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Linguagem – As práticas discursivas como locus de investigação

Language – Discourse practices as locus of investigation

Design for learning conversations in primary science

Rupert Wegerif & Neil Mercer , The Open University, UK

Introduction

In this paper we report on part of a project to explore the potential of computers to support educationally valuable discussions integrated into learning in the Primary curriculum. Taking a socio-cultural perspective our aim is to assess the value a total approach to the design and use of software which has three aspects: responding to specific curriculum needs, pedagogy to encourage educationally valuable talk and a framework for the design of software to support educationally valuable discussion in a way directed towards curriculum goals (see Wegerif, Mercer and Dawes, 1998 for a further report on this project). This paper looks specifically at how software was designed to be used, in combination with a short programme of lessons coaching effective communication, to stimulate and to direct collaborative learning through peer talk about friction.  

Responding to curriculum needs

The design process began with consultation with Primary class teachers. Responding to the needs of users in their specific contexts is one of the most important of our design principles. 

The Primary teachers involved in our project all expressed a need for more software that integrated closely with the demands of the English National Curriculum for Science. Working with the teachers we identified the following aims from the curriculum which they wanted us to help them with by designing appropriate software:

To teach children:

that making predictions can be useful when planning what to do;

that changing one factor and observing or measuring the effect, whilst keeping other factors the same, allows a fair test or comparison to be made;

to use results to draw conclusions;

to indicate whether the evidence collected supports any prediction made;

to try to explain conclusions in terms of scientific knowledge and understanding

(from 'experimental and investigative Science')

about friction, including air resistance, as a force which slows moving objects;

 that forces acting on an object can balance, e.g. in a tug of war, on a floating object, and that when this happens an object at rest stays still.

(from the 'forces and motion' section of 'Physical Processes'

As well as supporting teachers in the tasks given to them under the current curriculum we were also interesting in designing teaching to respond to the real nature and demands of science. 

Science educators have responded to developments in the theory of science by arguing that the curriculum can no longer be grounded on a specific 'scientific method' (Hodson, 1988; Driver, 1993). The view is gaining ground that science is essentially a communicative process in which shared knowledge is constructed through persuasion and argument. On this view no single method can guarantee the truth of claims nor can any 'data' be considered indefeasible but science progresses through socially situated reasoning where observation, experiment and theoretical findings are used as evidence to support claims and counter-claims in long running debates. Cavalli-Sforza and colleagues (Cavalli-Sforza, Weiner, and Lesgold, 1995) argue, in the context of developing software support for science education, that the central scientific skills are those required for ‘argumentation’ which they define as a: 

process of proposing, supporting, criticising, evaluating and refining ideas, some of which may conflict or compete, about a scientific subject. (ibid. p 578) 

Cavalli- Sforza et al go on to write of ‘knowledge-building conversations’ as a potent medium for conceptual change in science. 

From this perspective collaborative learning is not just a support for the teaching of scientific knowledge content. Effective collaborative learning should also be seen as one of the curriculum goals because it is, more than any specific method or  theory, the essence of science and what it means to be a scientist.  

Task design for collaborative learning in Primary Science

In the constructivist approach to science education argued for by Driver (1988) collaborative learning is seen as an opportunity for the initial conceptions of students to be exposed to criticism and for new, more adequate, concepts to be constructed by the learners themselves. 

This approach converges with a more language-focused socio-cultural approach when it reveals the importance of learning to use key scientific terms appropriately and the need, therefore, of contexts, such as those provided by collaborative learning, in which learners can practice applying new key terms appropriately. The importance of what Cavalli-Sforza et al call ‘knowledge-building conversations’ to learning science is acknowledged both by those from a Piagetian background and by those with a neo-Vygotskian sociocultural perspective. One difference that sometimes remains is that those in a Piagetian tradition tend to emphasise the conflict or cognitive dissonance in collaborative learning (Whitelock et al 1993, Joiner 1993, Howe 1996, Adey 1993) and those in a more socio-cultural tradition tend to focus on joint construction and re-contextualisation (Forman 1994, Mercer 1995, Wegerif and Mercer 1996). 

As Kruger points out these two perspectives are not incompatible, effective collaborative learning, she argues, combines conflict and cooperation through considering alternatives in a constructive way. 

