositions, students can discover how they can feel challenged in their life courses amivth

the seeds of a better Living together in service, of active citizenship and of the culture of peace.
What was highlighted was the diversity of representations of Living Together in Peace, the need for
the teacher's ethical commitment and the necgssa of debate.

On the second day, the group work continued with the development of a scheme that could serve a
a model. It emerged by grouping the proposals of the workshop participants into five categories:
intuition, ethics, skills, mathematical activity and debate.

Déductions pour
l'avenir /
Deductions for the
future

Ethique de
I'enseignant /
Teacher Ethics

o . Compétences /
Expérimentation

Claire Chevrier (France)'s presentation "From the pyramid to the circle at the iLythiée
contributions of cooperative education” laid the foundations for a new paradigm for conducting
debates by proposing the model of the Circle as a generator ofratopebenevolence and
listening, including between students in opposition to a pyramid system with its attendant tensions
and conflicts, which appears increasingly inadequate for the new generations.

The presentation by Ema Mamede and Liliane Carvalho (Portugal) showed how to go about seeking
children's ideas in the very specific context of using discrete variables using graphs, tables and alsc
in particular cases. This provided a very interesting insight into the "represent” competence and its
decisve influence on the students' reasoning.

On the third day, a workshop was presented to the participants of the working group. The aim was
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to propose concrete ways of implementing a process linking Mathematics and Living Together by
taking up the schemaulit together.

As a prerequisite, the guided and shared intuition was that it is possible to live together in peace anc
that mathematics can contribute to this.

It was therefore a matter of following 4 steps:

STEP 1- Choose a message/aspect that we wamttroduce to the students and that concerns us in
terms of our ethics.

STEP 2 - Choose a mathematical skill (Search, Represent, Reason, Model, Calculate,
Communicate).

STEP 3- Identify a process / task / activity in mathematics that can illustratetbical choice in
relation to the chosen competence.

STEP 4- Imagine broader situations that implement this process in the life of a citizen.

The presentation Cristina Sabena and Carlotta Soldano (Italy) was very rich in the sense that it
showed the use of the game as a tool for experimentation and discovery for students. The aim wa:
to use surveys to encourage students' logical thinking, dssvgeometric knowledge in dynamic
geometry environments and their argumentation processes. The study of the conditions of truth of
assertions is an important means of validating assertions during debates and building critical
thinking in situations.

The presentation by David Kollosche (Germany) showed the difficulty that an institution can
encounter when it comes to effecting cultural change with teachers by recalling the scope of the
work of many researchers who have actively supported pedagogicaligoasathat seek to
overcome an educational philosophy that is based on teachers' explanations and the practice ¢
solitude on computatiehased problems. He also indicated how, at least in Germany, the orientation

of calculation remains the dominant orgaation of mathematics learning from afar. He told us the
possible reasons for this situation but that the orientation of the calculation may not only be a
latently accepted way to limit the intellectuality of the subject in the classroom by teachers and
learners. However, he also argues that computational guidance is a reproduction of the school's
bureaucratic organization in mathematics.

On the fourth day, the group work continued on the model proposed the day before. It is important
to underline here thevolvement of the participants and the lively debates that were held. The
proposals were presented in plenary on the fifth day of the final presentation.

The presentation by Marcelo Bairral and Marcos Paulo Henrique (Brazil) led us to explore the
configuration of parallel lines cut by a secant with GeoGebra on smartphone. He showed how this
tool gave students a broader view of geometric properties and their joints. The use of these new
technologies proved to be stimulating, as it allowed students koalba set of elements (angles,
position of lines, etc.) in relation to the manipulation of the drawn lines. The results of the study
also note that the focus is less on memorizing hames than on a deeper understanding of angule
properties and their relamship to each other. He also highlighted how the use of touch screens can
transform the student's learning gestures. All things to be taken into account in the relationship with
the environment and the other.

As a final remark, we can affirm that linkingathematics to Living Together opens up new
perspectives for understanding, attitudes, cooperation and meaning in mathematics. Conversely
mathematics can, by relying on its fundamentals of argumentation, the use of reasoning, the sharing
of evidence angbeer validation, enable women and men, since it is in their nature to seek to grasp
what defines them as human beings and to build the future with each other and not against eacl
other. This is our hope and what makes the process so beautiful.
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Fostering critical thinking in primary school within
dynamic geometry environments
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Abstract: The paper presents the design of a geometric inquigamge activity in primary

school and discusses the first results of its experimentation, through astudyse
methodology. The activity, developed within a dynamic geometry environment, makes
students investigate comparisons between the rhombus and the rectangle area. The goal of
the study is to analyse the evolution of the arguments produced by students inoorder
connect and make sense of the results observed within the different registers of semiotic
representation involved in the game.

RZsumZ:L'article prZsente la conception d'une activitZ de jeu de recherche gZomZtrique "
I'’Zcole primaire et discute desemiers rZsultats de son expZrimentation ~ l'aide d'une
mZthodologie d'Ztude de cas. L'activitZ, dZveloppZe dans un environnement ~ gZomZtrie
dynamique, amene les Zleves " rechercher des comparaisons entre le losange et le rectangle.
Le but de 10Ztude exbdanalyser IOZvolution deguments produits par les Ztudiants afin de
relier et de donner un sens aux rZsultats observZs au sein des diffZrents registres de
reprZsentation sZmiotique impliquZs dans le jeu.

Introduction and theoretical framework

The deelopment of critical attitudes is necessary to act and to evaluate information in everyday
life. This is emphasized in the CIEAEM Manifesto (p. 6), as well as in the CIEAEM 70 Discussion
document, in which questions abobhb® to empower people to thinkitically and to adopt critical
attitudesO, and Ohow mathematics education could emphasise more the development of judgeme
and wisdom rather than of particular skillsO are po8esh the Italian educational guidelines
underline the importance of nurtugirstudents® argumentative competences since an early age, so
that they may become citizens that fully participate to society (MIUR, 2012).

Previous research has shown that Dynamic Geometric Environments (DGES) are particularly apt for
triggering an inquiring approach in geometry (Yerushalmy, Chazan & Gordon 1990, Arzarello et al.
2002, Olivero & Robutti 2007, Baccaglini & Mariotti 2010, Seicl & Robutti 2013). The
dynamism allows the exploration of different examples of geometric configurations and the
discovery of their invariant properties. StudentsO discoveries at first are stated in the form of
conjectures and later are mathematicallgleated and checked. As J. Dewey (1938) wrote O[E] all
logical forms arise within the operation of inquiry and are concerned with control of inquiryO (p.3).
In other words, the operations of inquiry and investigation trigger studentsO critical thinking,
promoting the passage from an empirical to a more detached and theoretical approach to geometry.

In this contribution we describe and analyse a mathematical inquiring activity that has been
developed and experimented in twb grade Italian classrooms. Sjifically, the activity is based
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on aninquiring-game consisting in a game to be played on a GeoGebra diagram and a worksheet
task containing questions related to the geometric properties on which the game isThased.
design of the games is inspired by tLogic of Inquiry (1999) elaborated in the O70s by the logician
Jaakko Hintikka. Within this logic, in order to establish the truth of statements, Hintikka made use
of semantical games (1998), i.e. games of verification/falsification. For example, itp aer
statement expressed in the fortn !l (11 )limagine a game between a verifier V who controls
the variabld and a falsifier F who controls the variableF starts the game by choosing a value

for the variablé and then the turn moves YV who should find a valule for! such that!!,!!,!

is true. According to Hintikka, the discovery of theby V is a reliable test of truth if the choice of
the!, by F has been made in order to create the QeasstscenarioO to the verifier

Within DGEs, different kinds of mathematical representations are explored during the irquiring
game. Duval (2006) highlights the central role of semiotic representations, which are Oessential
condition[s] for the development of mathematical thought@Dp.since they allow Onot only to
designate mathematical objects or to communicate but also to work on mathematical objects anc
with themO (p.107). In particular, Duval stresses the dialectics between verbal language anc
visualization:

Oin geometry it isecessary to combine the use of at least two representation systems, one for
verbal expression of properties or for numerical expression of magnitude and the other for
visualization. What is called a Ogeometrical figureO always associates both discdreisead
representations [...]O (p.108)

Duval points out two different operations with registers, which he calls treatment and conversion.
Treatments are transformations of representations within the same register of representation, while
conversions ar@gransformations that involve the passage from a register to another. The last ones
are more complex since necessitate the recognition of the same represented object between differel
representations. O[T]he ability to change from one representation systeather is very often the
critical threshold for progress in learning and for problem solvingO (pp. 10).

Methodology

On the base of the presented theoretical framework and according the-lmbesggnresearch
paradigm (Cobb et al., 2003), we desigimegliring-game activities focused on area equivalence
and isoperimetric rectangles. The design method, previously experimented with secondary school
students (Soldano & Arzarello 2016), has been adapted for primary level. Threagaties

were designe and experimented in two Italian classrooms Bfgeade students. The games are
played by pairs of students on tablet or computers using GeoGebra. Beside playing, students have t
answer to some questions contained in a task worksheet. Finally, stubssis@tions are shared
through a class discussion in which the mathematical properties involved in the game are deeply
analysed.

The authors participated as participant observers in the classroom and helped the teacher to manag
technology as well as da discussion. The data collected from each experiment consist of the
captured screen and dialogue of two pairs of students, the completed worksheets from all the
students and the videotaped class discussion.
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File Edit View Options Tools Window Help Signin
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Falsifier moves A or D

Verifier moves F
Areal = 4.5cm?

Area2 = 6.3cm?

Figure 2: Dynamic diagram on which the games played

In this paper, we focus on the inquiriggme activity designed to investigate the relationship
between the area of a rectangle and a rhombus whose diagonals are of equal length as the sides
the rectangle. As shown in Figure 2, sidéqd and EF of the rectangle have been robustly
constructed on lines parallel to the rhombus diagonals and the vertex A of the rhombus lays in the
midpoint of segmenkEH. Using the drag tool on poidtit is possible to vary the length of the side

EF of the rectangl@nd consequently the value of its area (Area 1). Using the drag tool o pioint

is possible to vary the length of the diagosél of the rhombus and consequently the value of its
area (Area 2). By moving the poibt it is possible to rotate the twagfires, maintaining constant

ratio of area. In the didactical design we do not tell the students the geometric nature of the objects
involved in the game, we just give to them the GeoGebra file and the rules of the game, whose
English translation is repodan Table 1.

Within your pair, choose a verifier and a falsifier.

- The falsifier can move point A or D

- The verifier moves point F.
Each match is made of two moves and the first one is always made by the falsifier. During the
moves it is possible to interrupt the dragging for making zoom, moving the screen etc., and then
ending the move.
GOALS:
The goal of the verifier is to make Area 1 twice the size of Area 2, while the goal of the falsifier is to
prevent the verifier from reaching the goal.

The player who reaches the goal at the end of the verifier’s move wins the match.

Table 1: Rules of the inquiring-game.

The verifier can always win the game transforming any configuration produced by the falsifier into
a winning configuration. However, it majsa happen that the falsifier wins due to tool affordances
or to manual abilities.

Using DuvalOs frame, we can interpret playersO moves as treatments in the figural register whic
may have an effect also within the numeric ones. The verifierOs movesrinatisf rectangle so
that his size is the double of the size of the rhombus. The equivalence is observable both within the
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figural register (imagining to reconfigure and overlap the triangles outside of the rhombus) and
within the numeric register (the was of the areas shown in GeoGebra are equal, see Figure 3).

€2 Gioco rombo-retangologgh -
File Edit View Options Tools Window Help Sign in

&Aoo dN =]+

~ ACY

Falsifier moves A or D G

Verifier moves F
Areal = 12.6cm’

Area2 = 6.3cm?

Figure 3: A possible winning configuration for the verifier

The guiding questions contained in the worksheet task are meant to shift students® attention fror
the game to theeometric properties of the game (Table 2). The first two questions trigger
geometric exploration. The third and the fourth ask to justdy the rhombus is twice/equal the

size of the rectangle. Finally, the fifth focuses the attention on a degenerate case.

1) Which geometric figures are the ‘red’ and the ‘blue’ ones?

2) Consider the case of verifier’s winning. Write here your observations.

3) Explain why each time the verifier reaches the goal, Area 1 is twice the size of Area 2.
4) Why if point B coincide with point F the two figures have equal area?

5) Have you ever find the situation in which the two areas are zero while playing? If not, play a
new match to get this result. Describe what happened to the figures. If you want, make a
drawing.

Table 2: Worksheet task of the rhombusrectangle game

We analyse the case study of two videoorded girls Rose and Lily; According to their teacher,
they are medium level students, Rose is more reflective then Lily, who is more skilled in practical
duties.

Data analysis

At first, while playing, Rose and Lily do not consider the geometrical properties involved therein.
On the contrary, they explore configurations with very big and small sizes of area, with the goal to
prevail on the opponent. Table 2 shows thefigorations produced during thé"@nd the ¥
matches:

5" match 7" match
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Areal=0,2chm |Areal=1,0 Areal1 =189 |Areal=148,8
Area2=0,5cm | cn? cn’? cn’?
Area2=0,5 |Area2=74,4 |Area2=74,4cm
cn’? cn’?

Table 3: 5" and 7" matches in Rose and LilyOs game

Since the dragging is not very accurate when the size of the area is very big/small, the moves
become longer in time and the verifier has to put a great effort into the move. In such
configurations, it could happen that an alwé&ye geometric property nabe falsified by the
instrument inaccuracy. The activation of studentsO critical thinking is therefore fundamental to
detach from the empirical situation and to establish the player who can always win from a
theoretical point of view. The misalignmentWwetn what is possible to do empirically and what is

true according to the mathematical theory can provide insights on studentsO approach to geometr
figure.

1 Rose We observe tha
the two figures g;%al =64
are overlappec
. PP Area 2 = 3,2
and their colour
. cny
turn into purple
2 Lily What does it matter that the colour turns into pur
Rose?
3 Rose So tell me what do you want to say!
4 Lily We can say that the figures are overlapped and we

understand that from the remaining parts of
rectangle it is possible to make the same figure ag
namely the rhombus. Because this one plus this
plus this one plus this one make the rhomipuasiting
to the triangles AHD, DGC, CFB, BEA namely the
parts of the rectangle not overlapped by the rhombus).

[E] because if this one(pointing to the rectangle
EFGH) is the double of this on@pointing to the
rhombus ABCD)....

Not only the explored valuesf areas, but also studentsO dialogue reveals that, in a first phase, they
are not paying attention to geometrical properties (lin2% While Rose focuses on the colours,

Lily observes that it is possible to make another rhombus equivalent to ABC&cbgndosing and
rearranging the parts of the rectangle which are not overlapped by the rhombus (lines 4). After some
minutes the researcher (R) asks the students to better explain their reasoning:

5 R Can you explain me better why if we donOt divide
times BC by two we obtain the area of this rectangl

6 Lily Because the rhombus is made by two triangles ar
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triangles we have to divide by two.
7R And you Rose, did you observe the same?

