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The IREM of Aix-Marseille

IREM = Institut de Recherche sur l’Enseignement des Mathématiques (part of Aix-Marseille Uni-

versity)

Missions of IREM ?

Place for exchanges between mathematics teachers, researchers in mathematics and researchers in

didactic.

Formation of teachers in mathematics

Popularization of mathematics

Research on mathematics education and production of documents
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The 11 research groups of the IREM of Aix-Marseille

Collège

Didactique

Diffusion de la culture scientifique

Epistémologie et histoire des Sciences

Hippocampe

Informatique pédagogique en Mathématiques au collège

Logique, algorithmique et informatique au lycée

Lycée professionnel

Socle

Statistique, probabilité et algorithmique
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Motivation

The elaboration of most of the concepts we teach is the result of a long historical process and took

many years, even centuries.

Their acquisition requires to overcome a barrier, to pass an epistemological obstacle.

Most often, a lecture, despite its qualities, does not explain where the deep difficulties lie.

What parallel activity can remedy this lack ?

What part can the scientific debate surrounding mathematical research play in this direction ?

The purpose of this talk is to present innovative teaching experiences for students from schools,

high schools or universities based on mathematical research activities.
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The scientific debate

The scientific debate accompanying research in mathematics can take over this function.

The construction of knowledge proceeds along a tortuous path linked with each person.

A classical presentation during a lecture present knowledge according to quite a different hierarchy.

In order to maintain coherence, it wipes out intuitions, mistakes, deadlock, returns, epistemological

jumps, historical context and many other things.

Recovering the emotions of research leads to a deeper learning process.
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The precursors

One of the pioneers on this path was undoubtedly the mathematician George Polya who emphasized

in his book ”Mathematics and plausible reasoning”the role of induction and analogy in mathematics.

After translating into Hungarian ”How lo solve it”, another famous book of Polya, Imre Lakatos

introduced in his fundamental work ”Proofs and refutations” the idea that error play an important

role in the construction of mathematical knowledge.

He pointed the limitation of mathematical constructions founded exclusively on deduction of formal

logic

Prevalence of abstraction and mathematical formalism contributes, according to his own words, to

the ”construction of a fortress proud of its dogmatics”.

Imre Lakatos suggests to : ”study carefully the thesis according lo which unformal, quasiempirical

mathematics does not develop by increasing continuously the number of theorems formulated

irrefutably, but by permanently improving conjectures arising from speculations founded on critical

sense, by applying the logic of verification and refutation of arguments”.
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The precursors

This approach had a strong resonance in France in many other countries (see for example the book

”The mathematical experience” written by J. David and E. Marchisotto)

Let us mention, in particular, the papers of the IREM of Lyon on the role of open problems and

also introduction of scientific debate in a course of mathematics by Marc Legrand from the IREM

of Grenoble.

Marc Legrand proposes the following course, proceeding in three stages :

1. The teacher asks students to formulate assertions of scientific character on a given subject, in

other words, assertions that can be theoretically assessed as true or false.

2. These assertions, after consideration and discussion (search for counter- examples, proofs, ...)

are submitted to a vote.

3. Assertions judged as valid on the basis of a proof are considered theorems, the remaining ones,

after finding counterexamples, are classified as false.
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Math.en.Jeans and Hippocampe

The experiment ”Math en Jeans” introduced in the late eighties by Pierre Audin, Pierre Duchet

and René Veillet and the experiment ”Hippocmape” introduced in 2005 by Marie-Renée Fleury,

Jean-Louis Maltret, Christian Mauduit and Robert Rolland are founded on a similar strategy.
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Beginning : presentation of the subjects to the students
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The students begin to work in groups
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The research continues on the black board
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On the withe board
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On the paper
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Second day : the students present their topic and first results to the other students (seminar)
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Second day : the students present their topic and first results to the other students (seminar)
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Second day : after the seminar, the students go back to their research
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Third day : preparation of the poster
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Third day : preparation of the poster
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Third day : presentation of the posters to the researchers of the laboratory of mathematics
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Third day : presentation of the posters to the researchers of the laboratory of mathematics
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Third day : presentation of the posters to the researchers of the laboratory of mathematics
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Exemple of topics already given for Hippocampe sessions

Cryptography

Intuitive topology

Billiards

Polyhedras

Arithmetic and coding

Formal grammar and automata

Mathematics and music

Mathematics and medecine
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Mathematics and magic

Graphs

From intuition to demonstration

How to park a car ?

Mathematics and astronomy

Relativity from Galilée to Einstein

Euler-Poincaré caracteristic

Primes numbers

Orders

Differential equations and applications

Paperfolding and fractals



Paperfolding sequence
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Paperfolding sequence
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The dragon curve
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Steinhaus multiplication

We choose two one-digit integers, for example, 3 and 6.

If we multiplie them, we obtain 18 that we write 1,8.

We begin the sequence by writing 3,6,1 and 8 and continue this list in the same way step by
step.

By multiplying 6 by 1 gives 6, then 1 by 8 gives 8 and so on... :

3,6,1,8,6,8,4,8,4,8,3,2, ...

The combinatorial structure of this sequence is an interesting problem.

What digits appear in this sequence ?

With what frequency ?

What happens when we start from another pair of numbers ?
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The Ulam spiral
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