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Both theory and empirical findings suggest that improvement of teaching is not a
one-shot activity: It requires ongoing effort by teachers, who must integrate
improvements into the complex juggling act of classroom practice (e.g., Clarke &
Hollingsworth, 2002; Lampert, 2001). To change teaching successfully often
requires repeated cycles of classroom trial, reflection, feedback, and revised trial.
For example, (Schorr & Koellner-Clark, 2003) chronicle the experience of a teacher
who changed his classroom teaching with the intention of having students contrib-
ute to the construction of mathematical ideas in the classroom. He was initially
pleased with his effort, but when he showed video of his classroom practice to col-
leagues, they saw the class discussion as lacking in mathematical rigor. Their reac-
tions led him to reevaluate the quality of his class discussions and engage in further
work to better establish mathematical focus while building student contributions.

Situations like those described by Schorr and Koellner-Clark (2003), in which
teachers must engage in repeated cycles of experimentation and reflection to
improve practice, are probably more the rule than the exception, even though mod-
els of professional learning impact often show a unidirectional arrow from profes-
sional development program to change in instruction (see review by Clarke &
Hollingsworth, 2002). If repeated cycles of experimentation are typically needed to
improve one’s teaching, then what are the implications for the design of profes-
sional learning programs? For example, how might we design professional learning
programs to catalyze development of the beliefs and dispositions needed to continue
such challenging, ongoing work?

This chapter reports a randomized, controlled trial of lesson study supported by
mathematical resources. The experimental treatment, described in more detail
below, significantly increased the mathematical knowledge of both participating
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teachers and students, as reported elsewhere (Gersten, Taylor, Keys, Rolthus, &
Newman-Gonchar, 2014). This chapter focuses, however, on two “Intermediate
Outcomes” shown in Fig. 1: teachers’ beliefs and teacher learning community. We
examine (1) the impact of the intervention (lesson study with mathematical
resources) on teachers’ beliefs and teacher learning community and (2) the role of
teachers’ beliefs and teacher learning community as mediators of teachers’ and stu-
dents’ increases in mathematical knowledge.

Background on Lesson Study

As shown on the left side of Fig. 1, lesson study is collaborative, practice-based
professional learning in which teachers study the academic content of the curricu-
lum and plan, enact, observe, and analyze a live classroom lesson (Fernandez &
Yoshida, 2004; Lewis & Hurd, 2011; Lewis & Tsuchida, 1997, 1998; Perry &
Lewis, 2010; Stigler & Hiebert, 1999; Wang-Iverson & Yoshida, 2005). As shown
in the center of Fig. 1, the practice-based cycles that comprise lesson study are
hypothesized to improve instruction by simultaneously improving five basic inputs
to instruction: teachers’ knowledge; teachers’ beliefs and dispositions; teacher
learning community; learning resources and tools; and system features.

Although the term “lesson study” often evokes images of lesson planning, in fact
lesson planning is just a small portion of lesson study. It may be useful to think of
lesson study and other familiar professional learning approaches as overlapping
circles in a Venn diagram to highlight the characteristics lesson study shares with
other familiar professional learning approaches. For example, lesson study overlaps
with many other professional learning approaches in the shared element of teachers’
study of content knowledge, which previous research has identified as a feature of
effective professional learning (Garet, Porter, Desimone, Birman, & Yoon, 2001)
and which in lesson study occurs most heavily during the first parts of the lesson
study cycle, when teachers engage in kyouzai kenkyuu, the study of content and cur-
riculum materials (Takahashi, Watanabe, Yoshida, & Wang-Iverson, 2005). In
Japan, the teacher’s manual provides a key resource for kyouzai kenkyuu, since it
includes discussion of both the curriculum content and of common student thinking
and misconceptions (Lewis, Perry, & Friedkin, 2011). In the current study,
mathematical resource kits were designed to substitute for the materials available to
Japanese teachers as they conduct kyouzai kenkyuu.

A second element of lesson study is observation of live practice, and this element
is shared, for example, with many professional learning programs that include
coaching or mentoring (e.g., Campbell & Malkus, 2011), although lesson study
focuses on observation of students rather than on critique of teaching. A third ele-
ment of lesson study is analysis of student thinking and student work; again, many
well-known professional learning approaches strongly emphasize this element
(Carpenter, Fennema, Franke, Levi, & Empson, 1999). In lesson study, teachers
observe students as they think and work, as well as analyzing student work products.
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A fourth element of lesson study is teacher-led inquiry. Lesson study asks teachers
to pose and investigate research questions about practice and to answer them through
the study of live practice; this element is shared with approaches to professional
learning such as action research, self-study, and inquiry (e.g., Noffke & Somekh,
2009). A fifth element of lesson study is collaboration with colleagues (e.g.,
McLaughlin & Talbert, 2006), which is intended to build ongoing instructional
collaboration and to reshape school routines to better focus on improvement of
classroom practice (Sherer & Spillane, 2011).

