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This paper addresses the study of knowledge, beliefs and conceptions of teachers and students involved in school based innovation activities. It begins with a theoretical discussion about the interrelations of these constructs , stressing the specificity of knowing in practice. Then sketches some features of the beliefs, conceptions and knowledge of one teacher and two 11th grade students who were involved in an one-year long project using graphics calculators, concluding the need to consider knowledge-in-action closely related to the practices of teaching and learning.
Introduction

Knowledge, beliefs and conceptions usually appear in the mathematics education literature as distinct non overlapping categories. For example, the recent Handbook of research in mathematics teaching and learning (Grouws, 1992) includes a chapter on teachers’ beliefs and another on teachers’ knowledge. Such distinction is also common in other fields of educational research. However, this paper will assume a different view. Knowledge refers to a wide network of concepts, images, and intelligent abilities possessed by human beings. Beliefs and conceptions are regarded as part of knowledge. Beliefs are the incontrovertible personal “truths” held by everyone, deriving from experience or from fantasy, with a strong affective and evaluative component (Pajares, 1992). They state that something is either true or false, thus having a prepositional nature. Conceptions, are cognitive constructs that may be viewed as the underlying organizing frames of concepts. They are essentially metaphorical.


All our knowledge ultimately stands on beliefs (which play the role of non demonstrated propositions). Human rationality — seen as the capacity of formulating logical reasoning, define precise concepts, organize in a coherent way the data from experience — has a point beyond which it can not access. Beyond strict rationality we enter the domain of beliefs, which are indispensable — as without them we would became virtually blocked, unable to make decisions and determine courses of action.


Professional activity is characterized by the accumulation of practical experience in a given domain, and may become more efficient as it is able to draw upon academic knowledge. Elbaz (1983) views knowledge developed by teachers in their professional activity as essentially practical. That is, as dated and contextualized knowledge, personally convincing, and oriented towards action. Another influential author, Schön (1983) regards professional knowledge as artistic, based both in academic knowledge and in a tacit and intuitive dimension that grows out of practice and reflection.


The differences among academic, professional and common knowledge
 derive from the distinct articulation between the basic underlying beliefs and patterns of thinking (based on reasoning and experience). Experiential aspects predominate in more elaborated practical knowledge. Rational arguments predominate in academic knowledge. Scientists and professionals (when they act in their quite circumscribed special domains) have a strong explicit or implicit concern for consistency and systematicity. Common people (and scientists and professionals when they act outside their activity domains) have other priorities and do not worry too much about such matters.


In this way, we do not need to oppose knowledge and beliefs. Beliefs are just a part relatively less elaborated of knowledge where predominates the more or less fantasist elaboration and the lack of confronts with empirical reality. Belief systems do not require social consensus regarding their validity or appropriateness. Personal beliefs do not even require internal consistency within one single individual. This implies that beliefs are quite disputable, more inflexible, and less dynamic than other aspects of knowledge (Pajares, 1992). Beliefs play a major role in domains of knowledge where verification is difficult or impossible. Although we can never live and act without beliefs, one of the most important goals of education is to push the possibility of their discussion and verification as far as possible.


Conceptions, as the underlying organizing frame of concepts, conditionate the way we tackle tasks, very often in far from appropriate forms. Of course, closely connected to conceptions are the attitudes, expectations and the understandings that everyone has of his/her role in a given situation. The interest in the study of conceptions is based on the assumption that this conceptual substratum plays an essential role in thinking and action. Instead of referring to specific concepts, they constitute a way of organizing them, of seeing the world, of thinking. However, they cannot be reduced to the most immediate observable aspects of behavior and they do not show themselves easily — both to others and to ourselves.


Beliefs are certainly important aspects of one person’s knowledge. But, given their inconsistent nature and that they often relate more to fantasy than to actual experience, it is not appropriate to rely on beliefs to understand a person’s knowledge. The study of conceptions, although still more difficult, can be revealing about the basic cognitive constructs that underlie thinking. But both the study of beliefs and of conceptions tend to stand on preexisting theoretical frameworks that inevitably view the teacher or the learner as a deficient person. One needs a more global view and empathic relationship with our subjects if one wants to understand them, not just in their deficiencies but also in their strengths.


