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Preface

The term reform-oriented teaching describes a collection of instructional
practices that are designed to engage students as active participants in
their own learning and to enhance the development of complex cog-
nitive skills and processes. This monograph presents the results of a
multiyear, National Science Foundation (NSF)-funded study of the
effect of reform-oriented mathematics and science teaching on student
achievement.

The research was conducted in three districts that participated in
the NSF Local Systemic Change program, although the study is not an
evaluation of the implementation or impact of that specific program.
By following students for three years and by using innovative measures
of practice, this study extends prior RAND research on mathematics
and science instructional practices:

e S. Klein, L. Hamilton, D. McCaffrey, B. Stecher, A. Robyn,
and D. Burroughs, 7eaching Practices and Student Achievement:
Report of First-Year Findings from the “Mosaic” Study of Systematic
Initiatives in Mathematics and Science, MR-1233-EDU, 2000.

* L. Hamilton, D. McCaffrey, B. Stecher, S. Klein, A. Robyn, and
D. Bugliari, “Studying Large-Scale Reforms of Instructional
Practice: An Example from Mathematicsand Science,” Educational

Evaluation and Policy Analysis, Vol. 25, No. 1, 2003, pp. 1-29.

Results should be of interest to educators and policymakers concerned
with improving mathematics and science education. Appendixes sup-
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porting the results and providing background information are included
on the CD-ROM inside the back cover.

The study was carried out by RAND Education, a unit of the
RAND Corporation, and was sponsored by NSF. It is part of a larger
body of RAND Education work addressing teachers and teaching,

mathematics and science achievement, and instructional reforms.



Contents

Preface ... iii
Figures..... ... ix
Tables ... xi
Summary ... xiii
Acknowledgments ... xxi
Abbreviations. ... xxiii
CHAPTER ONE
Introduction ... ... 1
Background: Reform-Oriented Instruction in Mathematics and Science. .. 1
Focus of the Mosaic IT Study ... 3
Mosaic IT Study Design ... 4
Expanded Measures of Instructional Practice................................ 5
Longitudinal Data and Analysis.....................co 6
Multiple Outcome Measures ..............coooiiiiiiiiiiiii 6
Research QUeStiONS . ...........oii i 7
Importance of the Study ... 7
Organization of This Monograph....................... . 8
CHAPTER TWO
Sample Selection and Data Collection........................................ 9
Site, School, and Grade-Level Selection...............coiiiiii i, 9
Data Collection: Student-Achievement Data.......................... L. 13
Data Collection: Teacher Background and Classroom Practice Data........ 14
Teacher Survey ... 16



vi Improving Mathematics and Science Education

Teacher Logs. ... ...ooiiii 17
Vignette-Based Ttems.................o 18
Classroom Observations ..................cooiiii i 18
Teacher Interviews ... ... 20
Cognitive INterviews. . ....... ..o 21
CHAPTER THREE
Measures of Teaching Practices.............................. 23
Measures Derived from Surveys and Logs.....................o. 23
Instructional Practice Scales................................................ 26
Curriculum Coverage Scales ... 33
Teacher Background Scales................... 35
Classroom Context Scales ... 36
Measures Derived from Observations ......................................... 37
Vignette-Based Measures..............cooooiiiiiiiiii 38
Developing the Classroom Vignettes................oooiiiiiiiiiiiii.. 38
Structure of the Vignette-Based Items ...................... 39
Measures Derived from Vignettes ..................cooooi 41
Validity of Vignette-Based Measures as Indicators of
Reform-Oriented Instruction............................................ 42
CHAPTER FOUR
Relationships Between Reform-Oriented Instruction and Student
Achievement in Mathematics and Science ............................. 49
Variance in Student-Achievement Scores....................................... 49
A Statistical Model to Examine the Relationships Between Student
Achievement, Reform Instruction, and Other Factors .................. 53
Model ... 55
Implementation Issues. ... 56
Relationships Between Teacher-Level Variables and
Student Achievement ................. ... 58
Mathematics Results.............. ... . 59
Science Results ....... ... 66

Explaining the Empirical Results with Teacher Interviews.................. 70



Contents vii

Model Limitations . ....... ... 71
Summary of Findings.................... 72
CHAPTER FIVE

Implications. ... 75
Explaining Weak Relationships.................... 76

Implementing Reform-Oriented Instruction: Where to Go from Here....78

Appendixes. ... ... 81
References . ... 83

vii






Figures

3.1

4.1.

4.2.

4.3.

4.4

4.5.

Distribution of Teachers’ Responses in Relation to Idealized
Low- and High-Reform-Oriented Teachers, Cohort 1,

Variance Decomposition of Achievement Scores for Each
Year, Cohort, and OQutcome ..........coooieiiiiiii i,
Relationships Between Variables for Instructional Practices,
Curriculum Coverage, Teacher Background, and Classroom
Context and Mathematics Achievement (Single-Year
EXPOSUre) ...
Relationships Between Variables for Instructional Practices,
Curriculum Coverage, Teacher Background, and Classroom
Context and Mathematics Achievement (Cumulative
EXPOSUIe) ...
Relationships Between Variables for Instructional Practices,
Curriculum Coverage, Teacher Background, and Classroom
Context and Science Achievement (Single-Year Exposure) ....
Relationships Between Variables for Instructional Practices,
Curriculum Coverage, Teacher Background, and Classroom
Context and Science Achievement (Cumulative Exposure) ...

67

68






Tables

2.1.

2.2.
2.3a.

2.3b.
2.4.
2.5.
2.6.

3.1.
3.2a.

3.2b.

3.2c¢.

3.3.

Description of Participating Schools and Grade-Subject

COROTES. ... 11
Student Samples ... 13
Achievement Information Obtained for Each Cohort,

Years Oand 1 .. ... 15
Achievement Information Obtained for Each Cohort,

Years2and 3 ... 16
Description of Data-Collection Instruments.................... 17
Teacher Survey and Log Response Rate ......................... 19
Number of Teachers Participating in Interviews................ 20
List of Scales Created from the Surveys and Logs.............. 24

Characteristics of Scales for Instructional Practices,

Curriculum Coverage, Teacher Background, and

Classroom Context for Cohort 1, Year 1......................... 29
Characteristics of Scales for Instructional Practices,

Curriculum Coverage, Teacher Background, and

Classroom Context for Cohort 1, Year 2......................... 30
Characteristics of Scales for Instructional Practices,

Curriculum Coverage, Teacher Background, and

Classroom Context for Cohort 1, Year 3..................i... 32
Distribution of “Yes” Responses for Dichotomous Scales for
Teacher Background and Classroom Context in Cohort 1.... 36

xi






Summary

Background and Purpose

Reform-oriented teaching is a collection of instructional practices that
was a prominent feature of reforms in mathematics and science edu-
cation beginning in the 1990s. Such practices, which are consistent
with the National Science Education Standards (National Research
Council, 1996), stressed instruction that engages students as active
participants in their own learning and emphasizes the development of
complex cognitive skills and processes. Despite large investments in the
promotion of reform-oriented curricula and instruction, the evidence
supporting the effectiveness of these practices in raising mathematics
and science achievement is relatively weak.

This monograph presents the findings of a multiyear study of the
effectiveness of reform-oriented mathematics and science instruction.
It builds on an earlier RAND study, called the Mosaic project, which
found “a weak but positive relationship” between reform practices and
student achievement (see Klein, Hamilton, McCaffrey, Stecher, Robyn,
and Burroughs, 2000; Hamilton, McCaffrey, Stecher, Klein, Robyn,
and Bugliari, 2003). The present study, called Mosaic II, extends this
earlier research in two important ways. First, it incorporates more-
diverse indicators of student exposure to reform-oriented practices,
including innovative, vignette-based measures. Second, it follows stu-
dents for three years to measure the relationship after longer exposure.
Similar to the earlier research, this study uses multiple measures of

Xiii
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achievement, including open-ended assessments, to determine whether
the relationship is sensitive to the manner in which achievement is
measured.

Mosaic I was designed to answer two major research questions:

* [s the use of reform-oriented instructional practices in mathemat-
ics and science associated with higher student achievement?

* Is the relationship between reform-oriented practices and achieve-
ment sensitive to the aspects of achievement that are measured?

Methods

Mosaic II is an observational study, relying on naturally occurring
variation in teaching practices as the basis for uncovering relationships
between reform-oriented practice and student outcomes. That is, the
design assumes that there is substantial variation in teaching practices
among teachers within a school, even though teachers may have been
exposed to the same training. To find a sample of teachers that encom-
passed a range of different instructional approaches, including reform-
oriented instruction, we selected three districts that had recently con-
cluded their participation in the Local Systemic Change program, a
five-year National Science Foundation initiative to promote reform-
oriented, systemic reform of mathematics and science education.
Within these three districts, we selected five cohorts of students and
followed each for three years beginning in the 2001-2002 school year.
The cohorts varied in student age and academic subject being studied,
with mathematics examined in three cohorts (grades 3 through 5; 6
through 8; and 7 through 9) and science examined in the remaining
two cohorts (grades 3 through 5 and 6 through 8). All the teachers
who were responsible for teaching the targeted subject (mathematics or
science) to students in the five cohorts were included in the research in
the year or years they taught the subject to the students.

For all five cohorts, achievement was measured using the math-

ematics or science component of the Stanford Achievement Test Series,
Ninth Edition (SAT-9), published by Harcourt Assessment. For most
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analyses, only the total score was available. However, for one mathe-
matics cohort, we also obtained the Problem-Solving and Mathematical
Procedures subscale scores. In addition, in two science cohorts and one
mathematics cohort, we administered the open-ended version of the
SAT-9 so that we could compare students’ performance on open-ended
and multiple-choice measures.

A key feature of the Mosaic II study is the use of multiple mea-
sures to determine the extent to which reform-oriented teaching prac-
tices were being used in the classroom. Each year, all participating
teachers completed a survey, filled out classroom logs, and responded
to a set of vignette-based questions about instructional practices. In
selected years, we supplemented the main data-collection procedures
with classroom observations and interviews conducted with a smaller
subset of teachers. We used teacher responses to the surveys, logs, and
vignettes, and observers’ ratings of classrooms to derive a number of
measures of instructional practices, teacher background, curriculum
coverage, and classroom context.

One of the innovative features of this study is the use of vignette-
based measures of instructional practice. Vignettes are contextualized
descriptions of hypothetical classroom situations that can be used to
elicit information about potential teaching behaviors. In this study,
vignette-based items were used to try to ascertain teachers’ tenden-
cies to use reform-oriented instructional practices. We developed two
vignettes for each subject-grade combination. Each vignette contained
four instructional problems that provided teachers with hypothetical
classroom events at different points within the given mathematics or
science unit.

After each instructional problem, teachers were presented with a
list of options that reflected a range of teaching actions, from behav-
iors that were not associated with reform pedagogy to teacher behav-
iors that were consistent with reform-oriented teaching. Teachers were
asked to rate their likelihood of engaging in each option, using a four-
point scale from “very unlikely” to “very likely,” or, for questions of
emphasis, from “no emphasis” to “great emphasis.”

We derived two measures from the vignettes. The first mea-
sure, Reform-High, reflects teachers’ answers to the subset of high-
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reform response options across the two vignettes. The second measure,
Reform-Full, reflects the “location” of each teacher between an “ideal”
high-reform teacher and an “ideal” nonreform teacher. The ideal high-
reform teacher was a simulated teacher whose self-reported likelihood
of engaging in each option corresponded exactly to our judgments
of reform orientation. Conversely, the ideal nonreform teacher was a
simulated teacher whose self-reported likelihood was just the opposite.
Analyses of the pattern of responses to these and other measures, as
well as cognitive interviews conducted with a subset of teachers who
described their thought processes as they answered the vignettes, sug-
gest that the measures are providing some validity evidence about the
likely use of reform-oriented instruction. The cognitive interviews also
provided insights to inform potential improvements to the vignettes.

We used a multivariate linear mixed model to represent the rela-
tionship between longitudinal exposure to teacher-level predictors and
student-achievement trajectories. For each outcome in each cohort, we
jointly modeled test scores from the three years of the study. Scores
were expressed as a linear function of overall means, adjustments for
student-background variables and prior performance, current and
past exposure to teacher-level predictors, unobserved random teacher
effects, and residual errors that were allowed to be correlated across
time within (i.e., for each) student.

We estimated the effects of teacher-level variables, including
instructional practices, one at a time. That is, we started with a baseline
model that includes adjustments for student demographics and year 0
(the year before the study began) achievement, and then examined the
effects of a given individual teacher-level variable by augmenting the
baseline model with only that particular teacher-level variable.

We report inferences about two functions of the model param-
eters that quantify the effects of exposure to teacher-level variables on
student achievement. The first function captures the average effect of
current-year exposure on current-year outcomes. The other function is
the three-year cumulative exposure effect, which is interpreted as the
expected difference in the scores between two students, one of whom
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received above-average exposure to the particular teacher-level variable
under consideration for three consecutive years, and the other one of
whom received average exposure for three consecutive years.

Study Limitations

Although this study represents a methodological advance in compari-
son with earlier studies, it still has limitations. Stronger conclusions
would have been possible using an experimental design rather than
relying on naturally occurring variation. In particular, we had no con-
trol of the assignment of students to teachers during the three years
of the research, and, as a result, relatively few students received either
the most intensive or the least intensive exposure to reform-oriented
instruction. Tracking of students in the middle schools may have con-
founded achievement with exposure in ways we were unable to disen-
tangle. More-extensive use of classroom observations might provide a
more accurate indication of teaching practices than do the self-report
measures that were the primary tool in this study. Our experience
using the vignette-based measures revealed ways these vignette-based
measures might be improved in the future, as well.

Relationships Between Reform-Oriented Instruction and
Student Achievement

The first research question concerned the relationships between expo-
sure to reform practices and student achievement. We found that expo-
sure to reform-oriented instruction generally had nonsignificant or
weak positive relationships to student achievement in both mathemat-
ics and science, with the exception of groupwork-related practices in
mathematics (for which the relationships were negative). Additionally,
the findings suggest that relationships tend to become stronger with
sustained exposure to reform teaching.

The second research question asked whether the relationship was
affected by the way achievement was measured. We generally found
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stronger relationships for open-ended measures than for multiple-
choice measures in the sites at which both types of assessment were
administered. Moreover, in the cohort with data on subscales of the
multiple-choice mathematics achievement test, we found positively
signed relationships to the Problem-Solving subscale and negatively
signed relationships to the Procedures subscale. Together, these find-
ings suggest that relationships between instruction and achievement
can depend on how achievement is measured.

Implications

We found nonsignificant or weak positive relationships between
reform-oriented instruction in mathematics and science and student
achievement measured using multiple-choice tests. The relationships
were somewhat stronger when achievement was measured with open-
ended assessment. Additionally, in mathematics, relationships tended
to be positively signed with problem-solving scores.

These findings confirm previous estimates of weak positive asso-
ciations between reform-oriented instruction and achievement. The
results also reinforce the message that measurement matters—i.e.,
that the observed relationship between reform-oriented instruction
and achievement may depend on how achievement is measured. It is
common practice to use existing state or district tests as measures of
program effectiveness, because it is often not feasible to administer
additional tests. Our analysis indicates that this decision may influence
findings. It also suggests that using subscales from an existing test to
produce a more refined analysis of relationships between instruction
and achievement might be a good practice.

It is also important to note the influence of high-stakes account-
ability testing on teaching practices. Teachers reported that the testing
environment influenced their use of reform-oriented practices despite
the training they had received. In particular, many teachers believed
that the reform-oriented practices were likely to be less effective than
other kinds of practices for promoting high scores on state account-
ability tests. Future research on the effectiveness of reform-oriented
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instruction needs to recognize that instructional reforms are not car-
ried out in a vacuum, and it should examine the broader contextual
factors as well as the specific elements of the intervention.

