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As the map of the United States becomes dotted with more and more lesson study groups in schools across the nation, and lesson study is mentioned with increasing frequency by scholars of mathematics education, we will want to identify whether and how lesson study contributes to the improvement of instruction. Typically, outcomes of professional development are appraised in a number of ways: by the quality of analytic discussions in the professional development sessions, the engagement of participants in these sessions, teachers’ self-reports, children’s achievement measured in different ways, qualitative studies of mathematics instruction, and, more recently, teachers’ achievement on paper-and-pencil measures on dimensions such as mathematical knowledge for teaching (Hill, Schilling, & Ball, 2004). As important as all these outcomes are, I argue that measures of mathematical quality in observed teaching are meaningful gauges of the contributions that professional development makes to instructional improvement, but also aligned to the specific practices of lesson study. As Pianta and Hamre note in a recent article, “There is general consensus within the educational community that the professional development of teachers is of paramount importance. However, professional development typically occurs in the absence of a direct link to actual teaching behavior in classrooms, particularly for already trained teachers. Systematic classroom observation systems provide a standard way of measuring and noting teachers’ strengths and weaknesses and evaluating whether professional development activities are actually helping improve classroom interactions” (Pianta & Hamre, 2009). 

In this paper, I argue that the promise of lesson study owes in great part to the fact that it is situated in practice. Stigler and Hiebert wrote that “lesson study focuses on the direct improvement of teaching in context” (1999, p. 122), and this is one of the significant features of lesson study that distinguishes it from other forms of professional development. And since the focus in lesson study is the direct improvement of teaching in context, it follows that the appraisal of lesson study and its contributions should be measures of teaching in context. To this end, I propose an instrument to identify and measure the qualities of mathematical instruction in research lessons from lesson study groups as a way to gauge what teachers are learning in lesson study and how this contributes to the improvement of mathematics instruction. I argue that observed interactive instruction should be the object of our analysis, since it is into this milieu that lesson study enters.

The paper is comprised of three parts. First, I describe the features of lesson study that bring this professional development form to bear directly on enacted instruction. Second, I consider why appraising the mathematical quality of observed instruction might be a fitting way to investigate lesson study’s contribution to mathematics teaching and learning.  Finally, I describe the development of an observational instrument for this purpose and discuss the qualities of a number of research lessons using the proposed instrument. I conclude by suggesting a research program for identifying lesson study’s contributions to instructional improvement.

First, a word about definitions.  We want to make some careful distinctions about terms that are often used nearly interchangeably.  One term that is found throughout this paper is instruction, and for our purposes we use Cohen and Ball’s (2001) definition of instruction: “Although many people think of instruction as what teachers do, it consists of interactions involving teachers, students, and content” (p. 75). That is, instruction is more than just teaching and what the teacher does; it includes how teachers work in interaction with students and content, and these interactions proceed inside multiple contexts: the school setting, the wider community, family and culture, nation. When we refer to instruction, we are concerned with the interactions inside the classroom but are cognizant that these contexts permeate the classroom in ways that are both visible and invisible.

Related to instruction is the term practice. A source of confusion about the word practice is that it is both a noun and a verb, and to add complexity it is both a transitive and an intransitive verb!  Selecting from among the many definitions of practice found in the American Heritage Dictionary of the English Language,
 here it is used to refer to something teachers work on; a set of habitual acts or actions; a professional mode of being. Pickering’s work on scientific practice emphasizes its performative, real-time, and agentic nature (1995) and these are relevant to our use here. Practice, as distinct from instruction, then, refers more expressly to teachers, what they work on, their habits, and their professional ways of being. 

We also use the term interactive practice in this paper to refer to a specific kind of teaching practice: that which unfolds in real time in the presence of students. 

