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Microgenetic analysis has been an important methodological tool to investigate learning processes in the sociocultural tradition. Based on Vygotsky methodological and theoretical distinction among different genetic domains, Wertsch (1985, p. 55) defined microgenesis in two ways: as "the short-term formation of a psychological process" and as “the unfolding of an individual perceptual or conceptual act, often for the course of milliseconds”. In using the microgenetic analysis to document transitions from interpsychological to intrapsychological functioning, Wertsch and Hickmann (1987) set out a definition of microgenetic analysis that is based on the first type of microgenesis and involves a minute following of the formation of a process, detailing the actions of the subject and the interpersonal relationships, in a short-term scale. This short-term scale can vary from short segments of interactions in a task setting or in a natural situation to a small number of sessions. According to Wertsch (1985, p. 55) “one could think of it as a very short-term longitudinal study” with the aim of identifying genetic transitions, mainly the transitions from interpsychological to intrapsychological functioning. 

In exploring methodological issues arising from the notion of microgenetic analysis, Góes (2000) argues that the definition by Wertsch emphasizes the duration of the process and the genetic transitions while the investigation of the semiotic, historic and cultural dimensions of the process is only implicit. According to Góes, both the criteria used by Wertsch are not sufficient to characterize this kind of analysis. She argues that the short-term scale seems not to be a criterion per se, but a consequence of the necessity of considering the details of the process. Góes tries to expand the notion by incorporating a broad view of dialogicality, by emphasizing the semiotic dimension, the discursive functioning and the search for hints, allusions and indications, which make the investigation of the intersubjective (or intermental) processes more complete and expand the possibilities of relating micro events with the cultural context, based on a genetic and historic account of these events (Góes 2000, p. 21). 

Although Góes emphasizes important aspects that were only implicit in previous definitions of microgenetic analysis, the scale of the phenomenon to be analyzed remains an important problem to be addressed, at least in considering the application of microgenetic analysis to investigate the ways meanings are generated through discourse in classrooms. Most of the papers Góes reviews in articulating her contribution to microgenetic analysis select "episodes" or a sequence of them to analyze. Góes, nevertheless, does not discuss what constitutes these episodes and which are the criteria to select them beyond the consideration that they are "significative for the purpose of the study" (Góes, 2000, p. 16). Previous investigations in science classroom related to this issue have provided tools for looking at both a sequence of teaching that occurs over an extended time line and/or a specific episode into a sequence (see, for example, Edwards and Mercer, 1987; Scott, 1997 and 1998; Mortimer, 1998 and 2000; Ogborn, Kress, Martins and McGillicuddy, 1996; Mortimer and Machado, 2000; Mortimer and Scott, in press). What constitutes an "episode" and which are the criteria to select it also remains implicit in these works. 

What these studies have not focused yet is on the microgenesis of a single explanation given by a student. The definition of different planes of analysis, corresponding to different scales in which the phenomenon of generating meaning through discourse can be studied in classrooms, seems to be an important task for expanding the notion of microgenetic analysis. In this paper I am going to suggest a way of analyzing a student’s explanation, composed of a single utterance or of a reduced number of them. One of the explanation I have selected is part of a larger episode, which have already been analyzed elsewhere (Mortimer and Scott, in press). Thus, the scale I am going to deal with in this paper is a very micro one, when a meaning emerge from a single utterance or a reduced number of them. Although considering that “any utterance is a link in the chain of speech communication” (Bakhtin, 1986, p. 84) which means that “utterances are not indifferent to one another, and are not self-sufficient; they are aware and mutually reflect one another” (p. 91), the analysis of how an explanation is brought about in the context of the discursive flow of the classroom in a select episode, as the one suggested in Mortimer and Scott (in press), does not constitute a substitute for the analysis of the microgenic transitions occurring in the production of the explanation itself. In science classroom, explanations are good candidates to constituting micro unities of meaning that deserve a specific analysis. As micro unities of meaning, they tend to occur in a context defined by other utterances. This major context, which is responsible for the emergence of the explanation, can be defined as an “episode” of meaning construction in classroom. Therefore, the identification and analysis of these micro unities of meaning can also help to define what constitute an episode, which is something still unclear in microgenetic analysis. 

Consequently, what I am going to offer here is an account of a single utterance or of a reduced number of them in terms of microgenetic transitions that can occur in this singular moment of the classroom discourse. I consider that this kind of approach can help us to understanding the construction of explanations in classrooms in terms of transitions not only between inter and intramental planes of mental function (Vygotsky, 1978) but also between the levels in which an explanation is constructed in a fragment of classroom discourse – descriptions, explanations and generalizations. This approach is based on the same categories of a scheme of analysis we developed elsewhere (Mortimer and Scott, in press) to analyze the flow of discourse in classroom. The application of this approach to a micro unity of meaning – an explanation – is an attempt to expand its possibilities. This attempt is not meant to substitute the macro ones, which are fundamental for understanding the classroom, but to add one more level that is still missed in the analysis of science classrooms and which can help to improve the understanding of the macro sequences. I believe that the articulation among several different planes of analysis is a fundamental task to improve the understanding of science classrooms and to expand the notion of microgenetic analysis. This kind of articulation among different planes can also provide tools for working with teacher in programs of professional development. 

