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This article begins to unravel the question, ‘‘What curricular materials work
best under what kinds of conditions?’’ The authors address this question from
the point of view of teachers and their ability to implement mathematics cur-
ricula that place varying demands and provide varying levels of support for
their learning. Specifically, the authors focus on how teacher capacity (their
level of education, experience, and knowledge) and their use of curriculum
influence instruction. The study sample is 48 teachers implementing two
standards-based mathematics curricula—Everyday Mathematics and
Investigations—in two school districts. The data include interviews and sur-
veys with teachers, as well as observations of instruction, over a 2-year
period. Findings indicate that teachers’ implementation of Investigations
was considerably better than teachers’ implementation of Everyday
Mathematics in terms of maintaining high levels of cognitive demand, atten-
tion to student thinking, and mathematical reasoning. These implementa-
tion measures were not correlated to measures of teacher capacity across
school districts. However, implementation measures were significantly corre-
lated with teachers’ lesson preparation that took into account the big math-
ematical ideas within curriculum. Further qualitative analysis indicated
that the Investigations curriculum provided more support to teachers for
locating and understanding the big mathematical ideas within lessons com-
pared to Everyday Mathematics.
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Over the past decade, district policies have become increasingly focused
on the improvement of instruction, especially in subjects that are regu-

larly tested under No Child Left Behind (NCLB; Elmore & Burney, 1999;
Hightower, Knapp, Marsh, & McLaughlin, 2002; Hubbard, Mehan, & Stein,
2006; Supovitz, 2006). In mathematics, curriculum has traditionally been
viewed as the key policy lever for improving instruction and learning on
a large scale. Yet, curriculum alone has been shown to have limited influ-
ence on teachers’ instructional practices (Ball & Cohen, 1996; Coburn,
2001; Fullan, 1991; Fullan & Pomfret, 1977; Wilson, 1990). While it may be
relatively easy to get curriculum materials into the hands of large numbers
of teachers, it is much more difficult to select appropriate materials for
a given school or district context and to design the conditions that will
enable teachers to implement them in ways that are intended by the
developers.

The past decade has witnessed growing numbers of district-wide adop-
tions of standards-based mathematics curricula, two of which are studied in
this article: Everyday Mathematics (EM) and Investigations. Both of these cur-
ricula aim for more ambitious forms of student learning (i.e., conceptual
understanding; the capacity to think, reason, and problem solve) than teachers
have traditionally been accustomed to and thus represent a significant chal-
lenge for teacher learning as well as student learning.

The conventional wisdom is that, even among standards-based curricula,
some are more difficult for teachers to implement than are others. When decid-
ing which curriculum to adopt, district leaders often weigh the perceived level
of challenge of a particular curriculum against the perceived strengths and
weaknesses of their faculty and/or the levels of professional development in
which they are willing to invest. For example, in one large urban district, the
decision came down to Everyday Mathematics versus Investigations.
According to a key district leader,

I had worked with both [EM and Investigations], and I think, for
me, . . . that [the district] could have done very well with either series
given the right level of support for our schools. . . . However, and this
was the union’s decision, they felt that EM was easier to implement,
therefore, there would be less pressure or less stress for teachers to
implement EM. That was very explicit.

Similarly, the Director of Elementary Mathematics noted,

I felt that [EM] definitely is more scripted than Investigations and I felt
that for those teachers who needed something more scripted, though
that is not necessarily what I promote most, but I felt that it was there
and enough to support children.

Stein, Kaufman

2
 at PENNSYLVANIA STATE UNIV on September 18, 2016http://aerj.aera.netDownloaded from 

http://aerj.aera.net


If true, the above conventional wisdom suggests that districts composed
primarily of inexperienced or low-capacity teachers might do better to adopt
EM, while districts with a higher capacity teaching force might feel ‘‘up to the
task’’ of taking on Investigations.

Unfortunately, research offers little help to district leaders who find
themselves faced with such a decision. Most recent studies (Agodini et al.,
2009; Riordan & Noyce, 2001; What Works Clearinghouse, 2007) only focus
on the effects of curricula on student achievement without taking into
account the major factor mediating the effects of curricula on student learn-
ing: teacher instruction. Additionally, such studies do not consider the vari-
able demands on teacher learning required by certain curricula, particularly
standards-based mathematics curricula. Moreover, few, if any, studies com-
pare two standards-based curricula to each other; most compare a conven-
tional curriculum (e.g., Saxon) to a standards-based curriculum.

Here we report on research that begins to unravel the question, ‘‘What
curricular materials work best under which kinds of conditions?’’ We address
this question from the point of view of teachers’ capacity to implement cur-
ricula that place varying demands on and provide varying levels of support
for their learning. A prior analysis of a stratified random sample of lessons
from EM and Investigations reveals that the learning demands on teachers
of these two curricula are indeed different (Stein & Kim, 2009). Although
both offer tasks that are high-level and cognitively complex for students
(as would be expected of standards-based curricula), they differ with respect
to the kind of high level tasks that form the majority of their lessons. We use
a classification scheme from prior mathematics instructional research (Stein,
Grover, & Henningsen, 1996) to distinguish between two kinds of cogni-
tively complex instructional tasks: ‘‘procedures with connections to con-
cepts, meaning and understanding’’ (PWC) tasks and ‘‘doing mathematics’’
(DM) tasks. While DM tasks are less structured and do not contain an imme-
diately obvious pathway toward a solution, PWC tasks tend to be more con-
strained and to point toward a preferred—and conceptual—pathway to
follow toward a solution. Both PWC and DM tasks, however, place high cog-
nitive demands on students, in that these tasks privilege the development of
mathematical concepts and ideas over ‘‘fool-proof’’ methods that can be
used to get to correct answers. We found that the majority of tasks in EM les-
son materials used by teachers (79%) were PWC tasks while the majority of
tasks in Investigations lessons used by teachers (89%) were DM.

These findings suggest that, perhaps, there is some truth to the conven-
tional wisdom that Investigations is a more challenging curriculum for teach-
ers. Indeed, past research demonstrates that DM tasks are faithfully
implemented less often than are PWC tasks (Stein et al., 1996). Why? Case stud-
ies revealed that DM tasks open up the discourse space in sometimes ‘‘hard-to-
manage’’ ways for teachers (Henningsen & Stein, 1997). Because a pathway to
the solution is not specified, students approach these tasks in unique and
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sometimes even bizarre ways. Teachers must not only strive to understand
how students are making sense of the problem but also begin to align students’
disparate ideas and approaches with canonical understandings about the
nature of mathematics. Research by other mathematics educators confirms
that this is very difficult for most teachers to do (Ball, 2001; Chazen & Ball,
2001; Lampert, 2001; Leinhardt & Steele, 2005; Sherin, 2002).

PWC tasks, on the other hand, channel the route of student thinking
along a finite number of pathways (often just one). Because the ‘‘learning
route’’ is constrained, the space of the classroom discourse can be expected
to be less open. Although research demonstrates that such tasks are suscep-
tible to losing the connection to meaning, we conjecture that the learning
demands that PWC tasks place on teachers are more tractable because the
variety of student responses that teachers might expect to encounter is
bounded and more predictable. Since EM comprises primarily these kinds
of tasks, whereas Investigations comprises primarily DM tasks, it seems
reasonable to predict that—all things being equal—teachers will have less
difficulty learning to teach with EM.

Running counter to the above line of reasoning, however, is a second set
of findings regarding opportunities for teacher learning that are embedded
in each curriculum (Stein & Kim, 2009). In a nutshell, the Investigations cur-
riculum offers more support to teachers than does the EM curriculum, where
‘‘support’’ is defined as additional information written specifically for teach-
ers in order to help them better understand and teach the lessons. For exam-
ple, 80% of the Investigations lessons sampled by Stein and Kim (2009)
provided rationales regarding the mathematics behind the tasks that students
were asked to do and 91% helped teachers to anticipate how students might
respond to the tasks. The overall difficulty level of the DM tasks coupled
with the large amount of supporting materials for teachers led us to identify
Investigations as a high-demand, high-support curriculum.

Less support for teacher learning was found in the EM materials (Stein &
Kim, 2009). The rationale for lessons was elaborated in only 21% of the sam-
pled lessons and assistance with anticipating how students might respond to
tasks was provided in only 28% of the lessons. Although more in-depth dis-
cussions of important mathematical ideas can be found in the Teacher’s
Reference Manual, this manual was read by a small percentage of teachers
in our study.1 The preponderance of PWC tasks coupled with the limited
mathematical explanations in the main book (the Teacher’s Lesson Guide)
led us to identify EM as a low-demand, low-support curriculum.2

This second set of findings complicates the conventionalwisdom. Without
the findings on teachers’ opportunity to learn, one would expect teacher
capacity to be more strongly associated with quality of implementation in dis-
tricts using Investigations (i.e., high-capacity teachers would be expected to
fare better than low-capacity teachers). In districts using EM, on the other
hand, one would expect little correlation between teacher capacity and
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instructional quality (i.e., teachers with low and moderate capacity, as well as
teachers with high capacity, should theoretically be able to implement the cur-
riculum well). The educative possibilities offered by the Investigations curric-
ulum, however, suggest the need to pay attention to more than just demand on
teacher learning exerted by the curriculum and to also attend to the opportu-
nities for teacher learning that are embedded in the curriculum. However,
opportunities are just that: opportunities that teachers may or may not take
advantage of. Thus, we argue that the real issue dividing high-quality from
low-quality implementers of Investigations would be the extent to which
teachers take advantage of the opportunities that are presented in the curricu-
lum materials.

