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Summary

Partly motivated by the 1996 National Assessment of Educational Progress scores, which
were below the national average for Alabama’s grade 4-8 students in mathematics and grade 8
students in science, the Alabama State Department of Education (ALSDE) developed a statewide
initiative to improve mathematics and science teaching and student achievement in kindergarten
through grade 12 (K-12). The Alabama Math, Science, and Technology Initiative (AMSTI) isa
two-year intervention intended to better align classroom practices with national and statewide
teaching standards—and ultimately to improve student achievement—~by providing professional
development, access to materials and technol ogy, and in-school support for teachers.

AMSTI, a schoolwide intervention, was introduced in a set of 20 schoolsin 2002. Each
year since then, the state has rolled out the program to additional schoolswithin its 11 regions.?
By 2009, about 40 percent of the state’ s 1,518 schools were designated as AM STI schools.
Funding for the program from the state legislature was $46 million in 2009.

Given the policy relevance and level of investment in AMSTI, the Regional Educational
Laboratory Southeast mounted a longitudinal, cluster randomized controlled trial to determine
the effectiveness of AMSTI in grades 4-8, asimplemented in five regions in the state. Previous
evaluations of the program’ s effects on students in K—12 did not use randomized controlled
trials. The most recent evaluation (Miron and Maxwell 2007) reported that studentsin grade5in
AMSTI schools outperformed students in non-AMSTI schools in mathematics, science, and
reading and students in grade 4 in AM ST schools outperformed their counterparts in non-
AMSTI schoolsin reading only. These evaluations used a study design that compared school-
level test scores of AMSTI schools with non-AMSTI schools in the same district but did not
establish preintervention comparability. This study’s randomized controlled trial design
improves on previous evaluations because it eliminates selection bias and establishes the
preintervention comparability of the two groups.

The AMSTI theory of action posits that in order to improve student achievement, teacher
instructional strategies should include higher levels of hands-on, inquiry-based instruction. The
three components of the program that foster this type of instruction are comprehensive
professional development delivered through a 10-day summer institute and follow-up training
during the school year; access to program materials, manipulatives, and technology needed to
deliver hands-on, inquiry-based instruction; and in-school support by AMSTI lead teachers and
site specialists who offer mentoring and coaching for instruction. The full program is delivered
over the course of two years. In each region, AMSTI site specialists partner with alocal
university or college. ALSDE oversees the professional development and implementation of the
program.

2 Alabama has 11 regional inservice centers (RICs), which were established by the Alabama Legislature
in 1984 to provide “rigorous inservice training in critical needs areas for the state’ s public school
personnel.” The 11 AMSTI regions follow the same boundaries as the RICs.

% Accessed from the web on May 8, 2010 (http://www.al sde.edu/general/quick_facts.pdf).
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The AMSTI theory of action provided the theoretical basis for selecting the research
guestions addressed in this report. The primary confirmatory analyses address the effect of
AMSTI on student achievement in mathematics problem solving and science after one year.
These outcomes, though related and expected to be positively correlated, are from different
content domains. The primary research question looks at whether the intervention had an effect
on mathematics problem solving or science knowledge.*

The secondary research question addresses the effect of AMSTI on classroom practices,
which are the mediating link between the intervention components and student achievement. The
effect of AMSTI on classroom practices is measured by a composite variable of teacher self-
reported time (in minutes) using hands-on instruction, inquiry-based instruction, and instruction
promoting student use of higher-order thinking skills. This composite “active learning” score
was computed separately for mathematics and science instruction. Asthe initiative may be
successful at increasing active learning instruction for one subject area but not the other, the
study examines whether the intervention had an effect on either domain—active learning
instruction in mathematics or active learning instruction in science.

The study addresses the following confirmatory research questions:

Primary confirmatory research question: effects on student achievement after one year
e What isthe effect of AMSTI on:
a. student achievement in mathematics problem solving after one year?
b. student achievement in science after one year?

Secondary confirmatory research question: effects on classroom practice after one year
e What isthe effect of AMSTI on:
a. the use of active learning instructional strategies by mathematics teachers after
one year?
b. the use of active learning instructional strategies by science teachers after one
year?

The study also addresses the following exploratory research questions:
Exploratory research question: effects on student achievement after two years
e What isthe effect of AMSTI on:
a. student achievement in mathematics problem solving after two years?
b. student achievement in science after two years?

