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Introduction

Since the early 80’s, science education research has produced an extensive body of studies concerning processes of learning in science. The main findings to be found in the litterature are well known: students approach science lessons with previously acquired knowledge, which very often persists after, and despite, science instruction. Research efforts worldwide helped to shape a rich panorama of students’ alternative conceptions in different domains of school science. The ACM: Alternative Conceptions Movement, as these studies came to be known, was driven by a common set of assumptions and a far-reaching metaphor: the pupil as scientist. 

Captured in the title of a book by Rosalind Driver
, the metaphor entailed a close parallelism between the cognitive processes involved in science learning and in scientific development.

However, as early as 1987, in her review article on Social influences on the construction of pupils’ understanding of science, Solomon pointed out that teaching and learning science are processes that occur in settings heavily marked/shaped by a variety of social influences. Anticipating therefore the limitations deriving from a view of learning as an individual and mainly solitary process, Solomon examines how factors such as language, mass-media and culture, might bear on science education. As a result, an alternative view emerges, that stresses the social and interactive features of learning. Since then, many studies have been conducted with varied theoretical approaches on several of these issues. 

In this study, we focus specifically on language issues and look into discursive interactions in order to capture meaning-making processes as they occur in science classrooms. The underlying assumption is that, if we want to understand science teaching and science learning processes beyond the wealth of empirical findings obtained untill now in the context of the ACM, then we need to enter the classroom and examine what actually happens between teachers and students. And it is with this aim in mind that the current study was carried out.

Our text is organized as follows. Even though our initial stance was clearly exploratory, previous research studies offered theoretical guidelines as well as preliminary findings that informed our research rationale. These studies are therefore presented next. Then we describe the study we conducted in a secondary school in Brazil, where we video-taped Biology classes in a secondary school. Here we report on one episode, among the five that were selected for analysis on the topic of Evolutionary Theories in Biology. As we hope to show with the presentation of data, the episode provides us some insights on the processes of learning science.

Talking and learning in the science classroom: outlining a theoretical background

Throughout the 80’s and 90’s, an important body of science education research has focussed on learning processes. A common set of assumptions guided research and, as a result, a cognitive view of learning was generally adopted (eg Shuell 1986). More recently, however, the science education litterature has included studies arguing that learning is subjected to a variety of social influences and findings have thus been obtained on several issues that help to outline the social and interactive dimensions of the processes by which people come to know the scientific world.

In this context, the language theme came under direct scrutinity by science education researchers. Although viewed as a central dimension of classroom processes, language issues have been approached from different perspectives. Sutton (1992), for instance, looked into linguistic expressions – including common metaphors used in science such as the heart as a pump - and showed how they carry meanings and thus contribute to how people come to understand them. He argues that learning science is not only about learning to see things in a certain way: it also involves learning to talk in a particular way. The rapprochement between learning and talking was also explored from the perspective of language use by teacher and students. Here again, different studies chose to focus on specific aspects of how teachers and students make use of language in science classrooms. As some of these studies helped to shape our own research, they are presented next.

A first group of studies can be identified which aim at portraying general patterns of language use in the classroom (eg Candela, 1998; Lemke, 1990; Mercer, 1997; Scott, 1997; Wells, 1998). In the same vein but with a different set of issues, a second group of studies focusses on how meanings are carried in/through language. Generally assuming a bakhtinian perspective, these studies (Horta Machado, 1999; Machado, 1999; Mortimer, 1998; Mortimer, 2000; Mortimer & Horta Machado 1997) look for patterns in discursive interactions as they occur between teachers and students in the classroom. As a result, as we will see now, they offer a first-order picture of science classrooms as well as theoretical notions that are instrumental for discussing science learning processes, which is our aim. 

From a theoretical point of view, the notion of patterns in discursive interactions is developed within a Bahktinian perspective and, among others, Wertsch’s later interpretation of the former’s ideas. Some assumptions help to characterize this view: first, a dialogical understanding of language/speech; second, the associated notions of  polysemy 
, or multiplicity of meanings (taken as the rule rather than the opposite, and more common way round, i.e. multiplicity as a flaw), and multivoicedness, understood as bringing together the several voices we interact with (through interpersonal interaction or other mediations) and which help shape one’s own voice. 