The framework to be presented here is not meant to be an exhaustive account of all the kinds of genres in which explanations can appear in science classroom. I am going to limit my account to short statements made by students in their attempts to give a requested explanation for a given phenomenon. In this way they resemble logical statements, in a paradigmatic mode of thinking (Bruner, 1986), and not stories and narratives. This distinction is important because Ogborn, Kress, Martins and McGillicuddy (1996), focusing on the ways science teachers construct and present explanations in science classrooms, developed a theoretical framework in which scientific explanations are described as analogous to stories or narratives. Without deny the possibility of an explanation being presented in science classroom as narratives, most of them still appear, at least in the Brazilian classrooms, in the form of statements that belong to the paradigmatic and not to the narrative mode of thinking (Bruner, 1986). 

A theoretical framework for microgenetic analysis of explanations in science classroom 

In trying to build a theoretical framework to account for the microgenesis of explanations it should be necessary to decompose them in a sequence of steps and to show what is involved in moving between these steps. Saying in another way, it is necessary to characterize the planes that constitute an explanation and to show how a student moves between these planes in making an argument. Before defining the categories that can characterize these movements, it will be helpful to look at the philosophical problem of causality, which I consider to be at the core of the problem of explaining a phenomenon. 

Explanation and the philosophical problem of causality

Although every science teacher can easily recognize an explanation, there is not a straight way in which explanations can be characterized. In exemplifying which sort of questions drives explanations, Ogborn et al. (1996) offers not only the traditional ‘why’ questions (why does ice float in water?) but also ‘how’ (how the greenhouse effect contributes to keep the Earth warm?) and ‘what’ (what is a liquid crystal?) questions. In explaining, someone is dealing with causal relationships in a broader sense, that goes beyond its narrow sense of a relationship between cause and effect (Bunge, 1961) and can be related to both the actions of explaining and of describing, as in science some explanations do not go beyond the description of a system.

The problem of explanation is dealt with in philosophy of science in terms of causality. Kuhn (1977) points to an alternation between formal and efficient causality in the history of science. The author is referring here to the Aristotle’s causes. For the latter, all the changes in the world have four causes: the material, the efficient, the formal and the final. If asked about what does cause a statue to come to existence Aristotle would say that the marble is the material cause, the force applied to the marble by the tools of the sculptor or sculptress is the efficient cause, the idealized shape of the finished sculpture is the formal cause and the need to make money or the wish to increase the number of artistic objects in the world is the final cause (Kuhn, 1977, p. 49). 

According to Aristotle, the violent changes, which alter the cosmos’ natural order, are brought about by efficient causes. The formal cause is related to restoring or maintaining the natural order. The things are what they are as a consequence of their nature. For Aristotle, there are only three possible nature of motion: the first related to the bodies that fall, the second to the bodies that ascend and the third to the bodies that undergo circular motion. In this kind of formal causality, there is neither an agent nor a patient. The cause of the change has to be found inside the systems, in its own nature. Halbwachs (1977) calls this kind of Aristotelian formal cause homogeneous causality. The theory of impetus (13th and 14th centuries), although different from the Aristotelian system, maintains the same kind of homogeneous or formal causality, in attributing the motion to an internal ‘motor’ (the impetus) of the systems. 

The same can be said about the Galileo’s physics (16th and 17th centuries), as his law of inertia also explain the motion in terms of a internal property of the system: its inertia. (Kuhn, 1977, p. 49-51).

The Newtonian physics and the mechanist worldview that emerged from it changed the explanation of motion, introducing an efficient cause. The transformation in a system can be explained by the action of another system, external to the first one. An external force, applied to a body, can cause a variation in its speed and alter its conditions of rest or of being in uniform motion in a straight line. There is a cause and an effect and in this sense, the notion of causality becomes near to its narrow sense. Halbwachs (1977) classify as heterogeneous this sort of causality in which there is a clear differentiation between agent and patient, between cause and effect. 

Kuhn demonstrates that the formal (or homogeneous) causality emerges again in physics with electromagnetism and its idea of fields. It goes beyond the scope of this paper to discuss the history of physical causality. The point to be made here is that explanations can assume different forms, even when we look in the history of science. In this respect, a last distinction should be introduced related to the atomic and molecular models used in explaining chemical and other phenomena. In this case, there is a mixture of homogeneous causality  (the atoms and molecules are part of the system) with heterogeneous causality (macroscopic properties of the system - observable - are explained recurring to a sub-microscopic model - which can not be directed observable). Halbwachs distinguishes this third kind of causality that resorts to profound levels of the system. 