8 Rose Because if we donOt divide by two,
make ObaseO, that we can imagine
(pointing to the side EF of the
rectangle) and which is also her
(pointing to the minor diagonal AC of
the rhombus), ‘times heightO, which
the rhombus ongointing to the major
diagonal BD of the rhombus) but
which is also the rectangle ol
(pointing the side FG of the rectangle)

The students want to justify the property they have observed, namely the double size of the
rectangle, by using the formulas for the area of a rectangle and a rhombus. Only Rose provides
mathematically correct argument, in which the formula of the rhenavea is interpreted in the
figural register (line 8). In this way Rose accomplishemmersion from the symbolic to the

figural register and vicgersa.

Results

The game prompts students to make treatments within the figural register: each matids @o

new configuration in which the area of the rectangle is twice the area of the rhombus (verifierOs
move) and a new configuration in which it is not (falsifierOs moves). The analysis of the recorded
video shows an evolution in studentsO observatindsargumentations. Initially, students mix
properties that are geometrically relevant with those which are not (line 1). After some attempts,
they observe that the area of the rectangle is twice the area of the rhombus; first they observe thi:
property inthe numerical register, since the numeric value of the rectangle area is the double of the
rhombus area when the verifier reaches the goal. Then Lily argues the same property within the
figural register (by decomposing and rearranging parts of the réetBRGH it is possible to make
another rhombus equivalent to ABCD, line 4). Successively, by investigating in more depth the
situation, studentsO arguments acquire a more theoretical reference (e.g. Rose, line 8). Th
simultaneous presence of two differamd dynamically linked registers of representation (figural

and numeric) pushed students to make sense of the result in the conversion between the twi
registers. This evolution is also fostered by the specific didactical design of the activity, which
besdes the DGE game includes the written questions that students have to answer after playing the
game.
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Abstract. A survey was conducted to analyse the effect of different representation of
information on & graders mathematical reasoning (N=120), when discrete variables are
involved. It addresses two questions: 1) Are there differences on childrenOs performance
when the information is represented by bar graphs, tables and isolated cases? 2) Are there
differences on childrenOs reasoning in each of these conditions? And 3) What difficulties do
children present when solving problems with information presented usirgydghs, tables

and isolates cases? The children were randomly assigned to work in one of the three groups:
Graphs, Tables and Isolated Cases. The same problems were presented to all children using
the representation of information of the group conditibhe problems comprised simple

and double proportions. Results show that the type of representation used to present discrete
variables does not have an effect on studentsO performance.

RZsumZ :Une enquste a ZtZ menZe pour analyser |Qeffet de diffZemigsentations de
IOinformation sur le raisonnement mathZmatique de la 6e annZe (N = 120), lorsque des
variables discrstes sont impliquZes. Il aborde deux questions: 1) fExistes diffZrences

dans les performances des enfants lorsque les informasioms reprZsentZes par des
graphiques " barres, des tableaux et des cas isolZs? 2)-Ekides diffZrences dans le
raisonnement des enfants dans chacune de ces conditions? Et 3) Quelles difficultZs les
enfants rencontresils lors de la rZsolution dergblemes d'informations prZsentZes " l'aide

de graphiques a barres, de tableaux et d'isolements de cas? Les enfants ont été assignés au

hasard a I'un des trois groupes suivants: Graphes, Tableaux et Cas isolés. Les mémes
problemes ont ZtZ prZsentZs " téess enfants en utilisant la reprZsentation d'informations de

la condition de groupe. Les problemes comprenaient des proposdiimpdes et doubles. Les
rZsultats montrent que le type de reprZsentation utilisZ pour prZsenter des variables discretes
n’a pas dOincidence sur les performances des Zleves.

Representation tools and mathematical reasoning

This paper focuses on tkéect of different representation of information on Portuguese children’s
mathematical reasoning, when discrete variables are involved.

An important issue on studentsO actions when solving problems with variables refers to the numbe
of variables they have to deal with. Concerning the mathematical problems, Vergnaud (1983)
distinguishes the additive and multiplicative structure probleimsidditive structure problems are
problems involving one variable and can be solved by combination; the multiplicative structure
problems involve two or more variableésccording to his theory, the problems of two varialiles
isomorphism of measurddrefer to a simple direct proportion between variables. These problems
can be represented by linear functions and by simple correspondence tables. The problems
involving three or more variabl&product of measurd3refer to the Cartesian composition of two
measures, Mand My, into a third one, M(Vergnaud, 1983, 1997). The problems of the product of
measures can be represented by tables or graphs. In the case of graphs, the two variables (number
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girls and number of boys) would be represented by two distinct axes whereas the number of couples

would be represented by dots in the plan.

The use of symbolic representations may have an important role in the understanding of additive
and multiplicative structure problems. According to Nunes (1997) and Verg{i®ey), the
symbolic representations can be considered very helpful in conceptual building, as each symbolic
model allows different approaches of conceptual properties. But the type of representation interferes
with the understanding of mathematical nelias.

Nunes (2004) distinguishes two categories of system of signs relevant for the understanding of
mathematical relations: the analogous representations and the symbolic representations. The
analogous representatiortan be figurative, numerical or by words. In this type of representation,
the parts of the problem are explicitly given; the sign and the meaning of the sign are directly
connected. Thaymbolic representations involve situations demanding the knowledgk basic
mathematical procedures for the global understanding of symbolic aspects of the information. For
example, when a child is asked to make additive compositions based on expressions such as Op.
twenty-three pence” and “pay seven pence” different opportunities to think about the composition

are involved. In the former, a verbal clue is given to consider ‘20p + 1p + 1p + 1p@s an additive

group because for each written representation there is a correspondent numeric value that can b
visually associate D the sign and the significance are directly linked; in the latest, there is an
absence of this clue and the child needs to establish the additive group and consider, for instance
‘5p + 1p + 1pOdemanding a previous understanding of relations to establish the additive
compositions of numbers BDthe sign and the significance are only symbolically related, and the child

needs to understand the additive composition of numbers to find the solution. According to Nunes
(2004), in spite of being required an d@d@ composition in both situations, the way the problem is
presented to children has an effect on the way children reasoning about it.

Representing discrete variables

Concerning the representation of discrete variables, according to Nunes (2004), the use of isolated

cases emphasizes the direct connections between the signs and the units they refer to, making the
similar representations of the information. For the author, tables and graphs belong to the class o
symbolic representations as they referefations between variables.

Watson and Moritz (2001) studied 90 students (8- to 18yearsold) to examine the effect of
pictographs (cards with pictures) on the process of representation, interpretation and prediction of
information. The authors argued that pictographs can be seen as a starting point for the development
of more complex reasoning such as the analyses of relations between variables. Also Selva, Falc«
and Nunes (2005) analysed the combination of isolated cases and bar graphs on 39 chitd8en (6
yearsold) about the understanding of additive concepts. Their findings suggest that isolated cases
using cards with pictures can have an important role on childrenOs understanding of bar graphs
More recently Carvalho (2008) investigated whether bar graphs, tables and isolated cases
influenced Brazilian studentsO reasoning when solving discrete variables task¥ gittdeds
(n=99). The Brazilian students performed better when graphs were involved than when isolated
cases or tables were used tegant the information. In graphs, the relationships between variables
are presented visually whereas in tables these aspects are condensed in a numeric way.

In Portugal, the children are introduced to graphs, tables and isolated cases since the primary

school. Sixth graders should be able to represent data using absolute and relative frequency tables t
represent discrete variables, bar graphs, and also pictograms. Based on the study of Carvalh
(2008), this study aims to understand the effect of differeptesentation of information on
Portuguese childrenOs mathematical reasoning, when discrete variables are involved. For that,
addresses three questions: 1) Are there differences on children’s performance when the information

is represented by bar graphables and isolated cases? 2) Are there differences on children’s
reasoning in each of these conditions? And 3) What difficulties do children present when solving
problems with information presented using bar graphs, tables and isolates cases?
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Methods

A survey was conducted with 6™ graders (n=120) from public Elementary Schools, from Braga,
Portugal. The children were randomly assigned to work in one of the three gGrap$s the

group of children who solved the problems presented only using hArsgfables,the group who

solved the problems with the information presented only by tablesjsuiated Casesthe group

who solved the problems with the information presented by isolated cases, using cards. The samu
problems were presented to all tiparticipants using the representation of the information
according to the group condition. There were 4 problems involving simple proportions and 2
involving double proportions. Table 1 gives examples of simple and double proportion problems.
The tasks presented to the children are an adaptation of those previously used by Carvalho (2008).
Figure 1 gives examples of problems presented in each group. Each child of each group was aske
to solve 6 problems, individually. Each child has a booklet with a prjpriglolem in each page, in
which they could solve the problems as they wish, and write their justifications. All the problems
were presented to the class orally by the researcher in the childrenOs classroom, with no interferen
of the teacher. In each gmwhildren took, approximately, 50 minutes to solve all the tasks. Data
collected provided from students booklets.

Table 1IDExamples of problems involving simple and double proportions.
Simple proportion Problen Variable values Situation

Do you think there is a Blue eyes- 7 cases Simple proportion
greater chance of findin (4 dark hair; 3 blonc controlling  for
students with dark hai hair); the total amount.
among students with blu Dark eyesb 7 cases

eyes or among studen (5 dark hair; 2 blonc

with dark eyes? hair).

Double Proportion Problem  Variable values Situation
Do you think that there isa CD1 =12 cases (6 Double variation
greater chance of finding  happy; 6 unhappy); in the whole and
students happy with CD1 o1 CD2 =6 cases (3  in the parts, using
CD2? happy; 3 unhappy) numbers with
reference to half.

Problem: Do you think there is a better chance of finding students
happy with CD1 or CD2
Graph
Tahle
. CD Player | CD Player2  Tewl
£ a.
H £ 6 3 0
bt
g (mfes & 6 3 9
z O é
| - 12 [5
co1 cn2
J J
J J
-] J

Figure 1BDExamples of problems presented to the children.

Results
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ChildrenOs performance was analysed to identify possible difference related to the distinct types o
representatiortor each problem, 1 point was awarded for each children’s correct answer and 0 for

the others. Table 2 presents the mean (standard deviation) of correct responses according to tr
type of representation.

Table 2- Mean (standard deviation) of correctpenses by type of representation.
Type of representation
Isolated Cases Bar Graphs Tables
Mean (s.d.) 2,20 (1,09) 2,18 (0.84) 2,25 (0,78)

The values of Table 2 suggest that childrenOs performed similarly across the types of representatiol
when solving the problems. Graph 1 gives the distribution of the number of childrenOs correct
responses according to the type of representation used in the problem.

Graph 1 indicates that most of the children of each group could succeed in 2 of the 6 problems
presented to them; 20,8% of the children of the Isolated Cases group, 23,3% of the children of the
Bar graph group, and 19,2% of the Table group. The graph also indicates that 2 children of the
Isolated Cases group solved correctly all the problems, ankild af the Bar Graph group
succeeded in 5 of the 6 problems.

An ANOVA was conducted to analyse the effect of the type of representation (Isolated Cases, Bar
Graph, Tables) on students’ performance when solving the tasks (problems of simple proportions,
problems of double proportions). Results indicate that differences on studentsO levels of
performance are not dependent on the type of representation used in the propleay.&4,

(n.s.). Thus, it seems that for the children of this levébf@der3 these problems are difficult.

Distribution of students' correct responses by type of representation

30
Type of
representation

M Isolated Cases
OBar Graphs
[ Tables

20

Number of students

0~ -
0 1 2 3 4 5 6

Total of problems

Graph 1
In order to have an insight on childrenOs reasoning when solving the problems presented in eac
condition, their explanations were analysed. Five categories were distinguisiyg@niijication
comprising arguments using numbers, relations or operations (e.g., Obecause 4 have blue eyes anc
have dark eyes); 2)on-quantification comprising justifications that do not include quantification
(e.g., Obecause there are more students happy with)CB@eference to totalwithout any other
relation to parts of variables (e.g. OBecause there are more students with dark eyes, there are 90);
no explanation comprising the absence of justification; and iB3onclusive which includes
expressions s Ol donOt know!O, OJust because!O, or any other explanation not related to tt
problem. Table 3 presents the number of types of arguments identified when solving the problems
in each condition, for problems of simple and double proportion.
Table 3 sugges that, across the groups, the children used some type of quantification to explain
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their ideas and justify their answers, either in simple and double proportion problems. More
research is needed to explore more childrenOs ideas when solving thedeptyjidsnos.

Table 3- Number of types of arguments for simple proportion problems (mfx. = 480 responses) and
double proportion problems (m¥x. = 240 responses).

Type of representation
Simple proportion Isolated Case Bar Graph Table
problems
Quantification 108 (22,5%) 98 (20,4%) 103 (21,5%)
Non-quantification 22 (4,6%) 26 (5,4%) 10 (2,1%)
Reference to total 5 (1%) 8 (1,7%) 12 (2,5%)
No explanation 25 (5,2%) 28 (5,8%) 20 (4,2%)
Inconclusive 0 0 15 (3,1%)
Double proportion
problems
Quantification 61 (25,4%) 63 (26,3%) 61 (25,4%)
Non-quantification 7 (2,9%) 6 (2,5%) 2 (0.8%)
Reference to total 0 3 (1,3%) 3 (1,3%)
No explanation 0 0 3 (1,3%)
Inconclusive 12 (5%) 8 (3.3%) 11 (4,6%)

Discussion and conclusions

The findings of thistudy suggest that, the type of representation used to present discrete variables
does not seem to have an effect on studentsO performance. These findings diverge from the previo
results reported by Watson and Moritz (2001) who reported different lefalssponse to the
representation of information with-B3-yearsold students. Carvalho (2008) investigated Brazilian

8" graders® reasoning when solving discrete variables tasks, argues that students performed bett
when graphs were involved than wheoladed cases or tables were used to present the information.
The findings of our study diverge from this idea, as differences between conditions were not
identified. Children present low levels of performance despite of the type of representation of
discrae variable. This suggest that the representation and interpretation of variables using graphs,
tables and isolated cases should be a focus of more attention in the Portuguese classroom practices
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RZsumZ Les mathZmatiques peuvegites stre utiles " la formation du citoyen de demain en
aidant les Zleves " se construire un rZfZrentiel de valeurs posttiesVivre ensemble en

paix est un concept nourrissant qui peut nous guider dans la misacendgs activitZs
proposZes en classe. En associant le Vivre ensemble en paix aux mathZmatiques nous crZon
la rencontre de IOargumentation, de la prZcision et de la rigueur avec le beau, la paix, la mise
en lumiere des liens entre les stres humains. Dagtsarticle, la premiere partie est consacrZe

" la description dOune expZrimentation menZe dans des classes de college o+ la verbalisation
a permis dOapprofondir et de clarifier le sens de six compZter@esicBer, modZliser,
reprZsenter raisonner, aaller, et communlqueE gue nous travaillons quotidiennement.
Cette mZthode montre la possibilitZ de dZvelopper une nouvelle approche culturelle oe les
mathZmatiques prennent une place tangible dans la construction du projet de vie des Zlsves.
Dans la dexieme partie de cet article, le rapprochement ehtaghZmatiques et Vivre
ensemble clarifie un nouveau champs dOinvestigation pour la discipline des mathZmatiques
en lui attribuant la responsabilitZ de IOenseignement de la preuve du Vivre ensemble en paix
et du besoin de valeurs dans la construction de notre projet de vie. Cette approche
dOZIZvation verticale devient accessible " tous et rZhabilite la valeur de IQintuition et du lien
la vie qui nous unit.