Perhaps the most important unanswered question regarding
reform-oriented instruction concerns benefits and costs. The mathe-
matics and science initiatives of the 1990s were relatively expensive
(from the perspective of national reforms). And, although they appear to
have had some effects on mathematics and science teaching, this study
did not address whether these changes in practice and the associated
improvements in achievement were worth the cost. Thus, it is impos-
sible to know whether the strategy was an efficient one and should be
followed in future reforms. A program of research that involves experi-
mental studies with clear delineation of costs would provide a strong
foundation for future decisions about educational reforms.
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CHAPTER ONE
Introduction

Background: Reform-Oriented Instruction in Mathematics
and Science

Educators and policymakers have been concerned about the quality
of mathematics and science education in the United States for several
decades. In the 1990s, a number of major initiatives were launched to
improve mathematics and science education, including the development
of national standards (National Council of Teachers of Mathematics
[NCTM], 1989, 2000; National Research Council [NRC], 1996;
American Association for the Advancement of Science [AAAS], 1993);
the development of new curriculum materials (Linn et al., 2000; Porter
et al., 1994); the initiation of systemic reforms (Shields, Corcoran, and
Zucker, 1994); the provision of professional development (Dutro et al.,
2002); and the development of new assessment strategies (Stecher and
Klein, 1996).

One prominent feature in these efforts was a new approach to
teaching mathematics and science, referred to as “reform-oriented
teaching.” This approach stressed instruction that engages students as
active participants in their own learning and that seeks to enhance the
development of complex cognitive skills and processes. Students are
asked to “do mathematics” and “do science” in ways that are similar to
those engaged in by mathematicians and scientists. Prominent organi-
zations embraced this approach, including NCTM, NRC, and AAAS.

Reform-oriented approaches were adopted in many schools and dis-
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tricts across the country, although even at their most popular they were
less frequently used than were more traditional approaches (Desimone
et al., 2005; Ravitz, Becker, and Wong, 2000).

Despite the great investments in the promotion of reform-oriented
teaching, the evidence supporting the effectiveness of its practices in
mathematics and science is relatively weak. Studies that have examined
the relationship between student achievement and teacher reports of
reform-based instruction suggest that these practices may contribute to
student achievement, but in most cases the effects appear to be quite
small. Wenglinsky (2002) reported moderate relationships between a
set of reform-based practices and student mathematics achievement on
the National Assessment of Educational Progress (NAEP). Using data
from the High School Effectiveness Study, 1990—1992 from the National
Longitudinal Study of 1988 (U.S. Department of Education, 1997),
Von Secker and Lissitz (1999) found that students’ reported exposure to
reform-oriented pedagogy was associated with higher science achieve-
ment, although the relationships were statistically modest. Similar
results are described in studies by Smith, Lee, and Newmann (2001)
in mathematics and by Smerdon, Burkam, and Lee (1999) in science.
Synthesizing data from 11 National Science Foundation (NSF)-funded
sites that were promoting reform instruction, Hamilton et al. (2003)
found a mixture of nonsignificant and small positive results. These
findings are similar to those obtained by Mayer (1998); using regres-
sion analyses, Mayer observed weak positive or nonsignificant relation-
ships between reform-based practices and student scores on a standard-
ized mathematics multiple-choice test.

Of particular interest is whether reform-oriented teaching can
enhance scientific or mathematical communication, problem solving, or
other higher-order thinking skills. Many advocates of reform teaching
believe that traditional multiple-choice tests do not adequately reflect
these types of competencies, and that alternative tests that require stu-
dents to construct their own responses or engage in problem solving
are more likely to detect changes in these competencies and, hence, the
effect of reform-oriented teaching.

There is some evidence of a positive, albeit weak, relationship
between reform instruction and higher-order thinking measured using
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open-ended responses. A study by Cohen and Hill (2000) revealed
an association between reform-oriented instruction and higher scores
on the California Learning Assessment System mathematics test, a
performance-based assessment designed to measure students’ under-
standing of mathematics problemsand procedures. Thompson and Senk
(2001) found that reform-oriented practices that emphasized expla-
nations of how problems were solved, in conjunction with a reform-
oriented curriculum, correlated positively with mathematics achieve-
ment, especially on multistep problems and problems involving appli-
cations or graphical representations in mathematics. Similarly, Saxe,
Gearhart, and Seltzer (1999) found that reform-oriented instruction
was associated with students’ performance on mathematics problem
solving, but not with their performance on factual knowledge or com-
putation. Finally, Hamilton et al. (2003) reported stronger effects of
reform teaching on open-ended tests than on multiple-choice assess-
ments. However, few of these studies directly compared the effects of
reform teaching on problem-solving skills relative to procedural skills
or provided effect-size estimates that could be directly compared with
those reported above.

Focus of the Mosaic Il Study

This monograph presents the findings of a multiyear study of the effec-
tiveness of reform-oriented mathematics and science instruction. This
is the second research project undertaken by RAND to examine the
effectiveness of reform-oriented instruction. It builds on an earlier study
that used multiple achievement measures from 11 sites to assemble a
“mosaic” of evidence regarding the relationships between mathematics
and science achievement and reform-oriented practices (see Klein et
al., 2000; Hamilton et al., 2003). The Mosaic study found “a weak but
positive relationship” between reform practices and student achieve-
ment, one that was “somewhat stronger” when achievement was mea-
sured with open-response tests than with multiple-choice tests.
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Mosaic Il Study Design

The present study, called Mosaic II, was conducted in districts that
were participating in the NSF’s Local Systemic Change (LSC) pro-
gram, a large-scale, national initiative to improve mathematics and
science instruction and achievement." The program, started in 1995,
has funded nearly 90 projects across the country, and fosters systemic
reform, in which standards, curriculum materials, assessments, teacher
preparation, and other parts of the educational system are aligned to
guide instruction and student learning (Webb, 1997; Smith and O’Day,
1991). LSC initiatives, in particular, focus on professional development
to increase teachers’ use of reform-oriented instruction.>

The systemic approach adopted in LSC programs was designed
to address shortcomings in previous piecemeal reform efforts that sent
inconsistent signals to teachers (e.g., implementing a new curricu-
lum but retaining the old assessments, or training teachers to use new
instructional methods but retaining the old textbooks). By coordinat-
ing all aspects of the system, LSC districts hoped to send clear and
consistent signals to teachers reinforcing effective practices. However,
the program did not have an explicit theory of learning that posited
how each of the elements was related to student achievement or how
the elements were interrelated.

Mosaic II strengthens the former Mosaic study in two important
ways. First, it broadens the measures of teaching practices to include
multiple indicators of instruction, including innovative vignette-based
measures and teacher logs, to obtain more-sensitive indicators of stu-
dent exposure to reform-oriented practices. Second, it follows students
for three years to measure the relationship after longer exposure. These

! Note that the study is not an evaluation of the LSC program, but of the underlying relation-
ship between specific instructional practices and student achievement. The extent to which
these many LSC components are coordinated and work in concert to promote achievement
has been the focus of other studies (Borman and Kersaint, 2002; Corcoran, Shields, and
Zucker, 1998; Shields, Marsh, and Adelman, 1998; Russon, Stark, and Horn, 2000).

2 According to http://lsc-net.terc.edu/go.cfm, a Web site that serves to facilitate sharing of
best practices among LSC projects, all projects require long-term professional development
of at least 100 hours for teachers at targeted grades, with a focus on disciplinary knowledge

and pedagogical skills.
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improvements were intended to provide greater sensitivity to various
instructional practices and a better opportunity to examine cumula-
tive relationships between reform-oriented instructional practices and
student achievement. As does its predecessor, Mosaic II uses multi-
ple measures of achievement to test whether the relationship between
instructional practices and achievement is sensitive to the manner in
which achievement is measured.

Expanded Measures of Instructional Practice
One key feature of this study is the use of more-extensive and more-
varied measures of instructional practice, including teacher logs and
vignette-based measures. The weak relationships found in the first
Mosaic study may have stemmed, in part, from the exclusive use of
frequency-based survey items to measure reform-oriented instruction.
While these types of surveys have proven to be a cost-effective method
for collecting general descriptions of classroom events, they also have
limitations (Kennedy, 1999). Surveys, for example, cannot capture
subtleties in how teachers understand terminology used to describe
instruction (Burstein et al., 1995; Cohen, 1990; Mayer, 1999; Spillane
and Zeuli, 1999; Stigler and Perry, 2000). For instance, the mathemat-
ics reform community uses the term problem solving to indicate the pro-
cesses that students engage in when they work on novel problems with
no immediate solution (Schoenfeld, 1989). Teachers, however, tend to
use the term to represent more-traditional practices, such as solving
word problems with fairly straightforward solutions (Hill, 2005).

The shortcomings of surveys have led to calls for better methods
to measure instructional practices (Henke, Chen, and Goldman, 1999;
Hoachlander, Griffith, and Ralph, 1996). The use of vignettes is one
alternative. Vignettes are contextualized descriptions of hypothetical
classroom situations that can be used to elicit information about poten-
tial teaching behaviors. In this study, vignette-based items were used
to try to ascertain teachers’ tendencies to use reform-oriented instruc-
tional practices. Vignette-based items can make data collection more
realistic by providing teachers with a classroom context in which to sit-
uate their responses (Kennedy, 1999). In addition, although vignettes
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contain valuable contextual details, they are standardized; therefore,
responses from teachers can be aggregated and compared (Kennedy,
1999; Ma, 1999; Ruiz-Primo and Li, 2002).

Vignettes also have limitations as indicators of classroom instruc-
tion. They impose a greater reading burden on teachers than do tra-
ditional surveys, and the resources needed to generate the hypotheti-
cal classroom situations may render vignettes more costly to develop.
Because vignettes have had limited use, there is scant evidence about
their validity as measures of teaching practices. Research in psychol-
ogy has found that expressed intentions are a good predictor of future
behavior (Ajzen and Fishbein, 1980), which suggests that responses to
vignettes might reflect actual teaching practices. Indeed, Ruiz-Primo
and Li (2002) found that the quality of teacher feedback provided on
hypothetical journal entries corresponded to teachers’ feedback on their
students’ science notebooks from a previous year. Classroom vignettes
hold promise as measures of teaching practice, and their use in this
study may strengthen our findings while also providing additional evi-
dence about their validity.

Longitudinal Data and Analysis

A second key feature of this study is its longitudinal design. To date,
research on instructional interventions has involved cross-sectional
designs that compare the achievement of treated and untreated students
after one year of exposure. This study was designed to follow cohorts
of students and measure their exposure to reform-oriented instruction
over three years. In most cases, we have an initial measure of achieve-
ment collected in the spring of the year before the study, followed by
annual measures of achievement and exposure collected in the spring
of the subsequent three years. By increasing the length of the exposure,
we hope to increase its “signal” and, hence, our ability to detect it from
the “noise” of background factors and other classroom influences.

Multiple Outcome Measures

Finally, the study uses multiple outcome measures to broaden the
domains of mathematics and science achievement that are considered.
As noted above, research suggests that reform-oriented practice may
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improve achievement in some aspects of mathematics and science more
than in others. In particular, scientific and mathematical communi-
cation, problem solving, and other higher-order thinking skills may
be enhanced by reform-oriented instruction more than are basic fac-
tual knowledge and structured procedural skills. This study uses both
multiple-choice and open-ended measures to examine the effect of
reform-oriented instruction on both types of outcomes. In science,
we used both the multiple-choice and the open-ended versions of the
Stanford Achievement Test Series, Ninth Edition (SAT-9) test; the
open-ended version is designed to measure scientific inquiry, decision-
making and problem solving, and conceptual understanding (Harcourt
Assessment, 1996a). In mathematics, all students completed the SAT-9
multiple-choice test, and one cohort also completed the SAT-9 open-
ended tasks, which require students to show the reasoning behind their
answers (Harcourt Assessment, 1996b). In addition, we used two sub-
scales from the SAT-9 multiple-choice test in one cohort to differenti-
ate procedural knowledge of mathematics from mathematical problem
solving.

Research Questions

[o recapitulate, the study was designed to answer two major research
y g
questions:

* [s the use of reform-oriented instructional practices in mathemat-
ics and science associated with higher student achievement?

* [s the relationship between reform-oriented practices and achieve-
ment sensitive to the aspects of achievement that are measured?

Importance of the Study

The problem of fostering effective mathematics and science education
continues to vex the nation, and the findings of this study will help
educators in their quest for effective instructional methods. A recent
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report from the National Academies raised a number of red flags about
the performance of U.S. students. For example, U.S. twelfth-graders
performed below the international average for 21 countries on a test of
mathematics and science achievement. Although the performance of
American fourth- and eighth-graders exceeded the international aver-
age in both subjects (Mullis et al., 2004), U.S. students’ scores lagged
behind those of a number of other countries and did not increase as
quickly as the scores of those of some other nations. In 2005, a congres-
sionally convened panel of business and education leaders warned that
the United States was losing its leadership in mathematics and science.
The panel concluded that the economic future of the United States
depends on its ability to improve K—12 mathematics and science educa-
tion (Committee on Science, Engineering, and Public Policy, 20006). In
this context, it is essential to know whether reform-oriented teaching
holds the key toward better mathematics and science education.

Organization of This Monograph

Chapter Two of this monograph describes the research procedures,
includingsamples, participation rates, measures,and methodsofanalysis.
Chapter Three discusses the developmentand the technical quality of the
instructional-practice measures. Chapter Four presents the findings,
highlighting the relationships between reform-oriented teaching and
student mathematics and science achievement. Chapter Five summa-
rizes the findings and discusses implications of the results for practice
and policy.



CHAPTER TWO
Sample Selection and Data Collection

The study followed five cohorts of students and their mathematics and
science teachers over a three-year period. This chapter provides details
about the methods that were used to select sites and to sample schools,
teachers, and students. It also describes data-collection procedures,
including the surveys, logs, interviews, and observations that were
used to assess information about teachers” background characteristics,
instructional practices, and classroom influences.

Site, School, and Grade-Level Selection

The project recruited school districts that had participated or were par-
ticipating in NSF’s LSC program. NSF staft familiar with the LSC
program suggested districts they believed had high teacher participa-
tion in reform-oriented professional development, and we solicited par-
ticipation from these districts. Participation in the study required the
administration of additional achievement tests other than the state test
to students and instructional-practice measures to teachers, the avail-
ability of a data system that would permit tracking individual students
over time and linking students to their mathematics or science teach-
ers, and a sufficiently large number of schools and teachers to ensure
adequate statistical power for detecting relationships between instruc-
tional practices and test scores. Three districts that had completed their
five-year LSC programs between 1998 and 2000 met these criteria and
agreed to participate in the study.
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The study focused on elementary and middle schools, because
most of the systemic reforms were initially targeted at these grade levels
(Shields, Corcoran, and Zucker, 1994; Porter et al., 1994; Goertz,
1999). Reform-oriented teaching at the high school level was not as
fully implemented at the time the study began in 2000.

To maximize the chances that participating schools were bal-
anced across a range of characteristics, we conducted a purposive sam-
pling of schools. This sampling resulted in an oversampling of schools
serving a larger proportion of students eligible for free or reduced-price
lunches than for the districts as a whole. Each district encouraged eli-
gible schools to participate, and schools received a $200 honorarium
for participating.

Table 2.1 shows the school sample during the three years in
which the main data collection took place. For analytic purposes, the
goal was to include at least 20 schools in each cohort. However, in
Cohort 2, the district had fewer than 20 schools at the targeted level.
The number of schools varied slightly over the three years for two main
reasons: Districts reconfigured some schools, and we eliminated schools
in which all teachers declined to participate.

The specific grades and subjects were selected in consultation
with district staff, to try to maximize the variability of reform-oriented
instruction—i.e., we selected grades in which reform practices were
widely used but did not yet reach complete implementation. Selection
of grades was also constrained by the need to follow students over a
three-year period, which was best accomplished if students did not
cross school levels during the study (i.e., did not move from elementary
to middle school).

