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Abstract


This paper reports a research aimed at studying the changes in the conceptions and practices of secondary teachers. The fieldwork was carried out after teachers were trained to teach using a particular didactic approach for school algebra. In that didactic approach algebra is conceived as a language and, according to this, its teaching is stated on principles similar to the ones used in the learning of the native language (Bruner, 1982; 1983). An essential component in that approach to algebra is the use of the algebraic calculator (Cedillo, 1996). The research was led during three years with a population of 800 teachers; the results suggest that this way to approach the teaching of algebra promotes important changes in the teacher’s conceptions on teaching and learning and their mathematics knowledge. In the paper the didactic approach is discussed, the theoretical-methodological aspects of the project are described and the results are presented within the framework of the research literature.

Background
The new parameters in the ways of teaching do not only entail to take care of primary recommendations, like proposing to the students the resolution of different types of problems or motivating them to have a greater participation in the class. The results of research and the development of the socio-constructivist theories demand that the teachers change deeply their knowledge on learning and teaching mathematics. The social constructivism assumes, among other premises, that each student gets to the classroom with his own ideas and that the teacher must provide him with new experiences that induce him to collect data to affirm them or to refute them.

This implies a new approach to teaching; for instance, now, it is required that the teachers make evident in their practice that they are convinced their students are not "containers expecting to be filled" and that they understand them like subjects intellectually creative, able to make non-trivial questions, to solve problems and to construct theories and reasonable knowledge. The previous statements demand that the teacher remove, from the textbook and from himself, their roles as intellectual authorities in the classroom and deposit such authority in rigorous arguments produced by him and the students (Thompson, 1992).

This new perspective of teaching requires that the teacher know the state of development of mathematical thought of his students, that he constructs intellectually rich materials and cause a working atmosphere in which the reasoning of the students can simultaneously be supported and motivated.

In this paper, a research made in Mexico is reported, which has had feedback from the contributions of preceding studies. The results of such research suggest a promising vein to approach the professional enhancement of the mathematics teachers. In the following sections the central aspects of this research and its results are described.

Research aims
The research was carried out during three years (1999-2001); its goals were the following:

· To investigate the potential of teaching algebra as a language in use, as an agent of change in the conceptions and practices of teachers of secondary in service.

· To obtain empirical evidence that allows to better understand how those changes in the teachers occur.

The teaching approach

The approach for the teaching of algebra as language in use is based on proposing the learning of this discipline similarly to the way the native language is acquired (Cedillo, 1996; Cedillo 2001a). An essential principle we assume in this approach is that the native language is learned through using it, its acquisition does not depart from rules and definitions, it is by means of the interlocution with adults that the child assigns meanings to the language even before being able to produce his first verbal expression and gradually he refines his strategies of linguistic communication (Bruner 1982). Among the results of a research of 12 years led to study the acquisition of the language, Bruner reports that the native language is not only a by-product of the intellectual development (Piaget, 1988) and that it is not sufficient that the human being be gifted with a magnificent neurological system either (Chomsky, 1957); in addition, Bruner’s work contributes with evidence that emphatically suggests that the language is taught and that its learning occurs by means of interaction between the mother and the child (Bruner, 1983). Bruner’s findings allowed to construct the metaphor of teaching algebra as a language in use here discussed (Cedillo, 1996).

The teaching of algebra as language in use, as an instrument to prompt a change in the conceptions and practices of the teachers was taken because this approach by itself demands changes in the teacher according to the present exigencies discussed in the previous section, and because there is a counting on empirical evidence, obtained by means of rigorous methods, that show that the students manage important advances in the development of abilities to express and to justify generalization by means of algebra, when they learn from that system of signs through its use (Cedillo, 2001a, Cedillo, 2001b). Among the changes that the carrying out of the algebra teaching through its use demands are the following ones: 

· The teacher cannot start by propounding rules, definitions and examples; instead, he must propose an activity that allows him to interact with the students from the ways of reasoning they develop.

· The progress of the students in the activity depends on the teacher’s understanding of their non-orthodox ways of communication. This implies that the teacher must learn how to listen to his students to learn about them.