This takes us into a little-researched, but growing, area of curriculum
research: the interaction between curriculum features and how teachers use
those features (Remillard, Lloyd,&Herbel-Eisenmann, 2009). Brown (2009) arg-
ues that understanding how teachers implement a curriculum requires an inte-
grated analysis of curriculum resources, the resources the teacher brings to the
task of interpreting the curriculum (teacher capacity), and how the two interact.
Building on the concept of ‘‘mediated action’’ (Wertsch, 1998) as applied to
teachers’ use of the curriculum (Brown, 2009), we assume that teachers and cur-
riculum materials are engaged in a dynamic interrelationship in which each par-
ticipant (teacher and text) shapes the other; together they shape instruction.3

To further understand how teachers’ instruction is influenced by both
teacher capacity and teachers’ use of the curriculum, our study addresses
the following research questions:

Research Question 1: How does teachers’ quality of implementation differ in
comparisons between the two mathematics curricula (Everyday Mathematics
and Investigations)?

Research Question 2: To what extent are teachers’ capacity and their use of
curricula correlated with the quality of their implementation, and do these cor-
relations vary in comparisons between the two mathematics curricula?

Additionally, because we hypothesize that patterns of curriculum use may
vary, depending on the opportunities for teacher learning in the curricula
and/or district context, our study also addresses a third and final question
to shed some explanatory light on any correlations between use of curricula
and quality of implementation:

Research Question 3: How are teachers’ patterns of use different in comparisons
between the two curricula?

In our work, we use EM as an exemplar of a low-demand, low-support curric-
ulum and Investigations as an exemplar of a high-demand, high-support cur-
riculum. Our ultimate aim is to draw implications for local decision makers
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regarding how to select and how to support the use of mathematics curricula
for district-wide improvement efforts.

We should emphasize from the outset that our analysis does not con-
sider how use of EM or Investigations impacts student learning. Instead,
our work focuses on the less-studied link between curricula and instruction.
Many attempts have been made to directly link curricula and student learn-
ing without considering teacher instruction, despite a large body of research
demonstrating that teacher instruction has a major impact on student learn-
ing (Cohen & Hill, 2001; Gallagher, 2004; Heneman, Milanowski, Kimball, &
Odden, 2006; Rowan, Correnti, & Miller, 2002). But, ironically, those studies
that examine teacher instruction and its impact on student learning do not
typically focus on the role that the curriculum plays in teacher instruction
(Agodini et al., 2009; Riordan & Noyce, 2001; What Works Clearinghouse,
2007). Finally, the studies that have focused on the relationship between
standards-based mathematics curricula and instruction (Manouchehri &
Goodman, 1998; Tarr, Chavez, Reys, & Reys, 2006) have not emphasized
the interaction between features of different standards-based curricula and
teachers’ capacity to use those features for their instruction.

The remainder of this article unfolds in four sections. First, we provide
a framework for identifying high-quality implementation and the factors that
shape it. The second section explains our methodology. In the results sec-
tion, we compare the quality of implementation in two districts—one using
EM and one using Investigations—and then we consider the extent to which
teachers’ capacity and their use of the curriculum are associated with that
implementation quality. Additionally, we delve into qualitative data to
more deeply examine how teachers from both districts use the curricula
and why that use differs for EM and Investigations. Our final section

Student
learning

Task as it 
is enacted 
in the 
classroom

Task as it 
is set up in 
the 
classroom

Task as it 
appears in 
curricular 
materials

Factors that Shape Implementation Quality

Teacher capacity          Learning demands in 
curriculum

How teachers use the Opportunities for 
curriculum                           teacher learning               

embedded in the
curriculum

Figure 1. Phases of curricular task implementation and factors that shape it.

Stein, Kaufman

6
 at PENNSYLVANIA STATE UNIV on September 18, 2016http://aerj.aera.netDownloaded from 

http://aerj.aera.net


concludes with a discussion of implications for policy and practice as well as
for research on curricular implementation as a method of scaling up reform.

High-Quality Implementation and the Factors That Shape It

Despite the fact that policymakers often assume a direct relationship
between the adopted andenacted curriculum, a variety of studies show that cur-
ricula are seldom implemented as intended by their designers (Stein, Remillard,
& Smith, 2007). Drawing upon the work of Walter Doyle (1983, 1988) and our
own past work (Stein et al., 1996; Stein & Lane, 1996), we frame various sets
of possibilities regarding how and where the instructional tasks contained in
EM and Investigations might be altered throughout the course of a lesson.

The framework in Figure 1 depicts the various phases that an instructional
task goes through: first as it appears on the pages of a written curriculum, then
as the teacher announces or sets up the task inside the classroom, and, finally,
as the task is actually enacted in the classroom by students and the teacher.

Based on prior research, we know that the features of an instructional
task, especially its cognitive demands, change as the task passes through
these phases (Stein et al., 1996; Stigler & Hiebert, 2004). In order to track
changes in cognitive demand, tasks can be classified at one of several levels
of cognitive demand. These classifications have been developed to measure
multiple different types of mathematics curricula across district settings
(Stein et al., 1996). As noted earlier, there are two classifications for high-
level tasks: DM and PWC tasks. Low-level cognitive demand tasks include
procedures-without-connections to underlying meaning or concepts (activi-
ties that ask students to perform a set of routinized procedures without
knowing why they are doing them or anything about the underlying mean-
ing associated with the operations that they are performing); memorization;
unsystematic/nonproductive exploration (a mode of enactment in which
students are attempting to work their way through a problem but are making
no progress in connecting to the main mathematical idea); and no mathe-
matical activity (students are not attending to the mathematics).

What Constitutes a High-Quality Lesson?

Maintaining cognitive demand. A high-quality lesson is one that begins
with a high-level task and that maintains the high level of cognitive demand.
Although the cognitive demand of tasks can decline between any of the
phases, it is especially important that a high level of demand be maintained
through the enactment phase because this phase represents how students
actually engage with the task and hence their opportunities to learn what
was intended. A commonly observed instructional pattern, however, is for
tasks to begin with a high level of cognitive demand (DM or PWC) but then
to decline—either in terms of how the teacher sets them up or in terms of
the levels of cognitive processing in which students actually engage (Stein
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et al., 1996). Aswas indicated earlier in this article, bothDMandPWCcurricular
tasks will—if maintained—constitute high-quality lessons. However, PWC
tasks may be less challenging for teachers to maintain because those tasks
are more bounded and easier for teachers to grasp and use for instruction.

Attending to student thinking. Both curricula stress the importance of
teachers paying close attention to what students do and say as they work
on problems so as to be able to uncover and understand their mathematical
thinking (e.g., Brendefur & Frykholm, 2000; Hodge & Cobb, 2003; Lampert,
2001; Nelson, 2001; Schoenfeld, 1998; Shifter, 2001). This is commonly done
by circulating around the classroom while students work (e.g., Baxter &
Williams, in press; Boerst & Sleep, 2007; Hodge & Cobb, 2003; Lampert,
2001). An important goal is to identify the mathematical learning potential
of particular strategies or representations used by the students, thereby hon-
ing in on which student responses would be important to share with the
class as a whole during the discussion phase (Brendefur & Frykholm,
2000; Lampert, 2001; Stein, Engle, Smith, & Hughes, 2008).

Vesting intellectual authority in mathematical reasoning. Both curricula
also endorse the view of mathematics classrooms as places where students are
‘‘authorized’’ to solve mathematical problems for themselves, by employing
mathematical reasoning rather than relying on the teacher or text (Engle &
Conant, 2002; Hamm & Perry, 2002; Lampert, 1990b; Scardamalia, Bereiter, &
Lamon, 1994; Wertsch & Toma, 1995). A learning environment embodying the
norm of accountability to the discipline regularly encourages students to
‘‘account’’ for how their ideas make contact with those of other mathematical
authorities, both inside and outside the classroom (see also Cobb,
Gravemeijer, Yackel, McClain, & Whitenack, 1997; Lampert, 1990a; Michaels,
O’Connor, Hall, Resnick, & Fellows of the Institute for Learning, 2002).

In summary, a high-quality lesson taught from either of these two curricula
would be a lesson in which a high level of cognitive demand is maintained
through the enactment phase, in which the teacher attends to student thinking
and uses student responses to move the class toward the mathematical goals of
the lesson and, finally, in which students are encouraged to solve problems
and justify their strategies using mathematical reasoning. Our analysis shows
that these three measures of quality implementation are significantly correlated
with one another for lessons in either school district (p\ .01 in both Region Z
and Greene), which suggests that these measures work together to demon-
strate quality implementation using the curricula in either school district.4

What Factors Shape Implementation Quality?

The oval in Figure 1 identifies two teacher-related factors—both of
which are interactive with specific curricular features—that potentially shape
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the quality of mathematics lessons. The first factor is teacher capacity. We
use the term capacity to refer to teachers’ education, experience, and knowl-
edge of mathematics for teaching. An instructional task may be well
conceived and well designed in the curriculum (the first box of Figure 1).
However, as a teacher prepares for the lesson, a limited understanding of
the mathematics involved may lead him or her to fail to recognize the math-
ematical integrity of the task, thereby altering it in ways that (unintentionally)
change (and often reduce) the level of cognitive demand of the task.
Similarly, as the task is actually being carried out by students in the class-
room, teachers who do not appreciate the mathematical insight to be gained
from students’ devising various routes through the problem space may inad-
vertently short circuit students’ opportunities to learn by showing students
how to find the answer, often in an algorithmic (vs. meaningful) way.
While most studies examine the influence of teacher capacity on instruction
without regard to the teacher learning demand of the curricular materials,
we propose that high levels of teacher capacity would be especially needed
to implement high-demand curricula such as Investigations, which require
teachers to know the mathematical terrain through which students are wan-
dering as they propose ways of solving open-ended, unstructured tasks.