In summary, lesson study, which originated in Japan and has been practiced there
for over a century, combines familiar elements including study of content and
curriculum, study of student thinking and work, and observation of live instruction,
with collaborative planning and analysis of instruction. These elements are brought
together in cycles of teacher-led inquiry.

Method

The Study Design and Conditions

The tension between teacher “ownership” of an innovation and its faithful imple-
mentation is a quintessential dilemma of educational reform. Our intervention
approached this dilemma by joining a teacher-led form of professional learning—
lesson study—to research-based mathematics resources. We designed the mathemat-
ics resource kits because, as noted above, some US teacher’s manuals do not provide
sufficient information on mathematical content and student thinking to support the
kyouzai kenkyuu during the first phase of lesson study (Lewis et al., 2011).

Using an electronic mailing list (Isnetwork @mailman.depaul.edu) and personal
contacts, we recruited groups of US educators to engage in locally led lesson study,
using resource kits centrally designed and distributed by our group. Since local
educators took responsibility for recruiting lesson study teams and organizing and
managing their own learning with the resource kits, this model departs substantially
from centrally planned and “delivered” professional development in which educa-
tors are expected to faithfully implement a centrally designed set of instructional
changes (Lewis, Perry, & Murata, 2006). The design of the experimental condition
was intended to support local flexibility for users, by allowing each lesson study
group to collaboratively make its own locally appropriate decisions about partici-
pants, use of the fractions resources we provided, and time allocation for lesson
study and for specific components of the work.

More than 100 groups requested an opportunity to participate in the study. Four
criteria were considered in selecting the sample of 39 sites: permission from local
authorizing agencies and administrators; willingness to be randomly assigned to a
study condition; site demographic characteristics (we sought diversity in region of
the USA, urbanicity and student socioeconomic status); and the ability to participate
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within our study time frame. In the interest of supporting naturally occurring
collaborative groups, we did not specify group membership, except to require that
at least one group member be a classroom teacher within grades 2-5. Since some
lesson study groups find it beneficial to collaborate across grades, groups could
include educators at other levels or from non-classroom positions (e.g., mathemat-
ics coach). Educators who responded to our call for participation recruited local
groups of 4-9 educators.

Triads of demographically matched sites (matched where possible on district and
SES of students served) were created and one site from each triad was assigned by
random draw to each of the three study conditions. Random assignment was not
performed until after groups had completed teacher and student pre-assessments.
Condition 1 (C1) is the primary experimental treatment and consists of lesson study
supported by a mathematical resource kit focused on fractions (described further in
Lewis & Perry, 2014, and summarized in Fig. 2). Because we worried that the math-
ematical resource kit might be experienced by teachers as prescriptive, thereby
undermining the sense of inquiry that should be integral to lesson study, we designed
Condition 2 (C2) as a control treatment in which teachers conducted lesson study
without the fractions resource kit, on a topic of the group’s own choosing other than
fractions. We asked C2 groups to avoid fractions both for practical reasons (to avoid
cross-condition “contamination,” since many districts had groups in more than one
condition) and for ethical reasons (we did not want to put local mathematics educa-
tors who had recruited more than one group in the position of withholding resources
from some groups). C2 groups did receive sections 4 and 5 of the resource kit (see
Fig. 2), the generic materials to support lesson study. These included tools and pro-
tocols to help groups set norms, anticipate student thinking, and plan, observe, and
discuss a research lesson. Groups in Condition 3 (C3) received no materials from
our group, but participated in all study procedures (such as pre- and post-assessment)
and received the study stipend upon documentation of expenses for professional
development. C3 thus served as a control for selection factors (such as willingness
to participate in lesson study) and for study procedures (such as study assessments
and stipend). Groups in all three conditions were offered a $4,000 stipend upon
documentation of expenses related to professional learning (e.g., substitutes, sti-
pends for after-school work, course fees). The average length of participation (cal-
endar days from student pretest to posttest) was roughly comparable across
conditions: 91 days for Condition 1 groups; 80 days for Condition 2 groups; and 84
days for Condition 3 groups. No groups dropped out of the study, and only one
teacher failed to complete the study.

Figure 2 summarizes the materials in the resource kit. Overall, the resource kit
was designed to maintain the qualities of lesson study that are appealing to educa-
tors such as active investigation of a problem of practice, study of student thinking,
and application of newly learned ideas in the classroom, while also providing ready
access to mathematical resources. The basic flow of the toolkit, summarized in
Fig. 2, begins with teachers solving mathematics tasks individually, sharing solu-
tions, predicting how students might solve the tasks, and then examining actual
student responses. Teachers then examine curriculum materials and research on
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Introduction

Section 1: Mathematics Tasks to Solve and Discuss

Groups do and discuss problems such as Problem 2: “Find two fractions between +
and 1 and write them here,” then study associated sample student work.