* The decision to examine these as separate outcomes was further warranted by the program design
elements (see table 1.1 in chapter 1). During the professional development, trainers use content- and
grade-specific instructional methods; there are separate mathematics and science specialists; and separate
curriculum modules.
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Exploratory research question: effects on student achievement in reading after one
year
e What isthe effect of AMSTI on student achievement in reading after one year?

Exploratory research questions: effects on teacher content knowledge and student
engagement after one year
e What isthe effect of AMSTI on:
a. mathematicsteachers' reported level of content knowledge after one year?
b. scienceteachers reported level of content knowledge after one year?
e What isthe effect of AMSTI on:
a. mathematicsteachers' reported level of student engagement after one year?
b. scienceteachers' reported level of student engagement after one year?

Exploratory research questions: variations in effects on student achievement for
specific subgroups of students after one year

¢ Do theone-year effects of AMSTI on student achievement in () mathematics
problem solving, (b) science, and (c) reading vary by student pretest scores? What
isthe effect of AMSTI on these outcomes after one year for students with pretest
scores that fall in the low, middle, and high ranges?

e Do the one-year effects of AMSTI on student achievement in (a) mathematics
problem solving, (b) science, and (c) reading vary by low-income status, proxied
by enrollment in the free or reduced-price lunch program (as part of the National
School Lunch Program)? What is the effect of AMSTI on these outcomes after
one year for students enrolled in the free or reduced-price lunch program and
students who are not enrolled?

¢ Do theone-year effects of AMSTI on student achievement in () mathematics
problem solving, (b) science, and (c) reading vary by racial/ethnic minority
status? What is the effect of AMSTI on these outcomes after one year for
racial/ethnic minorities and for White students?

e Do the one-year effects of AMSTI on student achievement in (a) mathematics
problem solving, (b) science, and (c) reading vary by gender? What is the effect
of AMSTI on these outcomes after one year for boys and for girls?

Although AMSTI is atwo-year program, the confirmatory analyses address the effect of
the program after the first year. The effect of AMSTI after the full intervention was implemented
(that is, after two years) cannot be estimated without additional assumptions because, as detailed
in chapter 2, the control group entered the program after itsfirst year and was no longer a pure
control group in the second year. Researchers selected an appropriate method to estimate the
two-year effects; however, the necessity of additional assumptions makes the analyses
exploratory rather than confirmatory. This limitation on the study’ s design means that only the
one-year effect on mathematics problem solving and science can be considered confirmatory.

Beyond the two-year impacts, the exploratory questions pertain only to the first year of
AMSTI. Unlike questions concerning two-year effects, they can be answered without additional
assumptions necessitated by the entry of the control group into the AMSTI program in the
second year of the study. These analyses address the effect of AMSTI on student achievement in

XXii



reading, teacher content knowledge, student engagement, and variations in effects on student
achievement for particular subgroups of students. These questions are important to understanding
the full effects of AMSTI and in potentially identifying ways to improve the program. The
rationale for selecting these questions arises from several sources: the AMSTI theory of action;
interest from program developers; prior research on AMSTI and within the fields of science,
technology, engineering, and mathematics; and measured state achievement gaps.

The study took advantage of ALSDE’srollout of AMSTI to specific regions during the
study years. To participate in the study, schools must have housed at least one grade between
grades 4 and 8, and at least 80 percent of a school’ s mathematics and science teachers must have
agreed to participate. From the eligible schools that applied to the program, researchers made a
purposeful effort to select a sample that was representative of the population of schoolsin the
regionsinvolved. Pairs of similar schools were selected from the pool of applicants based on
similarity in mathematics achievement, the percentage of minority students, and the percentage
of students from low-income households. Within each pair, schools were randomly assigned
either to the AMSTI condition, in which teachers received AMSTI training and program
materials, or to the control condition, in which teachers used their existing mathematics and
science programs.

