[image: image1.jpg]11l Conferéncia de Pesquisa Sécio-cultural

111 Conference for Sociocultural Research
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Knowledge – The dynamics of knowledge production: intervention and transformation processes

Peer interactions in mathematics classes: their importance for knowledge production and pupils' performances
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Introduction

Our interest in the dynamics of knowledge production began when we were asked several questions by experienced teachers who were trying to promote group work in their classes and to implement innovative didactic contracts but who found no efficient ways of doing it. We realized then that we needed contextualized studies that would deeply analyse social interaction mechanisms and the process of knowledge production itself. So, we did a research (César, 1994) that enabled us to answer to some of those questions (e.g. How can we put pupils working in groups in an effective way?). By that time, Mathematics was already a deeply rejected subject with high underachievement and playing a quite decisive role for most vocational choices. So, finding solutions for these problems was essential.


We must also state that the Portuguese school system has changed a lot during the two last decades: compulsory education was extended till the 9th grade; the curricula were changed, including its goals and the evaluation system (e.g., reports written by pupils, project work); new text books appeared; and pre-service and in-service teacher education was evaluated. But some of the most uneasy problems still remain unsolved: we have a lot of underachievement in compulsory education, including those who drop out of school before accomplishing the 9th grade; there is a long way between ideals expressed in policy documents and practices that take place in the classes; some subjects, like Mathematics, have a high rate of underachievement.

At last but not least, in a society that is changing so much, that is asking for competencies like being critical and selective towards the variety of information at our hand, creative and autonomous, the way we learn at school becomes more and more important. If we want to prepare participant citiziens then we need to develop their socialization and their abilities since they begin schooling. Working in a collaborative way is one of the answers that may be found for the challenges we are facing nowadays both as teachers and researchers.
Theoretical background
The 70s were a turning point in research concerning a Piagetian approach. Doise, Mugny and Perret-Clermont (1975, 1976) and Perret-Clermont (1979/1996) published their first studies about the role of peer interactions in cognitive development and they showed in a clear way that children working in dyads or in small groups progressed more in their operatory level than those working individually. These studies were not related with knowledge appropriation but they were a decisive first step towards the approaches that are nowadays essential to understand collaborative work and educational communities.

In his first works, Piaget (1932) had given a quite important role for social interactions in children's development and in his late work we can find several aspects related to the role played by communication (1977/1995) which means that he was coming back to his initial ideas (César, 2000c; Tryphon and Vonèche, 1996). But, it was under the influence of Vygotsky theory (1962, 1978) that social interactions were seen as an essential element of knowledge production and we began paying attention to the attribution of meaning (Wertsch, 1991) and to the role played by subjectivity in test situations (Grossen, 1988) and in school context. Learning was conceived as a complex phenomenon and pupils performances could only be understood if we considered the level of complexity of the task and how they interpretated it. The confrontation with Vygotsky's theory (1962, 1978) allowed for the results of these first studies to be seen in an innovative way: when they were engaged  in collaborative work, they could solve tasks they could not solve by their own. This means that when they were within their zone of proximal development (ZPD) they could benifit from the interactive process and promote their development. Therefore, the notion of ZPD regarding the field of education would turn to be one of the most fruitful ones (Allal and Ducrey, 2000; Moll, 1990; Rogoff and Wertsch, 1984; Schneuwly and Bronckart, 1996; Steele, 1999). 

In the two last decades there were many studies concerning collaborative work (César, 2000c; Kumpulainen and Mutanen, 1999; van der Linden et al., in press). However, the enthusiasm among the researchers in the 80s was not seen in educational policy documents and we had to wait till the 90s to read some recommendations that were directly related to the importance of social interactions in the learning process. In the new curricula collaborative work is suggested in many countries, following the actual social demands and ideological changes: the growing need to educate critical and participant citiziens. It is emphatized that pupils should develop their abilities, namely the ones related to decision making, selecting information and learning how to work in teams. This means that we are getting - slowly - away from behaviourist-inspired guidelines which vallued essentially mechanization and repetition. The teachers' role had to follow all these changes and new demands and they are no longer expected just to transmite knowledge but also to be able to facilitate pupils' development, both in terms of abilities, attitudes and values (Abrantes, Serrazina and Oliveira, 1999).

