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ABSTRACT

Professional Education of Teachers in the main universities is strongly affected by an almost complete dissociation between professionals in the area of mathematics and education and this is a problem focused on many documents concerning PETM in Brazil.

Based on an experience being carried with high school teachers of mathematics, we claim that writing and producing didactical texts and accessories, especially when aimed to be used by student in autonomous work, is a real interface between the mathematician and the educator, the two faces of a mathematics’ teacher work. In this paper we make a short presentation of the work being done with this group of teachers and stress two particular aspects that arise during the process of writing didactical activities, where we can see the meeting between mathematics and pedagogy.

In the last decade, teacher’s education has been discussed in Brazil in special intensity. During this period, we had the approval of a new Basic Law of Education (LDB
), the major regulation of all levels of education in Brazil, the publication of the National Educational Parameters (PCN
) that gives the pedagogical directives for all basic education in the country and finally, the reformulation of the legal structure of all courses for Professional Education of Teachers. Many documents were produced as a tentative to give a clear direction to those reformulations, both among universities and professional associations
. 


Differing in the emphasis, all those documents criticizes the structure commonly called (and adopted) in Brazil as “3+1” in Teachers Formation Programs: three years of disciplinary studies (mathematics, chemistry, biology, physics…), followed by one year of disciplines with pedagogical emphasis. This structure can be clearly seen in the table above, resuming the number of weekly hours dedicated to math or educational classes in the Professional Education of Teachers of Mathematics (PETM) in the major universities of the State of São Paulo, those undertaken by departments responsible also for graduate courses in Mathematics or Mathematical Education
:
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This structure reveals a conception of the PETM profoundly engraved by prejudices. In fact, the curricula in all those six departments always start with a “common kernel” of courses, common referring to both the License (PET), aimed do educate future teachers in basic education and Bachelor in Mathematics, aimed to educate future researchers in Math. This kernel is actually formed by the initial courses of the Bachelor, the traditional difference being the substitution of advanced courses in mathematics by courses in education and pedagogy. This structure is coherent with an observation, empirical but recurrent, of many professors sharing the vision that PETM is an option for “weak” students in mathematics.

This kind of structure may be seen simultaneously as feeding and being a fruit of a profound incomprehension and dissociation between professionals in the area of mathematics and education. The incomprehension does not emerge only from mutual prejudices nourished by mathematical and pedagogical communities, but also from the difficulty to promote the encounter and the dialog between two different approaches: the mathematical point of view, that approaches the content from the structural point of view, being concerned mainly with the intrinsic relations between the ideas, and the pedagogical point of view, that approaches the same content concerned with the students structure and organization of thought. 


We present here a work that was done with high school mathematic teachers that made possible to grasp partially the gap separating the two points of view and that may be realizable in PETM. This work is a fruit from project being developed since July 2002, together with 12 teachers from a High School (and Junior High) of the public educational system of the State of São Paulo
. It is an action-research project that deals with a whole bunch of different aspects of the school praxis, with a complex inner dynamic, what forces us to make a very restricted presentation of the project, focused on the questions we want do approach.

The main activity done at the target school related to the Mathematic Fair Project is a “Math Lab”. Divided in groups with 15 to 20 students originally from the same class, the students from 5th, 6th and 7th grade join the Math Lab for two hours every second week, in hours complementary to their school’s usual schedule. The student’s participation is voluntary and is not part of the regular evaluation process
.

The guidelines of those meetings are activities, developed especially for this purpose, which has the goal to attend two demands and needs pointed out in the professional literature and supported by the participant teachers:

1. Since the introduction of the National Educational Parameters in 1997, teachers on all subjects try to find answers to the proposed challenge: to work within the frame of thematic projects, that allow to introduce many contents and subjects articulated by the main theme. Introduction of mathematical content in such a context has been superficial and artificial. We developed projects that intend to provide contexts in which mathematical questions can emerge in a natural and articulated way
.

