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EXECUTIVE SUMMARY

This is the second and final report of the Middle School Mathematics Professional
Development Impact Study, which examines the impact of providing a professional development
(PD) program in rational number topics to seventh-grade mathematics teachers. An interim report
(Garet et al. 2010) described the findings after one year of PD. The current report documents the
impact after providing a second year of PD in a subset of the original participating districts and
includes supplemental analyses that use data from both years of the study.

To improve teachers’ knowledge and skill, federal policymakers have committed significant
resources to teacher PD. In 2004-2005, for example, states and districts spent $1.5 billion in federal
funds on teacher PD (Birman et al. 2007). There has, however, been only limited research evidence
regarding the impact of PD on teacher and student outcomes.

Over the past decade, hundreds of studies have addressed the topic of teacher learning and
PD (for reviews, see Borko 2004; Clewell, Campbell, and Perlman 2004; Kennedy 1998; Richardson
and Placier 2001; Supovitz 2001; Yoon et al. 2007). However, the most recent review identified only
9 out of 1,343 studies of PD that had the types of rigorous designs—randomized control trials
(RCTs) or quasi-experimental designs (QEDs)—that allow causal inferences to be made about the
effectiveness of the PD strategies they examined. Four of those studies addressed the effect of
teacher PD on mathematics achievement, but none focused on middle school mathematics (Yoon et
al. 2007).

The U.S. Department of Education’s National Center for Educational Evaluation and
Regional Assistance (NCEE)—within the Institute of Education Sciences (IES)—initiated the
Middle School Mathematics PD Impact Study to learn more about the role of PD in improving
teacher effectiveness. Specifically, the study examines the impact of two years of a PD program for
seventh-grade mathematics teachers that focuses on teachers’ knowledge of rational number topics,
including specialized mathematics knowledge that may be useful for teaching these topics. Rational
numbers—fractions, decimals, percent, ratio, and proportion—are interrelated topics that are
challenging for many seventh-grade students and are considered an essential foundation for algebra
(National Mathematics Advisory Panel 2008).

The study also tests the effect of a PD program when implemented with a relatively large
sample, in varied settings, and using multiple facilitators. The PD was delivered to approximately 100
treatment teachers in 12 districts in the first year of the study and approximately 50 treatment
teachers in 6 districts in the second year. Ten facilitators from two separate PD organizations were
involved over the course of the study. By contrast, the 9 studies with rigorous designs identified by
Yoon and colleagues (2007) involved smaller samples of 5 to 44 teachers, and the PD programs
were delivered by the individuals who developed them.

The second year of the study was designed to address two questions:

e What cumulative impact did providing two years of the specified PD program have
on teacher knowledge of rational number topics?
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e What cumulative impact did providing two years of the specified PD program have
on student achievement in rational number topics?

The study produced the following core second-year results:

e The study’s PD program was implemented as intended, but teacher turnover
limited the average dosage received. On average, the treatment teachers in the
second-year impact sample received 68 percent of the full intended dosage. Because
some teachers left the study schools and others entered as the study progressed, not
all teachers had the opportunity to experience the full dose of PD. (In particular, 22
of the 45 treatment teachers present at the end of the two-year PD program were
not present at its beginning.) Relative to the hours of PD that each teacher could
possibly have attended (that is, relative to the hours of PD that occurred after the
teacher entered a study school), the teachers in the second-year impact sample
averaged 89 percent of the possible dosage.

e At the end of the second year of implementation, the PD program did not
have a statistically significant impact on teacher knowledge. There were no
significant impacts on teachers’ total score on a specially constructed teacher
knowledge test (effect size = 0.05, p-value = 0.79) or on either of the test’s two
subscores. On average, 75.7 percent of the teachers in the treatment group correctly
answered test items that were of average difficulty for the test instrument, compared
with 74.7 percent of the teachers in the control group.

e At the end of the second year of implementation, the PD program did not
have a statistically significant impact on average student achievement in
rational numbers. There were no significant impacts on students’ total score on a
customized rational numbers test (effect size = —0.01, p-value = 0.94) or on either of
the test’s two subscores.

Overview of the PD Program

The PD program delivered in this study focused entirely on rational number topics and was
designed to develop teachers’ capability to teach positive rational number topics effectively. For each
rational number topic area, the PD program design emphasized using precise definitions and the
properties and rationales underlying common procedures used with rational numbers. In addition,
the PD emphasized developing teachers’ ability to explain rational number concepts and procedures,
identify and address persistent student misconceptions(often by presenting students with problems
designed to reveal their thinking), and use representations of rational number concepts in teaching.

