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CONSTRUCTIONS

In this section, I provide two distinct analyses.  For the first analysis I used cognitive apprenticeship and its constitutive parts—modeling, scaffolding, and fading—as tools to understand a science classroom in which students engaged in open-inquiry.  However, at that time I had used “cognitive apprenticeship” and “graduate student advisor” to plan for classroom activities, direct my interactions with students, and reflect on and transform my classroom practice.
  For this reason, one might expect to ‘find’ instances of cognitive apprenticeship in our data sources—although there are often discrepancies between teachers’ beliefs and classroom actions (Tobin & Fraser, 1989).  Notwithstanding the involvement an outsider (a university-based science educator with no stakes in the outcome of the project), this form of analysis ran the danger of reifying the very concepts which should be subject to analysis.
  Thus, I conducted an analysis at a second level.  This analysis was different in three respects from the conceptual analysis using the apprenticeship metaphor.  (1) Instead of studying macroscopic events and following the precepts of conversational analysis
, the grain of analysis was at the level of individual utterances and the conversational work they were supposed to do.  (2) This new level of analysis rejected the utilization of prior, structural conceptualizations to frame the analysis.  Rather, according to Garfinkel’s (1991) methodological specification, any structure had to emerge from our understandings of conversational action at the level of each utterance.  The phenomena emerging from such analyses may not be available to the policies and methods of constructive analysis, and may not be recovered with a priori representational methods.  (3) I conducted the second analysis in a remove from my employment during the time of data collection.  With this approach I expected to be able to deconstruct my own teaching and research practices, and to construct new and different insights.  


My analyses are presented in two sections.  In the first section I provide a view of teacher-student interactions constructed by using cognitive apprenticeship as an analytical tool.  In the second section, I describe teacher-student interactions as they emerged from the interactional analysis of classroom conversations.

Cognitive Apprenticeship: An Analysis of Classroom Interactions

Throughout the students’ inquiry, I conceptualized my role as that of an advisor and resource person.  The role of an expert who scaffolds student performance was most apparent during the interpretation of data and construction of knowledge claims.  Here, I had provided the scaffolding support students needed to coordinate isolated items of their prior knowledge and construct new, more integrated frameworks (to students I had become “the physics coach”).  This construction occurred first in the collaborative effort between students and teacher, from where each individual could appropriate, that is individually construct, his own representation.  I monitored students’ emergent meanings throughout each lesson.


Interacting with the students throughout the focus finding sessions, I suggested alternative research questions, coached students as they evaluated their ideas in terms of instruments and materials, encouraged students to frame new experiments in terms of the findings of previous ones, and encouraged students to focus on details of their plans.  These interactions can be understood as instantiations of the scaffolding metaphor.
  However, I also emphasized that it was the students’ responsibility and privilege to make decisions with regard to both the focus question and the plan for the experiment (“If you think that this is worthwhile investigating, I would like for you to look into that” or “I want to leave it to you to decide what question you will investigate”).  Such a shift in responsibility to the students corresponds to the process of fading, and thus overlaps with scaffolding.  During the scaffolding and fading phases, I served as a resource in questions of equipment and materials.  Unavailable materials or instruments sometimes precluded an experiment, although students had framed a suitable question for a high school laboratory.  In such cases, I helped students shift their focus and do a related experiment.  For example, ARR
 decided to do an experiment on the thermal expansion of solids.  Because the necessary metallic and glass rods were unavailable, I suggested an experiment regarding the thermal expansion of liquids or gases.  The following episode shows how a series of questions provided the students with a scaffold to the point of deciding which experiment they would do:

Ron:
You heat up a gas and insert a test tube and see how many bubbles and

I:
But this time you want something quantitatively.

Alex:
How could you do the thermal expansion of a liquid?

Ron:
How do you do it with a gas?

I:
How could you do it?

Alex:
You take a flask with a stopper and a tube going to another bottle full of water upside down.  When you heat the gas is going to go through the tube and in that other flask.  And then the water comes out. (Alex accompanies his talk by gestures which outline the set-up, and the movement of the substances).