The final sample included five grade-subject cohorts: two cohorts
in middle school mathematics, and one cohort each in middle school
science, elementary school mathematics, and elementary school science
(see Table 2.1). The elementary school cohorts were enrolled in third
grade in 2001-2002, the initial year of the study (referred to as year 1).
‘The middle school science cohort and one of the middle school math-
ematics cohorts were enrolled in sixth grade; the other middle school



Table 2.1

Description of Participating Schools and Grade-Subject Cohorts

Year 1 Year 2 Year 3
(2001-2002) (2002-2003) (2003-2004)

Grade School Grade School Grade School
Cohort District Subject Studied Sample Studied Sample Studied Sample
1 1 Mathematics 3 18 4 20 5 24
2 1 Mathematics 7 11 8 13 9 13
3 2 Mathematics 6 30 7 25 8 24
4 2 Science 3 20 4 21 5 21
5 3 Science 6 26 7 28 8 25
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mathematics cohort was enrolled in seventh grade. We followed these
students for two additional years, including 2002—-2003 (referred to as
year 2) and 2003-2004 (referred to as year 3).

The total number of schools per district across years and districts
ranged from a low of 13 in Cohort 2 to a high of 57 in Cohort 1
(not shown). To achieve adequate statistical power to detect a non-
zero relationship between instructional practices and student achieve-
ment, we sampled a different proportion of schools in each dis-
trict, ranging from 35 percent (i.e., Cohort 1) to 100 percent (i.e.,
Cobhort 2) of the schools in the districts. To minimize the variability in
our final estimates, we selected samples that were uniformly distributed
with respect to aggregate demographic and socioeconomic status vari-
ables. As a result, the school samples were representative of the district
as a whole with respect to these student characteristics. Schools were
located primarily within suburban and urban areas. More information
about school demographics can be found in Appendix 2-A. In Cohorts
1 and 5, the student population was equally split between minority
and white students. Cohort 2 contained predominantly white students
(68 percent across the three years), whereas Cohorts 3 and 4 contained
primarily minority students (approximately 70 to 75 percent). Close to
one-half of the students in Cohorts 3 and 4 were eligible to receive free
or reduced-price lunches (FRL). The proportion of FRL students was
slightly higher in Cohort 1 (65 percent) and lower in Cohorts 2 and 5
(close to 40 and 20 percent, respectively).

Student sample sizes are shown by year in Table 2.2. The numbers
in the table represent a comprehensive count of students in a given year.
That is, they include any student who appeared in the cohort during
that particular year, including students who moved into the district or
students who were retained from a higher grade.
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Table 2.2

Student Samples

Cohort Year 1 Year 2 Year 3
1 1,642 1,928 1,649
2 3,521 3,511 3,459
3 1,998 2,451 3,043
4 960 1,159 1,195
5 5,808 6,403 7,455

Data Collection: Student-Achievement Data

Each district provided student-achievement scores on state tests and
locally administered district tests from 2001 to 2003. In addition to
mathematics and science scores, we also collected data on reading,
writing, and language achievement tests. Scores in these other sub-
jects are used in the statistical models as covariates to control for prior
student achievement. All cohorts except Cohort 4 provided student
test scores obtained one year before the data-collection efforts. These
scores are referred to as “year 0” scores and are also used as covariates
in the models.'

We could not rely solely on state and district tests for our longitu-
dinal analysis, because these tests were not administered in every grade.
Thus, we supplemented the state and district tests with the SAT-9,
published by Harcourt Assessment. For each cohort, we administered
multiple-choice (MC) SAT-9 tests in mathematics or science, as rele-
vant. In three cohorts, we also administered SAT-9 tests in reading and
language. The SAT-9 reading and language scores complemented the

! Achievement measures from year 0 serve as a baseline for this study. However, it is impor-
tant to note that students were likely to have been exposed to reform-oriented instruction
in or before year 0, so our study may be underestimating the effects of reform-oriented

instruction.
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reading and language scores provided by the districts and were used in
our modeling to control for prior achievement. We also administered
open-ended (OE) measures in one mathematics cohort and in both
science cohorts. On the OE mathematics section, students responded
to nine questions related to a particular topic or theme (Harcourt
Assessment, 1996b); on the OE science section, students responded
to nine tasks tied to one or two scenarios that assessed life, earth,
and physical sciences (Harcourt Assessment, 1996a).> In addition,
in one of the mathematics cohorts, we included in our analyses two
SAT-9 MC subscale scores: problem solving (PS) and procedures (PR).
PS assesses the skills and knowledge needed to solve mathematics prob-
lems. PRassesses students’ ability to selectand apply appropriate rulesand
strategies to arithmetic problems (see http://harcourtassessment.com).
Tables 2.3a and b show the types of measures obtained at each cohort for
each year. Distributions of scores for each year are provided in Appendix
2-B.

Data Collection: Teacher Background and Classroom
Practice Data

An expanded effort to measure classroom practice is a key feature of the
Mosaic II study. This effort entailed using multiple methods to derive
measures of the extent to which teachers were incorporating reform-
oriented principles into their curriculum and instruction. During the
first three years of the study, we used a survey, classroom logs, and
a set of vignette-based questions to determine the extent to which

2 The extent to which the externally administered SAT-9 is aligned with the curriculum of
the districts in our study is unknown. However, research has found that students’ perfor-
mance can be influenced by test-curriculum alignment (Anderson, 2002; Gamoran et al.,
1997; Schmidt and McKnight, 1995). The issue of alignment will be revisited in Chapter

Four.
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Table 2.3a
Achievement Information Obtained for Each Cohort, Years 0 and 1
Year 0 Year 1
Subject(s) Subject(s)
Cohort Tests Tested Format Tests Tested Format
1 District Math MC SAT-9 Math MC
Reading MC Reading MC
Language MC
2 District Math MC SAT-9 Math MC
Reading MC Reading MC
Language MC
3 State Math MC SAT-9 Math? MC, OE
Reading MC Science MC
Writing MC
4 SAT-9 Math? MC, OE
Science MC
5 District Math MC State Math MC
Reading MC Reading MC
Language MC
State Science MC SAT-9 Science MC

NOTES: All subjects were assessed solely with multiple-choice tests unless otherwise
indicated.
@ Mathematics Problem Solving and Mathematics Procedures subscale scores are
available.

reform-oriented teaching practices were being used. The instruments
were designed to provide overlapping evidence about the extent of the
reform-oriented teaching that was occurring. All eligible teachers were
asked to respond to the surveys, logs, and vignettes. In addition, we
supplemented the main data-collection procedures with observations
and interviews to provide context about teachers’ responses on the sur-
veys, logs, and vignettes. The observations and interviews were con-
ducted with a smaller subset of teachers. Table 2.4 describes the data-
collection instruments employed. The instruments are described in
more detail in the following sections.
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Table 2.3b
Achievement Information Obtained for Each Cohort, Years 2 and 3
Year 2 Year 3
Subject(s) Subject(s) Subject(s)
Cohort Tests Tested Format Tests Tested Format
1 SAT-9 Math MC SAT-9 Math MC
Reading MC Reading MC
Language MC Language MC
2 SAT-9 Math MC SAT-9 Math MC
Reading MC Reading MC
Language MC Language MC
3 SAT-9 Math? MC SAT-9 Math? MC, OE
Science MC, OE Science MC
4 SAT-9 Math?@ MC SAT-9 Math?@ MC
Science MC, OE Science MC, OE
5 SAT-9 Science MC SAT-9 Science MC, OE

NOTES: All subjects were assessed solely with multiple-choice tests unless otherwise
indicated.
@ Mathematics Problem Solving and Mathematics Procedures subscale scores are
available.

Teacher Survey

The teacher survey included questions about the teacher’s educational
background and experience, the mathematics or science curriculum
taught in the class, and the use of a variety of teaching practices.
Teachers indicated how much class time was spent on various mathe-
matical or science topics (e.g., statistics, motion and forces) and the fre-
quency with which they engaged in particular instructional activities
(e.g., lecturing or introducing content through formal presentations,
requiring students to explain their reasoning when giving an answer).
They also indicated the frequency with which students took part in spe-
cific learning activities (e.g., answering worksheet questions, working
on extended investigations). Questions of these types have been used
extensively in research on mathematics and science instruction (see,
e.g., Cohen and Hill, 2000; Hamilton et al., 2003; and Wenglinsky,
2002).



Sample Selection and Data Collection 17

Table 2.4

Description of Data-Collection Instruments

Data-Collection Year(s)

Instrument Collected Provides Information About:

Teacher Survey 1,2,3 Teaching experience; curriculum coverage;
professional development; instructional
practices; teacher background information

Teacher Log 1,2,3 Amount of time spent on reform-oriented
activities (e.g., discussing ideas, groupwork)
and non-reform-oriented activities (e.g.,
working on worksheets)

Vignettes 1,2,3 Teachers’ propensity to engage in reform
instruction

Classroom 2 Teachers’ emphasis on inquiry and problem

Observations solving; holistic rating of the extent to which
the lesson embodied reform principles

Teacher 3 Teachers’ philosophy about mathematics and

Interviews science instruction; influences on instruction;
types of professional development activities

Cognitive 4 Teachers’ interpretations of selected vignette-

Interviews based items; understanding of reform-

oriented instruction

We created separate surveys for mathematics and science teach-
ers each year, although many of the background items were identi-
cal across subjects. Surveys were pilot-tested locally and with teach-
ers in each cohort, via telephone. Samples of surveys can be found in

Appendix 2-C.

Teacher Logs

Each day during a two- to five-day period, teachers were asked to fill
out a log describing specific activities that occurred during their math-
ematics or science lessons. While the surveys focused on long-term pat-
terns of behavior, the logs focused on activities during a specific period.’
Teachers indicated how much time students spent on selected activities
(e.g., read from the textbook or other materials, explain their thinking

3 In the first year of the study, we collected logs for five days. In the remaining two years, we
collected logs for two days.
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about mathematics or scientific ideas). Similarly, they indicated how
much time they themselves devoted to selected behaviors (e.g., monitor
students as they work, ask questions of individuals to test for under-
standing). Finally, teachers indicated the frequency with which certain
activities occurred during the lesson (e.g., students engaged in a debate
or discussion; teacher or student connected the topic to another sub-
ject, such as social studies). Copies of the forms for the teacher logs are

provided as Appendix 2-D.

Vignette-Based Items

As part of the survey, teachers were presented with two written vignettes,
each consisting of four hypothetical classroom situations related to the
teaching of specific mathematics or science topics. For each situation,
the teacher was presented with a list of options describing possible
actions that could be taken in response. Teachers indicated the likeli-
hood that they would undertake each action. We interpreted responses
to the vignettes as an indication of teachers’ propensity to engage in
reform-oriented instruction. More details about the development and
scoring of the vignettes can be found in Chapter Three.

Table 2.5 indicates the number of teachers who responded to the
surveys or logs. We obtained a roster of eligible teachers from each
school, and all teachers in each year’s subject—grade level combination
at the designated schools were asked to participate. We provided teach-
ers with a $100 honorarium to respond to the surveys and logs. Across
the three years, response rates varied from 64 to 100 percent for math-
ematics teachers and from 55 to 99 percent for science teachers.

Classroom Observations

In the second year of data collection, we observed classrooms to obtain
an independent measure of the extent to which teachers engaged in
reform-oriented instruction. To create the observation protocol, we
identified elements of reform-oriented instruction that we thought
were readily observable and would provide indicators of reform-
oriented practices. The observation protocol consisted of 16 or 17 items
that encompassed a variety of teacher and student activities, including
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Table 2.5
Teacher Survey and Log Response Rate

Year 1 Year 2 Year 3

Teacher Response Teacher Response Teacher Response

Response Rate Response Rate Response Rate
Cohort (n/N) (%) (n/N) (%) (n/N) (%)
1 68/82 82 80/86 93 71/89 80
2 43/63 68 64/96 67 57/81 71
3 64/99 64 43/43 100 38/41 93
4 69/124 55 67/68 99 65/69 94
5 67/85 79 75/85 88 68/91 75

NOTES: n refers to the number who completed the data-collection instruments.
N refers to the total number of teachers eligible for inclusion in the study.

participation in groupwork, the kind of activities students participated
in, the types of questions teachers asked, and the extent to which prob-
lem solving and inquiry were requested by teachers. For each item, the
observation protocol described the activity and gave specific examples
of the kinds of behaviors that would be considered an instance of high,
medium, or low implementation of the activity.

Classroom observations were conducted during the second year
of the study. Because of limited resources, we focused on one math-
ematics cohort and one science cohort. Three math observers and two
science observers received training on how to use the observation pro-
tocols. After they were trained, each observed teachers once during a
two-week observation period. Thirty-nine fourth-grade mathematics
teachers from 13 schools from Cohort 1 were observed, as were 23
seventh-grade science teachers from 13 schools from Cohort 5. All teach-
ers but one were rated by a single observer.* Teachers were paid a $50
honorarium for participating. For each item, observers first assigned a
broad rating of high, medium, or low, and then subdivided that rating

4 For this teacher, we averaged the observation ratings across the two raters. Raters tended to
give similar scores, assigning ratings within one point of each other 80 percent of the time.
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into one of three levels, creating a nine-point scale. Observers also gave
a written justification for each of their ratings. Appendix 2-E provides
the observation protocol for mathematics.

Teacher Interviews

During the third year, we conducted in-depth interviews with 30
teachers to better understand the contextual influences on teachers’
practices. We randomly selected three schools within each cohort, then
randomly chose at least two teachers within each school. Obtaining
information from teachers within the same school was intended to pro-
vide some information about the extent to which reform-oriented con-
cepts were adopted within schools. In all, 30 teachers were interviewed
across the five cohorts (see Table 2.6). Teachers received a $100 hono-
rarium for their time.

We developed a semistructured interview protocol to gather infor-
mation from teachers about the influence of local systemic reforms and
other policies on their practices. Each interview lasted approximately
45 minutes and was conducted and recorded over the phone. The
interview protocols included questions regarding factors likely to affect
teachers’ engagement in reform instruction, including school context
and professional communities (McLaughlin and Talbert, 1993), pro-

Table 2.6
Number of Teachers Participating in Interviews

Number of Teachers

Interviewed
Cohort Subject Grade Year 3 Year 4
1 Mathematics 5 5 9
2 Mathematics 9 5 6
3 Mathematics 8 8 5
4 Science 5 4 5
5 Science 8 8 6
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fessional development (Corcoran, Shields, and Zucker, 1998; Supovitz,
Mayer, andKahle, 2000), and state-mandated testing and accountabil-
ity requirements (Cimbricz, 2002).

Cognitive Interviews

In the fourth year of the study, we conducted cognitive interviews to
gain insight into whether teachers’ understanding of the vignette items
matched our own. We recontacted participating year 3 teachers and
solicited volunteers for the follow-up cognitive interviews. Teachers
were offered a $100 honorarium and asked to contact the research-
ers to schedule a time for a telephone interview. The first five to eight
teachers in each of the five grade-subject cohorts who responded were
interviewed (see Table 2.6), which resulted in a total of 30 teachers
interviewed—19 mathematics teachers and 11 science teachers.

We created five semistructured interview protocols corresponding
to each of the subject—grade level cohorts. The scripts consisted of both
a think-aloud portion and verbal probing. In the think-aloud portion,
teachers were asked to verbalize their thought processes while answer-
ing vignette items. Teachers were encouraged to provide a running
commentary, particularly as it related to the clarity of the vignettes
and their understanding of an item’s intent. In the verbal-probing por-
tion, respondents were further queried about their reasons for choos-
ing or rejecting particular teaching actions; the circumstances under
which they would engage in certain behaviors; the perceived differ-
ences between selected teaching actions; the effects that certain con-
textual elements (such as district policy) had on their choice; and the
absence of any relevant response options. Interviews lasted from 40 to
120 minutes, with most interviews taking approximately 90 minutes.






