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Collaborative learning and the construction of common knowledge
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1. Introduction

This contribution examines the development of common knowledge in the collaborative classroom. Despite the attention given to collaborative learning in recent educational research, few studies have examined how knowledge comes to be shared in classrooms where students learn in collaborating groups (Hatano & Inagaki, 1991). Researchers have typically focused on argumentation aspects of discourse and on ways of motivating and guiding pupils to contribute to discussions and to weigh arguments critically (Mercer, 1995; Forman, Larreamendy-Joerns, Stein & Brown, 1998; Rojas-Drummond, Hernández, Vélez & Villagrán, 1998). However, students not only have to participate in discussions and present and evaluate ideas, they also have to present their contributions in such a way that they can be shared by their fellow students. Students' talk in a collaborative classroom is not only for expressing and discussing ideas. It also has to provide ways for sharing insights and reaching joint understanding. This is an important aspect to collaborative learning on which we will concentrate in this article.

In classrooms, pupils, guided by their teacher, build an expanding base of shared understandings, which Edwards and Mercer (1987) have called 'common knowledge'. These authors view education as a communicative process and demonstrate how joint understanding in the classroom is the product of the presentation and reception of knowledge, of negotiations and discussions following misunderstandings. Their research in British junior schools shows in some detail how teachers use particular didactic tools for bringing about common knowledge.

One important tool used by teachers in Edwards & Mercer's study was to ask questions. Most of the talk in classrooms observed in their study emanated from the teacher and much of that talk was in question form. Most utterances by children fell within the category of elicited contributions. They were part of the IRF pattern of teacher-pupil interaction: an Invitation by the teacher (mostly a pseudo-question) was followed by a Response by the pupil, to which the teacher reacted with Feedback (for a discussion of the IRF pattern, see Wells, 1993, and Candela, 1999). Another tool available to the teacher was recapitulating part of the subject matter, not by repeating it in a literal way but by applying it to new situations or linking it to a more general context. Edwards and Mercer's analyses show that such recapitulations often form a significant part of the feedback statements which teachers make as the last part of the IRF pattern.

Teachers use the IRF pattern and recapitulation statements for creating common knowledge in the classroom. By asking a question, the teacher focuses the pupil's attention on certain issues or experiences and creates an opportunity for checking whether that pupil has acquired the necessary knowledge. By doing so, the teacher calls up previous understanding and constructs a shared mental context for the presentation of new information. In the feedback statement, the teacher tells the pupil if the answer was correct. At the same time the teacher, by recapitulating the answer, shows how it can be formulated or conceptualized in a more general or sophisticated manner. The recapitulation allows the teacher to expand the pupil's understanding or to introduce new knowledge. The previous evocation of already existing insights functions as a scaffold for making it easier for the student to appropriate the new information. With the discursive tools of IRF and recapitulation, the teacher creates continuity in the discourse by connecting new knowledge to previous understanding.

Since they depend on the teacher's control of classroom talk, the discursive tools of IRF and recapitulation, are not suitable for characterizing the organization of learning in a classroom in which children work collaboratively (Elbers, Derks & Streefland, 1995; Forman et al., 1998; Candela, 1999). For their collaboration, students have to apply discursive patterns which allow them to work without being dependent, in every instance, on the teacher's initiative or feedback. These patterns used by the students during their collaboration must fit the demands of establishing common knowledge. One demand for the participants in a collaborative classroom is to create a continuous discourse which gives sufficient opportunity for many pupils to be involved and to contribute to the construction of understanding. Another is to find interactive tools for the distribution and sharing of knowledge.

Our focus will be on collaborative learning in classrooms in which pupils have been encouraged to take initiatives and to work together at pursuing their intellectual interests. Recent innovations of collaborative learning have created learning communities in the classroom (Seixas, 1993; Brown & Campione, 1994; Rogoff, 1994; Scardamalia & Bereiter, 1997; Elbers & Streefland, 2000). These projects are based on the understanding that children's learning is not so much an individual, but a communal activity. Children construct meanings and insights as members of a 'community of learners' or a 'community of inquiry', through interaction with others, through discussions and negotiations, by proposing, criticizing and rejecting hypotheses. Addressing pupils as members of a community of inquiry means inviting them to actively state questions and to work at solving these by participating in discussions, making investigations and doing experiments (Seixas, 1993). 