The importance of the distinctions we have highlighted is to point out to the different approaches students can have to the problem of explaining phenomena in classrooms. The tension between macroscopic phenomena and microscopic explanation is a key for understanding chemistry. Normally, chemistry teachers go from one level to the other quite unconsciously and automatically although they are not always followed by the students in these shifts. As several studies about the use of particulate model of matter by students have shown (see, for instance, Brook, Briggs and Driver 1984, Ben-Zvi, Eylon and Silberstein 1986, Renstrom 1987, Griffiths and Preston 1992, Hesse and Anderson 1992, Garnett, Garnett and Hackling 1995, Mortimer, 1998), students have great difficulty in distinguishing or transiting between these levels. A very common finding of these studies is the attribution by the students of macroscopic properties, such as color or fusibility, to microscopic particles.

It is possible to expand this distinction between macro and micro in order to apply it to explanations in different areas of science teaching. The explanations that resort to entities created inside the theoretical discourse of science, as in the case of the microscopic ones, can be characterized as theory driven. The explanations that resort to direct observable properties or constituents of a system can be characterized as empirically/perceptually based. We should consider that this distinction establishes two poles of a continuum, as an explanation can be localized in any point between something that is theory driven or empirically/perceptually based. Nevertheless, in most of the cases we can say that an explanation is either predominantly theory driven or empirically/perceptually based.  

Descriptions, explanations and generalizations

Another sort of distinction we believe will be useful to deal with the student’s explanation is among description, explanation and generalization. Using this distinction together with the previous one, we can begin by trying to define what is a theory driven description and an empirically/perceptually based description. To illustrate this definition we are going to use data from an episode in which the students in a group were trying to explain, with the help of the teacher, why a grain of potassium permanganate dissolves spontaneously, without agitation, in water, what is a clearly observable phenomenon as the purple color of the permanganate spread out throughout the liquid (Mortimer and Machado, 1996). 

An empirically/perceptually based description is a statement or utterance that simply describe the phenomenon in terms of observable aspects, for example, “The color leaves here and comes over here.” A theory driven description goes beyond the phenomena by describing them using entities that are not in the phenomenon itself. In the episode of permanganate, there is, for example the following utterance from the teacher: “Well, look here. Are you saying that the particles leave here and come over here?”. In this utterance, the entity referred to (particle) is not visible in the phenomena and in this sense goes beyond the phenomenon. But it is still a description because it does not involve a proposed mechanism for explaining the phenomenon. 

Generally speaking, the descriptions that are important to the construction of arguments in science classrooms belong to the second type, as it is not the phenomenon itself what counts on science, but the way in which it is reconstructed in the light of the theoretical tools. 

Linguistic criteria could be useful to distinguish whether a description belongs to the first or to the second type. If a description is set up in terms of referents visually present in the system, this description fall in the first type referred above - empirically/perceptually based. If a description, on the contrary, use referents that are not visually present in the system, but are entities created through intralinguistic relationships sign/type - sign/type which characterize the symbolic systems, this description falls in the second type referred above - theory driven. It is important to note that, in classroom, entities such as electrons, atoms, molecules, etc., are created mainly through discourse, independently of their realistic status. In this sense we are going to refer to such entities as intralinguistic, although scientists, science students and science educators tend to consider these entities as real objects. Nevertheless, we consider that the discussion whether these entities really exist or not is misleading as the power of such entities resides not in their real existence, but in the explanatory possibilities that they give to the theoretical discourse built around them. In the history of science we have good examples of how an entity can survive as a powerful idea, independently of the experimental evidence of its real existence. The history of the atomic hypothesis is one these examples. In 1803 Dalton (1766-1844) presented what is generally accepted as the first atomic theory applied to Chemistry. Atomism, at that time, was already well diffused through the work of Pierre Gassendi (1592-1655) and had been used by several important scientists as Galileo (1564-1642) Boyle (1627-1691) and Newton (1642-1727). Assuming weight as a fundamental property that could distinguish atoms of different chemical elements, Dalton opened a fruitful research program in chemistry. Nevertheless, alongside the entire 19th century, atomism was immersed in controversy and confusion. Not all scientists adopted the Daltonian program, as Berzelius (1779-1848) did in his search for atomic weights. The equivalent weights of Leopold Gmelin (1788-1853) were much more utilized by chemists in the 1840s than the atomic weights of Berzelius. Dumas (1800-1884), in 1836, wrote: “If I had such power I would erase the word atom from science, persuaded as I am that it goes beyond experience and that in chemistry we should never go beyond experience” (apud Rheinboldt, 1988, p.80). Although the existence of atoms was overwhelmingly accept only in the beginning of the XX century, most of the chemistry of the XIX century, including structural and organic chemistry, was already built around the ideas of atoms and molecules far before this consensus have been reached.