C Douter de tout ou tout croire, ce sdeux solutions Zgalement commodes qui IOune et
I@autre nous dispensent de rZflZchir E Zcrit Henri PoircerZ da Science et IOHypotkese

Abstract: Can mathematics be useful for training the citizen of tomorrow by helping
students build a repository of positive values? Living Together in Peace is a nourishing
concept that can guide us in setting up classroom activities. By associating Living tagether
peace with mathematics we create the meeting of argumentation, precision and rigor with
beauty, peace, and highlighting the links between human beings. In this article, the first part
is devoted to the description of an experiment carried out in matdieol classes where
verbalisation allowed to deepen and clarify the meaning of six competences, "To research,
model, represent, reason, calculate, and communicate "that we work daily. This method
shows the possibility of developing a new cultural apgnoatiere mathematics takes a
tangible place in the construction of students' life projects.

In the second part of this article, the rapprochement between Mathematics and Living
together clarifies a new field of investigation for the discipline of mathemhticassigning

it the responsibility of teaching the proof of living together in peace and the need for values
in the construction of our life project. This vertical elevation approach becomes accessible to
all and rehabilitates the value of intuitiondaconnection to the life that unites us.

"Doubting everything or believing are two equally convenient solutions that both of us
dispense with thinking" writes Henri PoincarZ in "Science and Hypothesis".

En France, les programmes du Collsge parus au butiéficiel spZcial nj11 du 26 novembre 2015

sont structurZs autour de IQacquisition de compZtences et sOinscrivent dans cing: desnaines
langages pour penser et communiquer, les mZthodes et outils pour apprendre, la formation de la
personne et du citey, les systemes naturels et les systemes techniques, les reprZsentations du
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monde et |OactivitZ humaitieest ajouté que « la formation de la personne et du citoyen releve de
tous les enselgnementEE ] Cette formation requiert une culture anZraIe gourhit les
connaissances Zclairant les choix@®engagement Zthlque des personEe dZveloppe le sens
critique, IOouverture aux autrés,sens des responsabilitéslividuelles et collectives en mettant en

jeu par le dZbat par IOengagement et IGacties valeurs fondamentales inscrites dans la
RZpublique et les diverses dZclarations des droits. Elle engage donc tous les autres domaines d
socle.E BO (2015)

En mathZmatiques il est prZcisZ Qi@ mise en luvre du programme doit permettre de dZveéw

les six compZtences majeures de |OactivitZ mathZmatique : chercher, modZliser, reprZsente
raisonner, calculer, communiquér. BO (2015)

Au college Canteperdrix de Grasse o jOexerce, la question du Vivre Ensemble est tres prZsente
|OZchelle de M@lissement et une grande fresque a ZtZ rZalisZe ~ cet Efparel.ensemble
Canteperdrix Grasse (2015))

LOexpZrimentation que jOai menZe dans mes clas3¥sedelé 5™ (12 et 13 ans) durant IOannZe
20172018, a consistZ ~ Zlaborer avec les Zlsves six panneaux de six compZtences pour construir
avec eux le sens que ces six mots peuvent prendre et en profiter pour semer les graines dOun mie
Vivre ensemble. LOimplicatiates Zleves sOest manifestZe assez rapidement par leur volontZ de
participer " la colorisation des met¥Zs Zcrits dans la salle de classe. En partant des mZthodes
utilisZes en mathZmatiques, de IQinterdisciplinaritZ, des attentes des professeurstitutienlO

nous avons crZZ des liens avec la vie quotidienne, la culture, la nature, certains aspects du vivar
tout cela au service du projet de vie des Zleves et dOun mieux Vivre ensemble durable (Pauli 2017).

Pour la compZtenceGherchelE,le premer message passZ a ZtZ de sOaccouteit & I0erreur

pour oser se lancer et Ztablir des liens qui associent diffZrentesrittéeslles. JOai utilisZ le conte

du petit poucet pour susciter chez les Zleves tout dOabord de la curiositZ voireZtlifiner les
amener ~ comprendre que comme lui nous cherchons des chemins. Dans la vie au college les Zlsve:
sont confrontZs ~ I00gre dte@ps limitZE en devoirs surveillZs qui souvent gZnere du stress chez
eux et ils dZcouvrent quOils adoptent depoatements qui peuvent stre assimilZs " [Outilisation de
petits cailloux, de la mie de pain ou des bottes de sept lieux. La question posZeoitinesht se

sortir de stratZgies laborieuses ou du contentement dOun travail superficiel qui sOenvole avec
temps pour aller vers la comprZhension qui va redonner un espace dOexpression et dOexercice di
propreLibertZ, premiere valeur de la devise de la RZpublique franeaise. Avec ces trois niveaux
dOacquisition de la compZtence les Zlsves peuvent mieukigedsins leur apprentissage et se
responsabiliser pour construire conviction et confiance. COest un fondement du dan@liae 3
formation de la personne et du citoyenBO (2015)
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Fig. 1Panneau pour les compZtences Chercher et ReprZsenter

Pour la compZtence ReprZsentdE, nous sommes partis de I0exemple des reprZsend&ioms
nombre. Si on considere une fraction, il nOest pas immZdiat de constater par exemple si elle
reprZsente ou pas nombre dZcimal. LOintZret ici rZside dans le faitngus disposons de la
capacitZ ~ changer nos reprZsentationsLes Zlsves peuvent en prendre conscience. Cette
possibilitZ de transformation de notre vision autorise dans les Zchanges la crZatios alet le
domaine 5 : les reprZsentations du monde et IQactivitZ humaine. BO (2015)

Comme le constata@#n 2015MonsieurBan Ki-Moon SecrZtaire GZnZral de 'ONU concernant la
question du rZchauffement climatiqueN@is nOavons pas de plan B ni de péaBeE. Comment
promouvoir le dZveloppement durablele nZcessaire Vivre ensemble ~ I0Zchelle de la pfanste
Pour changer de comportement, il faut changer sa reprZsentafi@au@es font autrement et je
peux faire autremeri est une clZ pour sortle certaines habitudes. Pour amorcer ce changement,
desquestions peuvent appara’tre alors tosteples: comment vous reprZsentez vous le coll*ge
Ou encore comment vous reprZsentez vous la gZomDes solides, des formes, des propriZtZs,
des symbles? CESE (2015)

Avec la compZtence RaisonneE, nous sommes au ciur de I0activitZ mathZmatique au collsge.
Comment aller ~ la recherche des lieux de raisonnement et des dynamiques gZnZrZes pe
IQutilisation des propriZtZd_es erreurs ellememes soh sources dOinspiration. Une Zlsve avait
Zcrit CGRZsonneE pour afficher la compZtence au tableau. Nous IQavons gardZ eraftirase

CTes paroles rZsonnent en r&oiRaisonner pour rZsonner. Quand «a rZsonne, *a prend du sens.

A |Oimage de la miere et du miroir, les donnZes dOun exercice, les questions, les remarques, les
objets, les autres, la nature, le monde nous renvoie de maniere rZcurrente vers de nouvelle:
rZflexions. COest la dZcouverte de IOutilitZ et de la nZcessitZ de ma reldéisraaires.

Tout cela en lien avec le domaine @Les mZthodes et outils pour apprengrBO (2015). Si on
Zvoque les cartes mentales, les mots choisis peuvent tout ~ fait stre Ztablis de maniere objectives
comme il est gZnZralement admis de maniesglZmique en mathZmatiques mais aussi de manisre
subjective o« le r'™le de la conscience personnelle, des besoins et du ressenti de I0ZIsve peuvent
mis en avant. Ne pas perdre le fil du raisonnement, cOest aussi seleaalgurs, prZserver ce qui

me relie ~ moimeme, aux autres et entretenir coopZration, partage et synergie.

Fig. 2Panneau pour les compZtences Raisonner et ModZliser

Pour la compZtenceMpdZliserE, le lien avec la capacitZ ~ prZvoir est fait. Il peut stre investi dans
|Outilisation des probabilitZs, de la proportionnalitZ, de IOalgorithmiqueE Anticiper des rZsultats
cOest aussi pouvoir se projeter et dZvelopperpsaitZa” prendre des initiatives, ~ entreprendre.
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« ModZliserE peut aussi etre reliZ ~ une attitude naturelle de I0adolescent qui congisendr€

modele E. Et de ce point de vue les Zleves sont toEgAlitZ car ils disposent tous de la capacitZ °
choisir leurs modelesk et ce quQils deviendront.

Prendre modele est aussi IOoccasion dOZchanger avec les Zlsves sur la fason dont les innovatic
sont crZZes en entreprise. Les mZdicaments reprennent les principes actifs des plantes, I
combinaisons desageurs reproduisent les dZcouvertes concernant I0Zcoulement de IOeau sur
peau des requins. Les exemples sont multiples oe IQactivitZ humaine prend modsle sur la nature. |
suffit dOobserver comment les forets primaires par 10Zvolution et un parfaiénaeyen des
diffZrents regnes ont produit abondance de vie et biodiversitZ pour comprendre quQil y a I” un vaste
champ de recherche ~ explorer. Tout cela en lien avec le domain&es:sgstemes naturels et les
systemes techniques.BO (2015)

La questiondu modsle est cependant parfois cachZe. En utilisant quotidiennement des tZIZphones
portables, des ordinateurs, les Zleves consomment des programmes informatiques, des jeux, de
rZseaux sociaux oe les modeles Zconomiques et les valeurjasenses ~ cesnodeles ne sont pas
visibles. Une mise en garde et une attitude de prZventisnwésde ces outils peut stre un dZbat
fructueux avec les Zlsves qui peuvent se laisser sZduire y compris par le pire si on pense " la
radicalisation de certains par exemple

Pour mettre en rapport BompZtence CalculerE et le Vivre ensemble jOai voulu faire appara’tre
comment certains aspects de nos vies sont en lien direct avec les opZrations.

En sOinterrogeant avec les Zlsves sur 10utilitZ de la division, il detsuiite ZtZ ZvoquZ, le
partageE LOadageCDiviser pour mieux rZgnét nous a menZ vers une rZflexion sur la stratZgie.
Quelles sont par exemple les Ztapes du Vivre enséh@®ienment dZgager une vision comm@ne

La division se cache aussi dans notrenoize et notre ADN. En revenant ~ IQorigine de notre
corps, au temps de la fZcondation de IQovule par le spermatozosde. Quelle est la premisre chose q
cette cellule a fait@ Elle sOest diviséa 2 puis en 4 et ainsi de suite. La division nous a ensnenZ

du 1 vers la multiplicitZ des nombres pour structurer notre corps. La division est vue comme
essentielle ~ la vie.

Les stres humains forment une grande famille. Nous y arrivons avec la multiplication. Si on
considere notre arbre gZnZalogique, on coasiae chacun dOentre nous a 2 parents, puis 4-grands
parents, etc. En remontant de 33 gZnZrations, un calcul rapid&ingidie que chacun de nous a

eu 8 589 934 592 ancstres il y a 1000 ans (30 ans pour une gZnZration). Ce que jOattends " «
momentl” est que les Zleves comprennent que nous avons tous beaucoup dOancetres communs
leurs rZactions sont, ~ ce moment de 10Zchange, Zdifiantes. Pour certains cOest spontanZment q
affirment quOils sont liZs ~ I0ensemble des stres humains, comme umeeB/iB®autres au
contraire affirment que le calcul doit «tre faux, que ce nOest pas possible car il y a 1000 ans, il nO
avait pas 8 589 934 592 dOstres humains sur la terre. La logique mathZmatique est effectivemer
confrontZe "~ une impossibilitZ histouig. Et pourtant nous sommes I" existant avec tous les
ancetres qui nous ont prZcZdZs dans notre arbre gZnZalogique. Je demande alors aux Zlsves
trouver une explication ~ ce mystere. COest une approche pour ZvodiratelaitZ, troisieme

valeur de la dvise de la RZpublique franeaise. On en garde un stoGafultiplier, «a crZe des
liensE.

Avec la soustraction, les Zleves peuvent sOapercevoir quOelle est nZcessaire ~ I0ZquitZ. Il faut «
capable de pouvoir par exemple rendre la monnaie. Comnitd@adageCLes bons comptes font

les bons ami&. Mais nous ne sommes pas tous au meme niveau de conscience et la soustractior
peut aussi stre vue comme laisser de sa part pour quOun mieux Vivre ensemble puisse se poursuivi
Elle est " la base du comumis, de la conciliation et de la rZconciliation.
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Fig. 3Panneau pour les compZtences Calculer et Communiquer

Pour la compZtence@mmuniqueE, cOest toute la capacitZ ~ rendre visisledisonnements qui

est sollicitZe. Ecrire, parler, sont les outils indispensables pour aborder le domkisdahgages

pour penser et communiqu&g (2015) Il est ZvoquZ le cercle et le travail en ilot pour tous parler
dOZgal ~ Zgal dans le respiecta parole de IQautre. La valeur de IOZchange est mise en avant.

La communication va dans les deux sens. En posant la question aux Zwele@st la diffZrence

entre Zcouter et entend®€& je leur ai fait dZcouvrir pour beaucoup le mot entendeshe@oimment
|Oassociation de ce mot avec entendre nOest pas un hasard mais un hZritage culturel de tous ceus
nous ont prZcZdZs. Cette condition humaine qui nous fait exister par les autres et avec les autres, |
Zlsves ont besoin dOen prendre conseigoar sortir de I0Zgossme de IOenfance et entrer dans une
communication oe 10on peut se mettre ~ la place de IQautre. La douleur ou la difficultZ dOur
camarade, il est possible dOy stre sensible, de la comprendre et de rendre vivant les liens qui not
unissent. Avec la communication les Zlsves peuvent enrichir leur expression et leurs comportements
du sens dOun nouveau terd@altZritZ.

En acceptant de porter tZmoignage de cette expZrience rZalisZe avec mes Zleves devant
CIEAEM70, jOai trouvZ I0asion de poursuivre ma rZflexion sur mon mZtier de professeur et
donner plus de sens ~ ma dZmarche. En confrontant ma proposition au regard des autres jOai |
prendre conscience de ce que je poursuivais intuitivement et clarifier mon questionnement.

Danssa confZrence intitulde meilleure et la pire des erreurs de Poingatghue pour IOouverture

des journZes de Metz en 2010, CZdric Villani nous rappelait comment pour Henri PoincarZ
IQintuition Ztait importante dans la dZmarche du mathZmaticien qus@ihtfresse aux processus

par lesquels on dZcouvre les objets mathZmatiques. Il dZcrivait la dZcouverte de certains de s
travaux comme le fruit dOune alternance de travail effectif et de plongZe dans IQunivers du quotidie
o+ au dZtour dOun changemeriatifude surgissait une solution (cf. Zpisode du marchepied en
sciences cognitivesCZdric Villani (2010).

