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Abstract: 

The aim of this work is to analyse situations that can be given to novice secondary teachers to help them understand the articulation between advanced mathematical notions and the contents that they will be teaching themselves. 

This leads us to: 

1) Identify the conceptions of novice teachers about teaching, and the way they succeed in mathematical interventions in their classrooms;

2) Use transposition of the theory of situations to build specific situations for young teachers, and to lay out the aims, the criteria and the constraints of such situations; 

3) Question the didactical knowledge on what is useful to drive complex situations in a classroom. 

The organisation of teachers' education in the IUFMs is evoked, and examples of situations on the vectors and algebra are expounded with a return on how young teachers can drive such situations in their class.
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Introduction

This paper presents an outline of training methods for mathematics teachers, and some examples of the work we offer future teachers. This work has been initialised by the following questions that we meet as a trainer in a training Institute with young teachers: 

What are the conceptions of novice teachers on the mathematics to be taught? on teaching practice? What means are at our disposal to make them evolve? Which complex learning/teaching situations can be introduced in the preparation of teachers? Are these situations useful to make them understand mathematics for themselves? Do teachers perform more pertinent mathematical interventions with their students when teaching in these situations? 

This paper consists of four parts: 

1) a presentation of the organization of the training year; 

2) the theoretical background we use to analyse the needs and the means of training;

3) examples of situations (vectors and algebra); 

4) conclusion.

1. Training for student-teachers

1.1. Organization of the training 

Once they have succeeded at the theoretical examination for teaching, whose content concerns only mathematical knowledge, French students are made responsible for teaching mathematics to a secondary school class. An more “expert” teacher has the responsibility for helping the trainee-teacher. Novice teachers must also follow some fifteen days of training in one of the twenty four national training Institutes (IUFMs). This second component leads to revisit some mathematical notions: the aim is to make teachers see what a notion means in a class, that is, which mathematical activity it allows for students. 

A third component of the training is very interesting for our device: student-teachers have to write a professional report. The direction of professional reports offers the trainers the opportunity to enough time to elaborate a teaching project and follow the realisation. 

1. 2. Conceptions of teachers about mathematics and ways of teaching 

a) Mathematics 

Students often get a very formal conception of mathematics during their university courses. For them, a theorem has to get a proof, but no justification in terms of problem solving, it is seen as a part of a mathematical theory which is its own justification. 

b) Ways of teaching

Student-teachers still keep the illusion that “a good course” of mathematics is done by a teacher in front of the students, and that the teacher “tells the law”, that is, the mathematical law. They have no idea that the mathematical law could not be understood, overall, considering that only elementary mathematics are in question at that level. The mathematical formalism seems transparent to them. They are accustomed to take what the mathematics teacher said at University for granted and cannot imagine any other behaviour from the students in their own classes.

These conceptions lead us to make the hypothesis that it is necessary to offer novice teachers new situations to make their knowledge evolve and to get them to know what mathematical interactions with their students are. 

2. Theoretical background

2.1. Formalism versus pragmatism 

At University, the students are not responsible for the mathematics they are taught; when they become teachers, they think that their mathematical training is achieved, but they know very little about how the mathematics they have learned can be applied at the secondary school. Didactical transposition in the secondary school emphasises the pragmatic point of view ( instead of the formal one): mathematics are often reduced to manipulation of semiotic tools, these ones being the signs and symbols with which the mathematical work is performed (Bosch & Chevallard, 1999). 

The dimension of problem solving has not been yet considered by either one or the other institution (the secondary school or the University), even if the new French syllabus insists on the importance of problem solving. Even when they understand new stakes in teaching mathematics student-teachers may lack interesting problems related to the concepts they have to think about; so we assume that providing 'good' situations could face both aims: make student-teachers understand new ways of doing mathematics and get situations at their disposal. 

2.2. Building situations for training

A situation – in the sense of the Theory of Didactical Situations (TDS) – is not only a 'problem'. Constructing situations, Brousseau (1997) points out the necessity of organising a milieu in which students can work assuming a maximum of responsibilities about mathematical knowledge. With young teachers we think that it is essential to play with such situations during the training time, and the objective is:

· to provide them with situations to apply in their classes;

· to enable them to make their own mathematical knowledge evolve, thanks to the interactions with situations;

· to make them improve their ability to their mathematical interactions with their students. 

Student-teachers must play themselves the situation: it is the only way to make them confident enough so that they could tolerate the uncertainty of the heuristic phase and the students' incorrect formulations in this phase. 

2.3. Methodology 

We chose to follow two trainee-teachers, Justine and Séverine, as we intended to work with a few teachers during the process of their professional report.

a) The professional report of Séverine 

Séverine teaches in a technological class of 16 years-old students who are convinced that mathematics are useless. She distinguishes two kinds of motivation for mathematics (Lieury & Fenouillet 1997): extrinsic motivation that is issued of external social factors; intrinsic motivation that corresponds to the interest and curiosity an activity brings in itself. In intrinsic motivation she identifies again two types: external and internal motivation. External motivation is obtained when the teachers calls upon history of mathematics or a concrete problem to make them work; internal motivation is just (!) due to the fact that students may happen to feel self-confident in understanding mathematics, and that they take some intellectual pleasure with the mathematical problem they have to solve.

b) The professional report of Justine

Justine teaches in a class of thirty-three 16 years-old students of the general way. She feels a great social commitment in the teaching of mathematics. She points the necessity of recognising knowledge behind students' errors, and to organise a work with little groups of students to make the students more independent in the research ('the teacher is no longer the unique owner of the knowledge'). During these phases she wants to foster the activity of the students and to make them share the responsibility of the mathematical truth. She wants to organise pertinent situations so that:

"Les situations d'apprentissage mises en place doivent répondre à deux exigences: pertinence du savoir enseigné, porteur de valeurs et de plaisir." (p.11)

She points out the role of the teacher: tell students the instructions, anticipate their errors; keep some information and make some other explicit; regulate the students' work.