Two providers—America’s Choice and Pearson Achievement Solutions—were selected
through a competitive process to produce and deliver the PD.” Both providers worked with a
common set of guidelines regarding the structure of the PD program, the knowledge to be

2 PD provider candidates responded to a solicitation that laid out the basic parameters of the PD intervention. Selection of the
winning candidates was guided by an expert panel and was based on the extent to which the candidates had existing PD materials
pertaining to rational numbers and the alignment between their existing materials and the goals and specifications of the planned
intervention. The decision to use two providers had two bases: first, a desire to ensure that there was sufficient capacity to deliver high
quality PD to 12 districts, and second, a desire to test the impact of the PD design by allowing two different instantiations of the
same basic design features.
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developed, and key aspects of the delivery of the PD while also building on their existing PD
materials that addressed topics in rational numbers. Facilitator guides were refined through a
yearlong pilot and review process. The study’s external advisors reviewed both providers’ facilitator
guides, focusing on the accuracy, appropriateness, and coherence of the mathematics content
presented to teachers.

As shown in Table ES-1, during each year of the study, the study-provided PD included a
summer institute, a series of one-day follow-up seminars held during the school year, and in-school
coaching visits conducted in association with the seminar days and delivered by the seminar
facilitators. The specification of the PD program was guided by the literature, which is largely based
on correlational research and practitioner experience.

The PD program provided to teachers who participated in both years of the study was
designed to deliver 114 contact hours (68 hours in the first year and 46 hours in the second year).
For teachers who entered the study in the second year, the PD provided 58 contact hours, including
the 46 hours offered to all teachers and a 12-hour “makeup” institute that provided a condensed
version of the summer institute from the first year of the study. The amount of PD in mathematics
offered annually by the study was more than most mathematics teachers typically receive in a single
year.”

3 In the nine rigorous studies identified by Yoon et al. (2007), the variation in the features of the PD programs that were tested was
not sufficient to draw conclusions about the characteristics of the PD programs that were effective. For example, across the nine
studies, all PD programs wete delivered in the form of a workshop or a summer institute, along with some form of follow-up
support.

4 A national survey of teachers completed in 2005-2006 found that 11 percent of elementary teachers and 22 percent of secondary
teachers assigned to teach mathematics participated in professional development in mathematics lasting more than 24 hours
(US. Department of Education 2009, p. 95).
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Table ES-1. Days and Per-Teacher Hours of PD Provided in First and Second Years
of the Study

Activity First Year (2007—-2008) Second Year (2008—-2009)
PD for All Participating Teachers
Summer Institute 3 days (18 hours) 2 days (12 hours)
Seminars During the School Year 5 days (30 hours) 3 days (18 hours)
Intensive In-School Coaching? 10 days (20 hours) 8 days (16 hours)
Total Hours of PD 68 hours 46 hours

Makeup PD for Teachers Who Joined the Study After the First-Year Summer Institute

Special Summer Institute 2 days (12 hours)

NOTES: # Each teacher was expected to receive two hours of individual or group coaching per day of in-school coaching.

For the summer institutes and seminars, the planned PD activities included opportunities for
teachers to solve mathematics problems individually and in groups, make short oral presentations to
explain how they solved problems, receive feedback on how they solved and presented their
solutions, engage in discussions about the most common student misconceptions associated with
topics in rational numbers, and plan lessons that they would teach during the follow-up coaching
visits. The coaching visits, which were scheduled to occur within a few days of each of the seminar
days, employed both individual and group activities and were designed to help the teachers apply
material covered in the institutes and seminars to their classroom instruction.

The PD was not presented to teachers as an opportunity to improve their understanding of
rational number content, and the PD did not offer an opportunity for teachers to explicitly evaluate
their own knowledge of rational numbers (by assigning a test of rational numbers, for example).’
Further, the PD did not generally require teachers to spend time outside the institutes and coaching
activities studying rational number content or practicing pedagogical techniques.

Study Design

The study used an experimental design with random assignment of schools to treatment and
control conditions within each participating district. Schools remained in the same treatment
condition for both years of the study. The difference in outcomes between the treatment schools
and the control schools can be interpreted as the effect of the study’s PD model relative to
“business as usual” in each participating district.