All the changes that were taking place suggested we had to look into the rules that were established among the actors of the educational process. Several authors studied the importance of the didactic contract (Brousseau, 1988; Schubauer-Leoni, 1986) or of the experimental one (Grossen, 1988; Schubauer-Leoni and Perret-Clermont, 1997) in subjects' performances. Action-research studies clearly showed that in order to accomplish the most demanding goals of the new curricula we need to implement innovative didactic contracts and that, in this case, some of the new rules need to become explicit as we want pupils to assume a more active role than the one they usually have (César et al., 2000). Putting into practice the ideals of the educational policy documents implies elaborating innovative tasks and using a diversity of materials, promoting interactions among peers (horizontal interactions) and not only between the teacher and his/her pupils (vertical interactions), being able of exploring pupils' reasonings and solving strategies, or asking questions that are challenging for them. It corresponds to conceive a critical and participant role both for teachers and pupils, stressing the importance of the social interactions that take place within the class (César, 1998, 2000a, 2000b; César and Torres, 1998; Schubauer-Leoni and Perret-Clermont, 1997).

Methodology

In the last seven years we developed an action-research project (5th to 12th grades) whose main goals are to give opportunities to all children to develop positive attitudes towards Mathematics, a positive self-esteem, to promote their socio-cognitive development and their school achievement which means that we are following inclusive schooling first principals. This project is called Interaction and Knowledge because we believe that there is a deep relation between knowledge appropriation and social interactions and promoting more horizontal interactions (peer interactions) is a fine way to achieve our goals.

As we are studying a dynamic phenomenon we decided to do a contextualised research. We also wanted teachers to be quite involved in the research and so we prefered to use data collecting methods that could easily be mastered by them. Data were collected through participant observation (different observers), audio and videotaping, questionnaires (to all pupils), interviews (to selected pupils), analysis and discussion of protocols and tasks conceived or adapted by the teachers, reports (teachers, researchers and external evaluators), a complete set of materials gathered by each teacher in his/her classes and pupils' marks in the end of each term. Researchers and teachers in a collaborative way.

Results

The role of peer interaction in knowledge appropriation and in skills mobilization can be better understood if we analyse the interactive process that took place in one of the classes. We must stress that this case is representative of the globality of interactions that we analysed and this is not an isolated case in which pupils interacted particularly well. 

Problem: At the school bar drinks are all sold at the same price. Ricardo likes drinking either orange juice or coke. Pedro always picks orange juice, coke or pineapple juice. João drinks pineapple, orange or passion fruit juice. What is the probability that the three friends go separately to the bar and without planning anything beforehand, pick the same drink?

J - Do you know how to solve this?


T - I'd do a scheme!


J - A scheme? How?


A - I also think it might be… if we put the names of each of them…


N - Of course! We do one of those schemes with circles!

[At this point there are already three pupils trying to write on the sheet. T. was the fastest to take the sheet and writes as she talks]


T - Ricardo, Pedro, João...


A - Now...


N -Now you have to put downwhat  each of them drinks… with those arrows…

T - I think I'd do it this way: on R which is for Ricardo I'd say that he could drink orange juice or Coke…

N -Right… and you can also just write L [Laranjada, in Portuguese means orange juice]  or C, to be faster!

T - Are you getting this, J.?

J - I Think so…

T- So do you know how to go on? [Silence] Can you tell us what to write now?

J - It's like we did with Ricardo… I mean… from Pedro's circle there are 3 lines, one for each drink: orange juice, Coke or pineapple, and we can also just put the first letter, so as to have a neater scheme!


N - Hey T., what a great teacher you are!?! [Laughter]
A – I also know how to continue. Now we do the same for João. [Grabs the pencil and continues the scheme on the sheet]
J – So far so good. I’ve understood. But don’t we have to give a number to show the probability?

N – Of course we do! But now it’s easy. Look at this scheme we’ve done and see which is the only chance of them all drinking the same drink.

J – Just the orange juice... only two drink coke and pineapple too.


T - Right... and only João drinks passion-fruit juice; so that’s no good either.

N – Then let’s put a red circle on L, to show this is the only hypothesis that fits what we want... and we have to put captions on this so the teacher understands what we were thinking! [They draw a red circle around the Ls]

T – These are the favorable cases, right?

J - Ah! I remember that! Those are the ones you put on the top part of the fraction, right?

N - Yeah... But I don’t know if you can put it that way exactly... we have to look in the book and see if that’s the right definition...

T – But we also need...

A - ... all the possible cases...

N – But with the scheme that’s easy to see them!

T – Yeah, but let’s see if J. knows which ones they are.

J – All the possible ones?

N - Yes.

J – If we count the bottom ones, they’re eight.

N - Eight?

T - Yeah... he talked about counting the drinks each one could drink!

N - But...

T – Don’t think everything out all at once. Think only about Ricardo. How many favourables are there?

J - One. Drinking orange juice, which is what we marked with the red ball.