I:
But quantitatively!  And could you do it with different types of gases?

Alex:
A tube filled with a bubble, and as the gas expands, the bubble moves along the glass tube (gestures a moving bubble in a glass tube).

I:
And very similar with liquids, could you?

Ron:
Yeah, just as the water expands it goes up (gestures that water expands along a horizontally oriented glass tube).

After this episode, the students decided to do the experiment Ron had suggested (the thermal expansion of liquids), and planned the procedures, apparatus, and materials they needed.


The importance of expert scaffolding to student progress was apparent when groups reached a point where a lack of prior knowledge prevented them from finalizing a focus question and a plan for an experiment.  For example, CJP had already discarded 17 of their own ideas.  The transcript of their interaction showed that they wanted to mix two substances in various ratios to see how the respective freezing points changed in response.  They knew that the two substances had to be soluble into each other and thus considered combinations of salt and water (not realizing that the melting point of salt is too high) and ice and water (forgetting that the two are one and the same substance in different phases).  Overhearing this conversation, I realized that the students had arrived at an impasse.  I suggested using of paradichlorobenzene and naphthalene, two substances with melting points of about 50 °C and 80 °C.  Following Jim’s question “Why these two substances?”, my suggestions to CJP included (a) the convenient  melting points of the substances and (b) other substances such as bromine and mercury which can be easily observed in three states.  In this case, the experiment allowed the students to learn a lot (as indicated by their laboratory report, reflections, and interviews) about the unexpected nature of a mixture’s varying freezing points.  This particular learning experience was possible because of the scaffolding.  The levels of scaffolding decreased over time as groups became more familiar with the phenomena under study.  For those groups (such as CJP) that demonstrated consistently high quality projects and a resistance to discouragement by occasional failures or “blind alleys”
, the support quickly decreased but never completely faded.


As the students progressed in their data analyses, I persistently encouraged students to think about the meaning of the graphs and functions they constructed.  This was achieved by using such scaffolding questions as “What does it mean that this curve is constant in this section?” “What does the slope (intercept) of your regression mean?” or “Can you relate the intercept of your line to a quantity you measured?”  In this way students focused not only on the mechanical aspects of graphing and analyzing the data and functions, but also on the conceptual underpinnings of the experiment.  During the period from which the following (scaffolding) episode was extracted, the students plotted and analyzed heating and freezing curves as well as heat capacity data.

I:
Why does it [the heating curve] stay flat and then go up?  Why doesn’t it go up immediately as soon as you started heating?

Jim:
The latent heat of.

Carl:
When the temperature is rising, then there has to be a change in kinetic energy [of molecules] (shows rising temperature with a gesture of his hands).

Jim:
Because it takes energy to change state, right here (points to flat section of temperature-time curve) it’s changing state to ice, here (points to section of temperature-time curve where it drops of from the flat section to lower temperatures) 

I:
Where does the energy come from?

Jim:
The energy comes from water.

Carl:
The ice around (looks at Jim for confirmation) the ice-water-salt mixture.

Jim:
Yeah, the salt-ice-water mixture.

This episode continued with questions designed to help students clarify their ideas about the topic.  These questions were hinged on students’ own contributions to the conversation.  Thus, the questions did not follow a preset agenda, but depended on the students’ prior answers: my higher order goal was to encourage students to describe phase changes and temperature curves from both a phenomenological and from a particle model point of view.  The questions I asked were intended to help students coordinate their products by bringing separate parts of their prior knowledge into new functional relationships.  The students’ laboratory reports provided evidence of their learning from our conversations: all groups, without exception, had coordinated both the phenomenological description and the particulate view of phase changes.  One group, for example, noted that 

The energy to change between a liquid and a gas is known as the latent heat of vaporization.  It increases the potential energy between the molecules, and decreases the intermolecular force.  So by looking at the graph’s unusual constant temperature means that heat is used for changing state.