THE PROMISE OF LESSON STUDY: WORK ON INTERACTIVE PRACTICE

Grossman and McDonald (2008) argue that teacher education has come to be dominated by “pedagogies of investigation” which emphasize the preactive and reflective dimensions of practice but leave aside the development of pedagogical skill in the interactive aspects of teaching. In contrast to many other forms of professional development, the lesson study process is rooted in the experience of interactive teaching. Teaching is, after all, a predominantly interactive, clinical practice. That the pedagogies of teacher education have veered to the less interactive renders these efforts irrelevant or unusable for teachers. The lesson study process begins with teachers formulating a problem to study drawn from their own practices. Teachers’ planning of a lesson is likewise anchored in the specifics of teaching work, blending teachers’ knowledge and experience with theory from relevant academic and professional disciplines. Child psychology, research mathematics, philosophy and other disciplines are drawn upon in the planning of the lesson, but unlike other teacher education efforts, these disciplines do not drive the lesson, but rather serve as resources for teaching and learning in the context of a single lesson designed around a real problem of practice. The lesson study group continues its investigation by trying out a lesson with children in the presence of other teachers—inside of interactive practice. The teachers reflect on the outcomes of that lesson using teaching and learning as the criteria of reference. The iterative steps that follow, reflection, redesign, teaching, reflecting again, are also anchored in the interactive practice of teaching as reference points, not some theoretical framework, policy document, or disciplinary lens, although all these may be woven into the teachers’ appraisal and understanding of the lesson. Perhaps this seems obvious, that teaching and learning should be the frames of reference in lesson study or in professional development for teachers in general. Or it may seem circular, that the very object of improvement is its own standard for improvement. But modal teacher education experiences do not automatically take as a starting point (or ending point) the realities of practice as a complex dynamic. More often, teacher education approaches the improvement of teaching piecemeal, where a single dimension of teaching work, or one relevant discipline, is addressed. In inservice training, there are often single-session workshops treating either a new policy affecting teachers (Individual Education Plans for special education students) or a new technique (cooperative learning) or a new resource (a new mathematics curriculum). These workshops are isolated from interactive practice in their presentation and leave it to the teacher to apply in the interactive phase of instruction. Even long-term, discipline-rich professional development interventions such as that described by Grossman, Wineburg and Woolworth (2001) do not take practice as a point of departure. In this professional development effort, teachers gathered to read together in the fields of English and history over a period of years—despite the fact that they are subject-matter rich, collaborative and long-term efforts. How teachers were to make use of this professional development experience in practice, however, was left unspecified. In mathematics professional development experiences, teacher may make use of records of practice—student work, videotapes of classroom lessons, mathematics--  or mathematics problems geared for teacher learning. Teachers discuss and reflect on these resources, working in small groups to talk about what they noticed in a video or how they solved the mathematics problem or what students seemed to understand by examining their written work. Like other teacher education efforts, teachers’ translations of such inputs into interactive practice in their classrooms are left for teachers to figure out on their own.  

In contrast, the work of lesson study is shaped by problems of practice, and ultimately returns to instruction as the site for its field-testing. Problems of practice are lesson study’s point of departure, and practice is its endpoint as well. The “text” of the professional development experience is a problem from practice. The work on this problem, inside the specifics of instruction, constitutes the professional development experience throughout. It is an example of what Ball and Cohen have called “learning in and from practice” (1999).  

Lesson study is not an “intervention,” nor is it part of “reform.” Such terms connote the correction of social deviants or deep-seated problems that defy regular treatment. Lesson study, in contrast, embraces what might be considered the quotidian work of daily teaching and roots its improvements there, in the conduct of routine practice. Lesson study’s appeal is, in part, that it takes up the most ordinary features of everyday teaching practice. Professional development is often concerned with promoting novel pedagogical strategies, or installing new curricula. Lesson study takes a different tack: It works precisely on the most ordinary features of teaching practice. For example, lesson study polishes teachers’ use of questions with children; specifies the scripting for opening a lesson to engage children; makes thoughtful study of how the chalkboard is used during a lesson; devotes extended time and attention to studying children’s work following a lesson. These practices are the bread-and-butter of what teachers do every day, and lesson study works right inside that territory, but collaboratively, around a single shared “text”—the jointly conceived and observed classroom lesson. 

Bourdieu points out that one aspect of practice is its integral location in time, and that any analysis of practice or distance from it obliterates this. He writes:

Practice unfolds in time and it has all the correlative properties, such as irreversibility, that synchronization destroys. Its temporal structure, that is, its rhythm, its tempo, and above all its directionality, is constitutive of its meaning. As with music, any manipulation of this structure, even a simple change in tempo, either acceleration or slowing down, subjects it to a destructuration that is irreducible to a simple change in an axis of reference. In short, because it is entirely immersed in the current of time, practice is inseparable from temporality, not only because it is played out in time, but also because it plays strategically with time and especially with tempo. (Bourdieu, 1990, p. 81)

He goes on to describe the aspect of urgency that is integral to practice:

Urgency, which is rightly seen as one of the essential properties of practice, is the product of playing in the game and the presence in the future that it implies. One only has to stand outside the game, as the observer does, in order to sweep away the urgency, the appeals, the threats, the steps to be taken, which make up the real, really lived-in, world. (p. 82)

