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I want to try to do two things in this talk. One is to describe and illustrate a method of analyzing classroom discourse that is a version of interaction analysis (Jordan & Henderson). Before that, though, I want to discuss briefly a general strategic issue involved in educational research. 

The issue involves relations between formulating hypotheses and evaluating them with evidence. Traditionally, we have operated with two quite different models that I’ll call experimental and ethnographic. I argue that these are extreme points on a continuum, and that operating between these extremes is also productive. The kind of intermediate model that I’ll discuss has been made feasible by video technology.

In the experimental model, the purpose of empirical work is to test hypotheses that have presumably been generated in advance of conducting the empirical study. A rigorous use of the theory of statistical inference in experimental design distinguishes between a priori and ad hoc hypotheses, and permits specific probabilistic conclusions only for hypotheses that were specified in advance of the experiment. Then hypotheses that are tested can be judged confirmed or falsified by the data according to some threshold of probability. 

It’s important to recognize that use of this experimental method involves programs of research, not single studies. In reality, even when the strictures of inference from experimental data are observed (which is always only to a degree), experiments by individual researchers and by the field involve cycles of hypothesis generation and hypothesis evaluation that influence each other reciprocally. When experimental results don’t conform to expectations, those findings are taken into account and someone (often the researcher who obtained the findings) formulates a modified version of the previous hypothesis. Then, in the rigorous version of the standard procedure, further experiments are conducted to test that modified version. There is plenty of room for empirical findings to shape changes in hypotheses. The rules of the experimentalist game include that changes in hypotheses need to be made between experiments. 

Ethnography is the antithesis of experimentation on these dimensions. Instead of limiting empirical work to providing yes-or-no answers to hypotheses formulated in advance, ethnography strives to enter empirical work with an open mind. In an ethnographic empirical project, the researcher attempts to understand activities of a community in the community’s terms. There is an assumption that the ways that people in any community act make sense to those people, and it is the ethnographer’s job to figure out how their sense-making works. There are many examples in which studies that tried to test hypotheses about activity—especially cognition—in some culture went wrong because the hypotheses were wrong-headed in terms of the ways that participants understood what was going on. In ethnographic research, hypotheses emerge from careful observation and interaction of the researcher with the people being studied. Those hypotheses are evaluated according to the coherence they provide in explaining the behaviors and reports of members of the community being studied.

So we have two traditional research strategies that are diametrically opposed in their ways of relating hypotheses and empirical findings. One requires that hypotheses be formulated in advance, with individual experiments limited to saying yes or no to prespecified hypotheses. The other attempts to conduct empirical work with no prespecified hypotheses at all, and to develop explanatory hypotheses entirely from empirical study.

A great deal of research does not fit either of these patterns. I believe that there is a pattern that combines aspects of the two traditional strategies, which Randi Engle, Faith Conant, and I call Progressive Refinement. This research strategy uses the empirical method called interaction analysis (Jordan & Henderson). In the general strategy, a study begins with a general question about some theoretically significant process, an analytical approach, and an activity setting for empirical observation and recording — preferably, video recording. The initial expectation is that by observing and recording activity in that setting, information will be obtained with which to build a case that is relevant to understanding the target process. 

By the time the researchers have observed and recorded activity in the setting for a period of time, they will have begun to develop hypotheses that are more specific than the general expectations they had initially about the processes they have set out to study. Those hypotheses need to be stated quite generally and held quite tentatively, pending thorough analyses of parts of the data that are relevant to them.  

Next, the researchers can proceed to select episodes from the voluminous records they have accumulated. The time and effort involved in transcription and thorough analysis is considerable, and it’s imperative to limit the scope of material that will be analyzed in detail. Selection of episodes needs to be based on relevance to the hypotheses and issues that are the focus of the study. A research group is obligated to study episodes that could provide either positive or negative evidence about its hypotheses. In this selection, it’s very useful to have a set of field notes to use as a kind of index for the extensive set of video recordings that is accumulated in the empirical study. A more detailed index can be obtained by constructing content logs of the video records, a process that can be done by watching video records and taking notes in almost-real time. 