"Le professeur ne doit pas oublier que le travail est à la charge des élèves; il doit veiller à ne pas orienter trop les recherches, voire induire les réponses, ce qui priverait cette phase de tout intérêt et parasiterait la suivante". (p.20)

She thinks that after a phase of research, the teacher must organise a phase of debate. She is aware of the work it is, to make such an artificial construction that hides the knowledge it would be so easy just to tell students!

3. An example of situation: the grid game

A situation to introduce the product of vectors by real numbers has been tested with novice teachers. It consists of a communication about colinear vectors and decomposition in a basis, whose support is a grid (see annexe). 

The direct game simply consists in calculating sums of vectors, and associating them to the correct points, as usually done. This first direct game institutes a heuristic milieu, the milieu where students can get the technique and the basic strategy: they discover that if they multiply a vector by a number they can start from a point and reach another point. The type of instruction at this phase is: let A be a point of the plane, V a given vector; place the point B such as:  AB = V. 
The inverse game has got two phases itself: 

- In Phase 1 the game aims to find points by doing the product of one given vector by numbers. What is at stake in this Phase 1 is the way how students relate real numbers and lines in the plane. Students work in groups in which there are two emitters and two recipients. Emitters – who dispose of a schema with points that are unknown of the recipients – have to send a message to their corresponding recipients to make them find the unknown points (See annexe for the instructions and the schemas).

- The second phase works with the functionality of a two vectors basis in the plane. It is a communication game too, but in a two dimensional system (a basis). In Phase 2 students have to find that, two non colinear vectors and a point being given, by sum and product, one can reach unknown points. If reaching every point is not effectively possible, restraining to integer coefficients is not enough to understand the generality of the rule: they have to do the calculation in some non trivial cases. 

The main objective is to make students understand the rule of how a vector basis operates, before they are told the formal expression of this rule.

This situation has got objectives of different level for teachers:

· doing to understand by action that with a basis of two vectors they can reach every point of the affine plane; according to the sense of Hana & Jahnke it is a pragmatic proof of the functionality of the concept of basis; and, it makes student-teachers discover that pragmatic proofs are not evident even when a formal proof is well-known; 

· for that purpose, it is necessary to let young teachers effectively reach some points with real coefficients as  EQ \r(2) or rational numbers (constructible numbers!);

· and, related to the Theory of Didactical Situations, this situation can make clear the principles we use to build such a situation: use the knowledge first as a tool in an action phase; it makes them also encounter the notion of didactical variable. 

4. Conclusion

4.1 The professional report of Justine

Justine identifies the objectives of the situation and the conditions to make it work: instructions to the students, stake for the emitter and for the recipient, necessity of reject measure instruments. She sets up an analysis of the errors students are likely to do and she compares the effective working to this a priori analysis. She insists on the theoretical validation by argumentation, the one that permits to institutionalise. We observe that her ability to mathematical pertinent interventions is satisfying in this situation. 

4.2 The professional report of Séverine

Séverine analyses the phases of the situation: understanding of the problem, regulation of the investigation's work of the students, synthesis. She points the main didactical variables as being constraints at disposition of the teacher. Séverine notices that the recipient's role is easier than the emitter's, and she attempts modifications to the situation, as let students playing both roles at the same time, or give more simple values to coefficients. As Justine, she copes with students' 'false' or 'approximate' formulations, as "length KV = KL + 45°" ; she says that it is necessary to anticipate the procedures and the errors of the students without telling them the result.

4.3 Teachers' ability to mathematical interactions

The situations we propose leave a greater place than usual to students' investigations. The teachers we followed were able to let students take a responsibility about mathematical knowledge, and to cope with students' 'incorrect' formulations. We think that playing situations with student-teacher was an efficient means to make them improve their ability to organise pertinent interactions with their students on mathematics. 
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Annexe 1: The grid game 

Phase 1
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Grid for the emitters

The other team has got the same grid as you, but with only the point O and the vectors u. Send them messages to place the points M to V. You're not allowed to tell geometric descriptions in your messages, that must contain only well known points, u and numbers. 
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Game n°2

 

Grid for the emitters
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The other team has got the same grid as you, but with 

onl

y the point O and the vectors u and v. Send them a 

message to place the point M. It is on the circle (O, OI) 

, and on a straight line orthogonal to v.

 

But you're not allowed to tell it in your message, that 

must contain only O, u, v and numbers.

 

 

The answe

r is: 
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The other team has got the same grid as you, but with 

only the point O and the vectors u and v. Send them a 

message to place the point M. It is at a place so that 

(MN) // (PQ) and the points N, P, Q are exactly at 

crosses of 

the grid.

 

But you're not allowed to tell it in your message, that 

must contain only O, u, v and numbers.

 

The answer is: 

OM

 = 15/4 (

u

 + 

v

)

 

 

 