An important assumption of this view concerns the social nature of thought, of subjectivity and, by extension, of classroom processes such as eg learning. More to the point, Bakhtin identifies several speech genres, which point to relatively stable patterns of discursive interactions associated to particular contexts and classes of human activity. Building on this, Wertsch proposes to distinguish between univocal/monological & dialogical patterns, characterized according to how meanings are dealt with: while univocal patterns suppose fixed meanings to be transmitted on the basis of (some) authority, dialogical patterns assume open-ended/multiple meanings to be appropriated/recreated by each one.

As far as science classrooms are concerned, a general picture emerges that offers empirical instances of both patterns. Moreover, analysis of classroom interactions 
 shows that these patterns usually co-exist side by side, irrelevant of specific teaching styles. It can be safely assumed that teaching not only involves making use of univocal/transmission, as well as dialogical/open-ended, modes of interacting, but also that the defining feature of all classrooms is the never-ending oscillation/fluctuation between these two patterns. A more fine-grain analysis of how meanings emerge in/through language shows that an important feature of science classrooms is the traffic of meanings 
 concerning science, its processes and content. By traffic of meanings we refer to the many speech movements by teacher and students that carry meanings, as well as to the negotiations concerning these same meanings.

However, the need remains to portray how, throughout discursive interactions as they occur in a classroom, meanings arise and meet, interact and contradict themselves. In this respect, the ACM provides a detailed catalogue of the many meanings – conceptions and understanding – that students assign to scientific matters in the classroom. These findings, we argue here, can be enlarged when re-interpreted within the framework just outlined, especially because focussing on discursive interactions helps to capture the dynamics of meaning-making processes. It is with this general purpose in mind, then, that we set out to analyse the discursive patterns of teacher-learners interactions in science classrooms.

Research issues

On the grounds of ACM research findings and adopting a dialogical view of language, we assume that the traffic of meanings in a science classroom can be analysed as the expression of different voices. On one hand, one might think of the school and classroom contexts and refer to the teacher’s voice, as distinct from students’ voices. Another approach, suggested by the litterature, would point to scientific voices (from the present and/or the past) and commonsense voices, as well as to the ‘school science’ voice. However, in this intertwining of voices, some voices appear to be more accepted than others. In other words, different voices present varied status entailing acception or rejection in different contexts. For instance, a defining feature of schools is that students’ answers are valued differently according to whether they are more or less similar to the ‘correct answer’ as it is stipulated in textbooks and/or by teachers, ie by the school science voice.

A number of issues clearly remain to be further discussed. Even though we approached fieldwork with the general aim of characterizing discursive interactions and their relationships with learning, some of these issues provided focusses for our data collecting and analysis procedures. 

A first issue concerns discursive patterns and genres. As we commented earlier, some basic patterns have been identified (Mortimer & Horta Machado 1997; Scott 1997; Wertsch 1993), with the additional suggestion that, in any classroom, these patterns tend to fluctuate. As patterns, however, they could be related to the bakhtinian notion of discursive genre. Our purpose was to confirm these kinds of findings and, in particular, to document the alternance of patterns. In this respect, the underlying issue concerns the possibility of identifying a pedagogical – ie classroom-based - discursive genre and perhaps a more specific (i.e. content-dependent) science education discursive genre 
. 

A second issue, directly related to the first one, concerns the teacher’s role and the authority of the teacher’s voice. In effect, the monological discursive genre is by definition based on authority and it would seem that, even when teachers switch to dialogical interactions, restrictions would still be imposed on which meanings are acceptable/accepted. In addition it would appear that these limitations would be particularly stringent in science classrooms, considering the generally accepted assumption of scientific rigour, conceptual precision and univocity. It remains that this view of science teaching and learning owes more to commonsense than research and must be problematized. For instance, a general finding of our study suggests that the attempt to establish univocal meanings implies in speech-based negotiation and silencing of some meanings/voices. However, the ‘putting aside’ some meanings and silencing some voices does not necessarily lead to disappearance or substitution. 