Section 2: Curriculum Inquiry: Different Models of Fractions

Groups examine different fraction models, the Japanese textbook and fractions
curriculum trajectory, and classroom video of fractions instruction. Groups also
solve a hands-on fractions task mirroring one shown on the video (“Mystery Strip”).
Section 3: Choosing a Focus for Your Lesson Study Work

Groups choose either Path A or Path B. Path A centers around an introduction to
fractions using the linear measurement context. Path A groups study materials
based on the Japanese curriculum introduction to fractions (e.g., lesson plans;
Japanese elementary Course of Study; Teaching Manuals). Path B groups study and
read about another aspect of fractions, such as: 1) understanding that fractions are
accumulations of unit fractions; or 2) understanding fractions on the number line,
etc.

Section 4: Planning, Conducting, and Discussing the Research Lesson

Groups follow lesson study protocols, guidelines, and suggestions on reflection
included in this section.

Section 5: Lesson Study Refresher: Overview and Suggestions for Getting

Started

Groups new to lesson study may refer to this section for background information on
how to conduct lesson study (e.g., setting norms in the group or choosing a research
topic).

Fig. 2 Fractions resource kit: summary and examples of contents
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fractions, with a particular focus on the linear measurement representation and how
it may help students understand fractions as rational numbers. Many of the resources
in this section are drawn from the Japanese curriculum, including a textbook, teacher’s
edition, lesson plan, and video of a Japanese educator introducing fractions to a US
class, using the linear measurement representation of fractions. Finally, lesson study
groups plan, conduct, observe, and discuss at least one research lesson on fractions,
followed by reflection on what they learned during the lesson study cycle.

Measurement of Teachers’ Beliefs and Teacher Learning
Community

The central portion of Fig. 1 posits that change in teachers’ beliefs and dispositions
is one route by which lesson study produces changes in instruction. Changes in
beliefs and dispositions may directly influence instruction; for example, change in
beliefs about the value of student struggle may lead a teacher to give students more
time to struggle with a challenging problem. Changes may also operate indirectly;
for example, a strengthened sense of efficacy may allow a teacher to engage in the
repeated cycles of experimentation needed to successfully implement a new teach-
ing strategy that initially proves difficult.

A large body of research documents the ways that teachers’ beliefs, dispositions,
and identity both influence and are influenced by professional learning experiences
(Clarke & Hollingsworth, 2002; Goldsmith, Doerr, & Lewis, 2014; Zech, Gause-
Vega, Bray, Secules, & Goldman, 2000). (In the current work, we do not try to
distinguish among beliefs, dispositions, and identity, but refer to them all using the
term “beliefs.”) Teachers’ expectations for student achievement have been the focus
of a number of studies that have shown, for example, that opportunities to closely
observe students can increase teachers’ expectations (Borko, Davinroy, Bliem, &
Cumbo, 2000; Chazan, Ben-Chaim, & Gormas, 1998; Kazemi & Franke, 2004; Lin,
2001; Puchner & Taylor, 2006), as can collegial learning that focuses on student
thinking (Lin, 2002; Tobin & Espinet, 1990). Since working with colleagues to
closely observe students is a core feature of lesson study, we included survey items
designed to measure teachers’ expectations for student achievement.

Another type of belief that may be important to instructional improvement is
interest in student thinking and in eliciting it during instruction because student
thinking can provide crucial instructional feedback to teachers (e.g., Grandau, 2005;
Kazemi & Franke, 2004; Remillard & Bryans, 2004; Seymour & Lehrer, 2006;
Steinberg, Empson, & Carpenter, 2004). We included four survey items designed
to measure teachers’ sense of efficacy in eliciting and using students’ mathematical
thinking.

Inquiry stance toward practice and identity as a learner and teacher of mathematics
is a third focus of the survey items we selected for inclusion. Prior research has
shown that professional learning can impact teachers’ inquiry stance, leading to
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increased use of analysis and knowledge-based reasoning and allowing a shift away
from an evaluative stance (Sherin & Han, 2004; Sherin & van Es, 2009; Ticha &
Hospesova, 2006; van Es & Sherin, 2008). Items in this area focused on teachers’
interest in learning about mathematics and its teaching—learning. Prior research
shows that teachers’ identities as learners and teachers of mathematics can shape,
for example, their learning from mathematics curriculum materials (Remillard &
Bryans, 2004; Spillane, 2000). Because the resource kits we provided to the teach-
ers in this study included curriculum and research materials, four survey items
tapped teachers’ perception that research and curricular materials (including those
from other countries) are useful to teachers.