Midway through the first implementation year, results from the NCEE study of PD in early
reading became available (see Garet et al. 2008). The results showed that although the single year of
PD tested in the study had a statistically significant impact on some dimensions of teacher
knowledge and instructional practice at the end of the year in which the PD was implemented, the
PD did not produce a statistically significant impact on student achievement and did not produce a
statistically significant impact on teachers’ knowledge, teachers’ instructional practices, or student
achievement in the year following the year of the PD. That is, the study had no statistically

5> The results of the teacher knowledge test used in the evaluation were not shared with the teachers or the providers.

X



significant impact on student achievement, and the impact of the PD on teachers’ knowledge and
instructional practice was not sustained.

Based on this information, NCEE elected to explore the effect of extending the
implementation of the seventh-grade mathematics PD to two years. Because of resource
constraints, the second year of PD was offered in only half of the originally participating districts.

Study Sample

The process used to recruit 12 districts for the first year of the study was designed to
produce a sample that was relevant to federal education programs—which tend to target low-
income students—and large enough to provide power to detect impacts of the anticipated
magnitude in teacher and student outcomes.

For the second year sample of 6 districts, we wanted to maintain the balance between PD
providers. After excluding districts in which we expected the composition of the study schools to
change as a result of restructuring initiatives, we selected the 3 districts for each provider with the
largest number of schools in the sample, thus maximizing the statistical precision. Districts were
selected before the first-year results were known, so findings about the impact of the first year of
the PD on teachers and students—overall or in specific districts—did not inform the choice of
districts to participate in the second year of the study.

Thirty-nine schools participated in the second year of the study. The second-year impact
analysis sample included 92 teachers and 2,132 students, distributed across treatment and control
groups as shown in Table ES-2. Among the 92 teachers, 51 (23 in the treatment group and 28 in the
control group) had participated in the study since baseline (fall 2007).
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Table ES-2. Numbers of Schools, Teachers, and Students in Second-Year Impact
Analysis Sample, Overall and by Treatment Status

Number of Seventh-Grade Teachers Number of Seventh-Grade Students

Treatment Number of Average Per
Status Schools Total Number School Total Number Average Per School
Treatment 20 45 2.4 1,083 54.2
Control 19 47 2.4 1,049 55.2
Total 39 92 2.4 2,132 54.7

SOURCE: Teacher Rosters; Study District Records.

All eligible teachers teaching at least one regular seventh-grade mathematics class in spring
2009 were members of the second-year teacher impact sample, and a random sample of all seventh-
grade students who were in the teachers’ regular seventh-grade mathematics classes in spring 2009
were members of the second-year student impact sample.”” This definition of the teacher and
student samples implies that the study is a test of the impact of mandatory PD, as opposed to PD
selected by individual teachers.

Table ES-3 provides descriptive information about the characteristics of the sample of 39
schools in the two-year districts compared with the characteristics of schools serving seventh-grade
students in the national sample of similar districts from which the original 12-district sample was
recruited for the study. On some key characteristics, the study sample schools were statistically
different from the larger pool of eligible schools. The study sample schools were less likely to be in
the South and more likely to be in the Northeast region and to be in cities rather than in urban
fringe communities, towns, or rural areas. On average, they had smaller enrollments than schools in
the national sample (753 students vs. 920 students) and smaller teaching staffs (48.5 FTEs vs. 54.9
FTEs). The schools in the two-year districts also were less likely than schools in the national sample
to be middle schools (67 percent vs. 95 percent) and more likely to serve a combination of
elementary and middle school grades (33 percent vs. 3 percent).

¢ “Eligible teachers” are defined as regular teachers, not short-term substitutes. (Long-term substitutes were included.)

7 At each school, the study focused on seventh-grade teachers who taught regular, middle-track seventh-grade mathematics classes.
This focus excluded advanced classes, such as gifted and talented programs and algebra, as well as remedial classes and self-contained
special education classes.
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Table ES-3. Characteristics of Schools in Two-Year Districts and All Eligible Schools in
Large Districts

All Eligible
Schools in Schools
Two-Year in Large

School Characteristics Districts Districts®
Geographic Region (percent of schools)

Northeast 35.9 8.8*

South 35.9 55.8*

Midwest 12.8 9.0

West 15.4 26.4
Urbanicity (percent of schools)