The second teacher-related factor that can potentially shape the quality
of mathematics lessons is how teachers actually use the materials written for
them that appear in the curriculum. As noted earlier, the mathematical
rationales for various curricular tasks that appear in the Investigations, cur-
riculum invite teachers to prepare for lessons in thoughtful, mathematically
rich ways.5 But they will not produce high-quality lessons in and of them-
selves. They must be noticed and ‘‘used’’ by the teacher as he or she plans
and carries out the lesson. Some teachers actively look for the mathematical
point of the lesson and for information regarding how students might
respond to the various tasks; others do little more than check for the materi-
als that they need to carry out the lesson (e.g., manipulatives, graph paper)
and the activities that students are supposed to do.

We propose that the sophistication levels for how teachers use the cur-
ricular materials will differ across the two curricula because of their different
affordances (see earlier findings of curricular analysis). Moreover, sophistica-
tion of use should be especially related to lesson quality in Investigations
because teachers who have taken the time to read the support materials
will be better prepared to guide student learning through the difficult terrain
represented by DM tasks. Teachers who use EM, on the other hand, have
fewer supports for their learning and (perhaps) less need for such supports
because of EM’s lower demands on teacher learning. Few studies examine
teachers’ use of curricular materials as it relates to implementation quality;
we know of no studies that compare the relationship between use and
implementation quality for two curricula that differ in the kind and number
of opportunities for teacher learning as do these two curricula.
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Methods

Setting

The data used in this study were from the two districts selected for a larger
NSF-supported research project on how districts scale up elementary mathe-
matics curricula. Greene6 is an urban K–8 district that includes 16 elementary
schools and serves about 20,000 students. About 87% of the students are
Hispanic, 86% students are eligible for free or reduced-price lunches, and
50% are English Language Learners (ELLs). The second district was actually
a subdivision of New York City: Region Z.7 Within Region Z, we focused on
one school network that included 10 elementary schools, each with a school
population ranging from 400 to 800 pupils. Approximately 60% of the students
are African American and 35% Hispanic. About 88% of the students receive free
or reduced-price lunches, and 10% of the students are ELLs.

Both Region Z and Greene began district-wide implementation of new
elementary mathematics curricula in fall 2003, Region Z using EM and
Greene using Investigations. This study reports on data collected between
August 2004 and June 2006, hence the information presented herein reflects
the second and third years of each district’s scale-up effort.

Data Sources

Classroom data. The classrooms that were examined in this study come
from eight case-study schools that were selected (four within each district)
at the beginning of the study based on recommendations from the district
director of mathematics. The schools were selected to represent varying levels

Table 1

Number of Coded Classroom Observations per Year, Season, and School

Number of Observations

2004–2005 School Year 2005–2006 School Year

Fall Spring Fall Spring

Region Z—School A 15 14 16 15

Region Z—School B 18 17 15 14

Region Z—School C 17 17 16 14

Region Z—School D 18 17 9 9

Greene—School E 18 18 15 15

Greene—School F 18 18 18 18

Greene—School G 17 18 18 18

Greene—School H 18 15 14 14

Total 139 134 121 117

Grand total 5 511
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of teacher professional community and teacher expertise. All eight had a high
percentage of students who qualified for free or reduced-price lunch.
Consistent with the demographics of their region, schools in Region Z had
a majority of African American students and schools in Greene had a majority
of Latino/a students. The schools in Greene also had a higher percentage of
ELLs than those in Region Z.

Ineachcase-study school, six teachers (representing the spanof elementary
grade levels) were selected for classroom observations (three consecutive les-
sons each fall and three each spring) and interviewing (apre- andpost-interview
surrounding each three-lesson set). Altogether, 511 classroom observations
were collected between August 2004 and June 2006 and later coded with regard
to teachers’ implementation of the mathematics curricula (see Tables 1 and 2).

All classroom observations were conducted by trained observers who took
detailed fieldnotes and thencompletedprespecified,qualitativewrite-upsupon
leaving the classroom. The write-ups included a comprehensive lesson sum-
mary and answers to a set of questions about cognitive demand, teachers’ atten-
tion to student thinking, and the location of intellectual authority during the
lesson. Answers were required to be backed up by one or more examples
from the lesson. These same individuals conducted the pre- and post-lesson
interviews, which were audiotaped and transcribed. The interviews contained
questions about how teachers prepared for the lesson, including what parts of
the curriculum they consulted and what they talked with colleagues about.

Each lesson (along with its associated interview transcripts) was then
coded (see coding sheet and decision rules in Appendix B) by one of a group
of four trained master’s- or Ph.D.-level mathematics educators, all of whom
were familiar with the research on cognitive demand. The sources of data
that informed the coding for each lesson included the classroom write-up,
the artifacts from the lesson, and the transcript of the pre- and post-interview.8

In order to prevent coding ‘‘drift,’’ the coders met with the authors on
a monthly basis to share codes for a randomly selected lesson. These 1- to
2-hour meetings produced 10 ‘‘consensus coded’’ documents plus refine-
ments of the decision rules. In addition, another 9% of the lessons were

Table 2

Number of Coded Classroom Observations per Grade Level

Region Z Greene

Kindergarten 33 54

First grade 30 43

Second grade 51 46

Third grade 47 49

Fourth grade 28 31

Fifth grade 52 47

Total 241 270
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double coded with an interrater reliability of 75%. For each double-coded
lesson, differences were resolved and a consensus code was entered.

The coded variables that are examined for this article included the
extent to which the teacher used the lesson plan from the district curriculum;
what teachers reviewed in the curriculum and talked about with others in
preparation for teaching the lesson; the cognitive demand of the main
instructional task of the lesson as it appeared in the curriculum, as it was
set up by the teacher, and as it was enacted by students in the classroom;
the extent to which teachers worked to uncover and productively use stu-
dent thinking in the classroom; and the extent to which intellectual authority
was vested in mathematical reasoning vs. the teacher or textbook.

Survey data. Surveys were administered to all K–5 teachers in Greene and
in the selected network of Region Z in the spring of 2005 and the spring of 2006.
Math coaches administered the survey in a group setting when possible; other-
wise, teachers completed the surveys on their own time and returned them to
their coach. Teachers who completed a survey were given a $10 gift certificate
to a bookstore. Here we draw on the survey responses of the observed teachers
for whom we have classroom observation data. Of the 48 observed teachers, 46
teachers completed the survey in one or both years. We thus have a total of 86
completed surveys forobserved teachers, 44 fromRegionZand42 fromGreene.

The survey was developed by the research team to collect information about
teachers’ knowledge of mathematics for teaching, social capital, curriculum use
and implementation, instructional practices, and district strategies (Yuan,
Lockwood, Hamilton, Gill, & Stein, 2008). Many of the survey items were drawn
from surveys used in other large-scale research on teaching, such as the 2000
National Survey of Science and Mathematics Education (Banilower, Smith, &
Weiss, 2002) and the Study of Instructional Improvement (Hill, Schilling, & Ball,
2004). For this study, we drew upon survey items measuring the following varia-
bles: teachers’ knowledge of mathematics for teaching, teachers’ perceived use-
fulness of the curriculum, the education and experience levels of teachers, and
teachers’ self-reports of hoursofmathematicsprofessional development attended
per year. The survey items used in our analysis are included in Appendix C.

Analysis Procedures

Defining quality of implementation. Quality of implementation was
defined by three constructs for each lesson: the maintenance of a high level
of cognitive demand from the materials phase to the enactment phase of the
lesson, the level and kind of attention that the teacher paid to student think-
ing, and the extent to which the intellectual authority in the classroom was
vested in mathematical reasoning (vs. the text and the teacher). More spe-
cific information about the scoring for these and all variables used in our
analysis can be found in Appendix A.
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Defining teacher capacity. Four data sources were used to measure
teacher capacity. First, we took into account teachers’ responses to a series
of survey items thatwere specifically designed tomeasure knowledge ofmath-
ematics for teaching (KMT; Hill et al., 2004). In particular, weused a set of items
that focusedon teachers’ knowledgeof content and students. Itemswere in the
form of instructional scenarios about which teachers were asked a series of
forced choice questions. Second, we took into account teachers’ survey re-
ports of their education. Third, we included teachers’ survey reports of their
years of teaching experience. Finally, we included teachers’ survey reports
of their hours of mathematics professional development overall, as well as
their reports of hours of professional development in specific areas associated
with mathematics curriculum reform: in-depth study of mathematics content,
methods of teaching mathematics, and students’ mathematical thinking.

Defining teacher use of curriculum. To investigate teachers’ use of curric-
ulum, we first took into account their perceptions about the usefulness of the
curriculum, as measured by a composite in our survey. We also took into con-
sideration the percentage of the time that teachers used the curriculum in their
lessons, as determined through classroom observations. Finally, we took into
account teachers’ reports in interviews regarding what they reviewed in the
curriculum and what they talked about with others in preparation for their les-
sons. We specifically noted teachers’ reports about what they reviewed and
discussed with others in the following three categories: non-mathematical
details focused on temporal and structural elements of lessons; materials
needed for lessons; and big mathematical ideas in lessons, defined as any
teacher talk about lessons that moves beyond basic activities within the les-
sons and articulates concepts or ideas that are at the heart of the lesson.