Rather our data shows situations where they surface again throughout lessons due to students’ initiative, which points to the need to focus students’ moves and strategies.

The focus on students’ learning processes, in its turn, brings out a longstanding debate. Whereas the ACM started out by putting forward the conceptual change view of learning (Posner et al 1982), it is now clear that things are definitely more complex. In effect, the conceptual change paradigm, according to which learning science involves substituting commonsense ideas for scientific interpretations, pressuposes the elimination of contradictions – be they contradictions between theoretical notions and empirical data or problems of theoretical/internal consistency. 

In other words, students’ alternative views were seen to lack the consistency of scientific theories. However, this interpretation was challenged on several grounds. For instance, Solomon (1984) argues for ‘double standards’, ie, the coexistence of several interpretive frameworks, contradictory in themselves but each one valid depending on the context in which they are applied. Di Sessa (1988) questions the assumption that students’ ideas are similar to scientific theories and proposes the notion of ‘knowledge in pieces’. Mortimer (1996) puts forward the Bachelardian notion of epistemological profile to account for the (now) multiple interpretive frameworks made evident by science education research. The need remains to further develop these ideas, both at the theoretical and empirical levels.

Finally, and again concerning our understanding of learning, it is necessary to look into another longstanding issue, namely, the conceptual paths towards scientific understanding. The conceptual change view suggests that, most often than not, learning science involves discontinuity between commonsense and scientific interpretations. It is expected that a more detailed analysis of learning processes as they occur through discursive interactions in the classroom can shed some light on such features as continuity and obstacles in science learning.

The research study

Data was obtained through video-recordings of secondary school science lessons. This study reports on third grade Biology classes of a state-funded school in Japeri, Rio de Janeiro, Brazil. It is noteworthy that these are evening classes for the 16 + 
, which were attended by approximately 35 students, aged 18 to over 35, half of which worked during daytime (as mechanics, salespeople, office-boys, house maids and bricklayers). 

Observation with a fixed camera focussed both teacher and students and included a completeseries of lessons dedicated to a specific program topic, so as to ensure that discursive interactions could be followed up and analysed within a thematic context. Video-recordings were thus carried out during four 90-minutes Biology classes concerned with evolutionary theories. Analysis developed in two stages. First, an overall view of the video-recordings was outlined according to general features such as themes and activities proposed. Then episodes were identified for further analysis, that were based on the kind of theoretical notions and issues mentionned earlier and which centered around specific themes and/or tasks. Now analysis aimed at characterizing the main discursive cycles and moves of each episode and grasping how teacher and students dealt with the subject-matter. 

Here we focus on the second episode of the evolutionary theories classes but we start by providing some contextual information concerning how the topic was introduced. We do this next by looking into the first episode, which took place during the first lesson.

The episode contextualized: Students’ first meanings for evolution

Contemporary evolutionary theory is part of secondary school biology in Brazil. In this 3rd grade class, the programme intended an overview of the main evolutionary theories: lamarckism, darwinism and neo-darwinism, and was to be addressed in a sequence of four weekly lessons of an hour and a half each.

The Biology teacher introduces the topic of evolutionary theories at the beginning of the first lesson with an opening question: What is evolution? Who could answer? At the same time that he invites students’ participation, the teacher signals clearly the topic to be discussed and how it is to be approached. Students comply and offer different answers to express their understanding of evolution. For instance, one student (Student A) relates evolution to the growth of plants whereas another associates evolution with change, when he answers: Change. [Evolution is about] leaving one’s position zero, the starting point and, as time goes by, gradually changing … 
 (Student B). Another answer points to the evolution/development of science, biology […]. Everyday discovering new things ... (Student E). 