Henri PoincarZ sOexprimant sur les mathZmatiques disaitlansSiciences et MZthod€la
mathZmatique est IOart de donner le meme nom " desshifZrentes.

Alors comment lier Machmatiques et Vivre ensemble en Ddixne semble que la dZmarche °
entreprendre est liZe ~ une intuitionCil est possible de Vivre ensemble en paix et les
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machmatiques peuvent en apporter la dZmonstiatiencore fauil sOatoriser " interroger notre
reprZsentation du Vivre ensemble en paix. Nous tenons |” une piste pour erondre la question C
quoi servent les mathZmatiques Ne sonellesquOune science faite pour dZcrire, comprendre et
agir sur le monde, une sorte ligne horizontale qui part de son origine vers IQinfini ou IOin@Zfini

Ne sontelles quOune science qui comme source dOZIZvation, est rZservZe " une Zlite, seule cape
dOen percevoir la beautZ et I0esth2Zique” IQintersection de ces deux concegtiwrizontale et
verticale, sontlles capables pdfusage du raisonnement, de |Oargumentation, du partage des
preuves et de la validation par les pairs, dOZduquer les femmes et les hommes du monde «
demain? Des etres conscients des valeurs dOhunuanités lient et de 1QunitZ profonde de la
pensZe et du savoir ? Des stres qui gr¥ecce ~ une intuition rZhabilitZe seront capables de relever |
dZfis qui les attendent en dialoguant de manisre transversale sur toutes les sciences de leur Zpoq
comme le fttMonsieur Henri PoincarZ en son temps ?

Les mathZmatiques ont tout ~ y gagner cékGe la part de modernisme dans le style d’exposition

et de retour au systeme d’intuitions originales qui sous-tendent une théorie est sans nul doute ['une

des difficultés majeures auxquelles est confrontée la pédagogie mathématique aujourd’hui, car la

science est condamnée a étre sterile si elle cesse de prendre appui sur une intuition pleine et

vivante de ses contenus. C’est la conscience de cette sterilité qui gouverne les réactions de rejet de

’enseignement mathématique comme un bloc d’abstractions gratuites et dépourvues de
significations tangibles. E FrZdZric PATRAS (2001)

Pour citer Martin Heidegger (1947) Peu dOhommes sont suffisamment entrainZsirigdier un
objet savant dOune chose pelisZe

Et comment ne pas Zvoquer ici les progres exponentiels de I0Intelligence Atrtificielle qui demain
risque de gouverner nos vies

AujourdOhui le Vivre ensemble est une utopie, un pari sur le meilleur du gAflacinme, une
Zthique de vie, une vision qui rZunit, qui rZconcilie, il doit devenicamtept opZrant, une
pZdagogie de I0altZritZ qui demande de la part de IOenseignant un engagement Zthique pou
formaliser en mots et lui donner forme dans sa classe

Pour nourrir et interroger ce concept\dere ensemble en pali@s mots clZs qui ont ZtZ utiles dans
mon expZrienceont la pratique de la pause pour faire vivre IQintuition, la confiance, le citoyen, le
mot pour dZsigner, le mot pour signifier, |OobbjeathZmatique et sa communication, la
transposition, |Oanalogie, |IOobservation des comportements, les dictons ou expressions populair:
les contes, les reperes, la conviction, [QopportunitZ, la beautZ, la surprise, le contrepied, IOextractic
de 10essdal, les situations et les 6 compZtences dZj” dZcrites.

Reste " organiser alors IQactivitZ mathZmatique et le dZbat. Les compZtences sont un lien structure
pour Ztablir des correspondances entre le Vivre ensemble en paix et le travail proposZ aux Zlsves
Elles ont servi de fil conducteur de transmission par un rZinvestissement rZgulier tout au long de
IGannZe tout en variant les stimuli. La question nOest pas tant dOZvaluer les Zlsves mais de seme
eux les graines pour leur permettre dOinitier etcd@pagner leur propre dZmarche, leur
exploration.

CQuand nous sommes mus, non par la peur de voir sOZvanouir une illusoire sZcuritZ, mais par un
soif de conna’tre, alors IQerreur, comme la souffrance ou la tristesse, nous traverse sans se fige
jamais, et la trace de son passage est une connaissance renowveélléxandre Grothendieck
(1985).

Quant au dZbat, il nOest ici plus question dOun dialogue entre celui qui sait, IOenseignant, et
apprenants mais plut™t du traitement dOune question quomeerse tous par une mZthode dite du
Cercle des qualltZs et des vertus (@& la pyramide au cercle au LycZdes apports dOun
enseignement coopZratiClaire Chevrier (France) CIEAEM70). Chacun peut alors sOexprimer
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Zgale dignitZ dans un espace crZateur par sa gZomZtrie de synergie et de reprZsentations positi
des relations humaines. COest aussi le moment des dZductions partagZes et des dZducti
personnelles. Comme |Oindiquait Ré@&scartes (1629) dahss regles pour la direction de
|OespritCIl n'y a de science qu'avec l'intuition et la dZductio@e qui entra’ne IOadhZsion des
Zlsves cOest I0exactitude, la prZcision de IOargument donnZ et la conviction.

Quand John Newlandsublia en 1863 sa classification pZriodique des ZIZments, cOest la beautZ e
IOanalogie avec les notes de musique qui lui inspira son @banloi des octaveE. On comprend

mieux pourquoi les mathZmaticiens musulmans du moyen %.ge dZnommaient lestimatbZma
CScience des particuldés Plus gZnZralement |Qart, IQesthZtique, la musique, la poZsie,
IQarchitecture, le langage universel, le partage des connaissances;ilsepssntous liZs aux
mathZmatique® Pourquoi alors ne pas admettre puisquetesas sont cachZes dans leur contraire
quOil existe une mathZmatique qui rZvele, gr%.ce " toute la rigueur quOelle exige, toute la beautZ
Vivre ensemble en paix. Alors comme un encha’nement logique oe les Zvenements sont les
rZsultantes de causes et tgbermettre ~ IOhomme, puisque cOest dans sa nature, de chercher ~
saisir ce qui le dZfini en tant quOstre humain des le plus jeune %oge dans I0Zducation. Ainsi sOouv
nous un nouvel horizonconstruire I0avenir IOun avec IOQautre et non pas |@aiQzrite avec
comme premiere approximation du modsle le schZma suivant

Intuition

Déductions pour
I’avenir /
Deductions for the
future

Ethique de
I’enseignant /
Teacher Ethics

Compétences /
Competencies

Expérimentation

Fig. 4: LOintuition

LOintuition pour faire vivre |Qintention et donner valeur ~ nos actions.

LOZthique pour donneme forme "~ notre reprZsentation du Vivre ensemble en paix en
mathZmatiques, forger notre conviction et passer ~ IOaction.

Les compZtences comme repsre dans |Oesprit des Zlsves tout au long de I0annZe.

LOactivitZ mathZmatique comme lieu dOexpZrimentation.

Le dZbat en cercle comme lieu des dZductions et des adhZsions.

93



I"HB96&()*%)*+), &' $*) (*H$Y6%" &S () $%6*+,$%"&-.10"12'30'45667+,+1%8'1290'3:;<
IHS 06" & ()*+,-./)0-182.8%0+-)/+-. 3+&)RHSU&' () F'+,-").J%0) (1, $#,2'3/%&$+,1('314

Bibliographie

- BO, Le bulletin Officiel de IOEducation Nationale (France), Bulletin officiel spZcial nj11 du 26

novembre 2015.

- Lesavisdu Conseil Economique Social et Environnerabf@ ESE), Le bio mimZtisme :

sOinspirer de la nature pour innover durablerRattcia Ricard Septembre, 2015.

http://www.lecese.fr/travaupublies/lebiomim-tisme sinspirerde-la-naturepourinnover

durablement

- RZsolution adoptZe par la Soixadteizisme session de IOAssemblZe gZnZrale des Nations Unies

le 8 dZcembre 201716 mai, JournZe Internationale\dure Ensemble en Paix.

https://www.un.org/press/fr/2017/ag11989.doc.htm

- CHEVRIER Claire De la Pyramide au Cercle au LycZées apports dOun enseignement
coopZratif (CIEAEM70) " paraitre 281

- FOREST Franeoise, Maryse SIKSOU,DZveloppement de concepts et programmation du sens,
PensZe et langage chez Vygotskiellectica, 1994/1, 18, pp. 24236.

- AlexandreGROTHENDIECK RZcoltes et Semailles, RZflexions sur un passZ de mathZmaticien
Montpelier, pp 128129, 1985.

- HEIDEGGER Martin LOexpZrience de la pensZ®47.

http://archives.skafka.net/alice69/doc/exp pens%E9e.htm

- LEVRAULT , Les regles pour la direction de IQespuires de Descartes par Tome XI p 201
329, 1826.

- PATRAS FrZdZm La pensZe mathZmatique contemporaine, , PUF 2001.

- PAULI GYnter LOZconomie bleue 3102s Nouvelles Editions Caillad2017.

- POINCARE Henri La Science et IOHypothese, 1902.

- POINCARE Henri Science et MZthodeFlammarion collection CBibliotheque dephilosophie

scientifiqueE (livre 2, chapitre 2), 1908.

- VILLANI CZdric La meilleure et la pire des erreurs de PoincarZ, ConfZrence dOouverture des
journZes de Metz, 2010
https://www.apmep.fr/IMG/pdf/503_Villaretz.pdf

- Une fresque sur mathZmatiques et vivre ensemble au college Schoelcher de Kourou Guyane, 201E&
https://lalere.francetvinfo.fr/guyane/2015/03/21Amsqueaucollegeschoelchede-kourou
pourla-semainedesmathematique240253.html

- Vivre ensemble Canteperdrix Grasse, 2015
http://www.alpesmaritimes.gouv.fr/Informatiowle|-Etat/Lesservicesde-|-Etaten
images/Archive2015/LeVivre-Ensembleau-college Canteperdrixde-Grasse

94



Introduction

I"HB06&'()*V0)*+), & $*) (FHSY%%" &S () $Y6*+,$%"&-.0"12'30'45667+,+1%8'1290'3:;<
I"H'$"06" & ()*+,-./)0-182.8%+-) +-. 3+&)RHU&'()*+,-").1%0)(1,$#,2'3/%&$+,1('314

De la pyramide au cercle au lycZe- les apports dOun
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E-mail: Claire-MarChevrier@aclyon.fr

RZsumZ Cet article est une relation dOexpZriences accompagnZe dOune rZflexion sur de:
pratiques coopZratives vZcues au lycZe. Ces pratieresent du soucis dOenseigner au
quotidien aux Zleves pour leur Zpoque, dans un climat apaisZ, melant bienveillance et
exigences scientifiques, o I©Zleve se sente en confiance, avec le droit ~ IOerreur dans le cadre
de recherches. Nous ferons dQabordcdestat de |OinadZquation rZcurrente dOun
enseignement classique dans diverses situations, et des solutions apportZes dans le cadr
dOun enseignement de  type pyramidal, avec ce qquIIes comportent de tensions et de conflit:
dbabandons. Nous prZsenteremsuite plusieurs eporlences de recherches coopZratives
sous diffZrentes formes non pyramidales et jusqu®” 10enseignement par le cercle. Ces
recherches ont ZtZ rZalisZes par les Zleves, soit pendant les cours traditionnels de
mathZmatiques en secondeemisre de diffZrentes sZries, en option spZcialitZ maths en
terminale S, soit pendant des sZances dOinvestigation scientifigue de |Oenseignemen
dOexploration MPS en seconde. Les sujets des problemes proposZs aux Zlsves sont er
relation avec les autressdiplines comme la biologie, |Oinformatique, la cryptographie, la
conquete spatiale. Nous analyserons ce que ces pratiques ont apportZ de nouveau dans le:
relations et les apprentissages, ainsi que leurs limites Zventuelles. Nous Zvoquerons en
filigrane les motivations profondes ainsi que les sources auxquelles on peut puiser pour ces
pratiques. En conclusion, quelques rZflexions faisant le lien de ces pratiques avec dOautres
themes du congres.

Abstract: This article is a relationship of experiencescompanied by a reflection on
cooperative practices lived in high school. These practices come from the concern to teach
students on a daily basis for their time, in a calm atmosphere, mixing benevolence and
scientific requirements, where the studentdeminfident, with the right to make mistakes in
research. First of all, we will note the recurring inadequacy of a classical education in
various situations, and the solutions provided in the context of a pyramidal type of education,
with their attendantensions and conflicts, abandonments. We will then present several
cooperative research experiments in different-pgramidal forms and up to circle teaching.

This research was carried out by the students, either during the traditional courses of
mathematis in second, first of different series, in option specialty maths in terminal S, or
during sessions of scientific investigation of the teaching of exploration MPS in second. The
subjects of the problems proposed to the pupils are in relation with thredatbiplines like

the biology, the computing, the cryptography, the space conquest. We will analyze what these
practices have brought back into relations and learning, as well as their possible limits. We
will discuss the underlying motivations as welltae sources that can be drawn for these
practices. In conclusion, some reflections linking these practices with other themes of the
congress.

Nous allons dans cet article relater diverses expZriences de travail coopZratif menZes dans le cad
de la rZsolution de problemes mathZmatiques, et accompagner cet exposZ dOune rZflexion sur |
pratiques coopZratives vZcues, dZconstruisant peu ~ peu les pratiques de type pyramidal vers de
pratiques en cercle, quQelles soient formelles ou dans dOZ&urit de IOenseignement. Ces

pratiques viennent du souci dOenseigner les mathZmatiques aux Zlsves pour leur Zpoque, dans
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climat apaisZ, melant bienveillance et exigences scientifiques, o I0Zleve puisse prendre confiance
avec le droit ~ IQerreur g le cadre de recherches par exemple, dOexposZs, derenape Je

ferai dOabord le constat de IOmaquuatlon rZcurrente dOun enseignement classique dans dive
situations, et des solutions apportZes dans le cadre dOun enseignement de type, pyeonieal
quQelles comportent de tensions et de conflits, dDabandons, de stress. Nous montrerons ensi
comment le contenu des travaux proposZs, IQorganisation de la classe, la posture de IOenseigr
peuvent stre des moyens ~ disposition dOun enseigiatase mathZmatiques dans un climat plus
bZnZfique. Tous les travaux prZsentZs ont ZtZ rZalisZs par les Zlsves dans divers cadr
institutionnels en lycZe franeais, soit pendant les cours traditionnels de mathZmatiques en seconde
premiere de diffZrentesZries, enseignement de spZcialitZ maths en terminale S ou ES, soit pendant
des sZances dOinvestigation scientifique de IOenseignement dOexploragon skiBde. Les
sujets des problemes proposZs aux Zlsves sont en relation avec les autres dismplimes la
biologie, IO|nformat|que la cryptographie, la conquete spatiale. Tous les encadrZs illustrant ces
propos sont inZdits, techniquement ZlaborZs " partir de travaux effectuZs dans les classes dai
lesquelles jOenseigne, rZflexions, Zvaluationsmageis comprises, les fichiers source sont
consultables. JOanalyserai ce que ces pratiques ont apportZ de nouveau dans les relations et
apprentissages, ainsi que leurs limites Zventuelles. JOZvoquerai en filigrane les motivation
profondes ainsi que desources auxquelles on peut puiser pour ces pratiques. En conclusion,
quelques rZflexions faisant le lien de ces pratiques avec dOautres themes du congres, comm
MathZmatiques et Femmes, Histoire des MathZmatiques.