Working in a Piagetian tradition, Howe and colleagues at Strathclyde University have conducted a series of studies of children working in groups at science tasks both with and without computers (Howe et al., 1992; Howe, Tolmie, and Mackenzie, in press; Tolmie et al., 1993) which have led to two conclusions which are very relevant to the design of computer supported science tasks. The first is that computers can be used to shape the direction of pupil dialogue in science (Tolmie et al., 1993). The second is that if groups of pupils with different initial conceptions of a problem are encouraged to make explicit predictions before conducting an experiment and to compare this with the outcome, then their learning of the relevant concept, measured on a delayed post-test, appears to improve in relation to groups which shared a similar initial conception of the problem. (Howe et al., in press). Howe et al. speculate that this is a result of interaction and cognitive dissonance between the different conceptions. 

They conclude:

our results suggest that software which emphasises the testing of predictions will not be sufficient to produce the greatest learning gains. What will also be wanted if computer support for collaborative learning is really the issue, is software that obliges pupils to make their predictions fully explicit, and come to agreement ..... it seems to us that, in forcing an elaborated step-by-step process in the representing of predictions on a computers screen, computer software may have a unique role to play (ibid.)

Howe et al's stress on the importance of initial difference in conception to productive dialogue, illustrates a difference between their Piagetian approach and the socio-cultural approach which we took in designing the whole task. Where Piagetians tend to place concepts, and conceptual change in the head of individuals, our approach was to focus on the quality of the language which was being used. On the basis of various studies (Kruger 1993, Azmitia 1993, Mercer 1995, Wegerif 1996) we assume that the key factor in effective collaborative learning is not a difference in initial conceptions of the problem but the use of an interaction style which encourages the critical discussion of different perspectives before reaching agreement. We attempted to promote this through prior coaching of the interaction style of exploratory talk that encourages children to discuss different possible points of view in a critical but cooperative manner.

Teaching effective talk

The Spoken Language and New Technology (SLANT) project, which looked at children’s interactions around stand-alone computers in ordinary classrooms, found that children's talk together around computers is often of limited educational value (Mercer, 1994; Wegerif and Scrimshaw, 1997). In order to promote effective collaborative learning at computers we developed a short intervention programme to improve the quality of talk in small group work. 

The intervention programme was based on Mercer's characterisation of 'exploratory talk', which classroom research indicated was an effective kind of talk for collaborative learning in small groups (Mercer, 1995). Exploratory talk is described by Mercer as talk in which reasoning is made explicit. The following more specific ground rules can be drawn out from exploratory talk in classroom contexts:

•
all relevant information is shared

•
the group seeks to reach agreement

•
the group takes responsibility for decisions

•
reasons are expected 

•
challenges are accepted

•
alternatives are discussed before a decision is taken

•
all in the group are encouraged to speak by other group members

A programme was developed to teach these ground-rules. The content of this programme is described in more detail by its main originator, Dawes (1995, 1997) and will only be outlined briefly here. The teaching programme, which consists of a series of nine lessons each designed to last for about one hour, focuses on one or more of the ground rules in each lesson. The development of these lessons was influenced by the work of the National Oracy Project (Norman, 1992; Open University, 1993). Earlier lessons focus on skills such as listening, sharing information and co-operating while later lessons encourage critical argument for and against different cases. The children are given opportunities to practise discussing alternative ideas, giving and asking for reasons and ensuring that all members of the group are invited to contribute. 

Once they have some experience of group work the children are encouraged, through a teacher-led  discussion, to create and decide upon their own set of ground-rules. The result is then displayed prominently in the classroom and referred to in cases of uncertainty or dispute. 

Each time the intervention programme has been run these rules are different, but they nonetheless show considerable overlap with our list of the ground-rules of exploratory talk given above. These rules are used to give a structure for work around the computer. 

The role of the computer

Classifications of the educational role of software commonly make use of an 'open' to 'closed' continuum, depending upon how much the software constrains user freedom of choice: 'closed' software is defined through interfaces that offer the user very few choices, for example, yes/no responses, while, at the other end of the spectrum, there is the open-endedness of tools such as word-processors and programming languages (e.g. Sewell, 1990; Newman et al., 1989; Underwood and Underwood, 1990). In applying this continuum there is often an implicit assumption that more 'open' software is required to support more 'open' discussion. Fisher (1992) noted that the talk of pupils working together on tutorial software commonly had the same IRF (initiation, response, follow-up/feedback) discursive structure as most teacher-pupil dialogue. Wegerif (1995) proposed a further possibility, the I(D)RF (Initiation, Discussion, Response, Follow-up) exchange pattern, where an element of pupil to pupil talk is inserted into what would otherwise be a directive teaching exchange dominated by the computer interface. 