Nothing better captures one dimension of teaching practice than this description of urgency. Facing a classroom full of expectant, impulse-driven, curious children, one can be overcome by the sense of urgency that demands action in the moment. To be a teacher means to be required to respond to immediate and sometimes conflicting demands right now. In contrast, much of teacher education is conducted outside such demands, and this gives it a seeming lack of authenticity. The suspension of time and press for immediate action is what lends teacher education its sense of remove from the “real work” that teachers must do. Take, for example, a contemporary compendium of teacher education, Studying Teacher Education (Cochran-Smith & Zeichner, 2005). Chapter after chapter in this important volume describe how teacher education endeavors to teach teachers how to think—not to do. The lexicon there includes terms such as reflective practice, deliberation, habits of mind, practical judgment—all referents to thought, not action. This is predicated on the notion that thought will inform action. Let us take, for example, an exciting development in teacher education: the use of multimedia records of practice (see, for example, Lampert & Ball, 1998). Shulman (2005) has referred to the use of video cases as one of the “signature pedagogies” of teacher education. Such pedagogies succeed in part because they suspend the flow of time and the urgency that presses one to act without deliberation. Viewing a videotape of a lesson, teachers can hold a moment still in order to analyze, consider, reflect— indulgences that evade the teacher in real time. The tape can be rewound and shown again, another impossibility in the moment of practice. But this is also where videotape has its limitations. The same suspension of time that videotape affords is what makes it seem divorced from practice, since practice is a function of temporality. Videotape, discussions of practice from afar, literature discussions—indeed, most forms of professional development in teaching—fail to include this sense of urgency. That distance from the press of time allows for the kind of deliberative reflection that is difficult to achieve in the presence of a room full of children. It is necessary for the development of a reasoned, reflective stance towards teaching work. 

But without returning to the urgency of the interactive moment, such professional development efforts feel unconsummated. If the urgency that is a function of time is indeed what Bourdieu called “an essential property of practice,” then teacher education experiences, at least some of them, need to include that sense of urgency. One of the features of lesson study is that the research lesson provides this sense of time and urgency. Lesson study’s apex is the research lesson, the actual teaching with real children in a chosen classroom. The planning beforehand is the lead, and the reflection and revision afterwards its denouement. That all elements build towards a publicly viewed live lesson anchors lesson study in what Pickering would call the “mangle of practice.” Other instructional designs in teacher education may encompass the planning phase of teaching, or the defining of the problem of practice. They may include reflection on a videotaped excerpt of classroom teaching, and suggested revisions. But the centerpiece of lesson study that lends it the time and urgency so integral to practice is the research lesson. This is where the fruits of reflection, deliberation, and practical judgment are reintroduced into the test of real-time practice. In this sense, lesson study inquiry is driven by practice and the standards to which its outcomes are judged are practice-based.

Another “essential property of [teaching] practice” is the simultaneous presence of all one’s cases. If urgency is a defining quality of teaching practice, the same may be said for the presence of so many bodies in the classroom. Teaching is unique in the fact that all the practitioner’s cases must be tended to at once, differentially and simultaneously. The feel of authenticity for teaching practice, then, involves contending with all one’s students (cases) at the same time. Teacher education activities so necessary to developing deliberative, practical judgment slow down the dizzying flow of events in teaching by focusing on a single element at a time: a single student, a single dimension (subject matter content, use of language, socioeconomic issues), a single perspective (participation structures), and unless this singular focus is somehow brought back to interweave with the myriad complexities of teaching practice, such tasks seem irrelevant to the “real” work that teachers do. It is this anchoring inside of “real” practice that makes lesson study powerful.

The premise of this paper is that the promise of lesson study is related to this anchoring inside of interactive practice-- but this is not a sufficient warrant for its continued implementation. With new tools to measure the quality of instruction, lesson study’s contribution to the improvement of instruction can be documented so we can better understand how (and whether) lesson study contributes to mathematics instruction.  
EVIDENCE MATTERS: APPRECIATING THE CONTRIBUTIONS OF LESSON STUDY TO INSTRUCTIONAL IMPROVEMENT

The logical extension of Stigler and Hiebert’s (1999) observation that lesson study works directly on the improvement of teaching in context is that the measure of such professional development would involve observing instruction. But we might first back up to ask why we focus on the quality of mathematics teaching rather than on outcomes of student learning.  It seems natural that improved outcomes of student learning—however they are measured—would be the most compelling evidence to demonstrate the effects of instruction. On its face, it Hanushek’s (2002) definition of teacher quality appears sensible: “Good teachers are the ones who get large gains in student achievement for their classes; bad teachers are just the opposite” (p. 3).  But this is founded on two problematic assumptions: one, that professional development translates neatly into high-quality instruction and in turn, high-quality instruction translates neatly into children’s learning; and two, that measures of student learning are adequate to this endeavor. Let us consider both of these assumptions.