The category explanation can be used to refer to utterances that explicitly establish relationships among entities and concepts, importing some form of model or mechanism to account for a specific phenomenon. The following utterances from a student, that occur in turns 38 and 40 of the permanganate episode is a typical example of this: 

· Turn 38: “This here is a liquid, and a liquid does not have a defined shape, isn’t that so? That is, there is movement of the particles?” -

· Turn 40:  “And there is space. So, since there is movement and space between the particles, the tendency is for one not to stay in the same place. They, therefore, mix themselves.”   

Note that in explaining the phenomenon, the student related the physical state of the mixture (liquid) with the existence of empty space and movement, which are asserted as the condition allowing that particles of permanganate and particles of water “mix themselves”. Is this sense, these utterances go beyond the description of the phenomenon by attributing causal relationships between the physical state (liquid) and existence of movement and space, and between the latter and the phenomenon of mixing. Nevertheless, this explanation is still referring to a specific phenomenon, the spontaneous dissolution of potassium permanganate in water. We shall be back to this two utterance latter in this paper.

In linguistic terms, it could be said that the main difference between a description of the second type referred above and an explanation is that the former attribute intralinguistic created entities to the system and the latter attributes relationships among these entities - a causal mechanism - to the system. Note that in the description referred here, “particles” which cannot be visualized into the system are used to describe the system in terms of spatiotemporal displacements. Thus, a symbol is attributed to the system and this attribution results in that this symbol is now treated as an extralinguistic referent. This description, as most of descriptions in science, has the power to convert a symbol in an extralinguistic referent. The iconic representation of the phenomena, through drawn models, seems to be a fundamental step in this transformation of entities not directly observed, as particles, electrons, molecules, etc., in extralinguistic referents. 

Finally, a generalization goes beyond an explanation as far as it admits that some explanations are not the property of a particular phenomenon but a general property of scientific entities, matter, classes of phenomena, etc. A student’s utterance in turn 46 of the cited episode is a typical example of this: “That the particles have... that the molecules, that the particles have energy and there is space between them.”  Note that this student is not referring to particles, energy and space in a particular phenomenon but to properties of these entities in general, as part of a particulate model of matter. In this sense generalizations are explanations although not anymore for a specific phenomenon as the “dissolution of potassium permanganate in water”, or to a specific kind of matter as “this liquid”, but to classes of matter and phenomena as “liquid” or “dissolution”. Linguistically, the generalization completes the descontextualizing/recontextualizing movement towards a pure symbolic, intralinguistic relationship between sign/types, as the referents are not anymore extralinguistic objects or phenomena but general categories of matter and phenomena that exist in the intraliguistic relationships. It is worth noting that the use of molecules alternatively to particles seems to signalize that this student is speaking of a general characteristic of matter as molecule, different from particle which can have a double meaning (macroscopic or microscopic), is something that definitely belong to this abstract word of entities created through discourse. This way of speaking about matter is assured by the existence of a general model that can be applied to all kinds of matter. 

As is the case for descriptions, explanations and generalizations can also be either empirically/perceptually based or theory driven. We shall be back to this in the examples. 

The dynamic of explaining phenomena in science classroom

As the categories that constitute an explanation are characterized, we shall now try to describe the dynamic of the process of explaining, i.e., how these categories are put together in constructing arguments and which sort of movements can be identified among these categories. 

The first thing that should be noticed is that, generally speaking, there is a movement of progressive descontextualization or recontextualization on discourse as you move from description to explanation and from explanation to generalization. Although this seems to be the general case, we will exemplify that a description can be based on a previously learned generalization. Then, both the movements of descontextualization and of contextualization can happen in school science explanations. 

That a previously learned generalization can be used as a description leads to another sort of problem in the dynamics of explanations: how a logical argument used to explain a phenomenon is built making relationships between what is already know and what is new and should be explained. Rommetveit (1979), in exploring the architecture of intersubjectivity, notes that “what is made known at any particular stage is thus not only made part of and expanded shared social reality, but serves at the same time as a prerequisite for make the proper sense of what is said next” (p. 99). Communication, according to Rommetveit, depends on what is taken for granted for making the new information meaningful. The flow of the discourse in science classrooms seems to depend on the same relationship between what is present in the discourse as something already known and what is being foregrounded for attention because is something in need of explanation. 