My concern for student background knowledge was particularly evident during the interpretation phase of the students’ experiments.  Here too, the topics differed from group to group.  For example, in the above mentioned analyses of temperature-time curves in the phases of water experiment, the various discussions (over the course of one period) with the group CJP dealt with the topics of latent heat, seeding of a supersaturated solution and of a supercooled substance, the mole concept, molecular distances and forces, the concept of organization, and boiling as a cooling process.  On the other hand, the interactions with DJMG focused on potential energy as a function of intermolecular distance, temperature as a measure of average kinetic energy of a molecule, and volume changes that accompany the increase of heat in a substance.  In the group MCMT, the discussions focused on latent heat and the bonds between molecules.  These variations in the student-teacher conversations arose both from the variations in the students’ prior knowledge and in the experiments (because of the different experimental contexts, there were few whole class discussions).  Where students were working on the same problem, the content of the teacher-student interaction was both a product of students’ prior knowledge and my overall goal.  Thus, the “same” lesson plan did not translate into the same lesson in all groups, that is, the scaffolding depended on the specifics of each teacher-student interaction.  Although all interactions proceeded differently, I used certain techniques with all groups.  For example, both the students’ experimental results (temperature-time graphs) and the two-dimensional molecular models they drew served as conversational topics and as reference that we pointed to in part or as a whole.  Additional conversational structures arose from the use of arrows between the individual drawings, and gestures linking the drawings with the graphs.  As the students, I used drawings and gestures as mediational tools
 to assist the construction of meaning, to facilitate student-student and student-teacher interactions, and to ascertain that discourse participants constructed meanings which could be taken as shared.  Thus, as the cognitive apprenticeship metaphor implied, the interactions were shaped and facilitated by those representations—drawings, graphs, gestures, and mathematical equations—which are constitutive of and reflexive to scientific conversations (for an extensive discussion of representations in scientific discourse see Lynch & Woolgar, 1990).


The present analysis revealed actions which could be understood from the perspective of the cognitive apprenticeship metaphor: I scaffolded students’ attempts at various attempts of experimenting (and faded his support as the situation permitted).  However, this description did not permit me to (a) see whether the individual interactions would disconfirm our intuitions, and (b) assess how these interactions (which were in the zone of proximal development) were managed by all discourse participants.  My doubts about the usefulness of metaphor as an analytical tool were fueled by Lemke’s (1990) critical, fine-grained analysis of teachers’ management of classroom discourse.  On this basis, I constructed an interactional, micro-level analysis.

Interactional Analysis of Classroom Conversations

The following analyses are presented in three episodes.  Episode 1 was video taped as three students (ARR) were designing an experiment and deciding on a focus question.  Episodes 2.a and 2.b are consecutive excerpts from a data analysis and interpretation session during which three students (CJP) came to understand the shape of heating and cooling curves in terms of the kinetic molecular theory.  In order to do a conversational analysis of the discourse in which students and teacher engaged, I needed to include more detail in the transcripts.  Thus, the earlier excerpts are re-presented now including the necessary conversational details to conduct a micro-analysis of teacher-student interactions.

Episode 1: Interruptions and Further Inquiry

1.1
Ron:
You heat up a gas and insert a test tube and see how many bubbles and=

1.2
I:
=But this time you want something quantitatively.

1.3
Alex:
How could you do the thermal expansion of a liquid?

1.4
Ron:
How do you do it with a gas?

1.5

(1.6)

1.6
I:
How could you do it?

1.7

(.)

1.8
Alex:
You take a flask with a stopper and a tube going to another bottle full of water upside down.  When you heat the gas is going to go through the tube and in that other flask.  And then the water comes out=

1.9
I:
=But quantitatively (.)

1.10

And could you do it with different types of gases?

