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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) is a 
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 technology, and in-school support for teachers. 

AMSTI, a schoolwide intervention, was introduced in a set of 20 schools in 2002. Each 
year since then, the state has rolled out the program to additional schools within its 11 regions.2 

By 2009, about 40 percent of the state’s 1,518 schools were designated as AMSTI schools. 
Funding for the program from the state legislature was $46 million in 2009.3 

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, as implemented 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 students in grade 5 in 
AMSTI schools outperformed students in non-AMSTI schools in mathematics, science, and 
reading and students in grade 4 in AMSTI schools outperformed their counterparts in non-
AMSTI schools in 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 a local 
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. 

3 Accessed from the web on May 8, 2010 (http://www.alsde.edu/general/quick_facts.pdf). 
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The AMSTI theory of action provided the theoretical basis for selecting the research 

questions 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.4  
 

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. As the 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  
•  What is the 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  

•  What is the 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  

•  What is the effect of AMSTI on: 
a.  student achievement in mathematics problem solving after two years? 
b.  student achievement in science after two years? 

 

                                                      

 

4 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 

•	 What is the 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 

•	 What is the effect of AMSTI on: 
a. mathematics teachers’ reported level of content knowledge after one year? 
b. science teachers’ reported level of content knowledge after one year? 

•	 What is the effect of AMSTI on: 
a. mathematics teachers’ reported level of student engagement after one year? 
b. science teachers’ 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 the one-year effects of AMSTI on student achievement in (a) mathematics 
problem solving, (b) science, and (c) reading vary by student pretest scores? What 
is the effect of AMSTI on these outcomes after one year for students with pretest 
scores that fall in the low, middle, and high ranges? 

•	 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 the one-year effects of AMSTI on student achievement in (a) 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? 

•	 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 a two-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 its first 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 
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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’s rollout 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 schools in the 
regions involved. 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.5 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 less for 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.6 In both subexperiments, 

5 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. 
6 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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teachers in 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).7 

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 schools is 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 
question. 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.8 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 a research grant (IES: #R305E040031) from the Institute 
of Education Sciences to Empirical Education Inc., with permission from the IES program officer.
7 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=control): 

___ ___ ___ ___ ___ ___ 

^ ^ ^ ^
 
___ ___ ___ ___ ^ ^
 

Y T ( post) − Y T ( pre) Y C ( post) − Y C ( pre) + T T = = 1+ 
^ ^ ^ ^ ^ ^ 

Y C ( post) − Y C ( pre) Y C ( post) − Y C ( pre) Y C ( post) − Y C ( pre) 

. We then multiply this value by 

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 Math, Science, and Technology Initiative (AMSTI) on 
Stanford Achievement Test Tenth Edition (SAT 10) mathematics problem solving 
achievement after one year 

** 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. 

quantity  yields an estimate of the treatment effect in terms of additional learning growth as translated into 
additional days of  

schooling:

^ ^ 

 IMPACT = (1 + 
^ 

T 
^ 

180) × 180− = ( 
^ 

T 
^ 

180) × = days28 . 
___ ___ ___ ___ 

Y postC )( − Y preC )( Y postC )( − Y preC )( 

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 Initiative (AMSTI) on 

Stanford Achievement Test Tenth Edition (SAT 10) science achievement after one year 


Note: n = 79 schools; 7,528 students 
Source: Student achievement data from tests administered as part of the state’s accountability system. 

AMSTI also had a positive and statistically significant effect on classroom practices in 
mathematics and science after one year. Based on multiple surveys in 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 
teachers in both the AMSTI and control groups reported using active learning instructional 
strategies, teachers in 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 a gain of 4 percentile points for the average control group 
student had the student received AMSTI for two years. This estimate of the average effect of 
AMSTI after two years can be translated 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 a gain of 5 percentile points for the average control group student had the student 
received AMSTI for two years. 9 

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 students in grades 4–8, was 
2.34 scale score units. The statistically significant difference of 0.06 standard deviation in 
favor of AMSTI schools is equivalent to a gain 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 teachers to 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 students in 
AMSTI made an estimated 52 more days of progress than minority students in 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). 

9 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, a less 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 teachers 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.10 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 
schools is 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 America faces as it moves into 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—also 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 levels in mathematics and science. 

10 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 Alabama teachers 
through a statewide survey of K–12 public school mathematics and science teachers,11 the 
committee released the following findings (ALSDE 2000): 

•	 The two 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. 

•	 Teacher instructional strategies were not aligned with national standards in 
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. 

•	 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 they “almost never” had the 
opportunity to participate in such training. 

11 For each subject, survey packets with return stamped envelopes were sent out to 250 teachers in 
kindergarten through grade 5, 125 teachers in grades 6–8, and 125 teachers in grades 9–12 for a total 
sample size of 500 mathematics and 500 science teachers. The response rate was 54.6 percent for 
mathematics teachers and 37.4 percent for science teachers (ALSDE 2000). 
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The committee then developed recommendations and action plans based on these 
findings and upon a year-long extensive review of research literature (AMSTI Committee 2000), 
including the recommendations of the American Association for the Advancement of Science 
(1990) and the National Council of Teachers of Mathematics (2000). The committee made five 
final recommendations: 
 

•	  Classroom practice should incorporate hands-on, inquiry-based instruction. 
•	  Mathematics and science curricula should focus on a reduced number of topics, 

emphasizing depth versus breadth of knowledge. 
•	  Performance-based assessments should complement standardized testing strategies. 
•	  Content-specific and ongoing professional development must be provided to teachers. 
•	  Adequate and accessible technological resources and classroom materials, from hand-

held calculators to computers, are required for effective classroom instruction. 
 

Once these recommendations were adopted, ALSDE charged two committees, one for 
science and one for mathematics, with turning the recommendations into a program. Under the 
guidance of the department, writers were hired to develop grade- and subject-specific modules 
and implementation guides for teachers in line with the recommendations. Once the curricula 
were developed, trainers were hired to build a pool of individuals capable of teaching the 
modules. According to the initial design, participating schools were to send their staff for 
training for two consecutive summers. During the first summer, teachers would receive training 
in the first half of the program and implement those units during their school’s first year of 
participation. The following summer, teachers would be trained on the second half of the 
program and teach the full AMSTI curriculum starting the next school year. The program staff 
has continued to add and revise modules based on feedback and to maximize alignment with the 
state’s content standards, the Alabama Course of Study. 
 

The first group of 20 participating schools started AMSTI in 2002. Each ensuing year, the 
program expanded to additional sites. In 2009, about 40 percent of Alabama’s 1,518 public 
schools were designated as AMSTI schools.12 Funding for AMSTI, which comes from the state 
legislature as part of the education budget, was $46 million in 2009. 
 

Alabama Math, Science, and Technology Initiative (AMSTI) theory of action  
 

AMSTI developers posited that teacher quality and effectiveness were the keys to 
improving student test scores in mathematics and science. They believed that the most direct way 
to improve teacher quality was to create an in-depth, comprehensive professional development 
program reflective of national standards in mathematics, science, and technology and to provide 
teachers with resources to support what they learned in that program. The AMSTI model is based 
on the hypothesis that intensive, comprehensive professional development; in-school support (for 
example, teacher coaching provided by technical assistance staff); and associated resources and 
materials (for example, curricular materials, manipulatives, and microscopes) will lead to 

12 Accessed on May 8, 2010, from (http://www.alsde.edu/general/quick_facts.pdf). 
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teachers’ use of effective instructional strategies that are aligned with statewide and national 
standards. These changes in instructional strategies were hypothesized to lead to improved 
student achievement in mathematics and science (figure 1.1). 

Figure 1.1 Alabama Math, Science, and Technology Initiative (AMSTI) theory of action 

The AMSTI theory of action implies two fundamental mechanisms of change, which are 
supported by research. The first mechanism concerns higher levels of hands-on, inquiry-based 
instruction, which are thought to lead to in-depth mastery of core mathematics and science 
concepts and higher achievement scores. The second mechanism involves intensive, 
comprehensive professional development, ready access to instructional materials and technology, 
and in-school supports for teachers, which were hypothesized to lead to increases in hands-on, 
inquiry-based instruction within the classroom. Research shows that the first mechanism leads to 
significant improvements in a variety of student learning outcomes, including higher-order 
critical thinking and process skills, problem solving abilities, and achievement scores (Romberg, 
Carpenter, and Dremock 2005; Chang and Mao 1999; Battista 1999). The foundation for the 
second mechanism is research on effective practices and programs that help reform teaching 
practices in the classroom (Gamoran et al. 2003; Glennan and Resnick 2004; Loucks-Horsley, 
Stiles, and Hewson 1996; Lord and Miller 2000). 

These three key factors—intensive, comprehensive professional development; ready 
access to instructional materials and technology; and in-school supports for teachers—were 
hypothesized to work interactively (as indicated by the double-headed arrows in figure 1.1) to 
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increase hands-on, inquiry-based classroom instructional strategies. These classroom practices, 
in turn, were hypothesized to lead to higher student achievement. 

Alabama Math, Science, and Technology Initiative (AMSTI) program components and 
elements 

The AMSTI program consists of three components that map directly onto each key factor 
hypothesized to influence classroom practice within the theory of action: professional 
development; program materials, technology, and other resources; and in-school supports (table 
1.1; see chapter 3). The components are delivered over two years to at least 80 percent of 
mathematics and science teachers in participating middle schools; in elementary schools, they 
are provided to regular classroom teachers.13 

Table 1.1 Alabama Math, Science, and Technology Initiative (AMSTI) components and 
corresponding elements 

Component Elements 
Professional 
development  

•  Teachers and principals participate in two-week summer institutes at which they are 
trained in the AMSTI curriculum, which focuses on increasing teacher content-
knowledge and hands-on, inquiry-based instruction.  

•  Elementary school teachers attend one week of training for AMSTI mathematics and 
one week  for AMSTI science. Secondary school teachers  attend two weeks of AMSTI 
training for their subject area  and grade level.  

•  Teachers attend summer institutes for two consecutive years, during the summers 
before and after their first year  of classroom implementation.  

•  Summer institutes are taught by master trainers who are AMSTI certified at one of the 
AMSTI sites. 