In a community of inquiry, learning is not based on the authority of the teacher or on the guidelines of a curriculum, but occurs because children contribute to the construction of knowledge for which they themselves, to a certain extent, have been made responsible. Students learn by partici​pating in collective knowledge building activities, not by preparing themselves for indi​vi​dual tests. Educational projects based on a community of inquiry approach, as reported on by Rogoff (1994), Brown and Campione (1994) and Scardamalia and Bereiter (1997), have shown that students are able to contribute to the organization of their learning. Their co-responsibility for the events in the classroom allows them to express their interests in knowing and to discuss the purpose of their activities. The pupils make a considerable number of spontaneous contributions which are not responses to questions by the teacher, but which are initiatives by the children in an ongoing dialogue. The teacher provides support and guidance without controlling all interactions during the lessons. Under these circumstances, "new cultures of schooling" (Scardamalia & Bereiter, 1997) arise that place understanding, rather than the reproduction of knowledge, as the main focus. This approach differs from the traditional classroom in which the teacher controls the content and course of any discussion and in which the curriculum or the textbook, rather than students' everyday experiences, forms the starting point for learning.

How is common knowledge constructed in a community of inquiry? What discursive tools do the participants in a collaborative classroom have at their disposal for creating shared contexts and for connecting new to given insights? How is joint understanding created in a classroom in which students have been made responsible for their own learning and in which the discourse, or important parts of it, is not dominated by the teacher? Let us assume that a good idea has been put forward by one of the pupils in a group of four pupils working together. How do the other three pupils come to share this insight? Next, suppose that all members of this group have appropriated the idea and that they have presented it to their fellow students in a whole class discussion, what about the diffusion of this knowledge to these other students? How do we know that the result really becomes common knowledge, that it is shared by other pupils? In short, how do ideas 'migrate' in the classroom and what discursive tools do the participants use for making this migration possible?

In order to answer these questions we will look at discussions in a classroom in which students and teachers worked as members of a community of inquiry. Since our study involved both small group discussions and class discussions, it is particularly suited for examining the migration of ideas throughout the classroom and the negotiations which take place in the process of mutual appropriation.

2. The setting of the study

The setting of our study was an 8th grade classroom at a Dutch primary school (children between 11 and 13 years of age). This particular class was taught a series of innovative mathematics lessons prepared jointly by the teacher and the Freudenthal Institute for Mathematics Education at Utrecht University. The educational aim was to involve children in the construction of mathematical knowledge by inviting them to work as members of a community of inquiry. The experimental lessons spanned a period of four months; there was a lesson of about one and a half hours once a week. At the beginning of each lesson, the teachers repeated what it meant to be members of a community of inquiry: we are researchers, let us do research. During the lessons the children were addressed as researchers. The teachers (there were two teachers, the regular teacher and the second author) referred to them​selves not as teachers, but as senior re​searchers.

A typical lesson started with the teachers introducing a broad topic or a general problem (often with reference to some example from everyday life, a newspaper clipping, a photo, etc.) that was to be the subject for the classroom activities of that particular day. Next, the students were invited to work on this topic by formulating research questions and by developing answers to these questions. Work in small groups of 4 or 5 children alternated with class discussions in which the results of the groups were made available for discussion in the whole class. There was no individual work. The children were encouraged to listen to one another, to take others' ideas seriously and to use argu​ments for con​vincing others. As the children in this classroom had already completed most of the regular mathematics program for their grade, the teachers had considerable opportunity during the experimental lessons to follow the children's suggestions and solutions to problems.

The motivation to set up the experimental series of lessons originated from a view on mathematics learning: Realistic Mathematics Education (Freudenthal, 1991; Goffree, 1993; Streefland, 1993). The activities of teachers and learners did not aim at learning mathematical subject matter in the first place, but rather at learning to 'mathematize', that is, turning everyday issues into mathematical problems and using the mathematics evolving from these activities to solve realistic problems. Mathematics, taught and learnt in this way, loses its character as merely school knowledge, because it helps students to link everyday knowledge and mathematics, or rather, to enrich common sense with mathematical understanding. The classroom activities stimulated the students to make their own mathematical constructions and productions and, in this process, use both their informal understanding of everyday-life situations and the mathematical means already available to them.

