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Abstract

We describe the main features of the "edumat-maestros" project that is being developed in the University of Granada since 2002, and includes a program of mathematical and didactical preparation of prospective elementary school teachers, supported by the use of computers and Internet. 

The focus of the project are the epistemological (mathematical and didactical knowledge) and instructional (tasks and students-teacher interaction patterns) dimensions. This is also a curricular and holistic project, since we have developed and experienced 7 Monographs, including the mathematical contents relevant to achieve teaching practice competency in the area of mathematics and freely distributed through Internet (http://www.ugr.es/local/jgodino). We also have created the “edumat-maestros” discussion group, which provides great potential for teacher educators professional development and was set up in 2001 using resources provided by yahoogroups.com. At the present time it has over 280 subscribers from the following countries: Argentina (23%), Brazil, Bolivia, Chile, Colombia, Costa Rica, Cuba, Ecuador, Spain (33%), Mexico, Peru, and Uruguay. Members include University lectures involved in mathematics teachers training (about 33%), with different background and experience, and mathematics teachers from primary, secondary and university levels.
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The mathematical and didactic preparation of teachers requires taking into account several  types of knowledge that are closely related. Teachers’ trainers should answer questions such as, what mathematical contents should be taught, how to teach this mathematics, what didactical knowledge mathematics teachers need, how to teach such didactical knowledge and what kind of relationships is necessary to establish between these different knowledge. In this paper we analyse this problem and describe the “Edumat-Maestros” project that propose an answer to the challenge of the mathematical and didactic preparation of prospective elementary school teachers. 
1. Problem and background

Teachers’ preparation in mathematics and mathematics education  is an important  research area at international level, as it is shown in recent surveys (Bishop and cols, 1996; Lin and Cooney, 2001) and in the existence of specific research journals like Journal of Mathematics Teacher Education. The majority of the works published usually focuses on specific aspects of teachers’ education (beliefs, conceptions about mathematics, its teaching, or specific contents), and on general reflections about cognitive or pedagogical aspects. However, the problem of designing programs for teachers’ preparation that promote an effective influence in the nature and quality of teaching practices is not still  solved (Hiebert et al., 2003, p. 201). There is no widely shared agreement on the "mathematical content knowledge " and the "pedagogical content knowledge" (Kahan, et al., 2003) that are appropriate to obtain a suitable preparation of mathematics teachers: “teacher educators lack a shared knowledge base for building more effective teacher preparation programs. Teacher colleges and universities might learn from each other about program features and requierements, but little shared information is at the instructional level” (Hiebert et al., 2003, p. 202),
In this paper we describe the main features of the "edumat-maestros" project that is being developed in the University of Granada since 2002, and includes a program of mathematical and didactical preparation of prospective elementary school teachers, supported by the use of computers and Internet. In the first stage of this project we have produced a set of monographs about "Mathematics and its Didactics for Teachers". These resources are progressively being experimented and improved with participation of Latin-American mathematics teacher educators, through a virtual discussion group.
The focus of the project are the epistemological (mathematical and didactical knowledge) and instructional (tasks and students-teacher interaction patterns) dimensions. This is also a curricular and holistic project, since we have developed and experienced 7 Monographs that include the comprehensive mathematical contents relevant to achieve teaching practice competency in the area of mathematics. These monographs have been written by a team of 5 mathematics educators from 3 universities, with a great experience in the mathematical and didactical preparation of teachers and are freely distributed through Internet (http://www.ugr.es/local/jgodino). We have also created a virtual discussion group where ideas and experiences for the progressive enrichment of these documents are exchanged.

The “edumat-maestros” discussion group provides great potential for teacher educators professional development. It was set up in 2001 using resources provided by yahoogroups.com, and at the present time it has over 280 subscribers from the following countries: Argentina (23%), Brazil, Bolivia, Chile, Colombia, Costa Rica, Cuba, Ecuador, Spain (33%), Mexico, Peru, and Uruguay. Members include University lectures involved in mathematics teachers training (about 33%), with different background and experience, and mathematics teachers from primary, secondary and university levels.
2. Criteria for the mathematical and didactical preparation of prospective elementary school teachers

The preparation of future teachers in the area of Mathematics Education should be focused on the professional knowledge related to teaching and learning mathematics at the corresponding school level. Moreover, the study of didactical problems is not possible without a sufficient knowledge of the content to which this didactic knowledge refers, in our case the mathematical contents in the elementary school curricula (number systems, elementary geometry, measurement and basic stochastics). Then, the future teachers should also study mathematics: “Knowing content is also crucial to being inventive in creating worthwhile opportunities for learning that take learners’ experiences, interests, and needs into account” (Ball, 2000, p. 242).

Many student teachers have an insufficient mathematical base, and  even for those students who have previously attended a mathematics degree it is necessary "to retake and study again" elementary mathematical contents from a different (wider and deeper) epistemological perspective. An issue provoking controversy is the relations that should be established between the mathematical content knowledge and the pedagogical content knowledge (Ball, 2000) and if they should be considered independent matters. On one hand, it is possible to fulfil the mathematical preparation of future teachers with a specific subject that includes only the mathematical knowledge, while the didactical preparation would be obtained with others specific subjects that already suppose the students know enough mathematics. On the other hand we can coordinate both preparations in just a subject including "mathematics and its didactics", which is the solution proposed in the Spanish curriculum for primary school teachers.

