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Theoretical background

All those who work in a school context are aware of the importance of social interactions in knowledge appropriation and skills mobilization. During the 70s and 80s this was a domain of research but social interactions were considered to be important by policy documents (César, Perret-Clermont and Benavente, in press; van der Linden et al., in press). During the 90s most curricula included not only content goals but also those related to attitudes and values and to the development of skills.

In the 70s, the studies by Doise, Mugny and Perret-Clermont (1975, 1976) and Perret-Clermont (1979/96) lightened up the importance of peer and group interactions in cognitive development. But the relevance of social interactions in knowledge appropriation was clearer after the interpretations that followed Vygotsk's theory (1962, 1978, 1985), stressing the importance of social interactions in the development of complex functions, namely considering that knowledge is socially constructed and therefore external to the subject. So he/she needs to construct his/her meanings first at an interpersonal level and only then at an intrapersonal level.

Some of the most relevant works were the ones by Grossen (1988, 1997) and Wertsch (1991) which underlined the role of the context and intersubjectivity in subjects' performances. Social interactions are deeply related to the communicative contract and the communicative conflict that may arise if peers are not able to build a common intersubjectivity (Daniels, 1990; Pontecorvo, 1990; Teasley, 1995; Wertsch, 1991). It was after highlighting the role of communicative skills that some authors undertook an in-depth analysis of social interactions, trying to create new methodologies of discourse analysis that could clearly show how interactions contribute to subjects’ development and to knowledge appropriation (Brun and Conne, 1990; Brun and Schubauer-Leoni, 1981; César, 1998a, 1998b; Gras, 1992; Kumpulainen and Mutanen, 1999; Vion, 1992). To understand the role of peer interaction Gilly, Fraisse and Roux (1988) identified different types of collaborative dynamics.

Recognizing the role of social interactions in subjects' performances also means that there are experimental contracts and didactic contracts that exist in all experimental and didactic situations (Brousseau, 1988; Grossen, 1997; Grossen and Py, 1997; Light and Perret-Clermont, 1991; Schubauer-Leoni, 1986a, 1986b, 1989; Schubauer-Leoni and Grossen, 1993; Schubauer-Leoni and Perret-Clermont, 1997). Thus, there are implicit rules that allow the actors to have expectations about the others interacting with them in those situations. These implicit rules also help them give a meaning to the experimental or didactic demands and tasks that are presented to them. The experimenter and the teacher dialogues are no longer seen as neutral and so performances may change according to the way tasks are presented. Evaluating an operatory level or pupils' knowledge became a much more complex task.

The importance of contextualized studies became a reality and the notion of zone of proximal development (ZPD) was explored by many authors (Allal and Ducrey, 2000; César, 2000a, 2000b; Moll, 1990; van der Veer and Valsiner, 1991). The most relevant finding was to recognize that children were able to implement their socio-cognitive development and school achievement in Maths not only when they were interacting with a more competent peer, but even when they were interacting with a less competent peer (Carvalho and César, 1999, 2000a, 2000b, in press a, in press b; César 2000a, 2000b). 

Method

Sample

We  will  present  one  case  chosen from a larger sample of peer interactions (N = 139 dyads). The case we chose was representative of many of those dyads. All the subjects were attending the 7th grade in two state schools in the surroundings of Lisbon. Their ages varied from 11 to 15 years old. 

Instruments

The second “non-usual” task we used was adapted from Abrantes et al. (1988/90). Looking to the table data about salaries pupils should be able to discuss how to calculate the mean, the median and to choose by which statistical parameter this distribution was better represented. There was no time limit to solve the task, but they usually solved it in about 50 minutes.

Task

1- In a factory, five of the workers were randomly chosen to do a study about their salaries which were: 

Worker
      A
       B
         C
      D
        E

Salary/Month
   54.000
   42.000
    60.000
   48.000
   180.000

1.1 - Do you think that the five workers agree if we say that the great majority of them have a salary equal to the mean? Why?

1.2 - If you are the worker D how do you feel? Why?

1.3 - If instead of the mean we choose the median what do you think the worker’s opinion would be? Why?

1.4 - Do you choose the mean or the median to represent the salaries of the workers? Why?

2-   The mean of four numbers is 25, three of those numbers are 15, 25, 50... What is the missing number?

Procedure

Due to technical difficulties we decided to audio tape these peer interactions in a small room at school. Children came in peers at an extra-curricular time previously scheduled. We asked peers to discuss their solving strategies, and to write them down only when both of them agreed that they had found a solution for that problem. Each peer only had a sheet of paper for its answers. We also asked them to write everything they thought and not only the solution itself. We asked them to avoid erasing and to cut the things they wanted to change.