•  Trainers use content- and grade-specific instructional methods. For example, trainers 
of grade 8 mathematics teachers model lessons that align with the Alabama Course of 
Study  for grade 8 and use instructional methods appropriate for grade 8.  

•  Trainers model lessons of hands-on, inquiry-based instruction.  

•  Teachers receive follow-up or on-site professional development during the school year. 

Program  
materials,  
technology, and 
other resources  

•  Teachers are provided  with all materials needed to deliver hands-on, inquiry-based 
instruction.  

•  Program  materials include teacher guides, student guides, participant manuals (grade  
and subject specific and aligned with the Alabama Course of Study), student  
assessments, software, and various toolkits  composed of  manipulatives and hands-on  
activities. 

•  Hands-on materials and manipulatives are rotated among schools in  bins or “kits” 
delivered to schools by  AMSTI sites and picked up  for complete refurbishment. 

In-school 
supports 

• AMSTI site specialists are available for on-site mentoring to help teachers implement 
lessons throughout the school year. 

13 In an attempt to bring about institutional change at participating schools, ALSDE limits participation to 
schools that demonstrate staff buy-in by submitting signatures from the school principal and at least 80 
percent of the subject area teachers. After the first two years, support is reduced. However, AMSTI 
continues to train new teachers and to replenish curriculum and supplies at program schools. 
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Component Elements 
• Schools designate one teacher to receive additional training and serve as the school-

based AMSTI lead teacher and AMSTI liaison. The lead teacher provides mentoring to 
newly trained faculty and serves as one conduit for communication with AMSTI sites. 

• AMSTI schools hold regularly scheduled sessions at which “learning teams” or “study 
groups” of AMSTI teachers within a school meet to plan and discuss AMSTI-related 
issues and student responses. 

There are 11 regional AMSTI sites, each partnered with a local university or college. The 
sites are responsible for delivering AMSTI program elements, including the summer training, 
ongoing professional development during the school year, and the training of any new hires at 
schools. The sites are also responsible for storing, refurbishing, and distributing materials and 
kits to all schools within their region. Each site is staffed with a director, mathematics and 
science specialists, a materials manager, and materials staff. ALSDE oversees the program 
throughout the state, ensuring consistent quality across schools. It certifies trainers to teach at the 
summer institutes, sets the curricula and activities, and provides oversight support to each 
AMSTI site. 

Prior research on the effectiveness of the Alabama Math, Science, and Technology 

Initiative (AMSTI) on student achievement 


The Institute for Communication and Information Research at the University of Alabama, 
an external evaluator, has evaluated AMSTI for four school years since its inception in Alabama 
schools in 2002 using a quasi-experimental design (Miron and Maxwell 2004; 2005a, b; 2006a, 
b; 2007). All evaluations used a similar methodology and data sources, pairing AMSTI schools 
with other schools from the same districts that did not use the program and comparing school-
level standardized test scores.14 

Evaluations focused on the impact of AMSTI on student achievement only; 
implementation data were not collected. The primary impacts of interest were mathematics and 
science test scores, but researchers also investigated possible secondary effects on reading and 
writing scores. Elementary (kindergarten through grade 5), middle school (grades 6–8), and high 
school (grades 9–12) levels were analyzed separately. The most recent evaluation (Miron and 
Maxwell 2007) analyzed the school-level mean percentile ranks on the 2007 Stanford 
Achievement Test Series, Tenth Edition (SAT 10) for the 195 schools that have adopted AMSTI 
since 2002 and the 576 schools from the same school districts that did not use the program. It 
reported statistically significant findings at the elementary school level, with grade 5 students in 
AMSTI schools outperforming their counterparts in non-AMSTI schools on the SAT 10 by 3.51 
percentile points in mathematics (p = .037) and 6.35 percentile points in science (p = .001). The 

14 For 2004–07, the external evaluator examined results from the following standardized tests: the 
Stanford Achievement Test Series, Tenth Edition; the Alabama Reading and Math Test; and the Alabama 
High School Graduation Exam. Starting in 2005, the evaluation also included results from the Alabama 
Direct Assessment of Writing. 
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evaluators also found that AMSTI had statistically significant spillover effects on SAT 10 
reading outcomes of 4.05 percentile points in grade 4 (p = .020) and 3.51 percentile points in 
grade 5 (p = .037). AMSTI was not shown to have statistically significant effects on students in 
grades 6–8 on any of the SAT 10 tests. 

As with other quasi-experimental studies, results may have been subject to substantial 
bias, particularly because schools must apply to participate in AMSTI and so may already be 
more motivated to improve their mathematics and science programs than schools that do not 
apply. In addition, none of the evaluations examined whether there was baseline equivalence 
on possible confounders, including pretest measures, nor did they attempt to adjust for 
potential bias because of nonequivalence between AMSTI and non-AMSTI schools. These 
issues raise concerns about the internal validity of study findings—specifically, whether the 
observed increase in AMSTI students’ achievement can be explained only by their 
participation in the program and not by other plausible explanations, such as prior 
achievement. 

Overview of study design 

Given the policy relevance of AMSTI and the state’s investment in the program, the 
Regional Educational Laboratory Southeast mounted a longitudinal, cluster randomized 
controlled trial to determine the effectiveness of AMSTI, as implemented in five regions of 
Alabama. Random assignment of schools controlled for potential explanations other than 
AMSTI as the cause of observed differences in student achievement. Removing sources of 
potential bias present in the previous evaluations enhanced the level of confidence in the 
evaluation of the effect of AMSTI on student outcomes. 

The research team selected a sample of 82 schools, over a period of two school years, 
from a larger pool of qualified schools that expressed interest in AMSTI. Because in each 
region a larger number of qualified schools applied to participate in the AMSTI program than 
resources could accommodate, the study was able to randomly assign the schools to either 
the AMSTI or the control condition. 

To reach the number of schools required for the AMSTI evaluation the study set up two 
experiments. In Subexperiment 1, 40 schools were randomized to conditions in 2006. In 
Subexperiment 2, another 42 schools were randomized to conditions in 2007. In all, 40 districts 
and about 780 teachers and 30,000 students were eligible for participation in the study.15 For 
both subexperiments, the intervention group attended the summer institutes and began 
implementing AMSTI in the first year after random assignment, and the control group continued 
to use the existing mathematics and science programs. Schools assigned to the control group 
were accepted to the program but with a one-year delay, so that in the second year of each 

15 These numbers represent the approximate number of unique teachers and students in the 82 study 
schools in Year 1 and Year 2 (of Subexperiment 1 and Subexperiment 2). For precise numbers of teachers 
and students included in each analysis, see chapter 2. 
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subexperiment, the sample consisted of one group in its second year of AMSTI implementation 
(the first year intervention group) and another group in its first year of AMSTI implementation 
(the first year control group); therefore, there was no control group that did not receive AMSTI 
intervention. 

The principals of 17 AMSTI schools and 13 control schools indicated that members of 
their staff had participated in the Leadership Academy for Math, Science, and Technology 
(LAMST) the year before the study began (2005/06 for Subexperiment 1, 2006/07 for 
Subexperiment 2). LAMST provided grade-and subject-specific materials and one week of 
training based on the AMSTI model to school teams composed of the principal, one mathematics 
teacher, and one science teacher in kindergarten through grade 5.16 LAMST-trained teachers 
were expected to share what they learned with the rest of the teachers in their schools. ALSDE’s 
expectation was that exposure to LAMST would encourage the schools to participate in the full 
AMSTI program. LAMST did not provide text or materials for teachers other than to the two 
who attend the training. This study examined the effect of AMSTI over and above this 
introductory exposure to the program. 

ALSDE oversaw all aspects of AMSTI program implementation. It also led the 
professional development, distributed the program materials, facilitated the in-school supports, 
and provided data, including demographic information and standardized test scores. Individual 
school districts provided data on classroom teacher assignment, school enrollment status, and 
additional student demographic information. Researchers gathered data from teachers and 
principals using surveys, classroom observations, and interviews, to understand more fully the 
nature of training and resources, instructional strategies, and possible changes in student 
academic achievement. 

A cluster randomized controlled trial research design for AMSTI is an advance over the 
previous research on the intervention, because it eliminates selection bias from the estimate of 
the effect. Randomization, however, does not ensure the generalizability of the findings to other 
regions or implementations that may use different levels of resources. AMSTI schools not in the 
study were not observed; whether the observed implementation of AMSTI was typical cannot be 
verified. 

The study took advantage of ALSDE’s rollout of AMSTI to specific regions during the 
study years. From the eligible schools that applied to participate in the program, researchers tried 
to select a sample that was representative of the population of schools in the regions chosen. 
Similarity between the sample and the reference populations was determined by school 
dimensions that regional experts thought were important. This process did not ensure the kind of 
external validity that would have been obtained through a formal random sample. The 
description of the selection process and the characteristics of the resulting sample (in chapter 2) 
allow readers to judge whether the findings might be extrapolated to their particular cases. 

16 The number of teachers who participated in this study and received LAMST training is not known. 
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This report describes the conditions of implementation to help ALSDE strengthen its 
program. Its key contribution is to provide rigorous estimates of whether this effort improved 
student achievement in mathematics and science in schools that adopted AMSTI. 
 

Research questions 
 

The analyses of the effect of AMSTI on key study outcomes are referred to as 
confirmatory analyses. Confirmatory analyses are those for which the evaluation was specifically 
designed and for which the design provides a strong basis for causal inference. Exploratory  
analyses were also conducted. The evaluation was not specifically designed to address these 
questions. It thus can produce only suggestive evidence and ideas for future research. 
 

•	  Primary confirmatory research question: effect on student achievement after one 
year  
o 	 What is the 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: effect on classroom practice after one 

year  
o	  What is the 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? 

 
•  Exploratory research question: effect on student achievement after two years 

o	  What is the effect of AMSTI on: 
a.  student achievement in mathematics problem solving after two years? 
b.  student achievement in science after two years? 