This is the kind of interaction around the computer we were aiming to promote by combining coaching in exploratory talk with the use of interfaces designed to prompt exploratory talk. For this alternative form of educational exchange to occur, there must be a switch in mode after the computer’s ‘initiation’, putting active engagement with the software on hold while pupils jointly consider their next move. The interesting thing about this exchange structure, from a pedagogical point of view, is that it has the potential to combine interactive learning with directive teaching and so channel peer group activity towards appropriate curriculum goals. 

The software for the science curriculum was designed, in combination with the explicit training in effective communication described above, to promote learning by promoting discussion within a directive framework. This was done by combining a tutorial approach, a simulation and the explicit direction to predict, observe and explain recommended by Howe et al quoted above.

The software

The software combined an interactive  simulation with a structured tutorial. Ten multiple choice questions about forces, friction and experimental methods ('fair tests') had to be worked through before the simulation was reached and again afterwards. This was designed to sensitise the student s to the issues they were exploring in the simulation environment and then to give them a chance to apply what they had learnt. Information on friction and experimental methods was given before the simulation and during with the help of a 'hint' option. The simulation enabled users to explore the effects of initial force, surface texture and weight on the movement of objects (see Figure 1). .Interaction with the simulation was scaffolded with a series of prompts and dialogue boxes. These led the users through familiarisation with the controls to a series of experiments which began with very explicit instructions, moved through more general instructions to design experiences to test for different hypotheses and ended with the open-ended use of the simulation. Each time the users sought to run the simulation they were asked to predict the result they expected, and after the run they were asked if their prediction was correct or not and why they thought that this was so (Figure 3). 

Figure 1. The simulation
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The software was developed in HyperCard, a multi-media applications environment for the Macintosh. The software automatically records the results of the pre and post questions and every choice made by the users.

The software was used with children who had already worked through the series of off-computer lessons in effective talk described above. It was designed to provide an opportunity for the children to practice the exploratory style of talking which they had been taught in a way that was supported and, to some extent, scaffolded, by the software as well as being framed in such a way that it served curriculum ends. The request 'Talk together' (Figure 2) cues exploratory talk about the alternatives presented on the screen. This illustrates the way the interface was designed with the off-computer programme where the phrase 'talk together' had been used to cue exploratory discussion according to the ground-rules that had been taught. 

From the point of view of the programme to teach effective communication, the software played the role of supporting 'fade out', where generic skills for reasoning about issues together and constructing knowledge together were applied without teacher involvement and directed towards learning in a specific area of the curriculum. 

Figure 2 A prompt for talk 
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Method

We gave the software to 20 year 5 children in a state middle school all of whom had previously completed the intervention programme in effective communication. These children worked on the computer in 6 groups of three and one group of 2. We also video-taped one further group of two year five children in a different school where the class had also done the intervention programme. Each session lasted approximately 45 minutes to one hour. The groups were decided by the teacher to include, as far as possible, mixed ability and mixed gender, and were the groups that the children had worked in for the talk training lessons. The talk of five groups was video-recorded. All the groups did pre and post tests as part of the software. In addition short individual pre and post-tests were given to all the 20 children in the first school. This design enabled us to link changes in the views of individuals with episodes of group talk where the changed conception may have originated.

Results

Quantitative results

Pre-intervention and post-intervention group test results for the eight groups show that four increased their score  by 2 points out of ten while four did not increase at all. Statistical analysis of this small sample, does not show significance. 

Individual pre- and post-  test results for 20 students using a structured interview of four questions marked out of 4.5  produced a statistically significant increase. The mean pre-intervention test result was 3 (SD 1.076) and the mean post-intervention test result was 3.65 (SD 0.829). A one-tailed t-test gave p = 0.018. 

Transcript evidence

We collected and transcribed video recording of five groups using the software. We worked back from positive changes in individual and group answers to post test questions to see if we could find evidence in the talk that could explain these changes. For example of Rachel and Cindy both got question three of the group post test right where they had got it wrong before. Cindy also got the similar question on the individual post-test right having got it wrong in the pre-test. Here is the question and their post-test discussion. 

Transcript Extract 1: Post question 3

Q3 On the computer screen

Rough surfaces cause 

a) as much friction as a smooth surface?

b) more friction than a smooth surface?

c) less friction than a smooth surface?

Rachel:
Which one do you think it is?