Determining relationships between implementation quality, teacher
capacity, and use of curriculum. Correlations were calculated in two differ-
ent ways depending on the source of data:

� Correlations between lesson quality and information gained from annual sur-
veys. Surveys were conducted in the spring of 2005 and 2006. Thus, the corre-
lation between information from the surveys and lesson quality was computed
using the assigned score from the survey and the average lesson quality score
across the entire preceding year (i.e., the average of the 6 lessons observed for
a teacher in 2004–2005 was correlated with the same teacher’s responses to the
2005 survey and the average of the 6 lessons observed in 2005–2006 was cor-
related with the same teacher’s responses to the 2006 survey). This lowered
the size of our sample from 511 (number of observed lessons) to 90 (number
of teachers observed each of 2 years).

� Correlations among lesson quality variables. For any correlations drawn between
variables within a lesson, we were able to maintain our 511 sample size.
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Additionally, we assessed the relationship between implementation qual-
ity and variables derived from our interviews on teachers’ use of curriculum,
specifically in regard to what in the curriculum lessons they reviewed and
what they talked about with others. These variables derived from our inter-
views were binary (e.g., teacher did or did not review the big mathematical
ideas in the curriculum prior to instruction) rather than continuous. Because
Pearson correlations are best computed between two continuous variables,
we performed independent t tests comparing the implementation quality
for those teachers in each of the two categories for binary variables (e.g., teach-
ers who did review the big mathematical ideas and teachers who did not).
Because interview codes were assigned for a set of three lessons, t tests
were performed using the average lesson quality score across the three lessons
accompanying that interview. This lowered the size of the sample by a third.

In addition, because our initial lesson coding revealed that teachers’
review of the big mathematical ideas in the curriculum prior to instruction
was connected with higher quality instruction (as described in the following
results section), we engaged in a second round of qualitative analysis of the
teacher interviews to understand better teachers’ responses regarding how
they reviewed the big mathematical ideas and the constraints and afford-
ances offered by Investigations versus EM for their ability to do so.

Results

Quality of Implementation

Greene School District teachers’ implementation of Investigations was
considerably better than Region Z teachers’ implementation of Everyday
Mathematics. Table 3 provides means and standard deviations for the

Table 3

Means and Standard Deviations for Quality Implementation Variables

Region Z

(Everyday Mathematics)

Greene

(Investigations)

N M (SD) N M (SD)

Quality implementation

Cognitive demand, materials to setup 210 2.8 (1.2) 251 3.5*** (0.9)

Cognitive demand, setup to enactment 220 2.1 (1.3) 250 3.2*** (1.1)

Total cognitive demand 210 4.9 (2.3) 250 6.7*** (1.8)

Student thinking 241 0.5 (0.6) 268 1.1*** (0.7)

Intellectual authority 241 0.4 (0.6) 269 1.2*** (0.7)

***p \ .001.
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variables that we used to define quality implementation: cognitive demand,
student thinking, and intellectual authority.

In the table, cognitive demand data are presented in three ways for lessons:
as a 1–4 rating for teachers’ maintenance of high cognitive demand from curric-
ulum materials to the setup phase in the classroom; as a 1–4 rating for teachers’
maintenanceofhighcognitivedemand from the setupphase toenactment in the
classroom; and as a total cognitive demand score that is the sum of the two
phases of teachers’ instruction (materials to setup 1 setup to enactment; range
of 2–8). Again, more complete definitions for all variables used in this analysis
can be found in Appendix A. As can be noted in the table, ratings for cognitive
demand were much higher for Greene teachers compared to Region Z teachers
(p\ .001). This finding challenges the conventional wisdom that Investigations
may be more difficult to implement than EM because it contains more DM tasks,
which are typically more complex and less bounded than PWC tasks.

Table 4

Means and Standard Deviations for Teacher Capacity and Use of Curricula

Region Z

(Everyday

Mathematics)

Greene

(Investigations)

N M (SD) N M (SD)

Teacher capacity

Knowledge of mathematics for teaching (KMT) 39 5.7 (2.6) 41 6.4 (2.7)

Education 25 4.3 (0.6) 25 4.5 (1.2)

Years of experience 25 7.8 (2.8) 25 6.6 (3.1)

Mathematics PD hours/yr 34 10.4 (15.5) 27 26.1** (23.6)

Hours of PD on in-depth study

of math content

34 3.9 (4.0) 38 3.5 (4.7)

Hours of PD on methods of teaching

mathematics

32 5.1 (4.6) 37 3.7 (3.8)

Hours of PD on students’

mathematical thinking

32 3.9 (3.0) 37 4.2 (4.4)

Teacher use of curriculum lessons

Use of curriculum in daily lessons 241 2.6 (0.8) 270 2.8* (0.7)

Review of non-mathematical details 61 0.2 (0.4) 83 0.3 (0.5)

Review of materials needed 61 0.7 (0.5) 83 0.8 (0.4)

Review of big mathematical ideas 61 0.2 (0.4) 83 0.7*** (0.5)

Talk with others about

non-mathematical details

50 0.2 (0.4) 79 0.2 (0.4)

Talk with others about materials needed 50 0.2 (0.4) 79 0.1 (0.3)

Talk with others about big mathematical ideas 50 0.0 (0.1) 79 0.2** (0.4)

Perceptions of curriculum’s usefulness 37 3.1 (0.8) 41 3.6** (0.6)

Note. PD 5 professional development.
*p \ .05 in independent t-test comparisons between districts. **p \ .01. ***p \ .001.
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As is also indicated in the table, teachers in Greene also received much
higher ratings of their work to uncover student thinking in the classroom com-
pared to teachers inRegionZ (p\.001). In fact, a little over half (51%)of the EM
lessons in Region Z evidenced no teacher attempt to uncover student thinking,
while only 18% of Investigations lessons in Greene evidenced no teacher
attempt to uncover student thinking. In contrast, in the majority of
Investigations lessons (61%), the teacher did at least some work to uncover
student thinking through questioning strategies and arrangements for public
sharing of student responses. Similarly, teachers of EM lessons struggled to
ensure that intellectual authority was vested in mathematical reasoning com-
pared to teachers of Investigations (p \ .001). While 83% of the teachers in
Greene demonstrated some reliance on mathematical reasoning as the source
of intellectual authority, only 38% of Region Z teachers did.

Teacher Capacity and Use of Curricula

Table 4 reports the means and standard deviations for two major catego-
ries of variables that we hypothesize to influence implementation quality:
teacher capacity and teacher use of curriculum. Teacher capacity is repre-
sented by four variables measured in our survey: teacher knowledge of math-
ematics for teaching (KMT), teacher education, years of teaching experience,
and mathematics professional development (PD) hours per year. For teacher
education and years of teaching experience in the table, we include only the
most recent survey response. For KMT, as well as mathematics PD hours per
year, we report the cumulative average of teachers’ reports over 2 years.

For teachers’ use of curriculum, we report on the three major categories for
what teachers reported reviewing or talking about with others in their
interviews: non-mathematical details of the lesson, materials needed, and big
mathematical ideas. If the teacher did not use the curriculum materials for any
lessons in his or her lesson cluster, we did not include that teacher’s response
in our analysis. To understand teachers’ use of the curriculum more deeply,
we also include means and standard deviations for teachers’ use of the curricu-
lum (as rated in lessonobservations) and teachers’ perceptions of the usefulness
of the curriculum (as a composite drawn from the teacher survey).

In comparing teacher capacity in Region Z and Greene, the only variable
demonstrating a significant difference between districts is teachers’ reports of
mathematics professional development hours per year, with Investigations
teachers reporting much higher hours of mathematics professional develop-
ment than EM teachers (p\.01). That said, teachers’ responses didnot uncover
significant differences in regard to hours of professional development for spe-
cific topics associated with mathematics reform implementation. In regard to
curriculum use, however, we observed several areas of significant differences
between districts. First, Greene teachers used Investigations materials in their
lessons more than Region Z teachers used EM materials (p \ .05). Moreover,
when Greene teachers used supplementary materials in their lessons, they
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were more likely to use materials that were congruent with Investigations as
compared to the Region Z teachers (p \ .05). Second, Greene teachers re-
ported higher perceptions of the usefulness of the Investigations curriculum
compared to teachers’ perceptions of EM in Region Z (p\ .01). These higher
perceptions of curriculum usefulness in Greene might be seen as an important
prerequisite for sophisticated use of curricula.

More important, perhaps, are the different ways in which Greene vs.
Region Z teachers used their respective curriculum. While we did not observe
significant differences between districts regarding teachers’ reports of review-
ing or talking about non-mathematical details or needed materials prior to les-
sons, Investigations teachers reported reviewing and talking with others about
the big mathematical ideas in the lessons significantly more than EM teachers
(p\.001 for reviewing and p\.001 for talking). This suggests a more thought-
ful preparation on the part of Greene teachers. However, the reader is
reminded that the Investigations curriculum provides more support for teach-
ers in this regard than does EM. Thus, one might view these findings as repre-
senting an interaction between what the curriculum affords and teachers’
preparatory routines, which might be further enhanced by mathematics pro-
fessional development in which Greene teachers participate and the higher
perceptions of curriculum usefulness among Greene teachers.