Two examples 

The spontaneous dissolution of potassium permanganate in water

In order to illustrate the potential of these categories to reveal the dynamic of explanation in science classrooms, we are going to apply them to analyze the microgenesis of explanations extracted from two different sources. To begin with, lets try to apply the framework to a already given example, the sequence of two turns uttered by a student in the already referred episode of the spontaneous dissolution of potassium permanganate in water. It should be noticed that these two utterances emerged in the context of a dialogue between this students and her teacher, in which the student suggested the theme of the explanation (particles motion) in the 21st turn of the episode, after a series of attempt of explaining from different students in the same group, which were evaluated by the teacher. From that point, the student (identified as S5) progressed in building the argument, prompted by elaborative feedbacks from the teacher (Mortimer and Scott, in press). The turn 38 and 40, represent an explanation achieved by the student in this dialogue. The turn 39 is only another prompt by the teacher, in the form of a repetition of the phrase said by the student:

· Turn 38: S5 “This here is a liquid, and a liquid does not have a defined shape, isn’t that so? That is, there is movement of the particles.”

· Turn 39: T: “There is movement of the particles.”

· Turn 40: S5 “And there is space. So, since there is movement and space between the particles, the tendency is for one not to stay in the same place. They, therefore, mix themselves.”       

Taken together, turns 38 and 40 constitutes an explanation of the phenomenon of spontaneous dissolution of potassium permanganate in water: 

“This here is a liquid, and a liquid does not have a defined shape, isn’t that so? That is, there is movement of the particles. And there is space. So, since there is movement and space between the particles, the tendency is for one not to stay in the same place. They, therefore, mix themselves.”

What are the steps in this sequence that characterize the dynamic of explanation? 

1. Attributing a general characteristic to the object (referent) through a predicative existential phrase: This (this thing here, present, of which I am speaking) is a liquid (a general class of matter that have some properties). Thus, the student moved from the object “here and now” to a category of matter. The use of the indefinite article is a further evidence that “liquid” is used here as a category of matter. 

2. Selecting a macroscopic property of the general class that interest: A liquid doesn’t have a defined shape.
3. Logically entailing a microscopic property from the macro one: That is there is movement of particles.

4. After the teacher’s prompt in T39, that means go on!, S5 entailed a new microscopic property: And there is space.

5. Assuming these two microscopic properties as “known” or “taken for granted” (So, since there is movement and space between the particles,), S5 use then to introduce the “new information (the tendency is for one not to stay in the same place) that follows logically from the “known” ones. 

6. This logical construction from given to new information is assumed to be the explanation for the phenomenon, so S5 can go back to it: They therefore mix themselves.

The construction of this explanation depend on three generalizations (A liquid doesn’t have a defined shape. (...) there is movement of particles. And there is space.) which are, at the same time, taken as descriptions of the object (the liquid solution considered in the phenomenon). In using these three descriptions, based on previous learning generalizations, the students move, sequentially, from macroscopic, or empirically/perceptually based (A liquid doesn’t have a defined shape.) to microscopic, or theory driven description (That is there is movement of particles. And there is space.). To explain, in this case, is making these movements and logically related them to the phenomenon to be explained, assuming the theory driven descriptions as known or taken for granted and deducing from them the new information that explain the phenomenon. It should also be noted that, in terms of the dynamic between intermental and intramental planes of functioning, the construction of a novelty in the intermental plane - the explanation - depends on bringing internalized generalizations to this plane. Therefore, what can be observable in the construction of an explanation, as something new that emerge in the intermental plane of interaction between the students and the teacher, is a movement from intramental to intermental plane, which is the reverse of what is common described as a microgenetic transition.   

The apparently simple and clear-cut categories described above are related in a quite complex manner in this explanation, as we have found a relationship between descriptions and generalizations in one explanation the student has given. So, it can be said that an explanation depends on previously learned generalizations and on the ability to use these generalizations to describe the phenomenon or object in question.

In this sense, this passage (T38 to T40) could be quoted in the following fashion, if we dismember the utterances:

T38u1: S5: This here is a liquid (object being categorized)

T38u2: and a liquid doesn’t have a defined shape. (macroscopic or empirical/perceptual description) 

T38u3: Isn’t that so? (Rhetorical question)

T38u4: That is there is movement of particles. (microscopic or theory driven description)

T39: T: There is movement of particles. (Teacher repeats the final statement of S5, prompting her talk)

T40u1: S5: And there is space. (microscopic or theory driven description)

T40u2: So, since there is movement and space between the particles, the tendency is for one not to stay in the same place. (Explanation, relating logically what is known and the new information)

T40u3 They therefore mix themselves. (Going back to the phenomena)

This sequence can be graphically represented in terms of an axis for progressive descontextualization (as Vygotsky, 1987, stated it) or recontextualization on discourse, using only the students’ utterances that have propositional value (excluding, then, T38u3 and T39). 

This representation makes clear this kind of dynamics in this act of explaining.