T – And how many are possible for Ricardo?

J - Two: orange juice or coke.

N - Great!

A – So we write...

J - 1/2. 

A - Right!

J - Ah! I see! For Pedro it’s 1/3 and for João it’s 1/3.

T - Yeah.

N – And to know the probability of all of them drinking orange juice, what do we have to do with those numbers?

A – Multiply them!

T – Well done, A.! This one was for you! Just to see if you were paying attention!

A – Hey, I’m sorry. I didn’t remember I wasn’t supposed to answer first.

J – Forget it, I realized that. If I go to the blackboard, I can explain everything well: I do the scheme and explain what each thing represents. Then, under each name I write 1/2, 1/3 and 1/3 and at the end I show the calculation for finding the probability: 1/2 x 1/3 x 1/3 = 1/18. So, there’s one favourable case, which is all of them drinking orange juice, but there are 18 possible cases.

N – Great! You’re becoming real clever!

At the start of the 7th grade, the pupils had begun working in dyads, for we realized this was the best way to promote collaborative work, where all the elements of the group are responsible for the various tasks that must be done (César, 1998, 2000a, 2000b; César and Torres, 1998). However, when the pupils are able to establish rich and fruitful horizontal interactions, it is possible to organize larger groups that also work well. So, in this class the teacher had decided that work would be done in-groups of four pupils, gathering two dyads for each. The pupils’ spatial placing in the classroom aims to facilitate different working forms, for dyads forming the same group of four are sat one behind the other, allowing for the constitution of groups with minimal moves by the pupils.

 The interaction that then takes place was established in one of those groups which, as always whenever the class allows this, was formed by two girls (T. and A.) and two boys (N. and J.), and the two initial dyads were mixed regarding the genders of its elements. The initial dyads were formed by T. and J. and by A. and N, for we tried to value diversity (of types of reasoning, personality traits, skills pupils can use, among others) and take advantage of each element’s contributions to the work done by the dyad.

Analysing this excerpt of an interaction that took place in a four-pupil group allow us to understand how working interactively may help pupils with more difficulties to keep trying to find solving strategies for the tasks. If he worked individually, it is likely that J. would have given up. But since his colleagues in the same group are interested in seeing that he is following the solution, asking him questions and making him think about all the explanations that may be necessary in case he should be the one representing the group in the general discussion, he is made to go further. So J. is working in his zone of proximal development (ZPD). As Vygotsky (1962, 1978) stated, what children do today with the help of a more competent peer they will later know how to do by themselves, that is, what is potential development today will tend to become real development. Therefore, when learning takes place in the ZPD, the actual development is also implemented, which corresponds to reaching one of the aims that are expressed in present-day curricula: the development of abilities and skills (Abrantes, Serrazina and Oliveira, 1999).

On the other hand, the fact that the group integrates a pupil with slower rhythm forces his colleagues to explain every step they take in more detail. In the case of this interaction there is a clear co-construction of the solution, for all the elements of the group agree with the suggestions that are made, they all contribute to the solution that is found, sharing knowledge and deciding about the graphic representation. T. shows a greater concern, that we shall call pedagogical concern, that is, she is the first one and who more frequently remembers to stimulate J. into answering. But N. collaborates easily with her and either one takes care to reinforce J. positively whenever he gets something right. Although she intervenes less, A. also enters the game and always paid attention to what was going on, except when she answers something that was supposed to be answered by J.

The fact that T. is who is most concerned with J. is not independent of the fact that he is her pair. As sometimes the pupils work in groups of four but other times they work in dyads, she knows J.’s difficulties best and feels most responsible for contributing to his progress. She adopts an attitude of supervision over the task resolution whenever J. reveals greater difficulty, but always takes care not to answer for him and to check that he is actually understanding the solving strategy that the group is using. This shows that pupils are capable of using the rules that are part of the innovative didactic contract that was implemented, for they learn to respect each one’s rhythms and difficulties, integrating pupils that have learning disabilities (like J.) and feeling that they can collaborate in the search for solutions.

The pleasant atmosphere that exists between the elements of this group is clear in several talks, but it is most visible when J. hurries to relax A. for having answered instead of him. In fact, as they all know the rules of the didactic contract, they know that any one of them may be called to represent the group in the general discussion. Therefore, J. quickly simulates what he will say if he should be the one to play that role, so his colleagues see that he is capable of doing so in such a way that they will be satisfied with his performance.