Cindy:
Wah, wah, wah (Reading fast) friction, mmmm, surface, mmm.

Rachel:
What do you think?

Cindy:
'c'

Rachel:
I think 'b' (Laughs)

Cindy:
I don't. Look 'changes more surfaces than a smooth surface' (Misreading the screen)

Rachel:
 Yeh I know, but if you rub

Cindy:
(inaudible)

Rachel:
 Yeh I know but - wait, wait - listen, if you rub two smooth surfaces together right, will it be slippery or stable? (Rubs hands together)

Cindy:
Stable - depends how tight you've got it.

Rachel:
Cindy listen! If you've got oil on your hands and you rub them together will they be slippery or not? (Rubs hands together)

Cindy:
Well you see (She rubs her hands in a parody of Rachel but in a way that makes them miss each other) 'cos they don't rub together they go ...

Rachel:
Cindy! (in mock exasperated tone) If you've got ...

Cindy:
Yeh, they will be slippery! (laughs)

Rachel:
Yeh, exactly. So if you've got two rough surfaces and you rub them together it will not be as slippery will it?

Cindy:
No

Rachel:
So that proves my point doesn't it?

Cindy:
mmm

Rachel:
Yes, do you agree? Good. (She clicks on answer 'b')

Commentary 

In the pre-intervention test neither girl had seen the connection between the texture of surfaces and friction. Here Rachel appears to know the answer and persuades Cindy. She does so with reasons and an analogy of the effect of adding oil to ones hands when rubbing them. In the pre-intervention test she did not make this connection. Rachel's response to an initial disagreement is to give reasons and attempt to persuade her partner. Although this appears rather one-sided Cindy is genuinely persuaded and in other interactions Cindy was the one persuading Rachel. 

Note that the interface here could not be simpler or more 'tutorial' in design; yet it produces talk of the appropriate kind. We can see the IDRF (Initiation, Discussion, Response, Feedback) structure of the talk, where instead of responding immediately to the computer prompt the children sit back from the computer and discuss their possible response amongst themselves. In this case the pedagogical framework has facilitated transforming a simple computer-user interaction into a complex learning experience.

In the talk of the girls together using the simulation the recognition that, the more slippery the surface the less friction there is, appears several times in response to prompts for explicit explanations by the computer. Extract 2 that confirms and illustrates this point. The girls have just discussed Exercise one which showed that when two weights on the same surface (ice) are hit with the same force (10 Newtons) the lighter weight (1 Kg on the bottom as opposed to 3 Kg on the top) will go faster and further. They discuss this and make the desired conclusion explicit. Then the computer prompts them to set up for exercise 2 by changing the . Both forces are set to 10 Newtons. The top surface is ice and the bottom is set to grass. The top weight is still 3 Kg and the bottom weight is still 1 Kg. They try to run the simulation and the computer screen shows a multiple choice question similar to that shown in Figure 2 except that the question is about which weight will go 'further' rather than 'faster'. 

Extract 2: Talk prompted by Exercise 2 on TRACKS
Cindy: (reads) 'What is your prediction? top one will go further, bottom one will go further, they will both go the same distance?'


What do you think?

Rachel: I think .. actually this is a bit different... I think it might be that one. No I don't. I think the bottom one will still go further.

Cindy: No I think it’s the bottom one 'they will both go the same distance'

Rachel: I don't because that's    actually i think that one might go a bit further cos this is grass and rested grass out earlier um with the kilogram weight with um

Cindy:
Yeh I know but that's lighter isn't it

Rachel: I know


I still think that

Cindy:
Why?

Rachel: I think the bottom one will go further because its lighter and grass isn't as bad as the carpet is it? so they are going to have a really smooth one, a middle one and ...

Cindy:
I think they will both go the same distance because that's 3 kilograms yes - this is ice - that's grass and that one

Rachel: Yes but its 10 Newton

Cindy:
I know but they've both got 10 Newtons

Rachel: Yeh but this ones lighter

Rachel: Oh I

Cindy:
And that ones grass and that ones ice

Rachel: I'm sticking with my one

Cindy:
Oh come on


(both laugh)

Cindy:
We're never going to agree then

Rachel: Oh OK ... I still think that but I think that that could actually work if that one is right .. but I still think that one

Cindy:
so shall we go for the bottom one  - do you agree?