The first assumption regards teachers’ learning from professional development and how this filters into instruction. The “black box” of teachers’ learning, and in turn children’s learning, are less insufficiently understood than this assumption would lead us to believe. One contribution that this paper seeks to make, in fact, is to better document how professional development shapes teachers’ instruction. But this process is far from linear, and the notion that direct, causal relationships exist between inputs such as professional development and outputs such as teachers’ learning and improved instruction, and then in turn children’s learning, is simplistic and wishful at best. The second part of this equation, that high-quality instruction produces student achievement directly, is particularly problematic, as David Cohen has pointed out. He writes that teachers cannot learn for their children (2005). Like other professions of human improvement, Cohen explains that a fundamental predicament for teachers is that their success depends entirely on their clients:

A carpenter can produce results if he has the skills and knowledge of the trade, the will to work, and passable materials, but all of a teacher’s pedagogical art and craft will be useless unless students embrace the purposes of instruction as their own and seek them with their own art and craft. This is no theoretical matter, for human improvers and their clients often differ about the aims of their work. Teachers who are eager for Shakespeare or medieval history regularly encounter students who want accounting or auto mechanics. In such cases the purposes of practice must be negotiated and renegotiated within practice, for clients’ commitment is essential. Improvement cannot go forward without willing participants, yet clients regularly fear improvement, or doubt its possibility, or are indifferent, or prefer something other than what practitioners offer. (p. 284)

It only adds to this challenge that schooling is compulsory. The willingness of “clients” in teaching is perhaps even more strained than the clients in other professions of human improvement (psychotherapy, social work, pastors, organizational consultancy) who typically choose to participate and are actively seeking the help that the practitioners provide.

Let us turn to the second problematic assumption. We know that measures for learning are similarly inadequate, and this is true for a number of reasons. Standardized test items measure a very particular kind of knowledge, and are imperfect for a wide range of reasons that need no elaboration here. Other measures are under development, and will need to be if we accept that the “product” of education is human improvement. This “product” may not fit the industrial model in which learning is a commodity that can be reliably produced by a variety of carefully calibrated inputs, and measured accordingly. Alternative measures would need to account for the elusive and roundabout and messily human nature of learning. In the case of lesson study, immediate student outcomes are often designed specific to the lesson in question. Such assessments would be difficult to use across contexts.

Thus, we choose not to look at student learning outcomes, even though this is the obvious desired outcome of improved instruction. But the problems with measuring teacher learning and student outcomes do not absolve teachers and professional developers from documenting the contributions and detractors of lesson study. Instead, because students do not always learn what is being taught through high-quality instruction, or because this learning is not readily apparent, and because our learning measures are inadequate or mismatched to instruction, we turn to the quality of teachers’ instruction as a measure of improvement and a hopeful proxy for children’s opportunities to learn. 

Measuring the quality of instruction
This paper makes use of a number of new developments in measuring the quality of mathematics instruction to develop an instrument that can appraise the contribution of lesson study to instructional improvement. In the remainder of the paper, I describe a proposed instrument for measuring the quality of mathematics instruction and show how this instrument performed in gauging the quality of research lessons from lesson study groups.

From among a number of measurement tools, we will want to use those that apprehend what teachers do that contributes to high-quality mathematics instruction. We might have chosen to measure what teachers learn—that is, the inert knowledge outside of instruction that they gain through lesson study. It goes without saying that teachers should be knowledgeable in mathematics and knowledgeable in the mathematics in ways that help children learn; thus, measures such as those as the Mathematical Knowledge for Teaching (Hill, Schilling, & Ball, 2004) are important gauges of ingredients that add up to high-quality mathematics instruction. We would also want to know how teachers feel about their lesson study experiences and what they believe they learned, and how this is used in instruction. Regardless of outside assessments of teacher learning from lesson study, teachers’ own subjective judgments about the work is likely to influence their continued participation in and learning from such efforts. This is valuable data for lesson study facilitators in shaping the work they do with teachers. But these various measures predict what teachers might  use in instruction. Instruments for observing instruction give us insight into the knowledge and dispositions that are called forth and available in instruction.