RESULTS

CASE 1

Dyad characteristics

J. was 15 years old and H. was 12. In the previous year they had 3 in Maths (academic marks vary between 1 - the worst and 5 - the best; 3 is the lowest positive mark). H. had a better performance in the pre-test (high level) and in the cognitive development test (intermediate). J. reached the medium level in the pre-test and in the concrete operatory stage. After working collaboratively, J. revealed progress in the post-test (high level) and H., who already had the top mark in the pre-test (high level), maintained it. In the cognitive development test J. moved onto the next operatory stage (intermediate). H. maintained the operatory level (intermediate).

Peer interaction

[They read the question individually]

1 J-We’ve got to find the mean. That’s right, isn’t it?

2 H- Yes, because they don’t tell us the mean.

3 J- Do you know how to do that?

4 H- I think it’s 54 thousand plus 42 thousand plus 60 plus 48 thousand plus 180 thousand equals...do it there [She gives J. the calculator]

5 J- Put the number down [He shows H. the screen]

6 H- [She writes (54+42+60+48+180) : 5] divided by five. Do it.

7 J- It’s not like that, we’ve got to know the values of all this crap [He points to the values on the table]

8 H- Hum?! [She looks at the sheet] No we don’t, can’t you see it’s always one and the same? There are no frequencies.

9 J- No? It can’t be.

10 H- See if there are equal numbers here? [She points at the table]

11 J- No.

12 H- Then it’s like I’m saying. It’s this number [384.000$00] divided by the total of these [She points at the values on the table]. Come on. What matters is this number [She points at the five on the denominator]

13 J- They are 76 and 800. What now?

14 H- I think it’s not because they’re receiving less.

15 J- Ok then, write.

16 H- [She writes] If you were worker D how would you feel?

17 J- I don’t know. Well I wouldn’t be, because I’d be receiving less than the mean of the other workers.

18 H- I also think that. He felt bad because... tell me again how you put it...

19 J- Bad because he was receiving less than do que the mean of the other workers [Saying this slowly for H. to write)

20 H- Now this one [Pointing to the next question]

21 J- The median is that middle thing, right?

22 H-It’s 60 [She writes]. What do you think?

23 J- Yes, because they earn more.

24 H- Would you choose the mean or the median?

25 J- The mean.

26 H- Why?

27J- Can’t you see it represents the greater collective income? With the mean they earn more. It’s better for them.

28 H- So how do I put it?

29 J- The mean because it represents the greater collective income [Saying this slowly for H. to write].

30 H- OK, done.

31 J- Now let’s go to 2. Let’s see.

[They read the question individually]

32 H- Do you know how to do this?

33 J- I’m thinking.

34 H- If we add all this up [Pointing to 15, 25 and 50] we get this number [Showing the screen on the calculator] 

35 J- Let me see. I think I know. Wait a moment!

36 H- Do you want this? [Showing J. the calculator]

37 J- No, let me think.

38 H- [She tries values on the calculator]

39 J- I already know.

40 H- You do?!

41 J- Yes. The number has to have four parts. These three numbers added are 90. 90 divided by 4 isn’t 25. The number that divided by 4 is 25 is 100. 90 plus something to reach 100 can only be 10.

42 H- Yes, it’s simple.

43 J- You can write now.

44 H- The number missing is 10.

Analysis of this interaction

J. starts off the interactive sequence by elaborating the first suggestion for solving the task. He knows the mean is necessary but does not know how to find it. H. remembers but instead of saying the algorithm straight away she gives J. time to see if he can answer. This has to do with the instructions they were given which intend to encourage collaborative work.

Calculating the average causes the first socio-cognitive conflict: upon remembering the need for absolute frequencies for calculating the mean. J. reveals something that Watson and Moritz (1999) call familiarity with the procedure of calculating the average. That is, pupils are confronted with tasks where the main aim is to calculate the algorithm, which is more important than understanding the concept in the context of the task, and in these cases it is common for the value of the variable to repeat itself.

In this task, the value that the variable may take on is not repeated, which generates a conflict between J. and H., although the conflict began as an intra-individual one (J.’s). “It’s not like that, we’ve got to know the absolute frequencies of all this crap” and it becomes inter-individual when H. says “Hum?!” J.’s doubt shows how this type of task is unusual for the pupils and how it leads to the elaboration of new arguments and to the need to justify them, building an intersubjectivity (Wertsch, 1991).

J.’s persistence made H. reelaborate her explanation for J. to understand her. H. could have ignored her colleague’s doubt or not made an effort to clarify him. But adding details to her initial explanation enhanced her reasoning ability and through it J. continued to be interested in the task and did not adopt a passive attitude or one of abandonment. In other words, both stood to gain from the interaction that took place. These gains were from a cognitive point of view and for social and affective skills. They learn to respect others’ rhythms, giving the other time to think or to write the solution found by them and which one of the elements was dictating (César, 2000a; 2000b; César and Torres, 1998a, 1998b). In this case they were engaged in a practice of inclusive school in which diversity was not only respected but also appreciated (César and Oliveira, in press).