One way of accomplishing this purpose is to look not just at one person’ beliefs and conceptions but also at his/her knowledge. However, the study of knowledge has most privileged the study of declarative or prepositional knowledge. If one is concerned with practice — teaching practice or learning practice — and with knowledge that evolves out of contextualized activity and informs intelligent action (such as the teacher in the classroom or the student dealing with a mathematics problem), we need to focus in a very different kind of knowledge, that is, in knowledge-in-action (Schön, 1983).

The study

This paper addresses the study of knowledge, beliefs and conceptions of secondary teachers and students involved in curriculum related innovation activities concerning the use of graphic calculators.


In Portugal, recommendations to radical reform in mathematics teaching have been strongly supported by teacher education institutions and the association of mathematics teachers, and were partially adopted by the Ministry of Education. In just a few years, positions that were minority become part of the “official” discourse. The current curriculum abounds in recommendations concerning the enhancement of students’ attitudes and values, stresses problem solving, applications of mathematics, compulsive use of calculators (and optional of computers), use of active methods, group work, history of mathematics, and new assessment methods. These ideas are not yet translated into practice by most teachers
. However, they give impetus to many activities in schools (taking place inside and outside the classroom) that are deliberately or implicitly assumed as innovative by the teachers who carry them out.


There is a wide gap between the reformists’ views about how should mathematics teaching be carried in schools and actual practice. As attempts to break new ground, as areas of personal investment and of uncertainties, these activities may be a fertile ground for research into teachers and students knowledge, as well as — as a by product — provide some interesting findings about the possibilities and shortcomings of such new curriculum orientations.


The ideas and data presented in this paper were developed using an interpretative qualitative methodology, based in case studies of innovation activities and in case studies of teachers and students. Of special concern was the study of their experiences, giving special attention to their conceptions, difficulties, and motivations. Data was gathered essentially through interviews and (participant) observation of school activities
.

Case study 1: A teacher using graphic calculators

Sofia is a secondary school mathematics teacher with seven years of experience. She has a strong commitment to innovation and views herself as not adapting to a situation of professional routine: “The worse thing that can happen to a teacher is to give classes in the same way for many years. I think that someone doing that gets crazy after some time”. This position goes back to her long standing strong involvement in student and political movements. Since her first year of teaching, she maintains an active participation in the mathematics teachers association.


In her view, innovation in mathematics teaching involves aspects such as no longer seeing the teacher as the single owner of knowledge, to value a more intuitive approach and to carry out group work with students. She considers that new technologies will not necessarily bring change, but may give an important contribution towards it.


She is now undertaking an experience using graphic calculators with an 11th grade mathematics class. This work began last year from a suggestion of a university researcher. Sofia, who had just being involved in a inservice program concerning the use of (common) calculators and always had a good relationship with computers (even before working as a mathematics teacher), felt that she would be supported in this experience and accepted enthusiastically.


The use of the graphic calculator enables, in her opinion, a new approach to the study of functions, changing the traditional emphasis in algebraic manipulation to the graphical study. From the graph of a function “its properties are explored and later studied algebraically”; the graph of a function can also be used to confirm the results obtained in an algebraic way. The use of the graphic calculator in two consecutive years led her to consider it as an indispensable tool in the future. 


The objectives that she defined from the beginning of this activity were twofold:

Some were goals connected to content... Connect concepts, approach concepts in a more intuitive way... On the other hand, there is an aspect not directly related to concepts, but to the global development of the student, that is, to support formulating conjectures, provide justifications, explain reasoning, [and develop] auto-confidence.

From her experience, Sofia views as advantages of the graphic calculator, the possibility of “breaking the extremely formal weight of mathematics” and favor explorations related to the use of the machine. She indicates that, as a result of regular use of the calculator, she tends to reason more and more in graphical terms.


Sofia’s ideas are clearly in accord with the current recommendations for reform in mathematics education. There is no reason to suspect from her sincerity in this respect. She appears to find these orientations very important and tries to apply them in her classroom.


This experience run for two years. In the first year the students were very enthusiastic about the calculators and the teacher was most pleased with the work done. However, in the second year things were quite different. The students cared very little about school and had no study habits. By the end of the year, Sofia was quite frustrated with their lack of success in mathematics.