1.11
Alex:
A tube filled with a bubble, and as the gas expands, the bubble moves along the glass tube.

1.12
I:
And very similar with liquids? could you?

1.13
Ron:
Yeah, just as the water expands it goes up.


The episode began with Ron’s suggestion to conduct an experiment on the thermal expansion of gases (1.1).  As the latch-on (identified by the sign “=”) indicated, Ron was interrupted by my comment that they were to measure thermal expansion quantitatively rather than qualitatively (1.2).  Alex apparently pursued a different idea and, on the following turn, asked how the thermal expansion of a liquid could be measured (1.3).  Rather than answering Alex’ question, Ron wondered how the thermal expansion of a gas could be measured quantitatively (1.4).  Although he looked at me to indicate the direction of his question, I remained silent for a conversationally long pause before reflecting the question back to the students (1.5-6).  This pause provided students with an opportunity to consider their own question, an argument supported by the research on the importance of wait-time to students’ elaboration of their own ideas (Tobin, 1987).  However in the present case, the question came from one student, tentatively directed towards the teacher.  Not answering in a conversationally appropriate time, this pause may have also indicated to students that the teacher wanted to signal something about the question.  


Following the pause, I turned the question back to the students by repeating it (1.6).  While Ron’s question seemed to ask for the method of conducting such an experiment, the stress on ‘could’ in the reflected question suggested that there are several possibilities.  From the point of a conversational analyst, this is a non-sequitur, a break in the ordinary conversational rule that a question be followed by an answer.  As a result of this break in convention, it became the students’ task to answer their own question.  By that time, however, Alex was ready to answer Ron’s question.  He elaborated on an experiment which would allow him to show the thermal expansion of a gas (1.8).  Ron also enacted his explanations with gestures that outlined how the glass tube was to be connected from the flask to the inverted bottle so that the gas escaping from the flask could be captured (and measured) by displacement of water in the inverted bottle.  Interestingly enough, Alex took the initiative in designing an experiment, although he indicated in an interview that he did not like to do that.  He preferred to be given instructions regarding the equipment to be used, the procedures to be completed, and the questions to be answered.  


By reiterating his request for quantitative experiments, I interrupted Alex’s explanation (1.9).  In this, the interruptions in (1.2) and (1.9) were conversationally and semantically equivalent.  Both called on the student to think about quantitative experiments rather than qualitative ones by interrupting the previous speaker, and by taking the turn away from him.  The emphasis on ‘quantitatively’ highlighted my intention to move students to increasingly mathematize their laboratory experiences by using mathematical representations for their observations.  However, both statements can also be read as value judgments about the content of students’ utterances.  The use of ‘but’, the interruption before the end of the terms, and the stress on ‘quantitatively’ (1.9) all could indicate disagreement with the proposed experimental design.  The interruption even signaled that this disagreement was so important that it warranted an interruption, which constituted a break in conversational conventions.  As such, it might also signal or establish differences between the interlocutors.  Some participants are assumed to have the ‘right’ to interrupt others’ discursive contributions, which points to an asymmetrical relationship between participants.  Such an asymmetry underlies the traditional master-apprentice relationship.  Here, rather than letting apprentices engage in activities which lead to “blind alleys” and failure, masters and their equivalents in apprenticeship-like situations interact with the apprentice in an immediate mode.


Following my call for quantitative measures, I asked a question.  It was designed to encourage students to construct patterns not only for the thermal expansion of a particular gas, but for patterns across a number of gases (1.10).  The stress on “different” emphasized a desirable variation in the choice of substances—from a scientist’s perspective—so that the thermal expansion of one substance could be evaluated in the context of the behavior of other gases.  Alex responded to my first request by elaborating on his basic design in (1.8) so that he could now obtain a quantitative measure for the thermal expansion (1.11).  By itself, utterance (1.11) did not make much sense.  But in the context of the earlier design communicated through utterance (1.8) and the accompanying gestures, the experimental design Alex envisioned took shape.  He further helped listeners construct an understanding of his design by indicating the moving liquid bubble in the imaginary glass tube connecting the flask and the inverted glass bottle submerged in water.  My question in (1.12) may have encouraged students to think whether their experimental design was transferable to the measurement of the thermal expansion of liquids.  As in (1.10), I stressed one concept, here ‘liquids.’  This stress on ‘liquids’ contrasted the current conversational focus on gases.  In this, (1.10) and (1.12) were very similar.  Both of my utterances raised the question of expanding the experiment to different substances in the same phase or across phases.  In a sense, these questions provided new opportunities in the students’ search for lateral extensions of their research.  These questions also modeled scientific approaches to expanding research programs into new areas.  Ron immediately responded by sketching an experiment in which water expands into an upright glass tube that emerges from the stopper in the flask (1.13).