Rachel: yes

Cindy:
(clicks) go

Rachel: It might be wrong (laughs)

Cindy:
I'm right

Rachel: You're wrong 9 (the puck on ice starts slower than the one on grass but maintains the same speed while the one on grass slows down so that the ice puck overtakes) 

Cindy:
I'm wrong I'm wrong I'm wrong


wrong wrong wrong

Rachel: You're wrong, wrong, wrong. Sing a little song about wrong.

Cindy: We're both wrong. 

Rachel: No, you are wrong.


(Computer dialogue box asks if their prediction was right or wrong and then 'Why do you think that was?')

Cindy:
OK Why do you think that was?

Rachel: I think that was because you persuaded me to go for the wrong answer

Cindy:
Yours was wrong as well

Cindy:
Cos its ice, yeh?

Rachel: Yeh

Cindy:
And the bottom one is grass

Commentary

The two girls appear to have mastered the idea, taught by exercise one, that weight has an effect on friction. Exercise two stimulates them to discuss the effects of different surfaces and to make explicit the idea that the smoother the surface the less friction there will be. A number of features in the talk indicate the influence of the ground rules for exploratory talk which they have been talk, the desire to reach agreement, the asking of 'why' questions, the expectations of reasons. At the same time there is an attempt a the end to refuse joint responsibility which is against one of the ground rules.

Discussion and conclusions

The statistical evidence that the software was effective in teaching the correct application of some science concepts to do with forces did not show that this was affected by the talk between the children. Transcript analysis is need to show firstly if the ground rules of exploratory talk are being applied and secondly how this use of exploratory talk led to improved understanding. In the extracts shown we can see a change of understanding, reflected in the post tests, coming about as a result of talking together. We can also see one of the many occasions in the rich discussion  prompted by the computer around the simulation of where that understanding of the effect of different surfaces might have come about. This evidence goes some way to demonstrating that the combination of the software design and the prior teaching in exploratory talk lead to improvements in understanding directly related to the science curriculum.

Draper et al (1991) point out that learning in collaborative work around computers in not always visible in the talk of the participants. However the research they refer to did not involve subjects who had been explicitly taught to make their reasoning explicit and to share it. Because the subjects of this study were all students who had previously received training in explicit reasoning together through talk there is, perhaps, a greater likelihood that the process of learning would be externalised in talk. 

Through looking at the development, use and evaluation of a specific item of software we have attempted to illustrate and justify an approach to the use of computers within the Primary curriculum. One key tenet of that approach is that the educational activity is not defined by the software alone but by the software in pedagogic context (Crook, 1994; Mercer 1994). Our framework incorporates pedagogic context in two ways. Firstly it advocates designing software to work with a programme of off-computer lessons which give children the skills to work together at the computer more effectively. Secondly it advocates designing software to integrate closely with the curriculum as a resource and support for directed collaborative learning. This framework has been illustrated through the example of the design and use of software to integrate with the Science curriculum. The evaluation results shows that the framework was effective in producing software that achieved the aim of supporting discussion directed towards realising pre-specified curriculum ends. We argue that this approach is not limited to Science but could, in principle,  be applied across the curriculum. The same framework has already been successfully applied to the design of software to support the collaborative learning of a specific part of the Citizenship curriculum (see Wegerif, Mercer and Dawes, 1998). 
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Abstract

In this paper we report on part of a project to explore the potential of computers to support educationally valuable discussions integrated into learning in the Primary science curriculum. 

Our aim is to assess the value a total approach to the design and use of software that has three aspects: responding to specific curriculum needs, pedagogy to encourage educationally valuable talk and a framework for the design of software. In this approach software is designed to integrate with the off-computer lessons in effective talk in order to stimulate the use of reasoned discussion between two or more users and to direct the construction of shared knowledge which results from this discussion towards curriculum goals. We report specifically on the design and evaluation of software to support collaborative learning about friction for 9 year old children. This software was an interactive simulation with the addition of prompts encouraging the children to discuss together their predictions, observations and explanations.  A series of questions about friction was integrated with the software such that the children had to answer them before interacting with the simulation and again afterwards.  The study is based on the analysis of video and transcript data of groups of children working together at this software after they have received the series of off-computer talking lessons.  We explore episodes at the simulation where learning appears to be visible in the talk of the children and we link these episodes to changes in the way they answered group test questions together after using the simulation as compared to their talk and their answers before using the simulation. This method of analysis enables us to demonstrate how the combination of the way of using language that had been taught to the children with the stimulation and the structure provided by the software can lead to curriculum learning, in this case learning about friction.
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