The analysis of videorecords of selected episodes involves a kind of discourse analysis, and I will describe one version of that presently. The general point of these analyses is to identify findings, which involve characterizations of the observed activity in terms of general features and patterns. The findings become targets for explanation. If the findings are consistent with general hypotheses, they probably have information that supports making those hypotheses more specific. If there are findings that are inconsistent with general hypotheses, they require modifying or, at least, qualifying the hypotheses. In either case, analyses and revision of hypotheses proceed interactively, in a kind of cyclic progression. This is often quite nonsystematic. The current state of a group’s hypotheses and findings provide some focus on the group’s work, but the kinds of events that result in progress are hard to specify in advance. Usually, someone in the group identifies some evidence or thinks of an interpretation that either supports or challenges something that the group has already reached, and the group works on it. In this iterative process, it’s essential to have empirical records to bring to bear on the development and evaluation of hypotheses. When this process is successful, it converges to a kind of equilibrium, with a set of findings and explanatory hypotheses that the group believes can provide a contribution that advances the field. This provides the basis for writing a paper. (Actually, writing drafts of parts of papers probably has been interleaved with the other work of the project all along.)   

A paper by Engle, Conant and Greeno 2007 describes an example of this method. It presents a reconstruction we formulated for research that led to a paper by Engle and Conant (2002). In that paper, Engle and Conant presented findings and hypotheses about conditions in a classroom that supported an extensive debate that the students had about a conceptual issue in biology. When they had developed a set of plausible hypotheses, they used them as candidates for explaining findings that others had published. Subsequently, Engle has been extending and refining the hypotheses from that study in other research.

Now I’ll discuss the kind of analysis of interaction that I and others use. I’ll discuss a small example in some detail.  The example comes from a study by Carla van de Sande that has reached the stage of writing a paper. The study as a whole illustrates the strategy of progressive refinement. 

The example also illustrates another methodological point, at a more specific level. Inside the cycle of developing hypotheses and evaluating them by analyzing episodes, the kind of analysis that is needed depends on the kind of hypotheses that are being evaluated. The hypotheses we are working on concern aspects of interaction that have formerly been considered in different bodies of research. Therefore, we have had to find ways to combine methods of analysis that have not generally been used separately.

Until recently, studies of interaction have focused mainly on dynamic aspects of activity such as turn-taking and whose ideas are attended to or ignored, have been conducted by researchers who have not attended systematically to the subject-matter contents of interaction, such as understanding concepts or correctness of inferences or procedures of operating on symbolic expressions. Relevant concepts include participant structures and the distribution of agency in activity systems. Also until recently, studies of problem solving, comprehension, reasoning, and other cognitive processes have been have been focused on individual performance, and have not attended systematically to dynamics of interaction. Our goal has been to develop hypotheses involving both of these issues. Our framing assumption is that learning, especially learning that advances conceptual understanding, occurs in social interaction. Our program studies episodes of interaction in which some conceptual advance apparently occurred, and our goal is to explain how those conceptual advances we4re accomplished. The hypotheses we develop and evaluate include aspects of the dynamics of social interaction (for example, how students are positioned to participate in discourse) as well as aspects of the informational contents of interaction (for example, how teachers and students understand the meanings of terms and construct and evaluate solutions of problems). In order to evaluate hypotheses about both of these aspects of interaction, we combine methods of discourse analysis with methods of analyzing information structures that were developed in the study of individual cognitive processes. The form of this combination is conceptually simple. Our primary analytical focus is on activity systems, where we consider discourse as joint action in which individuals participate together collaboratively. Within that focus, we consider information structures involved in understanding, reasoning, and problem solving as products of the participants’ joint action as they construct the common ground of their discourse.

Our general program has the goal of developing hypotheses to explain findings involving advances in conceptual understanding that occur in discourse interactions. Previously, we had adopted a hypothesis from Herbert Clark about the way conversational discourse is organized, involving what Clark calls contributions, where someone initiates an idea or information in a presentation and that, or some modification of it, becomes part of common ground when it, or something related to it, is accepted as being mutually understood. Between presentation and acceptance there can be a kind of negotiation if a participant questions or challenges what was presented initially. This scheme provides a way to describe conversational turn-taking in ways that can constitute findings about conceptual understanding. Aspects of turn-taking, including acceptances as well as questions and challenges, are explained by hypotheses that include students’ positioning in participant structures as well as knowledge and inferences by participants corresponding to constraints, propositions, procedures, and mental models that are products of their remembering and reasoning as they participate.