Another hypothesized route of lesson study influence on instruction (see Fig. 1)
is through changes in the teacher learning community. Prior research indicates that
professional development can, for example, engender collegial encouragement and
support that enables teachers to try new types of teaching (Britt, Irwin, & Ritchie,
2001; Chazan et al., 1998; Manouchehri, 2001) and to see colleagues as a source of
useful feedback and knowledge (Fisler & Firestone, 2006; Taylor, Anderson, Meyer,
Wagner, & West, 2005; Thijs & van den Berg, 2002; Zech et al., 2000). The duration
of the current study was somewhat brief to expect development of the teacher learn-
ing community, as it included just one cycle of lesson study. However, we included
in the survey a number of items focused on workplace collaboration, including a
number of items from established measures of school-site professional community
(e.g., Michigan State University, 2003; CRC, 1994) and some new items designed
to tap the perceived efficacy of working with colleagues to improve mathematics
teaching (“Collegial Learning Effectiveness”).

The pre- and post-teacher survey included the items shown in Appendix, which
were interspersed for administration along with some additional items such as self-
ratings of fractions knowledge (not reported here). Factor analysis and item content
review were used to construct the scales, which are shown in Appendix along with
scale alphas and item sources.

Measurement of Teachers’ and Students’ Fractions Knowledge

Since some of our analyses examine the impact of teachers’ beliefs and teacher
learning community on the development of fractions knowledge, we briefly describe
the assessments of teachers’ and students’ fraction knowledge. The measure of
teachers’ fraction knowledge was a 33-item assessment, with 21 of the items drawn
from Learning Mathematics for Teaching (2007) and the remaining items drawn
from other sources including Diagnostic Teacher Assessments in Math and Science
(Center for Research in Mathematics and Science Teacher Development, 2005);
New Zealand Maths (Ward & Thomas, 2009); and mathematics education research
and curriculum materials (Beckmann, 2005; Newton, 2008; Norton & McCloskey,
2008; Post, Harel, Behr, & Lesh, 1988; Schifter, 1998; Zhou, Peverly, & Xin, 2006).
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Because the study included students in grades 2-5, three overlapping assessments
of students’ fraction knowledge were constructed, including between 17 items (for
grade 2-3 students) and 41 items (for grade 5 students) drawn from sources
including published mathematics education research (Hackenberg, Norton, Wilkins,
& Steffe, 2009; Saxe, 2007; Van de Walle, 2007); the National Assessment of
Educational Progress (Institute of Education Sciences/National Center for Education
Statistics (IES/NCES), 2007); Japanese teachers’ manuals and student texts
(Hironaka & Sugiyama, 2006); and the California Standards Test (California
Department of Education, 2005).

In addition to the survey and assessment data, we collected written reflections at
the end of the lesson study cycle from teachers in both lesson study conditions in
response to the following prompt:

Describe in some detail two or three things you learned from this lesson study cycle that you
want to remember, and that you think will affect your future practice. These might be things
about fractions or mathematics, about teaching, about student learning, or about working
with colleagues. (If you don’t feel you learned anything from this cycle of lesson study,
please note that and identify changes that might have made the lesson study work more
productive for you.)

Data Collection

Teacher and student pre-assessments were mailed out to the sites, along with guide-
lines for administration. Once the completed assessments had been mailed back and
received in our office, the site was randomly assigned to a condition and the appro-
priate study materials (for example, the resource kit) were mailed out to the site.
Post-assessments were mailed out at the end of the study period. Participants in
Conditions 1 and 2 (the lesson study conditions) were also asked to video record
their lesson study meetings and research lessons, to collect materials from the lesson
study cycle (such as student work and lesson plans), and to complete reflection
forms at the end of each meeting and at the end of the lesson study cycle. Sites peri-
odically mailed these data to our office. Due to budgetary constraints, we did not
observe or attempt to measure changes in teachers’ regular classroom instruction.

The 39 groups of educators included groups in 11 US states and the District of
Columbia and in 27 school districts, totaling 213 teachers across the three study
conditions. Table 1 provides demographic information on the teachers by study con-
dition. The treatment and control conditions are generally comparable in teachers’
years of experience and grade-level assignment. However, teachers in the treatment
group were more likely to have a math degree or credential than control teachers
(42, N=213)=10.39, p=.006) and also had slightly more lesson study experience
(#(122)=2.756, p=.007), although the means for lesson study experience of all three
conditions were in the range of 1-2 years. To control for baseline differences, these
two teacher characteristics were included as covariates in subsequent analyses.
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Table 1 Demographic data at study baseline

Tests of difference
between condition 1 and

Indicator Percentage if dichotomous; mean (SD) if other control groups
(dichotomous continuous combined

variable-D; All

continuous groups Cond 1 Cond2 | Cond 3

variable-C) (N=213) |(N=73) |(N=73) |(N=67) |X%t df p
Elementary grade 87 % 86 % 92 % 84 % X?=2.23 211 |.329
teacher (D)