 
•	  Exploratory research question: effect on student achievement in reading after one 

year  
o 	 What is the 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 
o	  What is the effect of AMSTI on: 

a.  mathematics teachers’ reported level of content knowledge after one year? 
b.  science teachers’ reported level of content knowledge after one year? 

o	  What is the effect of AMSTI on: 
a.  mathematics teachers’ reported level of student engagement after one year? 
b.  science teachers’ reported level of student enagement after one year? 
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•	 Exploratory research questions: variations in effects on student achievement for 
specific subgroups of students after one year 
o	 Do the one-year effects of AMSTI on student achievement in (a) mathematics 

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

o	 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 who were enrolled in the free or reduced-price lunch 
program and students who are not enrolled? 

o	 Do the one-year effects of AMSTI on student achievement in (a) 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 White students? 

o	 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? 

The AMSTI theory of action provided the theoretical basis for selecting confirmatory 
outcomes (see figure 1.1). The primary outcomes selected for evaluation are measures of student 
achievement in mathematics problem solving and science. These outcomes were designated as 
primary confirmatory outcomes because the basic purpose of AMSTI is to increase student 
achievement in these content domains.17 

The secondary outcomes are the classroom practices that, according to the theory of 
action, are the mediating link between the intervention and student achievement. The classroom 
practice outcomes were designated as secondary confirmatory outcomes because the main 
mechanism through which AMSTI is expected to affect student achievement is the set of 
classroom practices used by the mathematics and science teachers who implement the program.18 

Because AMSTI was designed to increase student achievement, its success was judged 
by whether its estimated achievement effects were positive and statistically significant. For the 
confirmatory analysis, two outcomes were measured—one in mathematics and one in science. At 
the same time, it is useful to make summary statements about the findings that span multiple 
outcomes. Summary statements about the effects of AMSTI are based on whether the estimated 

17 The decision to examine these as separate outcomes was further warranted by the program design 
elements (see table 1.1). During the professional development, trainers use content- and grade-specific 
instructional methods; there are separate mathematics and science specialists and separate curriculum 
modules. 
18 These practices were measured in the surveys and used to create a composite variable, the active 
learning scale (see appendix A). 
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effect is significant for either of the two confirmatory outcomes. A multiplicity adjustment using 
the Bonferroni procedure was used to provide rigorous support for these statements. 

Although AMSTI is a two-year program, the confirmatory analyses address the effect of 
only the first year of implementation (across both subexperiments). The effect of two years of 
exposure cannot be estimated without additional assumptions because, as detailed in chapter 2, 
the control group entered the program in the second year and was no longer a pure control 
group.19 Researchers selected an appropriate method to estimate the two-year effects, but due to 
the uncertainty introduced by the assumptions required by the analysis, the findings are 
considered exploratory. 

The additional exploratory questions pertain only to the first year of AMSTI and could be 
answered without additional assumptions. These additional analyses addressed the effect of 
AMSTI on student achievement in reading, teacher content knowledge, and student engagement, 
as well as variations in effects on student achievement for various subgroups of students. These 
questions are important to understanding the full effect of AMSTI. The rationale for selecting 
these questions arose from several sources: the AMSTI theory of action; interest from program 
developers; prior research on AMSTI and the fields of science, technology, engineering, and 
mathematics; and measured achievement gaps in Alabama (appendix B). 

The study investigates whether participation in AMSTI mathematics and science 
instruction had an effect on reading achievement. This was considered an important investigation 
by the AMSTI developers; previous quasi-experimental evaluations have found positive spillover 
effects, prompting the study’s technical working group to suggest this question as an area of 
investigation (Miron and Maxwell 2007). The AMSTI theory of action provides the primary 
motivation for examining the intermediate effect on teacher content knowledge and student 
engagement. AMSTI’s professional development focuses on changing teacher content 
knowledge. AMSTI’s emphasis on teaching methods that promote active learning in the 
classroom is designed to motivate and engage students in learning (University of Alabama n.d.; 
AMSTI Committee 2000). Examining the variations in effects on student achievement for 
specific subgroups of students is important to identify particular subgroups for which AMSTI is 
or is not working, to determine whether the intervention narrows or expands the achievement gap 
across these subgroups. 

To inform an understanding of the primary and secondary confirmatory outcomes, the 
report also provides brief descriptions of implementation during the first year. The theory of 
action suggests that if implemented correctly, the three components of AMSTI will lead to 
changes in classroom practice and, consequently, to changes in student outcomes, as examined in 
the primary analysis. 

19 Two years after random assignment, the original control schools had participated in AMSTI for one 
year; intervention schools had participated in AMSTI for two years. 
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Structure of the report 

Chapter 2 details the study design and methods, including the study setting and 
randomization procedures as well as descriptions of the sample, data sources and collection 
procedures, and analysis methods; and chapter 2 also provides enough information for assessing 
the internal and external validity for all analyses. Chapter 3 describes each component of the 
intervention as articulated through the AMSTI theory of action and corresponding 
implementation analyses to provide a sense of the average receipt of both AMSTI and control 
group components in both the intervention and control conditions. The implementation findings, 
which draw mainly on quantitative data, are descriptive and provide context for interpreting 
confirmatory findings. Chapter 4 presents the primary confirmatory results of the effect of 
AMSTI on student achievement outcomes and the secondary confirmatory results of the effect of 
AMSTI on classroom instructional practices after one year. Chapter 5 presents the exploratory 
results of the effect of AMSTI on student achievement after two years. Chapter 6 presents the 
exploratory results of the effect of AMSTI on student achievement in reading, the effect of 
AMSTI on teacher content knowledge and student engagement, and variations in effects on 
student achievement for various subgroups of students after one year. Chapter 7 summarizes and 
discusses the report’s main findings. Appendixes provide additional technical detail. 
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2: Study design and methodology 

To examine the effect of AMSTI on the mathematics problem solving and science 
achievement of students in grades 4–8 in 82 public schools in five regions of Alabama, 
researchers randomly assigned a volunteer sample of schools to either implement AMSTI or 
continue using their school districts’ existing mathematics and science programs. This 
chapter describes the methods used to assess the differences in student and classroom 
outcomes between the two groups of schools. It begins by providing the rationale for the 
experimental design and describing the target population, recruitment, and randomization of 
schools. It then details the study’s data sources and collection procedures, addresses attrition, 
describes the composition of the experimental groups for the confirmatory outcomes, and 
explains the statistical methods used to generate the findings on the effect of AMSTI on 
students and teachers. 

Rationale for experimental design 

The research team chose a longitudinal, cluster randomized controlled trial design, 
allowing it to improve on results from earlier quasi-experimental evaluations, which could 
not disentangle the program’s effect from possible bias caused by participant selection. The 
design of the current study ensures that its findings are less susceptible to bias. 

Because the goal was to measure AMSTI’s impact, if any, the experimental design 
needed to isolate the program’s effect on outcomes of interest from the effects of other 
factors. Randomization increases the likelihood that, at the outset of the study, factors other 
than the program that could affect the outcomes of interest are equally distributed, on 
average, between the AMSTI and control schools. This is true both for observed and 
measured factors, as well as for variables that are unmeasured, unobserved, or unanticipated. 
Randomization prevents confounding of the intervention with other factors that affect 
outcomes, preventing bias in the results. For example, randomization increases the likelihood 
that lower-achieving schools are not selectively assigned to either the AMSTI or control 
group. The benefits of randomization are preserved as long as the trial is well implemented 
with safeguards against disruptions, such as differential attrition. 

Unit of randomization 

This study was randomized at the school level, because AMSTI uses a whole-school 
implementation model and requires at least 80 percent of the mathematics and science 
teachers in an AMSTI school to participate in the program. AMSTI requires that teachers 
work together in professional development groups, that lead teachers mentor others in 
mathematics and science, and that all of a teacher’s students participate in AMSTI. A design 
that randomizes within schools, such as at the class, teacher, or student level, might disrupt 
key components of the intervention (such as in-school supports and teacher collaboration). 
School-level randomization was made possible because in each of the five study regions, 
greater number of qualified schools applied to participate in the AMSTI program than 
resources could accommodate. 
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Matched-pairs design 

A matched-pairs design was selected for school-level randomization because it can 
increase the precision of estimates by removing between-pair variation in the outcome as a 
source of error variance in the standard error of the impact estimate. However, the benefits of a 
matched-pairs design can be offset by a loss in degrees of freedom resulting from estimating pair 
effects. (For a discussion of the tradeoffs associated with using a matched-pairs design, see 
Bloom [2005] and Raudenbush, Martinez, and Spybrook [2007].) 

School selection 

Eighty-two study schools were selected from a sample of 144 eligible schools that 
applied to participate in AMSTI. Although schools were not selected from a random sample, 
researchers did select a set of applicant schools that, in aggregate, were similar to the population 
of eligible schools within their regions. (See appendix C for a description of the selection 
process.) 

Recruitment, selection, and random assignment of schools 

Analysis of sample sizes and statistical power 

The study was designed to achieve a minimum detectable effect size of 0.20 for 
estimating the impact for a single student outcome. The statistical power analysis conducted at 
the planning stage of this experiment showed that 66 schools were required to detect an impact 
of at least 0.20 standard deviation with .80 power for the mathematics problem solving 
outcome.20 The value of the minimum detectable effect size was chosen to be consistent with 
other evaluations sponsored by the National Center for Education Evaluation and Regional 
Assistance (see appendix D for citations). If a 20 percent attrition rate for schools is assumed, 
then 82 schools would be required. The estimates also suggested that a final analytic sample of 
66 schools would detect an effect as small as 0.38 standard deviation for teacher outcomes.21 

20 The science outcome is assessed only in grades 5 and 7. Therefore, the student sample size for the 
analysis of the science outcome was assumed to be two-fifths of the student sample size for math (112 
students per school instead of 280 students per school), yielding a minimum detectable effect size for 
science of 0.22. 
21 As shown in chapter 4, the analyses ultimately achieved minimum detectable effect size values for one-
year impacts of 0.063 for mathematics and 0.126 for science. These differed from the planned minimum 
detectable effect size values for two reasons. First, estimates of the key power parameters differed from 
the values assumed in designing the study. Second, technical guidance received from outside reviewers 
(the Analytic and Technical Support team) after the experiment was conducted led researchers to adopt 
the Bonferroni correction for multiple outcomes, which reduced the effective alpha level for the analysis. 
Two independent adjustments were conducted. The first was carried out on analyses of impacts on student 
performance in mathematics problem solving and science. The alpha level was reduced from .050 to .025 
for each of these tests. The second was carried out on analyses of impacts the use of active learning 
instructional strategies in mathematics and science classrooms. The alpha level was reduced from .050 to 
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Rollout of the Alabama Math, Science, and Technology Initiative (AMSTI) program and study 

Since AMSTI’s inception, the Alabama State Department of Education (ALSDE) has 
been slowly rolling out the program, offering it to a specified number of schools within newly 
added regions each year. Each of the 11 AMSTI regions is named after its lead institution, or 
AMSTI site—the educational institution that takes responsibility for teacher training, support, 
and distribution of AMSTI materials within that region.22 

The study began in the 2006/07 school year, at which time ALSDE planned to introduce 
the AMSTI program to schools in three regions. That year, the state could afford to offer the 
program to a total of 20–25 new schools in these regions and to promise the control schools that 
they would receive the program the following year. In the 2007/08 school year, ALSDE 
introduced the AMSTI program in two additional regions. The state could afford to offer the 
program to an additional 20–25 schools in those two regions and to promise the control schools 
that they would receive the program in the 2008/09 school year. Because the state did not plan to 
introduce the program in the number of schools required for the study in a single year, this study 
was conducted in two phases (or subexperiments). 