She also recognizes difficulties in some of her classes — with these and with other students as well. This happens both when she intents the students to do group work and in what she calls “discussion classes”:

There are classes dedicated to group work that sometimes go in a terrible way, because students... are not enough motivated for the task I give them... Or because it was too difficult and not appropriate for group work, or because it was not motivating and they, some got interest and others did not got interest... When I begin understanding that, what do I do? I begin going from group to group to see what they are doing, trying to explain things here and there. At some point that yields a great confusion, it is no longer group work, it is no longer a class, it is nothing, and I become upset since it did not work out.

Other times it happens in whole class discussions... Because the sequence of the explanation that I adopted was not enough clear to most of the students, and I note that, you know?... I think I did not convince them, some of the students were not convinced. [Sometimes] that happens perhaps because something that comes up just on the moment and I had not prepared. [It could have been better] if I had thought a bit more about that, if I had thought in another kind of examples...

It is much more difficult when kids have a calculator to do a discussion class... In a discussion class they cannot be with a calculator on their hand. It is necessary to have a projector calculator with which to expose... the situation that we want to discuss, isn’t it?

Sofia, as a rather outspoken and confident person, sometimes tends to exaggerate the issues. But it seems clear that with some classes she has difficulty in getting the students involved in the tasks. She also does not know what to do when students do not understand what they are supposed to do. Both aspects refer to the initiation of activities in class. In class discussion, she feels sometimes to be not very convincing. Also, she refers to issues dealing with management of students participation in the discussion. In all these cases we may say that Sofia struggles with weak aspects of her mathematics teaching practical knowledge. 


There is a shift in the terms Sofia uses when talking in general about mathematics teaching and when talking about specific classes. In the former we note expressions as “connect concepts”, “approach concepts in an intuitive way”, and “formulating conjectures”. In the second we find expressions such as “expose”, “explain”, and “convince” all of them related to her own activity as a teacher.


This case suggests that the introduction of innovative ideas in teaching practice does not solve by itself all the problems of mathematics learning. There is still much that is related to the classroom organization and dynamics (Bishop and Goffree, 1986), as well as to the students’ background and attitude. The teacher, although enthusiastic about her teaching, does not seem aware of important conditions necessary for the success of these two very important class activities (group work and discussion).


This analysis also reveals a deep gap between professed beliefs and conceptions from a domain of experience — general talk about mathematics teaching — to another domain of experience much closer to actual practice. We would be wrong in condemning the teacher for this inconsistency. The distance among the ways we think in different domains of experience is a general phenomenon, quite characteristic of human beings (Berger and Luckmann, 1966). Instead, it seems preferable to inquire further on the different constrains that harass teachers as they try new approaches and activities in their classrooms.

Case study 2: Two students and the graphic calculator

Anne is a quite good student from Sofia’s class in the first year of the experience. She enjoyed working with the graphic calculator and appears to have quite understood its potentialities. Learning to use the calculator seemed to have been a quite empowering experience for her:

If I have a function, and I do not see very well what it is, I get the calculator and look how this function is. It is much easier to study things about the function...

I study with a colleague and I conclude that many things that I do in the machine she do not know how to do. She does not even know that they can be done!

[Using the calculator] I get a different view of mathematics. It is not going home and do the exercises having no idea of the graphs [of the functions].


The first sentence may be viewed as the expression a belief: the graphic calculator makes it easier the study of functions. The second sentence refers to aspects of Anne´s mathematical knowledge and meta-knowledge. The third sentence points to a rather new conception of mathematics — which seems to refer to a more global understanding of mathematical objects and to a sense of power in dealing with different tasks.


She compares the mathematics classes that she has now (one year after the experience) with the ones of the previous year:

This year I am not much attentive in class because I get bored to be just listening the subject matter coming down and seeing the exercises that are made on the board... But I have also been always absent minded and it takes me a lot to get concentrated. I can be concentrated 10 minutes and spend the rest of the class hearing noting. I also speak a lot — that is my weak spot! My teacher, this year, is a good teacher, but I enjoyed the classes last year much more. It was different. Everyday we knew a new way of doing things...