Less than 5 years 28 % 23 % 25 % 37 % X?=4.07 211 1 .130
experience (D)

More than 15 years | 25 % 27 % 30 % 18 % X*=3.01 211 1.223
experience (D)

Math degree/ 11 % 21 % 4 % 9 % X*=10.39 |211 |.006
credential (D)

Lesson study 227 2.63 2.10 2.06 1=2.76 122 |.007
experience (1.32) (1.48) (1.29) (1.09)

(C, scale 1-5)

Although we suggested a time allocation of about 12—14 group meetings (including
at least one classroom research lesson) for completion of the study requirements,
groups organized their own meeting logistics, determining the total time, number of
meetings, and meeting length. As a result, group participation time varied. Excluding
time for assessments, estimated participation time for Condition 1 groups ranged
from 7 to 42 h and time for Condition 2 groups ranged from 1.5 to 29 h. Meeting
time was calculated from video records and self-reported meeting schedules to the
extent they were available. Video records may err on the side of underestimation,
since groups sometimes started the video camera late or let it run out before the
meeting ended. Because teachers in Condition 3 engaged in various professional
development activities (some individually, some in groups) a comparable participa-
tion figure is difficult to calculate. For example, teachers in one Condition 3 group
jointly attended a regional mathematics conference, while other groups requested
stipend funds to support future lesson study efforts. Variability in time devoted to
lesson study (within the two lesson study conditions) is probably due to a range of
factors. For example, some groups asked members to review materials as “home-
work,” so that some of their time did not get picked up in the video record. Likewise,
time spent planning the lesson or talking with group members outside of formal
group meetings did not get captured. Hence, the time estimates should be consid-
ered imprecise. One factor we could identify that impacted participation time is that
groups that decided to teach the research lesson more than once tended to have
longer participation times.
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Data Analysis

HLM analyses were conducted to assess the impact of the experimental condition
on changes in teachers’ beliefs and teacher learning community. For teacher out-
comes, we used a two-level HLM model with teachers at Level 1 (n=213) and
groups at Level 2 (n=39) to account for the nesting of teachers within lesson study
groups. We chose three Level 1 covariates on the basis of baseline data and prior
similar research: pretest value on the scale, lesson study experience, and possession
of a mathematics degree or credential (Akiba, Chiu, Zhuang, & Mueller, 2008;
Birman et al., 2009; Bloom, Richburg-Hayes, & Black, 2007; Desimone, Smith, &
Ueno, 2006; Hill, 2010; Smith & Desimone, 2003). For each outcome measure, the
Level 1 pretest value, the dummy indicator for possession of a math degree/creden-
tial, and lesson study experience (continuous variable) were included as grand-mean
centered variables in the model (Raudenbush & Bryk, 2002). At Level 2, we
included as an uncentered variable the group assignment to Condition 1 (lesson
study with resource kit), assigned a value of 1, and a value of 0 otherwise. Our pri-
mary interest in this analysis was the estimate of the treatment effect on each of the
six measures of belief and teacher learning community, captured by the Level 2
parameter y,, in the fully conditional model shown below.

Level-1 Model
Y, =By, + B, (pretest _value) +f3, (math_degree / credential ),

+ 3, (lesson _study _ expenence)il_ +r,.

Level-2 Model

Bo; = Yoot Yo (toolkjt_assignment)j iy,
B = T
Boj= T
B = 7w

In addition to the HLM analyses to look at the impact of experimental assign-
ment on the six outcome measures (beliefs and teacher learning community), we
conducted additional HLM analyses designed to explore the impact of the six belief
and teacher community measures on teachers’ and students’ development of frac-
tions knowledge during the study period. Specifically, we investigated whether the
six measures of teachers’ beliefs and learning community predicted changes in
teachers’ and students’ fractions knowledge.
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Results

Table 2 shows the pre- and post-intervention scores and change scores for teachers’
beliefs and teacher learning community for all three study conditions, as well as
t-tests for the comparison of change rates between the experimental treatment
(lesson study with mathematical resource kit) and the combined control conditions
(lesson study only and locally chosen professional development). HLM analyses are
shown in Table 3; they indicate a positive and statistically significant impact of the
experimental treatment on two of the six scales: Collegial Learning Effectiveness,
and Expectations for Student Achievement. In addition, the intervention shows a
marginally significant impact on the Using and Promoting Student Thinking scale.