In the piece of the interaction that starts at Speech 13 by J. when he asks “What now?” and ends at Speech 30 by H., “OK, done”, a co-elaboration begins (Gilly, Fraisse and Roux, 1988) between each of the two elements of the dyad, with neither opposition nor disagreement, build a solution parallel to each other.

However, we find a change in relation to the previous piece of interaction where H. led the interaction. Now it is J. who suggests the answers and H. who accepts J.’s suggestions.

As Gilly, Fraisse and Roux (1988) refer, it is hard to know whether H. works like this because she has no suggestions to make or whether despite having an answer she leaves it up to J. and agrees. However, the same authors call our attention to the fact that H.’s role is not passive. J. needs H. to confirm and accept his ideas “The median is that middle thing, right?” and H. must follow her colleagues reasoning in order to complete it whenever necessary, “It’s 60”. Yet neither of the two is aware that the answer is wrong, for they did not order the values before calculating the median.

From Speech 31 until the end of the interaction we see a certain leadership by J. which is on the increase. In this part we notice something interesting: upon H.’s subtle insistence for them to solve the question together, when she says “Do you know how to do this?” or when she starts to sketch a strategy of arithmetical solution “If we add all this up ... we get this number” or when she shows him the result on the calculator, J. is so concentrated on finding his own solution that he ignores H. “Let me see... I think I know ... wait a sec”. 

This request of time, which H. respects, is essential for J. to be successful in his resolution. It is important to note that this aspect is rare in our classrooms, where the usual didactic contracts dictate a fast rhythm, where a quick answer throws us into a mistake. When H. asks J. if he needs the calculator, we are led to think that for her calculations were more difficult so they had to be checked on the calculator. H. is surprised when J., instead of accepting her suggestion, asks her for more time again. J. likes sums, he told us. And his behavior seems to confirm that totally.

While J. mentally looks for a solution based on a hypothetical-deductive reasoning, H. rehearses a trial and error strategy, looking for the solution with the help of an artifact, the calculator. J.’s request for more time silenced this interaction for a few moments. When a confidant J. states he already knows, H. shows her doubts. Then J. shows her is solving strategy in a precise way, that starts by being arithmetical "If we add all this up (pointing to 15, 25 and 50) we get this number" and goes on to an algebraic solution "(…) The number that divided by 4 is 25 is 100. 90 plus something to reach 100 can only be 10". Faced with the elegance of J.’s answer, H. replies “Yes, it’s simple”, quickly sticking to the solution suggested by her peer. But J. had time to think and can use the solving strategy that was more spontaneous for him (Carraher, Carraher and Schliemann, 1989), which facilitated his performance. 

Throughout this interaction we found it is J. who dictates and H. who writes. César (1994) finds it that girls perform what she called domestic tasks more often. When pupils of different genders work in dyads the girls are usually the ones who perform tasks such as writing (they have a nicer handwriting), putting the solution neatly on the sheet and keeping it clean. This is quite interesting due to the interactions that are established in our society and to the fact that this role distribution is done implicitly, that is, none of the subjects actually verbalize who does what.

Final remarks
The example we chose shows how an interaction dynamics breaks out between two subjects and highlights how socio-cognitive aspects are important contributions to knowledge appropriation and to the mobilization of mathematical skills. It also shows how the nature of the tasks and the context in which subjects perform them influence the type of interaction that is established and the performance they have.

Probably, as J. is a pupil with a past of underachievement in Maths, but likes sums, he found something in this task and in this form of working that motivated him. At the same time gave him the chance to lead a mathematical task solution, which for him was a rare opportunity. Therefore, the implementation of collaborative work allowed him to reach a higher mathematical performance than usual, which he maintained afterwards, when he went back to working individually, in the post-test.

The fact that they co-elaborate solutions creates an interactive dynamic that facilitates pupils’ socio-cognitive progress, since it forces them to center and decenter, building an intersubjectivity and conferring meaning to the proposed tasks. It also stimulates them to raise hypotheses, justify reasonings and points of view, learning to respect new working rhythms and trying to understand different solving strategies. For this very reason, they develop and discover abilities they did not know they had, promoting the appropriation of mathematical knowledge and gaining a growing ability to mobilize skills.