CHAPTER THREE

Measures of Teaching Practices

This chapter provides more information about the derivation and qual-
ity of the measures of instructional practices. We pay particular atten-
tion to the vignette-based measures, which were one of the innovative
aspects of the study. The discussion begins with measures derived from
the surveys and logs, then describes measures derived from the obser-
vations, and concludes with measures derived from the vignettes. For
the most part, all the survey, logs, and vignette-based measures were
available for all three years of the study; observational measures were
available for only a sample of teachers in year 2.

Measures Derived from Surveys and Logs

Drawing on data from teachers’ responses to the surveys and logs, we
grouped items together to create scales—i.e., measures of different
aspects of instructional practice, curriculum coverage, teacher train-
ing and background, and classroom context. Measures of instructional
practices, particularly measures of reform-oriented instruction, are the
key independent variables in our analysis, but we were also interested
in understanding other factors that might be related to achievement
outcomes. Thus, we explore the effects of curriculum coverage, teacher
training and background, and classroom context. Table 3.1 contains a
list of the scales created from the surveys and logs. The complete set of
items that make up each scale is presented in Appendix 3-A.

23
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Table 3.1

List of Scales Created from the Surveys and Logs

Scale

Data Source

Subject

Scale
Metric

1. Instructional Practice

Reform Practices

Reform Relative to Text
Mathematical Processes
Experiments

Hours of Weekly Instruction

Discussion

Groupwork

Mixed-Ability Groupwork

Problem-Solving Groupwork

Average Reform Activities

Time on Task

Hands-On

Seatwork

Class Size

Materials Availability

Survey

Survey
Survey
Survey

Survey

Log

Log

Log

Log

Log

Log

Log

Log

Log

Survey

Mathematics
Science

Mathematics
Mathematics
Science

Mathematics
Science

Mathematics
Science

Mathematics
Science

Mathematics
Science

Mathematics
Science

Mathematics
Science

Mathematics
Science

Science

Mathematics
Science

Mathematics
Science

Mathematics
Science

5-point Likert

3-point Likert
5-point scale
4-point Likert

Continuous

5-point Likert

Continuous

Continuous

Groupwork

3-point Likert

Continuous

Continuous

5-point Likert

Continuous

4-point Likert

2. Curriculum Coverage

Operations

Algebra

Survey

Survey

Mathematics

Mathematics

5-point Likert

5-point Likert



Table 3.1—Continued

Measures of Teaching Practice

Scale

Data Source

Subject

Scale
Metric

2. Curriculum Coverage—Continued

Earth Science Survey Science 6-point Likert
Life Science Survey Science 6-point Likert
Physical Science Survey Science 6-point Likert
Reasoning and Technology Survey Science 6-point Likert
Science Content Survey Science 6-point Likert
Kits Survey Science 6-point Likert
Sleuths Survey Science Continuous
3. Classroom Context
Heterogeneous Classroom Survey Science Dichotomous
Class Size Log Mathematics  Continuous
Science
Materials Availability Survey Mathematics 4-point Likert

Science

4. Teacher Background

Professional Development

Experience

Experience at Grade

Master’s Degree

Math Degree

Science Degree

Confidence

Survey

Survey

Survey

Survey

Survey

Survey

Survey

Mathematics
Science

Mathematics
Science

Mathematics

Mathematics
Science

Mathematics
Science

Mathematics
Science

Mathematics
Science

5-point Likert

Continuous

Continuous

Dichotomous

3-point scale

3-point scale

Dichotomous
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Instructional Practice Scales
We created five Instructional Practice scales from the surveys:

* Reform Practices is composed of nine items measuring the fre-
quency with which teachers engaged in reform-oriented instruc-
tional practices relating to student activities (e.g., groupwork),
student assignments (e.g., extended investigations), and teacher
questioning techniques (e.g., use of open-ended questions). The
items on this scale are similar to those used in other research on
mathematics and science reform, including some national longi-
tudinal surveys (Cohen and Hill, 2000; Hamilton et al., 2003;
Swanson and Stevenson, 2002; Wenglinsky, 2002).

* Reform Relative to Text is a five-item mathematics scale assess-
ing how teachers’ emphasis on certain reform practices compared
with that of their primary textbook. Examples of reform prac-
tices measured on this scale include the extent to which teachers
incorporated manipulatives (i.e., hands-on tools or objects meant
to represent mathematics ideas) into the lessons and the extent to
which teachers required explanations and justifications from their
students.

* Mathematical Processes measure teachers’ self-reported emphases
on proof and justifications, problem solving, mathematical com-
munication, connections, and mathematical representations.
These are aspects of mathematics emphasized by the NCTM
Standards (1989, 2000).

* Experimentsis a four-item science scale describing teachers’ empha-
sis on inquiry-based activities, such as collecting data, making
observations, conducting a controlled investigation, and carrying
out a planned experiment.

* Hours of Weekly Instruction represents teachers’ estimation of the
number of hours of mathematics or science instruction students
received in a typical week.

The remaining eight Instructional Practice scales were derived
from the logs:
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* Discussion is a four-item scale based on teachers’ reports of class
time spent in dialogue and on facilitation of student thinking.
The scale consists of two items measuring the time students spent
explaining their thinking and leading discussions, and two items
measuring the amount of time teachers spent discussing solutions
to open-ended questions and asking students questions to test for
understanding.

* Groupwork measures teachers’ self-reports of the number of min-
utes students spent working in groups.

» Mixed-Ability Groupwork is derived from the Groupwork scale. It
represents teachers” estimates of the proportion of time in which
students worked in mixed-ability groups.

* Problem-Solving Groupwork is also created from the Groupwork
scale. It measures teachers’ self-reports of the proportion of time
students spent in groups collaboratively solving new problems.

* Average Reform Activities is a six-item scale measuring the number
of times teachers reported specific reform behaviors during the
lesson. These behaviors include the frequency with which stu-
dents debated ideas, made connections with other subject areas
(e.g., social studies), and worked on novel problems.

* Time on Task is a measure of how many minutes teachers reported
were effectively spent on mathematics or science instruction.
It was derived by subtracting the number of minutes spent on
administrative tasks or discipline problems from the total length
of the class (in minutes).

* Hands-On consists of teachers’ reports of the number of minutes
the class spent on hands-on science.

o Seatwork describes teachers’ reports of the class time students spent
reading from the textbook or completing worksheets or problem
sets. Seatwork is qualitatively different from the other Instructional
Practice scales in that it does not directly address reform practices;
instead, it focuses on more-conventional activities.

The scales are on a variety of metrics from dichotomous, to Likert,
to continuous. For scales that use a dichotomously scored item, a score
of 1 indicates the presence or existence of the construct measured by
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that scale, and a score of 0 indicates an absence of that construct. For
measures that use a Likert scale, the score is the average response across
items, with higher scores denoting more-frequent use of the practices
measured by that scale. A score of 5 on the Reform Practices scale, for
instance, indicates that teachers spent much time on reform-oriented
activities. In contrast, a score of 1 on this scale indicates that teachers
spent little time on reform-oriented instruction. Other Likert-based
scales are interpreted in an analogous fashion. For continuously scored
scales, the teacher’s response represents the score on that measure. Thus,
a score of 20 on the Hands-On scale indicates that the teacher reported
20 minutes of instruction on hands-on science.

Our study relies on naturally occurring variation in teacher
practices to examine the relationship between classroom prac-
tice and student test scores. That is, the design assumes that there
is substantial variation in the instructional practices among teach-
ers within a school, even though teachers may have been exposed to
the same training. To determine whether our assumption was true,
we examined whether there was a sufficient level of variability on the
instructional-practice measures. Tables 3.2a—c provide the descriptive
statistics for the instructional-practice measures across years for Cohort
1. Appendix 3-B provides the statistics for the other cohorts. An exam-
ination of the descriptive statistics indicates that, within each cohort,
most Instructional Practice scales showed moderate variability. Even
within the same school, we found variation in the classroom practices
of teachers.

We also examined the reliability or internal consistency estimates
of the measures used (i.e., the extent to which items of the same scale
assess the same construct). It is important to examine the internal
consistency estimates, because more-reliable measures allow for better
detection of relationships. As shown in Tables 3.2a—c, the majority of
the scales have adequate reliability, typically above .60. The few scales
that had been identified as having internal consistency estimates below
.60 in one year (e.g., Seatwork) also tend to have much higher esti-
mates in another year, suggesting that the low estimates may have been
due to anomalous response patterns particular to a certain set of teach-
ers within a given year. Thus, we retained all scales in our analyses.
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Table 3.2a
Characteristics of Scales for Instructional Practices, Curriculum Coverage,
Teacher Background, and Classroom Context for Cohort 1, Year 1

Year 1
Scale N Mean SD Min Max Alpha
Instructional Practices
Reform-High 68 0.00 1.00 -2.82 2.63 75
Reform-Full 68 1.93 .59 .60 3.09 .85
Reform Practices 68 3.81 .47 2.44 4.78 72
Reform Relative to Text 68 2.38 A1 1.40 3.00 .63
Mathematical Processes — — — — — —
Hours of Weekly Instruction — — — — — —
Discussion 63 2.45 .59 1.50 4.55 77
Groupwork 63 11.27 9.26 .00 36.00 —
Mixed-Ability Groupwork 62 6.38 7.92 .00 36.00 —
Problem-Solving Groupwork 62 5.51 7.76 .00 36.00 —
Average Reform Activities — — — — — —
Time on Task 63 43.03 1191 21.60 78.40 —
Seatwork 63 2.58 77 1.00 4.30 .58
Curriculum
Operations 67 3.78 .82 2.00 5.00 .64
Algebra — — — — — —
Teacher Background
Professional Development 68 2.53 .87 1.00 4.86 .88
Experience 68 13.28 9.61 1.00 37.00 —
Experience at Grade 68 5.54 4.51 1.00 20.00 —

Classroom Context

Class Size 63 2295 3.66 11.60 30.80 —
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Table 3.2a—Continued

Year 1

Scale N Mean SD Min Max Alpha

Observations

Deep Understanding — — — — — —

Overall Reform — — — _ _ _

NOTES: N = number of teachers; SD = standard deviation; Min = minimum; Max =
maximum; Alpha = reliability estimate of internal consistency.

Table 3.2b
Characteristics of Scales for Instructional Practices, Curriculum Coverage,
Teacher Background, and Classroom Context for Cohort 1, Year 2

Year 2
Scale N Mean SD Min Max Alpha
Instructional Practices
Reform-High 80 0.00 1.00 -3.11 2.00 .80
Reform-Full 77 1.47 .54 .34 290 .86
Reform Practices 80 3.71 47 2.56 4.44 .73
Reform Relative to Text 80 3.91 A7 1.40 3.00 .64
Mathematical Processes 80 2.36 A4 .00 5.00 75
Hours of Weekly Instruction 80 6.70 2.32  3.00 20.00 —
Discussion 77 2.59 .67 1.25 4.38 .80
Groupwork 77 15.45 14.79 .00 55.00 —
Mixed-Ability Groupwork 76  12.02 13.27 .00 55.00 —
Problem-Solving Groupwork 75 10.55 12.19 .00 55.00 —
Average Reform Activities 77 1.94 .35 1.08 2.83 .64

Time on Task 78 46.56 12.40 20.00 82.50 —
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Table 3.2b—Continued

Year 2
Scale N Mean SD Min Max Alpha
Curriculum
Operations 79 3.85 .84 2.00 5.00 .63
Algebra 80 2.88 .73 1.00 5.00 .33
Teacher Background
Professional Development 80 2.32 .82 1.00 4.86 .87
Experience 80 13.33 9.67 1.00 35.00 —
Experience at Grade 80 5.54 5.14 .00 23.00 —
Classroom Context
Class Size 78 25.03 3.51 14.00 32.00 —
Observations
Deep Understanding 38 3.10 2.08 .20 7.80 .87
Overall Reform 38 2.60 1.63 .31 5.85 .87

NOTES: N = number of teachers; SD = standard deviation; Min = minimum; Max =
maximum; Alpha = reliability estimate of internal consistency.
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Table 3.2c

Characteristics of Scales for Instructional Practices, Curriculum Coverage,
Teacher Background, and Classroom Context for Cohort 1, Year 3

Year 3
Scale N Mean SD Min Max Alpha
Instructional Practices
Reform-High 71 0.00 1.00 -3.00 2.16 .82
Reform-Full 71 1.87 .59 .75 3.12 .85
Reform Practices 71 3.84 .58 178  4.67 .83
Reform Relative to Text 70 3.76 1.20 1.20 3.00 .70
Mathematical Processes 70 2.32 43  1.00 5.00 .58
Hours of Weekly Instruction 70 6.21 1.54 3.00 10.00 —
Discussion 69 2.41 .64 150 475 74
Groupwork 69 13.29 12.96 .00 52.50 —
Mixed-Ability Groupwork 68 10.32 12.13 .00 52.50 —
Problem-Solving Groupwork 67 8.48 9.32 .00 32.81 —
Average Reform Activities 69 1.88 A1 1.04 2.83 77
Time on Task 69 50.53 11.62 20.00 85.00 —
Seatwork 69 2.52 .82 1.00 4.00 31
Curriculum
Operations 70 3.56 1.20 2.00 5.00 —_
Algebra 70 2.85 .76  1.00 5.00 .50
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Year 3
Scale N Mean SD Min Max Alpha
Teacher Background
Professional Development 71 2.54 .88 1.00 4.86 .87
Experience 70 12.29 8.77 1.00 35.00 —
Experience at Grade 71 6.24 5.29 1.00 20.00 —
Classroom Context
Class Size 69 26.20 3.57 9.50 33.00 —

Observations

Deep Understanding

Overall Reform

NOTES: N = number of teachers; SD = standard deviation; Min = minimum; Max =

maximum; Alpha= reliability estimate of internal consistency.

Curriculum Coverage Scales
Two scales, derived from the survey responses, are related to curricu-
lum coverage for mathematics:

* Operations measures the number of weeks teachers reported

spending on operations with whole numbers.

* Algebra measures the number of weeks teachers reported spending
on algebraic topics. At the elementary grades, the topics focus on
areas that develop number sense, such as patterns and functions.
At the middle grades, these topics are traditional algebraic con-

tent areas (e.g., polynomials and rational numbers).

A total of seven Science scales relate to curriculum materials and
content, all derived from the surveys:

» Earth Science, Life Science, Physical Science, and Reasoning and
Technology assess the number of lessons teachers reported spend-
ing on the respective topic. These scales are present only at the

elementary grades.
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e Science Content measures the average number of lessons spent on
particular topics. At the elementary grades, the topics are earth
science, life science, physical science, and reasoning and technol-
ogy. At the middle school grades, topics include disease, heredity,
and motions and forces (see Appendix 3-A for a complete list of
other topics used at the middle grades).

Two additional Science scales are related to the use of specific sci-
ence materials that are believed to facilitate reform-oriented teaching
and promote inquiry skills:

* Kits is an elementary-grade scale assessing the number of les-
sons teachers spent on guided curriculum materials that focus on
investigative, hands-on activities.'

o Sleuths is a middle-grade scale measuring the number of lessons
teachers spent on Science Sleuths. Science Sleuths are curricular
materials that encourage students to solve “real-world” mysteries
by conducting experiments and investigations in a “virtual sci-
ence laboratory.”

Tables 3.2a—c provide the descriptive statistics of curriculum-
coverage measures for Cohort 1 (see Appendix 3-B for the descrip-
tive statistics for the other cohorts). On average, teachers report fairly
extensive coverage of operations and moderate coverage of algebra,
although there is also much variation in teachers’ responses. For the
most part, adequate internal consistency estimates are also observed
for both scales.