This feeling of boredom and the associated difficulty in getting concentrated are very familiar phenomena in mathematics classes. What is a bit surprising is the straightforward way how it this acknowledged by a fairly good student. Anne also points towards the need for active involvement in mathematical tasks and values the open approach used by Sofia, in which discoveries were a valued outcome of students’ activity.


Although just a regular student, Leopold is one of the better achievers in the class of the second year of the experience. He sees the graphic calculator as bringing nothing new to the mathematics classroom and does not show a particular interest in exploring its different capabilities:

It is a good kind of help. When we do something, even to verify if it is correct, we do the graph, the machine gives us the graph right way. When the teacher wants us to do the graph of a piece wise function that is much easier than doing it by hand. Quicker and easier.

 I just know how to do the essential, what the teacher taught us to solve [these questions]. I don’t know if it can be used for other things but I think so... 


Leopold find that the calculator is helpful (a belief). Contrarily to Anne, he does not view it as opening new possibilities but rather as making quicker and easier the mathematical tasks (a conception). And he is happy in just knowing how to do the essential (limited knowledge). Previously, Leopold was retained at 11th grade in mathematics, as his achievement was found not enough to move on to the 12th grade. For him, there are two important things about mathematics classes — the general climate, that he likes very easy going, and the actual content, that he prefers not too difficult to grasp:

What I like most in mathematics classes? I can tell you that when [my colleagues] say some jokes, we can laugh quite a bit!...

When I do not understand, mathematics becomes a boring discipline... This year I understood well mathematics. Why? Perhaps the teacher taught it in an easier way. Perhaps I was with another disposition. I was not going to spent another year just doing mathematics...


The experience with the graphic calculator meant nothing to him, although he enjoyed the way the teacher conducted her classes.


With the same teacher, the same approach, and very similar activities we still get great variety in students’ responses. Leopold shows a salient lack of interest for mathematics. Classes are barely acceptable only if the teacher allows for some fun. For him, the graphic calculator is a device to do the same things quicker and easier, mostly useful for the confirmation of results. He is even concerned with possible dependency from the machine. In contrast, Anne finds enjoyment and pleasure in her mathematical work. Classes can be exciting, if everyday there are new discoveries. She views the graphic calculator as a device that enables to do new things, some even unsuspected, showing no concern with possible dependencies from it.

Conclusion

As a teacher, Sofia was very successful with one of these students and relatively unsuccessful with another. It is quite doubtful that a teacher with other professional characteristics and personal qualities would significantly have more success with this student. Notwithstanding her strong beliefs regarding innovative approaches to mathematics education, Sofia’s knowledge of classroom processes seems to have some weak unsuspected spots regarding the conduction of activities such as class discussion and group work. It was also striking that when speaking of her actual experiences, her main conceptions regarding her role and the way students learn mathematics appeared framed in what can be considered a quite traditional terminology.


 In the students, the attitude towards the school appears as determinant. Leopold never got much involved in the mathematics class and his beliefs seemed mostly influenced by widespread social representations. His conception of mathematics seems quite limited to routine tasks to be approached in a straightforward way. It is not surprising that his mathematics knowledge is not very extensive nor very powerful. By contrast, in Anne, the strength of the classroom experience appeared to take over social representations. She developed new conceptions of what was to do mathematics and about the fun of it. She developed new beliefs (e.g., regarding the power of the calculator), which were essential in extending her mathematical knowledge.


It is reasonable to suggest that the study of knowledge, conceptions and beliefs may benefit from beginning by a general understanding of the person as a whole, with his or her own purposes, concerns, motivations. Regarding the teacher, it is of paramount importance to consider his/her position towards the profession. Concerning the student, we need to take into account their attitude towards the school. And, instead of just focusing in stated beliefs and on declarative knowledge, it is necessary to consider knowledge-in-action closely related to the practices of teaching and learning.
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� A more extended discussion about scientific, professional and common knowledge, and related concepts may be found in Ponte (1994), from which this paper has drawn its theoretical framework.


� More detail about the process of curriculum reform in Portugal and the reactions of teachers and students may be found in Ponte et al. (1994).


� Although specific methodological details are not given here, important issues arise in this kind of research, such as the relative role of observation and interviewing and the relation of the researcher with participating teachers and students. Further methodological information and a more extensive discussion of the case studies is provided in Ponte et al. (1993).





— 
 —