The diversity of students’ answers express the multiple meanings that might be assigned to the term evolution and show the interindividual nature of words, already stressed by Bakhtin. 

However, the school context requires that a specific concept of evolution be developed, that is associated with the scientific views on the matter. It is a safe bet to argue therefore that, for this very reason, the teacher will attempt to exclude those conceptions which appear to be inadequate in the context of biology classes. The next sequence will show how the teacher suppresses non-biological meanings in order to highlight the scientific view.

T14 / T 
 -
 (Addressing St A) could you explain that [ie plant growth as an example of evolution] to us? With your own words. What changes would they be?

T15/ St A – 
Er … for instance,  you plant a small plant, really small, it develops … it grows 
 . A little seed, you plant it and it sprouts.

T16/T - 
Look, BIOLOGICALLY 
, what you’re saying, wouldn’t it be related to the life cycle as we know it? that we’re born, we grow up... is it evolution? So …  what do you think: is it evolution?

T17/ St A - 
I’d say it is [an example of evolution]

T18/T -
If you had a grown plant and a very small/young one and [suppose] you take a seed from the grown plant, then you plant it, it germinates and grows and, when it reaches the adult stage, it’ll display the same features as the other plant. Is there any evolution in that? 

SILENCE

T19/ St A - 
No.

T20/T - 
Then, it may be that this evolution concept you suggested IS NOT EVOLUTION.

In these initial turns, as well as later on during this first episode, it is noticeable that the presentation of first ideas are reconsidered as a result of teacher and students interactions. As a result of the teacher’s many inverventions and questions, students appear to reflect about and analyse their own ideas and, to do so, they bring in other information they have about the subject. This can be seen when they make connections among such information and the issues at hand, thus revealing the many perspectives that help to shape their own ideas as well as the many voices that support their speech. An illustration of this process of meaning-making can be found in the following extract, which starts with the already mentionned suggestion by St E (T29) that an example of evolution can be found in scientific development. The teacher attempts to discard this view and argues:

T30/T – 
You’re referring to evolution as a kind of learning. It’s true that, the more one learns, the more there is [what is sometimes called] cultural evolution. It’s evolution somehow, but not from a BIOLOGICAL point of view [= in a biological sense]. You [pointing to St. B], you said that [evolution is about] starting from one’s initial position and changing according to the environment. Could you explain that?

T31/St B - 
[apparently referring to St. E’s example] Men, yes ... the first [prehistorical] men, isn’t it? ... discovering fire, having to hunt for food ... then there were those who adapted and kept to the same place, and so they didn’t make any discoveries. While others wanted change and, whenever they did (manage to change/move around], they discovered something. 

But, in this other sense [referring to the biological view the teacher is asking for ?], one hears  about that ... about the giraffe and ... Lamarck said something about it ... that the biggest giraffes were the ones that lived longer, with longer necks they managed to eat from the top of the trees and those with shorter necks would die, and become extinct: he was trying to say something about why giraffes nowadays have huge necks. That’s more or less what he said (added emphasis).

Following Bakhtin, it might be said that the context – in our case, a Biology lesson – operates to channel and determine speech turns, ie utterances (who says what in what circunstances), as well as the meanings themselves that are embedded in speech. During the introduction of the topic, teacher and students put forward and discuss some of the meanings attached to evolution. In this respect and building on St. E’s earlier suggestion,   evolution is taken to mean cultural evolution (Turns 30, 31). But another view also arises in St. B’s intervention (Turn 31/second half), which he introduces very neatly. First, an  explicit reference is made to another sense of evolution, apparently pointing to the biological perspective and thereby suggesting awareness of the distinctions made by the teacher. Second, this other sense is developed on the basis of the giraffes example and brings in, again explicitly, a Lamarckist interpretation.

However, as we will see next, the Biology teacher clearly privilegiates the biological perspective among others. More specifically, it is the view of evolution as morphophysiological (ie both internal and external, visible or not) changes that occur in species throughout millions of years that is the starting point of the second episode, which is our main focus here.