Limites pratiques dOun enseignemeptgmidal

Situations insatisfaisantes, eronses mapproprlZes manque de sens

Enseignant dans un lycZe accueillant des Zleves dOhorizons tres variZs (milieux sociaux,
problZmatiques familiales, jeunes priacivant, etc), on ne compte plus les situations
insatisfaisantes, de bavardages, dOZlsves inattentifs, non |mpI|qqu ayant renoncZ, qui nOessal
meme pas, agitZs en arrivant, endormis en classe, et avec ce phZnale«ué €pliqueE, CY a

pas que mok, GJOai rien compris, qui constituent auta de rZponses dOZvitement toutes faites.

Le dialogue avec I0Zleve et la famille permet souvent ~ I0Zlsveader@cheE et passer en phase
dOimplication et de rZussite, mais les Zlsves ont ZtZ habituZs " la force, et pour certains
durcissement de torarnet de correspondance, mots aux familles ne modifient plus la situation, les
destinataires ne comprennent pas ce quOon leur veut. Les rZponses apportZes par IOenseignar
sommet de la pyramide cristallisent des tensions et des conflits, qui sexpkrsent ailleurs. Du

haut de cette pyramide, on peut affirmareQpas rencontrer de difficultZs ~ condition dQagir

en militaire E, sOen prendre aux conditions de travail et "~ la hiZrarchie le jour oe la situation tourne
pour soimeme, rejeter #leurs la responsabilitde ses difficultZs : les ZlsvesxQont pas les bages

CJe ne mOen sors pas avec ma classe, jOai oubliZ quil fallait se transformerteh cerbere
A 10entrZe en classe de premisre scientifique, les Zleves semblent majeeiiaseessZs, tZtanisZs
par la possibilitZ de commettre une erreur ils nOessaient pas de chercher, rZclament avec insistar
les corrigZs des travaux proposZs avant de commencer ~ chercher, rZdiger, reprZsenter, se rassur
avec la solution dZj" faite giigpourront reproduire, et attendent plus le bachotage que la pratique
de la rZflexion, ce qui nous para’t contraire aux objectifs de la formation de scientifiques, ainsi
qubaux compZtences que IOinstitution cherche ~ dZvelopper (chercher, modZiisenterep
calculer, raisonner, communiquer).
JOaime ce mZtier, avec ses difficultZs, mais jOaime essentiellement travailler en harmonie, avec «
Zlsves ayant plaisir ~ venir en cours de maths, parce quQils sOy sentent bien. Comment donner
sens ~ un eseignement sinon en partageant le savoir, dans une relation du domaine de IOhumain ¢
non de IOanimal, du vivant et non du mrorant ?

1 MPS : MZthodes Pratiques pour les Sciences
2 Retour de congZ prolongZ.
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fbauche de pratiques coopZratives
Transmettre une expZrience personnelle ne suffit pas
De formation mathZmatiques psrpuis appliquZes en analyse numZrique et informatique, ayant
pratiquZ dans IOindustrie en laboratoire de recherche pZtroliere (Claire CB&dimentation dans
les fluides non newtoniensmodele dOEllis)les mathZmatiques sont devenues pour moi tih ou
vivant au service de la comprZhension du monde, et avec son corollaire naturel pour moi quOe:
IQoutil informatique (Claire Chevri€rogrammation dOun Module informatique de reprZsentation
graphique des fonctions de 2 ou 3 variables avec UNIRaASNt quOun plaisir solitaire de 10esprit
pour sa simple beautZ. PrathuZes en collaboration avec mZcaniciens, physiciens, biologistes
techniciens de laboratoire, ingZnieurs,... rZunis dans le seul but de la rZalisation dOun projet, chac
Ztant aussi imptant dans le processus que son collaborateur, elles se mettent au service de la
connaissance. Ceci influence ce que jOai envie de transmettre ~ mes Zlsves, est parfois bien util
dans les situations dZcrites, mais ne suffit pas.
IntZgrer la diversitZ permet IOZpanouissement
\Voici des anecdotes qui mOont fait rZflZchir de mes MathZmatiques vivantes,
Zlsves de premiere sZrie technologique, Joris P,, se ou quand les dZclics se font
prZsente aux Olympiades des mathZmatiques, Me8t sOennuie en cours de maths en secc
distinguZ comme laurZat, 2isme prix national en sZf lycZe, de grosses lacunes, intelligent,
technologique. Ce concours est destinZ A\/(d!ﬁ)ppe famille souhaite une orientation scientifiqu
le goZt des mathZmatiques, de la recherche et 10 gsizt)ztl've se prend finalement au jeu du tray
WD T ’ o L classe par |QinterprZtation d@loulcde
dOinitiativee, Cle palmares 2009 distingue 23 Zlav V@stance entre deux avions dont la position
dont 16 pour la sZrie S et 7 pour les autres sZries, (pzrZe par les coodonnZes polaires. M
6243 Zlsves de premiere dont 2122 filles ont concoudiime IOaviation, le dZclic se fait, avec 10aid
en 2009 (Rapport Miniere de |Ofducaticnla famille, la mise en place de remZdiaEio
Nationale, Remise nationale des prix des Olympiad@4x lacunes en maths, 3 ans apres M.A. rZu
des mathZmatiques 2Q09Dr cet Zleve vient de sel€ Pacscienfique.
rZorienter vers une sZrie technologique car il ZtcutC [ conna't les difficultzs de la dyslex
- < U= 4 ) onde, dysphagie, dysplasie. Bien szr s
Zchec en sZrie scientifique, ce qui para’t incroyallliigence  est vive, IOZcrit et
POUI'C]UOi? YOIFI son eplication: CJOZtaiS mauvais €Bommunication probIZmatiques, des tem
maths, je rZflZchis en rond, I" bas il faut raisonner t@upplZmentaires sont nZcesaires. PortZ ~ t
droit, et puis cOZtait du bachotkge de bras par la famille, une volondg fer pour
On peut exclure de la rZussite un Zlsve par {yssir, il prZpare le bac scientifique. I Iui' €
enseignement mathZmatique fermZ, ZtriquZ, techn gRos< de programmer avec sa calculatrics
) > herche dOun seuil pour une suite
et vide de_son _S?ns’ & fenant pas compte en 9Znz r?é.mbres avec un algorithme contenant u
de la diversitZz des modes de pensZe et @lcle Tantque, il est le premier ~ rZussir
fonctionnement du cerveau humain. mise au point deosm programme. Il est plac]
Autre anecdote cette Zlsve de seconde regardaamtenant dans cette situation de rZussite
inlassablement par la fenstre en de longues reveridgglic ~ sOest fait, IQorientation v
Cabsenté de la classe, quirgjointE laclasse apres lOinformatique et la programmation, la rZuss
que je lui aie suggZrZ la lecture du posme de HuﬁJl’tilBRag S avec 12 en maths, I0admission
. N = . A - seaux et TZlIZcommunications.
CLe marin et la ros&, (CZdric Vilani, ThZoreme
vivant), tandis que dOautres Zleves suivent danste
meme ouvrage le parcours dOun chercheur.
C COest exactement ma vie, commentwauesdevinZ? E. Cette Zleve sOest sentie concernZe par la
classe non pas par le contenu scolaire, mais parce que quelque chose lui a parlZ dOelle. L
exemples en ce sens sont foison, cOest parfois le contenu dOun exercice, dOautres fois 1Qoutil u
pour le rZsoudre, qui convient mieux ~ un Zlsve, qui rZvele ses aptitudes, lui font dZcouvrir ses
goZts.
Parfois ce sont les rZfZrences culturelles prZsentes dans un exercice qui font entrer en raisonnan
affective et mettent I0ZIsve, la classe en situatorZ dssite. Ceci est possible ~ condition que IOon
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enseigne des mathZmatiques vivantes, ~ partir de situations concretes, choisies de manisre " touche
des domaines diversifiZs (cf encadibdahZmatiques vivantes, ou quand les dZclics séfont

Ne paslaisser un(e) Zleve de c™tZ peut stre le fruit dOun geste, dOune parole, dans IQinstant, n
peut sOorganiser, stre ~ la base de sa pZdagogie, et se rZaliser par divers actes volontaires, portant
le contenu des travaux proposZs, IQorganisation ths$e,cla posture de IOenseignant. De part sa
nature, notre discipline le permet, comme IQillustre cette parole de notre Zleve de Terminale S arriv.
de Chine il y a tout juste un an, seul ~ parler franeais dans sa famike.n€ comprends pas le
vocabulére, mais je comprends quGestque cOest qud cOekt (@it encadrZ €xercice infaisable

pour 10Zleve chinols).

Organisation de classe, faire rZsoudre collectivement

Pour dZcoder un message cryptZ dans un laboratoire de police judiciaire etidiésobases de la
cryptographie, dans le cadre dOinvestigation scientifique de IOenseignement dOexploration MPS
seconde, les Zlsves dOune Zquipe sOorganisent pour mettre en place une mZthode et dZcode
message (cf encadrZOgyptographie en MPE).

Cryptographie en MPS : investigation scientifique — enseignement d’exploration de seconde
Les éleves travaillent par groupe de 3 ou 4, disposent du document « analyse des
fréquences » de Joan Gomez, Codage et cryptographie, du message a déchiffrer ci-
dessous, et de l’outil disque : ils se répartissent les taches entre experts et
rapporteurs, lecture du document, exposé aux membres du groupe, comptage des
fréquences des lettres les plus représentées, algorithme de recherche de la clé
(méthode de César), décodage.
QRUVTXH WX

WURXYHUDV OHPHVVDIH WX OH GHFKLITUHU

JUDFH D 0D PHWKRGH GH YLJHQHUH DYHF 0D FOH SUDW

NH WDWWHQG

Exercice infaisable
pour I’éléve chinois en terminale S

Pour tester 1’efficacité d’un médicament, on réalise un
essai clinique. Dans cet essai, 60 % des patients ont pris
le médicament pendant un mois, les autres ayant pris un
placebo (comprimé neutre).

On constate une amélioration chez 80 % des patients
ayant pris le médicament et aucune amélioration pour

Posé sous cette forme, résolu sans probléme par ce

90 % des personnes ayant pris le placebo. On choisit au
hasard un patient ayant participé a 1’expérimentation.
Calculer la probabilité que l’on constate une|
amélioration chez le patient. Calculer la probabilité
qu’un patient ait pris le médicament sachant que sa|

méme éléve qui utilise naturellement les probabilités

conditionnelles et la formule des probabilités totales,
I’explique également au tableau

apres le seul apprentissage du vocabulaire « malade »,

« amélioration ».

santé s’est améliorée.

Pour calculer IOZcart type dOune sZrie statisfigaen@inE, en vue de dZcouvrir la formule et son
sens en classe de premiere scientifique (S ou STI), les Zlsves se rZpartissent les donnZes et Ie
calculs (cf encadrZ RZsolution collective dOymmobleme statistiqué&). Un groupe dOZlsves de
Terminale S enseignement de spZcialitZ maths, a ZtZ incitZ ~ travailler collectivement pour la
recherche des exercices, en dehors du cours proprement dit. Peu ~ peu, " leur arrivZe en classe, i
disposent nairellement les tables en il™ts, sOinstallent autour de maniere " travailler face ~ face en
se voyant. Plus, ils sOapproprient le tableau, dOabord en demandant timidement, osant ~ peil
empiZter sur ce quO|Is vivent comme upeZfgativeE de IOenselgna(m tableau), puis avec
assurance, pour rZsoudre collectivement les exercices dOarithmZtique donnZs, 10un(e) Zcrit
raisonnant, |Qautre raisonne et partage, le (la) troisisme apporte les calculs numZriques, il
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accueillent ainsi le professeuio@ a fni, on a tout
compris, on va vous expliquEr a ce moment le
professeur sOinstalle au fond de la salle pour s
puis donne son expertisde dZbat sOinstaure,
corrige si besoin. Posture, descendre de sa ¢
accepter le rZseau

Ici les Zleves sOapproprient leur apprentissage ¢
connaissances, le professeur nOest plus ense
du haut de sa chaire, mais facilitateur, amen
probleme " rZsoudre, les pistes de recherche
documentation, IOZleve demande les outils dor
besoin, prad des initiatives, rZflZchit en grou,
peut se dZplacer pour obtenir des renseignen
LOenseignant garde I0expertise, corrige et con
les Zleves cooperent naturellement, se metten
cercle, autour dOune table. OcZane G. : C j
bien travdler comme a E, poursuivra ses Ztu
en Sciences de IO fducation pour stre institutric
redira ~ quel point cette mZthode est utile
apprendre, et utile ~ sa rZflexion de fut
pZdagogue dans le cadre universitaire. LOense
habituZ ~ un ermgnement classique aura

Résolution collective d’un probléme de statistiques en

1°S
Thonier A | 28 | 33 | 26 | 41 | 29 | 33 | 28 |
42 | 37 | 41 | 36 | 48 | 27 | 29 |
43 | 34 | 36 | 34 | 37
Thonier B | 20 | 31 | 67 | 21 | 38 | 30 | 32
20 | 30 | 34 | 31 | 40 |
B1 | 21 | 34 | 67 | 38

n (21 = %) 41y (22 =)’ +... + ny (2, — F)°
N
M} + g3+ 4 0Ty

V:

72

N Le tableau indique les
masses en kg de 19 thons prélevés au hasard lors d'un
controle effectué sur les bateaux de deux thoniers. Les
thons ne doivent pas étre péchés lorsque leur masse est
inférieure a 35 kg. Pourquoi les autorités procédent-elles a
un contrdle plus approfondi de la péche du thonier B 7
Répondre a la question du contrdle renforcé en indiquant
les représentations ou grandeurs caractéristiques sur
lesquelles peuvent s'appuyer les autorités de régulation de
la péche. Cet exemple, tiré du manuel de mathématiqes
Hyperbole de 1°S, met en évidence I’insuffisance du
couple médiane/quartile et du diagramme en boite étudié
en classe de seconde, I'intérét du couple moyenne/écart-
type, et le choix la représenmation sous forme
d’histogramme dans une premiére approche . Dans chaque
groupe de 2, 3 ou 4 éléves, les éléves se sont répartis la

saisie des données et les calculs pour les deux séries. Ils
ont confronté leurs points de vue avant de répondre. Ils ont
observé la propriété de la variance en faisant une fois les
calculs a la main, certains par une formule, dautres par
1’autre formule, et ont confronté les résultats du calcul.

travailler sa posture au sommet de la pyramic
accepter de |%.cher beaucoup de prZrogagtive
~ sa position, comme IQestrade, le tableau, la p
le pouvoir, accepter le regard dOautrui dan
classe, mais ne doit fai aucun compromis sur ie

contenu de IOenseignement et sa propre expertise, la transmission scientifique et la rZussite de ¢
Zlsves reste de sa responsabilitZ pZdagogique.