I have been using this general scheme for a few years, and results are reported in a few papers (Greeno et al., Cognitive Science Society; Stenning et al., volume on modeling; Greeno, Allerton Conference). The example that I show here is from current work by Carla van de Sande. She examined video records that were obtained in an eighth-grade algebra classroom. (Collaborators in these observations and records were Melissa Gresalfi and Victoria Hand.) 

van de Sande and I began examining episodes we selected because of the contributions of a particular student, whom we call Gillian. We noted from field notes (by Gresalfi) that in these episodes Gillian was positioned as an initiator of ideas that were picked up, in one case by the teacher and the class as a whole, in another case by another student working in the same small group. The turn taking in these episodes could be represented with the scheme we adapted from Clark. A frequent pattern in them involves one or more of the participants acting as inquirer(s)/questioner(s) and another or others acting as (an) explainer(s)/informant(s). The explainer(s) is/are understood to have an understanding that the inquirer(s) try(ies) to grasp. 

The distinction of roles between inquirers and explainers is a useful addition to our hypothetical accounts of understanding in interaction. The understanding by participants of who has the explanation and who is trying to get it shapes significant aspects of the conversation. (Being the explainer doesn’t necessarily correspond to being in the lead of the discourse interaction. We have one case where a teacher was the inquirer but nonetheless initiated most of the contributions, and another where students initiated most of the contributions when they were participating as explainers.) 

In observing the episodes of interaction we were analyzing we were struck by the effort that the participants made in order to reach mutual understanding. This effort was mutual, although effortful attention seems especially important for the inquirer. Contributions in these interactions were not like those in many conversations where one participant says something and the other simply makes sure that he or she understands what the presenter means, or even if participants disagree but understand each other’s opinions. The construction of common ground in routine conversations usually can be explained with hypotheses that participants start with schemata that they know in common and that they either are jointly committed to (so they agree) or differ in their commitments even though they recognize the alternatives (so they disagree). Disagreement can also occur in which participants assimilate what is said to schemata that are different and incompatible. But the construction of common ground in the interactions we were observing seemed significantly harder, as though the participants were assembling an understanding for which they did not previously have a shared schematic pattern to work from. In some cases, the explainer had an organized understanding and the inquirer needed to construct a novel structure; in others, neither the explainer nor the inquirer had things worked out completely.

At this point, our progressive refinement of hypotheses took a large step. We believed that schema theory did not provide satisfactory explanations for some of our findings, because participants achieved coherent mutual understanding despite lacking shared schemata to support them. We imported a theoretical concept from psycholinguistics, MacWhinney’s concept of perspective. MacWhinney argues that language is fundamentally perspectival. He argues that significant features of language are the way they are to support listeners in aligning their understanding with the perspective of the speaker, and that the relative difficulty of understanding sentences of different forms can be explained in terms of the complexity of shifts in perspective that need to be followed.  A concept of perspective in understanding language has also been included by Fauconnier in his theory of mental spaces. As MacWhinney points out, including perspectives in representations of language use is consistent with the idea that cognition is embodied, because it makes explicit that users of language have a point of view that comes from their embodied relation in the situations their language refers to.

We have appropriated the concept of perspective from MacWhinney and Fauconnier, and enlisted MacWhinney’s collaboration, in our analyses and theorizing about interaction that focus on understanding and reasoning in tasks. This extended concept of perspective corresponds to intuitions that there are different ways of “seeing” or “looking at” a problem. It also fits with classical gestalt theorizing in which shifts in understanding that enable solutions of insight problems were referred to as “recentering” or “restructuring.” 

Amending our explanatory hypotheses to include the concept of perspective was significantly more complicated than simply adding a new concept. (For example, by adding the distinction between inquirers and explainers). Previously, like most of the field, we had used a concept of schemata to explain the construction of coherent understandings. With the concept of perspective, we needed to hypothesize a more general process of constructing coherent understandings. We now hypothesize that understandings are constructed in interaction through a process of constraint satisfaction, of which schema application is a special case. 