Beginnings of the episode: Framing the issues to be discussed

The episode focussed here starts when when the teacher remembers previous discussions as a basis for further conceptual development.

1/T - 

Concerning evolution, yes... you asked a question [about changes], you said ‘genetically’, wasn’t that what you said?

2/St A -
Morphologically 

3/T - 

Morphologically

4/ St A -
From inside and outside

5/T - 

Then, is it only at the morphological level [that things change]?

6/St B - 
Morpho-physiological

7/T - 

It’s also morpho-physiological [affirmative]

8/St A - 
Because living beings suffer not only external changes [not understandable] but internal ones  too, internally they also change. And physically too.

9/T -

But are these changes caused by external factors?
In this extract, the teacher is initiating a discussion with the students in order to elicitate their views on the kinds of change involved in the evolution of species. The students spontaneously answer the teacher’s request and begin to use terms such as morphological and morphophysiological, which were introduced at the end of their previous lesson, to describe the changes that occur in the evolutionary process. Moreover, St. A (Turn 8) attempts to explain morphophysiological alterations by pointing to external as well as internal changes although it remains unclear what kind of internal changes he is referring to. The teacher (Turn 9) then probes further: are these changes caused by external factors? The question points to the difficult issue of internal X external origins/causes of evolutionary changes. At the same time it should help to discuss the biological concept of evolution since it is concerning this issue that the Lamarckist and Darwinist perspectives disagree. The question appears to be of the elicitative kind, inviting students to express their views.

Initiating the discussion: a Lamarckist view

In response to their teacher’s question (Turn 9), the students begin to develop explanations for the process of evolution.

9/T - 

But are these changes caused by external factors?

10/St B and C – [yes] as well 

11/St D -
It’s a necessary condition, isn’t it (that changes be caused by external factors]?

12/T - 
Right. Say, listen ...

13/St B - 
Same as the birds we were talking about [the example, previously brought up by the teacher, refers to beak hardness as a consequence of different diets]. The capacity ... (unheard)

14/T - 
You mean the birds, some eat fruit and the other seeds. But what do you actually think about it?

15/St B - 
(unheard)

16/T - 
Right: there was an external change [referring to beak hardness ? ].

17/St B - 
An external change, physically.

18/T - 
But what made it change externally ?

19/St D -
Some need.

20/T -
A need. But was this need caused by an external factor?

21/St B -
Internal (in a low voice).

22/T -
Or was it within it to adapt ...

23/St E -
[like an echo?] adapting to the environment.

24/T -
All right. But how did adaptation happen?

25/St A -
Throughout time, the animal [slowly] changes.

26/T -
Do you mean to say it’s the external environment that caused the  physiological change?

27/St D -
Because of its toughness [refers to the bird], it managed to adapt.

The teacher focusses on the issue of changes in evolutionary theories and repeatedly stresses the externally-determined kind of change (Turns 9, 12, 16, 18, 20, 26). As a result of one student’s intervention (tunrn 13), discussion then centres on one particular example, which provides a specific context and some issues for consideration. The example concerns birds belonging to a same species that develop different dietary habits: while some eat fruits, the others feed on seeds and beak hardness is therefore different in the two groups of birds. Issues to be discussed concern where these changes come from and whether the new feature of beak hardness will pass on to descendants, and how.

On one hand, students’ views appear tentative, especially if taken together: there appears to be no predominant voice to express a consistent interpretation of the example. On the contrary, answers argue that changes can be brought about by external factors (Turns 10, 22/27) but also by internal factors (Turn 21; and the idea of need in Turn 19). On the other hand, it is also possible to discern the outlines of a Lamarckist perspective, according to which the environment causes some living beings to change, resulting in their adaptation to the new environmental conditions and subsequent survival of themselves and their descendants. In the birds example, an environmental change: food type, bears direct influence on the (morphological) changes (beak hardness) suffered by the birds which become ‘tough’ and thus adapted as a result (Turn 27). It could be said that beak hardness was altered due to a need imposed by environmental circunstances.