The Relationship Between Implementation Quality and Variables
Measuring Teacher Capacity and Use of Curriculum

Table 5 provides correlations between implementation quality (as measured
by total cognitive demand, student thinking, and intellectual authority) and var-
iables measuring teacher capacity and use of curriculum.9 As shown in Table 5,
the relationship between teacher capacity and quality of implementation did
notplayout as expected. InGreene,our expectation thathigher capacity teachers
would be able to implement the curriculum better was not conclusively demon-
strated. While Greene teachers’ KMT was positively correlated with cognitive
demand, student thinking, and intellectual authority, none of those relationships
were significant. Furthermore, Greene teachers’ levels of education and years of
teaching experience were negatively correlated with intellectual authority.
That said, professional development hours reported by Greene teachers were
significantly correlated across all quality implementation measures.
Additionally, professional development in topic areas associated with reform
implementation—in-depth study of mathematics content, methods of teaching
mathematics, andstudents’mathematical thinking—weresignificantlyassociated
with student thinking and intellectual authority measures for teachers in Greene.

As with Greene teachers, Region Z teachers’ education and experience
levels were not related to quality of implementation. Region Z teachers’
KMT, however, was inversely related to student thinking and intellectual
authority, meaning that more knowledgeable teachers were less apt to
uncover and use student thinking and also less likely to invest intellectual
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authority (p \ .05) in classroom-based mathematical reasoning. Additionally,
professional development hours were not related to quality implementation
in Region Z. None of our teacher capacity measures were therefore significantly
tied to quality implementation when looking across both implementation of
Investigations curriculum in Greene and implementation of Everyday
Mathematics curriculum in Region Z.

Additionally, our measures for use of curriculum and perceptions of cur-
riculum usefulness are not significantly correlated with quality implementa-
tion of both Investigations in Greene and Everyday Mathematics in Region Z.
Instead, as with professional development, these measures are significantly
correlated only with quality implementation in Greene. Taken together,
these data suggest that Greene provided professional development that bet-
ter prepared teachers to implement the Investigations curricula and, addi-
tionally, that Greene teachers’ high perceptions of curriculum usefulness
may be actual reflections of the usefulness of the curriculum, at least in terms
of the measures we designated for quality implementation.

Only one of our variables—presented in Table 6—was associated with
high-quality implementation across both curricula: review of big mathematical
ideas in the curriculum. While review of and talk about the big mathematical
ideas were more prevalent among teachers in Greene School District, lessons
for which teacher preparation included a review of the big ideas paid off for
EM as well as Investigations. In both districts, the more teachers prepared by
trying toget ahandleon the importantmathematical ideas at play in the lesson—
either by reviewing the big mathematical ideas or talking about them with
others—the better they implemented two out of three of our measures of
instructional quality: attention to student thinking and intellectual authority
based onmathematical reasoning. As can be seen in the table,means for student
thinking and intellectual authority were significantly higher among teachers
who reviewed and talked about the big mathematical ideas compared to means
of teachers who did not review or talk about the big mathematical ideas.

Teachers’ reports of reviewing or talking about the non-mathematical de-
tails or materials needed for the lesson were not positively associated with our
implementation quality measures across districts, although—interestingly—
reviewing the non-mathematical details or materials needed was negatively
associated with quality implementation in Region Z (not Greene). Unlike
teacher capacity, then, how teachers use the curriculum appears to shape the
quality of their lessons. In particular, when teachers talked about or reviewed
big mathematical ideas that students were supposed to be learning in both
Greene and Region Z, they tended to have a higher quality lesson.

The Relationship Between Curricular Materials and Teachers’ Patterns of Use

While our analysis thus far demonstrates that looking for the big mathe-
matical ideas predicts better quality implementation, much more so than
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teacher capacity, our data also demonstrate that Region Z teachers indicated
looking for the big mathematical ideas far less than Greene teachers.
Because the Investigations curriculum has a higher percentage of DM tasks
compared to the higher percentage of PWC tasks in EM, our research might
thus suggest thatDM tasks lend themselves to explorationof the bigmathemat-
ical ideas more than the PWC tasks in EM. However, when we examined
whether a DM or PWC task in either curriculum was associated with teachers’
review of the big mathematical ideas, we found no significant correlations.
This evidence suggests that there is something beyond the types of task within
each curriculum that lends itself to a higher likelihood of Investigations teach-
ers reviewing the big mathematical ideas. To probe further what features of
curricula led to a higher number of Greene teachers reviewing big mathemat-
ical ideas compared to Region Z teachers, we turn now to a more in-depth
examination of exactly how teachers combed the curricula for big mathemat-
ical ideas and how that process differed across the two curricula.10

Number of mathematical foci in a lesson. The most consistent theme dif-
ferentiating the Region Z teachers and Greene teachers was their perception
of the amount of focus provided within the two sets of curricular materials.
One Region Z teacher’s description of the EM curriculum underscores the
plethora of activities and ideas found in close proximity to one another:

. . . [EM is] all over the place. ‘‘Hello, here’s a ruler,’’ the next day ‘‘and
now we’re looking at the nickel, remember the nickel? Great, ’cause
here’s some dominos.’’ And [the students are] just like, ‘‘whoa,’’ but
then it comes back again a million times.

In addition to conveying the lack of focus in day-to-day lessons, two other
features are noteworthy about this teacher’s words. First, as this teacher cor-
rectly notes, EM lessons are designed to shift rapidly from one topic to the
next. As with other spiral curricula, big ideas are presented—at varying levels
of difficulty and in various ways—over and over again as the student pro-
gresses through the year and through the elementary grades. Rather than
spending an entire unit comparing fractions, the child will visit and revisit
the idea, first as a ‘‘beginning goal,’’ then as a ‘‘developing goal,’’ and finally
as a ‘‘secure goal.’’ Thus, any given set of lessons moves from a snippet of
one big idea to a snippet of another, often without full development or closure.
According to EM curriculum developers, this spiral organization reflects
research that children learn best ‘‘when new topics are presented at a brisk
pace, with multiple exposures over time’’ (see http://everydaymath.uchicago.
edu/educators/faqs.shtml). However, our findings suggest that this spiraling
makes extraction of big mathematical ideas difficult for the teacher on a lesson-
by-lesson basis. Each lesson provides only a partial window into the develop-
ing mathematical idea, thereby making it difficult for the teacher to discern
the bigger message toward which the lesson is aimed.11 Second, the above
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quotation does not include any talk about ideas, but rather activities. In our
judgment, this suggests that when the bigger landscape of the mathematical
idea is hidden, the activities become foregrounded.

Further analysis of interviews with Region Z teachers corroborates the
above teacher’s comment about multiple foci within an EM lesson. In more
than 50% of our interviews with EM teachers who reviewed the big mathemat-
ical ideas in lessons (8/14), they named multiple, unconnected topics—always
more than two and sometimes more than four topics—that they planned to
address in the lesson cluster (three classroom lessons) that we would be
observing. Moreover, Region Z teachers, by and large, did not attempt to con-
nect the topics in their description. Take, for example, one Region Z fifth-grade
teacher’s description of a 3-day set of lessons that she would be teaching:

We’re starting aunit ondivision. . . . The first lesson is going tobeon split-
ting dividends to obtain a quotient. . . . The next day, on Wednesday,
Lesson 4.2 is going to involve us applying an algorithm to the splitting
of the dividends . . . and then on Thursday we discussed for Lesson
4.3, having the children use scales and ratios to measure to the nearest
quarter of an inch to find distances from one place to the next.

In contrast, only 26% (14/54) of teachers of Investigations spoke about
addressing more than one topic, and no Greene teachers said that they would
be addressing more than two topics. Additionally, when Greene teachers
spoke about addressing more than one topic, those topics were often dis-
cussed in a connected way, as with this third-grade teacher’s description of
the consecutive lessons that she would be teaching using Investigations:

The first day, students will work on word problems in small groups or
pairs. . . . They are going to decide whether the problem is a multipli-
cation or division problem. . . . On the second day, they will use
cubes and act out the problems. Then, they will decide which prob-
lem it is. . . . On the third day, they are going to write their own story
problem and draw pictures for the problem. They will work on dif-
ferent ways of writing division and multiplication. I’ll make a chart,
if we have time, showing multiplication in one column and division
in the other column and how the inverse property, you know, mul-
tiplication is an inverse of division. . . . I want them to use cubes
and relate or transfer multiplication to division and vice versa.

This teacher discusses the 3-day sequence as an interconnected whole, with
the big idea being that multiplication is the inverse of division.

Other teachers explicitly noted that the Investigations curriculum supports
a focusona single topic throughmultiple lessons, as this teacherwhosaid, ‘‘Each
Investigation has four or five activities that go with it and so the big idea—how I
understand it is more those four lessons are with this big idea of math . . . as
opposed to each lesson is about this, each lesson is about that.’’ Thus, the focus
upon a single concept within (and sometimes across) Investigations lessons
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helps teachers to locate and understand the big mathematical ideas within the
curriculum, as is implied by the much larger number of Greene teachers who
reported reviewing those big mathematical ideas prior to teaching their lessons.

Support embedded within lessons. Many Greene teachers noted the
importance of examining the curriculum materials to prepare prior to teaching
a lesson, implying that those materials offered a great deal of support for their
teaching. For example, when asked whether she reviews the curriculum ma-
terials prior to class, one Greene teacher exclaimed,

Whew! It makes a huge difference. . . . I can tell if I haven’t gone over
it very thoroughly because there’s not the depth of conversation . . .
the more prepared I am, the more I sit and reflect a little bit, the better
the flow of the class. . . .