 We use the concept of perspective especially to explain findings that involve unusual difficulty in reaching mutual understanding in interaction. The explanations we construct involve hypotheses that specify differences between participants’ perspectives that can account for their difficulty in understanding each other.

The example I have for us to think about is an excerpt of a session of work by four students in an eighth-grade algebra class. The class activity was checking homework. The homework assignment was an exercise called “Exploring Patterns” (see handout). Part of the assignment was to answer the question, “How is the pattern changing or growing?” These students answered this by writing formulas. We are especially interested in the observation that two of the students wrote different formulas, both of which are mathematically correct. 

Recall that our general program is to develop analyses of problem solving and understanding in interaction that combine explanatory hypotheses from interaction analysis (especially positioning in participant structures) and from analyses of information structures (such as pattern recognition, schemata, problem spaces). Our general question for any example we study is how the activity we have recorded can inform us about ways that understanding and reasoning are achieved through the joint action of participants in the interaction.

More specifically, we come to this example with the hypothesis that perspectives, as well as schemata, can be important in analyses of reasoning and understanding in interaction. So a question that is central in our analysis is whether the concept of perspective can contribute significantly to explanation of what happened in the episode. In other words, should we interpret the different answers by the two students as resulting from their having different perspectives on the problem?

Handouts include the homework assignment and transcriptions of 5+ minutes of interaction, which I plan to show and discuss.
Brief sketch of analyses of episodes in the example

In each episode, we identify the cognitive progress that the group accomplishes in the task (the function of the interaction), characterize how individuals participated in the interaction, and characterize information structures that we hypothesize were constructed in common ground.

4:07-5:13. Cognitive function: Settle that the answer to S10 for Function 1 is 21.
Participation: D enacted her solution, G and J followed and accepted D’s enactment and the result, then G and D corrected their earlier answers.
Task information: D counted the segments of S5, then iteratively enacted adding 2 successively for each member of the sequence from 6 to 10.

>5:13-5:59. Cognitive function: Determine that the formula (Sn=)2n+1 is correct.
Participation: G’s presentation was not picked up; J’s presentation was responded to negatively by G, but J did not accept G’s objection and they did not resolve their difference. D took initiative in the interaction to present her support for 2n+1.
Task information: Candidate patterns were presented: (a) (Sn=)3+2(n-1) by G, (b) (S10=)2S5 by J, 
(c) (Sn)=2n+1 by D. (c) was verified for examples S3, S10, S5 by D. Agreement was expressed by one of the other participants, G.

>6:10-6:38. Cognitive function: Complete the work sheet for Function 1 (graph, answer for S17), and reconfirm the formula 2n+1.
Participation: Interaction between D and G. G was completing her work sheet. As she presented tentative answers, D provided candidate answers, which G accepted.
Task information: D and G attended to graphing Function 1 by points (3, 5, …) and to the answer for S17 (34? No, 35) and wrote 2n+1 as the pattern.

7:34-8:42. Cognitive function: Settle that both 3n+2 and 5+3(n-1) “work.” 
Participation: D and G presented different patterns; D didn’t disagree with G, but repeated her pattern with examples. G presented and explained her pattern again, and D accepted it with stronger evidence.
Task information: D presented 3n+2, G presented 5+3(n-1). [D’s perspective = pattern of numerical progression; G’s perspective = pattern of change in diagrams?]. D demonstrated 3n+2 for S1, S2, and S3. G presented 5+3(n-1) again [this time with perspective of numerical evaluation of the formula?].

8:48-8:52. Cognitive function: Determine that S10 = 32. 
Participation: D and G participated jointly.
Task information: Evaluated 3(n-1) + 5 with n=10.

Note: aspects of positioning interacted with aspects of information content throughout. For example, J’s proposal to solve for S10 in Function 1 could have been resolved, but J was reticent and D took over the conversation. The adjustment of perspective we hypothesize for G may indicate a stronger commitment by G to achieving mutual understanding with D than D had.