So, a question... and an example to think about

The teacher does not appear satisfied and insists with a new question:

28/T - Or was it the bird that adapted, I mean, change was inside-out, adaptation was within the bird and when I say inside/within, I mean, I mean I’m referring to the genetic level [to explain] the ‘fitting in’ the environment. Does change com from within or from outside?

SILENCE
As there were no answers, the teacher rephrases the issue and suggests an example: two centuries ago, means of transportation depended mainly on horses which, because of this, made constant use of their legs … Would this acquired feature (stronger legs) be passed on to descendants?

29/T - 
Remember, when we talked er … About this issue: I’m going to talk about something ahead [in the programme], about Lamark. What do you think were the means of transportation two hundred years ago? Were there cars? were there ... What did you have at that time?

30/Sts -
Horses, oxen

31/T -
Horses. What do you think they used too much?

32/Sts -
Their legs.

33/T
-
Their legs.  Horses used their legs so much, er, if we took this as a basis, this walking factor, then we’d have an idea that this horse would … what? Would it [the horse] develop its muscles a lot more? But that’s not the issue. That’s not true, it’s not only about developing muscles, and organs. That’s not the issue.
With the example, the teacher determines a shift of perspective. First, because he presents a concrete, contextualized and thus specific situation for students to think about. Second, because he re-phrases the issue by stressing that, even though constant use can bring about changes in particular physical features and organs, it remains necessary to discuss whether these alterations are passed on to future generations. The extract above also shows the teacher’s attempts at remaining in control of the discussion. Not only does he state the relevant issues, but he also directs students’ attention to particular aspects to be considered in order to develop a Darwinist interpretation of evolution. Does he succeed?

... and then... a neo-Darwinist interpretation

The shift operated with the introduction of a specific example appears to be very positive: students manifest themselves in a way that suggests a reorientation of their views:

34/St B - 
But it [the horse] wouldn’t transmit this [feature] to his descendants. 

35/T -

Why not?

36/St B
 - 
[Thinks before speaking] because that was external work which happened with his muscles, it was not an internal, or genetic change

37/T -

[Pointing to a student who had not taken part in the discussion] what do you think? He said that this change, the way the muscles developed [not understood] would not be transmitted to future generations. Why?

38/St F - 
Why it wouldn’t be transmitted to future generations? Well, I think that this factor that’s being mentioned, in this particular case [of] the horse it would be according to the environment, I mean the whole situation would lead to excessive use, too much use of the animal. I don’t believe it was quite a genetic thing, it was the circunstances that made [the horse] work so much, it wasn’t a genetic matter and because of that it would not be transmitted to future generations.

39/T -

[In a clearly affirmative mode] IT WAS NOT A GENETIC MATTER. Who else would like to say something about this in order to reinforce?

Two students express their opinion (Turns 34,36,38) which now suggest a view more akin to a darwinist perspective: they argue that those features that have been acquired by use (or lost by nonuse) cannot be transmitted to their descendants. As a result, it seems that the teacher is satisfied (Turn 39): the Darwinist perspective has been established. However, when he invites participation with the aim of reinforcing the genetic aspects just established, students bring back the previously discussed example of the giraffes …

But ... back to Lamarck???

40/St G -
But there is the case of giraffes [referring to previous text discussion], in order to eat they had to stretch their necks and because of this habit of stretching their necks, they ended up with long necks, so what happened? The offspring had long necks also.

41/T -

[To the class as a whole] do you agree with that? Well, according to what he (points to St. F] said, he won’t  agree so much.

42/St B - 
But in that case it’s the law of use and disuse, isn’t it? They strained  their necks and so on in order to eat from the top of the trees because the trees also began to develop and they (giraffes) needed to reach the food.

43/St D -
[Reinforcing] and it was also the region where they lived, low vegetation, food up there at the top of the trees, to survive they had to stretch their necks.

44/T -

Look, folks, all right, I agree, but you’ve just said and he said too that these, let’s say, this type of muscular structure the animal develops would not be transmitted to future generations.