Many Greene teachers specifically talked about how the Investigations curricu-
lum provided focus and clear objectives as well as support materials to help
them (and their students) grasp the main concepts within a lesson. A kindergar-
ten teacher, for example, noted that the Teacher Notes and Dialogue Box in the
Investigations curriculum inform her about ‘‘what teachers have experienced in
the past, how a five or six year old is thinking; it lets you anticipate some ques-
tions or problems that might come up.’’ Another teacher noted how clearly the
lessons are laid out, particularly in regard to the main mathematical concept
within a lesson: ‘‘It [an Investigations lesson] has at the beginning, like, what is
the math, what are you trying to get the kids to see. It has assessments for
you, it tells you the mathematical emphasis. . . . It’s just laid out very well.’’

On the other hand, teachers who reviewed the big mathematical ideas in
Region Z indicated that they did so despite the lack of clarity in EM lessons.
Four of these teachers specifically commented that the lessons do not provide
enough background or scaffolding for students’ learning of newer concepts
and assume that all students were exposed to the curriculum in prior years
or months. A fifth-grade teacher, for example, noted, ‘‘I had the fraction blocks
[an EM manipulative] and we were comparing fractions . . . but we had never
done fractions before. So, it was like, I thought it was much too challenging.’’
No Region Z teachers noted any useful sections or language within EM that
might help them get across the big mathematical ideas in a lesson.

The Investigations curriculum, therefore, appeared to offer more afford-
ances for teachers to extract the big mathematical ideas in the lesson
compared to the EM curriculum. The following factors pointed out by
Investigations teachers likely supported their ability to locate and understand
those big mathematical ideas: (1) a curricular focus on only a few topics within
a set of lessons and some integration among those topics and (2) additional
explicit information for teachers within the curriculum to help them grasp the
big mathematical ideas in a lesson. In contrast, Region Z teachers were much
more apt to talk about multiple topics addressed in EM lessons. Furthermore,
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whenspeakingabout thesemultiple topics, RegionZ teacherswere less focused
on themathematical ideas in the lessons as opposed to themanyactivitieswithin
lessons. We hypothesize that this is the case because EM lessons often shift rap-
idly from topic to topic without presenting fully developed mathematical con-
cepts that students investigate over the span of several lessons. Additionally,
no Region Z teachers discussed support available within the EM curriculum
for understanding the big mathematical ideas in the lessons.

Summary and Conclusions

We found that Greene teachers implemented the Investigations curricu-
lum at a much higher level than Region Z teachers implemented EM in terms
of cognitive demand, attention to student thinking, and vesting intellectual
authority in mathematical reasoning. This finding was somewhat counterintu-
itive given research suggesting that the higher percentage of DM tasks within
Investigations makes that curriculum theoretically more difficult to implement
compared to EM, which contains a higher percentage of PWC tasks. Our find-
ings on the relationship between traditional measures of teacher capacity and
quality of implementation shed little light on Greene teachers’ higher imple-
mentation of Investigations. That is, most of our variables measuring teacher
capacity—teacher knowledge, education, and experience—were not strongly
related to implementation across curricula. That said, professional develop-
ment in Greene was significantly correlated with quality implementation, sug-
gesting that Greene’s professional development program provided more
support to teachers than did Region Z’s professional development.

While teacher capacity measures did not clearly relate to quality implemen-
tation, curriculum use provided a clearer picture of what might impact teachers’
implementation of curricula across settings. Specifically, we found a strong rela-
tionship in both districts between teachers who reviewed the big mathematical
ideas in the curriculum and teachers who implemented lessons at a high level.
Furthermore, a much higher percentage of Investigations teachers reviewed
the big mathematical ideas that they were preparing to teach compared to EM
teachers. When we focused upon those teachers in both districts who reviewed
the big mathematical ideas, in order to understand the reasons for their ability to
focus on those ideas, we saw that Region Z teachers spoke about preparing to
teach many more topics within any one EM lesson than their counterparts in
Greene. Additionally, Greene teachers spoke a great deal about the clarity
and support within Investigations lessons that helped them locate the big math-
ematical ideas, whereas Region Z teachers did not speak about useful supports
in EM to help them locate those ideas. The significant correlations between
hours of PD and high-quality implementation in Greene further suggest that
PD may have helped teachers focus on the big mathematical ideas in the
Investigations curriculum, which might in turn have influenced their curriculum
use and perceptions about the usefulness of the curriculum.
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Our results have a number of implications for districts trying to improve
the quality of mathematics instruction and identify curricula to help them do
that. First, our findings indicate that when trying to decide which curriculum
to use in their district, administrators should consider what affordances cur-
ricula offer to help teachers locate and understand the big mathematical
ideas within lessons. Our study specifically suggests the following curricular
elements that administrators could look for when choosing a mathematics
program that will help teachers work with big ideas within lessons: a focus
on a single mathematical concept or idea within a curriculum lesson, clarity
in presenting that mathematical concept or idea, and ample support and
explanation within lessons that will help teachers present the concept to stu-
dents and skillfully facilitate student thinking and discussion about that con-
cept in the classroom. Second, our results suggest that whether or not the
mathematics curriculum currently used by the district includes a focus on
big mathematical ideas within a lesson and supports for teachers to teach
that idea, the district should implement a professional development program
that will help teachers identify the big mathematical ideas in the curriculum
and use that curriculum productively to teach high-quality lessons.

More work is needed to tease out the interrelationship between the fea-
tures of the curriculum and teachers’ instruction. Mathematics curricula
beyond what was examined in this analysis may offer affordances and con-
straints for teachers’ quality implementation that we have not considered.
Additionally, teachers may need different kinds of support for teaching in
other subject areas besides mathematics, and those supports might move
beyond a clear presentation of the big ideas in a lesson.

Additionally, we did not examine myriad other factors that might influ-
ence teacher implementation beyond teachers’ capacity and use of curricula.
Many aspects of teachers’ local environments that we did not examine may
be responsible for the differences in teacher behavior described herein. After
all, all of the Investigations teachers were in Greene while all of the EM
teachers were in Region Z. Could other aspects of their district environ-
ments, including their approach to scaling up the curricula, have been
related to the rather strong differences in use patterns and quality of imple-
mentation seen across the two sites? Both districts mounted a variety of
teacher supports along with their new, mandated curricula including com-
mon planning periods, mathematics coaches, and the provision of written
district guidelines such as pacing calendars and cross-references to state
standards. The differences between the two districts along many of these
dimensions are discussed in other project publications (Coburn & Russell,
2008; Stein & Coburn, 2008), the upshot being that, in addition to offering
a more teacher-supportive curriculum, the Greene environment was more
aligned and consistently focused on teacher learning from those curricular
materials than was the Region Z environment. These differences certainly
played into the above findings.
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Finally,weshouldadd thequalification thatour small sample sizeallowsus to
report on correlations rather than findings basedon causal analysis. Thus, any sig-
nificant correlational relationships reported here could be influenced by other
intervening variables. In spite of this drawback, we believe that our data demon-
strate how curriculum materials are used by teachers and how that use relates to
quality implementation in ways not previously studied in any education research.

Our objective for this article was not to demonstrate a causal relationship
between curricula and student learning or demonstrate that EM is a better cur-
riculum than Investigations or vice versa. Rather, our work provides evidence
that one cannot draw a direct relationship between curriculum and student
learning. In our alternative approach to the analysis of effective curriculumma-
terials, we asked what elements of teacher capacity interact with particular cur-
riculum features to influence what teachers do with curriculum. Thus, our
focus is on which program leads to better instruction under what conditions.
Said another way, if a school leader adopts a particular curriculum, to what fea-
tures of curriculum—alongside what elements of teacher capacity—must the
leader attend in order to implement that curriculum effectively?

Our findings debunk the conventional wisdom that only high-capacity
teachers can use Investigations in a high-quality way and that teachers
with more limited capacity might be able to use Everyday Mathematics in
a high-quality way. More interestingly, our findings suggest that how
a teacher uses a curriculum may be more important than the education,
experience, and knowledge that he or she brings to the table. Perhaps
another way of conceptualizing teacher capacity—as a teacher who has
the capacity to seek out and productively use resources—may be in order
(J. Greeno, personal communication, January 19, 2008). This conceptualiza-
tion could place a stronger emphasis on the interplay between curriculum as
tool and teachers’ use of curriculum (Brown, 2009) and how that interplay
influences instruction. Specifically, our data suggest that curricula may oper-
ate as a teaching tool that supports and enhances teacher practice, which
might then further influence teachers’ skilled use of that tool. Whereas we
established a connection between curricula use and instructional quality in
our article, future research could delve into whether curricular use changes
over time as a result of improved instruction and how different curricular
features afford or constrain that relationship.

While mathematics educators have always kept notions of teacher
capacity front and center, the ways in which capacity has been studied
(teachers’ knowledge of mathematics for teaching) have assumed an individ-
ual unit of analysis, that is, the teacher by herself or himself as opposed to
the teacher-in-interaction with the environment. Here we focus on one
key aspect of that environment: the curriculum materials that teachers
have been assigned to use. Teachers’ use of materials—in interaction with
those materials—appears to hold greater explanatory power, in this study
at least, than does the more traditional way of defining teacher capacity.
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Appendix A

Definitions for Variables Used in Analysis

Implementation Quality

Cognitive demand Each phase of the lesson is assigned a cognitive

demand code. The phases of a lesson are: the

lesson as it appears in the materials used for

instruction, the lesson as it is setup/introduced

in the classroom, and the lesson as it is enacted

following the setup.