It should be noted that the explanation given by S5 is not complete, as she did not refer to the interactions between solute and solvent particles, which play an important role in the phenomenon of solubility. Nevertheless, it is quite appropriate for what the teacher had in mind at that point of the teaching sequence, as the activity aimed to discuss just the existence of space and movement as a characteristic of a particulate model of matter. It should also be noted that what Vygotsky called descontextualization means, for sure, another form of contextualization, that time in terms of a theoretical discourse. So, we could rename the axis of the diagram as empirically/perceptually contextualized and theoretically contextualized.  
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Graphical representation for the explanation
Rusting nails

The second explanation we are going to analyze came from a teaching sequence about rusting reported by Scott (1997), as part of a Year 8 school science unit of work on ‘Chemical Reactions’. The particular fragment of discourse we are going to take from this sequence belongs to an initial activity, in which the students were asked to take a nail home and to place it in a location were they thought the nail would go rust. They were asked to return the nail mounted in a sheet of paper with the information about where the nail had been placed and why the students had placed it there. The explanation to be analyzed here was given by a student when interviewed by the researcher. This explanation, in contrast to the one just analyzed, is much closer to the students everyday and commonsensical knowledge, as it happens at the beginning of a sequence of lesson as a result of an activity planned just to make explicit this everyday knowledge about a chemical phenomena. 

Most of the students offered explanations based on prototypical experience with rusting. In this way, they generalized from previous experience with rusting they have had in their everyday live. One of the students placed her nail out-of-doors ‘near the garage’ and justified it in the following way: 

Utterance 1:
“Because I though - sometimes water will come in ‘cos of the rain - so it’ll get water and it’ll be - it’s quite drafty in there, so it’ll quite a lot of cold - and sun’s there when it’s sunny. And it’s not a very nice place - the leaves all cover it an’ things like that.”

Utterance 2: “Well, I’ve got a bike you see. I haven’t been using it lately and it’s starting to go all rusty on the handlebars. And Mum and Dad tried to get it off, you know...and I thought well if I left that (nail) out then, and now that I’ve put it outside and I’ve left it outside, it’s gone rusty.” (In Scott, 1997, p. 76). 

The student’s explanation for rusting is clearly based on a generalization of her personal, everyday experience with rusting and rusty things. So, as in the example of permanganate diffusion, she based her explanation in a previously learned generalization, although in this example this generalization came from everyday experience and where not “learned” in a formal sense. Nevertheless, when asked to make a hypothesis about rusting in the context of a school science activity, she explicitly refers back to this everyday experience and logically infer from it why things go rusty, listing all the conditions she found in the environment in which her bike went rusty. It is interesting to note that what was known (the bike experience), from which the students infer the new information (the condition for rusting), came latter in the discourse. 

This correspond to what Vygotsky points to be a “lack of correspondence between the grammatical and the psychological subject and predicate” (1987, p. 251. See also Wertsch, 1985, p. 140-144). For Vygotsky, what is “in the consciousness of the listener first” (1987, p. 252) is the psychological subject while “what is new - what is said about the subject -” (ibid.) is the psychological predicate. In the student’s consciousness, what was represented first was the bike experience. It was from this experience that she selected a place and characterizes it in terms of its conditions that favor things go rusty. 

With this in mind is possible to say that the first utterance, which seems to be a series of perceptually based description (Because I though - sometimes water will come in ‘cos of the rain - so it’ll get water and it’ll be - it’s quite drafty in there, so it’ll quite a lot of cold - and sun’s there when it’s sunny. And it’s not a very nice place - the leaves all cover it an’ things like that.), is actually an empirical explanation for the phenomenon based on a previous generalized experience with rusting which occurred in the same place. The explanation could be said to follow some steps which can be demonstrated by dismembering the student’s utterances, although they are not represent in the student’s discourse in this order:

1- Recovering a prototypical experience of rusting - Ut2.a: Well, I’ve got a bike you see. I haven’t been using it lately and it’s starting to go all rusty on the handlebars. And Mum and Dad tried to get it off, you know... 

2- Generalizing from this experience to the case of rusting the nail - Ut2.b: ...and I thought well if I left that (nail) out then,

3- Confirming her hypotheses - Ut2.c: and now that I’ve put it outside and I’ve left it outside, it’s gone rusty.”  These first two steps constitute the taken for granted, the already known.

4- Describing the place where the bike and the nail have been placed, highlighting the presence of things that are stated as to be the cause of the rusting (water, draft, cold, sun. leaves). These description is the new information, the cause of rusting - Ut1: “Because I though - sometimes water will come in ‘cos of the rain - so it’ll get water and it’ll be - it’s quite drafty in there, so it’ll quite a lot of cold - and sun’s there when it’s sunny. And it’s not a very nice place - the leaves all cover it an’ things like that.”