To avoid inflating the experiment-wise significance level, we limit significance
testing to comparison of Condition 1, which is the full experimental treatment, with
the remaining conditions. Tables 4 and 5 show the results of HLM analyses that
examine changes in the teacher belief and teacher learning community measures as
mediators of teachers’ and students’ change in fractions knowledge. Table 4 indi-
cates that increases in collegial learning effectiveness and in professional commu-
nity both significantly predict teachers’ gain in fractions knowledge during the study
period for the overall study sample. Likewise, Table 5 indicates that increase in
teachers’ collegial learning effectiveness significantly predicts students’ gain in
fractions knowledge during the study period.

The end-of-cycle written reflections provide insights into the kinds of experiences
that increased teachers’ beliefs in the effectiveness of learning with colleagues:

This has made me think of how essential it is to observe other teachers and take as many
ideas as possible to integrate in my classroom.

I think this was my 7th or 8th cycle of working with lesson study and every time I am
amazed at the amount of growth and learning that happens professionally for me.... The big-
gest impact for me is having more ears around the room listening to the students’ conversa-
tions and what they are actually thinking. For example, during one of the lessons, a pair of
students had recorded the correct fraction and written it the correct way, however,
I overheard one partner say to the other, “1/2 means we have 1 m and 2 more.” During a typical
lesson and without “extra” ears around the room, the classroom teacher would have thought
that pair of students knew the answer and the misconception would not have been noted.

I found it so helpful to come together as a team, look closely at work that we had
recently observed in action, and not all agree at what the student demonstrated. This made
it clear to me that my “research” can be flawed if I am not listening and watching closely as
my students talk and solve problems.

I feel the collaboration piece is one of the greatest benefits for each of us. As I look back
at each of the reflection notes, it is amazing how many things were discussed and how many
different perspectives came out as we discussed any research or topics as part of the discus-
sion.... The collaboration piece is also important during the lesson.... With more eyes there
is more information, which we have found helps us create better lessons with more student
learning. Even after the second lesson, our post lesson discussion has us thinking about
what we still could improve and where to go from here. I definitely feel that the lack of col-
laboration is a weakness in our American schools. (italics not in original)

Likewise, the reflections highlight experiences that increased teachers’ expecta-
tions for student achievement:

As I watched the lesson unfold I saw how, with good intentions, we teachers stop the
thinking of our students by providing too much scaffolding.... I saw students working
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themselves from an incorrect answer to recognizing the answer was wrong, puzzling over
how to correct it only to have a teacher ask “yes—no” questions that stopped their problem
solving and led them to the correct answer. I recognize this trait in myself and have com-
mitted myself to allowing the students time to struggle...

My students discovered on their own that the more you divide the whole the smaller the
fractional parts.... Because of this discovery many students began to make awesome con-
nections.... Once when comparing 3/4 and 5/6 Daniella claimed that she can compare the
fractions just by looking at them. Other students thought it would be too difficult because
the size of the parts and number of parts were different. Daniella used her understanding of
unit fractions to compare the numbers. She said that 3/4 is 1/4 away from equaling 1 whole
but 5/6 is only 1/6 away from equaling 1 whole, 1/4 is larger than 1/6, so 3/4 is less than 5/6.
This came completely unprompted and it led to a student explaining and demonstrating
using fraction strips and the other students agreeing and taking part in a cool discovery. This
never happened before because I never put much time as a 5th grade teacher into my student
understanding of unit fractions.

I love that one teacher did a 360 [complete turnaround] from her initial response to the
math lesson, “My students cannot do this,” to “I would love to see my students do this.”
That raising of the bar, while at the same time knowing the students well enough to plan for
success, proved to be the best surprise of all.

Discussion

The HLM analyses indicate that participation in lesson study with mathematical
resources significantly increased two of the six outcome measures related to teach-
ers’ beliefs and teacher learning community: Expectations for Student Achievement
and Collegial Learning Effectiveness. The intervention also had a marginally sig-
nificant effect on a third outcome: Using and Promoting Student Thinking. End-of-
cycle reflections illuminate the specific experiences that enabled these changes in
beliefs, such as hearing other teachers’ perspectives and seeing students respond to
a challenging mathematical task.

Although we generally combined the two control groups for analysis to avoid
inflating the experiment-wise significance levels, examining the data for all three
conditions provides insights into how lesson study with the specially designed
mathematical resources (Condition 1) differed from more typical lesson study
(Condition 2) and from locally chosen professional development other than lesson
study (Condition 3). Going down the “change” columns in Table 2 for each of the
three conditions suggests that the two control conditions may be more similar to
each other than to the experimental condition (lesson study with the mathematical
resource kit) in terms of impact on teachers’ beliefs and professional learning com-
munity. Why would this be? The mathematical resources provided to Condition 1
teachers may have catalyzed more opportunities to change beliefs than the resources
Condition 2 teachers located on their own. For example, the mathematical resources
included fractions chapters from a Japanese teacher’s edition, and previous research
has shown major differences between USA and Japanese teacher’s editions, such as
more presentation of varied student thinking in the Japanese vs. the US teacher’s
edition (28 % vs. 1 % of statements) and more discussion of the rationale for tasks
and instructional design (10 % vs. 0 %) (Lewis et al., 2011). So the resource kits
may have catalyzed a more substantial collegial discussion than the materials (such
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as US teacher’s editions) located by Condition 2 groups, making colleagues more
valuable in making sense of the materials. A number of participants mentioned how
helpful it was to see how colleagues solved the math tasks; it is likely that Condition
2 lesson study groups located, solved, and discussed fewer tasks than did teachers
using the resource kit, since it included a number of mathematical tasks and specific
prompts to solve them individually and then discuss.