 For these reasons, it seemed important to develop an instrument for observing instruction that is specifically geared towards lesson study. Using observed instruction for such an enterprise is problematic as well. The lessons observed or captured by videotape for later viewing are a small sample of a teacher’s instructional practice. By contrast, the instruments mentioned above give a picture of a teacher’s work over time, and invite teachers to provide data about their thinking in a more summative and perhaps reflective mode. Observed instruction, without additional data, has no room for a teacher’s contextualizing comments or reflections. Viewers are left to interpret practice without the teacher’s framing. Finally, research lessons are hardly representative of a teacher’s practice. They are the product of a group of teachers that has lavished extensive time and thought on a single lesson. The hope that the lesson study process will contribute to instructional improvement is founded in part upon the belief that the research lesson will leave some traces for a teacher’s future practice. The question of instructional improvement and how we might design research towards this goal is taken up in the conclusion of this paper.
  In developing an instrument that would give us insights about teachers’ instruction in the wake of lesson study, we assume a stance of “appreciative inquiry,” one that looks to capture the qualities present in mathematics teaching, rather than a deficit model, which documents what is missing. This stance assumes that we will see lesson study participants demonstrating features of high-quality mathematics instruction and that these will increase with continued participation in lesson study. Cooperrider and Whitney define “appreciative inquiry” through a series of examples:

Appreciative Inquiry is about the co-evolutionary search for the best in people, their organizations, and the relevant world around them. In its broadest focus, it involves systematic discovery of what gives “life” to a living system when it is most alive, most effective, and most constructively capable in economic, ecological, and human terms. AI involves, in a central way, the art and practice of asking questions that strengthen a system’s capacity to apprehend, anticipate, and heighten positive potential. It centrally involves the mobilization of inquiry through the crafting of the “unconditional positive question.” In AI, the arduous task of intervention gives way to the speed of imagination and innovation; instead of negation, criticism, and spiraling diagnosis, there is discovery, dream, and design. AI seeks, fundamentally, to build a constructive union between a whole people and the massive entirety of what people talk about as past and present capacities: achievements, assets, unexplored potentials, innovations, strengths, elevated thoughts, opportunities, benchmarks, high point moments, lived values, traditions, strategic competencies, stories, expressions of wisdom, insights into the deeper corporate spirit or soul, and visions of valued and possible futures. Taking all of these together as a gestalt, AI deliberately, in everything it does, seeks to work from accounts of this “positive change core”—and it assumes that every living system has many untapped and rich and inspiring accounts of the positive.” (p. 4)

A corollary, in applying the scholarship of Appreciative Inquiry to education, is that teachers have reasons and principles for their actions (Kennedy, 2005). These reasons and principles are not necessarily evident in observed instruction, and they may not align with our own. 

A number of caveats are entailed in this approach, and bear mentioning here: 1) that the quality of mathematics instruction can be analytically distinct from general pedagogy for research purposes, but in practice is inextricably bound; 2) in observing teaching, we can’t see or perceive everything in a busy classroom; we hope that our observations are representative; 3) that our limitations in understanding the context of an observed lesson greatly impinge on our ability to apprehend instruction, and we work knowing that we are limited in this regard; 4) that lessons can constitute a meaningful whole for making sense of instruction, although instruction unfolds across time and across the divisions of time that delimit lessons.  

Against this backdrop, we used three guiding criteria for developing a tool to measure the mathematical quality of instruction: 1) that the quality of mathematics instruction can be discerned regardless of pedagogical style (Hill et al., 2008);  2) that the quality of mathematics instruction takes up a range of mathematical practices
 (such as procedural fluency or conceptual understanding) without privileging one over another; and 3) “mathematical richness,” (NCTM, 1989; 1991; 2000)  irrespective of pedagogical style or specific mathematical proficiency (National Research Council, 2001), is central to determining mathematical quality.

The proposed instrument draws from the literature on robust mathematics instruction and a number of recently developed observational instruments relevant to the practice of lesson study. These instruments include the Reformed Teaching Observation Protocol or RTOP (Sawada & Pilburn, 2000), Horizon Research’s Inside the Classroom Observation and Analytic Protocol (2000), the video coding tools for TIMMS (1999), and the Learning Mathematics for Teaching-Mathematical Quality of Instruction, or LMT-MQI (Hill, Blunk, Charalambous, Lewis, Phelps, Sleep & Ball, 2008).  These measures provided categories for the design of a new tool as well as specific items or dimensions that could be used in this type of endeavor. Once a provisional instrument was cobbled together from these other measurement tools, it was revised by viewing a number of lessons and in this way the development process followed a version of grounded theory (Corbin & Strauss, 1990).


Many items in these measurement instruments were rejected or revised in light of our criteria, though. For example, Inside the Classroom included items such as “The design of the lesson encouraged a collaborative approach to learning among students.” Although collaboration among students can certainly be productive in mathematics instruction, and is highly valued in popular ideas about mathematics teaching, our first criterion specifies that the quality of mathematics instruction can be discerned regardless of pedagogical style. That is to say, we can imagine a high-quality mathematics lesson that is didactic and teacher-centered but still mathematically rigorous and engaging for students. Similarly, we have seen vibrant, collaborative learning groups engaged in content of questionable mathematical value. Thus, the instrument proposed here does not value collaborative learning styles over non-collaborative ones. All would be noted.