Comparing the two explanations

In comparing the two explanations presented so far (the permanganate diffusion and the rusting) it should be noticed that although they are apparently complete different explanations, they follow the some logic of relating what is taken for granted and what is new and of alternating movements of descontextualization/recontextualization and contextualization. In the case of permanganate, there is a clear shape in this movement as the graphical representation on diagram 1 tries to make evident: from the here and now of the object referred to by a deictic expression to the explanation in terms of theory driven descriptions (the ascendant movement) and back to the phenomenon (the descendant movement). The movement in the rusting case is not so well shaped, but there is a clear descontextualization when, in utterance 2, the student abstracts the things present in the environment which could cause rusting.

An important difference is that the rusting explanation is empirically/perceptually based while the permanganate one is theory driven. In the latter, the explanation depends on a first step of categorizing the object as a liquid, on two further steps of applying previous learned generalizations to it and then on the final step in which this known information is connected with the new one, stating the explanation. In the rusting case what is generalized is the prototypical experience and not the abstract properties of the object. Coherent with this, the explanation is based on a quite exhaustive account of things in the environment considered, from experience, to be effective on rusting. 

The two explanations are also school framed, although in different ways. The situation definition - “the way in which objects and events in a situation are represented or defined” (Wertsch, 1985, p. 159) - is clearly framed by the context of a school science task. In the explanation of rusting this has an interesting effect, as something that is tacit knowledge - the conditions for rusting that we experience in everyday life - is bring to focus and to conscious reflection. As a consequence, even this very commonsensical explanation is dealt with in terms of “conditions for rusting”, what are the first level of descontextualization/recontextualization that will contribute for the elaboration of the scientific explanation. Although the conditions brought by the students include several things that are not so relevant for the phenomenon of rusting, they already include water, which is one of the essential conditions that the planned lessons will end up with. What is more important, these conditions have been stated in terms of things that are necessary for rusting to occur, which is one of the planned learning goals of the lesson. 

Related to the distinction between formal and efficient causality stated previously in this paper, the rusting explanation is clearly based on heterogeneous or efficient causality, as the cause of rusting is stated as something external to the system being rusty. On the other hand, the permanganate explanation is based on profound causality, as the cause is at same time homogeneous (the particles and their movements belong to the system) and heterogeneous, as a macroscopic observation is explained based on sub-microscopic properties of the system.      

Final Comments

The framework presented in this article to analyze few utterances that constitute an explanation has already been applied to analyze episodes and teaching sequences (Mortimer and Scott, in press). The application of the framework to a single explanation makes evident several features of the micro dynamics involved in the construction of explanations by the school science students. First, the students show a tendency of using previous learned generalizations as descriptions of the phenomenon to be explained. Such generalizations can be based in the contents of formal school science (as in the case of the permanganate explanation) or in previous experience with similar phenomena (as in the case of the rusting explanation). What is important to highlight is that a previous learned generalization is taken as a description of the phenomenon to be explained, revealing the dynamics between these categories in the construction of arguments in science classrooms. To explore how the students succeed or fail in moving between these categories in different kinds of explanation can help to have a better understanding of the microgenetic dynamics of the explanation in science classrooms.  

Another important feature of the explanations discussed here is that they involve some sort of descontextualization or, more precisely, a movement between empirical/perceptual contextualization and theoretical contextualization. This feature seems to be present even in an everyday explanation that is framed by a science school task. To identify the difficulties students face in transiting between different levels of recontextualization in different sorts of explanation can help to clarify how to deal with these movements in science classrooms.

Applying the framework presented here to find and analyze different exemplary kinds of explanation and how they are constructed through discourse in science classrooms can be used to help teachers, in programs of professional development of teachers, to be aware of the micro dynamics involved in this process.   

Finally, characterizing “explanations” as a very micro level to which microgenetic analysis can be applied raises again the issue about the scale of the phenomenon in this kind of analysis. 

The idea of microgenetic analysis as a “very short-term longitudinal study” (Wertsch, 1985, p. 55) seems to be very compatible with the analysis presented here, although it does not answer the important question on how this very micro level can be articulate to other levels to give a more complete picture of the process of generating meaning in classrooms. By using the same categories to analyze a single explanation (the “permanganate” one in this paper) and the episode in which it occurs (Mortimer and Scott, in press) we are trying to articulate these first two levels of analysis, emphasizing their semiotic and discursive dimension, and bringing together generalization and social interaction. Paraphrasing Vygotsky (1987, p. 49) in his methodological introduction to Thinking and Speech, it may be appropriate to view an explanation as a unity of generalization and social interaction, a unity of thinking and communication. How to articulate these very micro levels with broader sequences of teaching and with the entire curriculum is something to be further investigated if we wish to gain a better understanding of the process of generating meaning in classrooms.  