Dans certaines classes, particulisrement les classes de sciences Zcononsqiésese sont
toujours C comme en rZseau E, les habitudes liZes " la pratique des rZseaux sociaux sont devenue
costume quOQils portent, le cours magistral est devenu inappropriZ, des quantitZs de choses fuse
IOinattention est massive, il sOaverdaléindOenseigner en classe entiere, utile de se saisir de cette
organisation naturelle entre eux : mettre les Zleves en rZseau pour des exercices adaptZs (dZcouve
dOune notion, dOun nouvel outil, formalisation dOune propriZtZ), une interventionetre® bre
IOenseignant sOavere opportune alors, est bien mieux resue par les Zleves. La forme de travail cit:
plus haut dans le cadre dOun petit groupe a ZtZ menZe initialement en classe entisre de premie
sciences Zconomiques oe elle sOest imposZe, Zgaldenmaniere rZcurrente en classe de seconde,
dOabord par petites doses afin de tester le bien fondZ avec les Zlsves concernZs. Le fait de collabor
de compter comme une personne active dans sa scolaritZ, semble donner aux Zlsves une motivatic
certaire, et apporter un climat de classe diffZrent, tres vivant, avec une prZsence et une implication
bien plus rZelle. Il nOest pas rare que des Zlsves soient surpris par IQarrivZe de la fin de IOhet
nOentendent pas la sonnerie de fin de cours car ilsceopiZs ~ leurs travaux. A leur arrivZe, la
premiere chose que mes Zleves de seconde regardent est la disposition des tables prZvue pour
jour : la disposition en iI™ts les rend bien disposZs " travailler, ils vont pouvoir travailler ensemble.
Si IQorgaisation de la classe est importante, le contenu des travaux intervient Zgalement dans le
motivation, IOimplication et la rZussite.
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Contenu des travaux donnZs, divers champs disciplinaires
Tout au long de cet article les
exemples de travaux donn; Colonies de batraciens

quv_re_nt . divers vCha{npf Candidats ayant suivi 'enseignement de spécialité
dlSClp“nalreS, adaptZS I On observe tous les jours la taille d’'une colonie de batraciens.

formation et aux program me Pour tout entier naturel n non nul, on note u, le nombre de batraciens, exprimé en

de chaque classe dans | centaine dans cette population au bout du n-iéme jour.

fapminl Au début de I'étude la colonie compte 100 batraciens et au bout d’un jour elle compte
aUtreS_dISCIBIIneS' 110 batraciens. Ainsi, on aug=1let uy =1, 1.
Le sujet dOexamen blanc g On suppose que l'accroissement de la taille de la colonie d'un jour sur I'autre diminue

les matrices, suites d de20% chaque jour.

matrices puissance et matri En d’autres termes, pour tout entier naturel n,
diagonale crZZ pour une clas Uns2 = Unsr = 0,8 (Uns1 — Un) -
de terminale SCMifique de 1. Démontrer, dans ces conditions, que u, = 1, 18.
n,,OEre IyC_Ze porte sur l_e SUIVJ c 2. Pour tout entier naturel n, on pose V,, = (u"“) et A= (1‘18 _(())'8).
|IOZvolution de la taille dOu o

population animale menacZe
non celle de la populatio

a. Démontrer que, pour tout entier naturel n, on a V4 = AV,
On admet alors que, pour tout entier naturel n, V,, = A"V,.

) _ | (08 1 : N
dOune station de ski (Cf encal b. On pose P = ( 1 1). On admet que la matrice P est inversible.
C Colonies de batraciens E A laide de la calculatrice, déterminer la matrice P~1.

Les Zl'VeS ont CompOSZ sans Ent;if?taiﬂmt1lcs c;)alglllli,ldétcnnincr la matrice D définie par D = P7AP, et
. . ustifier que A = .
poser de question, certair yERRer aie 2= .
> . c. Démontrer par récurrence que, pour tout entier naturel n, on a
Jeves de terminale A" — PD"P-1.
SCjentifique n‘ont qu'une vagu Pour tout entier naturel n, on admet que
Il;:iZe .de ce " que . Sopt IE‘ o [0 0,81 4+5 5x 0,8 —4
atraciens, batracien ey AT\ 5x0,8"+5 5x0,8 -4 )°

meme devenu "praticien" dan

. d. En déduire que, pour tout entier naturel n, u, =1,5— 0,5 x 0,8,
une L _Cgple’,\ tOU$ Son 3. Calculer la taille de la colonie au bout du 20° jour. On arrondira le résultat & un
sensibilisZs la disparitior batracien prés.
d'espoces animales € 4. Calculer la limite de la suite (u,). Interpréter ce résultat dans le contexte.

vZgZtales, et dZcouvrent cette
classe de vertZbrZsprotZger. Ce sujet permet non seulement de sensibiliser aux questions
dOactualitZ nos futurs scientifiques, mais Zgalement de placer 10Zleve au coeur dOune problZmati
actuelle et lui permettre dOutiliser les compZtences mathZmatiques du programme po
|GapprZhender. LOZleve nOest plus morcelZ dans une approche strictement disciplinaire, mobili
les connaissances transversales de chacun renforce la motivation. Ces pratiques de classe ont ZtZ
partie |nsp|rZes par des projets et dispositifs derearofondZment coopZratifs, comme le Rallye

des MathZmatiques et le projet europZen Chain reaction que nous avons expZrimentZs en classe
seconde.

Le Rallye des mathZmatiques, le projet Chain Reaction

Dans le cadre du Rallye des mathZmatiques en collaboration avec IOIREM de Lyon (UniversitZ d
Lyon et Irem LyonRallye des mathZmatiques Zleves de seconde concourent pour leur classe,
pas pour leur note personnelle, mettent en place une stretfigiive, se rZpartissent des Zpreuves

de niveau 1, 2 ou 3 rapportant plus ou moins selon la difficultZ, cette expZrience est tres riche
(Claire ChevrierRallye au lycZe Jean Monnet de Saint Etienne)

HabituZs " un cadre scolaire, des Zlsves pensgeq les inscrivant je les manipule pour obtenir un
effort (C on mOa toujours menti pour me faire faire ce quOon voulait E). Des Zlsves dits C madaptZ'
notre enseignement E se rZvelent tres actifs et autonomes le jour du Rallye. La mZthode a Zt:
rZutilisZe pour dOautres travaux de la meme classe de seconde : cr&tancdale rZvisions dOun
chapitre, avec pour objectif que la classe rZussisse le prochain devoir, sZance comprenant le
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exercices tests pour tous, puis des exercices de diffZrents,nigpartition du travail par Zquipes,
disposition des tables en "lots, collaboration dans les Zquipes et entre Zquipes, mise en commun
classe entiere.

Dans le cadre du Projet europZen,
Générateur biosourcé pour un vol en autonomie vers mars | Chain_ Reaction  dispositif

N

Poster scientifique réalisé par des éléves de seconde pour la | €UropZen destinZ ~ promouvoir

conférence nationale Chain reaction IGensignement  scientifique basZ
sur |Oinvestigation, en

collaboration avec IOIFf de Lyon
(Michele Prieur, Angela Restrepo,
Jana Trgalova, La dZmarche
dOinvestigation en secondéds
Zleves de  seconde  en
enseignement dOexploration MPS
se trouvent dans un latadoire
scientifique, sOinitient "~ la
pratique scientifique, portent
collectivement le projet du
laboratoire, comme Zquiper un
vol habitZ vers Mars en
autonomie, avec pour t%oche de
construire un gZnZrateur
biologique, accompagnZs par les
résumant les expériences en physique et biologie, professeurs de i@, sciences
I'interprétation mathématique des résultats mobilisant la pour 10ingZnieur et SVT. Le

notion de fonction, de représentation graphique d’une CARDIE, dans ConfZrence

fonction . nationale Chain Reaction et
|IOUniversitZ Claude Bernard de
Lyon 1, dans IQarticle Chain ReactionCifop , 3j confZrence internationaleExpress
YourselfE publient cette confZrence les Zleves ont prZsentZ les rZsultats de leurs travaux sous
forme de poster scientifique (cf encadrBZhZrateur biosour&], introduits par un rZsumZ en
franeais et anglais, lors cette confZrence nationale, et concouru pour un prix international. Une Zleve
sOest rZvZIZe bilingue et motrice pour la tradutisnZleves se sentent respectZs et ont du respect
pour ces moments de Vivre Ensemble. La confiance en eux et en nous grandit, on les accepte.

¢ COest ur=

aventure Evaluation

inoubliable E (Titc Une méme épreuve, au méme moment, deux parties,

B., deux ans plu I’une avec un enseignement classique, 1’autre avec un
" enseignement coopératif.

tard)' Deux  an Les copies des mémes éléves reflétent 1’aisance et la

apres, tous 0Nl serenité dans la rédaction, la comptréhension, la

rZussi un ba| communication, le contenu des réponses, les résultats
scientifique e Note Note dans la partie
i enseignement | enseignement | ay ant bénéficié de
poursuwent N classique / 20 | coopératif/20 Y :
Ztudes tres diverse: a I’enseigenement
5.00 12 coopératif ( a
Au rang des 4,00 16 h
iti d 5.00 12 droite en bas).
CHZI%UZS e Cel 12.33 16 Plus on est en
m 10,67 18 . or: .
mZthodes, C tous 1406 = d’lfflcqlte dans
Zlsves ne travailler 17.33 18 ’enseignement
pas E, ce qui res =y e classique,  plus
exceptionnel, ca 12.67 16 I’écart des notes

10,93 16,1 est saisissant (a gauche).

les plus faibles or| Mene
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leur place. Le climatst amZliorZ, le bZnZfice touche essentiellement les Zlsves moyens, fragiles,
dits injustement C peu douZs E, les Zlsves ayant de IQaisance rZussissent quelle que soit la mZthe
la question est de savoir sOils peuvent alors sOen pa
encadrZ Qe lasalle du congres, une rZflexion intZressdjte
Les ZIZments dOZvaluation (cf encadrZ C fvaluation E) r
sur des observations, petits effectifs de classe ou non, d(
facteurs non ZtudiZs ici peuvent intervenir, et confirmer
travaux derecherche dOAlain Baudrit (Baudrit Apprentissage
coopZratif et entraide ~ I'Zcol@ur les pratiques collaborativesSanS, €lles on produit ur
IOZcole et leurs effets. La question de IOZvaluation, indiv GRSIEL4 dans laquelle IQeZkst
ou de groupe, posZe lors du Congres MathZmatiques et éﬁhjg e de la base E Philig
Ensenble fait Zgalement IQobjet dOZtude dans ce meme arti

Le bZnZfice est parfois seulement temporaire. RZussir en maths

est souvent liZ ~ des questions Zmotionnelles, de conjoncture, des Zlsves, des classes entisres, r
rentrent plus dans le moule quOon a construit payil éaut essayer autre chose.

sser

L Bl ?a salle du congres : une
E00 %{Iexmn intZressante
5 e suis pas dOaccord
I que les bons Zlsves nO
apas besoin de ces mZthog

[72)

Le cercle

Oser
CSi vous en avez assez du triangle ou de la pyramide pour reprZsenter la sociZtZ, essaye
donc le cercle. Car le triangle et la pyramide sont pleins de problemes (E). Avec le cercle,
cOest autre chose. Chaest " la fois le premier et le dernier, ~ Zgale distance du centre, et le
centre nOest occupZ par personne. |l est vide, il nOappartient ~ personne, et permet la rencon
de tous. E

Cheikh Khaled BentouneSpufisme [’héritage commun

On peutoser, je nOy croyais pas, 35 Zlsves, salle de classe remplie de tables, pression de la sociZtZ
des parents, rZticences possibles des Zleves, rZaction de IQinstitution. Le pas est franchi, pour
mise en commun avant le devoir en classe de secondeerfite la rZussite de chacun, dans le
cercle des reglesrespect dOautrui comme condition, respect de la parole et du temps, dZbriefing en
fin de sZance. Le professeur devra gZrer quelque malaise au dZbut, une parole irrespectueuse pou
stre sanctionnZpar une sortie temporaire du cercle, un dZplacement de personne dans le cercle peu
stre utile. Lors de la mise en commun, la gratitude des Zlsves de pouvoir sOexprimer, parler et voir
ses camarades. Et cette Zlsve qui nOest pas rentrZe dans le aesdecape, demande en fin de
sZance quOon luidgxplique touE. A ce stade joue la magie du cercle, le sommet de la pyramide
aurait ZtZ secouZ, le cercle a accueilli IOenfant agitZe, ses camarades ont repris leurs explicatio
pour bZnZfice une mkblre ma’trise des notions, des larmes ont coulZ sur les joues de la jeune fille
qui, tres Zmue, remercie ses camarades, son professeur, plus rien nOest pareil dZsormais pour e
pour la classe, pour [Oenseignant.

Lors du congres, les questions reposeat la place de IOenseignant dans le cercle, son r™le, la
disposition, le nombre dOZlsves, finalement la syndi§ienseignant etau centre? Ou este ~

tour de r™[@ LOenseignant devighZlsve ? Le cercle avec quel effecBfComment stre szr qules

|Zeves les plus faibles contribuent, que ce ne soit pas les Zlsves les plus forts qui font 1€ travail
Pour rZponses, le centre nOest occupZ par personne, au centre on met IQintention, I0objetcif, e
nommant. Le professeur garde son r™le dQeipest personne ressource, apporte, corrige,
complete... Les Zlsves se voient, sont tous face ~ face, ce qui agit sur la discipline. Lors du compte
rendu de leurs travaux dans le cercle, les Zleves se parlent entre eux, ce quOun Zlsve explique ~ t
autrerenforce son apprentissage. Le professeur voit la contribution de chiais. |QOessentiel

reste |Ointention, essayer le cercle, meme en imagination, dans cette configuration ce qui se pass
avec nos Zlsves est importantette Zlsve parmi les plus disgsZes de la classe mais aimant bien
prendre des responsabilitZs prend la parole et joue un r™le primordial dans la rZussite de la mise
commun. Avant et apres [OexpZrience, dans une classe de seconde de 35 Zleves, la moyenne
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classe au devoir passe 8é 12, avec les memes observations que prZcZdemment sur le bZnZfice
pour les Zlsves les plus en difficultZs et les Zleves moyens. Il sOagit dOune Zvaluation individuell
apres un travail collectif. Les questions de I0Zvaluation soulevZes pendant«e smmtgiZtaillZes

dans divers travaux de recherche, comme dans les articles de Lavoie A., Drouin M., HZroux S.,
PZdagogie coopZrative une approche ~ redZcouvrir,Lau Gal J. ,CoopZrer pour dZvelopper la
citoyennetZ Pour IOZleve, se trouver dans umat affectivement et socialement inclusif facilite la
rZussite. Awdel” de la rZussite purement scolaire en mathZmatiques, il sOagit dOun apport Zducai
durable. LOimage symbolique que porte le cercle est la suilarstele IOeffort supportZ par lago

du char, un seul point porte IOensemble. De plus, il sOagit du point le plus bas, et lorsque la rot
tourne, chaque point du cercle est sollicitZ successivement. Enfin, dans le mouvement de la roue
IOZnergie est rZpartie sur I0ensemble de la cirooafZre

Conclusion

Alors que par nature notre discipline est dZnuZe de passions, est harmonie, est universelle, ell
vZhicule beaucoup dOZmotions, de clivages et dOexclusions dans notre systeme scolaire, sans dc
par ce que nous en faisons.