The observations presented in this article are part of a larger project of observations in these mathema​tics lessons which we undertook because we wanted to understand how children learn in a community of inquiry and how new forms of coopera​tion among pupils and between pupils and teachers were crea​ted (Elbers, Derks & Streefland, 1995; Streefland & Elbers, 1996; Elbers & Streefland, 2000). In this project we observed several lessons; we made video and audio recordings of both the class discussi​ons and the discussions in small groups. These recordings were transcribed. The conversation sequences discussed in this article have been chosen from these transcripts and have been translated by us into English. In order to improve their readability, we present them in a non-technical way, mostly leaving aside information on pauses, overlapping speech and pronunciation errors (following Mercer's, 1995, example). The teachers are indicated by the abbreviations T1 for the class's regular teacher and T2 for Leen Streefland of the Freudenthal Institute.

3. Observations

For the purposes of this article: to study the migration of ideas and the establishment of joint understanding, we will discuss long sequences from one lesson. The broad task given to the children in this lesson was about scale. The school had recently been accommodated in a new building and the regular class teacher had taken the opportunity to start a learning project including drawing a map of their home town with the new school on it and the construction of a scale model of the school. The mathematics lessons supported these activities by discussing the concept of scale. During the lesson from which the sequences have been taken, the children were asked to address the problem of estimating the height of buildings. They had recently worked on the problem of measuring distances in order to be able to draw a map of the school and its surroundings. Now, at the start of the lesson, the teachers introduced a new problem.

Sequence 1 (class discussion)

T2: 

How can we find out the height of the church or a school?

T1:

Without asking somebody, by doing research.

pupils:

Making estimates.

T2:

Also which instruments could we use? There are at least as many ways as we had for finding out the distance from home to school.

(...)

T2:

So, try to imagine that you have the task of finding out the height of this school or of St. John's church.

T1:

Or the water tower.

Immediately after Sequence 1, the teachers encouraged the students to work on this problem and hinted that one way of estimating the height of a building is by making use of shadows. However, they also emphasized the variety of possible solutions. The children were told that they could make drawings to support their solutions. They then started working in small groups.

Sequence 2 presents the discussion in one of these groups (group 5).

Sequence 2 (discussion in group 5, consisting of five children: Bart, Peter, Remco, Richard and Roberto)

(1) Richard:
What are we supposed to do?

(2) Roberto:
Make estimates ... the water tower.

(3) Bart:
You need to look at the sun.

(4) Roberto:
The shadow.

(5) Bart:
The shadow is sometimes that long or that short.

(6) Remco:
When the sun is exactly above the tower, the shadow equals the tower.

(7) Richard:
Of course it isn't. Remco, when it is above there is no shadow at all. It should be here, with light diagonally from above.

(8) Roberto:
(making a drawing) Here is the tower and there is the shadow.

(9) Remco:
If you change it (=the shadow)...

(10) Roberto:
make it a bit longer or shorter, the sun changes position. 

(11) Roberto:
When it is precisely above, then there is no shadow.

(12) Remco:
A very short shadow.

(13) Roberto:
Very small. But when the sun is here (indicates on the drawing) then the shadow is twice as long as the tower. 

(14) Roberto:
So, the sun should be diagonally opposite the tower.

(15) Remco:
It depends on where the sun is.

After the students have formulated their task (1-4), Bart explains that the shadow of a tower changes all the time (5). Then they start working out a model of these changes. Remco's idea that the shadow equals the tower when the sunlight comes exactly from above (6) is refuted (7) and this leads to a discussion about the relationship between the position of the sun and the changing shadow (9-13). The pupils make a drawing as support for their discussion. In the end, coming to a conclusion (14-15), it seems that Roberto and Remco do not completely agree as to what they are working out. Roberto's statement refers to a situation in which the shadow equals the tower (14), whereas Remco's conclusion refers to the general model of the changing shadow (15).

We see in Sequence 2 that children help each other to set the problem and to come to a solution. Part of this work is to criticize statements and to suggest alternative solutions. The interesting discussion in Sequence 2 has a repetitive or 'cyclical' nature. At first, the idea that the shadow equals the tower when the sun is above the tower is merely contradicted (6-7). Later, when the relationship between the position of the sun and the changing shadow has been worked out in a model, the situation in which the shadow is very short is explained with the help of the model (11-13).