Similarly, we did not favor conceptual understanding over other mathematical reasoning and practices. The RTOP protocol, for example, includes “The lesson promoted strongly coherent conceptual understanding” but does not include any reference to procedural or definitional work in mathematics. Although we strongly support conceptual understanding in mathematics, the second criterion indicates a commitment to regard all mathematical practices equally in appraising the mathematical quality of instruction. Skillful instruction in practicing an algorithm is equally valued in this instrument alongside skillful instruction in reasoning through a complex nonroutine mathematical problem. Thus, the instrument developed for appraising the quality of mathematics instruction in lesson study includes items referring to conceptual understanding to the same degree that it includes items referring to procedural fluency and productive disposition. This follow advances in literacy education, in which a “balanced” approach, emphasizing both comprehension and decoding, has won hard-earned consensus among teachers and researchers. (cf. Palinscar, 2007).
The instrument is designed to be used by watching 10-15 minute intervals of a research lesson and coding at those intervals. The Appreciative Inquiry approach leads us to develop an instrument in which examples of mathematical qualities can be noticed and recorded in narrative form. The instrument collects narrative examples of different qualities or dimensions of mathematics instruction, and does not produce a ranking or numerical score for each lesson or teacher. 

The proposed instrument is comprised of five domains: nature of mathematical work during class time; teacher actions that connect students to mathematical content; teacher’s mathematical interactions with students; nature of mathematical problems or exercises posed or worked on during the lesson; types of mathematical generalizations made during the lesson. The instrument is found in the Appendix to this paper and most items are taken directly or loosely from the observational instruments and literature cited above. In what follows, I give a brief overview of the contents and rationale for each domain. 


The first domain, the nature of mathematical work during the observed lesson, is framed by the mathematical practices detailed by the National Research Council in Adding it Up (2001). The proposed instrument allows the observer to look for instances in which the teacher makes it possible for students to develop and display the five mathematical strands that constitute mathematical proficiency in this framework: adaptive reasoning, strategic competence, conceptual understanding, productive disposition, and procedural fluency (National Research Council, 2001). Instructional moves that can be interpreted to support work in these mathematical practices are recorded in this domain.


The second domain, teacher actions that connect students to mathematical content, draws largely from the LMT-MQI. These dimensions include making ideas explicit; using class time for mathematics, making connections between and across mathematical ideas; choosing multiple representations; etc. The advantages of these dimensions are that they operationalize theories about rich mathematics instruction (NCTM, 1989; 1991; 2000) and the measures themselves have been validated psychometrically by the research done by the Learning Mathematics for Teaching Project (Hill et al., 2008). It is worth noting that “explicitness” in instruction has a prominent place in this instrument, and is decomposed into constituent components, including the explicit use of labels and symbols, the explicit narration of mathematical problem solving and thinking, and the use of precise and appropriate language to describe mathematical ideas. 


The third domain, teacher’s mathematical interactions with students, also draws from the LMT-MQI videocoding measures, but adds in elements from the RTOP instrument as well. These include such dimensions as making reference to students’ prior mathematical knowledge; making real-life connections for students; giving students autonomy to solve problems. The dimensions in this domain were not all validated psychometrically in previous studies but seemed well-aligned with research lessons that were used in the development of this instrument. 


The fourth domain describes the nature of the mathematical problems that students are given to work on in class. This was inspired by some of the TIMMS videocodes, which are more detailed regarding the launch of a problem, whether the problem or problems are ongoing or self-contained, etc. For the purposes of appraising lesson study lessons, the dimensions included are the length of time devoted to a problem in class, as a proxy for its complexity and routine or nonroutine nature; whether the problem was single- or multi-step; whether the problem invited multiple solutions (or multiple strategies in the case of a single solution). 


The fifth domain is one that simply seemed compelling and is used for exploratory purposes for further research: the nature of mathematical generalizations made in class. Taken directly from TIMMS, these dimensions were unlike any of the others in this instrument. The mathematical generalizations are categorized as procedural, definitional, or conceptual. The dimensions in other domains are about the “insides” of the mathematics work: this domain attempts to capture the mathematical generalizations that teachers and students make from the specifics of particular problems and exercises. This distinction seemed important as a learning tool, but also disciplinarily: mathematics makes general claims (theorems) based on specific cases or examples. This domain frames this as an instructional move in mathematics teaching.  


The instrument makes space to note occurrences of these various dimensions, but allows notation of instances where these dimensions are missing or problematic.

[HOW] DO RESEARCH LESSONS REFLECT INSTRUCTIONAL IMPROVEMENT?

What can we learn about the research lessons in lesson study, and about lesson study more generally, from using this instrument?