Cfduquez lesnfants pour leur Zpoque et non la vIMEe
Cheikh Khaled BentouneSpufisme [’héritage commun

Nous pouvons en faire un vecteur de Paix, de rencontres. Vivre Ensemble et non pas vivre du reje
de IQautre passe indiscutablement par IQatterdioature des sujets que nous posons au quotidien.
Dans ces sujets, on peut chercher " inclure et se mZfier de la possibilitZ dOexclure, par la langu
IQorigine, le rang social, le genre, ainsi quO" attirer IQattention sur le respect du vivanésiaes tout
dimensions, incluant les mondes animal, minZral et vZgZtal.

Il est judicieux Zgalement de rZhabiliter aux yeux des jeunes la place des diverses civilisations, ains
que la place des femmes dans IOhistoire des mathZmatiques (Joaquin NAVARROes et les
mathZmatiques, dOHypathie ~ Emmy Nogthde |Qinformatique et de IQalgorithmique que nous
enseignons au lycZe (INRIRourquoi tu cherches ? Pourquoi et comment notre monde est devenu
numZrique ?)afin que personne nOampute son avenir peormaissance de sa propre histoire.
DOautres expZriences existent sur ces themes.
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The persistence of calculusoriented mathematics
education: Research results and possible explanations

David Kollosche
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E-mail: david.kollosche @ptvorarlberg.ac.at

Abstract: Many scholars have actively supported teaching paradigms that seek to overcome
an educational philosophy that rests on teacher explanations and solitude practice on
calculusoriented problems. Nevertheless,|l@ast in Germany, calculkarientation remains

the dominant organisation of learning mathematics by far. Here, | will first discuss some
research results from Germany which shed light on this phenomenon. Afterwards, | will
discuss possible reasons foistlsituation. Thereby, | argue that calcubrgentation might

not only be a latently agreatbon way to limit the intellectuality of the subject in the
classroom by both teachers and learners. | also argue that caldehistion constitutes a
reproducion of the bureaucratic organisation of school in the realm of mathematics.

RZsumZ De nombreux chercheurs ont activement soutenu les paradigmes pZdagogiques
cherchant ~ dZpasser une philosophie Zducative reposant sur les explications des enseignant:
et la pratique de la solitude sur des problemes liZs au calcul. NZanmoins, du moins en
Allemagne, |Qorientation par calcul reste de loin IOorganisation dominante de |Oapprentissag
des mathZmatiques. Ici, je vais tout dOabord aborder quelques rZsultats @ereche
allemands qui jettent la lumisre sur ce phZnomene. Ensuite, je discuterai des raisons
possibles de cette situation. Par consZquent, je soutiens que l'orientation par le calcul pourrait
ne pas stre un moyen convenu de manisre latente de limiter l§otehlitZ de la matiere en

classe, " la fois par les enseignants et les apprenants. Je soutiens Zgalement que I'orientatior
par le calcul constitue une reproduction de I'organisation bureaucratique de I'’Zcole dans le
domaine des mathZmatiques.

Introductio n

Mathematics educators worldwide have invested vast recourses for overcoming caieuliesl
education in order to allow for more studeniented forms of teaching and learning mathematics.
Although these efforts are promoting changes in dissohbols or for special teachers, research
regularly shows that traditional forms of calcutugented and teacheentred education prevail in

spite of such efforts. This paper will focus on the German situation, but many findings might as well
apply to oher countries. In recent interviews with randomly chosen students from 22 different
public secondary schools of different school tracks in and around Berlin, none of the students
reported to have experienced anything else than caloulisted mathematiceducation
(Kollosche, 2018). Thereby, calcutosiented education regularly features teacher explanations for
learning new techniques, individual exercises with closed tasks for the students, and teacher
feedback for evaluation. As recent initiatives seshthe 70 conference of the CIEAEM are
promoting mathematics as a way of Oliving togetherO instead of an autidityuledriven
practice, and want to foster cooperative pedagogies, it seems highly relevant to analyse the
persistence of calculusriented education in mathematics.

Calculus-oriented mathematics education
Calculusoriented education can be described and analysed from different perspectives. Here, | want
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to draw on textbook analysis, a study on mathematics exams, and findings abous&tuelations

to mathematics, altogether studies from Germany. Mathematics textbooks are an interesting sourct
as they do not only provide information for students. They are also used informally by teachers to
guide their preparation for upcoming lessolms.her attempt to study the learning potential of
mathematics textbooks, Kaganova (2016) argues that a readerOs understanding of a schoolbook te
does not depend on the text alone but also on the expectations of the reader. At the same time, the:
expectéions are shaped by reading experiences. A reader could even have different expectations
attached to different forms of mathematical texts. Kaganova proposes that, also in school textbooks
a mathematical text can be written and read as a recipe forgtdgks, as an invitation to inquiry

and problem solving, as a logiedductive treatise etc. Consequently, the quality of a schoolbook
text does not only depend on how well a content is introduced. Instead;défices how
mathematics is approachedtire classroom. In her analysis of a range of German schoolbook texts
from different publishers, Kaganova concludes that all of these texts present mathematics as &
recipe to enable students to solve tasks in solitude without providing any deeper if$ightees

not only mean that teachers are driven by the textbook to teach mathematics in a-oaknted

way, it also implies that students who want to approach mathematics differently will not be
supported by their textbook while students who learapgproach mathematics as a collection of
recipes are privileged. In all fairness, it has to be added that, since the publication of the textbooks
analysed by Kaganova (2016), textbooks are increasingly including indurirproblembased
introductions to aw topics. However, we do not yet know in how far these new introductions are
indeed used by mathematics teachers in class. In any case, at the time of Kaganova (2016) an
possibly up to today, the schoolbook texts available and used in Germany usyadit safculus
oriented mathematics education and do not offer support and motivation to approach alternative
philosophies.

DrYkeNoe (2014) draws on two surveys with problems from exams in secondary school
mathematics education to analyse the demandghibaé problems set for students and teachers.
Admittedly, these problems do not directly dictate how mathematics education must be organised.
However, they define a goal that teachers and students are often more than less working towards
and, just as thenathematics textbook, they might motivate certain forms of teaching and learning
while hindering others (Brown & McNamara, 2011). In her analysis, DNte2(2014) shows that
Otechnical workO, that is the work on closed tasks following a rule set leafoss] Is the
dominant challenge in exam problems while modelling, problem solving, proofing and representing
play hardly any role. Consequently, the exams position catcuiestation as the main goal of
mathematics education and constitute obstacleth®cultivation of other forms of mathematical
activities. Here, it should be noted that these exams are usually authored by the mathematics
teachers of the students, just as all textbooks feature mathematics teachexsthsrso Obviously,
calculusorientation is nothing that is politically imposed from above but something that is lived
and reproduced from within the group of teachers.

An interview study, conducted 2015 with 23 secondary school students from 22 different schools of
various school trdes in and around Berlin, confirmed that calcutwgnted mathematics education

is the norm. It was reported from all students while no student described their mathematical
experiences to be anything else (Kollosche, 2018a). Whereas some students expldiked
mathematics education the way it was organised, other students reported to have serious problem
because of the organisation of the learning process (Kollosche, 2017, 2018a). For example, Anng
complains that in mathematics Othere is only rightvadgO, that she and her classmates Omust
not talk with each otherO, that she does not understand her teacherOs explanations but seldc
receive further help from her, and that she cannot see any relevance in the mathematics she is doin
Consequently, iseems fair to say that contesriented mathematics education is a reality which
reflects not only in textbooks and exam problems, but in the very experiences of the students.
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Explaining the prevalence of calculusorientation

Elsewhere, | have already dissed that it cannot be assumed that caleafiesmited mathematics
education can have its social function in qualification (Kollosche, 2018b). Notwithstanding that a
few students might be able to remember and apply most of the mathematics they learned in
mathematicsantensive professions, it has to be admitted that usually even mathemizticsve
professions require only a limited amount of mathematics and allow for most mathematical
techniques to be exercised by computers. Why then would studentsale@rpractice these
techniques year after year?

A first explanation, which | already discussed elsewhere (Kollosche, 2018a) is that such an
organisation of the teaching and learning process might be-aiwisituation for both teachers and
(many) studentsleading to a latent agreement that mathematics should be about learning and
practicing techniques. For the mathematically educated teacher, mathematical techniques are th
easiest form of mathematical activity when compared to proving, defining, problemgs or
applying, altogether activities with less predictable outcomes and more interpretative trouble when
correcting. The same holds for the students who manage to understand the teacherOs explanatiol
For them, solving the problems along the ruleteey were given provides OcorrectO results and
affirmation without having to intellectually delve into complex considerations. In addition to that,
the students who struggle with understanding mathematics are often silenced by being labelled a:
less gifed (or OstupidO in AnnaOs class), making it hard for them to opt for different ways of
teaching and learning.

These socigpsychological mechanisms might explain the prevalence of calotikrgation in the
classroom. However, they do not explain why calswrientation should remain dominant in
materials which come to the attention of political sthkéders, such as textbooks and exam
problems. While it is true that these materials are usually also created by teachers of mathematics
they are usually cdrolled and could be contested when they do not meet the required standards.
The fact that this does not happen indicates that explanations have to be searched not only in th
mathematics classroom but in the wider social field in which mathematics edusatituated.

Lundin (2012) examines how the ™@entury saw the introduction of mathematics in schools
mainly as a means to keep children busy and to discipline them. While there may be other ways tc
supervise students today, contenented mathemaits education may still be seen as a way to
discipline students. Skovsmose (2005) argues that cemtiemted mathematics education
resembles activities in production and administration. There, people are similarly requested to
repeat the same procedureamgand again, also following rules which are set by others and whose
purpose might not be fully understood. Here, school appears as one of those Modern institutions
which, according to Foucault (1977), shape the mentalities of people in order to pheparrt
alienated work in factory production and administration.

While | have analysed the similarities between calculation and bureaucracy elsewhere (Kollosche,
2014), | want to draw the attention to the problem that school, at least in Germany, is itself
organised in a very bureaucratic way. For example, teachers are usually state workers with a specie
form of employment (calledBeamtentuny which obliges them to follow the orders of their
authorities and forbids them to join or organise political detnatiens or to strike for better
working conditions. Curricula and exam questions are developed for whole federal states without
involving the single teacher, thus reducing the teacher to the mere executer of other peopleOs idee
Authorities also decide lich students the teacher has to teach in which timeframe, thus structuring
the social relations and the day of each teacher. Students, on the other hand, are treated much tl
same. Usually, they have little choice as to what to learn at what time anahigtihnteacher. Their
activities are also determined by authorities and they are expected to abide to a complex of rules
regardless of their personal position towards a specific subject or teacher, including punctuality,
attention, participation, doing o homework, preparing for tests and so on. From this perspective,
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calculusoriented mathematics education simply applies the rules underlying the organisation of the
institution to the question on the nature of mathematics: The engagement with mathematics
becomes organised just as bureaucratically as the rest of the daily life in school.

Consequences

While there is no doubt that calcuiagentation does not support the deeper understanding of
mathematics and hinders some students to engage with mattseimé#tie first place, its dominance
prevails in German classrooms and mathematics materials. The reasons for this prevalence migh
not only be found in the classroom itself. Instead, it might be regarded as a symptom of the
bureaucratic organisation of s, an organisation whose spirit transports into the mathematics
classroom. If this is true, initiatives to change mathematics towards ifopsad learning, problem
solving or other more opeended and studewentred activities will find it hard to saeed without
altogether altering the fundamental principles of todayOs schools. Consequently, didactical reform:s
should not longer be discussed without approaching the reform of the organisation of school as
well.
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Abstract: In this article we present contributions from a reseawohlearning parallel lines
intersected by a transversal line with GeoGebra on smartphone. We are showing the
development of two tasks in whicl' §rade primary school pupils interacted, researched,
kept various records and reported their discoveriesa Watre produced through audio and
video recordings, screen capture from device, learners® written notes and the researcherC
diary. In relation to learning we noticed that the students had a wider and more articulated
vision of geometric properties. Theeusf smartphones proved stimulating, as it allowed
students to watch a set of elements (angles, line position, etc.) articulated with the
manipulation of the drawn straight lines. Results also claim for less focus on memorizing
names (corresponding anglegposite by vertex etc.) in favor of a deeper understanding on
angle properties and relations among them. As a challenge, since there are many geometric
properties and references (line, angle, side) to take into account, we point out the difficulty to
visualize some properties on a small screen.

RZsumZ Dans cet article, nous prZsentons les contributions d®une recherche sur
|Oapprentissage de lignes parallsles coupZes par une ligne transversale avec GeoGebra st
smartphone. Nous montrons le dZvelopperdendeux t%.ches au cours desquelles les Zlsves

du primaire de 8e annZe ont interagi, recherchZ, tenu divers registres et rapportZ leurs
dZcouvertes. Les donnZes ont ZtZ produites au moyen dOenregistrements audio et vidZo, ¢
captures dOZcran " partir deffdeeil, de notes Zcrites par les apprenants et du journal du
chercheur. En ce qui concerne l'apprentissage, nous avons remarquZ que les Ztudiants avaier
une vision plus large et plus articulZe des propriZtZs gZomZtriques. LOutilisation des
smartphones 86t rZvZIZe stimulante, car elle a permis aux Zlsves de regarder un ensemble
dOZIZments (angles, position de la ligne, etc.) articulZs avec la manipulation des lignes droites
tracZes. Les rZsultats affirment Zgalement qu'il est moins important de mZhasrisens

(angles correspondants, opposZs par sommet, etc.) au profit d'une comprZhension plus
profonde des proantZs des angles et de leurs relations. En raison des nombreuses propriZtZ
gZomZtrlques et rZfZrences (ligne, angle, c™tZ) * prendre en, cwupteoulignons la
difficultZ de visualiser certaines propriZtZs sur un petit Zcran.