1'We asked teachers about three specific science kits. The first kit was the Full Option Science
System (FOSS) materials created by the Lawrence Hall of Science, University of California,
Berkeley. The second was the Science and Technology for Children (STC) materials devel-
oped by the National Science Resources Center. The third was a curricular program created
by the district participating in our study. All three programs are research-based and inquiry-
centered. More information about the FOSS and STC programs can be found at hetp://
lhsfoss.org/index.html and http://www.carolina.com/stc/.
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Teacher Background Scales
We created seven scales, all derived from the surveys, about teacher

background:

* Professional Development measures the amount of subject-specific
in-service training received in the past 12 months in areas such
as students’ thinking, assessment, and mathematics or science
standards.

* Experience indicates the total number of years teachers taught on
a full-time basis.

* Experience at Grade indicates the total number of years teachers
taught at the grade level they were currently assigned.

* Master’s Degree assesses whether teachers had a master’s degree in
any subject.

* Math Degree and Science Degree indicate whether the teacher had
an undergraduate major or minor in a mathematics- or science-
intensive field.

* Confidence assesses whether or not teachers felt very confident in
the mathematics or science topics that they were asked to teach.

Tables 3.2a—c shows the distribution for Teacher Background
scales on a Likert or continuous metric for Cohort 1; Table 3.3 shows
the distribution for the dichotomous Teacher Background scales
(see Appendix 3-B for the Teacher Background results for the other
cohorts). Across the three years, approximately 50 percent of Cohort 1
teachers report having a master’s degree, and 50 to 60 percent report
feeling very confident in the mathematics knowledge that they were
asked to teach. On average, teachers have 13 years of total teaching
experience, and five to six years of experience teaching at the grade to
which they are currently assigned. Teachers also tend to have a moder-
ate level of professional development training in the past 12 months.
For all these teacher-background measures, we observed a sufficient
level of variation to allow for modeling of relationships to student
achievement.
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Table 3.3
Distribution of “Yes"” Responses for Dichotomous Scales for Teacher
Background and Classroom Context in Cohort 1

Year 1 Year 2 Year 3

Scale N  Percentage N  Percentage N Percentage

Teacher Background

Master’s Degree 68 53 80 48 70 50

Confidence 66 50 80 60 70 60

Classroom Context

Heterogeneous Classroom 67 61 80 72 71 56

Classroom Context Scales
The final set of survey scales is designed to provide context about class-
room conditions:

* Heterogeneous Classroom is an indicator variable denoting whether
or not the teacher reported in the survey that the classroom con-
sisted of a mix of student abilities.

* Class Size is a measure of teachers’ log reports of the number of
students in the class.

* Materials Availability assesses teachers’ survey reports of whether
science tools, such as beakers and graduated cylinders, were read-
ily available for use.

The distributions for the Classroom Context scales for
Cohort 1 are provided in Tables 3.2 and 3.3 (Appendix 3-B provides
analogous results for Cohorts 2 through 5). Teachers report an average
class size of approximately 25 students; but some teachers have sig-
nificantly smaller classes (around 10 students), and other teachers have
significantly larger classes (approximately 33 students). There is also
variability with respect to the percentage of teachers who responded
that they taught in classrooms with a mixture of student-ability levels.
Again, these results suggest a sufficient level of variation for modeling,.
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Measures Derived from Observations

Two scales were created from the classroom observations during the
second year of the study:

* Deep Understanding measures observers ratings of the extent to
which teachers emphasized problem solving or inquiry. Items on
this scale focus on the extent to which teachers guided reason-
ing and problem solving, the extent to which students worked on
complex problems that required analysis, and the extent to which
the lesson had a sequence of activities that facilitated conceptual
understanding,

* QOwerall Reform represents observers holistic impression of the
degree to which the lesson as a whole embodied reform principles.
In addition to the items encompassed by Deep Understanding,
Overall Reform consists of other aspects of reform-oriented in-
struction, including the extent to which teachers drew connec-
tions to other subject areas, the extent to which students worked
in groups, and the extent to which students worked with hands-
on activities or with manipulatives.

Classroom observations were conducted with approximately half
of the teacher sample in Cohort 1. The two scales have very high inter-
nal consistency estimates and show variation in observers’ ratings (see
Tables 3.2a—c). The ratings suggest that observers judged teachers’
teaching to be substantively more indicative of traditional pedagogy
than was indicated by teachers’ responses on the surveys and logs. This
finding is consistent with the results of other studies (Mayer, 1999).
Although there are a number of reasons for the differences between
observers’ ratings and teachers’ responses (see Stecher, Le, et al., 2006)
for a comprehensive discussion), one likely factor is that the observa-
tions were conducted for only one lesson, whereas the survey and log
responses encompassed a broader time period. These differences should
be kept in mind when interpreting relationships between measures
derived from observations and those derived from surveys and logs.
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Vignette-Based Measures

The vignettes were the most innovative measure of instructional prac-
tice, and we describe their development in somewhat greater detail
than we do the other measures. Additional information about develop-
ment and validation is reported in Stecher, Le, et al. (2006) and Le et
al. (2006). The following sections briefly describe the development of
the vignette items, the computation of the vignette-based measures,
and the results of analyses to validate the vignettes as indicators of
reform-oriented instruction.

Developing the Classroom Vignettes

Our purpose in using vignette-based items was to provide a behav-
iorally anchored indication of teachers’ propensity to use reform-
oriented instructional practices. Describing teaching options in terms
of specific, situated behaviors avoids the problems of language and ter-
minology that have been documented with surveys. Instead of using
reform-oriented terminology, such as “mathematical or scientific com-
munication,” the vignette-based items attempt to describe a specific
instructional situation and to present alternative teacher actions in neu-
tral, behavioral terms.

The first step in developing the vignette-based items was to distill a
list of reform-oriented instructional practices that could serve as a basis
for vignette development. We convened panels of mathematicians, sci-
entists, and mathematics and science educators to help in this process.
Using the standards put forth by NRC, NCTM, and AAAS, the panel
developed a taxonomy containing elements of reform-oriented math-
ematics and science curriculum and instruction organized into three
or four major categories. In mathematics, the categories include the
nature of mathematics, students’ mathematical thinking, and math-
ematics instruction. In science, the categories include promoting scien-
tific understanding, students” scientific thinking, classroom practices,
and teacher knowledge (see Appendix 3-C).

The expert panel helped us frame the taxonomy in behavioral
terms, drawing clear contrasts between the presence and absence of
each element. They also provided benchmark descriptions of behav-
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iors that were indicative of more and less reform teaching, as well as
behaviors that were not associated with reform teaching. The non-
reform behaviors include a variety of practices associated with other
approaches that are not the focus of this study. Because many teach-
ers are likely to engage in non—reform approaches, we include some of
those practices within the response options to make the vignettes more
representative of teachers’ instruction.

Two vignettes were developed for each subject-grade combina-
tion. We chose topic areas within mathematics and science that were
amenable to reform-oriented teaching and that represented prominent
elements in the curriculum for the identified grade level in the partici-
pating districts. For example, the fourth-grade mathematics vignettes
focus on perimeter and area and two-digit multiplication. A list of
topics for each cohort can be found in Appendix 3-D. To ensure that
the vignettes were appropriate to the course content of each grade and
district, new vignettes were constructed each year.

Structure of the Vignette-Based Items

A set of instructions preceded each vignette and included a general
description of the scenarios and information about how teachers were
to respond to the vignettes. These instructions were followed by a brief
context section, which established a curricular setting for the specific
vignette. The context section described the instructional objective of
the unit, its length, and the relevant topics that had previously been
covered. Teachers were told to assume that any other unspecified details
were similar to their current school and current students.

Following the context section, each vignette contained four
instructional problems that provided teachers with hypothetical class-
room events at different points within the given mathematics or science
unit. The instructional problems were selected as likely situations in
which reform-oriented practices would be manifested. The first prob-
lem, “introducing the lesson,” focused on the manner in which the
teacher would begin the unit. Specifically, teachers were asked to indi-
cate what kinds of activities they would use to introduce the lesson
concept. The second problem, “responding to student error,” involved
teachers’ responses to a student mistake that occurred in the middle
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of the unit. The third situation, “reconciling different approaches,”
involved teachers’ reactions to students who described two different
approaches to solving a problem, both of which were correct but dif-
fered in their efficiency or completeness. The final situation, “choosing
learning objectives,” addressed the learning objectives teachers would
emphasize had they designed the unit (see Appendix 2-C for examples
of the vignettes).?

After each instructional problem, teachers were presented with a
list of options that reflected a range of teaching actions, from behaviors
that were not associated with reform pedagogy (e.g., showing students
how to follow a specific algorithm) to teacher behaviors that were con-
sistent with reform-oriented teaching (e.g., asking students to discern
the thinking behind an incorrect response). Teachers were asked to rate
the likelihood of engaging in each option using a four-point scale from
“very unlikely” to “very likely,” or, for questions of emphasis, from
“no emphasis” to “great emphasis.” The vignettes were pilot-tested with
teachers in the targeted grades from districts not participating in the
project and were revised as necessary.

The two vignettes were designed to have options that were paral-
lel across the different instructional problems. However, inherent dif-
ferences in the content areas mean that some response options found
in one vignette are not always replicable in another. This is particu-
larly true in science, for which the diversity of the curriculum makes
it difficult to create precisely parallel problems. For example, some sci-
ence units involve hands-on investigations (i.e., experimental lessons),
whereas others involve learning from books and other sources (i.c.,
observational lessons). We tried to reflect both of these kinds of learn-
ing activities in our vignettes so that they would be more representative
of science teaching. However, we found that these two contexts do not
lend themselves to similar teacher-response options, because concepts,
variables, or procedures that are relevant in one setting do not have
strict analogues in the other. For instance, in an experimental activity,
students often fail to control for some irrelevant variable, and atten-

2 The complete set of surveys for all subjects and grade levels, including the vignettes, is avail-
able at http://www.rand.org/education/projects/mosaic2/.
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tion to this failure needs to be included among the teacher-response
options. In an observational activity, there often is no analogous con-
cern. These types of differences make it difficult to create parallel
options and, as will be presented later in this chapter, may explain why
teachers’ responses in science are not as consistent as those observed in
mathematics.

Measures Derived from Vignettes

The first step in developing the vignette-based measures of reform-
oriented instruction was to assign a value from 1 (nonreform) to 4
(high reform) to each response option. During the first year of the
study, the expert panel was involved in establishing these ratings. In
subsequent years, we used the decision guidelines the panel established
to rate the responses. Four members of the research team indepen-
dently rated each response option, then the four convened to reconcile
differences. In some instances, it was decided that an option could not
be scored unambiguously and these options were omitted from scor-
ing. Options receiving a rating of 3 or 4 were classified as “indicative
of high-reform-oriented teaching,” and options receiving a rating of 1
or 2 were classified as “indicative of non-reform-oriented teaching.”
Across the three years and grade levels, between 43 and 60 percent of
the mathematics options and between 45 and 57 percent of the science
options were considered high-reform-oriented options.

Using teachers’ responses to the vignette items, we created two
vignette-based measures. The first measure, Reform-High, was based on
only the high-reform-oriented options. Reform-High is the standard-
ized sum of teachers’ answers to all the high-reform-oriented response
options across the two scenarios. Higher scores on this measure rep-
resent a greater propensity to select reform-oriented instructional
approaches. Table 3.2 shows that there is variation on the Reform-
High scale, and that it had a high internal consistency estimate.

The second measure, called Reform-Full, reflects responses to
both the high- and low-reform-oriented options. We used multidimen-
sional scaling to plot teachers’ responses to all the options in three-
dimensional space (see Stecher, Le, et al., 2006). We added into the
scaling process two additional “ideal” teachers. The first represented
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a simulated consistently ideal high-reform-oriented teacher, whose
responses corresponded exactly to our judgments of reform orienta-
tion. Conversely, the other represented a simulated consistently ideal
non-reform-oriented teacher, whose responses were just the opposite.
Reform-Full reflects variation on three dimensions, one of which relates
to reform-oriented teaching. The elements that make up the other two
dimensions are not fully known but are likely to include practices that
are not the focus of this study. Reform-Full is derived by computing
the Euclidean distance in three dimensions of each teacher from the
simulated consistently high-reform teacher. We rescaled Reform-Full
so that teachers who are closer to the consistently high-reform-oriented
teacher received higher scores.

Figure 3.1 shows the derived distribution of teachers for fourth-
grade mathematics from Cohort 1 in year 2. The plot is typical of the
distributions for the other grades, years, and subjects. Each respond-
ing teacher in our sample is represented by a gray ball in the middle of
the figure, while the idealized high-reform-oriented and non-reform-
oriented teachers are represented by the balls on the far right and far left,
respectively. The figure shows that teachers’ responses to the vignettes
were generally more similar to our idealized high-reform-oriented
teacher than they were to our idealized non-reform-oriented teacher.
This result is not surprising, given that we chose sites that were actively
promoting reform-oriented teaching. However, it is also important to
note that teachers show substantial variability in responses, which sup-
ports the ability to evaluate relationships between the vignette-based
measures and student achievement (see Tables 3.2a—c).

Validity of Vignette-Based Measures as Indicators of Reform-
Oriented Instruction

We conducted further analyses of the validity of vignettes as measures
of classroom instruction, because the use of vignettes as an analytic
tool is much more recent and untried than the other measures. We
examined the internal validity of the measures by exploring the extent
to which correlations between teachers’ responses to the vignettes
conform to expectations. We examined external validity by inspect-
ing correlations of the vignette-based scales with the survey, log, and
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observation scales. Finally, we collected qualitative evidence regard-
ing the extent to which teachers interpreted the vignette items in the
manner that we had intended. The results below are based on fourth-
grade mathematics classes in Cohort 1, for which we had the larg-
est number of classroom observations. Mathematics results from other
grades and cohorts are generally similar to those presented here. Science
results are similar, although the relationships were somewhat weaker.

Figure 3.1
Distribution of Teachers’ Responses in Relation to Idealized Low- and High-
Reform-Oriented Teachers, Cohort 1, Year 2

@ Nonreform teacher
@ High-reform teacher

@) Responding teacher G

NOTE: The numbers in the figure represent teacher identification codes.
RAND MG480-3.1
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Internal Validity. Our conception posits that teachers’ tenden-
cies to engage in reform-oriented teaching remain relatively stable or
consistent across different content areas. If this assumption were true,
we would expect items that were designed to be comparable to elicit
similar responses across the two vignettes. It is important to note that
teachers’ responses can be consistent across the two vignettes, yet rep-
resent a mixture of nonreform-, low-reform-, and high-reform-oriented
behaviors. Results indicate that teachers’ responses to pairs of compa-
rable response options are moderately to substantially similar in about
one-half of the cases in mathematics, but in less than one-quarter of
the cases in science.” These findings are consistent with our experience
of developing the vignettes, in which comparable options were much
more difficult to achieve in science than in mathematics.

If reform-oriented teaching is a stable aspect of teachers” instruc-
tion (as the item-level analyses suggest), we would also expect corre-
lations between similar problems that were set in different contexts
to be larger than correlations between dissimilar problems set in the
same context. Again, the fourth-grade mathematics results conform to
expectations. For instance, the correlation between the “responding to
student error” problems across the two different scenarios is generally
higher than the correlations between the “responding to student error”
problem and other instructional problems within the same scenario.
This result suggests that the vignettes were measuring relatively stable
aspects of reform-oriented teaching.

Given that the vignettes were measuring relatively stable aspects
of reform-oriented teaching, we combined the pairs of problem-level
scores across the two scenarios to create four composite scores. In
fourth-grade mathematics, the correlations among these four problem-
based composites ranged from .22 to .53. These moderate correlations
justify our decision to combine the four composites into overall mea-
sures of reform orientation (i.e., Reform-Full and Reform-High).