After the group discussion in Sequence 2, there was a whole class conversation in which the groups were asked to present the conclusions of their work for general discussion. The following Sequence is taken from this discussion in the whole class.

Sequence 3 (class discussion)

Teacher = T1.

(1) Teacher:
(after a discussion in which the known height of smaller buildings was used to estimate the unknown height of the tower) What other ways do we have than with the help of a building? 

(2) Teacher:
(responding to children volunteering answers) First Micha, after him Remco and then Bart.

(3) Micha:

Use the shadow.

(4) Teacher:
How can you use the shadow?

(5) Micha:

Measure the shadow and then make a calculation of the height of the tower.

(6) Patrick:
About two times.

(7) Demi:

No, sir, may I?

(8) Teacher:
(responding to Micha) A very good idea. Here is the tower, here is the shadow, because there is the sun. I measure the shadow, twenty meters, so, conclusion, the tower is twenty meters?

(9) Micha:

No.

(10) Patrick:
No, take it twice.

(11) Teacher:
(addressing Micha). Then something is missing in your argument.

(12) Micha:

It is longer.

(13) Teacher:
What do you mean, the tower or the shadow?

(14) Micha:

The tower.

(15) Monique:
The shadow.

(16) Peter:

How do you know?

(17) Saskia:
Of course, not. It depends on the position of the sun.

(18) Teacher:
Peter asks: how do you know? Saskia says: it depends on where the sun is. Could you explain, Saskia?

(19) Saskia:
When the sun is above, then I think that the shadow is shorter.

(20) Teacher:
So, when the sun is high, then the shadow is shorter. And when the sun is setting?

(21) Saskia:
Then the shadow is longer.

(22) Teacher:
Does everybody agree with Saskia?

(23) Several pupils:Yes.

(24) Teacher: 
So, it is wrong to measure the shadow and say: that is the height of the tower. Something has to be done with the shadow.

This class discussion starts with the refutation of the statement that the length of the shadow equals the height of the tower or that there is an invariable relationship between shadow and tower (5-15). Saskia then brings in the argument that the shadow gets shorter when the sun rises, whereas it becomes longer when the sun sets. It is interesting that, at the beginning of the discussion, Remco and Bart, two members of group 5 (see Sequence 2), volunteer but do not get a chance to participate or contribute. No doubt they would have communicated the conclusions of their group to the whole class.

The class discussion leads to an understanding of the relationship between the shadow and the position of the sun, but this understanding is less sophisticated than the model worked out in group 5 (in Sequence 2). In particular, what is lacking is how the relationship between the height of the tower and the length of the shadow can be formulated with some precision. Group 5 (in Sequence 2) had worked out three positions, the first in which the shadow is twice the tower's height, the second in which the shadow equals the tower and the third when the shadow is very short or non-existent because the sun is above the tower. Nonetheless, the class discussion of Sequence 3 leads to common knowledge, which can now be used for a further exploration of the problem. In Sequence 4, which immediately followed the discussion transcribed in Sequence 3, the results of the discussion in group 5 do play an important role in the discussion. Bart, member of group 5, tries to present the conclusion of this group to the whole class, but initially fails to put forward his argument in a convincing way.

Sequence 4 (class discussion)

Teacher = T1.

(1) Bart:

If you think of a clock (points to the clock on the wall in front of the classroom), then nine is west and three is east. If the sun is in the north-east and the north-west, then it is about all right. 

(2) Teacher:
You think that when the sun is at a certain height, then you can use the shadow for calculating the height of the tower.

(3) Bart:

Yes, it should be diagonally above the tower.

(4) Teacher:
You mean, then the shadow equals the height of the tower.

Nobody except the teacher responds to Bart's idea. Then Peter, also from group 5, makes a suggestion.

(5) Peter:

Nail a strip of wood to the tower at a height of two meters. The sun is behind the tower, the strip is on the side of the tower, so you see the shadow of the strip. 

(6) Teacher:
Wait a second. I'll make a drawing on the blackboard (he makes a drawing). Here is the shadow of the tower and here is the shadow of the strip.

(7) Peter:

Now you can calculate the scale of the shadow.

(8) Teacher:
(pointing to the blackboard) Suppose the sun is very low and the distance of the base of the tower to the shadow of the strip is six meters.