The line-by-line analysis of the present excerpt revealed three types of conversational action including (a) interruptions, intended to encourage students to immediately repair a developing idea (1.2, 1.9); (b) expansion questions, modeling scientific problem searching and/or providing new leads for students to consider expansions of previous experiments into new areas (1.10, 1.12); and (c) reflected questions, which put the next conversational turn and the responsibility for finding an answer to their own question back to the students (1.6).  The effect of the interruptions was to constrain or redirect student’s thinking in specific ways.  However, both interruptions could also be read as value judgments.  By contrasting the student’s utterance with ‘but,’ I signaled problems with the students’ design.  The immediately following ‘quantitatively’ assumed that the student recognized its contrast with the absent ‘qualitatively.’  That this interjection was not clear became apparent in (1.8) when Alex presented another qualitative experiment to study thermal expansion.  However, in spite of the fact that I did not contrast ‘quantitative’ by uttering ‘qualitative,’ Alex seemed to understand the significance of the utterance (1.9), and continued by designing a quantitative experiment.  


The effect of expansion and reflected questions, on the other hand, opened up possibilities for students to engage in further reflection and inquiry.  However, while the reflected question left further inquiry entirely to the students, the expansion questions provided direction for such an inquiry.  “Could you do it with different types of gases?” and “very similar with liquids?” both encouraged specific expansions of the original focus question.  At the same time, these expansion questions can be viewed as a part of my modeling of scientific inquiry.  In the present context, and in the context of the students’ inquiry, both of these meanings are possible.  Such ambiguities are constitutive of many learning situations (Jordan, 1989).  Jordan cited the example of a potter master’s rejection of a piece of clay brought by the apprentice.  This rejection could have two equally reasonable interpretations.  On the one hand, it might be a lesson to the apprentice how clay feels when it will not do the job at hand.  On the other hand, it might have simply been an attempt to save herself the effort of searching for the clay.

Episode 2.a: Problematizing the Obvious

In the previous episode, the teacher-student interaction was embedded in the students’ search for an experiment and its design specifications.  Here, the construction constituted certain patterns of interaction.  Because we cannot assume that these patterns reappear in a different context, I will analyze an interaction while the students were trying to understand the graph they constructed during their introductory experiment on phase changes.  I will use the already featured Episode 2.a in a transcription suitable for conversational analysis.

2.1
I:
Why does it stay flat and then go up?=

2.2

=Why doesn’t it go up immediately as soon as you started heating?

2.3
Jim:
The latent heat of 

2.4

(0.4)