· The teacher must admit that each one of his students learn at a different pace.

· The teacher must be able to relate the advance of his students with the contents of the official programs- this implies to develop the curriculum from the achievements of the students.

Theoretical referent 

For the designing of the present study the theoretical position contained in the following principle was adopted "In the professional practice, the teachers have experiences that produce changes in their knowledge and beliefs". This principle is a combination of what is raised by the socio-constructivist theory and the cognitive sciences. On one hand, we assume that the professional practice includes a creative teachers-teachers and teacher-students interactions; on the other hand, it implies that those individuals modify their conceptions and their actions from the knowledge they acquire on the ways of reasoning of others (Cedillo and Kieran, 2003).

We assume that those episodes in the classroom that allow the teachers to witness what their students are able to achieve without "teachers having taught them” will prompt changes in the teachers’ conceptions and practices.

The role of the calculator

The algebraic calculator played a relevant role in the instrumentation of the didactic approach. This machine offers facilities that allow performing any arithmetical or algebraic operation. This demands that the teacher changes the emphasis on algorithms to use them just as a means, not as an end. The way of interaction with the machine is through the language of arithmetic and algebra; this leads the student to receive immediate feedback that helps him to express himself mathematically in the conventional ways of the discipline. With this machine the student can explore and validate/refute his own conjectures, these machine’s characteristics along with the learning tasks especially designed for this study, seem to make feasible that the students learn the algebraic code through its use (Cedillo, 1999a, 1999b, 2001).

Research questions
The questions that oriented the gathering of data and the election of the research method are the following.
· What are the teachers’ conceptions on learning, teaching and mathematics and how these conceptions influence their practices?

· In which ways teaching algebra "as a language in use" influence the teachers’ conceptions and practices? 

Data gathering
Since the information that results relevant for this project are episodes and narrations upon the practices and ways of reasoning of the teachers the method of qualitative analysis was chosen. Particularly, the method proposed by Miles and Huberman (1984) was used.

Subjects

Thirty mathematics teachers out of 800 were selected to observe their work deeply using the cases study technique. The 30 teachers were chosen as follows: 
	
	
	Mathematics knowledge

	
	
	Sufficient
	Insufficient

	Experience
	Less than 5 years
	4
	4

	
	Between 10 and 15 years
	3
	4

	
	Between 15 and 20 years
	4
	4

	
	More than 20 years
	3
	4

	
	Totals
	14
	16


The school setting
The classrooms used for mathematics teaching were equipped with algebraic calculators and books for teaching using calculators (Cedillo, 1998; 1999a; 1999b). Each student and teacher had individual access to a machine during the school work. In addition, every mathematics classroom was equipped with an LCD to be able to project on a wall the screen of the calculator while it is being used. 

Sources of data

The main sources of data were an initial questionnaire and videotapes. The questionnaire focused on the teachers’ educational experience, their conceptions on learning and teaching, and their mathematics knowledge. The videotapes were taken during the teachers’ training and classroom sessions conducted by the teachers (three times per year during three years).

Categories of analysis

We used the categories proposed by Franke et al (1997) to inquire whether changes occurred or not in the teachers’ conceptions and practices and what these changes consisted of. These categories allowed to distinguish four levels of teachers’ performance and provided us with a referent to make a follow up of the evolution of the teachers throughout the three years in which the fieldwork was carried out.