Because Alabama did not plan to introduce the program in the number of schools
required by the experiment in one year, the experiment combined two “subexperiments’, one
starting in 2006 and the other starting in 2007. The full sample combined the two samples from
the two “ subexperiments’ and included 82 schools, with about 780 teachers and 30,000 students
in grades 4-8 across the two subexperiments.” In Subexperiment 1, the first set of 40 schools
(within three regional AMSTI sites) was randomized to conditions in the winter of 2006. In
Subexperiment 2, the second set of 42 schools (within two regional AMSTI sites) was
randomized to conditions in the winter of 2007. To estimate the effects of AMSTI after one year
(confirmatory analysis), data from both subexperiments were pooled and analyzed together after
their respective first year. The integrity of the samples used in the confirmatory analysis was
maintained, because the difference in attrition between the intervention and control groups was
less than 5 percentage points and overall attrition was 2.5 percent or lessfor all outcomes. To
estimate the effects of AMSTI after two years, data from both subexperiments were pooled and
analyzed together after the respective second year.

Data were collected at multiple levels. Sources included classroom rosters, student
achievement and demographic data, professional development training logs and observations,
professional development teacher surveys, interviews with teachers and principals, classroom
observations, and web-based surveys of teachers and principals.® In both subexperiments,

> This number represents the approximate number of teachers and students in the 82 study schools during
years 1 and 2 of Subexperiment 1 and Subexperiment 2. For precise numbers of teachers and students
used in each analysis, see chapter 2.

® Training logs, in-person interviews with teachers and principals, and classroom observations were
conducted only with Subexperiment 2, because researchers did not receive approval from the Office of
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teachersin AMSTI schools were trained in the program the summer following randomization
and before their first year of implementation (2006/07 for Subexperiment 1, 2007/08 for
Subexperiment 2).

Inferential tests on web-based teacher survey data were conducted to examine the
differences between AMSTI and control schools in the presence of the three main intervention
components (summer professional development, access to materials and manipulatives, and in-
school support). AMSTI teachers were more likely to have participated in summer professional
development than were control teachers (87 percent versus 24 percent for mathematics teachers,
84 percent versus 24 percent for science teachers). AMSTI teachers also reported having greater
access to materials than did control teachers (78 percent versus 41 percent for mathematics
teachers, 61 percent versus 33 percent for science teachers). AMSTI teachers were more likely to
receive in-school support than were their control counterparts (59 percent versus 40 percent for
mathematics teachers, 65 percent versus 25 percent for science teachers). All these differences
were statistically significant at p < .05 (for specifics see chapter 3).”

The effect of AMSTI on student achievement in mathematics after one year, as measured
by end-of-the-year scores on the Stanford Achievement Test Tenth Edition (SAT 10)
mathematics problem solving assessment of students in grades 4-8, was 2.06 scale score units
(figure 1). The difference of 0.05 standard deviation in favor of AMSTI schoolsis equivalent to a
gain of 2 percentile points on the SAT 10 mathematics problem solving assessment for the
average control group student had the student received AMSTI. The 0.05 standard deviation is
statistically significant but smaller than the effect the research team believed would be detectable
by the experiment as designed. Whether this size effect is educationally important is an open
guestion. It may be useful to convert this effect into a more policy-relevant metric—additional
student progress measured in days of instruction. In these terms, the average estimated effect of
AMSTI was equivalent to 28 days of additional student progress over students receiving
conventional mathematics instruction.® The effect of AMSTI on student achievement in science,

Management and Budget in time to collect these implementation data during the 2006/07 school year for
Subexperiment 1. Student-level data and web-based survey data from teachers and principals were
collected for Year 1 of Subexperiment 1 through aresearch grant (IES: #R305E040031) from the Institute
of Education Sciencesto Empirical Education Inc., with permission from the |ES program officer.

" The implementation analyses presented in this report aim simply to describe program implementation
for each program component. The study design did not include assessment and analysis of the AMSTI
implementation quality since objective benchmarks for AMSTI implementation do not exist.

8 To obtain this value, we express the estimated average score gain in the treatment group as a proportion
of the score gain in the control group (T=treatment, C=contral):

A

Y -Y Y —Y c(me+T T
Teo ™ 1 Tore _ ~ Slpot)™ Z COT ° 94— _ . We then multiply this value by

A n

VC( post) — VC(pre) VC( post) — VC(pre) VC( post) — VC(pre)
180 (assuming a 180-day school year in Alabama) which yields the estimated projected number of days of
schooling by the control group, had they been in the treatment condition. Subtracting 180 from this
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as measured by end-of-the-year scores on the SAT 10 science assessment, required only in
grades 5 and 7, was not statistically significant after one year (figure 2).