(1) The project Interaction and Knowledge was funded by IIE - Instituto de Inovação Educacional in 1997 and 1998, and by CIEFCUL - Centro de Investigação em Educação da Faculdade de Ciências da Universidade de Lisboa, since 1996. We deeply thank all teachers and pupils who made this work possible.
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Abstract

During the last decades mathematical knowledge apprehension and the role of the dynamics of interaction involved when pupils share their views and solving strategies were deeply studied (César, 2000c; Nunes and Bryant, 1997; Perret-Clermont and Nicolet, 1988). The relational context was said to be essential as subjectivity played an important role in pupils' performances, namely in academic ones (Grossen, 1997; Grossen and Py, 1997; Schubauer-Leoni and Perret-Clermont, 1997; Wertsch, 1991). Elements like the situation, the task, the working instructions, the relational context (expectations of each partner or their academic status) influenced pupils' performances (César, 2000a, 2000b). 

This research is part of the project Interaction and Knowledge whose main goal is to study the process of knowledge apprehension and skills acquisition in school context. We asked 139 seventh grader dyads from secondary schools in Lisbon who solved an unusual task related to the unit of Statistics. We wanted to analyse the different ways of students’ understanding of the task and their solving strategies, trying to identify the role of peer interactions in their performances. A first level of analysis shows a great variety of solving strategies. But the most interesting finding was the role of interaction itself in pupils' performances. The analysis of this dialogue stresses the need of a deeper understanding of the dynamics of knowledge production and the role that peer interactions may have as a way of intervention and transformation of teachers' practices.

Resumo alargado

Durante as  duas últimas décadas o estudo das interacções entre pares sofreu um grande incremento, como se pode ver pelos numerosos eventos internacionais e referências bibliográficas dedicados a este tema. Este facto está interligado com as características da sociedade actual, nomeadamente a necessidade de se trabalhar em equipa, de promover a capacidade de tomada de decisão, de análise crítica da informação disponível e de actualizar permanentemente os conhecimentos.

Paralelamente, diversos autores dedicaram-se à investigação do processo de apropriação de conhecimento matemático e dos processos interactivos entre alunos que partilham pontos de vista e estratégias de resolução face a uma determinada tarefa (Nunes e Bryant, 1997; Perret-Clermont e Nicolet, 1988). Compreendeu-se que o contexto relacional tinha um papel fundamental nos desempenhos dos alunos, uma vez que a subjectividade influía na capacidade de mobilização das competências académicas. Assim, quem questiona, em que situação o faz, com que estatuto, a natureza das tarefas propostas, as instruções de trabalho fornecidas não são elementos neutros nos resultados que se obtêm quer nas salas de aula, quer na investigação não contextualizada (Grossen, 1988; Grossen, 1997; Grossen e Py, 1997; Schubauer-Leoni e Perret-Clermont, 1997). Por outro lado, o contrato didáctico ou o contrato experimental legitimam as expectativas dos diversos actores em relação aos desempenhos uns dos outros, sendo igualmente um elemento que é necessário estudar e, nos casos de processos de inovação curricular, modificar de forma consistente com os objectivos a atingir (César, 2000a, 2000b; César et al., 2000).

Esta investigação faz parte do projecto Interacção e Conhecimento cujo principal objectivo consiste em estudar o papel desempenhado pelas interacções entre pares no processo de apropriação do conhecimento e mobilização de competências, em contexto escolar. Neste artigo vamos apresentar os resultados referentes a alunos do 7º ano de escolaridade do ensino regular diurno, de duas escolas da grande Lisboa, num total de 139 díades, quando resolviam uma das tarefas não-habituais. A unidade curricular em estudo era a Estatística. Pretendíamos compreender e interpretar os diferentes modos como os alunos atribuíam significado àquela tarefa e as estratégias de resolução a que recorriam, identificando o papel que as interacções entre pares tinham nos seus desempenhos.

Um primeiro nível de análise mostra uma grande variedade de estratégias de resolução e diferenças acentuadas no nível de desempenho atingido pelos alunos. Porém, o dado que nos parece mais relevante, e que vamos ilustrar através da análise de um excerto de uma interacção referente a um dos casos, é que as interacções entre pares são muito mais poderosas enquanto elemento facilitador da apropriação de conhecimento do que aquilo que Vygotsky (1962, 1978) fora capaz de prever. De facto, não é apenas o par menos competente que sai beneficiado pelo facto de trabalhar interactivamente. Ao ter de gerir um processo socio-cognitivo complexo, qualquer um dos elementos da díade pode progredir, pois tem de saber recolver os conflitos socio-cognitivos que podem surgir ao longo da resolução da tarefa, de compreender as estratégias e argumentos do par e de saber chegar, por vezes, a consensos. Assim, fica sublinhada a necessidade de uma análise detalhada das interacções estabelecidas de modo a compreender melhor as dinâmicas da produção de conhecimento e o papel que estas mesmas interacções sociais podem desempenhar em práticas inovadoras, de intervenção e transformação da comunidade educativa.