(9) Peter:

Then you know what scale has been used and you can calculate the height of the tower.

(10) Richard:
On that particular time of the day. The tower is three times smaller than the shadow.

(11) Teacher:
If I measure the length of the whole shadow and divide it by three, I find the height of the tower.

(12) Micha:

You are not allowed to nail anything to the tower.

(13) Teacher:
(addressing Micha) Is the calculation right?

(14) Micha:

Yes, it is right. But it is a historic building.

(15) Teacher:
Saskia.

(16) Saskia:
You can measure your own shadow. It may be half your own height. Then you measure the length of the shadow of the tower and you divide it by two. Then you know the height of the tower, I think.

(17) Teacher:
(addressing the whole class) Saskia says, I can measure my own shadow, or have it measured. I know how tall I am, my height makes a shadow this long. Suppose that my shadow is two times my height, the same applies to the tower. So, then I can calculate the height of the tower.

(18) Bart:

Coming back to the strip of wood. You nail the strip to the tower at a height of two meters. Then, just wait till the shadow of the strip is also two meters in the shadow of the tower. At that moment you can measure the height of the tower.

(19) Saskia:
Then you have to wait a long time. 

(20) Teacher:
Then you have the exact height of the tower. Peter says: I have to make a calculation. The shadow gives six meters, while in reality it is two. So Richard says the real tower has to be three times smaller as well. Only there is more calculation to do than in Bart's solution.

(21) Micha:

But the tower of Pisa is leaning, so the shadow is much shorter. You never know if a tower is leaning a bit.

(22) Teacher:
We have to assume that the tower stands straight up from the ground. 

(23) Pupils:
But it isn't the tower of Pisa.

(24) Teacher:
That's true, but Micha wants to indicate that our assumptions have to be very precise, because if the tower is leaning, the shadow is different.

At least three cycles of argumentation can be observed in this class discussion. A first presentation of an argument is later repeated or rather reconstructed twice.

To begin with, Bart introduces the idea that at a certain time of the day the shadow equals the tower (1-4). However, he does not succeed in transmitting this idea to the whole classroom.

Then (first argumentation cycle, statements 5-9), Peter very creatively suggests that we can attach a strip of wood to the tower at a certain distance from the base of the tower and measure the projection of this distance in the shadow. Therefore, we can calculate the "scale of the shadow". 

This discussion is then repeated by Saskia, who introduces the idea that it is not necessary to use a strip of wood: your own shadow can be used to calculate the scale of the shadow (16, second argumentation cycle).

Then (18, third argumentation cycle), Bart reintroduces his idea. Now he is able to use the common knowledge which the class has attained since his first contribution (in lines 1-4), by pointing to a specific case: if the shadow of the strip exactly equals the real distance then we know that the height of the tower is the same as the length of the shadow.

The three cycles follow a statement by Bart that the classroom did not understand (1-4). Bart argued in (1) and (3) that the shadow equals the tower when the sun is in a certain position. At first, Bart could not put this statement across in a convincing way and the teacher did not ask everybody's attention for Bart's idea. Later Bart's idea was accepted (18ff.), because he could reformulate his idea by making use of the statements made by Peter and Saskia about finding out the scale of the shadow. 

To summarize: in this class discussion there are three cycles:

1. Attach a strip of wood to the tower for calculating the scale of the shadow.

2. Use your own shadow for calculating the scale of the shadow. This is a generalization of 1.

3. The strip of wood can be used to find out when the shadow equals the tower. This is a special case of 1.

Not only does this discussion lead to surprisingly clever results, it also shows how the students and their regular teacher structure the discussion by repeating the argument, applying it to a new situation (with the implication that we can use the shadow of any object of known proportions) and making it more general. In the end, the students realize that they can single out one specific case: when the length of the shadow equals the tower's height.

4. Discussion

The question underlying the case study presented in this article was: how do students who work as members of a community of inquiry regulate their collaboration and what discursive patterns do they develop for sharing and mutually appropriating knowledge? If ideas are proposed, what discursive tools do the participants use for circulating these ideas, for improving them and eventually sharing them in a collaborative effort? 