In February 2006, 40 schools from the first three regions were selected to participate in 
the study, and researchers randomly assigned 20 schools to the AMSTI condition and 20 schools 
to the control condition. (The process of identifying the sample of 40 schools is described in the 
section on selection and random assignment of schools below.) The 20 AMSTI schools began 
implementation in August 2006. In January 2007, a similar process was followed for the second 
subexperiment. Researchers selected 42 schools from the two additional regions to participate, 
with 21 randomly assigned to AMSTI and 21 randomly assigned to the control condition. The 21 
AMSTI schools began implementation in August 2007. Data from both subexperiments were 
pooled and analyzed together (table 2.1).23 

.025 for each of these tests as well. For the one-year impacts on active learning instructional strategies, 
the achieved minimum detectable effect size values were 0.37 for mathematics and 0.31 for science. (See 
chapter 4 for values assumed for the original power analysis as well as estimates of the parameters used 
for the sample-based power calculations.) 
22 As explained in chapter 1, the 11 AMSTI regions follow the same boundaries as the 11 regional 
inservice centers established by the Alabama legislature in 1984. 
23 The decision to combine data across subexperiments was made for practical reasons. If we use the 
parameter assumptions in the original power analysis, dividing the sample would result in two 
underpowered analyses (i.e., two analyses, neither of which by itself would be powered to detect impacts 
that are as small as expected). There is no a priori reason to expect the impact to be different for the two 
subexperiments. Furthermore, given that the goal of AMSTI is to improve student math and science 
student achievement for all Alabama students, the study was designed to cover as many regions of 
Alabama as possible, to make the results more generalizable to the state as a whole, and to provide 
relevant information to ALSDE. This further justified not dividing up the sample and running separate 
analyses for each group. 
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Table 2.1 Regions, schools, and school year of Subexperiment 1 and Subexperiment 2 

Subexperiment 
Number of 

regions 
Number of schools 

randomized 
Year 1 

(school year) 
Year 2 

(school year) 

1 3 40 2006/07 2007/08 

2 2 42 2007/08 2008/09 

Throughout the report, Year 1 signifies the first year of AMSTI implementation for the 
schools randomized to the AMSTI group in each subexperiment (2006/07 for Subexperiment 1, 
2007/08 for Subexperiment 2). Year 2 signifies the second year of AMSTI implementation for 
the schools randomized to the AMSTI group in each subexperiment (2007/08 for the 
Subexperiment 1, 2008/09 for Subexperiment 2). 
 
Recruitment, selection, and random assignment of schools 
 

During the winter of the school year before the study began (2005/06 for Subexperiment 
1, 2006/07 for Subexperiment 2), ALSDE invited 613 schools (352 from the three 
Subexperiment 1 regions and 261 from the two Subexperiment 2 regions) to participate in the 
AMSTI program; 190 schools returned the application forms (101 from Subexperiment 1 and 89 
from Subexperiment 2). Schools were eligible for selection into the study if they met two 
criteria: 
 

•	  Program criterion. At least 80 percent of the mathematics and science teachers signed 
the application form indicating that they wanted to participate in AMSTI. Eleven 
schools from Subexperiment 1 and eight from Subexperiment 2 did not meet this 
criterion.  

•	  Study criterion. The school housed at least one of grades 4–8. Grades 3 and below were 
ineligible for the study because of lack of student pretest measures; grades 9–12 were 
ineligible because the AMSTI high school program uses a separate curriculum. 
Twenty-seven schools (16 from Subexperiment 1 and 11 from Subexperiment 2) did 
not meet this criterion.24  

 
After schools that did not meet the AMSTI program and study criteria were removed, 144 

schools remained (74 in Subexperiment 1 and 70 in Subexperiment 2). 
 

From those 144 eligible schools, a sample of 40 schools was selected for Subexperiment 
1 (figure 2.1). One at a time, pairs of schools were identified and selected until the desired 
number was reached in each region. This sample consisted of six matched pairs in one region 
and seven matched pairs in each of the other two regions. For Subexperiment 2, a sample of 42 
schools was selected, consisting of 10 pairs in one region and 11 pairs in the other. 

24 ALSDE did admit grades K–3 into the program for schools that were admitted into the study, even 
though these grades did not participate in the study. Although researchers did not track admittance of non-
study schools into the program, a number of schools were admitted before the selection of the study 
schools and randomization. 
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For both subexperiments, researchers met with AMSTI staff and regional site 
directors to select schools to participate in the study. To select the pairs that would then be 
randomized within each region, researchers paired schools first on the basis of similarity of 
grade configuration, then on mathematics scores, on percentage of racial/ethnic minority 
students, and finally (when possible) on percentage of students from low-income households 
(students enrolled in the National School Lunch Program). AMSTI regional directors 
provided input on the appropriateness of the pairings, based on their local knowledge of 
similarities that went beyond those captured in the formal criteria, and corrected or updated 
data. As pairs were selected, researchers used a spreadsheet to maintain a running tally of the 
demographics of the combined pairs in each region to ensure they were similar to the 
demographics of that region’s schools. In some cases, this consideration was the deciding 
factor in choosing a school from two closely matched pairs. 
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Invited to participate in AMSTI 

n = 613 (Subexperiment 1 = 352; 

Subexperiment 2 = 261) 

Applied to join AMSTI 

n = 190 (Subexperiment 1 = 101; 

Subexperiment 2 = 89) 

Eligible for AMSTI 

n = 171 (Subexperiment 1= 90; 

Subexperiment 2 = 81) 

Eligible for study selection 

n = 144 (Subexperiment 1 = 74; 

Subexperiment 2 = 70) 

Selected for the study 

n = 82 (Subexperiment 1 = 40; 

Subexperiment 2 = 42) 

Did not apply to AMSTI 

n = 423 (Subexperiment 1 = 251; 

Subexperiment 2 = 172) 

Ineligible for AMSTI  

(less than 80 percent of mathematics and
 

science teachers signed application) 


n =19 (Subexperiment 1 = 11; 


Subexperiment 2 = 8)
 

Ineligible for study selection 

(did not have at least one of grades 4–8) 

n = 27 (Subexperiment 1 = 16; 

Subexperiment 2 = 11) 

Not selected for randomization 

(not closely paired or demographics not similar 

enough to region overall)
 

n = 62 (Subexperiment 1 = 34; 


Subexperiment 2= 28)
 

Figure 2.1 Flow chart of school sample selection from invitation to participate in the 

Alabama Math, Science, and Technology Initiative (AMSTI) to selection for the study 
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Within each pair, a senior state official tossed a coin to determine assignment of each 
school to AMSTI or the control condition. The sample was allocated through a process that 
began with selection and random assignment and ended with inclusion in data analysis (Figure 
2.2; see appendix C).25 

Figure 2.2 Flow chart of school sample allocation from random assignment to inclusion 
in data analysis 

Baseline/pretest completed 
n = 41 (Subexperiment 1 = 20; 

Subexperiment 2 = 21) 

School allocated to AMSTI 
condition 

n = 41 (Subexperiment 1 = 20; 
Subexperiment 2 = 21) 

School allocated to control 
condition 

n = 41 (Subexperiment 1 = 20; 
Subexperiment 2 = 21) 

Baseline/pretest completed 
n = 41 (Subexperiment 1 = 20; 

Subexperiment 2 = 21) 

Posttest completed 
n = 41 (Subexperiment 1 = 20; 

Subexperiment 2 = 21) 

Included in data analysis 
n = 41 (Subexperiment 1 = 20; 

Subexperiment 2 = 21) 

Included in data analysis 
n = 41 (Subexperiment 1 = 20; 

Subexperiment 2 = 21) 

Posttest completed 
n = 41 (Subexperiment 1 = 20; 

Subexperiment 2 = 21) 

Random assignment of 

schools 

Selected for the study 

n = 82 (Subexperiment 1 = 40; 

Subexperiment 2 = 42) 

25 Data from all 82 schools were included in the first-year impact analysis of the SAT 10 mathematics 
problem solving outcome. For the numbers of schools used in other analyses, see the section on attrition 
rates and equivalence of baseline and analyzed sample in the Threats to Internal Validity section of 
Chapter 2. 
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After randomization, control schools continued to use their regular instruction program 
for mathematics and science for one year. Programs in use met the objectives specified in the 
Alabama Course of Study and used comprehensive and supplementary texts recommended by 
the Alabama State Textbook Committee. More than 50 sets of curriculum materials have been 
approved for mathematics and science, some of which are included in the AMSTI curriculum. 
Activities at control schools were not linked specifically to AMSTI, however, and were 
considered part of the natural evolution of pedagogy, or “business as usual.” 