Similarly, the resource kit’s emphasis on linear measure models and unit fractions
seem to have been useful in revealing students’ mathematical potential. The linear
measure model made it easy for students to compare 3/4 and 5/6 (as noted by the
teacher quoted above) and to use this in classroom discussion, which in turn allowed
the teacher to see students’ potential to reason mathematically. After describing stu-
dents’ “awesome discovery” the teacher wrote: “This never happened before because
I never put much time as a Sth grade teacher into... unit fractions.” Condition 2 teach-
ers, who sought out lesson materials on their own, may have had a harder time finding
materials that supported such changes during the brief period of the study.

One interesting feature of the findings is the difference in results for the two scales
related to learning from colleagues: Collegial Learning Effectiveness and Professional
Community. These scales differ in two major ways. First, several of the items on the
Professional Community scale focus on all colleagues at the school site, for example:
“There is a lot of discussion among teachers at this school about how to teach.” In
contrast, the Collegial Learning Effectiveness scale refers to colleagues self-identi-
fied by the respondent, for example, “I have learned a great deal about mathematics
teaching from colleagues.” Since the lesson study we report was conducted by small
groups of teachers, not by all teachers in a school, differences between the two mea-
sures would be expected if teachers’ attitudes toward their lesson study colleagues do
not necessarily extend to the broader set of all colleagues at their school site. A sec-
ond difference between the scales is that the Professional Community scale focuses
on the frequency of learning with colleagues, whereas the Collegial Learning
Effectiveness Scale focuses on its usefulness and impact (for example, whether
respondents believe they have learned about student thinking from colleagues).
Finally, the Collegial Learning Effectiveness Scale is more heavily focused on math-
ematics (4 of 5 items) than the Professional Community Scale (2 of 6 items). Hence,
Collegial Learning Effectiveness is better designed to pick up changes in usefulness
of collegial learning among educators with whom the respondent collaborates, as
opposed to frequency of collegial interaction within the school as a whole.

Another interesting aspect of Table 2 is that scores on many of the scales declined
in the 3—4 months period between the baseline administration (usually in September)
and the final administration (usually in January), especially in the two control
groups. The September administration may have captured the most hopeful moment
of the school year.

One limitation of this study is that several of the scales have a relatively small
number of items, marginal scale reliability, and little or no prior evidence of predictive
validity. Given the length of the fractions assessment, there was not sufficient time to
administer a large number of survey items related to beliefs or teacher learning com-
munity. Many existing scales (with evidence of predictive validity) did not seem ade-
quately aligned to the intervention at hand, lesson study by a small group of educators



A Randomized Trial of Lesson Study with Mathematical Resource Kits... 153

at a site (or across sites) on a particular topic within mathematics (fractions). More
thorough investigation of the middle box of Fig. 2, the changes that occur during les-
son study in teachers’ beliefs and collegial relationships, is certainly warranted.

Conclusions

As far as we are aware, this is the first randomized, controlled trial of a lesson study
intervention, and we believe that it contributes in several ways to the current research
base on professional learning. First, it documents that in a brief period of about 3
months, self-organized groups of educators scattered across the USA, supported by
mathematical resource kits, were able to conduct lesson study that significantly
increased not only their own and students’ knowledge of fractions but also their
expectations for student achievement and the reported efficacy of working with col-
leagues—beliefs that may have enormous implications for future efforts to improve.
Prior qualitative research has provided evidence of changes in teachers’ beliefs and
professional relationships during lesson study (e.g., Lewis, Perry, & Hurd, 2009;
Murata, 2003), and the current study confirms these changes in a much larger sample
using a randomized trial. The findings suggest the fruitfulness of taking a much
closer look at the middle box of Fig. 1 to document the changes in beliefs and colle-
gial work that may allow lesson study to produce changes in both teachers’ and stu-
dents’ learning and to support teachers’ continued learning from practice over time.