2. The universality of the educational system raises the heterogeneity of classrooms and hence sharpens the difficulties that classical methodologies of teaching which are centered at the teacher presentations has in dealing with diversity found at school. In many countries there are tested and valid methodologies that deal with these problem individualizing or adapting the class pace to individuals, through a great deal of autonomy of study. However, most of those experiences concern only the lower grades, when children has one teacher that spend a great amount of time with them, before the age they get specialized teachers
. The projects written for the Math Lab have the intention to partially fill these gap and pay special attention to one of the main aspects of “adapted teaching”: the students autonomy.

As we already mentioned, those projects focus on themes that articulate a variety of mathematical contents, some of them needed to be known in advance (requirements), some that are necessarily to be learned or practiced during the activities (core), and some that may be studied or not, according to students interest and teacher capabilities (possibilities). Since the beginning we predicted the need to insert during the project activities focused on specific math contents (take for example the study of arithmetic sequences while studying the Magic Squares), including exercises and problems, establishing a link between the Math Lab and the regular Math Classroom. Since those activities have (or may have) a more textbook-like appearance, the teachers are more acquainted to the structure of such a kind of activities, which are anyway less complex then the thematic projects. The original expectation was that the teachers would slowly develop such complementary activities, having the university team as advisors.

Collaborating to make the teachers authors of didactical texts was seen as a major contribution of the Science Fair Project to the educational formation of the evolved teachers. However, for reasons that would be explained latter, this aim was not attained yet: after two years of intensive work, only few among the fellow teachers made significant advances. The difficulties faced by the teachers may cause difficulties to the work developed at school, but reinforces the main point of this work: writing and producing didactical texts and accessories, specially when aimed to be used by student in autonomous way, is a real interface between the mathematician and the educator, the two faces of a Mathematic Teacher.

Although both elements, knowledge of mathematics and methodology, being part of teachers professional education and being present at classroom routine, they rarely meet in an effective way. In their professional studies, the future teachers study mathematics with mathematicians that are concerned with the “what to teach” and methodology with educators concerned only with the “how to teach”. The day-bay-day working routine is too exhaustive and consuming to permit a more then intuitive (not necessarily superficial) evaluation of the teacher’s own work. However, the designing and writing such activities is a more slow-paced work, that raises many questions found in the cross road of the mathematical and educational knowledge. 

During the Mathematic Fair Project we collected many examples of situations and elements that illustrate how the analysis of mathematical contents and the knowledge of students mental processes can complement each other in the writing process
. Because of the short space left, we present only two such principles, concerning comprehensive categories we name by structure & hierarchy and graduality. Those are important aspects in the art of teaching and we have no pretension to suggest any exclusive or universal recipe to deal with those questions, but just to use an instrument that force to face them. We also remark that those questions appeared in almost every single discussion about the activities being written by the teachers, although many times it showed itself by the absence and not the presence. 

Structure & Hierarchy
Mathematical structures establish hierarchy among the knowledge. Those hierarchies have strong influence in class planning and mathematical curricula, which in some sense are conditioned by those structures. However, in the same way the streets bounds the possibilities of (reasonable) ways to reach a destiny, it generally allows more then one way: mathematically speaking, we have more a picture of an (oriented) graph then a tree. Those structures are organized in many levels of relevance that are recognized in textbooks, even if not always they manifest themselves to teachers in a clear way. The opposite is true: the uncritical use of textbooks enables teachers to work without even facing those kind of questions.

As an example, we consider a teaching hierarchy that is accepted as reasonable by every person I ever met: Sum and Product should be taught before subtraction and division. This is a educational hierarchy fully compatible with (or even derived from) the mathematical structure of a field, where the later operations are defined as the inverse of the former ones.

This kind of consideration was necessary to the conception of every single activity prepared within the Mathematics Fair Project. We always recommended the fellow teachers to start their work by simply listing the mathematical contents, concepts e techniques related to the chosen topic. As an example, we mention the teachers that decided to design an activity about the scale-meter, a rule in the shape of a triangular prism, with six different scales, commonly used by architects and engineers. Te listed topics were: fractions, fraction equivalence, ratio and proportion, rule-of-three, similarity and scale. In this initial stage we tried just to establish the relations between those concepts and noticed that even this try is not that simple to be put explicitly. Used to follow the presentations found in textbooks, teachers were not used to re-work concepts from different point of view. Finally, they made a coherent and explicit choice, establishing a flow in the direction 

ratio (  proportion (  scale (  similarity.