An analysis of the discussions in the small groups as well as in the whole classroom revealed patterns of repetition and reconstruction that foster the circulation, improvement and acceptance of knowledge in the classroom. The discussion went in cycles in which ideas were worked out, applied to new situations and made more general. These argumentation cycles were used as a tool that allowed students to propose ideas, repeat them, explore and evaluate them, and in such a form that many pupils could contribute. They typically showed  partial repetition and also elaboration of the argument. Ideas proposed by some pupils were taken over and expanded by others. In this way, the cycles contributed both to the diffusion of ideas in the classroom and to the expansion of knowledge. They allowed children to participate in the discussions and, in doing so, to appropriate what other students had already discovered.

We have presented these observations as a case study of one lesson. We do not claim that this discursive pattern is characteristic of every instance of collaborative learning, nor are we concerned here with the systematic testing of the idea of cycles of argumentation. This is work that lies ahead. Rather, we set out to argue that in order to be successful collaborators, students had no option but to develop new patterns of talk. As soon as the teacher announced: 'we are researchers' and encouraged the students to generate questions and to collaborate on answering them, the more traditional forms of interaction, which rely heavily on the teacher, became insufficient. Creating these cycles, students evoked a common context for their collaboration and succeeded in creating continuity in discourse. The argumentation cycles served the aim of bringing about common knowledge in the classroom.

We showed that students' arguments in the transcripts consisted of two or more cycles, which were part of a process of progressive inquiry. The occasion for engaging in a new cycle was often the discovery that a previous argument was based on an assumption that, on closer inspection, was not tenable or could be avoided. This is well illustrated in Sequence 4 in which Micha twice attempted to destroy the conclusion of the discussion. First he attacked the possibility of attaching a strip of wood to the tower: it is forbidden to do such a thing because "it is a historic building". The teacher responded to Micha's objection by making it clear that this does not refute the principle of the solution (13). Saskia's contribution in Sequence 4 might also well be a reaction to Micha's opposition. She argued in (16) that it is not necessary to attach anything to the tower, because one can use any object of known height for calculating the scale of the shadow, including one's own shadow. So, Micha's objection led to a more general solution to the problem. At the end of the discussion he ventured a new objection to an unwarranted assumption: the tower might be leaning, just like the tower of Pisa, and therefore the conclusion about the relationship between shadow and tower is invalid. The teacher only reacted to this statement by saying that we have to assume that the tower stands straight up from the ground. In this case the teacher chose not to continue with a discussion about the effect of a leaning tower on the length of a shadow.

The above example shows that these children are aware that their reasoning is based on assumptions and that the validity of their arguments is dependent on the plausibility of these assumptions. Making assumptions explicit and attacking them if necessary clearly fits into their roles as members of a community of inquiry. This distinguishes this form of collaborative learning from more traditional classroom settings where students, as Reusser and Stebler (1997) demonstrated, often accept tasks with problematic assumptions, because they expect that the tasks given to them by their teacher make sense. They have not learned to adopt a critical attitude nor to engage in argumentation in order to test the soundness of assumptions.

The teachers acted in a characteristically double role. As 'teachers' they were in charge of the classroom and decided what activities students would undertake. They introduced the task for the lesson, and although they always chose tasks of a general nature that were suited to collaborative work, their choice set the agenda for the classroom activities. Moreover, they formulated the ground rules of collaborative work: they encouraged the pupils to work together, to listen to each other and to comment on others' proposed ideas. However, during the discussions in the whole classroom, the teachers took on a different role, that of 'senior researchers'. This role brought along both opportunities and difficulties for directing the lines of argument developed by the students. Their role as senior researchers in particular allowed them to use two discursive patterns.

First, for contributing to the construction of common knowledge in the classroom the teachers used the discursive tool of reconstructive recapitulations (Edwards & Mercer, 1987): they repeated part of what the children had said, not in a literal way, but by paraphrasing and recasting it in a more acceptable form, eliminating errors or less preferred terminology (for instance, line 17 in Sequence 4). However, the teacher's recaps were not used as feedback in an IRF structure, as in Edwards and Mercer's (1987) study of classroom interaction, that is, as a means for reacting to children's elicited contributions. We suggest that the teachers included these recaps in the argumentation cycles and used them for, as 'senior researchers', participating in and contributing to the discussions.