3 We conducted this analysis using weighted kappa statistics. Such statistics are a measure
of the agreement between independent ratings after adjusting for the level of agreement that
would occur by chance alone. Using the guidelines put forth by Landis and Koch (1977), we
label kappa values below .20 as “slight,” from .21 to .40 as “fair,” from .41 to .60 as “moder-
ate,” and higher than .60 as “substantial.”
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External Validity. Another way to look at the validity of the
vignettes is to examine the degree to which the vignette-based mea-
sures show the expected relationships with other measures of reform-
oriented teaching derived from the surveys, logs, and observations.
We selected six scales from the surveys, logs, and observations that
we believed would be either strongly positively correlated or not at all
correlated with reform-oriented teaching: Mathematical Processes,
Reform Practices, Discussion, Seatwork, Deep Understanding, and
Overall Reform. With the exception of Seatwork, we expected all these
scales to be positively related to the vignette measures. Seatwork is
measuring an aspect of instruction that has been associated with more-
traditional practices, and empirical studies have found reform-oriented
and traditional instruction to be uncorrelated (Hamilton et al., 2003).
Thus, we expected Seatwork to be uncorrelated with Reform-High and
Reform-Full.

For the most part, the measures behave as predicted (see Appendix
3-E, Table 3-E.1, for correlations among the vignette-based scales, and
selected survey, log, and observation measures for fourth-grade math-
ematics). Seatwork is uncorrelated with the other measures of reform
practices, which is consistent with the premise that traditional and
reform-oriented practices are orthogonal dimensions. The survey and
log measures of reform-oriented practices are positively correlated to
each other as well as to Reform-High. The Reform-Full scale is posi-
tively related to the two observational scales of reform-oriented prac-
tices and is unrelated to the Seatwork scale, all as predicted. However,
not all predicted relationships were found. Reform-Full is not positively
correlated with the other log and survey measures of reform-oriented
practice. This pattern of relationships suggests that the Reform-Full
scale and the observational scales may be measuring some aspect of
practice that is not well represented in the Reform-High scale and in
the survey and log scales.

Taken together, the empirical analyses provide some qualified
support for the validity of vignettes as indicators of reform-oriented
instruction. The item-level analysis and the patterns of correlations
among the problem-level scores suggest that reform-oriented teaching
is a stable aspect of teachers’ instruction. That Reform-High shows sig-
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nificant associations with the surveys and logs measures but not with
the observational measures, whereas Reform-Full shows the opposite
patterns, suggests that Reform-High and Reform-Full may be measur-
ing different aspects of reform-oriented teaching. Reform-High was
constructed using only those response options deemed to be indicative
of high-reform instruction. It is a linear combination of these options,
much as the survey- and log-based measures are linear combinations
of responses to multiple reform items. Reform-Full, in contrast, is a
multidimensional scale made up of all vignette items, and it reflects
some combination of reform-oriented and other practices. Although we
do not know what elements of practice characterize the other dimen-
sions that are present in Reform-Full, it is possible that they were also
apparent to observers and are present in observers’ ratings of practice.

Qualitative Validity Evidence. Another important facet of the
validity of vignettes is the extent to which teachers’ interpretations
of instructional-practice items match the intentions of the develop-
ers (Desimone and Le Floch, 2004). Differences in interpretation can
provide erroneous depictions of what occurs in the classroom, so it is
important to confirm that teachers and researchers have a common
understanding of the meaning of the items and responses.

Cognitive interviews with 30 teachers in which they verbalized
their thought processes while responding to the vignette items clearly
indicate that teachers’ understanding of the vignettes and the options
matched our own. In 84 percent of the cases, teachers’ interpretations
of vignette items agreed with our intentions. In a few cases, they did
not, and the cognitive interviews shed light on the discrepancies. For
example, teachers assumed that some options included other activities
that were not described, and they thus responded to the broader set of
behaviors they thought made more sense. Similarly, despite the efforts
to create a familiar context, teachers sometimes found the descriptions
incomplete. In particular, some teachers indicated that they adapted
their instruction to the abilities of their students, and that lack of
information about ability levels made it difficult for them to respond
to some of the options. Finally, teachers interpreted some nonreform
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options to be more indicative of reform-oriented teaching than we had
anticipated. As will be discussed in Chapter Four, these types of unin-
tended interpretations can affect our modeling results.

In spite of these difficulties, it is important to keep in mind that
the vast majority of the responses indicate that the items functioned as
anticipated. Teachers’ responses suggest that the vignettes were engag-
ing, relevant, and meaningful, and that the vignettes could accurately
describe a wide variety of teaching styles. Overall, teachers’ understand-
ing of the vignettes was generally similar to our own, but there were
also a few areas in which the vignettes could be improved. Additional
insights gained from the cognitive interviews can be found in Le et al.

(2000).






CHAPTER FOUR

Relationships Between Reform-Oriented
Instruction and Student Achievement in
Mathematics and Science

This chapter presents the results of our analyses of the relationships
between student achievement and teacher-level variables. Although the
primary focus of the analysis is on instructional practices, we were also
interested in understanding other factors that might be related to stu-
dents’ test performance. Thus, we explore the relationships between
achievement and curriculum coverage, teacher-background character-
istics, and classroom contextual factors.

The first step in the analyses was to investigate to what extent dif-
ferences in student achievement could be associated with teacher-level
variables. Next, we describe the longitudinal modeling procedures we
used to investigate the association between student achievement and
continued exposure to instructional practice over a three-year period.
We then present the results of the main analyses and the findings from
teacher interviews that provide additional insight into the relationships
between instructional practices and achievement. We conclude with a
discussion of model limitations.

Variance in Student-Achievement Scores

As a first step in investigating the relationship between instructional
practice and achievement, we examined how much of the differences
in student achievement could possibly be associated with differences
among teachers. Mathematically, we can separate and compare the dif-
ferences (“variation”) in student scores within a given teacher’s class
and the differences (variation) in scores between different teachers’

49
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classes. The latter provides an upper bound on the size of any overall
effects that might be due to the instructional practices we measured.
The logic is as follows: If one teacher’s students perform better on aver-
age than another teacher’s students, the differences in performance
could conceivably be due to different actions on the part of the teach-
ers (i.e., these differences in scores might be attributed to teachers). In
contrast, if some students do better than others in the same class, those
differences in student scores cannot be directly associated with teacher
practices or characteristics because the students had the same teacher.!

In fact, it is possible (and advantageous) to divide the differences
in student scores even further. Variation between students in the same
class may well be due to factors such as the student’s performance in
the prior year or the student’s background characteristics (e.g., their
socioeconomic status). We can separate out those differences among
students in the same class that are accounted for by the student’s back-
ground and prior status, and those differences that are not. The same
can be done with differences in scores that occur between students who
have different teachers; we can average the student information (prior
scores, background) for each teacher and calculate the extent to which
differences between teachers can be accounted for by the aggregate stu-
dent characteristics of classrooms.

In formal terms, the total variation in student test scores is
divided (decomposed) into parts reflecting the proportion of variance
among students assigned to the same teacher (within-teacher compo-
nent) and the proportion between students assigned to different teach-
ers (between-teacher component). Each of these components is further
divided into the proportion associated with student prior scores and
background and the proportion not explained by anything we know
about the students. Figure 4.1 provides this variance decomposition

! Teacher practices could also affect student achievement indirectly. For example, some
teacher practices could have different effects on different kinds of students, even in the same
classroom. Thus, a portion of within-classroom variance in student scores could be indirectly
accounted for by teacher practice. Later in this monograph (see Appendix 4-C), we discuss
models that investigate a number of possible teacher-student interactions of this kind.
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for each year, cohort, and achievement measure.” The relative length
of a component bar represents the percentage of variance in student
test scores associated with each of the four components. The first and
second bars represent variance between students assigned to the same
teacher (within-teacher variance). The bar on the far left represents
the variance in student achievement that is explained by student-level
predictors—specifically, demographic characteristics and achieve-
ment in the year prior to the study (year 0). The second bar from the
left represents within-teacher variance not explained by student back-
ground. The third and fourth bars reflect the variance between students
assigned to different teachers (between-teacher variance). The third bar
represents the percentage of variance explained by aggregating student-
background characteristics up to the teacher level (e.g., the percentage
of minority students in the class, or the average year 0 achievement of
the class). Finally, the bar on the far right is the variance among teach-
ers that is not explained by aggregates of student background.

The findings depicted in Figure 4.1 are generally consistent across
cohorts, grades, and outcome measures and indicate that student-level
differences, not teacher-level differences, explain the largest proportion
of the variance in test scores. On average, the proportion of variance
within teachers (the sum of the two bars on the left) is about twice as
large as the proportion between teachers (the sum of the two bars on the
right). The percentage of achievement variance that can be explained
by student demographic variables and prior achievement (the sum of
the first and third bars) generally remains stable as students move to
higher grades. That is, a sizable portion of achievement is related to
student background and/or schooling prior to the study, and this rela-
tionship does not diminish over the course of the study.

The sum of the two bars on the right can be thought of as an
upper bound for the proportion of variance in student achievement
that could potentially be explained by instructional practice and other

2 Results for the open-ended outcomes are missing for some years because those tests were
not administered in all years.
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Figure 4.1
Variance Decomposition of Achievement Scores for Each Year, Cohort,
and Outcome
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NOTE: For each frame, the four bars from left to right represent percentages of
variance explained by within-teacher variation of student demographics and prior
scores, unexplained variance within teachers, between-teacher variation explained by
teacher-level aggregates of student demographics and prior scores, and unexplained
variance between teachers. For Cohorts 1 and 2, only mathematics total MC scores
were available. For Cohort 3, these total scores were available, as were the Procedures
(PR) and Problem Solving (PS) subscale scores of the MC examination and total scores
from the OE examination. For Cohorts 4 and 5, science scores were available for both
MC and OE examinations.
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classroom- and teacher-level predictors. Furthermore, most of the
between-teacher variance is associated with student composition (i.e.,
generally larger than the fourth). The fourth bar, representing the
percentage of variance that is between teachers and not explained by
student composition, is generally small, averaging just over 6 percent
across all cohorts, outcomes, and years (the average is just over 4 per-
cent if the Cohort 3 PR scores are excluded). This small size implies
that a teacher-level variable that explained more than a small percent-
age of the variance of student achievement would have to be related to
student composition—e.g., some practices were used in classes with
previously lower-performing students and other practices were used in
classes with previously higher-performing students. If this is the case,
it is more difficult to isolate the teacher effect statistically. In fact, our
measured teacher-level variables were generally not strongly related to
the student-composition variables. Collectively, these variance decom-
positions suggest that the measured teacher-level variables are not likely
to explain a large fraction of the variation in student achievement in
these data.

A Statistical Model to Examine the Relationships
Between Student Achievement, Reform Instruction, and
Other Factors

The primary reason for conducting a study that follows students lon-
gitudinally through different teachers is to estimate the cumulative
effects on achievement of continued exposure to reform-oriented teach-
ing practices. It is reasonable to assume that achievement in any given
year can be explained by a complex mixture of the history of exposure
to teaching practices and measured and unmeasured factors relating
to individual students and the teachers to whom they are linked. It is
conceptually and practically challenging to account for these factors so
that inferences can be made about the cumulative effects of exposure
to teaching practices.
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In this section, we discuss our approach to modeling the rela-
tionship between teaching practices and student achievement, and we
describe how we dealt with some of the challenges presented by the
data and the model.

The first challenge derives from this not being an experimental
study with students assigned to particular teachers in particular years.
We had to rely on the naturally occurring variation in the assignments
of students to teachers to yield students with different exposure to
reform-oriented practices. Ideally, we would have controlled the assign-
ment of students to teachers to create sizable groups of students who
received sustained high or low exposure to specific teaching practices.
Instead, we had to rely on the exposure sequences (i.e., patterns of stu-
dents’ exposure to reform-oriented teaching) that occurred naturally
during the study.

As a resul, relatively few students in our sample actually received
sustained high or sustained low exposure to specific teaching practices.
We calculated the percentage of students who consistently received
either above-median or below-median exposure to each teacher-level
variable for all three years of the study.”> On average, approximately
one-quarter of the students met this criterion (percentages by cohort
and teacher-level variable are provided in Appendix 4-A). Similar
results were obtained when we looked at groups that experienced
more-extreme exposure. We examined the percentage of students con-
sistently receiving either above the 75th-percentile or below the 25th-
percentile exposure by grade for all three years. On average, only about
6 percent of students were in high- and low-exposure groups when this
more restrictive criterion was used (percentages by cohort and teacher-
level variable are provided in Appendix 4-B). Thus, very few students
received sustained high exposure or sustained low exposure to practices
over three years. The actual percentages are roughly equivalent to what
would be obtained if students were assigned at random each year to
different levels of reform exposure. This means that few of the students

3 This finding was for those students within each cohort who could be linked to participating
teachers across all three years.
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in the study had consistently high or consistently low exposure to spe-
cific practices, making it more difficult to find associations between
cumulative exposure and achievement.

Model

The modeling approach that we used is a generalization of the model
for single-year exposure to teaching practices used in the previous
RAND Mosaic I study (Hamilton et al., 2003). In that study, stu-
dents were linked to teachers (and teaching practices) for a single year.
Regression analysis was used to measure the strength of the relation-
ship between teaching practices and student test scores while control-
ling for differences in student characteristics. Specifically, the effects
of single-year exposure were assessed by regressing achievement out-
comes on the measures of exposure for that year, adjusting for student-
background characteristics and prior achievement.

In the current study, we need to model three years of student
achievement outcomes against three years of exposure to specific teach-
ing practices. To examine the effects of cumulative exposure to teach-
ing practices, achievement outcomes from a given year must be related
to both current and past measures of exposure. This condition led us
to adopt three parallel regression models. The data from the first year
are structurally similar to those from the Mosaic I study, so our regres-
sion model for year 1 achievement outcomes is identical to that model.
Our models for the achievement outcomes in years 2 and 3 build on
this same basic structure, but they extend it to account for past expo-
sures as well as current exposure. So, for example, our model for year 3
regresses student achievement not only on the measures of exposure to
teaching practices in year 3 but also on the measures of exposure from
years 1 and 2 (as well as student-background characteristics and year 0
achievement).* Model details are found in Appendix 4-C.

4We assume an additive structure for the cumulative effect of exposure, so that, for example,
the achievement outcome in year 2 depends on an effect of exposure in year 1 and on an
additional additive effect of exposure in year 2. More-complex model equations that relax
the additivity assumption, discussed in this chapter, did not lead to substantive changes in
the results.
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Under the model, exposure to a teacher-level variable in a given
year has an effect on student achievement that year, as well as in later
years. These effects are allowed to be different, so the model allows us
to assess the extent to which the effect of current exposure is transient
or persistent into future years. This flexibility of the model motivated
us to consider two different types of inferences regarding the effects
of teacher practices. The first, which we call the “single-year effect” or
“current-year effect,” captures the average effect of exposure in a given
year on the achievement outcome from that same year. The second
effect, which we call the “cumulative effect,” captures the total effect
on year 3 achievement outcomes of the history of exposure measured
during the course of the study. It is estimated by summing the effects
of year 1, year 2, and year 3 exposures on year 3 outcomes.

In the current study, we assess the effect of teacher-level variables
(including instructional practices) one at a time. That is, we start with
a baseline model that includes adjustments for student demographics
and year 0 achievement, then examine the effects of a given individ-
ual teacher-level variable by adding to the baseline model the partic-
ular teacher-level variable under consideration. We conducted these
analyses one at a time, because the number of distinct teacher-level
variables exceeds 30 and the number of responding teachers averages
only about 60 per year per cohort; therefore, it is infeasible to simulta-
neously model and isolate the partial effects of each variable. Lacking
a theoretical justification for selecting a small subset of variables to
include in a simultaneous model, we opted to examine each teacher-
level variable individually. However, the statistical model we used can
be extended to include multiple teacher-level variables simultaneously.
For the teaching-practice variables, which are the primary focus of
the study, we considered several sensitivity analyses that examined the
effects of controlling for other teacher characteristics and classroom
contextual variables, described in Appendix 4-D.