To try out the proposed observational instrument, we coded four research lessons. While this is in no way sufficient to make strong assertions either about lesson study or about the instrument, we did notice a number of patterns in the coding that are worth mentioning here, and we think this offers preliminary directions about how lesson study is practiced and what its affordances might be. In what follows, I offer brief descriptions of tendencies that were seen across the four research lessons.

Strategic thinking

Across the research lessons, the emphasis on developing students’ capacity for strategic thinking (NRC, 2001) predominates. Problems are posed to students that elicit multiple strategies for solving problems, and that language is voiced by teachers repeatedly. “Does anyone have a different strategy?” is heard across the lessons. Strategic competence is one of the five strands of mathematical proficiency (NRC, 2001) so its predominance across these lessons, more than the other four strands, seems curious. 

Why strategic competence? Again, this analysis spans only four research lessons and could be idiosyncratic to this tiny data set. But a thought experiment using the five strands of mathematical proficiency leads to some conjectures. Conceptual understanding seems to be the backdrop to all four research lessons and is less an overt objective that teachers are working on in instruction than a general disposition about what should characterize mathematics lessons. Adaptive reasoning seems more elusive, less understood, and harder to curricularize in a single lesson. Procedural fluency appears as a minor theme, as we will see below—but the emphasis in these research lessons is less on procedures than on computation. Productive disposition is a quality that teachers work on throughout these lessons but does not play the role of lesson objective—it is a character trait in the service of mathematics that is encouraged, not a mathematical process or objective in its own right. 
Lesson architecture
The format of the lessons was similar across the research lessons. Teachers began with some personal “hook” to engage students in the work and to establish relationships quickly; teachers stated the goal of the lesson; the class did some “warm-up” mathematics; teachers then posed a single or extended problem for the class to work on; students worked on this main problem individually and/or in small groups; the class reconvened to discuss different solutions or solution strategies; the teachers drew some kind of close to the lesson by summarizing or asking students to appraise their work.


There is nothing surprising about this lesson architecture except to remember that not all mathematics lessons follow this format and the fact that all the research lessons did seemed to be noteworthy. None of the four lessons had students working in small groups and rotating through stations of activities, for example. In none of the lessons did students enter the classroom and work on mathematical exercises posted on the chalkboard or a worksheet. The teachers did not model a new procedure for students to practice. Again, the sample size here is teeny, but since these other formats are staples in the mathematics instruction repertoire their absence tells us something about lesson study practice and perhaps about the mathematics education zeitgeist more broadly.


It is also possible that this common architecture is influenced by Japanese research lessons which follow a similar architecture. That architecture is summarized here:


The U.S. research lessons contained some elements of this architecture but not all. The architecture of mathematics lessons reflects an epistemological stance and makes particular opportunities to learn available in instruction. This seems to warrant further investigation in its own right. 

Computation


The lessons analyzed did not shy away from computation work. Each made ample opportunities for students to do computational work and this frequently appeared to be an aim in itself. In two of the lessons, computational practice and discussion of the meaning of the procedures constituted a central part of the lesson. 


In recent years, professional development in mathematics has been more concerned with conceptual understanding, adaptive reasoning, and strategic competence than with procedural fluency. The presence of computational work in these research lessons indicates that lesson study may depart from other professional development efforts in topical emphasis. One conjecture is that because lesson study is driven by teachers’ own problems of practice, and because computation is a central concern for teachers owing to accountability schemes, their own backgrounds, and the perceived needs of their students, computation remains more firmly entrenched than in reform-oriented professional development, which is driven less by teachers’ expressed interests and concerns and more by research and theory.

Explicitness

Across the lessons, teachers showed explicitness in a number of ways. Teachers were explicit about the use of mathematical language. They gave careful definitions. On occasions teachers reconciled or pointed to multiple expressions of equivalent mathematical ideas. “Some people read this number as one-tenth but I hear some of you also saying point one. Is there another way to read this number?”

Teachers also narrated their thinking and asked students to make their thinking explicit as well. “Is this what you were thinking in your head?” “The way I would go about solving this problem is…”

Teachers named processes and they gave labels to ways of thinking, and, of course, strategies, since strategies were often a strong focus in these lessons. “Does anyone have a name for this way of solving the subtraction problem? Let’s call it ‘break apart.’” 

The presence of so much explicitness in the research lessons may be in part a function of the collaborative work that produces the research lessons. Teachers have to articulate to one another what their aims and methods are for the research lessons. 