Large or Middle-Sized City 87.2 59.1%

Urban Fringe, Large or Small Town, or Rural Area 12.8 40.9*
Title I Eligible (percent of schools) 66.7 67.8
Free or Reduced-Price Lunch (school average percent of students) 66.1 65.3
Race/Ethnicity (school average percent of students)

White 34.7 27.9

Black 34.7 31.1

Hispanic 254 335

Asian 2.6 55

Other 1.4 0.9
Male (school average percent of students) 51.6 50.7
Total School Enrollment 752.6 919.5*
Number of Seventh-Grade Students 207.9 310.9*
Number of Full Time Equivalent Teachers (all grades) 48.5 54.9*%
School Type (percent of schools)P

Middle School Only 66.7 95.2%

Elementary and Middle 33.3 2.9%

Middle and High 0.0 1.7

Elementary and Middle and High 0.0 0.2

Sample Size: N = 39 schools in second-year sample; 2,710 eligible schools.
SOURCE: 2006—2007 Common Core of Data (CCD).

NOTES: # This sample was restricted to schools in districts that satisfy the following criteria: there were at least four
regular schools with at least 150 seventh-grade students each, and the percentage of students eligible for free or
reduced-price lunch was at least 33 percent for the whole school.

b In classifying school type, preK—grade 3 are considered elementary school grades, grades 4-9 are considered
middle school grades, and grades 10—12 are considered high school grades.

Percentage values for characteristics with multiple categories may not sum to 100 owing to rounding.

Despite these differences between study schools and all eligible schools, the feachers in study
schools were not statistically distinguishable from teachers in a national sample of seventh-grade
mathematics teachers in large urban school districts on any of the teacher characteristics presented
in Table ES-4.
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Table ES-4. Characteristics of Teachers in Second-Year Teacher Impact Analysis Sample
and Mathematics Teachers of Seventh-Grade Students in Eligible Schools in Large Districts

Teachers in Second- All Teachers of Seventh-
Year Impact Analysis  Grade Students in Eligible
Teacher Characteristics Sample? Schools in Large Districts
Standard Certification (percent) 72.2 73.4
Bachelor’s Degree (percent) 100.0 100.0
Master’s Degree (percent) 45.6 40.7
Mathematics Major (percent) 18.9 29.3
Mathematics-Related Major (percent) 4.4 16.2
Years of Teaching Experience (percent)
3 years or fewer 30.0 37.4
4-10 years 40.0 26.9
11-20 years 211 15.7
More than 20 years 8.9 20.1

Sample Size: N = 92 teachers in second-year impact analysis sample; 10,700 teachers in eligible schools.
SOURCE: Teacher Survey; 2003—2004 Schools and Staffing Survey (SASS), Public School Teacher Data Files.

NOTES: = Charactetistics of study teachers wete measured at time of entry into the study.
Percentage values for characteristics with multiple categories may not sum to 100 owing to rounding.

Statistical significance was determined based on t-tests. Two-tailed statistical significance at the p =< .05 level is indicated
by an asterisk (*).

Data Collection and Outcome Measures

Data were collected from teachers and students in the study schools in fall and spring of the
2007-2008 and 2008-2009 school years. The two main outcome measures used in the second year
of the study were constructed as follows:

e Teacher knowledge test. Teacher knowledge was measured for all treatment and
control teachers using a test constructed specifically for the study. The test consisted of
multiple-choice and short-response items that were designed to measure knowledge of
rational number topics. Three alternate forms of the test were administered so that
individual teachers would receive different forms (i.e., different items) at each
administration. In addition to a total score, the teacher knowledge test yielded two
subscores for each participant, aligned with the two types of knowledge that were
targeted by the PD: common knowledge of mathematics (CK) and specialized
knowledge of mathematics for teaching (SK).*

e Student achievement test. A customized, computer-adaptive rational number test was
constructed for the study by the Northwest Evaluation Association (NWEA). The
NWEA Rational Number Test was restricted to positive rational number content and
drew on a customized item bank of nearly 1,200 rational number items abstracted from

8 CK is the knowledge of topics in rational numbers that students should ideally have after completing the seventh grade. This
knowledge includes computational or procedural skills, conceptual understanding, and problem-solving skills in rational number
topics. SK is the additional knowledge of rational numbers that may be useful for teaching rational number topics.
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the larger NWEA item bank of scaled, operational mathematics items.” Three Item
Response Theory (IRT)-based scores were computed for each participant: a total score, a
fractions and decimals score, and a ratio and proportion score.