In the “Edumat-Maestros” project we defend the need to develop close links between the mathematical and the didactical preparation for specific contents (numbers, algorithms, geometric figures, etc.) as a part of the preparation program, while at the same time respecting the coherence and nature of each type of knowledge. Other themes related to the foundations of the area of knowledge have cross-sectional character regarding  the specific contents and can be object of independent study. 

The mathematical and didactical analysis of primary school mathematics situations and tasks should start from selecting and studying situation-problems that give sense to the mathematical concepts and methods proposed in the curriculum. This will also contextualise the theoretical didactic notions included to analyse the teaching and learning mathematical processes. 

In the following sections we indicate the criteria followed to elaborate the Monographs of “Mathematics and its Didactics" in the “Edumat-Maestros” project. 
4. Mathematical knowledge

 The attention to the mathematical preparation of elementary school teachers is not new. For example, in the U.S. there are many textbooks focused in the mathematics preparation of future primary teachers (Krause, 1991), or in the pedagogical content knowledge (Reys et al., 2001). These textbooks have a specific orientation that deepens the mathematical contents of elementary school mathematics, or the didactical issues. 

In our case, the study of the mathematical contents is focused from a professional point of view, that will be useful in the future work of primary school teachers. We take into account the connections of the elementary mathematics with the world, and the different approaches in the presentation of mathematical knowledge, in particular constructive and informal approaches, more than the formalist approaches far away from children's cognitive possibilities and interests. For example, the study of the whole numbers gives priority to a constructive approach based on the counting situations and techniques, instead of privileging a logicist construction. 

The contents developed in the Monographs are grouped in two parts, the first of them devoted to foundations of school mathematics, its teaching and learning, and the second to mathematical and didactical knowledge referred to specific mathematics topics. Part 1, titled, "Foundations of teaching and learning of mathematics", includes four chapters: Educational perspective of mathematics; Teaching and learning mathematics; Mathematical curriculum for primary education; Resources for studying mathematics. 

The specific mathematical and didactical contents have been developed in the following monographs: 

1. Number systems (Whole numbers, Addition and subtraction of whole numbers, Multiplication and division of whole numbers, Fractions and rational numbers, Decimal numbers and decimal expressions, Positive and negative numbers). 2. Arithmetical proportionality. 3. Geometry (Geometrical figures, Spatial orientation and coordinates geometry, Geometric transformations). 4. Measurement. 5. Stochastics (Statistics, probability). 6. Algebraic reasoning.

5. Pedagogical content knowledge

For each of the above mathematical topics, in the “Edumat-Maestros” project we included information and practices about the following aspects: 

a) Curricular orientation. 

b) Cognitive development and learning progression 

c) Types of didactical situations and resources 

d) Potential cognitive conflicts and assessment items.
Developing the didactical contents for each specific mathematical content block requires including introductory sections with information, activities and general questions on teaching and learning mathematics. It is also necessary to reflect on the nature of mathematics, the role of problem solving, semiotic issues, reasoning and testing, communication, mathematical connections and resources. These cross-sectional subjects are studied in the monograph "Foundations of teaching and learning mathematics".

6. Mathematical-didactical connections

The previous sections might suggest that we introduce a radical separation between the mathematics and didactics contents. On the contrary, even when both types of knowledge have their own nature, requiring a specific attention, we consider that they should not be completely separated in the preparation of teachers’, as suggested by Ball (2000). 

Moreover, the study of the situation and resources for primary school teaching can be a source of mathematical problems that serve as a starting point to deepen the study of mathematics. It is easy to change the task variables in these activities to turn them into situations that require a mathematical activity of a greater complexity level. 

In some subjects, which are less known by student teachers when starting their university studies (Statistics and Probability), we give this solution to the problems. But in the remaining subjects we separate the school mathematic situations and the corresponding university mathematical situations, although we have implemented a device that guarantees a connection between both knowledge. As a first encounter with "Mathematics and its Didactics" we have included in each chapter an introductory situation of "professional contextualisation" in which we propose to the future teacher to solve a collection of problem-exercises, selected from a school mathematics textbook. In this way, we also start the didactical analysis of mathematics content based on the identification of didactical variables, the formulation of related problems and the estimation of possible difficulties of children when solving these tasks.

7. Final remarks

 The elaboration of programs for the mathematical and didactic preparation of future mathematics teachers is a research field for Mathematics Education, with special relevance due to the decisive importance of teachers to promote pupils’ learning. Each of the questions posed in this paper and the resources that we have set out are open to experimentation, evaluation and progressive improvement.

Through the “edumat-maestros” forum we have established a support infrastructure for mathematics teachers and teacher educator professional development in Latin-America. This support is based on the availability of educational resources (mathematics and didactic monographs) and the possibility of virtual interaction amongst teachers and teacher educators, which favour their reflection about the teaching practice.
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