Figure 1 Effect of the Alabama M ath, Science, and Technology Initiative (AMSTI) on
Stanford Achievement Test Tenth Edition (SAT 10) mathematics problem solving
achievement after one year
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** Significant at p < .05; *** Significant at p <.01

Note: n = 82 schools; 18,713 students
Source: Student achievement data from tests administered as part of the state’ s accountability system.

guantity yields an estimate of the treatment effect in terms of additional learning growth as trandlated into
additional days of

A A

)x180—180 = ("
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schooling: IMPACT = (1+ ) x180 = 28days .

N A

Y C(post) — Y C(pre) Y C(post) — Y C(pre)
This calculation assumes that the treatment effect accumulates linearly with time over the course of a
grade. A formal test of the linearity of the accrual of the treatment effect was not conducted. If the
treatment effect does not accrue linearly then this extrapolation of the number of days may not be
accurate.
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Figure 2 Effect of the Alabama Math, Science, and Technology I nitiative (AMSTI) on
Stanford Achievement Test Tenth Edition (SAT 10) science achievement after one year
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Note: n = 79 schools; 7,528 students
Source: Student achievement data from tests administered as part of the state’ s accountability system.

AMSTI aso had a positive and statistically significant effect on classroom practicesin
mathematics and science after one year. Based on multiple surveysin which teachers reported
the number of minutes of active learning strategies used during the previous 10-day period,
AMSTI mathematics teachers averaged 49.83 more minutes, and AMSTI science teachers
averaged 40.07 more minutes than control teachers. These estimated effects are equivalent to
0.47 standard deviation in mathematics and 0.32 standard deviation in science. Although
teachersin both the AMSTI and control groups reported using active learning instructional
strategies, teachersin AMSTI schools reported spending more time engaged in this type of
instruction.

The exploratory investigation of the two-year effect of AMSTI on student achievement
on the SAT 10 mathematics problem solving test found a positive and statistically significant
result of 3.74 scale score units. This effect represents a difference of 0.10 standard deviation in
favor of AMSTI schools, equivalent to again of 4 percentile points for the average control group
student had the student received AM ST for two years. This estimate of the average effect of
AMSTI after two years can be trandated into an estimated 50 days of additional student progress
over students receiving conventional mathematics instruction.

The exploratory investigation of the two-year effect of AMSTI on student achievement in

science also found a statistically significant result, with a magnitude of 4.00 scale score units.
This effect represents a difference of 0.13 standard deviation in favor of AMSTI schools,
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equivalent to again of 5 percentile points for the average control group student had the student
received AMST] for two years.”

The effect of AMSTI on student achievement in reading after one year, as measured
by end-of-the-year scores on the SAT 10 reading assessment of studentsin grades 4-8, was
2.34 scale score units. The statistically significant difference of 0.06 standard deviation in
favor of AMSTI schoolsis equivalent to again of 2 percentile points on the SAT 10 reading
assessment for the average control group student had the student received AMSTI. This
difference can be translated into an estimated 40 days of additional student progress over
students receiving conventional reading instruction.

The effect of AMSTI on teacher-reported content knowledge after one year was not
statistically significant in either mathematics or science. AMSTI did have a positive and
statistically significant effect on student engagement after one year, measured on a 5-point
scale ranging from “not engaged” to “fully engaged.” AMSTI teachers were more likely than
control teachersto rate their students as achieving higher levels of engagement.

An exploration of the differential effects of AMSTI on student achievement for
subgroups of students found no statistically significant differential effects on student
achievement in mathematics or science based on racial/ethnic minority status, eligibility for
free or reduced-price lunch, gender, or pretest level. In reading, however, AMSTI had a
statistically significant differential effect for minority and White students of 3.04 scale score
points (p < .001). This difference can be translated into days of student progress, where
progress is measured as the average gain in test scores over the course of the school year by
the control group using conventional reading instruction. In this metric, White studentsin
AMSTI made an estimated 52 more days of progress than minority studentsin AMSTI. The
effect of AMSTI on reading achievement for minority students was not statistically
significant (p = .294); for White students, there was a statistically significant positive effect
of AMSTI on reading achievement (p < .001).