2.5
Carl:
When the temperature is rising, then there has to be a change in kinetic energy.

2.6
Jim:
Because it takes energy to change state, right here it’s changing state to ice, here.

2.7
I:
Where does the energy come from?

2.8
Jim:
The //energy comes from water]

2.9
Carl:
The ice around] (.) the ice-water-salt mixture.

2.10
Jim:
Yeah, the salt-ice-water mixture.


At the beginning of this episode, Jim, Carl, and Pete
 were sitting around two graphs.  One depicted their measurements of heating a sample of ice water until half of it had boiled away; the other depicted the temperature-time behavior of a sample of water in a test tube that had been submerged in an ice-salt-water mixture.  I questioned why the temperature-time graph of water remained constant before rising (2.1).  Without giving the students an opportunity to respond (by latching the second question directly onto the first, signaling a bid for the next turn), I reframed the question.  Now, heating was linked to a rise in temperature during the process of heating, a pattern that was disrupted at the beginning of the heating process (2.2).  My two questions had actually problematized the shape of temperature-time curve, its flatness in spite of heating.  Of course, this question presumed students knew that heating raises the temperature.  However, this assumption was left implicit in the question.  I must have realized that the students did not construct this problematic, and thus rephrased the question to make this assumption explicit.  This rephrasing thus acted as a repair of my first attempt in engaging the students to construct the flat part of the curve as a problematic issue.  Jim began to answer but left his sentence unfinished (2.3).  The pause in (2.4) provided others with the opportunity to take the next speaking turn.  Carl, however, did not address the question but linked the phenomenon of rising temperature to its explanation by the kinetic molecular theory (2.5).  Jim, in his turn, did not refer to Carl’s contribution but explained the flat section of the curve in terms of the energy required to change the state (2.6).  This utterance conceptually was connected to the earlier one, because the heat required to change state is the latent heat.  However, while I asked about the flat section in the heating curve, Jim now talked about the corresponding section in the cooling curve, underscoring his statement by pointing to the flat section of the curve and by stressing the indexical ‘here’ in his talk.


My next question referred back to the previous sentence (2.7) by asking for the origin of the energy to bring about the change of state.  This question was consistent with the earlier one in that it asked for the energy into the system as in the process of heating (“Where does the energy come from?”).  Jim answered that the energy came from the water without specifying the source of the water, although in the heating experiment there was only the water sample (2.8).  Whatever Jim meant, he expressed a definite source on his next turn.  Carl, answering at the same time as Jim, meanwhile referred to the ice-water-salt mixture in the cooling experiment (2.9), which Jim confirmed (2.10).  The explanation which Jim and Carl collaboratively constructed, although reasonable to the two students, was incorrect from a physicist’s point of view.  In the process of cooling, the energy is transferred from the sample to the surroundings, the salt-ice-water mixture.  In the students’ explanation, the transfer is in the opposite direction.  The resolution of this conflict is discussed further in the next section.  


In the present episode, I had two turns.  In both turns, I asked questions intended to help students problematize some ‘fact’ which was crucial to a scientist’s understanding of heat and temperature.  However, the first of these questions (in its original and reframed forms) was a standard question to engage students in a discourse about their interpretations of the graphs and, ultimately about their understanding.  The second question was not preplanned but arose contingent upon the emerging conversation.  The questions and the subsequent, collaborative construction of the discourse were clearly not of the triadic type
  described which is based on a teacher-asks/student-answers/teacher-evaluates model (Lemke, 1990).  Rather, these questions sought to encourage students to make certain issues arising from their data as problematic.  In this, problematizing questions bear similarity with ‘reflective tosses’ (van Zee & Minstrel, 1991).  If I had intended to control the discourse, I would not have passed up the opportunity for taking a turn provided by the pause in (2.4).  


Knowing a content area to be able to render problematic certain aspects of the students’ own experiments, and knowing which aspects to render problematic are part of that teacher knowledge which Shulman (1987) described as content and pedagogical content knowledge.
  While it is easier to establish norms for content knowledge, it is much more difficult to do so for pedagogic content knowledge: there may be multiple strategies to engage students in discourse which support their attempts in constructing meanings of scientific concepts taken-as-shared in the scientific community (normative understandings).  The success of particular discursive moves to facilitate the students’ construction of meaning was assessed in situ: when I constructed a discrepancy between my understandings of (a) the situation and (b) the students’ understandings of the situation, I engaged in a repair sequence.  As such, my move can be understood within Schön’s (1987) framework of the teacher as a reflective practitioner.  Here, reflection-in-action is illustrated by my identification of conversational trouble, which I sought to remediate through a local inquiry which took the form of a repair sequence.  Reflective practitioners engage in repair through repeated testing of their own understanding and discursive moves (hypotheses) to bridge the gap in understanding until it is removed.  In other words, they re-establish intersubjectivity.  Teaching science in an open-inquiry mode may also require that a teacher not only feel confident about his content knowledge,
 but also about his ability to engage in repair sequences.  An example of such a repair is presented in Episode 2.b which was in direct continuation of the previous episode (we continue the line numbering to highlight the uninterrupted nature of the cited conversation).