We also surveyed treatment and control teachers to gather data on their professional
backgrounds and on the amount and type of PD in mathematics they participated in during the two-
year study period. Study staff obtained information on the implementation of the PD by collecting
attendance records, observing the institutes and seminars, and reviewing logs maintained by coaches
that recorded the nature and extent of each coach interaction with each teacher.

Analytic Approaches

The basic strategy for the impact analysis was to estimate the difference in outcomes
between the treatment and control groups, adjusting for the blocking used in random assignment
and for teacher- and student-level covariates. Because random assighment was conducted separately
within each of the six school districts participating in the second year of the study, the study
comprised six separate random assignment experiments. To obtain the impact estimates, we pooled
the data for all six study districts in a single analysis, treating the districts as fixed effects."’ Separate
program impact estimates were obtained for each district and then averaged across the six districts,
weighting each district’s estimate in proportion to the number of treatment schools from the district
in the study sample. Findings in this report therefore represent the impact on the performance of
teachers and students in the average treatment school in the 6 two-year study districts. The results do
not necessarily reflect what the treatment effect would be in the wider population of districts from
which those in the study were selected.

The impact estimates provide an “intent to treat” analysis of the impact of the program;
that is, the estimates reflect the program impact on all teachers and students in the targeted
classrooms in the study schools, even though some of those teachers and students were not present
for the full duration of the study and some of the teachers did not take full advantage of the
opportunity to participate in the study-provided PD even though they were present.

A common way to represent statistical precision is as a minimum detectable effect size
(MDES), which is the smallest true effect that an estimator has a good chance of detecting (Bloom
1995). The second year of the study was powered to detect an effect size of 0.59 for teacher
knowledge and 0.20 for student achievement

Study Findings After Two Years of Treatment
Implementation Findings

e Across the six districts that participated in the study for two years, the average
number of hours of institutes, seminars, and coaching delivered was 118 hours,
which was 4 hours more than the intended dosage of 114 hours. During the

9 Each individual student was presented with 30 items from the customized item base, chosen adaptively from four topic areas:
fractions (11 items), decimals (4 items), petrcents (4 items), and ratios/proportions (11 items). Within each topic atea, items were
selected for presentation in a manner that ensured distribution across the cognitive categories of concepts, operations, and
applications. To aid interpretation of the total score results, NWEA also constructed customized, seventh-grade norms by reanalyzing
data from its Growth Research Database—a large database compiled from NWEA testing NWEA 2003).

10Schools, classes, and students were treated as random effects.
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institutes and seminars, the PD providers delivered an average of 93 percent of the
intended hours of professional development in each year of the study. With regard to
coaching, the treatment group teachers received an average of 97 percent of the intended
hours in the first year and 132 percent of the intended hours in the second year.

The treatment group teachers attended an average of 77 hours of study PD and
reported participating in 63.6 hours more mathematics-related PD than the
control group teachers. The average hours of study PD attended represented 68
percent of the intended dose of 114 hours and 66 percent of the total 118 PD hours
implemented across the two years. However, relative to the hours of PD that each
teacher could possibly have attended (that is, relative to the hours of PD that occurred
after the teacher entered a study school), the teachers in the second-year impact sample
averaged 89 percent of the possible dosage.

Teacher turnover limited the maximum possible PD dosage and the magnitude
of the treatment-control group service contrast. Twenty-two of the 45 treatment
teachers teaching regular seventh-grade mathematics classes at the end of the two-year
PD program were not present at its beginning. Most turnover occurred over the summer
between the two years of implementation."

Impact Findings

Impact on Teachers’ Knowledge of Rational Number Topics and How to Teach
Rational Number Topics

At the end of the second year of implementation, the PD program did not have a
statistically significant impact on overall teacher knowledge. On average, 75.7
percent of teachers in the treatment group correctly answered test items of average
difficulty for the test instrument, compared with 74.7 percent for teachers in the control
group (effect size = 0.05, p-value = 0.79). (See Figure ES-1.)

The PD program did not have a statistically significant impact on either of the
teacher knowledge subscale scores. On average, 79.9 percent of treatment group
teachers correctly answered CK test items of average difficulty for the test instrument,
compared with 84.1 percent of control group teachers (effect size = —0.21, p-value =
0.25). On average, 65.8 percent of treatment group teachers correctly answered SK test
items of average difficulty for the test instrument, compared with 56.2 percent of control
group teachers (effect size = 0.36, p-value = 0.09). (See Figure ES-1.)