° The analysis of the two-year impact of AMSTI on student achievement is exploratory. Readers should
exercise caution in interpreting the results. For instance, we remind the reader that with exploratory
analyses we do not perform multiplicity adjustments. As a consequence, aless strict criterion is used with
exploratory analyses for deciding whether a particular result achieves statistical significance, with the
drawback that it increases the probability of finding a spurious impact. For the two-year impact on
mathematics problem solving (p = .030) and science (p =.038) the results reach statistical significance
under the less strict criterion (alpha=.05). Under the more strict criterion used with the primary
confirmatory analyses (alpha = .025) these results would not have been considered statistically
significant.
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1: Introduction and study overview

This report presents the results of an experiment conducted in Alabama beginning in the
2006/07 school year, to determine the effectiveness of the Alabama Math, Science, and
Technology Initiative (AMSTI), which aims to improve mathematics and science achievement in
the state’ s K—12 schools. This chapter first describes the theoretical underpinnings of AMSTI,
identifies its components, and reviews prior research on the initiative. It then describes the study
design and presents the research questions. Subsequent chapters detail the research methods, the
implementation of the program, and the effects on student achievement and classroom practices.

Strengthening skills of mathematics and science teacher s nationwide

Strengthening the instructional skills of mathematics and science teachers nationwide is
an essential step in adequately preparing American students to compete globally. In testimony to
Congress in 2005, representatives of the National Academies of Science pointed to mounting
concern that the United States is not producing an adequate number of science, technology,
engineering, and mathematics graduates prepared to meet the global demands of the 21st
century.’® To address the problem, they recommended strengthening the skills of mathematics
and science teachers (Augustine, Vagelos, and Wulf 2005).

Providing on-site direct professional development, coaches, and technical assistance to
schoolsis one of several state-level strategies, or levers of change, used to strengthen the skills of
mathematics and science teachers (Edmunds and McColskey 2007). AMSTI is an example of
this strategy. The creation of AMSTI was motivated by the understanding that “a major
challenge that Americafaces as it movesinto the 21st century is assuring that its citizens have
the mathematical, scientific and technological skills and knowledge necessary to be productive
members of society” (AMSTI Committee 2000, p. 20).

The statewide effort was further motivated by the 1996 National Assessment of
Educational Progress (NAEP), on which Alabama s grade 4 and grade 8 students scored below
the national average in mathematics. Grade 8 students—the only grade in Alabama whose
science test scores were reported in 1996—al so scored below the national average in science
(O Sullivan, Jerry, Ballator, and Herr. 1997). In response, policymakers in Alabama undertook a
statewide effort to raise students’ achievement levelsin mathematics and science.

19 On a 2003 international assessment of 15-year-old students, the United States ranked 28th in
mathematics literacy and 24th in science literacy (Lemke et al. 2004).
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The Alabama Math, Science, and Technology Initiative (AMSTI): A state-level strategy to
strengthen skills of mathematics and science teachers

In November 1999, the Alabama State Department of Education (ALSDE) appointed a
38-member blue ribbon committee of K—12 educators, university professors, administrators, and
business and industry leaders to recommend and formulate an action plan to improve
mathematics, science, and technology education throughout the state. Based on a multistep
process of reviewing the research literature; examining international, national, and state
assessment data; investigating national standards; and identifying the needs of Alabamateachers
through a statewide survey of K—12 public school mathematics and science teachers,* the
committee released the following findings (AL SDE 2000):

e Thetwo greatest needs identified by teachers were access to technology and
integration of technology within mathematics and science instruction. Fifty-six
percent of responding mathematics teachers and 54 percent of responding science
teachers identified “incorporating technology into the classroom” as one of their four
greatest needs.

e Teacher instructional strategies were not aligned with national standardsin
mathematics and science. The most frequent instructional strategies appeared to be
lecture and whole-group discussion, with the more innovative techniques endorsed by
the National Council for Teachers of Mathematics and the National Research Council
(for example, working on projects, using hands-on materials) used less often. More
than half of science teachers identified lecture and whole-group discussion as their
primary forms of instruction.

e Other identified needs included more planning time for teachers who taught the same
subject at different grade levels (cited by 39 percent of mathematics teachers and 42
percent of science teachers), better assessment approaches than paper and pencil tests
(cited by 55 percent of mathematics teachers), and more involvement in professional
development activities directly related to mathematics and science instruction (cited
by more than 70 percent of both mathematics and science teachers). Twenty-one
percent of both mathematics and science teachers said