The high-level cognitive demand codes assigned

for each phase of a lesson are: Doing Mathematics

and Procedures With Connections

The low-level cognitive demand codes assigned

for each phase of a lesson are: Procedures

Without Connections, Memorization, Unsystematic

or Nonproductive Exploration, and No Mathematical

Activity. The latter two codes are only assigned

to a lesson in setup or enactment.

Maintenance of cognitive

demand, materials to

setup

Based on coding of each observed lesson using

the following scale:

1 point—The teacher maintained a low level

of cognitive demand from one phase to the next.

2 points—The teacher transformed a task from

a high level of cognitive demand to a low

level of cognitive demand.

3 points—The teacher maintained a high level

of cognitive demand between two phases but

transformed the task from DM to PWC or from

PWC to DM. Although the teacher still maintained

a high level of cognitive demand, the nature of that

cognitive demand essentially shifted in a way that

was not consistent with the materials or the

teachers’ setup. Thus, a teacher received fewer

points than if he or she had maintained the same

type of high-level cognitive demand from one

phase to another.

4 points—The teacher maintained the same

high level of cognitive demand from one phase

to another without transforming the task into

another type of high-level demand or to a

lower level of cognitive demand.

Maintenance of cognitive

demand, setup to

enactment

Based on coding of each observed lesson;

coded with the same point system as cognitive

demand, materials to setup (above)

(continued)
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Total cognitive demand Cognitive demand score for materials to

setup 1 cognitive demand score for setup to

enactment (possible scores from 2 to 8)

Student thinking Based on coding of each observed lesson using

the following scale:

1 point—The teacher did no work to uncover

student thinking.

2 points—The teacher did some work to uncover

student thinking, including asking students

to publicly share their work.

3 points—In addition to #2, the teacher purposefully

selected some students to share their work.

4 points—In addition to #2 and #3, the teacher

connected or sequenced students’ responses

in a meaningful way.

Intellectual authority Based on coding of each observed lesson using the

following scale:

1 point—Judgments of correctness derived from

teacher or text.

2 points—Judgments of correctness sometimes derived

from teacher or text, but also some appeals to

mathematical reasoning.

3 points—Judgments of correctness derived from

mathematical reasoning.

Teacher Capacity

Knowledge of Mathematics

for Teaching (KMT)

Based on teachers’ responses to 12 survey items

(see sample items 9–14 in Appendix C). Possible range

of 0–12. Cronbach alpha (based on our 2005 survey data

for 798 teachers in Greene and Region Z) is .68.

Education Sum composite based on teachers’ survey response

(items 2–7 in Appendix C) that includes one point

for each of the following:

Degree the teacher received (e.g., bachelor’s, master’s, Ph.D.)

Additional credits acquired beyond final degree

K–12, ESL, bilingual, math, and/or special education certificates

(1 point for each)

Years of experience Based on teachers’ survey response to the question:

‘‘Including this school year, how many years

have you been teaching?’’ (item 1 in Appendix C).

Categorical responses changed to numerical

responses: less than 1 year 5 .5; 6–10 years 5 8; 11

years or more 5 11.

(continued)
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Mathematics professional

development (PD) hours

per year

Sum of teachers’ survey responses to questions about

the hours of math-related PD received over the past

summer and math-related PD received over the

current school year (items 15–18 in Appendix C).

Teachers’ survey responses on hours of PD in

specific topics related to the mathematics reform

were reported by teachers categorically;

categorical responses changed to numerical

responses: none 5 0; less than 4 5 2; 4–8 5 6;

9–16 5 12.5; more than 16 5 17 (item 19 in

Appendix C).

Teacher Use of Curriculum
Lessons

Use of curriculum in daily

lessons

Based on coding of each observed lesson using

the following scale:

0 points—Teacher used the lesson plan provided by the

math curriculum (MC) for 0% of the lesson.

1 point—Teacher used the lesson plan provided by

the MC for 1–25% of the lesson.

2 points—Teacher used the lesson plan provided by the

MC for 26–75% of the lesson.

3 points—Teacher used the lesson plan provided by the

MC for 76–100% of the lesson.

Review of non-mathematical

details regarding temporal

and structural elements

of lessons

Based on coding of teacher interviews prior to and

following observed lessons with 0 points for no

review and 1 point for review.

Review of materials needed

for lessons

Based on coding of teacher interviews prior to and

following observed lessons with 0 points for no

review and 1 point for review.

Review of big mathematical

ideas in lessons

Based on coding of teacher interviews prior to and

following observed lessons with 0 points for

no review and 1 point for review.

Talk with others about

non-mathematical details

regarding temporal and

structural elements of

the lessons

Based on coding of teacher interviews prior to

and following observed lessons with 0 points

for no talk and 1 point for talk.

Talk with others about

materials needed

for the lessons

Based on coding of teacher interviews prior

to and following observed lessons with 0 points

for no talk and 1 point for talk.

(continued)
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Talk with others about big

mathematical ideas in

lessons

Based on coding of teacher interviews prior

to and following observed lessons with 0

points for no talk and 1 point for talk.

Perceptions of curriculum’s

usefulness

Based on teachers’ survey responses regarding

their agreement with a series of statements

(item 8 in Appendix C). Subscale scores were

calculated by averaging over all items in the scale.

Cronbach’s alpha for this scale (based on our

2005 survey data, n 5 798 teachers) is .85.

Appendix B

Classroom Observation Coding Instrument

Instructions to Coders:
Before you begin coding, read through the entire lesson observation and transcripts of the

pre- and post-interviews (ignore questions in the post-interview that do not directly deal

with the observed lessons you are coding). Then, closely read any sections of the lesson

write-up or interviews specified below for a code. In assigning your code, rely upon your

reading of the whole lesson, interviews, and the specified sections for each code.

All decision rules are listed as footnotes within this document.

MC 5 Math Curriculum (Investigations in Greene or Everyday Mathematics in Region Z)

1. Grade Level:
2. Use of MC and materials outside the MC1 lesson write-up sections for closer

reading:
� Identify all print resources used. (Important: Copies of print materials should be ob-

tained by the observer and appended to this report.)

8 Other curricular materials:

8 Teacher-made materials:

8 Other (e.g., children’s literature, article from newspaper, etc.)

� pdfs for print materials used in the lesson

2a. Use of MC (circle one):
0 Teacher used the lesson plan provided by the MC for 0% of the lesson

1 Teacher used the lesson plan provided by the MC for 1–25% of the lesson

2 Teacher used the lesson plan provided by the MC for 26–75% of the lesson

3 Teacher used the lesson plan provided by the MC for 76–100% of the lesson

2b. Use of materials other than the MC (circle one)2:
0 Teacher used materials and/or ideas from sources other than the MC for 0% of the

lesson

1 Teacher used materials and/or ideas from sources other than MC for 1–25% of the

lesson

2 Teacher used materials and/or ideas from sources other than MC for 26–75% of the

lesson
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Appendix B (continued)

3 Teacher used materials and/or ideas from sources other than MC for 76–100% of the

lesson

2c. If materials other than the MC used, indicate what those materials are (circle
all that apply):
0 Not applicable (teacher did not use materials other than the MC)

1 District-sanctioned materials (Kathy Richardson materials in Greene and Math Steps

in Region Z)

2 Materials congruent with curriculum3

3 Materials incongruent with the curriculum4

4 Can’t tell5

3. If the teacher reviewed the MC prior to the lesson, what did the teacher look for
in the curricular materials?6 (circle all that apply)

1 Non-mathematical details (e.g., how to set up activities, how long students should

work in groups)7

2 Materials needed for the lesson (e.g., manipulatives, graph paper, calculators)

3 Big mathematical ideas that the lesson is meant to get across8

4 Other (describe): __________________________________________________

5 Not asked or not answered

6 Not applicable (teacher did not use the MC)

4. Teacher talk about the lesson9

4a. Did the teacher talk to anyone else about the lesson? (circle one)

1 Yes

2 No

3 Not asked or not answered

4b. If the teacher talked to someone else about the lesson, to whom did the teacher talk?

(circle all that apply)

1 Grade-level colleague(s)

2 Coach

3 Other (describe): ________________________

4 Not asked or not answered

4c. If the teacher talked to someone else about the lesson, what did the teacher talk about

with someone else? (circle all that apply)

1 Non-mathematical details (e.g., how to set up activities, how long students should

work in groups)10

2 Materials needed for the lesson (e.g., manipulatives, graph paper, calculators)

3 Procedures that the teacher should follow in the lesson (e.g., mathematical represen-

tation, vocabulary, order of mathematical procedures)

4 Big mathematical ideas that the lesson is meant to get across

5 Other (describe)11: __________________________________________________

6 Not asked or not answered

5. Cognitive Demand12

5a Primary instructional task in the lesson13: ______________________

Length: ____________

(continued)
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Appendix B (continued)

5b. Cognitive demand of the task as it appeared in EM or Investigations (circle one)14:

1 No mathematical activity

2 Memorization

3 Use of Procedures Without Connections

4 Use of Procedures With Connections15

5 Doing Mathematics

6 Task did not appear in EM or Investigations

5c. Cognitive demand of the task as it was set up by the teacher (circle one)16:

1 No mathematical activity

2 Memorization

3 Use of Procedures Without Connections

4 Use of Procedures With Connections

5 Doing Mathematics

6 Task did not appear in EM or Investigations

5d. If the task changes from a 5 (Doing Mathematics) in the curriculum to a 4 (Use of

Procedures With Connections) as set up by the teacher, explain how and—if possible—

why the teacher made the alteration.