Implementation Issues

We faced two primary challenges in implementing the model. The first
challenge stems from having repeated measures taken on students as
they progress through different grades and teachers, which leads to a
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potentially complex set of relationships among the unexplained vari-
ance (i.e., residual-error terms) in the regression model that can lead
to inefficient estimates of effects and invalid standard errors for such
estimates. The problem arises because the residuals are likely to be
correlated within students over time and among students who share
the same teachers. It is necessary to properly specify these correla-
tions to produce efficient estimates of the effects of interest and, more
important, to obtain valid standard errors of these estimates. A popu-
lar approach for accounting for nested data structures (i.e., students
who share the same teachers) in educational research is multilevel, or
hierarchical, linear modeling (HLM; Raudenbush and Bryk, 2002).
However, because students change teachers over time, traditional
HLM methods designed for analyzing simple hierarchical structures
that assume that a student has only one teacher are not appropriate.
Rather, specialized methods for cross-classified relational structures
(Raudenbush and Bryk, 2002) are required. Thus, we estimated our
regression models using the general multivariate linear mixed model
presented by McCaffrey et al. (2004). Because the model is complex
to estimate using traditional maximum likelihood methods, we used
the Bayesian implementation of the model presented by Lockwood,
McCaffrey, Mariano, and Setodji (in press), which provides a computa-
tionally efficient framework for this class of models. Additional details
are provided in Appendix 4-C.

The second challenge to implementing the model was missing
data. Across cohorts, the proportion of students with complete data
and teacher links for all three years ranged from 10 to 20 percent. We
thus developed a multistage multiple imputation process for dealing
with missing student and teacher variables and missing student-teacher
links. We describe this process in detail in Appendix 4-E. All models
presented here were fit separately to each imputed data set, and the
overall inferences are based on aggregating results across data sets, using
standard multiple-imputation inference procedures (Schafer, 1997).
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Relationships Between Teacher-Level Variables and
Student Achievement

For the sake of clarity, we present the findings for mathematics and
science separately. In each case, we discuss the single-year and cumula-
tive associations between achievement and instructional practices first,
followed by teacher background, curriculum coverage, and classroom
context.

Inferencesare reported in terms of standardized effectsizes. All con-
tinuous variables in the models, including student scores, Instructional
Practice scales, and other teacher-level variables were standardized to
have mean 0 and variance 1 within each cohort.” Thus, the single-year
or current-year coeflicients represent the expected difference in test-
score standard deviations for a one-standard-deviation unit increase in
the teacher-level variable. Similarly, the three-year cumulative exposure
effect can be interpreted as the expected difference in year 3 standard-
ized scores between two students, one of whom received one-standard-
deviation-above-average exposure to the particular practice under con-
sideration for three consecutive years and the other of whom received
exactly average exposure for three consecutive years.

Statistical significance was assessed by adjusting our nearly
500 statistical tests (different teacher-level variables, different cohort-
outcome combinations, and current-year versus cumulative effects) for
multiple comparisons using a false discovery rate procedure (Benjamini
and Hochberg, 1995). A false discovery rate is the proportion of predic-
tions that can be expected to be reported as showing significant rela-
tionships when no relationships actually exist. Applying the procedure
led to rejecting the null hypothesis of zero effect when p-values are less
than .03. This standard was applied to all the models examining the
relationship among variables for student achievement and instructional

3 The standardization to unit variance in each year did not distort any key features of the
data, because the marginal variance of the original scaled scores was approximately constant
across years. The dichotomous teacher-level predictors (e.g., master’s degree, math degree,
heterogencous classroom) were not transformed.
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practices, teacher characteristics, curriculum coverage, and classroom
context (i.e., Figures 4.2 through 4.5). Additional details are provided
in Appendix 4-F.

Mathematics Results

As noted, the longitudinal framework employed for the study allowed
us to estimate the relationships between achievement and instruc-
tional practice, both for single years and cumulatively across time.
Figure 4.2 presents graphical representations of the relationships
between mathematics achievement and single-year exposure to reform-
oriented teaching, teacher-background characteristics, curriculum cov-
erage, and classroom context. Figure 4.3 presents analogous results for
cumulative exposure. The gray dots represent positive relationships with
achievement, and the black dots indicate negative relationships. The
magnitude of the relationships is indicated by the area of the dot: The
larger dots represent stronger relationships, and the smaller dots repre-
sent weaker relationships (statistically significant results are indicated
with an asterisk). Appendixes 4-G and 4-H provide the standardized
coefhicients for each scale within each cohort for the single-year and
cumulative exposure analyses, respectively.

Instructional Practices Show Mostly Nonsignificant Relationships
with Mathematics Achievement. An important purpose of this study
was to investigate whether weak, short-term relationships between
reform teaching and student achievement can cumulate into stronger
relationships if the reforms were sustained. There is some evidence that
the effects of reform teaching on achievement are larger with prolonged
exposure. The relationships between instructional practices and stu-
dent achievement are generally in the same direction for single-year
exposure (Figure 4.2) as for cumulative exposure (Figure 4.3), but the
relationships become stronger as students and teachers are involved in



60 Improving Mathematics and Science Education

Figure 4.2

Relationships Between Variables for Instructional Practices, Curriculum
Coverage, Teacher Background, and Classroom Context and
Mathematics Achievement (Single-Year Exposure)
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Figure 4.3

Relationships Between Variables for Instructional Practices, Curriculum
Coverage, Teacher Background, and Classroom Context and Mathematics
Achievement (Cumulative Exposure)
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the reform for longer periods of time.® Formal tests of whether cumula-
tive effects are detectably different from current-year effects (not shown)
indicated that when the two effects differ markedly, that difference is
generally statistically significant.

In both figures, the relationships between mathematics achieve-
ment and reform-oriented practice are mostly nonsignificant, includ-
ing relationships that involve the more-innovative vignette-based mea-
sures.” Although the relationships are not statistically significant, the
majority of the reform-oriented practices are positively signed with
total MC performance after three years of cumulative exposure. The
exception to the trend that reform-oriented teaching is positively
signed with total MC achievement involves groupwork-related activi-
ties. Groupwork-related practices show a consistent negative relation-
ship with total MC achievement. In Cohort 1, single-year exposure
to groupwork, to groupwork involving students of mixed ability, and
to groupwork involving collaboration to solve new problems is signifi-
cantly and negatively associated with MC scores. In Cohort 2, sus-
tained exposure to groupwork and to mixed-ability groupwork is also
significantly negatively related with MC performance. Similar pat-
terns are observed with respect to cumulative exposure for Cohort 3,
although the relationships are not significant.

Conclusions About the Effectiveness of Reform-Oriented Instruc-
tion May Depend on How Mathematics Achievement Is Measured.
As noted earlier, there are significant negative relationships between
groupwork-related practices and total MC scores in Cohorts 1 and 2,
and suggestive negative associations in Cohort 3. In contrast, there are

¢ Although the relationships between instructional practice and student achievement are
weaker for single-year exposure than for cumulative exposure, the instructional-practice vari-
ables were more likely to reach statistical significance under the former analysis. This trend
is due to the larger standard errors associated with the cumulative-year effects, which involve
the sum of three unknown parameters. In contrast, the current-year parameters involve an
average of three unknown parameters (i.c., average of year 1 effects on year 1 outcomes, year
2 effects on year 2 outcomes, and year 3 effects on year 3 outcomes), and averaging reduces
the standard error.

7 In Figures 4.2 and 4.3, most of the instructional-practices variables are considered reform-
oriented. The exceptions are Hours of Weekly Instruction, Time on Task, and Seatwork.
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significant positive relationships between groupwork-related practices
and OE scores in Cohort 3. This finding provides suggestive evidence
that the relationship between reform practice and achievement can
be influenced by the manner in which achievement is measured. The
result also raises questions about whether the MC and OE tests mea-
sure different constructs. Many advocates of reform-oriented teaching
believe that traditional MC tests do not adequately reflect the range of
competencies the reforms are expected to develop, and tests requiring
students to construct their answers and to engage in complex problem
solving are more appropriate.

Additional evidence about potentially different relationships
between instructional practices and measures of achievement comes
from examining PR and PS scores in mathematics. Instructional prac-
tices that are significantly related to one type of achievement mea-
sure showed no association or the opposite relationship with the other
outcome measure. This dichotomy is best exemplified by Reform-
Full, which is a measure of teachers’ propensity to engage in reform-
oriented instruction. Students whose teachers reported greater incli-
nations toward using reform-oriented strategies demonstrated poorer
single-year PR performance than did students whose teachers were less
likely to engage in reform practices. However, when PS scores are the
outcome measure, significant positive relationships are observed; stu-
dents whose teachers are more partial to engaging in reform teaching
demonstrate superior cumulative PS performance. In a similar manner,
students whose teachers reported more discussion of students’ thinking
and more groupwork-related activities showed significantly worse PR
performance (in the single-year or cumulative analysis), but these same
instructional activities are unrelated to students’ PS performance.

We conducted additional analysis to calculate the difference in
standard-deviation units between each student’s score on the PS items
and his or her score on the PR items, and we modeled these differences
as a function of instructional practices and student-background char-
acteristics (analogous to the approach used by Hamilton et al., 2003).
This analysis allowed us to formally test whether there are differences
in the effectiveness of reform-oriented teaching on PS relative to PR.
We observed significant differences for practices relating to mixed-
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ability groupwork and groupwork involving collaboration to solve new
problems. In both cases, the significant differences stemmed from the
groupwork-related practices having positive relationships with PS and
negative relationships with PR.

Although not significant, other reform-oriented instructional
practices also tend to be positively signed with PS scores and negatively
signed with PR scores—a pattern that suggests that reform-oriented
teaching may enhance higher-order thinking skills and that also raises
questions about the apparent trade-off between PS and PR improve-
ments. Theoretically, reform-oriented teaching is believed to promote
the kinds of skills that are measured by both the PR and PS subscales
(NCTM, 1989; 2000). That we observe negative relationships with PR
(some of which reach statistical significance) may suggest that teachers
had trouble fully implementing the reform in a manner that reflects
the principles envisioned by its advocates. Indeed, many studies have
found that teachers perceive themselves to be engaging in reform-
oriented activities, whereas observers judge their teaching to be indic-
ative of nonreform pedagogy (Cohen, 1990; Ingle and Cory, 1999;
Mayer, 1999). The extent to which the effectiveness of reform-oriented
teaching depends on the proportion of PR or PS items included on a
given measure of mathematics achievement merits further investiga-
tion, as does the role of teachers’ implementation of certain instruc-
tional approaches.

Relationships Between Instruction and Mathematics Achieve-
ment Vary by Grade Level and Cohort. Relationships between instruc-
tional strategies and achievement are not always consistent across
different grade levels or cohorts. Seatwork, for example, is positively
related to total MC scores in the elementary grades (i.e., Cohort 1), but
it is unrelated (with some evidence of negative relationships) to total
MC achievement at the middle grades (i.e., Cohorts 2 and 3). Given
that the samples in Cohort 1 and Cohort 2 consisted of students in the
same district but in different grades, the differences in relationships are
likely to be due, in part, to differences in the effectiveness of the prac-
tices with different age groups.

Similarly, measures of the amount of mathematics instruction
show different relationships to mathematics achievement, depending
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on the cohort in question. In Cohort 2, the amount of weekly math-
ematics instruction reported by teachers is positively related to math-
ematics achievement; in Cohort 3, however, there is a negative relation-
ship. This anomalous finding may reflect a concerted effort by teachers
to provide longer or more-intensive mathematics instruction to stu-
dents who are in the most need of mathematics improvement.

Four Teacher Characteristics Are Related to Higher Mathematics
Achievement. Four teacher-background measures show fairly consis-
tent relationships with achievement. Total teaching experience is posi-
tively associated with MC performance in the elementary grades. At
the middle grades, teaching experience, both in total and at grade level,
is associated with higher test scores, as is holding a master’s degree.
Somewhat unexpectedly, having a middle school teacher with an
undergraduate mathematics degree was negatively related to student
mathematics performance in the current year, regardless of the type
of outcome measure. This unanticipated finding merits more research,
but it may reflect purposive assignment practices by districts or schools
to place more-qualified teachers in the classrooms of more-challenging
students.

Curriculum Coverage and Classroom Contextual Factors Are
Mostly Unrelated to Mathematics Achievement. Coverage of opera-
tions and algebraic topics is not related to mathematics achievement at
the elementary or middle grades, regardless of achievement outcome
measure. The lack of strong relationships is likely to be due in part to
the content of the tests, which assess other areas of mathematics (e.g.,
geometry) that are not included in the Operations or Algebra scales.

Additionally, large class size is positively associated with math-
ematics achievement, and heterogeneity in students” mathematics abili-
ties was negatively related to student performance. These two latter
findings may be related to tracking policies that typically occur during
the middle grade years. It is possible that lower-achieving students
were assigned to smaller classrooms to allow for individualized atten-
tion and that higher-achieving students were assigned to classrooms
of peers with similar abilities. These types of tracking practices would
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result in the patterns that we observed. However, we did not investigate
whether tracking policies were implemented in these particular schools
or districts.

Science Results

Figures 4.4 and 4.5 present the results of single-year and cumulative
analyses for student science achievement (see Appendixes 4-G and
4-H for the single-year and cumulative coeflicients, respectively). As in
mathematics, there is a tendency for the cumulative effects to be larger
than the current-year effects. Additionally, relationships in science are
generally stronger than those observed for mathematics.

Relationships Between Reform-Oriented Practices and Science
Achievement Are Nonsignificant or Weakly Positive. Although the
majority of the reform-oriented practices show nonsignificant relation-
ships to total MC scores, most are positively signed. The few reform-
oriented practices that reach statistical significance relate to discus-
sion of students’ thinking, frequency of selected reform practices (such
as use of extended investigations), hands-on science, and groupwork-
related activities. The finding regarding groupwork differs from that
observed in mathematics, for which groupwork-related practices are
negatively associated with student performance on MC items.

Stronger relationships are also observed with OE scores than with
MC scores. Across both cohorts, reform-oriented practices relating to
emphasis on experiments, problem solving in groups, mixed-ability
groupwork, and hands-on activities are positively, albeit weakly, asso-
ciated with OE measures of achievement, as is intention to engage in
reform teaching (i.e., Reform-Full). These same strategies show non-
significant relationships to MC performance—again suggesting that
inferences about the effectiveness of reform teaching may depend on
how achievement is measured.

Relationships Between Instructional Practices and Student
Science Achievement Vary by Grade. There are grade-specific dif-
ferences in the strength of relationships: The associations between
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Figure 4.4

Relationships Between Variables for Instructional Practices, Curriculum
Coverage, Teacher Background, and Classroom Context and Science
Achievement (Single-Year Exposure)
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Figure 4.5

Relationships Between Variables for Instructional Practices, Curriculum
Coverage, Teacher Background, and Classroom Context and Science
Achievement (Cumulative Exposure)
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reform-oriented teaching and achievement are generally stronger in the
middle grades (Cohort 5) than in the elementary grades (Cohort 4). In
the elementary-grades cohort, single-year exposure to discussion of stu-
dents’ thinking is positively related to MC score. In the middle school
cohort, single-year and cumulative exposure to Hands-On, Problem-
Solving Groupwork, and Reform Practices are associated with improved
MC performance. It is unclear to what extent these cohort-specific rela-
tionships are due to differences in grade levels as opposed to differences
in district policies, but they suggest that the effectiveness of specific
reform-oriented practices may depend on the ages of the students.