Certain aspects are particularly interesting in this resolution. On the one hand, the fact that all the pupils think of starting off with a scheme, that is, the need they feel for a graphic representation, for something concrete, to then reach more formal levels. On the other hand, the capacity they have to manage operatory levels, knowledge of mathematical contents and working rhythms that are quite different. It seems clear to us that dyad or group work, with a coherent didactic contract, facilitates the acceptance of diversity, mutual respect and solidarity. This aspect is particularly visible in this group, for J. is a pupil with special needs (learning disabilities) who was strongly rejected by his colleagues at the start of the 7th grade. After having implemented this working method, J.’s inclusion went from dream to reality, for his colleagues accepted him in a completely different way. Besides, his progress was much greater (cognitively, socially, in his mathematical performance) than what his medical reports and his previous teachers’ information predicted.

J. manages to progress in the task resolution by following the suggestions – given directly or through questioning – that his colleagues make. But when they ask him which are the possible cases, he just counts the letters on the bottom of the scheme. N., who already knew the answer, can’t even understand where he got that eight at first, but he plays his part to perfection, for he asks "Eight?" but he does not give the right answer nor does he make any depreciating comment. T., who was always very pending on J.’s behaviour, hurries to explain to N. how J. counted the possible cases and uses a questioning strategy that allows J. to find which are the possible cases, counting with N.’s cooperation in this new effort.

This interaction is also a good example of how pupils deal with socio-cognitive conflicts when working in a collaborative form. The disagreements that arise do not refer only to Mathematics and to knowledge itself, as other quthors had already pointed out. During the whole interaction certain aspects of socialization must be taken into account: who writes, who leads, when and how, when and how arguments are put forth, when consensus takes place. There is a full relational aspect that is very important to keep in mind and that also has influence on pupils’ mathematical performance and on their appropriation of knowledge and skills mobilization. Therefore, working in dyads seems to be a way for the pupils to develop abilities that would otherwise not be touched and which are part of the aims expressed in present-day curricula (Abrantes, Serrazina and Oliveira, 1999).

As we have mentioned before, the implementation of innovative practices in the classroom is only efficient if from the start the teacher establishes a coherent didactic contract. So we felt it was very important to implement different practices right in the first week, so the pupils could build another type of expectations. In this case, as in many others, the answer was positive: the pupils who rejected Mathematics (J. and A.) changed their attitude in the classroom, making much more of an effort and then reaching an academic success they hadn’t counted on but which they reacted to with satisfaction. However, the most interesting aspect is that their colleagues also reacted very positively to their success, for they felt they had contributed for it to happen. Even when the initial attitude, upon knowing they had that peer in the group, was one of discouragement and frustration, as we can see in M.'s words: 

"When I saw who was going to stay next to me, it was like… a bit… of a shock… J. wasn’t exactly a peer anyone wanted. (...) I knew he had to stay with someone but I think it didn’t even cross my mind that it might be with me. I know...I mean, now I know, that it’s awful to say this, but... look, I thought I was in the clear, that it wouldn’t be me. (...)

It was an incredible sensation to see J.’s pass for the first time. I think I was even happier than with my mark... because... well, I already knew... I mean I already expected to have a good mark, but him... at the start I had such little faith that he’d make it... and he tried so hard... I think it was really good for everyone! Even the teacher must have thought "Great! He made it!"" (M., peer of J. in the 7th grade)

This excerpt focuses an important aspect: the inclusion of pupils with learning disabilities in a class is neither easy nor immediate and it requires a specific, efficient and coherent work on behalf of the teachers. If we had left it up to the pupils to choose which peers or groups they would work with, as J. clearly had difficulty in being accepted and in learning, probably no one would have picked him. In the interview it is quite clear that the idea of working with J. did not please his peer, who even says she "thought she was in the clear. She thought that it wouldn’t be her having to work with J. However, it is also clear, through things said and participated observations, that this initial rejection changes and it is replaced by sincere acceptance. Therefore, this form of work also contributes to make one of the aims that are currently defended, the inclusive schooling and “Mathematics for All”, come true.

It is important to stress that in the questionnaires of this class, all the pupils stated that working in dyads had helped them understand contents better, enhance their mathematical performance and have a more positive attitude towards Mathematics (César, 2000a, 2000b). 

Final remarks
The case we presented illustrates the fundamental role that social interactions play in the production and appropriation of knowledge as well as in skills mobilization. As pupils are alredy sitting two by two at each table in school classes, implementing peer interactions in a more effective way seems to be one of the possible answers to the underachievement problems that we are facing today. These practices also allow to acomplish the suggestions in the policy documents, i.e., to promote more positive attitudes towards Mathematics, pupils' socialization and development. We may also stress that once they are used to work in peers it is quite simple to pass to group work, as we may notice from the case that we analyzed. An easy going atmosphere exists among all the participants and they find themselves engaged in solving tasks they could never think they would solve if they were working alone all the time.