Conclusion: WHAT ABOUT IMPROVEMENT?
This paper proposes that we observe mathematics lessons to determine the contributions of lesson study to mathematics instruction, and it describes an instrument for doing so. But to assess the improvement in mathematics instruction, we would require a research design that makes use of a data set beyond the research lessons themselves: we would want to include videotapes of instruction by lesson study participants prior to their engagement in lesson study, as well as during and following their participation. If lesson study does indeed contribute to the improvement of mathematics instruction, and if the instrument can capture the qualities of mathematics instruction that are enhanced in lesson study, we would expect to see change over time in individual participants and in the capacity of the group.

Such data are hard to come by. Imagine teachers, before commencing the lesson study work, opening their classrooms to videographers and researchers for this purpose. Such teachers are rare.
 Currently no such data set exists, but this would be the needed—eventually, at scale—to learn what we want to know about what lesson study contributes to the quality of mathematics instruction. With complete data sets such as these, we would expect to see increasing repertoires of instructional practices along the dimensions named in this instrument, with more elaborated and fluent instantiations across mathematical topics and grade levels. In the final analysis, it is improved instruction we are after, not only positive reports about how teachers feel about their lesson study experiences or high scores on paper-and-pencil tests of teacher’s knowledge.

Are we far from such a possibility?  At scale, yes—but we not far from being able to conduct smaller preliminary studies. A good start would be to analyze complete sets of lessons from before, during, and after a formal cycle of lesson study from a handful of lesson study participants, from within and across lesson study groups. Unlike Japan, where lesson study in ongoing and career-long, lesson study is a more contained experience for U.S. teachers, so such data sets are conceivable. Lesson study makes teaching public, and cultivates norms of opening classroom doors to collegial work. Developing the relational trust in schools (Bryk, 2002) and the stance of inquiry that are integral to lesson study would somehow need to be in place prior to and following the formal lesson study experience. As a recent participant volunteered, “Lesson study isn’t about research and it’s not about a form of professional development: lesson study is a stance about teaching and a way of life.” Our research and our professional development practice would do well to hew to that view.
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APPENDIX: Coding Instrument for Assessing Mathematical Quality of Research Lessons



	1. Nature of Mathematical Work during the Lesson (from NRC)
	If present [or problematic], evidence


	Adaptive reasoning

	

	Strategic competence

	

	Conceptual understanding

	

	Productive disposition
	

	 Procedural fluency

	


	2. Teacher Actions to Connect Students with Mathematical Content
	If present [or problematic], evidence


	Explicitness


	

	Explicit labels and symbols

	

	Narrates thinking processes

	

	Explicit directions for work


	

	Uses precise and appropriate language to describe mathematical ideas

	

	Makes overt efforts to engage students

	

	Inclusive
	

	Records mathematical work of class

	

	Uses class time for math   

	

	Uses multiple representations for mathematical ideas

	

	Makes connections among mathematical ideas

	


	3. Mathematical interactions with students

(from LMT-MQI)
	If present [or problematic], evidence


	Elicits student responses

	

	Responsive to student ideas

	

	Makes overt efforts to engage students
	

	Inclusive
	

	Grants students autonomy to solve problems in their own ways

	

	 Makes connections among students’ mathematical ideas

	

	Real-life connections 

	

	Draws or or makes reference to students’ prior knowledge (RTOP)

	


	4. Features of the mathematics problems posed, worked on (inspired by TIMMS)
	If present [or problematic], evidence

	Takes more than 45 seconds to solve

	

	Can be solved with automaticity; favors learned algorithms or formulae

	

	Prompts multiple solution paths or multiple solutions

	

	Mathematical topic

	


	5. Nature of mathematical generalizations

(from TIMMS)
	If present [or problematic], evidence


	Procedural 


	

	Definitional

	

	Conceptual

	


Readiness set


State title of the lesson


Review earlier relevant work on the topic


Pose a problem to work on


	Give sufficient information


	Define terms


Independent work on the problem


Have hints or other supports prepared for children who may get stuck


Teacher circulates, making notes about each child’s work


Confirm the correct answer to the problem if there seems to be consensus


Compare various solution paths


What mathematical expression or representation was used to solve the problem?


What does each part of the mathematical expression or representation mean?


How do the different solution paths offered compare and differ? 


	Appraise the usefulness of each solution path


		Is it ESA? (Efficient, Simple, Accurate)


Summarize


Reflect  


(Lewis, 2008)











� American Heritage Dictionary of the English Language, Electronic Edition.   http://www.bartleby.com.proxy.lib.umich.edu/61/85/P0498500.html


� Use of the term “mathematical practices”


� In my current work with a lesson study group, a number of teachers have volunteered to be videotaped early in the process (but not before it all began). I hope to also have videotapes of their lessons following a year and a half of lesson study work including a research lesson and public lesson.
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