Control schools were expected to adopt AMSTI the following school year (2007/08 
for control schools in Subexperiment 1, 2008/09 for control schools in Subexperiment 2). 
Although two years without AMSTI would have been preferable for enabling the study 
design to detect the two-year effect of AMSTI, AMSTI staff believed that offering delayed 
acceptance into the program after one year was necessary to encourage the schools to serve 
as controls. A delay of more than one year would have served as a disincentive to participate 
in the study, as schools not participating in the study would be allowed to join AMSTI before 
the participating control schools. With no guarantee of continued funding for program 
expansion, assignment to the control group was associated with a greater risk of never being 
able to join the program. 

Incentives to participate 

The main incentive to participate in the study was the opportunity to participate in 
AMSTI. All mathematics and science teachers in schools assigned to the intervention group 
received AMSTI professional development as well as AMSTI support, materials, and 
technology. Schools assigned to the control group were assured that they could participate in 
AMSTI the following year. 

Teachers were offered incentives to participate fully in both the AMSTI program and the 
study. Teachers attending the AMSTI summer institute on noncontract hours received stipends of 
$100 a day from AMSTI (which certain districts supplemented with their own funds). In 
addition, teachers in both the AMSTI and control group who participated in the study’s web-
based surveys, described below, received stipends of up to $100 from the Regional Educational 
Laboratory Southeast. 

Defining the term “Alabama Math, Science, and Technology Initiative (AMSTI) teacher” 

Because AMSTI is considered a schoolwide program and randomization was performed 
at the school level, all teachers who matched the subject matter and grade criteria were labeled 
“AMSTI teachers.” However, the AMSTI program requires that at least 80 percent of the 
mathematics and science teachers at a school participate. Therefore, the term “AMSTI teacher” 
does not necessarily signify that the teacher actively implemented the AMSTI program. The 
percentage of Year 1 AMSTI teachers who reported participating in some AMSTI training was 
86 percent in Subexperiment 1 and 87 percent in Subexperiment 2. It would not have been 
possible to maintain the benefits of the randomized design if nonimplementers were removed 
from the study sample, because there was no way to identify equivalent teachers at the control 
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schools.26 Furthermore, removing nonimplementers would be inconsistent with the intent-to-treat 
aspect of this experiment, in which the effect estimate is based on the sample of participating 
teachers in the intervention group who were offered (but did not necessarily use) AMSTI. 

Data sources, collection, and cleaning 

Data were collected from multiple sources across four school years: 2006/07, 2007/08, 
2008/09, and 2009/10 (table 2.2). Summer professional development trainer logs and 
observations, professional development teacher surveys, classroom observations, teacher 
interviews, and principal interviews were collected only for Subexperiment 2, because 
researchers did not receive approval from the Office of Management and Budget to administer 
these implementation measures in Subexperiment 1. All other measures described were collected 
for both subexperiments. Student-level data and teacher and principal surveys collected for Year 
1 of Subexperiment 1 were collected through a research grant from the Institute for Education 
Sciences (IES) (#R305E040031) to Empirical Education Inc., with permission from the IES 
program officer. Student-level outcome data were collected for two academic years for each 
subexperiment. This section describes all the data collected. The report analyzes only the data 
from the first and second year of each subexperiment. 

Table 2.2 Data collection activities 

Level of data Type of data Type of analysis 

State and regional 
Document search and informational 
interviews with key decision makers Background information 

Student 
Class rosters, student demographics, and 
achievement measures 

Primary confirmatory and exploratory 
analysis 

Professional development 
trainer 

Summer professional development 
trainer logsa Implementation analysis 

Teacher 

Teacher interviewsa 

Teacher web-based surveys (four 
surveys administered between January 
and April) 

Implementation analysis, secondary 
confirmatory, exploratory, and 
implementation analysis 

School Interviews with principalsa Implementation analysis 
a. Data were collected only for Subexperiment 2, because researchers did not receive approval from the Office of Management 
and Budget to administer these implementation measures in Subexperiment 1. Professional development teacher surveys, 
professional development observations, classroom observations, and web-based surveys of principals were also collected; 
however, they were not used in this report (see additional information in the program implementation data section). 

26 Although arguably the teachers who signed the original AMSTI form agreeing to participate in the 
program might have been considered “AMSTI teachers” for that school, the program did not focus 
exclusively on those teachers. Instead, the focus was on the whole school program. Because schools 
experience changes in teaching staff and changes in teaching assignment from year to year, the teachers 
who actually participated may not have signed the agreements, which were signed before implementation. 
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Consent process 

To collect data at the state, district, and teacher levels, researchers completed multiple 
formal consent procedures. Before randomization, the Alabama superintendent of public 
education signed formal agreements to support the study and its data collection in May 2006 for 
Subexperiment 1 and in February 2007 for Subexperiment 2. The school district for each of the 
study schools then signed an agreement and appointed a point of contact to facilitate 
communication between researchers and district personnel, including principals. 

After randomization (fall 2006 for Subexperiment 1, fall 2007 for Subexperiment 2), 
researchers contacted all principals by phone and email to remind them about the study, answer 
questions, and solicit a list of the teachers who taught the relevant subject matter and grade range 
during the study year. Researchers then requested that principals distribute and collect signed 
teacher study participation consent forms that served as the formal agreement for individual 
teachers to take part in the web-based surveys. In Year 1, the first year AMSTI was 
implemented, 99.1 percent of eligible teachers in Subexperiment 1 and 94.4 percent in 
Subexperiment 2 consented to participate in the web-based surveys. Non-special education 
mathematics and science teachers who taught grades 4–8 were considered eligible to complete 
the web-based surveys. Parental consent was not required; therefore, the sample included data on 
all eligible students. 

State and regional data 

To learn about the goals, design, and implementation of AMSTI at the state and regional 
levels, researchers reviewed ALSDE documents and conducted semistructured interviews with 
ALSDE staff and other state officials. Interviews took place during the summer 2006 
professional development training sessions and the January 2007 training workshops provided by 
ALSDE. Researchers also consulted frequently with ALSDE on types of materials (including 
print materials) provided to teachers, the alignment of program content with state standards, 
expectations of and requirements for AMSTI teachers, similarity of implementation across 
regions and over time, and school year professional development offered to the schools. These 
data were not used in the analysis but to inform development of the web-based surveys and 
provide researchers with a comprehensive understanding of the AMSTI theory of action and 
program implementation expectations. 

Student data 

Researchers collected all available class rosters, demographic data, and student 
achievement data for all students in grades 4–8 in the randomized schools in each 
subexperiment. See appendix E for a timeline of data collection procedures used in the 
confirmatory and exploratory analyses. The procedures for Year 2, identical to those for Year 1, 
took place on about the same schedule. 

Classroom rosters. Classroom rosters served two purposes. First, the data were used to 
populate the request submitted to ALSDE for data on student achievement and additional student 
demographics. Second, the data were used to connect measures of teacher and classroom 

22 




 
 

 
 

 

 

 

 

                                                      

 
 

 

characteristics to student outcomes, because the rosters linked each student to one mathematics 
teacher and one science teacher. (In most elementary schools, this was a single classroom 
teacher.) School districts provided classroom rosters for students enrolled in all regular education 
mathematics and science classes in grades 4–8 in study schools. The rosters contained the 
following data for each student: state student identification, district student identification, first 
and last name, grade, race/ethnicity, date of birth, gender, school name, district name, name of 
mathematics teacher, name of science teacher, name of mathematics course, and name of science 
course. 

Student achievement measures and demographics. Researchers prepared and submitted a 
data request to ALSDE asking for student achievement and additional demographic data for all 
study students. ALSDE supplied the following student data requested by researchers: results of 
the Stanford Achievement Test Tenth Edition (SAT 10), mathematics problem solving, 
mathematics procedures, science, and reading subtests; results of the Alabama Reading and 
Mathematics Test reading and mathematics subtests; disability status; English language status; 
and eligibility for free or reduced-price lunch. 

The SAT 10 is a norm-referenced test that compares individual and group performance 
with a norming group. All schools in Alabama administer the SAT 10 each April to comply with 
state accountability requirements. The mathematics and reading subtests are required in grades 
3–8. The science subtest is required in grades 5 and 7. 

The Alabama Reading and Mathematics Test is a criterion-referenced test administered in 
grades 3–8. It contains items from the SAT 10, as well as items developed to cover Alabama 
state content standards that are not tested by the SAT 10. 

Before conducting the analysis of the SAT 10 mathematics problem solving, science, and 
reading subtests, researchers limited the number of student-level hypotheses. Reading scores 
were used as pretest measures for the science outcomes. Science tests are required only in grades 
5 and 7; results were therefore not available for the year immediately before the outcome 
measure.27 Because the Alabama Reading and Mathematics Test mathematics and the SAT 10 
mathematics procedures subtests were not used in analyses or as pretests, they were not 
examined in this report.28 Pretest and outcome measures were used for each subexperiment (table 
2.3). 

27 During the design phase, researchers selected the SAT 10 reading score as the pretest measure for the 
science outcome. This measure was selected over the mathematics measure in part because it was 
hypothesized that science instruction in grades 4–8 would be more focused on process skills and science 
concepts than on mathematics skills. Therefore, student achievement in reading was hypothesized to be a 
better predictor of achievement in science in these grades. A sensitivity test was conducted to estimate the 
effect on science test scores of using a model that includes both the mathematics problem solving pretest 
and reading pretest, to examine whether the effect estimates and the corresponding p values are sensitive 
to the inclusion of an additional covariate. For the findings of this analysis, see chapter 4. 
28 As explained in appendix A, researchers hypothesized and the AMSTI coordinator confirmed that the 
problem solving scale was a better test of the AMSTI model than the procedures scale or the content on 
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Table 2.3 Student achievement data analyzed in Year 1 

Subexperiment Pretest measure Outcome measure 

1 

SAT 10 mathematics problem solving 
achievement test scores from spring 2006 

SAT 10 mathematics problem solving 
achievement test scores from spring 2007 

SAT 10 reading achievement test scores 
from spring 2006 

SAT 10 science achievement test scores 
from spring 2007 

SAT 10 reading achievement test scores 
from spring 2006 

SAT 10 reading achievement test scores 
from spring 2007 

2 

SAT 10 mathematics problem solving 
achievement test scores from spring 2007 

SAT 10 mathematics problem solving 
achievement test scores from spring 2008 

SAT 10 reading achievement test scores 
from spring 2007 

SAT 10 science achievement test scores 
from spring 2008 

SAT 10 reading achievement test scores 
from spring 2007 

SAT 10 reading achievement test scores 
from spring 2008 

Note: For data used in the exploratory analysis of the two-year effects of AMSTI on mathematics problem solving and science, 
testing dates occurred the following year. 