References
Bakhtin, M.M. (1981) The dialogic imagination, ed. by Michael Holquist, trans. by Caryl Emerson and Michael Holquist. (Austin: University of Texas Press).

Bakhtin, M.M. (1986) Speech Genres & Other Late Essays, ed. by Caryl Emerson and Michael Holquist, trans. by Vern W. McGee. Austin: University of Texas Press.

Ben-Zvi, R. Eylon, B. and Silberstein, J. (1986) Is an atom of copper malleable? Journal of Chemical Education, 63(1), 64-66.

Brook, A., Briggs, H. and Driver, R. (1984). Aspects of Secondary Students' Understanding of the Particulate Nature of Matter. Leeds: Children's Learning in Science Project, Centre for Studies in Science and Mathematics Education, University of Leeds.

Bruner, J. (1986) Actual Minds, possible words. Cambridge, MA: Havard University Press.

Edwards, D. and Mercer, N. (1987) Common Knowledge - The development of undestanding in classroom. London: Routledge.

Garnett, P.J., Garnett, P.J. & Hackling, M.W. (1995) Students’ alternative conceptions in chemistry: a review of research and implications for teaching and learning. Studies in Science Education, 25, 69-95.

Góes, M.C.R. (1986) A abordagem microgenética na matriz histórico-cultural: Uma perspectiva para o estudo da constituição da subjetividade. Cadernos Cedes, 50: 9-25. 

Griffiths, A.K. & Preston, K.R. (1992). Grade-12 students' misconceptions relating to fundamental characteristics of atoms and molecules. Journal of Research in Science Teaching, 29(5): 611-628.

Halbwachs, F. (1977). História de la explicacion en física. In: Piaget, J. (org). La explicacion en las ciencias. Barcelona: Martinez Roca.

Hesse, J.J. and Anderson, C.W. (1992). Students' Conceptions of Chemical Change. Journal of Research in Science Teaching,  29(3): 277-299.

Kuhn, T.S. (1977). La Tension Esencial. México: Fondo de Cultura Economica. Tradução de Roberto Helier.

Mortimer, e.f. (1998) Multivoicedness and univocality in the classroom discourse: an example from theory of matter. International Journal of Science Education, 20(1): 67-82. 

Mortimer, e.f. (2000) Linguagem e formação de conceitos no ensino de ciências. Belo Horizonte: Editora UFMG.

Mortimer, e.f. e machado, a.h. (1996) A linguagem numa aula de ciências. Presença Pedagógica 2(11): 49-57.

Mortimer, e.f. and machado, a.h. (2000) Anomalies and conflicts in classroom discourse. Science Education, 84: 429-444. 
Mortimer, e.f. and Scott, P.H. (in press) Bring new tools to analyse the teaching and learning of science. in Leach, J., Millar, R. and Osborne, J. (Eds) Improving Science Education: the contribution of research. Milton Keynes: Open University Press.

Ogborn, j., Kress, G., Martins, I. and McGillicuddy, K. (1996) Explaining Science in the Classroom. (Buckingham: Open University Press).

Reström, L. (1987). Pupils' conception of matter - a phenomenography approach,  in Novak, J.D. (ed), The proceedings of The Second International Seminar: Misconceptions and Educational Strategies in Science and Mathematics. Cornell University, New York, vol. III, p. 398-414.

Rheinboldt, H. (1988) História da Balança. A vida de J. J. Berzelius; Nova Stella/EDUSP: São Paulo.

Rommetveit, R. (1979) On the Architecture of Intersubjectivity. In R. Rommetveit & R.M. Blakar, eds., Studies of language, though, and verbal communication. London: Academic Press, pp. 93-108.

Scott, P. (1997) Developing science concepts in secondary classrooms: An analysis of pedagogical interactions from a Vygotskian perspective. Leeds: The University of Leeds. Unpublished Ph.D. dissertation.

Scott, P. (1998) Teacher Talk and Meaning Making in Science Classrooms: A Vygotskian Analysis and Review. Studies in Science Education, 32, 45-80.

Vygotsky, L.S. (1978) Mind in society: The development of higher psychological process. Ed. Michael Cole, Vera John-Steiner, Sylvia Scribner and Ellen Souberman. (Cambridge, MA: Havard University Press).

Vygotsky, L.S.(1987) Thinking and Speech. In The Collected Works of L.S. Vygotsky; Rieber, R.W.; Carton, A.S., Eds.; Minich, N., Eng. trans.; Plenum Press: New York.

Wertsch, J.V.(1985) Vygotsky and the Social Formation of Mind. Cambridge, MA: Havard University Press. 

Wertsch, J.V. and Hickmann, M. (1987) Problem solving in social interaction: A microgenetic analysis. In Social and funcitional approaches to language and thought. New York: Academic Press. 