Given the arguments made at the outset that improvement of instruction is likely
to require teachers to engage in repeated cycles of trial and revision, it is essential to
identify the beliefs and collegial learning structures that allow teachers to keep up
this effortful work over time. Our findings indicate that the intervention significantly
increased teachers’ perceptions of the usefulness of collegial work and their expec-
tations for student achievement and that these changes significantly predicted
increases in teachers’ and students’ mathematical knowledge over the study period.
This was true for the intervention group and for the study sample as a whole.

Finally, the results of this study should encourage us to think in new ways about
scale-up of instructional improvement. The intervention was “low-touch,” in that
local, self-managed groups of educators worked independently at a distance from
us, without any centralized supervision. These groups organized their learning in
ways that made sense locally, rather than adhering to centrally prescribed rules
designed to achieve implementation fidelity. In this way, the intervention supported
educators’ own agency and leadership, while also allowing them to build their math-
ematical knowledge.

These results suggest a promising solution to the conundrum of faithful imple-
mentation of high-quality materials versus teachers’ “ownership” of professional
learning. Through a lesson study process supported by mathematical resources,
teachers can participate in a process that values their ideas and leadership, while at
the same time increasing their expectations for student achievement and the effec-
tiveness of their collegial work, as well as their own mathematical knowledge and
that of their students.



154 C.C. Lewis and R.R. Perry

Appendix: Scales to Measure Teachers’ Beliefs and Teacher
Learning Community

Stem: “Please indicate how well each of the following statements describes your
attitude” (Rated on a 5-point scale ranging from 1 (“strongly disagree”) to 5
(“strongly agree.”)).

Expectations for student achievement (7 items; Alpha=.63 on pretest; .64 on posttest)

No matter how hard I try, some students will not be able to learn aspects of mathe-
matics (reverse coded) (McLaughlin & Talbert, 2001).

My expectations about how much students should learn are not as high as they used
to be (reverse coded) (McLaughlin & Talbert, 2001).

Students who work hard and do well deserve more of my time than those who do
not (reverse coded) (McLaughlin & Talbert, 2001).

The attitudes and habits students bring to my classes greatly reduce their chances
for academic success (reverse coded) (McLaughlin & Talbert, 2001).

There is really very little I can do to ensure that most of my students achieve at a
high level (reverse coded) (McLaughlin & Talbert, 2001).

Most of the students I teach are not capable of learning material I should be teaching
them (reverse coded) (McLaughlin & Talbert, 2001).

By trying a different teaching method, I can significantly affect a student’s achieve-
ment (CRC, 1994).

Using and promoting student thinking: (4 items; .63 at pretest and .68 at posttest)

I am able to figure out what students know about fractions (Project-developed).

I have some good strategies for making students’ mathematical thinking visible
(Project-developed).

I can help students “catch up” who come to me lacking in math skills (Adapted from
CRC, 1994).

When students are confused about fractions, I am able to provide good examples
and explanations (Project-developed).

Interest in mathematics and inquiry stance (8 items; Alpha=.74 on pretest; .84 on
posttest)

I enjoy teaching mathematics (Horizon Research, 2000).

I like solving mathematics problems (Project-developed).

Student mathematical thinking is fascinating to me (Project-developed).

I think of myself as a researcher in the classroom (Project-developed).

I am always curious about student thinking (Adapted from MSU, 2003).

I actively look for opportunities to learn more mathematics (Project-developed).

I am interested in the mathematics taught at many grade levels (Project-developed).
I would like to learn more about fractions (Adapted from LMT, 2007).

Research relevance for practice (4 items; .64 at pretest and .66 at posttest)

Educational research often provides useful insights for teaching (Project-developed).
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In general, curriculum materials from other countries are not useful (Project-developed).

Most research is not relevant to my needs as a teacher (Project-developed).

I find it interesting to read about a variety of educational programs and ideas
(Project-developed).

Collegial learning effectiveness (5 items; .62 on pretest and .63 on posttest; based
on items adapted from CRC, 1994 and Horizon Research Inc., 2000.)

I have learned a lot about student thinking by working with colleagues.

Working with colleagues on mathematical tasks is often unpleasant (reverse coded)
(Project-developed).

I have good opportunities to learn about the mathematics taught at different grade
levels (Adapted from CRC, 1994).

I have learned a great deal about mathematics teaching from colleagues.

I find it useful to solve mathematics problems with colleagues (Project-developed).

Professional Community (6 items; .80 at pretest and .82 at posttest)

My colleagues and I regularly share ideas and materials related to mathematics
teaching.

Mathematics teachers in this school regularly observe each other teaching classes as
part of sharing and improving instructional strategies.

I feel supported by other teachers to try out new ideas in teaching.

There is a lot of discussion among teachers at this school about how to teach
(Adapted from CRC, 1994; MSU, 2003).

I plan and coordinate with other teachers (MSU, 2003).

I don’t know how other teachers in this school teach (Adapted from CRC, 1994).
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