11 Within the 6 two-year districts, there were 45 teachers in the treatment group at the beginning of the first year and 45 teachers in
the treatment group at the end of the second year. However, between those two time points, 22 treatment teachers left the study
(because they no longer taught eligible classes at the participating schools), and 22 teachers joined the study. Five of these staff
transitions occurred during the first year of the program, 13 occurred over the summer between the first and second years (but before
the summer institutes), and 6 occurred during the second year of the program.
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Figure ES-1. Impact of the PD Program on Teacher Knowledge at the End of the
Second Year
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SOURCE: Spring 2009 Teacher Knowledge Test (Second Year Teacher Impact Analysis Sample).

NOTES: The impact analyses for teacher knowledge were conducted using measures scaled in logits. The estimated impacts
are based on a two-level model controlling for random assignment block and teacher-level covariates.

The figure displays regression-adjusted mean outcomes for each group, using the mean covariate values for teachers in the
treatment group as the basis for the adjustment.

The values for the percent correctly answering items of average difficulty for the test instrument correspond to the
estimated treatment and control group means, scaled in logits.

P-values are based on t-tests. Two-tailed statistical significance at the p < .05 level is indicated by an asterisk (*).

Impact on Student Achievement in Rational Numbers

e At the end of the second year of implementation, the PD program did not have a
statistically significant impact on average student achievement as measured by
the NWEA Rational Number Test Total Score. Students in treatment schools on
average scored 219.90 scale score points, compared with 219.97 scale score points for
the control group (effect size = —0.01, p-value = 0.94). (See Figure ES-2.)
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e The PD program did not have a statistically significant impact on either of the
student achievement subscale scores. On the Fractions and Decimals Score, students in
treatment schools on average scored 218.15 scale score points, compared with 218.36
scale score points for students in control schools (effect size = —0.01; p-value = 0.84).
On the Ratio and Proportion Score, students in treatment schools on average scored 221.71
scale score points, compared with 221.57 scale score points for students in control
schools (effect size = 0.01; p-value = 0.89). (See Figure ES-2.)

Figure ES-2. Impact of the PD Program on Student Mathematics Achievement at the
End of the Second Year

222 Impact = 0.14

Impact = -0.07
220

Impact = -0.21

218

Student Rational Achievement (scaled score)

216

Total Fractions and Decimals Ratio and Proportion
B Treatment Group (n=1,083) O Control Group (n=1,049)

SOURCE: Spring 2009 NWEA Rational Number Test.

NOTES: The impact analyses for student mathematics achievement were conducted using scale scores. Although the
theoretical scale scores for the student achievement test range in value from negative infinity to positive infinity, typical
scores fall between 150 and 300 (NWEA 2003).

The estimated impacts are based on a three-level model controlling for random assignment block and student-level
covariates.

The figure displays regression-adjusted mean outcomes for each group, using the mean covariate values for students in the
treatment group as the basis for the adjustment.

P-values are based on t-tests. Two-tailed statistical significance at the p < .05 level is indicated by an asterisk (¥).
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Exploratory Analyses

We conducted several additional analyses, extending the exploratory analyses conducted for
the Interim Report, and using the added power of a “pooled” sample of teachers. This pooled
sample comprises three mutually exclusive and collectively exhaustive groups of teachers: teachers
who were in the first-year impact analysis sample only (from all 12 districts); teachers who were in
the second-year impact analysis sample only (from the 6 two-year districts); and teachers who were
in both impact analysis samples. Teachers who were in both impact analysis samples (also from the 6
two-year districts) are included in the pooled sample twice, once using their first-year outcomes, and
once using their second-year outcomes, controlling for their knowledge scores at the end of the first
year/beginning of the second year. We also constructed a pooled sample of students that includes
students who were in the first-year impact analysis sample (from all 12 districts) and students who
were in the second-year impact sample (from 6 two-year districts).

e One-year effects of PD on teacher knowledge. The estimated effects of one year of
PD on teacher knowledge total score and CK for the pooled sample were not statistically
significant. However, the estimated average effect of one year of the PD program on SK
using the pooled sample was statistically significant (effect size = 0.28, p = 0.02). "

e Average effect of PD on student achievement. Different groups of students
experienced the effect of the PD in each year of the study. The estimated average effect
of the PD on student achievement using the pooled sample was not found to be
statistically significant.