1. Introduction

Digital geometry environments (DGE) have introduced innovation alternatives into classrooms and
into mathematics learning. In particular, the analysihefkeeping (or not) of Euclidean properties

in a geometric construction and the possibility of carrying out mathematic tasks in a dynamic way
(Arzarello et al. 2002) are some of the contributions of a DGE for the learning process. Mobile
devices with touiescreen (like tablets and smartphones), increasingly present in classrooms, are
becoming more and more indispensable personal objects for students and even teachers. As Bairre
Arzarello & Assis (2017) have stressed, the increasing number of devicesowihscreen

% Support by CNPq.
10¢



I"HB06&'()*V0)*+), & $*) (FHSY%%" &S () $Y6*+,$%"&-.0"12'30'45667+,+1%8'1290'3:;<
I"H'$"06" & ()*+,-./)0-182.8%+-) +-. 3+&)RHU&'()*+,-").1%0)(1,$#,2'3/%&$+,1('314

technology, as well as their appropriation by teachers and learners, have allowed for new outlooks
on the way to teach and learn mathematics. Their connectivity, ubiquity and mobility widen their
possibilities to be implemented in teaching eoniments, they foster learning, and they allow for a
variety of tasks. In this article we are illustrating some implications for learning concepts related to
the study of straight lines intersected by a transversal line with the use of GeoGebra through
opeating on the studentsO own smartphones (Henrique, 2017). Results address issues related wi
Subtheme 1 at CIEAEM70 main theme, particularly regarding the type of task. Main focus on
instruction and classroom dynamic with DGE should be put in place tdeeteaching parallel

lines intersected by a transversal line in order to empower students to become motivated for
discovering, understanding and adopting critical attitudes in order to learn geometry.

2. DGE and geometric learning

A DGE should allow theuser to interact constantly both with the device and with the other people

in the group, and move freely during the task in progress using various forms of communication,
technological and geometric strategies. The use of a DGE provides interaction lhbevessr and

the construction: through trial and error; the possibility to formulate and verify conjectures, and the
observation with different forms of visualising and representation (not static) of the mathematical
object. In a DGE we have various pbdg#ies for the construction of geometrical objects and
relations among them (Arzarello et al. 2002). Particularly, on DGE with touchscreen (DGEwT),
considering devicesO performances it is possible to touch directly on screen or perform other kinds
of manipualtions, modifying simustaneously the geometric object constructed (angles, sides, shape
etc.). It should be stressed that the software on its own does not guarantee a successful learning
Other factors, like multimodality on interaction, the sort mdposed task according with device
performance are interrelated processes on semiotic mediation (Bussi & Mariotti, 2008) wich must
be taken into account on the constitution of the learning environment with touchscreen device
(Bairral & Assis, 2017).

3. Methodblogical aspects

The teaching experiments proceeded in three different phases or moments: (1) elaboration of tasks
(2) implementing and review of tasks, and (3) data analysis. The tasks were proposed to a group o
fourteen students (aged 12 to 13), inaesschodlwhere the first author was the teacher. The tasks
were carried out through the GeoGebra application installed in the studentsO own smartphones
Students worked in pairs. The tasks analysed in this article (see it on Appendix) took a tntal of f
hours of class.

We started the tasks by proposing a preliminary task to the students, for a better understanding o
how words likeconcurrent parallel andtransversalcould be related to the young peopleOs daily
lives, and how they visualised theserd® in the context of geometry. This first stage aimed at
raising a discussion as a way to introduce the subject, thus giving support to the discussion among
teacher and students and facilitating the conceptual development. Then we proposed two tasks the
focused on the performance of geometry constructions through GeoGebra in their smartphones, ir
order to research and analyse relations observed between two parallel lines intersected by ¢
transversal line. We present the organization in the chart below.

Ativity Goal Duration
Knowing an( Installing the applications on the studer50min
exploring th{ smartphones and proposing a free recogn
device of tools and manipulation ways.

* ColZgio Estadual Alfredo Puijol, located in Rio Claro city, Rio de Janeiro state.
11C



“Quaderni di Ricerca in I"#$%%"&$'()$%*+,$%"&-./0"12'30'45667+,+1%8'1290'3:;<
I"H'$"06" & ()*+,-./)0-182.8%+-) +-. 3+&)RHSU&'()*+,-").1%0)(1,$#,2'3/%&$+,1('314

TaskL Identifying the existing relation between t100min
angles formedbetween two concurrent lines.
Task?2 Investigating the properties between (100min

possible pairs of angles formed by two parg
lines when they are intersected by a transve
Chart 1. Summary of the implementation

For datacollection we used: audio and video recording; screen captufiige smartphone used

by each pair of students; register of task sheets and other writings done by the students;
researcherOs field diary. The intervention encouraged the dialogue betwhen séad students,

and boosted all forms of written registers (on paper, on screen, etc.) at every task with a different
focus, in order to shed light on the situations that would highlight the contributions and challenges
of a DGE.

In our analysis, we pé special attention to the way in which students Birbara (B) and Gleisom (G)
talked, maintained a dialogue between them, interacted and developed tasks. We justify the choice
of this particular pair of students because we possess all recordings onralidided, as well as

the screen capture on the smartphone. Due to the experimental and innovating character of the tas
for the teacher (a researcher of his own practice) as well as for the students, the analysis took &
descriptive form.

4. Results

We focuse the results on the studentsO learning about (1) concurrent lines with angles and (2)
parallel lines intersected by a transversal line, which have been scarcely analysed in research on th
teaching of geometry with DGE (Sinclair et al., 2016).

About concurrent lines with angles

The proposal of the task focused on the construction of concurrent straight lines and the researct
between the relation of possible angles (opposed by the vertex and supplementary). At the beginning
the students found somefastilty in the construction of the angles opposed by the vertex, due to the
particular shape demanded in the construction. Nevertheless, as the class progressed on, the teacl
tried to clear out the studentsO doubts and boost the pairs of learners semegrdetter
performances by proposing new questions.

The non linear development that takes place in a teatddnging should be stressed, as there are
deadends and difficulties that tend to unsettle learners who are not familiar with these sorts of
practices. We next presented a piece of the video, captured through the smartphone screen, used |
the pair of students, which represents the students observation that refers to the relation between tr
angles opposed by the vertex and adjacent angles\roroancurrent lines.

The records presented in the chart 2 aim at highlighting the development of the tasks, mainly
regarding the studentsO discoveries. In the first phase, when they were asked to construct tw
concurrent lines and a pair of angles oppobg the vertex. Although the students modified the
presentation at times, showing uncertainty about the construct, as can be seen in some vide
sequences; they found it easier to notice that even when modifying the construct, the angles
remained congruent

®We usedAz Srcreen recorder App, whichgenerates videwith audio and all type ofmations done on the screen
The application is available dritps://azscreerrecorder.br.uptodown.com/amdd For further information see also
Assis et al. (2018).
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V'deo - Time Screen Print Out (Task 1)
12:10-.12.:34 ¢ [~p]AAdele | F o mele ANB
Description

Students B and G

modifying the

construct while trying
to establish some
relation between
opposed angles and
adjacent angles
between concurrent
lines.

@® E=(01,-10.43)

a = 103.3

3 = 103.3

iy I

v = 103.3 X
B © }: Angle !
® s=77 J | measure x

' Angle measure:

| 104.22i i

____________

Chart 2. Actions performed by students in task 1

In the next phase (relation between adjacent angles), the students had greater difficulty to identify the
relation.

It is possible that rounding up at one decimal place tfaderocess more difficult. Observing the
difficulties students found, the teacher suggested they add up the angles that were adjacent in th
algebra field (as in the picture in chart 2) and that they alter freely the straight lines in order to
construt a conjecture in relation with the pair of angles. This strategy facilitated the construction
performance and the recognition of the property (adjacent angles are supplementary).

To our understanding, the episode suggests that the capacity to proviae stéatno vision of
geometry from the use of GeoGebra can be identified as a contribution and that this is a case ir
which mathematics production endorses the fact that the implementation of tasks througtothe use
mobile devices creates an environment sugports learning (Arzarello et al., 20@girral, Assis &

Silva, 2015, as it stimulates research and the emergence of conjectures in the discovery of geometric
properties, highlighting the potentialities of DGE.

About parallel lines intersected by a@ransversal line

The task aimed at working on existing properties between pairs of angles that can form from the
construction of two parallel lines intersected by a transversal line. At the beginning of the task,
some difficulties occurred in relation toth constructing with GeoGebra and fidgety students,
quite usual in this kind of task. During the implementation the teacher tried to help the pairs of
students who had more difficulties and boost those who were faring well with the completion of the
task.We have to stress that the interaction in a teaeleiaging environment using DGEwT tends

to be more dynamic, but demands a greater flexibility from the teacher in the solution of problems
as well as other requests from the learners. Neverthelesspdelepimotivation and curiosity high

on the part of learners is always a challeriggar(al, Assis & Silva, 2015).

A particular point of discussion is the use of specific jargon and naming in the study of properties
pertaining to the intersection of parallel straight lines. Expressionsnli&aor alternate exterior
alternate, congruent, corresponding angletc.,may constitute an obstacle to learning. Faced with

this observation, this intervention chose to value the studentsO discoveries in terms of the propertie
and relations between the angles, their observation of the position of straight lines, among other
things. Thus, the naming, which tends to be overrated when working on this subject, was conducted
in as natural way as possible. As part of this pedagogic intervention, the students kept a written
record of their research and findings. To proceed with audystwe would like to focus on the
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written register, which deserves special attention. In answer to the particular quédtve:f@ely
the transversal line and then the parallel lines. What can youGsé¢e® pair of students we chose
for this analysis wote the remarks which can be seen in the figure below:

Figure 3. Written answer by students B and G (aged 1311t

The register done by the students substantiates the importance of the use of writing in
mathematical learning, highlighting the way it is put to use in the process of conceptual reflection
(Powell & Bairral, 2006). Yet, the drawing used by these learn@&iggsests another way of
understanding. Although some parts of the text are redundant, it seems clear enough that the
learners checked the authenticity of the fact that the sum of the supplementary angles is 180% (ir
different positions, adjacent and notaxint).

According to the report, we can see that the registered observation was done by dragging one of
the lines closer to, or superimposing it on the other. It is still likely that this fact has led to the
remarks, although the learners did not point otlner discoveries in rafion to other pairs of

angles.

Video BTime Screen Print Out (Task 2)

06:44D10:21 < ~elA=Erele ’ :
N h\@ oA //,f/:. @ @

Description

Students B and G
researching the
relations between
adjacent angles and
corresponding angles

Chart 4. Actions performed by students in task 2

However, it is possible to check, from the capture of the smartphone screen used by the pair of
students, that other testings were made in their search for other firatngsjing tachart above.

The findings mentioned here also reveal the interactions (st@dmsnts, and studeBRBGE)

that took place as the students were working @ntésk. The reflection presented in writing
suggests a dialogue between them, prior to the writing, in which they formulated conjectures that

®OIn spite of the parallel straight lines being moved freely, the supplementary angles, when they are
added, they add up to 180%, when we move the lines, in spite of the values being diffgrenm thp

180%4. When the lines coincide together with each other, the result is always 180¥4.0
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arose from the altering and visualization of the mathematical object.

As for the smartphone, the motivating appebkhis resource as brought into the classroom is
certainly to be stressed. Nevertheless, their use presents some challenges, as difficulties in
visualising properties on too small a screen. Related with tasks discussed in this paper we
summarise:

Task Challenges Contributions

1 | Difficulties in handling | Researching properties; perception of a ng
software and static geometry; use of writing and dialog &
formulating concepts i| forms of reflection and conceptual
relation to the development.

2 |Difficulties in handling | Researching properties; greater emphasis
the software and exploring properties, without overvaluing
visualizing properties | naming; use of writing and dialog as forms
in a construct when thq reflection and conceptual development;
screen is too small. identifying properties and relations among
angles.

Chart 5. Resultsobtained from the analysis

Conclusions

The teaching experiments performed with DGE with touchscreen enabled learners to do checkings
and constructions, with more emphasis in identifying properties and less on naming. Visualizing
properties from possibleombinations between pairs of angles became a challenge for the students
in consolidating their findings, but it was innovating, as it brought elements that enable them a
more encompassing and articulated observation of the geometrical concepts under study.

The pedagogic intervention turned out to be stimulating, as it allowed stdiiematsgh different

ways of written register and constructions on sd@gnarticulated observation of a set of elements
(measurment or addition of angles, position of lirets,) and together with the handling of the
DGE, the varied exploration of the construction of straight lines. The way in which the contents
were approached enabled the students to have a wider vision of properties. It is up to the teacher to
reflect on wiether to give priority to an excessive use of the naming jargon (adjacent, internal
alternate, corresponding angles, etc.), which may complicate the process, or to aim valuing the
understanding of identification and relation between angles and relateztt@®pBased on this

rich exploring process we defend instruction concerning parallel lines intersected by a transversal
for favouring focus on angles relation and properties among the concepts and focusing less on
memorizing names (corresponding angtgposite by vertex etc.).

For a didactic introduction of smartphone into classrooms, it is necessary to identify potentialities
and limitations of the device. A suitable use will provide a favorable atmosphere for learning to
take place (Gsttsche, 2012)ot8e challenges are related to the performing of constructions or
difficulties in visualizing properties when the smartphone screen is small. Nevertheless, this
difficulty in visualizing tends to be considered as natural in the discovery process by #résstud

The dynamic performance of the device, the easy use and handling on the screen and the
possibility to see the constructions again make the learners more attentive, engrossed in their
learning Bairral, Assis & Silva, 2016 The sinultaneous analysief several elements (angles,

lines, intersections, etc.) and the necessity of to take reference (line, angles and side) into account
constitutes a vast and stimulating field of geometrical exploration to widen the visual and
representational range of gedneal objects. Therefore, it is important that the learners pay
special attention to geometrical objects and relations that they aim to analyse. The mediation of the
teacher is important, as the teacher can take on the functions of an observer andra const
propeller of ideas and interlocution with the learners.
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Appendix
Task 1

1. Construct two concurrent straight linéint: Use the toobBtraight Line

1.1.Using the toolntersection of two objects il construct the point where both lines concur
1.2.From the lines that you have built, move the angles opposed by the vanteXVith the

‘{;

selected tooAngle touch three consecutive points clockwise.

N

1.3.Move the straight lines freeliflint: Use the tooMove
1.4.What have you seen?

1.5.1s there any relation between the angles? If so, what?

1.6.What relation is there between adjacent angles? Explain.

2. Build a short text to tell your discoveries. Try to specify what you have learnt form manipulating
GeoGebra. If necessary, make drawings in order to exemplify.

Task 2

1. Construct two paralldines.Hint: Use the toobtraight line @ then selecParallel line
and touch on the built straight line and on another point in the area of construction.

1.1.Construct one straight line transversal to the parallel I@
1.2.With the selected todngle 4 construct the eight angles that can be formed from the
parallel lines with their transversal line.

1.3.Move freely Y the transversal line, and then the parallel lines.

1.4.What relations are there between the possible combinations of pairs of angles?
1.5.Research other relations between the pairs of angles that can be formed. As always, register
your remarks and if necessary make a drawing in order to clarify your digow&/’hen you are

done, print out and save the construction.
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