5e. Cognitive demand of the task as it was enacted by students and teacher (circle one)17:

1 No mathematical activity

2 Memorization

3 Use of Procedures Without Connections

4 Use of Procedures With Connections

5 Doing Mathematics

6 Unsystematic and/or non-productive exploration

7 Task did not appear in EM or Investigations

6. Teacher Work to Uncover Student Thinking18 (circle one):
0 The teacher did no work to uncover student thinking; he or she did most of the

talking in the lesson and/or asked questions with short or one-word answers.

1 The teacher did some work to uncover student thinking by asking some open-ended

questions, by asking for some explanations, by arranging for public sharing of stu-

dent responses, and/or by listening respectfully.19

2 In addition to #1 above, the teacher purposefully selected certain students to share

their work during whole-class discussion because she wanted the whole class to hear

about the mathematical approach the student took. However, the teacher did not

sequence or connect students’ responses in a mathematically meaningful way (i.e.,

to move the class toward the mathematical goal of the lesson).

3 In addition to #1 and #2 above, the teacher sequenced and/or connected students’

responses in a mathematically meaningful way to make student thinking productive

for the class as a whole (i.e., to move the class toward the mathematical goal of the

lesson).

7. Intellectual Authority20 (circle one):
0 The teacher fostered little or no student construction of mathematical ideas, thinking,

and/or reasoning. Judgments about correctness were derived from the text or the

teacher, with no appeal to mathematical reasoning.
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Appendix B (continued)

1 The teacher fostered some student construction of mathematical ideas, thinking,

and/or reasoning. However, judgments about correctness were mostly derived

from the text or the teacher. Nevertheless, some appeals to mathematical reasoning

were made.

2 The teacher fostered student construction of mathematical ideas, thinking, and/or

reasoning. Additionally, judgments about correctness were primarily (most of the

time) derived from mathematical reasoning and discussion during the class.

Notes to Appendix B

1Question 2 involves use of materials only. It does not address anything deeper, like alter-

ations the teacher makes to the math lesson beyond the introduction of additional materials

that are not part of the MC. To determine % of time, use the time markers in the lesson obser-

vation write-up.
2If you cannot tell from the lesson materials you received for this lesson whether additional

materials used in the lesson are from the MC, assume that they are from outside of the MC.
3For Question 2c, ‘‘congruent materials’’ are at a 4 (Procedures With Connections) or 5

(Doing Mathematics) level of cognitive demand. If the materials include procedures that have

the potential to connect with meaning, but those connections have not been featured in the

task, the materials should be designated as ‘‘incongruent,’’ particularly if the materials empha-

size fluency and memorization.
4For Question 2c, ‘‘incongruent materials’’ are at a 1 (no mathematical activity), 2 (memori-

zation), or 3 (Procedures Without Connections) level of cognitive demand and/or involve test

prep.
5For Question 2c, select the ‘‘can’t tell’’ option if there are no materials available for

inspection.
6For Question 4, only take into account what the teacher looked for in the MC materials them-

selves, not what the teacher might have wanted to keep in mind generally prior to the lesson.

Also only take into account teachers’ review of curriculum materials in regard to the three lessons

that will be observed after the pre-interview and before the post-interview. Do not take into

account teachers’ talk about their review of curriculum materials for other lessons they teach.
7For Question 4, ‘‘non-mathematical details’’ refers to the temporal and structural elements

of the lesson.
8For Question 4, ‘‘big mathematical ideas’’ refers to teacher talk about what they reviewed

that moves beyond the activity level and begins to articulate what concepts or ideas are at

the heart of the lesson. Teachers’ talk about attending to big mathematical ideas might be cap-

tured at various points in the pre-interview, including their answers to questions about the goals

of the lesson. Keep in mind also that grade level might play a role in teachers’ descriptions of

big mathematical ideas in the lesson. Specifically, teachers at lower grade levels may not nec-

essarily be articulating as sophisticated and/or complex big mathematical ideas as those at

higher grade levels. Thus, the stakes are a little higher for what counts as a big mathematical

idea for a teacher at a higher grade level compared to one at a lower grade level.
9For Question 5, only take into account teacher talk about the three lessons that will be

observed after the pre-interview and before the post-interview. Do not take into account talk

that does not refer to those lessons (e.g., who the teacher generally talks to about teaching

math or using Investigations/EM). If the observer question or the teacher answer is vague or

could be referencing general teacher talk rather than teacher talk about these specific lessons,

you can choose the ‘‘not asked or not answered’’ option for 5a.
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Appendix B (continued)

10For Question 5c, ‘‘non-mathematical details’’ refers to the temporal and structural elements

of the lesson.
11‘‘Post-lesson talk’’ can be included as an ‘‘other’’ kind of talk here.
12Questions 6b, 6c, 6d, and 6e pertain only to the primary instructional task of the lesson as

defined in Question 6a. If you are unsure about assigning a cognitive demand code, refer to the

Task Analysis Guide, with its descriptions of the four levels of cognitive demand.
13For Question 6a, go with what the lesson observer has identified as the main mathematical

task of the lesson.
14

For Question 6b, code the text materials that formed the entire source of the task, not
just a slice that the teacher may have selected to set up.

15If the primary instructional task includes procedures that have the potential to be con-

nected with meaning, but those connections are not a featured part of the task, the task should

be characterized as ‘‘Use of Procedures Without Connections,’’ particularly if the task empha-

sizes fluency and memorization.
16For Questions 6d and 6e, consider whether the teacher did anything to take away from or

add to the lesson plan in the curriculum materials. If the teacher did not alter the lesson plan in

any significant way, the cognitive demand codes for setup and implementation should carry

over from the cognitive demand materials code.
17For Question 6e, code should be based upon how the majority of the students responded

during the majority of the time they were engaged with the task.
18For Question 7, the code should take into account the entire lesson and pertain to teacher

instruction during the majority of the lesson for the majority of the students.
19The code for Question 7, Choice 1, indicates that the teacher is making at least some effort

to engage the students, however successful that effort is.
20The code for Question 8 takes into account the entire lesson and pertains to teacher instruc-

tion during the majority of the lesson for the majority of the students. Keep in mind also that any

code beyond 0 indicates that the teacher is making some effort to foster student construction of

ideas, thinking, and/or reasoning. It is not enough that the students are doing the constructing

if the teacher has not done anything to foster that student work.
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Appendix C

Survey Items Used in Analysis

(continued)
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Notes

Work on this article was supported by a grant from the Interagency Educational
Research Initiative (award #0228343). All opinions and conclusions in this article are those
of the authors and do not necessarily reflect the views of the funding agency.

1Based on a survey of all elementary teachers in our study who used EM, almost 30%
(n 5 82) said that they ‘‘never’’ or ‘‘rarely’’ use the Teacher’s Reference Manual as they
planned lessons. Furthermore, in our interviews with a smaller number of teachers (n
5 27), no teachers mentioned the Teacher’s Reference Manual in response to a question
about what they review in the curriculum prior to teaching lessons.

Appendix C (continued)
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2The reader is reminded that these levels of demand and support are stated with
respect to teachers and their learning (not students).

3This line of inquiry is akin to Kazemi and Hubbard’s (2008) recent investigation of
the interplay between professional development and instruction. In their work, they
emphasize that the typical one-way analysis of how professional development impacts
instruction does not unpack the complex relationship between teacher learning and their
classroom practice.

4Additionally, another stream of our current research (Kaufman & Stein, 2009) indi-
cates that the nature of the high-level task in materials should not make a difference for
teachers’ work to uncover student thinking and locate intellectual authority in mathemat-
ical reasoning. That is, both Doing Mathematics and Procedures With Connections tasks
that are maintained from materials to enactment across Region Z and Greene are highly
correlated (p \ .01) with our student thinking and intellectual authority measures.
Thus, that the Everyday Mathematics curriculum in Region Z contains more Procedures
With Connections tasks and that Investigations contains more Doing Mathematics tasks
should not matter for which district’s teachers have higher quality implementation.

5Viewing the curriculum as a resource for teachers as well as for students builds on
the work of researchers who have investigated the role of curriculum in teacher learning
and instructional reform (Davis & Krajcik, 2005). Using the term educative to refer to K–12
curriculum materials that are intended to promote teacher learning, Davis and Krajcik
(2005) have elaborated on ways in which curriculum materials can be designed to be edu-
cative for teachers.

6Greene is a pseudonym.
7Region Z (a pseudonym) is one of 10 subdistricts into which the New York City

schools were subdivided when taken over by Joel Klein.
8Because one pre- and one post-interview were conducted per set of three contiguous

lessons, the coded data based on those interviews are the same across all lessons in one set.
9Because variables measuring teachers’ review of curricula and talk with others are

binary variables, they are not included in this correlation matrix. We will discuss the rela-
tionship between those binary variables and implementation quality variables following
the presentation of this correlation analysis.

10For this analysis, we focus only on those teachers from each district who reported
reviewing or talking about the big mathematical ideas. Thus, our analysis takes into account
only 14 pre-interviews with Region Z teachers (11 teachers total) and 56 pre-interviews with
Greene teachers (24 teachers total).

11To do so, a teacher would have to step back and put into view the entire strand,
which is possible because the materials chart the strands and the lessons contributing
to them. However, other than in one professional development, we never witnessed
teachers doing the work of looking across a strand.
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