Few Teacher Background and Classroom Context Variables Are
Related to Science Achievement. Two teacher-background variables
show consistent patterns with student outcomes. In both cohorts, stu-
dents with teachers who had more experience teaching at grade level
and more confidence in their science knowledge outscore their peers,
whose teachers had less experience and were not as confident in their
science knowledge. Additionally, in Cohort 4, having more teaching
experience and having a master’s degree are positively associated with
test scores; in Cohort 5, having a science degree is associated with
higher science achievement. The two latter findings regarding a mas-
ter’s degree (Ferguson and Ladd, 1996) and science-specific undergrad-
uate degree (Goldhaber and Brewer, 2000) are consistent with those of
other studies.

Of the classroom-context variables, only the Materials Availability
scale is significantly associated with test scores. Greater access to science
tools is associated with better MC and OE performance. Again, this
finding is likely a reflection of opportunity to learn, whereby students
who have greater access to equipment and resources have more oppor-
tunities to participate in activities that foster scientific understanding.

Greater Coverage of Curriculum Predicts Science Achievement.
In the elementary-grade cohort, greater coverage of life science and
earth science is associated with higher achievement on OE measures.
This is not surprising, given that the SAT-9 OE tasks draw from life,
earth, and physical sciences (Harcourt Assessment, 1996a). In the
middle school cohort, greater coverage of core science content is also
associated with higher OE achievement. This result is consistent with
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those of other studies that have found that more exposure to science
content is associated with higher science achievement (Gamoran et al.,
1997; Schmidt and McKnight, 1995), and it may reflect greater oppor-

tunities for students to encounter content that is included on the tests.

Explaining the Empirical Results with Teacher Interviews

During the third and fourth years of the study, we interviewed a total
of 60 mathematics and science teachers to gauge their interpretations
of reform-oriented teaching and to better understand the factors that
facilitate or constrain their implementation of reform-oriented instruc-
tion. Teachers’ responses shed light on some of the findings of the
empirical analyses. The weak relationships between reform-oriented
instruction and achievement may be explained by contextual factors
that we did not measure—accountability assessments being foremost:
Nearly all the mathematics and science teachers we interviewed indi-
cated that the content of their state accountability assessments was not
amenable to reform-oriented practices. Needing to cover all the topics
that were included in the broad state assessments, both mathemat
ics and science teachers indicated that they shied away from reform-
oriented activities that were perceived to be time-consuming, such as
student-initiated research or assignments that required work in the
computer lab. They also reported increasing the amount of time spent
on conventional activities (e.g., assigning worksheets) that they believed
would lead to a demonstrable increase in student achievement on the
state tests.

Additionally, some teachers noted that, in the face of pressures
from accountability provisions attached to the state standardized
assessments, they continued to implement reform-oriented practices,
but not as fully as they might have. Mathematics teachers, for example,
reported that they used manipulatives in their lessons, but they did not
allow as much time for students to explore with the manipulatives as
they would have in the absence of state accountability tests. Similarly,
science teachers indicated that they encouraged dialogue among their
students, but they did not foster much in-depth discussion, given the
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constraints of the number of topics they needed to cover. If such super-
ficial implementation of reform-oriented teaching is widespread, it
might help explain the patterns of weak relationships between reform-
oriented instruction and achievement. More findings about the various
influences on teachers” practices can be found in Chau et al. (20006).
The weak relationships may also stem from teachers’ interpretations
of the survey items describing different teaching behaviors. Cognitive
interviews with teachers indicated that some teachers interpreted non-
reform or low-reform options to be more reform-oriented than we had
intended. For example, such low-reform options as teachers directing
students toward a solution instead of allowing the students to uncover
their own mistakes was unexpectedly interpreted by some teachers as
characterizing reform-oriented principles. In other instances, teach-
ers interpreted nonreform options that were intended to emphasize
procedural learning goals as encompassing broader understanding of
the material. Other studies have found that teachers™ interpretations
of specific behaviors do not always match researchers’ understandings
(Cohen, 1990; Ingle and Cory, 1999; Mayer, 1999), and these differ-

ences could have contributed to the failure to find large effects.

Model Limitations

Although this study represents a methodological advance over earlier
studies, limitations remain that might be contributing to the failure to
find large effects and that could be addressed in future research. One
of the primary limitations is the study’s reliance on naturally occur-
ring variation in exposure to reform-oriented instruction. We did not
assign students to teachers in a systematic manner, and relying on nat-
ural variation yielded few students who actually received three con-
secutive years of high-reform (or alternatively, nonreform) instruction.
Thus, we had to rely on assumptions about the form of the function
(model equation) relating exposure history to achievement to estimate
the cumulative effect of sustained exposure to reform instruction. (See
Appendix 4-C.) Although our inferences were robust to some exten-
sions to the basic linear, additive model at the core of our analysis, it
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is still possible that the assumptions underlying the model equations
were flawed, leading to biased estimates of the true effect of consistent
exposure.

Relying on naturally occurring variation in student-teacher link-
ages also opens the study to the possibility of selection bias, whereby
students with higher achievement or growth potential are linked to
teachers more likely to engage in particular practices. The practice of
assigning students to teachers or classrooms based on student ability is
not uncommon, even in schools that do not implement a formal track-
ing policy. Although we controlled for all observable student character-
istics in our data, including prior achievement, and did not find strong
relationships between these characteristics and instructional practices,
selection bias cannot be ruled out.

Summary of Findings

The analyses were designed to address two research questions about the
relationships between instructional practice and student achievement.
We briefly summarize the findings related to each of these questions.

What are the relationships between reform-oriented practices
and student achievement over a three-year period? With the excep-
tion of groupwork-related practices in mathematics (for which the rela-
tionships were negative), reform-oriented instructional practices have
nonsignificant relationships with student achievement. However, many
of these reform-oriented practices are also positively signed. Specific
results vary across grade levels and across subjects, with positive rela-
tionships observed more frequently in science than in mathematics.
Variation across grades and subjects is not surprising, since the contexts
are very different, and we may expect certain practices to be differen-
tially effective in different subjects and/or with students of different
ages.

The longitudinal framework employed for the analysis further
allowed us to estimate the relationships between achievement and
instructional practice, both for single years and cumulatively across
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time. For variables that appeared to be related to achievement, there
was evidence that cumulative effects were stronger than current-year
effects.

Are certain types of achievement measures more sensitive to
the effects of reform-oriented practices? We observed generally stron-
ger reform-oriented relationships for OE measures than for MC mea-
sures in the sites at which both types of assessment were administered.
Moreover, in the cohort for whom we had data on subscales of the MC
mathematics achievement test, we observed stronger relationships for
the PS subscale than for the PR subscale.

Together, these findings suggest that interpretations of rela-
tionships between instruction and achievement can depend on how
achievement is measured. In this case, it is possible that OE tests and
PS items are more closely aligned with the skills fostered by the reform-
oriented approach than are the MC items, particularly those MC items
measuring procedural knowledge. Although the differences between
the results obtained with different measures are generally small, they
may be large enough to lead to different conclusions about the relation-
ships of reform-oriented practices and student achievement. In particu-
lar, reform-oriented instruction may be especially effective in improv-
ing skills measured by OE or PS items, and tests that rely solely on
MC items or that contain a large proportion of PR items may lead to
overly pessimistic interpretations about the efficacy of reform-oriented
teaching.






CHAPTER FIVE
Implications

The analyses described in this monograph suggest that, over a three-
year period, greater exposure to reform-oriented instruction was gen-
erally not significantly associated with higher student achievement.
Those relatively weak positive associations between reform-oriented
instruction and achievement that were found are consistent with the
findings of a number of earlier studies.

However, the results reinforce two important messages. The first
message is that measurement matters: The choice of achievement mea-
sure leads to somewhat different conclusions about the strength of the
relationship between achievement and reform-oriented instruction. In
particular, achievement measures that appeared to be reasonably well
aligned with the goals of the reforms—i.e., open-ended assessments
and items that measured problem-solving skills—were most sensitive
to the effects of reform-oriented instruction. Unfortunately, most exist-
ing state and district tests are not well aligned with reform-oriented
approaches, and it is common practice to use existing state or district
tests as measures of program effectiveness because the tests have official
approval and scores are easy to obtain. This lack of alignment limits
the value of state and district tests for judging the effect of such pro-
grams, a shortcoming that is not easily addressed because it is often
difficult to convince district or school personnel to agree to additional
test administration. In today’s high-stakes testing environment, there
is a widespread perception among educators that testing burdens are
already excessive (Pedulla et al., 2003).

The second message is that using subscales from an existing test
to produce a more refined analysis of relationships between instruc-
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tion and achievement can provide important insights. Many standard-
ized tests produce subscale scores that differentiate among domains
of performance. Although, at present, subscale scores are rarely used
in accountability systems, this analysis suggests they should not be
overlooked when program effect and student-achievement growth are
being investigated. The use of measures that are aligned with the goals
of the reform will improve the validity of evaluation findings, and it
might also lead to better reform implementation by encouraging teach-
ers to focus on these goals. Indeed, in interviews, many teachers cited
competing goals as one of the factors leading them to shy away from
reform-oriented practices.

Explaining Weak Relationships

The weak relationships we observed might be attributable, in part, to
the analytic limitations of our modeling approach, which we discussed
in Chapter Four. An additional possible explanation for the weak
relationships is that the instructional-practice measures we used did
not adequately measure teachers’ use of reform strategies. Despite our
efforts to expand the standard repertoire of teacher self-report mea-
sures, it is quite likely that we failed to fully capture the ways in which
teachers implemented reform-oriented practices in their classrooms.
Perhaps more importantly, the variance decompositions presented
in Chapter Four show that a sizable portion of the variation in stu-
dent achievement occurred among students sharing the same teacher
and could not be explained by anything observable about the students.
That is, neither knowing the students’ past achievements nor know-
ing which teacher taught the students explained how much the stu-
dents were likely to grow in achievement. It is possible that some of
this unexplained variance is due to differential effectiveness of reform-
oriented instruction across students within a classroom. It might also
be due to differentiated instruction that we were unable to measure.
Such differentiated instruction might stem from teachers forming
ability-based groups within class or across different classrooms taught
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by middle school teachers. It might also involve more-subtle instruc-
tional differentiation, as when teachers ask more-difficult questions to
higher-achieving students than they do to lower-achieving students.

Such differentiation would not have been picked up by our instruc-
tional measures. For example, teachers might have provided accurate
reports of average time spent on an activity, such as problem solving,
but students within the same classrooms might have experienced dif-
ferent levels of exposure as a result of such factors as student charac-
teristics and effort, grouping, or the specific feedback or questions pro-
vided by the teachers (Yoon and Resnick, 1998; Martinez-Fernandez,
2005). Furthermore, the instruction some students receive might be
more effective than the instruction other students receive.

If differentiated instruction is common, then valid attempts to
measure students’ exposure to reform-oriented practices might have to
take place at the student level rather than at the teacher level (Gamoran,
1991; Muthen et al., 1995)—for example, through student surveys.
However, some earlier research casts doubt on the accuracy of such
surveys when specialized terminology and complex instructional prac-
tice are involved (see, e.g., Burstein et al., 1995, and Herman, Klein,
and Abedi, 2000). Other possible methods include teacher or student
logs or observations that examine specific student-teacher interactions
(Camburn and Barnes, 2004; Rowan, Camburn, and Correnti, 2004;
Rowan, Harrison, and Hayes, 2004).

An additional explanation for the weak relationships comes from
our interviews, which suggested that teachers’ interpretations of what
it means to engage in reform-oriented pedagogy might not match
researchers’ understanding of such engagement. Descriptions of behav-
iors that we had intended as reflecting nonreform instruction were
interpreted by teachers as embodying reform principles, and these dif-
ferences could have contributed to the small effects. Many teachers also
felt compelled to deviate from the curriculum and instruction empha-
sized by their local reform initiatives because of the pressures associated
with state test—based accountability systems. Teachers reported spend-
ing less time on nontested material and activities (e.g., student-initiated
research) than they would have in the absence of state accountabil-
ity tests and more time supplementing their reform-oriented curric-
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ulum with worksheets or other activities that they perceived would
help ensure that students acquired the skills necessary for success on
state tests. Teachers also noted that, because the state standards were
so broad and numerous, they did not implement reform-oriented peda-
gogy as fully as they would have liked. For example, they reported cur-
tailing student exploration and discussion in an attempt to cover topics
included on the state standardized tests.

All these actions might have diminished teachers’ emphasis on
reform-oriented instruction, even among teachers who scored high on
our measures of reform orientation. As these teacher comments illus-
trate, competing priorities can act as constraints on the implementa—
tion of instructional reforms, as well as on the importance of under-
standing the context in which reforms are implemented.

Implementing Reform-Oriented Instruction: Where to Go
from Here

Of course, it is possible that the weak observed relationships accurately
reflect the effects of reform practices on achievement. Although most
of the existing studies on the effects of instruction, including the study
described in this monograph, rely on designs that are not optimal for
supporting causal inferences, there is little evidence of strong effects.
Taken as a whole, the literature suggests that encouraging teachers to
adopt reform-oriented instruction is unlikely to be an effective strategy
for promoting large and rapid improvement in students’ mathemat-
ics and science achievement as measured by widely used tests. Even
among studies that have shown positive relationships, the effect sizes
have been small, and seemingly contrasting approaches, such as tradi-
tional instruction, have also demonstrated positive effects.

At the same time, some teachers who adopt reform-oriented strat-
egies are able to promote improved student learning. Efforts to adopt
any new instructional approach should recognize that other factors,
such as the skills and training of the teacher, the curriculum that is
in place, and the policy context surrounding the reforms, will inevita-
bly influence the degree to which instruction improves achievement.
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Instructional reforms are not carried out in a vacuum, and to be effec-
tive, these reforms should be carefully coordinated with efforts to
improve other aspects of the instructional context. The LSC programs
attempted to align many of these contextual factors in the service of
improved mathematics and science achievement, but they were only
partially successful (Boyd et al., 2003). Future research on the effec-
tiveness of reform-oriented instruction must incorporate the broader
contextual factors as well as the specific elements of the intervention.

Our understanding of the effects of reform-oriented instruc-
tion could also be improved through different approaches to research.
Most of the studies of reform-oriented practice have been conducted
in the context of large national programs, such as the LSC program.
Consequently, researchers are unable to utilize the mostrigorous
designs, including the use of control groups and random assignment.
Statistical techniques that adjust for existing differences among stu-
dents and teachers help to overcome this limitation, but they cannot
fully account for unmeasured differences.

Arandomized experiment could provide a powerful test of the effect
of reform-oriented practices, and it seems to us that an experimental
study of these practices would be the next logical step. Experiments are
sometimes difficult to implement in practice, and they require securing
cooperation from participating districts. But the information they pro-
duce would almost certainly justify the effort. Given the importance of
contextual factors, as noted above, it would be desirable to conduct this
experiment in a variety of school and district contexts.

Another approach that should be undertaken is to examine the
costs and benefits of programs to promote reform-oriented practice.
The mathematics and science initiatives of the 1990s were relatively
expensive (from the perspective of national reforms). In total, systemic
reform initiatives promoting reform-oriented instruction have received
approximately $100 million per year in NSF funding, and many of
these initiatives have been supplemented by corporate donations and
grants from private foundations (Klein et al., 2000; Williams, 1998).
And although these initiatives appear to have had some effects on
mathematics and science teaching, it is impossible to know whether
they are cost-effective and should be followed in future reforms. Data
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should be collected to compare the benefits and costs of different
initiatives. Lack of attention to the cost of reforms weakens options
when policymakers are confronted with new challenges. A program
of research that involved experimental studies with clear delineation
of costs would provide a strong foundation for future decisions about
educational reforms.



Appendixes

Chapters Two through Four refer to appendixes that present techni-
cal details of the analysis. These appendixes are contained in the CD-
ROM attached to the inside back cover of this monograph. They are
designated first by the number of the chapter to which they pertain,
then by a letter indicating the order in which they are cited in that
chapter.
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