Second, the teachers used another discursive tool. They singled out statements for discussion, they drew the students' attention to particular statements and made it clear that they were worth further exploration or discussion (for instance, line 18 in Sequence 3). By highlighting particular statements, the teachers influenced the appropriation of some ideas rather than others by the class.

The use of the metaphor of a community of inquiry also placed restrictions on the teachers' means for guiding the discussions in the classroom, as we showed in a different paper (Elbers & Streefland, 2000). The teachers were reluctant to openly make corrections because of the students' status as 'junior researchers'. This status made it necessary for the teachers to accept the students' contributions as meriting a discussion, even if they were clearly wrong. This sometimes led to confusion. Other educational projects using a community of learners approach have experienced comparable problems (e.g., Brown & Campione, 1994; see our discussion in Elbers & Streefland, 2000).

These constraints on the teachers arise from their new identities as 'senior researchers'. Only from considering the teachers' and students' identities as members of a community of inquiry can we understand the classroom discourse and the participants' contributions to it (Elbers & Streefland, 2000). The teachers' introduction of the new roles ('from now on we are researchers') created a context in which the students had to develop and use new patterns for their conversation and collaboration. Nobody told these children to cast their discussion into argumentation cycles. They engaged in these cycles in order to work in accordance with their new identities as researchers. As the series of experimental lessons spanned only a period of several months and was a separate event in an otherwise traditional school, the students demonstrated considerable efforts for making the transition from their familiar learning context to the new situation. There was much identity talk in this classroom, especially during the work in groups. The children talked about the new responsibilities they had to fulfil as members of a community of inquiry. They also discussed their relationships with each other and with the teachers and tried to find terms and expressions for making their cooperation possible. To quote just one example: in the new situation, argumentation and intellectual collaboration were more important than the solution to a problem. Even the teacher had to come up with good arguments and justify statements. We observed several instances of students not listening to or even rejecting a teacher's suggestions, because they wanted to find out an answer to a question for themselves.

The charac​ter of what counts as knowledge changes under circumstances of a community of inquiry. The aim of the lessons was not the individual reproduction of knowled​ge, but the collaborative construction of knowledge by listening to others, asking others for clarification, finding convincing arguments, formulating criticism in a constructive way, etc. Collaborating in their role as 'researchers', students learn to realize that knowledge is not something fixed or ready-made, but always needs further elaboration and is dependent on the perspective taken. Moreover, they come to recognize that arguing and discussing assumptions are essential parts of knowledge and learning. In placing value on discussions and good arguments, this classroom resembles scientific research communities which, according to the studies by Latour & Woolgar (1979), are characterized not only by the creative generation of new ideas, but also by participants' efforts to convince others of the value and plausibility of their ideas.

As our observations of communal learning demonstrated, ideas are not simply created or discovered at a particular time by particular children and then adopted or accepted by other children. These ideas have to be reinvented, repeated and reconstructed by these other children. In this process, the original formulation of the ideas is often changed or amended. We have suggested that the adoption and circulation of knowledge is found in repetitions and reconstructions of these ideas, that is: in cycles of argumentation to which many children contribute. Their participation in these cycles allows students to work on changing and improving these ideas and at the same time to appropriate them as part of common knowledge in the classroom.
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Abstract

In collaborative learning, students not only have to acquire knowledge, they also have to learn to regulate the process of acquiring knowledge. In the traditional classroom, the function of regulation rests with the teacher. However, in the collaborative classroom, the responsibility for learning has in part been handed over to the students. We examine how students, who work as members of a community of learners, construct shared understanding. In particular, we want to explore what interactive and discursive tools students use in their collaboration. We present obser​vations made during a series of innovative mathe​matics lessons in an 8th grade classroom at a Dutch prima​ry school in which chil​dren (between 11 and 13 years of age) worked as 'researchers' who were encouraged to formulate questions for exploration and to collaborate at answering them. Both in small group discussions and in discussions involving the whole class, students worked on the construction of arguments and the creation of shared knowledge. The construction and diffusion of knowledge occurred in 'cycles of argumentation' to which many children contributed and in which ideas were repeated and elaborated upon. Because, in students' collaboration, learning is made dependent on proposing and critically discussing arguments, the charac​ter of knowled​ge, acqui​red under these circumstances, is diffe​rent from knowledge acquired in a more tradi​tional classroom setting.