Moreover, rule of three was introduced only as an algorithmic technique, and so justified and explained.

Graduality

We use the world graduality thinking mainly, but not exclusively, in the specified context of exercises and problems.

Some graduality questions are directly related to mathematical structures presented in the preceding paragraph. It is not difficult to justify from an inner look to the decimal positional system of numbers that the next exercises should be presented in the following order:

3 x 4 = __ ;  3 x 13 = __;  12 x 13 = __;  43 x 13 = __;   43 x 53 = __;  431 x 53 = __;  403 x 53 = __

Another kind of question related to the step-by-step approach raises mainly from the way students relate to the questions, rather then the mathematical structure. We can find in John H. Mason book a nice explanation about the personal meaning of something being considered concrete
.  In a similar fashion, we can say that even the perception of existence of a problem depends on individual knowledge and abilities. When someone is asked to calculate the final prize of a TV, that costs 1180 units before the 10% discount, some people will not even realize that two operations are needed to solve this problem,

1180 /10 = 118,

1180 – 118 = 1062,

the first one to compute the discount and the second for the final prize.

This kind of question arises in the school routine, when preparing home-work or class-work for students, without paying enough attention. Many times, in order to work well, the teachers or parents help is essential. When planning an activity to be worked in an autonomous (not independent) way bay the students, graduality becomes a key factor to assure maximum success of the students work.













� Lei de Diretrizes e Bases, federal law nº 9.394, from 1996.


� Published by the Ministry of Education, concerning basic education from 1st to 11th grade, may be downloaded from the site  � HYPERLINK "http://www.mec.gov.br" ��www.mec.gov.br�.


� The resolution of the Federal Council of Education, from February 19th, 2002, introducing significant changes in teachers education, was followed by documents produced by the Brazilian Association of Mathematical Education (� HYPERLINK "http://www.sbem.com.br/" ��http://www.sbem.com.br/�), dealing specifically with Teacher Preparation Programs, the Brazilian Mathematical Society, concerned with more general questions related to Mathematical education and teachers preparation (� HYPERLINK "http://www.sbm.org.br" ��www.sbm.org.br�). Beside those, we can find many documents produced at major Brazilian universities, concerned with general teachers education.


� Based on the curricula holding in 2003 in the following Universities: Universidade Estadual de Campinas, Universidade de São Paulo – Campi of São Paulo and São Carlos, Universidade Estadual Júlio de Mesquita Filho, campi of São José do Rio Preto and Rio Claro and Universidade Federal de São Carlos. “Others” includes a considerable amount of courses in physics and computer programming, as well as elective courses.


� Mathematic Fair Project is supported by FAPESP Grant nº 01/10888-1, undertaken at E. E. Alcheste de Godoy Andya, Sta. Bárbara D’Oeste, São Paulo.


� By July 2004 we had 80%, 50% and 30% of thee 5th, 6th and 7th grade students respectively, taking part in the Math Lab, a total of 360 children. 


� A few examples of the themes developed at the projects, as well as the contents they deal with: Dice Games (chance and random variables, symmetry, counting), Cryptography (concept and criteria for divisibility, parity, decomposition into prime numbers) Magic Squares (average, arithmetic sequences, square symmetries). Those projects where developed by Sheila Salles, Roberto Zangrando and Leonardo Barichello,  undergraduate students at Unicamp, within the frame of their “introductory research project”.


� A reference for such methodological experiences, dealing specifically with math teaching for advanced grades can be found in Organizing for Mathematics Education, NCTM, 1977 Yearbook, 1977.


� Mental processes may be thought either in the categories posed by G. Polya in Mathematical Discovery: on understanding, learning and teaching problem solving, John Wiley, 1962, the taxonomy of B. Bloom in Taxonomy of Educational Objectives: the classification of educational goals, David Mackay, 1974  or even the mental process described by psychologist R. Feuerstein.





� Learning and Doing Mathematics, Macmillan Education Ltd., London, 1988.
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