Probably the most striking finding of this domain is that we are no longer capable of talking about knowledge appropriation without giving it a social and situated dimension. No one learns in a social vacuum, all human beings are faced with knowledge that is exterior and pre-existing to them and so they need to attribute a meaning to that knowledge in order to appropriate it. So, social interactions among pupils, the teachers and significant others play an essential role in their development, performances and school achievement which also means that, as educators, our role is much more difficult but also much more challenging than what it was supposed to be some decades ago. There are still many doubts and aspects that need further studies, but there is also a promising path we can explore.
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Abstract

Knowledge appropriation is a complex task deeply related to social interactions. Since seven years ago we are undertaking a project implemented in Maths classes (5th to 12th grade). Its main goal is to study the influence of peer interactions in pupils' performances. The analysis of a group's interaction underlines the social and cultural aspects of learning mathematics.

Resumo alargado

A apropriação de conhecimentos e a mobilização de competências são fenómenos complexos e multifacetados, que estão profundamente relacionados com as interacções sociais estabelecidas e com o contexto relacional em que estas interacções acontecem. O nosso interesse pelo estudo das dinâmicas de produção de conhecimento começou quando diversos professores, empenhados e pretendendo usar práticas de sala de aula inovadoras, nos puseram questões muito pertinentes sobre como promover trabalhos de grupo e implementar contratos didácticos inovadores, de uma forma eficiente. Apercebemo-nos, então, que necessitavamos de proceder a estudos contextualizados, que analisassem detalhadamente os mecanismos envolvidos nas interacções sociais e o processo de produção de conhecimento e de mobilização de competências. Porém, queríamos também construir um quadro de referência teórico que se mostrasse capaz de nos permitir compreender e interpretar os contributos dos processos interactivos para a apropriação de conhecimentos e mobilização de competências.

Na década de 70, a Psicologia Social Genética mostrou de forma inequívoca que as crianças que trabalhavam em díade ou em pequenos grupos progrediam mais acentuadamente quanto ao nível operatório atingido do que aquelas que trabalhavam individualmente. Inspirados pela teoria de Vygotsky (1962, 1978), muitos autores estudaram o papel mediador das interacções sociais na apreensão de conhecimentos e na aquisição de competências. As interacções entre pares foram encaradas como um factor facilitador do desenvolvimento socio-cognitivo dos alunos e dos seus desempenhos matemáticos. Porém, só a partir da década de 90 se começou a considerar as interacções sociais como um elemento do próprio processo de produção de conhecimentos, passando então a falar-se de apropriação de conhecimento e de mobilização de competências. Esta nova perspectiva salientava a importância da atribuição de significado, às tarefas e situações, por parte sujeito.

Nos últimos sete anos temos estado a implementar um projecto - Interacção e Conhecimento - em diversas turmas de Matemática, do 5º ao 12º anos de escolaridade. O principal objectivo deste projecto consiste em estudar a influência das interacções sociais, nomeadamente das interacções entre pares, nos desempenhos matemáticos dos alunos. Do ponto de vista metodológico, o projecto divide-se em dois níveis: 1) - Um nível de micro-análise, em que se estudam detalhadamente os processos interactivos e o seu papel na apropriação de conhecimento; 2) - Um nível de investigação-acção no qual se implementam as interacções entre pares e um contrato didáctico inovador em turmas de Matemática, durante pelo menos um ano lectivo completo, e onde se pretende estudar o papel que estas práticas de sala de aula têm enquanto facilitadoras da socialização, da promoção de atitudes mais positivas face à Matemática, do desenvolvimento socio-cognitivo dos alunos e do seu desempenho matemático.

A análise de um excerto de uma interacção (Nível 2 do projecto) ilustra a relevância dos processos interactivos, nomeadamente das interacções entre pares, quanto aos aspectos que nos propusemos estudar. Este exemplo revela-se particularmente interessante pelo facto de, no grupo em questão, estar integrado um aluno com necessidades educativas especiais (NEE), que no início do 7º ano de escolaridade era profundamente hostilizado pelos colegas e que, quando analisamos este excerto, percebemos que se encontra já perfeitamente integrado, aceite pelos seus pares e com um desempenho matemático muito superior ao que os seus relatórios anteriores fariam supôr. Assim, o estudo detalhado dos processos interactivos pode ser um dos meios para se passar dos ideiais às práticas e para se conseguir atingir os objectivos expressos actualmente nos documentos de política educativa, que visam uma Escola para Todos.