Program implementation data 

Data from summer professional development training logs and interviews with teachers 
and principals (from Year 1 of Subexperiment 2) were used to inform implementation analyses 
(chapter 3). Data from teacher surveys were used to inform implementation analyses (chapter 3), 
confirmatory analyses (chapter 4), and exploratory analyses (chapter 6) that focus on Year 1 (that 
is, the first year of AMSTI implementation for the schools randomized to the AMSTI group in 
each subexperiment). Data from these sources were used to: 

•	 Assess, with descriptive statistics, the extent to which the intervention components of 
AMSTI (summer professional development, access to equipment and materials, and 
in-school support) were implemented in Year 1. 

•	 Assess, with inferential statistics, differences between the AMSTI and control 
conditions in the extent to which the three main intervention components are present 
in schools in Year 1. 

•	 Address the second confirmatory research question regarding the effect of one year of 
AMSTI on teachers’ use of active learning instructional strategies and address the 
exploratory research questions pertaining to the effect of one year of AMSTI on 
teacher content knowledge and student engagement. 

Data from teacher surveys from Year 1 and Year 2 were also used to check the 
assumptions behind the Bell-Bradley methodology (discussed later in this chapter), which was 
used in an exploratory analysis of the effect of two years of AMSTI. Data from professional 
development teacher surveys, professional development observations, classroom observations, 

the Alabama Mathematics Test. 
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and principal surveys were not used in the analyses; the purposes and details of these data are 
explained in appendix AG. 

Professional development training logs. Professional development training logs were 
completed daily to reduce recall bias and obtain cost-effective, first-person accounts of the topics 
and instructional methods used by AMSTI trainers over the course of the institutes. Before the 
AMSTI summer institute in Year 1 of Subexperiment 2, researchers provided all AMSTI trainers 
of grades 5 and 7 mathematics and science with training logs and asked them to complete the 
daily logs after each session. At the end of the summer institute, the AMSTI site coordinator 
collected the logs and mailed them to the research staff. For grade 5 mathematics and science, 
there were 5 logs per trainer (5 training days); the grade 7 mathematics and science training 
courses were 10 days each, yielding 10 logs per trainer. 

Twelve trainers taught grade 5 or 7 mathematics or science in the AMSTI summer 
institute (four grade 5 mathematics, four grade 5 science, two grade 7 mathematics, and two 
grade 7 science). All agreed to participate in the evaluation without compensation. All 12 trainers 
completed all the daily logs provided. The final sample for this data source thus consisted of 80 
logs from 12 AMSTI trainers. 

Training logs asked trainers to rate how extensively the topics and content areas in the 
AMSTI curriculum were covered, based on a 5-point Likert scale (not at all, limited extent, 
moderate extent, large extent, full extent). Trainers were also asked to use a 5-point Likert scale 
to record the percentage of time spent on teaching methods (none, 1–25 percent, 26–50 percent, 
51–75 percent, 76–100 percent). Two open-ended questions prompted trainers to reflect on the 
most effective part of the training that day and on anything they would change. The logs also 
collected information about the trainers: years of classroom experience, teaching experience in 
an AMSTI school, overall experience as a trainer in mathematics or science, and prior experience 
as an AMSTI trainer. 

Professional development training logs were collected for Years 1 and 2 (of 
Subexperiment 2 only). Data from Year 1 logs were used to assess the extent to which the 
intervention components of AMSTI were implemented in Year 1 (see chapter 3). 

Teacher interviews. Interviews were used to learn about AMSTI teachers’ experiences in 
implementing AMSTI in their classrooms and control teachers’ overall experiences in math and 
science instruction. Researchers selected Subexperiment 2 AMSTI and control teachers in seven 
grade/subject-level strata to participate in on-site interviews. The seven strata included 
mathematics teachers in grades 4–8 and science teachers in grades 5 and 7. Researchers 
randomly selected two AMSTI teachers from any of the strata in each of the 21 AMSTI schools 
and asked them to participate, and all agreed. This process was repeated for all 21 schools, 
chosen in random order, until two teachers had been selected from each AMSTI school. Once six 
teachers for a particular stratum had agreed to participate, no more teachers were selected for that 
stratum. This selection process was repeated for teachers in all 20 control schools. If a selected 
teacher was not available (for example, on leave, on vacation, or retired), researchers randomly 
selected another teacher for that school from that strata. In two cases, there were no more 
AMSTI teachers within a stratum within a school. In these cases, no teacher interview was 
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conducted. The final sample for the teacher interviews consisted of 40 teachers in 21 AMSTI 
schools and 41 teachers in 20 control schools. 

The interviews, lasting about 20–30 minutes, were conducted as soon as possible 
following a classroom observation of the teacher. (Details of classroom observations are in 
appendix F.) Two researchers attended the interview—one conducting the interview and the 
other taking notes. Interviewers were instructed to adhere strictly to the interview protocol. 

The interview protocol for AMSTI teachers included questions about teachers’ use of the 
AMSTI program and materials and their perspectives on their experiences implementing 
AMSTI, students’ responses to AMSTI, and any additional training or assistance needed to 
implement AMSTI. The protocols for interviews with control school teachers were similar but 
referenced general science and mathematics materials, curricula, and instruction. Both AMSTI 
and control interview protocols included questions that followed up on the classroom lesson 
observed by the researchers. 

Teacher interviews were conducted in Years 1 and 2 (of Subexperiment 2 only). Data 
from Year 1 AMSTI teacher interviews were used to assess the extent to which the intervention 
components were implemented in Year 1 (see chapter 3). 

Interviews with principals. Interviews were conducted with AMSTI principals to obtain 
the school leadership perspective on the AMSTI initiative; interviews were conducted with 
control principals to obtain the school leadership perspective on mathematics and science 
instruction. Researchers scheduled these interviews to follow the classroom observations and 
teacher interviews to facilitate discussion with the principal about mathematics and science 
instruction in the school. Interviews were conducted at all 21 Subexperiment 2 AMSTI schools 
and at 19 control schools. 

The interviews lasted about 20 minutes and were conducted by two researchers—one 
conducting the interview and the other taking notes. Interviewers were instructed to adhere 
strictly to the interview protocol. All 21 AMSTI principals contacted agreed to participate in the 
interviews. Nineteen control principals contacted agreed to participate in the interviews (one 
control principal did not respond to schedule an interview). Principals were not compensated for 
their participation. 

Interviews with AMSTI and control principals allowed for open-ended answers to 
questions about the principal’s role in the school’s mathematics and science instruction, the 
training the principal received, and technical assistance and coaching for teachers on 
mathematics and science instruction. AMSTI principals were also asked about the extent of 
AMSTI implementation in the school, teachers’ preparedness to teach AMSTI, and the 
availability of AMSTI materials. 

Interviews with principals were conducted in Years 1 and 2 (of Subexperiment 2 only). 
Data from Year 1 AMSTI teacher interviews were used to assess the extent to which the 
intervention components were implemented in Year 1 (see chapter 3). 
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Teacher surveys. Web-based teacher surveys are a cost-effective way to gather 
information on professional development, instruction, support, and materials. The four surveys 
were developed by Empirical Education researchers, based on the information needs of ALSDE. 
The items were adapted from items used in previous Empirical Education studies. The surveys 
were reviewed for content validity by program experts at ALSDE, including the AMSTI director, 
the math coordinator, and regional site directors. The four surveys were not identical; however, 
some questions from specific survey domains were repeated in all four surveys in order to 1) 
calculate averages of those domains over time, and 2) reduce measurement error by averaging 
responses over multiple occasions. This allowed researchers to construct more reliable measures 
of teacher practices than could have been constructed from any one survey. 

Teachers from both Subexperiment 1 and Subexperiment 2 who submitted signed consent 
forms received an e-mailed survey invitation each month, from January through April during 
Year 1 and Year 2. Nonrespondents received first an e-mail, then a fax, and then telephone calls 
to achieve acceptable response rates. If needed, teachers had the option of responding by means 
of a paper survey. Teachers who completed all four surveys received a yearly stipend of no more 
than $100.29 Response rates ranged from 83 to 96 percent (table 2.4). 

Table 2.4 Year 1 teacher survey response rates 

Survey Overall AMSTI Control 
Subexperiment 

1 
Subexperiment 

2 
Subexperiment 

1 
Subexperiment 

2 
Subexperiment 

1 
Subexperiment 

2 

1 (January) 
306/320 236/254 161/169 122/129 145/151 114/125 

(95.6) (92.9) (95.3) (94.6) (96.0) (91.2) 

2 (February) 
304/320 228/254 163/169 119/129 141/151 109/125 

(95.0) (89.8) (96.5) (92.3) (93.4) (87.2) 

3 (March) 
298/320 216/254 160/169 107/129 138/151 109/125 

(93.1) (85.0) (94.7) (83.0) (91.4) (87.2) 

4 (April) 
295/320 218/254 158/169 109/129 137/151 109/125 

(92.2) (85.8) (93.5) (84.5) (90.7) (87.2) 
Note: Numbers in parentheses are percentages. 
Source: Teacher survey data. 

Teacher surveys were conducted in Year 1 and Year 2. They included the same questions 
in both years in the following domains: 

• Professional development (types, frequency, impact on learning). 
• Instructional time. 
• Student assessment. 
• Technology (availability, support, comfort). 
• Teacher background. 

29 Teachers received stipends for completing fewer than four surveys if, for example, they were on leave 
for part of the year. 
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•	 Equipment and materials (availability, use, satisfaction). 
•	 Instructional strategies (inquiry, hands-on, higher-order thinking skills). 
•	 Planning. 
•	 Collaboration and support. 
•	 Student engagement. 
•	 Self-rating of teacher content knowledge and implementation. 