45/St B
 - 
It’s not [transmitted]. What I’m saying is that THEY STRAIN EXTERNALLY, THEY USE THEIR MUSCLES [not understanble] I think that those with longer necks were the ones who managed TO SURVIVE, managed TO SURVIVE. They litterally created a series (unheard) [referring to offspring].

Although the teacher’s invitation to participate did stipulate that contributions should reinforce the neo-Darwinist distinction between genetic and other kinds of change (T 39), the answers point back to the Lamarckist perspective. In direct sequence after the teacher’s question, St. G (Turn 40) refers back to the giraffes example to argue that the ‘long-neck’ (morphological) feature, acquired as an adaptive response to environmental circunstances, is passed on to future generations. When he does so, St. G is in fact bringing to the classroom discussion a piece of information previously obtained in an activity of text analysis; moreover, he is then joined by St. B who (Turn 42) refers explicitly to Lamarck’s law of use. The strategy of introducing an idea together with a written reference thus suggests that these students have understood another aspect of the scientific world, namely, the authority of the written word (Wertsch 1993, 160).

However, by agreeing with Lamark’s theory, the students appear to contradict all the genetic foundations which they had constructed just before. Therefore the student-directed return to a discussion of the Lamarckist perspective (even if properly conducted in form and argument) provokes the teacher’s surprise, who reacts by asking for agreement/disagreement: Do you agree with that? (Turn 41). And later again (Turn 44), stressing the contradiction: Look, folks, all right, I agree, but you’ve just said and he said too that these, let’s say, this type of muscular structure the animal develops would not be transmitted to future generations.
Then, we definitely have a problem!

The teacher identifies as contradictory the students’ shifts between lamarckism and neo-darwinism and contradictions are generally not welcome in a scientific perspective:

46/T - 

Look, it seems a little messy. I think we’re facing contradictions here. We know what type of cells in the organism pass on genetic information. Are they haploid or diploid?

[…]

The teacher reaffirms what appears to him a contradiction and he probably does so in a way that shows constradictions are unacceptable. The extract goes on with the teacher’s attempt to go back to conceptual bases that were previously established. Making use of the authoritarian discourse of scientific knowledge (haploid and diploid cells), he tries to explain that the transmission of characteristics to descendants is only possible by means of genes which exist in cromossomes of gamete cells (egg and sperm). 

Discussion

The episode reveals some interesting features of science classroom interactions. First we will comment on the participation and contribution of students and then on the teacher’s actions. Some final comments are made concerning the issues which provided the bakground context of our study.

Analysis of the students’ perspective confirms very clearly that they come to science lessons with a wealth of ideas and interpretations concerning science matters. In the episode here reported, the initiating open-ended question on evolution helps to make explicit some of the many meanings usually assigned to the term and thus the polysemic nature of words. However, the data also brings some light on some of the complexities of the processes of learning. In effect, throughout the lessons on evolution, students make use of the two main interpretive frameworks on evolutionary theories. In particular, they repeatedly bring to the classroom discussion the Lamarckist perspective and they do so by explicitly referring to examples and textbook materials which had been previously discussed in their science lessons. In other words, some of the students appear to recognize the existence of two distinct meaning-systems and to move forward and backward between them, to help them to shape their own thoughts on the issue. The analysis of students’ speech thus shows how, in the process of learning-understanding, they adequately borrow and make theirs the scientific voices of the past, with purposeful referencing of other classroom-based resources. Two additional features of students’ participation are important to mention. The first one concerns the issue of coherence versus contradictions in students’ thinking. Our data suggests that, when students use Lamarck’s and Darwin’s ideas, they are indeed recognizing them as distinct interpretive systems and are trying to sort out the main although opposing features of each one. This can be illustrated eg in student B’s interventions (e.g. Turn 31 in the first episode; see also Turn 45 of the second episode). The second feature concerns students’ participation in the conduction of classroom processes. 