e Results by provider. We also used the pooled sample to examine the impact of the PD
program separately for the two PD providers, America’s Choice and Pearson
Achievement Solutions. These analyses did not indicate significant effects of the PD
program on teacher knowledge or student achievement for either provider.

e Baseline teacher knowledge. Similarly, we drew on the pooled analysis sample to
examine whether the PD program may have been more or less effective for teachers
who began the study with different levels of baseline knowledge. We hypothesized that
teachers with high levels of baseline knowledge may have found the PD too easy;
teachers with low levels of baseline knowledge may have found the PD too hard. The
analyses did not show a statistically significant association between teachers’ initial
knowledge levels and treatment-control differences in teacher knowledge or student
achievement outcomes.

e Baseline student achievement. We also drew on the pooled sample to examine
whether the PD may have been more or less effective for students who began the year
with different levels of baseline achievement. Students with different initial achievement
levels may have had different needs. The analyses indicated that the PD program did not
appear to be more or less effective for students with low or high initial achievement.

12 The “pooled” sample of teachers used in the per-year effect analyses includes 138 teachers who were in the first-year impact sample
only, 38 teachers who were in the second-year impact sample only, and 51 teachers who were in both the first- and second-year impact
samples. Since the students in each year of the study represented the teachers’ current seventh-grade students, there was no overlap
between the first- and second-year student samples in the pooled sample.

13 The effect of one year of PD was calculated as the average of the one-year effect of the first year of PD and the additional one-
year effect of the second year of PD.
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e Teacher knowledge and student achievement. Finally, we drew on the pooled
analysis sample to examine whether the study’s measure of teacher knowledge was
associated with student achievement as was hypothesized in the study’s theory of action.
Correlational analyses show a statistically significant positive association between the
teacher knowledge total score and the student achievement total score of 0.05 (p-value =
0.02) and between the teacher knowledge total score and the student Fractions and
Decimals Score of 0.05 (p-value < 0.01). "

Overall Study Summary

In summary, the study results indicate that after two years of implementation, the PD
program did not have a statistically significant impact on teacher knowledge or on student
achievement in rational numbers. These second-year results are consistent with the results at the end
of the first year. At the end of the first year, the PD program did not have a significant impact on
teacher knowledge or student achievement. Observations of teachers were conducted only in the
first year. In the first year, the PD program had a statistically significant impact on one measure of
instructional practice (the Teacher elicits student thinking Scale), a nearly significant impact on a second
(the Teacher uses representations Scale, p = .054), but no significant impact on the third measure of
instructional practice used in the study (the Teacher focuses on mathematical reasoning Scale).

Exploratory analyses based on a pooled sample, which combined data from the first and
second years of the study to maximize the precision of the estimated effects, suggest that on
average, each year of the PD had a statistically significant positive effect on SK, one of the two
dimensions of teacher knowledge measured by the study. There was no effect on CK, the other
dimension of teacher knowledge. Other exploratory analyses suggest that there was no significant
differential effect of the PD for teachers who differed in baseline knowledge or prior experience, or
for students who differed in baseline achievement. Exploratory analyses also suggest that students
taught by teachers with higher knowledge scores exhibited significantly higher achievement, after
controlling for prior achievement and other student background characteristics.

Although teachers” mathematical knowledge may be associated with student achievement
gains, and thus may be a useful focus for PD, the PD tested did not have an effect on teacher
knowledge of a magnitude that translated into an impact on student achievement. The results
suggest that teachers’ SK may have improved with each year of study PD. However, it is unclear
whether multiple years of PD would produce larger gains in SK, especially without configuring the
PD to take into account teacher mobility. Within a given year, our impact results suggest that, in
order to affect achievement outcomes, the PD would have to be more efficient than the PD tested
here in improving SK on an annual basis. Finally, while our evidence and evidence from other
studies indicates that there is an association between teacher knowledge and student achievement,
we do not know the relative importance of SK and CK. The study PD was primarily focused on SK
and was not as directly focused on CK. Providing PD that places more direct emphasis on CK is
another potential avenue for future study.

14 To examine the relationship between teacher knowledge and student achievement, we incorporated the teacher knowledge total
score in the impact model in place of the treatment status indicator. Separate analyses were also conducted using the CK and SK
subscores rather than the total score. We then examined the estimated coefficients for each of the teacher knowledge scores and
calculated the statistical significance of the coefficients using a two-tailed t-test.
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