Only some of these domains pertained to the analyses addressed in this report. Relevant 
domains included questions about the three main intervention components (summer professional 
development, access to equipment and materials, and in-school support) during Year 1; 
classroom instructional strategies (used in the secondary confirmatory analyses) during Year 1; 
and reported levels of student engagement and teacher content knowledge (used in the 
exploratory analyses) during Year 1. Data from teacher surveys from Year 2 (2007/08 for 
Subexperiment 1, 2008/09 for Subexperiment 2) were used to check the assumptions behind the 
Bell-Bradley methodology for estimating the impact of two years of AMSTI participation 
(discussed later in this chapter). 

The first teacher survey asked both AMSTI and control teachers to report the number of 
hours of mathematics and science professional development they had received during the 
summer before the school year. The third survey measured AMSTI and control teachers’ 
reported access to materials and equipment in their classrooms. Surveys two, three, and four, 
asked teachers the number of times they requested support for instruction and the number of 
times they received support for instruction.30 

The teacher survey data were the basis for addressing the secondary confirmatory 
research question. The theory of action hypothesized that, after receiving the professional 
development, teachers would change their classroom practice, using the most effective strategies 
to emphasize hands-on, inquiry-based learning. In particular, the AMSTI program focuses on 
three types of instruction: 

•	 Inquiry-based instruction. This is defined as having students do all of the following 
activities as part of the learning process: make observations; pose questions; examine 
books and other sources of information to see what is already known; plan 
investigations; review what is already known in light of experimental evidence; use 
tools to gather, analyze, and interpret data; propose answers, explanations, and 
predictions; and communicate the results. 

•	 Hands-on instruction. This is defined as having students participate in activities 
involving active participation and application, as opposed to a theoretical discussion. 

•	 Instruction using higher-order thinking skills. This requires students to advance from 
skills such as focusing and information gathering to integrating and evaluating. 

30 Access to support provided through the AMSTI program was hypothesized to result in AMSTI teachers 
both requesting and receiving more support than control teachers. 
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The use of these strategies has been shown to support development of higher-order 
critical thinking and processing skills and to engender positive attitudes toward mathematics and 
science (AMSTI Committee 2000; Anderson and Krathwohl 2001; Bonwell and Eison 1991; 
Haury 1993). On each survey, teachers reported the number of minutes students spent on each of 
the three types of mathematics and science instruction during the previous two weeks of 
instruction. These data were used to construct the composite variable for active learning as the 
classroom practice outcome (see section on data analysis methods later in this chapter; see 
appendix G for a copy of the survey). The definitions of each type of instruction (as defined 
above) were provided in the surveys. Internal consistency reliability of the active learning score 
was calculated using Cronbach’s alpha (see results in appendix L). Additional reliability checks 
were not explicitly conducted because the questions were low-inference questions concerning the 
amount of time spent rather than questions about complex constructs underlying instructional 
strategies. 

Teacher content knowledge and student engagement. One of the primary objectives of the 
AMSTI professional development is to increase teacher content knowledge in the subjects they 
teach. Therefore, on the final teacher survey of the year, both AMSTI and control teachers were 
asked to rate their content knowledge for teaching mathematics or science at their current grade 
level.31 Teachers responded on a 5-point Likert scale (very low, low, moderate, high, very high), 
with a sixth option for “not applicable.” Teacher perceptions of student engagement were also 
solicited in this survey, because AMSTI is expected to increase student engagement as students 
shift to more hands-on, inquiry-based learning. Teachers were asked to rate the average level of 
student engagement during the school year on a 5-point Likert scale (not engaged, slightly 
engaged, moderately engaged, almost fully engaged, fully engaged).32 The question included 
instructions to respondents that students should be considered fully engaged if they paid full 
attention, participated fully, and completed all assignments. 

Measures of teacher content knowledge and student engagement are from teacher self-
reports, which may be susceptible to response bias. These outcomes are nevertheless important 
to investigate, because they are part of AMSTI’s theory of action, prior research has found them 
to be related to student achievement, and they may suggest areas for further research. 

Data cleaning procedures 

A description of the data cleaning procedure and construction of the data files for analysis 
appears in appendix H. 

31 Survey questions were asked separately for mathematics and science teachers. 
32 Survey questions were asked separately for mathematics and science teachers. 
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Threats to internal validity 

This section defines the baseline and analytic samples used in the one-year confirmatory 
impact analysis of pooled data from Subexperiment 1 and Subexperiment 2; describes 
differential attrition rates and presents the baseline and analytic samples of students, teachers, 
and schools; examines whether random assignment resulted in statistically equivalent groups by 
comparing AMSTI and control groups according to a set of background characteristics; and 
describes potential spillover effects of the intervention. The same type of information about the 
exploratory analyses is presented later in the data analysis methods section. 

As described in detail below, at the school level, differential attrition was 5 percentage 
points or less; overall attrition was 2.5 percent or less for the four confirmatory outcomes. Two 
statistically significant differences were found between the AMSTI and control groups on a set 
of covariates for the baseline and analytic samples.33 The baseline sample association with the 
SAT 10 science outcome differed only by gender; the analytic sample associated with the active 
learning in mathematics outcome differed only by teacher degree rank. There was no indication 
of nonequivalence on the remaining covariates for either the baseline or analytic samples 
associated with the four confirmatory outcomes. The integrity of the samples, the achievement of 
adequate statistical power, and the internal validity of the impact inferences have all been 
confirmed. 

Defining the baseline and analytic samples used in the confirmatory analysis 

Using the student classroom rosters received by the district, researchers identified the 
baseline sample for the student achievement outcomes, which included all students in grades 4–8 
for mathematics and all students in grades 5 and 7 for science who were not formally designated 
by the district as having a disability.34 To identify the analytic sample, researchers then tracked 
the loss of data caused by students moving between subexperiments, students’ data that were 
missing a student or school identifier, and students who missed posttests. 

The baseline sample for the active learning outcomes included all teachers in appropriate 
grades and subjects who completed surveys. One of the 82 randomized schools (a control school) 
withdrew from the study the day after randomization. This school was excluded from the survey 
sample and from the analysis of both secondary confirmatory outcome measures (active learning 
for mathematics teachers and active learning for science teachers). To identify the analytic 

33 In the analysis of confirmatory outcomes, 90 tests of equivalence of background characteristics were 
conducted, for both the baseline and analytic sample: 18 characteristics for the SAT 10 mathematics 
problem solving sample; 13 characteristics for the SAT 10 science sample; 7 characteristics for the active 
learning in mathematics outcome; and 7 characteristics for the active learning in science outcome. Of the 
90 tests, the null hypothesis was rejected twice. The number of observed rejections can reasonably be 
accounted for by chance. 
34 As noted in the section on student-level data, the classroom rosters for study schools included data for 
students enrolled with all regular education mathematics and science teachers in grades 4–8, including 
students with disabilities, in study schools. 
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sample, researchers then tracked the loss of data caused by missing teacher/school identifiers, 
and missing valid active learning scores. 

Researchers also tracked the number of schools, teachers, and students through the course 
of the study (see appendix I) and compared attrition rates in the AMSTI and control conditions 
for the student- and classroom-level outcomes. 

Baseline and analytic sample and rate of sample attrition for student-level outcomes. For 
the sample associated with the SAT 10 mathematics problem solving outcome, there was no 
attrition at the school level (table 2.5). At the teacher level, differential attrition was 0.8 
percentage point, and overall attrition was 0.4 percent. At the student level, differential attrition 
was 0.1 percentage point, and overall attrition was 4.7 percent. 

For the sample associated with the SAT 10 science outcome, one school was lost from 
the control condition (table 2.6). Differential attrition from the baseline to the analytic sample at 
the school level was 2.4 percentage points, and overall attrition at the school level was 1.3 
percent. At the teacher level, differential attrition was 4.3 percentage points, and overall attrition 
was 3.0 percent. At the student level, differential attrition was 2.3 percentage points, and overall 
attrition was 7.8 percent. 

Table 2.5 School, teacher, and student attrition associated with Stanford Achievement Test 
Tenth Edition (SAT 10) mathematics problem solving outcome after one year 

Schools Teachers Students 

Item AMSTI Control Total AMSTI Control Total AMSTI Control Total 

Random 
assignment, from 
rosters 41 41 82 249 233 482 12,065 10,492 22,557 

Baseline (eligible) 
sample 41 41 82 246 229 475 10,517 9,109 19,626 

Analytic sample 41 41 82 244 229 473 10,022 8,691 18,713 

Attrition from  
baseline (eligible) 
to analytic sample 

2 2 495 418 913 

0 0 0 (0.8) 0 (0.4) (4.7) (4.6) (4.7) 
Note: Numbers in parentheses are percentages. 

Source: Student achievement data from tests administered as part of the state’s accountability system. 
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Table 2.6 School, teacher, and student attrition associated with Stanford Achievement Test 
Tenth Edition (SAT 10) science outcome sample after one year 

Schools Teachers Students 

Item AMSTI Control Total AMSTI Control Total AMSTI Control Total 

Random 
assignment, 
from rosters 41 41 82 233 213 446 12,065 10,492 22,557 

Baseline (eligible) 
sample 39 41 80 103 95 198 4,480 3,688 8,168 

Analytic sample 39 40 79 102 90 192 4,082 3,446 7,528 

Attrition from 
baseline (eligible) 
to analytic sample 0 

1 1 1 5 6 398 242 640 

(2.4) (1.3) (1.0) (5.3) (3.0) (8.9) (6.6) (7.8) 
Note: Numbers in parentheses are percentages. 

Source: Student achievement data from tests administered as part of the state’s accountability system. 


Rate of sample attrition for classroom-level outcomes. For the sample associated with the 
active learning in mathematics classroom outcome, there was no attrition at the school level 
(table 2.7). At the teacher level, differential attrition was 2.7 percentage points, and overall 
attrition was 4.9 percent. 

Table 2.7 School and teacher attrition associated with active learning in mathematics 
outcome after one year 

Schools Teachers 

Item AMSTI Control Total AMSTI Control Total 

Random assignment 41 41 82 na na na 

Baseline (eligible) sample 41 40 81 221 205 426 

Analytic sample 41 40 81 213 192 405 

Attrition from baseline (eligible) to 
analytic sample  0 0 0 

8 13 21 
(3.6) (6.3) (4.9) 

na is not applicable.
 