Although it is often assumed that the teacher is the main conducting agency in the classroom, in firm control of both teaching and learning processes, our data offers some examples of how students can take over and change the planned course of discussion. Science learning thus appears as a complex process of meaning-negotiations involving non-linear movements, partly conducted by the students themselves in the attempt to develop their own understanding of the topics under consideration.

The teacher makes use of a repertoire of teaching strategies and alternates between the transmission of fixed (and non-negotiable) meanings and an elicitative mode of interaction that invites students’ participation. The episode shows how, throughout lessons, the teacher establishes frontiers between biological and non-biological interpretations and outlines the context for identifying acceptable and unacceptable answers. However, in the process of conducting students to a conceptual understanding of evolution, he faces some resistance: when he expects students to have grasped the distinction between genetically-determined and acquired features (Turn 39 of the second episode), he is surprised by a return of Lamarckist views. At this point the teacher expresses the school science perspective/voice and, making use of his authority on the matters at hand, he stresses the unacceptable existence of contradiction (Turns 41, 44, 46 of the second episode) and attempts a return to univocal meanings (eg. Turn 39 and 46). It is noticeable, however, that his efforts are not entirely well succeeded! 

The biology classes here reported thus offer some insights concerning the teaching and learning of science. First, it appears that science classes – and probably the teaching and learning of other subject matters –  involve many interactive patterns which oscillate between open-ended and fixed modes of dealing with meanings. In this sense, it is legitimate to argue that classrooms are characterized by a specific discursive genre. The issue remains however of whether this kind of classroom-based or pedagogical discourse will vary according to specific subject-matter. In order to answer this question, further empirical studies are needed on the teaching and learning of other school-based dsiciplines. Secondly, the notion of classroom-based discursive genre will need to take into consideration students’ role and participation in the conduction of the teaching and learning processes. A distinctive feature of our findings concerns how students resist the teacher’s conduction of lessons, take over control and change the direction of the discussion. In this sense, it is necessary to reconsider the as yet persistent view that teaching and learning science involves silencing some voices as a way to promote substitution of alternative ideas by scientifically accepted notions. Here again further empirical research is needed to document the learners’ perspectives, strategies and moves and how it actually interacts with teaching processes. A third issue concerns learning and learners’ thought processes. In our study, rather than incurring into unconscious contradictions, (some of the) students appear to actually point out a consciously perceived contradiction in order to discuss it with their peers and teacher. 

This finding thus contributes to the on-going discussion concerning how we understand learning (a process of substitution, conceptual progression/evolution, enculturation ?) and teaching processes.
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� The title of Rosalind Driver’s book is in fact a question: The pupil as scientist? (1983).


� Although there appears to be some consensus regarding the phenomena discussed here, the expressions used to refer to them tend to vary: the notion of multiple meanings is referred to as polysemy as well as heteroglossia (e.g. by J. Bruner in his book Acts of meaning).


� This finding is based on a series of three complementary studies, originally developed as MPhil thesis: while Cordero (1999) focussed on group interactions in an university physics course, Guimarães (2000) analysed teachers’  feedbacks to students’ participation in 5th grade science classes, and Machado (1999) approached teacher-student interactions in secondary school biology classes.


� This feature probably applies to the teaching and learning of other subject-matters also.


� In this respect, Orlandi (1987) identifies three main discusive kinds (authorative, polemic and play)  and argues for the existence of a ‘pedagogical discourse’, characterized as an example of authorative discourse (although its authority can be challenged).


� The educational system in Brazil offers regular secondary level schooling, know as Educação de Jovens e Adultos, for the 16 +. These programmes usually take place in the evenings and are attended by young people as well as adult workers who return to school to complete secondary level studies.


� The episodes selected for analysis were transcribed ipsis litteris and quotations are presented without modifications.


� Speech turns, indicated as T1, T2 etc, are followed by the identification of teacher (T) and students (St A, St B etc).


� When referring to plants, both Portuguese words ‘crescer’ (to grow) and ‘evoluir’ (to evolve) might be used as synonymous.


� Capital lettres indicate speacker’s stress of intonation.