Results
Global view on the teachers’ change 

	Performance
	Initial profile
	1st year 
	2nd year 
	3rd year 

	Level 1
	25
	22
	4
	2

	Level 2
	5
	7
	21
	8

	Level 3
	0
	1
	5
	10

	Level 4
	0
	0
	0
	10


The column "Initial Profile" shows that at the beginning of the study, according to the initial questionnaire and the first interview, 25 of the thirty teachers had profiles corresponding to the category "Level 1". That means that their conceptions and practices were rooted in teaching ways that required modifying in accordance to the exigencies of the present curriculum of the school mathematics. The data showed that those teachers were too directive in the class, they did not give opportunity for the students to approach a task by themselves, they directed their students step by step in the resolution of a problem. Only 5 out of the 30 teachers showed characteristics that located them in the category of analysis corresponding to Level 2. The column "first year" shows that there was a slight change; three of the 25 teachers of Level 1 began to modify their practices. Particularly, they did not continue to locate themselves by the front of the classroom to present the lesson, they developed the class from an activity that let them interact with the work teams and began to give individual attention to their students, more particularly, because they got interested when students had solved a problem in a different way to what they were expected to. One of the teachers of Level 2 showed modifications in his practices and conceptions that led to locate him in level 3. This teacher began to classify the problems in "those that the students could solve without previous instruction" and those "that needed his intervention". Also, he began to narrate situations in which he had learned from what his students proposed. The changes that appeared during the first year suggest that we could hardly expect substantial modifications in the practices of the teachers in reduced times. The column "second year" shows encouraging results. Eighteen out of the 22 teachers located in Level 1 showed modifications in their teaching that locate them in Level 2 and three out of the seven teachers in Level 2 were located in Level 3. In the meetings with these teachers at the end of the second year, they were requested to make a self-evaluation essay about their performance; an answer that characterizes their judgments is the following one:

"In the first year of the project we felt over-worked, they were many exigencies, we were accustomed to following the text book, in addition, many of us had already been teaching the course of a same grade and did not even consider what came before or what is next. The instructors of the project are very well prepared, we did not know that much, we did not imagine how to fulfill the program if we were leaping here and there trying to follow the students’ pace -even, some of us wanted to ask not to be observed nor interviewed any longer, we did want to continue in the project, but without so much pressure. What motivated us to continue was seeing that the students arrived to the class motivated and that they were really learning new strategies and concepts, although we were not teaching this directly, it seems that the teaching approach supported by calculator actually aids them. At the beginning we thought that it was not going to let them learn what is the most important, later we realized that the calculator only helps, the students must think for being able to use it, perhaps for that reason now they are learning more. The first year was difficult, but by the second year we already had a better understanding of things ".

The column "third year ending" shows that at the end of the study there were two teachers who stayed in Level 1 during the three years. Eight teachers got to Level 2, out of these eight; two come from Level 1 and six stayed in Level 2. In Level 3 10 teachers concluded, all coming from Level 2. Finally, ten teachers reached Level 4, five of them and five come from Level 2.

Final remarks

The most resistant teachers to change were the more experienced, among them are the two teachers who stayed in Level 1. According to the data, their resistance was due to their considering themselves as good teachers, in fact they had a good prestige in their community and the recognition of students, parents and principals. Their position can be summarized in the expression of one of them:

"I have been a teacher for many years, I have learned how to do things well, I have my own methods and the good results I get every year with my students confirm it; then, if I already know a way that is found right, why must I risk it with something I do not know and that I do not understand? In addition, in just a short time I think I will retire ".

That case contrasts with the one of the teacher who advanced from Level 1 to Level 4, he counts on the greatest experience in number of years in the group of the 30 teachers and the good prestige in his community. One of the reasonable ways to explain this contrast is that this teacher has an excellent dominion of the contents he teaches (McDiarmid, 1991). 

Among the teachers with less experience the subject knowledge seems to be determining. Those who advanced more were those who have a more solid knowledge of the subject they teach. The data we obtained show that the teachers, who at the beginning of the study were in Level 2, were catalogued with a good knowledge of their subject. Those five teachers moved from Level 2 to Level 4 in the three years of the study.

A characteristic noticed in the teachers with little experience and an insufficient subject knowledge was their good attitude towards the project during the three years of work. This suggests that with a little more time, and the pertinent support, these teachers could get a better knowledge of the subject they teach and reach an educational formation more in accordance to the current requirements.

The cases that required more attention were those teachers with more time in service and an insufficient dominion of the subject. However, these teachers managed to advance at least a level within the framework of categories of analysis used. A reasonable explanation for the change obtained by these teachers is their participation in a group that acquired an acceptable cohesion in time. The data of this research suggest that the sense of work in team showed by teachers, especially those who were obtaining more successful interventions in the discussion forums, impelled them to change their attitude and to develop an extraordinary effort. 
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