Episode 2.b: Conversational Repair
2.11
I:
In this case, do you lose or gain energy? (.)

2.12

In the case of that freezing?

2.13
Carl:
Lose.

2.14
I:
In the case of that freezing?

2.15
Jim:
You lose.

2.16
I:
You lose energy.  Where does it go?

2.17
Jim:
The energy is being lost.

2.18
Carl:
Into the ice (.)

2.19
I:
salt-water mixture, that’s right.


As was pointed out earlier, the students’ explanations for the direction of heat transfer between the water sample and the surrounding salt-ice-water mixture was incompatible with a scientific view.  During my first turn (following Jim in (2.10)), I initiated a repair sequence intended to problematize the direction of energy transfer, and to encourage student reflection.  This time, I realized the inherent ambiguity in my initial question (2.11) and attempted a remediation by directly referring (and pointing) to one of the two graphs and the corresponding phenomenon, the cooling and freezing of a water sample (2.12).  The situation still was not clear, so that in (2.14) I repeated my question after Carl had laconically indicated a loss of energy (2.13).  Jim reiterated Carl’s answer (2.15) followed by my partial confirmed (2.16).  However, describing the energy transfer as ‘loss’ still left open the direction of energy transfer.  Thus, I problematized ‘loss of energy’ by specifically asking for the location to which the energy is transferred (2.16).  Although Jim’s response in (2.17) was not very elucidating because he simply repeated their earlier statements,
 Carl began elaborating the statement so that it now included the terminus of the transfer (2.18).  My contribution completed and approved the sentence (2.19).  The response to the question in (2.16) was thus collaboratively constructed by the three participants as they each contributed some part necessary for the successful completion of the answer.


The questions and turn taking in this episode were distinct from the previous two incidents.  Here the questions were narrow in focus, and sought specific answers.  “Do you lose or gain energy?” and “Where does it go?” both provide students with the option to give brief answers, which in the extreme consist of one or two words (“Lose”, “You lose”).  Thus the questions determined the course of the conversation much more so than the answers; this contrasted Episode 2.a, where the questions were contingent upon the previous answers so that the students’ elaborations drove the course of the conversation.  If we now focus on the questioner, it becomes apparent that we can understand the sequence (with the narrowing questions) as an agenda to control the discourse, and to lead to a semantically pre-determined utterance on the part of the students.  What these questions achieve, then, is a narrowing of the conversational topic in contrast to the reflected and expansion questions which achieved an widening of the current topic.  A second important feature were the evaluative properties of several of my utterances.  Both the confirming emphasis of ‘lose’ in (2.16) and the utterance ‘that’s right’ evaluate the students’ prior contributions.  But even the repeated question (2.14) had an evaluative character as it questioned Carl’s answer.  Thus, this episode shows the features of the triadic pattern of teacher-student interactions so common in teacher-centered science classrooms.  Here, the sequences 2.11-12/2.13/2.14, 2.14/2.15/2.16, and 2.16/2.17-18/2.19 all fit the patterns teacher-question/student-response/teacher-evaluation (Lemke, 1990).


Much if not all of our knowledge has a normative character.  From this perspective, I had not been aware of the controlling nature of my own discourse.  Rather, using constructivist referents of action, I generally rejected control and believed in emancipation for teachers and students.  However, in the present case, the two referents may have actually conflicted.  From a sociocultural, Vygotskian view, there are legitimate reasons for controlling the interactions in the zone of proximal development.  Only when students are ready to take more responsibility does a teacher relinquish control.  But these comments address a level of analysis different than that of conversational analysis.

� It should be evident that my view of curriculum goes beyond matters of content.  My understanding is one in which curriculum is praxis rather than outcome oriented (Grundy, 1987).  Furthermore, I understand the cognitive apprenticeship metaphor as a referent for understanding classroom events and for guiding a teacher’s actions.  The generative power of such referents has been illustrated in a number of classroom studies (Tobin, 1990, 1991).


� Through such processes of reification, researchers justify the use of teaching strategies which others rejected.  For example, van Zee and Minstrel (1991) justified in this way the use of rapid fire questions which left no time for students to answer, or even to think of an answer, a recommendation which was clearly against the large body of research from a wait time perspective (Tobin, 1987).  In a similar way, Munby and Russell (1992) seem to justify teacher-student interactions dominated by triadic dialogue forms.  In my view, these practices have to be deconstructed instead of being used to reify one’s presupposition about teaching.


� One reviewer kindly suggested that conversational analysis is a methodology distinct from discourse analysis, which tends to be less inductive (hence may be more comfortable to researchers who are coming from more traditional instrument-driven approaches to research on teaching).


� For obvious reasons, I was most interested in scaffolding: during modeling, a teacher completely dominates discursive and practical action so that we learn predominantly about the teacher’s competence in the subject matter and little about student-teacher interactions.  Once the support to students has been faded out, they work on their own, and again interact little with the teacher.  Both of the analyzed episodes thus represent aspects of scaffolding.


� We use pseudonyms throughout the manuscript.  The acronyms are composed of the pseudonyms first letters: ARR = (Alex, Ron, Rex), CJP = (Carl, Jim, Pete), DJMG = (David, Jonathan, Marcus, George), and MCMT = (Michael, Cale, Morris, Theo).


� We described “blind alleys” elsewhere (Roth & Roychoudhury, 1992b) as occasions where student research projects failed to show an hypothesized effect so that students had to deal with what they considered null results.  Academically weaker students, especially at the beginning of the year were afraid of this situation in spite of the teacher’s comments to the contrary.  Thus, he arranged his support such that these students did not have to experience what they considered to be “failures.”


� These drawings and two-dimensional molecular models are mediational tools to support and sustain students scientific discourse very much like collaboratively constructed concept maps.  Thus, they can be understood as inscription and conscription devices the properties of which we discussed elsewhere (Roth & Roychoudhury, 1992, in press-b).


�We used the following transcription conventions


//	beginning of overlapping speech for current speaker


]	end of overlapping speech for both speakers


=	latching, i.e., no interval between the end of a prior and the beginning of the next piece of talk


?	if utterance was heard as a question


(??)	unidentifiable words, approximate number of which are indicated by the number of question marks


::::::	omission of part of the transcript 


(.)	audible pause but too short to measure


(1.6)	pause in seconds


(king?) likely but uncertainty reading of a word


italic	Italics indicate various forms of stressing, and may involve pitch and/or volume


,.?!	Punctuation markers are not used as grammatical symbols but for intonation


� Pete, the student with the best understanding and the highest marks of the three refrained from participating in the conversation.  Having recently arrived from an East Asian country to study in Canada, he was still adjusting to the interaction patterns in a North American classroom.


� Others refer to this type of teacher-student-teacher interaction sequence as initiation-response-feedback (Pimm, in press), or initiation-response-evaluation (Cazden, 1986; van Zee & Minstrel, 1991) 


� Although my own conception of knowing emphasizes its embedded and distributed nature, that is the character of knowing as an interaction of individual, setting, and task, we use for present purposes Shulman’s terminology which was based on a cognitivist model in which knowing resides in an individual’s head.


�  I had always had enough confidence in my own background and experience in physics to let students research topics of their interests and never felt the fear of being out of control. 


� One reviewer suggested an alternative interpretation of this statement.  Accordingly, Jim’s repetition is a mild rejection of the idea that energy is conserved in the system, i.e., it is transferred internally.  Jim might believe that energy “wears off” and, rather than going from the test tube to the ice-salt-water mixture simply disappears from the test tube.  However, this interpretation cannot be supported based on other evidence in the data sources.  This example, however, is instructive in that it illustrates the possibility of alternative interpretations of decontextualized conversations which researchers, being very familiar with their data sources, quickly reject.  As authors they have to make a selection how many and which alternative interpretation to present to make their own readings credible.