Note: Numbers in parentheses are percentages. The baseline was the first point for which information from teachers was 

available that allowed equivalence tests to be conducted.
 
Source: Teacher survey data. 
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For the sample associated with the active learning in science classroom outcome, two 
control group schools were lost from the analytic sample, leading to differential attrition of 5.0 
percentage points and overall attrition of 2.5 percent (table 2.8). At the teacher level, differential 
attrition was 4.5 percentage points, and overall attrition was 6.6 percent. 

Table 2.8 School and teacher attrition associated with active learning in science 
outcome after one year 

Schools Teachers 

Item AMSTI Control Total AMSTI Control Total 

Random assignment 41 41 82 na na na 

Baseline (eligible) sample 40 40 80 203 192 395 

Analytic sample 40 38 78 194 175 369 

Attrition from baseline (eligible) to 
analytic sample (percent) 0 

2 2 9 17 26 
(5.0) (2.5) (4.4) (8.9) (6.6) 

na is not applicable. 

Note: Numbers in parentheses  are percentages. The baseline was  the first point for  which information from teachers was available 
 
that allowed equivalence tests to  be conducted. 

Source: Teacher survey data. 


 
Year 1 equivalence of the confirmatory baseline and analytic samples 
 

Tests were run to determine whether random assignment resulted in statistically 
equivalent groups at baseline and whether there continued to be equivalence with the analytic 
sample. For the samples associated with the confirmatory analysis on student achievement after 
one year, the equivalence between the AMSTI  and control schools was examined on the 
following teacher and student characteristics: 
 

Teacher characteristics: 
 

•  Proportion teaching out of field. 
•  Proportion with one degree in teaching content area.  
•  Proportion with two or more degrees in content area.35  
•  Proportion with less than four years of teaching experience.  
•  Proportion with less than four years of teaching experience in subject area. 
•  Distribution of teacher degree rank.  

 

35 The proportion of teachers within each category of the degree rank variable (out-of-field teaching, 
teachers with one degree in teaching content area, teachers with two or more degrees in the content area) 
was examined. The variable was created to categorize teachers’ postsecondary major and minor degrees 
based on how closely they matched their current teaching assignment. For elementary teachers, the degree 
rank was based on the presence or absence of at least one degree in elementary education; for secondary 
teachers, the degree rank was based on whether teachers had a degree in mathematics or science content. 
See appendix J for descriptions of degree rank. 
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Student characteristics: 

•	 School average pretest score. 
•	 Proportion of boys. 
•	 Proportion of racial/ethnic minority students. 
•	 Proportion of English-proficient students. 
•	 Proportion of students enrolled in the free or reduced-price lunch program. 
•	 Proportion of students at each grade level (grades 4–8 for mathematics outcome and 

grades 5 and 7 for science outcome). 
•	 Distribution of students across grade levels (grades 4–8 for mathematics). 

For the samples associated with the confirmatory analysis of active learning outcomes 
after one year, the equivalence between the AMSTI and control schools was tested on the 
following teacher characteristics: 

•	 Proportion teaching out of field. 
•	 Proportion with one degree in teaching content area. 
•	 Proportion with two or more degrees in teaching content area. 
•	 Proportion with less than four years of teaching experience. 
•	 Proportion with less than four years of teaching experience in subject area. 
•	 Distribution of teacher degree rank. 

For the baseline and analytic samples for each outcome, a joint significance test was 
conducted of all covariates combined to see whether there was an overall difference between 
conditions on the background variables. 

Of the characteristics measured on the baseline sample associated with the SAT 10 
science outcome, there was a statistically significant difference between the two groups for 
gender only: there were more boys in the control schools (51.13 percent) than in AMSTI schools 
(48.10 percent; p = .02). With 13 different equivalence tests, it is not unusual to find one 
statistically significant difference by chance alone. There were no statistically significant 
differences for any other background characteristics measured for the baseline samples of the 
four Year 1 outcomes (SAT 10 mathematics problem solving, SAT 10 science, active learning in 
mathematics, and active learning in science). 

Of the characteristics measured on the analytic sample associated with the active learning 
outcome for mathematics, there was a statistically significant difference between the two groups 
for the distribution of teachers’ degree rank (p = .04). There were no statistically significant 
differences between AMSTI and control schools for any other background characteristics 
measured on the analytic samples of the Year 1 outcomes. Tables displaying the full results of 
the equivalence tests of the baseline and analytic samples for all four confirmatory outcomes are 
in appendix K. 
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Spillover of the intervention 

Spillover of the intervention, sometimes referred to as control group crossover, 
contamination, or intervention diffusion, can occur in an experiment when a control group is 
exposed to some of an intervention’s elements. In this evaluation, the whole school was 
randomly assigned, and only AMSTI schools received AMSTI training and materials. However, 
given teacher mobility and the fact that AMSTI is a statewide initiative that has existed since 
2002, teachers in control schools may have been exposed to AMSTI.36 Of the 273 control 
teachers that completed the web-based surveys in Year 1, 15 mathematics teachers and 9 science 
teachers reported receiving AMSTI professional development during the study period.37 In 
addition, 12 mathematics and 23 science teachers in the control group reported using AMSTI 
print materials during instruction during the study period.38 In total, 48 control group teachers 
reported that they received AMSTI professional development, used AMSTI print materials, or 
both. Exposure of control teachers to AMSTI is likely a combination of their having become 
familiar with the program in the years before the study and possible spillover during the study. 
These two mechanisms of exposure could not be distinguished. 

The principals of 17 AMSTI schools and 13 control schools indicated in the principal 
survey that members of their staff had participated in the Leadership Academy for Math, 
Science, and Technology (LAMST) in the year before the beginning of this study (2005/06 for 
Subexperiment 1, 2006/07 for Subexperiment 2).39 As described in chapter 1, the LAMST 
training and the materials provided to the school teams (one mathematics and one science teacher 
in kindergarten through grade 5) are modeled after AMSTI. A chi-square test conducted on the 
proportion of AMSTI and control schools participating in LAMST did not reveal statistical 
significance (p = .56). Hence, prior exposure to LAMST did not create an AMSTI–control group 
imbalance, although it may suggest that the effect of AMSTI is somewhat weaker than shown, as 
some of the indicated effects may be attributable to LAMST rather than AMSTI. 

Data analysis methods 

This section describes the data analysis methods used to obtain effect estimates. It also 
describes the analyses used to examine the sensitivity of the results to differences in the 
specifications of the models used to measure effects and presents the data analysis methods used 
to address the exploratory research questions. 

36 Information on teacher and student mobility was not available. The impact analyses classified teachers 

and students as being in the schools to which they belonged and the conditions to which they were 

assigned at the time of randomization. 

37 A total of 21 control group teachers reported receiving AMSTI professional development (three
 
teachers reported receiving AMSTI professional development in both mathematics and science). 

38 A total of 31 control group teachers reported using AMSTI print materials (four teachers reported 

using AMSTI print materials in both mathematics and science).

39 Data from the principal survey from four control schools were missing.
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Analysis of the effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
student achievement in mathematics problem solving and science after one year 

A two-level hierarchical linear regression model (Raudenbush and Bryk 2002) was used 
to estimate the effects of AMSTI on student performance in mathematics problem solving and 
science. (See chapter 4 for results.) Students were modeled at Level 1 and schools at Level 2. 
The student-level covariates were pretest score, grade level, racial/ethnic minority status, 
eligibility for free or reduced-price lunch, proficiency in English, and gender. The pretest was 
decomposed into the school average pretest (a Level-2 variable) and the difference between the 
student score and the school average pretest (a Level-1 variable). The mathematics problem 
solving pretest was used as a covariate to reduce unexplained variance in the mathematics 
problem solving outcome. The reading pretest score was used for the science outcome, because 
no science pretest was available. 

To account for the random assignment design, the model also included indicator variables 
that identified the matched pairs of schools that were randomized. It also accounted for students 
being nested in schools, recognizing that outcomes for students in the same school are expected 
to be more similar than outcomes for students in different schools. Multilevel models allowed the 
error structures to be correlated and to account for the effects of clustering in the estimation 
process. This resulted in more accurate standard errors for the effect estimates. The parameter 
estimate of interest is the coefficient on the school-level intervention indicator, which provided 
the estimate of the effect of AMSTI. 

A dummy variable method was used to control for potential bias in the effect estimate 
arising from missing covariate values. A dummy variable was created for each covariate in the 
model and assigned a value of 1 if the value was missing for any student and 0 otherwise. The 
missing values from the original variable were replaced with 0. Puma, Olsen, Bell and Price, 
(2009) made the case that in the context of this type of evaluation, randomization ensures that the 
treatment indicator is, in expectation, uncorrelated with other independent variables, an 
important precondition for the dummy variable method to work. In fact, the independence of the 
treatment indicator and the covariates depend on the patterns of missing data. Puma et al. (2009) 
addressed this problem through a simulation study in which they compared levels of bias in the 
impact estimate and the standard error of the impact estimate under different scenarios, including 
a scenario in which missing data depended on membership in the treatment group. Where data 
are missing predominantly at the student level rather than the school level, as in this experiment, 
within the constraints and assumptions of the model used to carry out the simulation, the dummy 
variable method yielded effect estimates with less bias than the tolerance threshold set by the 
What Works Clearinghouse (described in Puma et al. 2009). The method fared no worse and in 
some cases performed better than other standard approaches, including case deletion, 
nonstochastic, and several stochastic regression imputation methods. 

The SAT 10, used to assess mathematics problem solving and science achievement, is 
vertically scaled, meaning that outcomes from different grades are measured along a common 
scale and can be compared meaningfully without having to be rescaled or normalized. Grades 
were combined in the analysis; effects were reported in the metric of the test. 
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The MIXED procedure (SAS Institute 2006) was used to estimate the result. (See Singer 
1998 for a description of the procedure for conducting mixed-model analyses of hierarchical 
datasets using Statistical Analysis Software.) The model assumes a constant intervention effect 
of AMSTI but includes random school effects.40  
 

Level 1 (student level): 
12 

yij = β0 j + β pjCOVpij + eij  
p=1 

where yij is the outcome for student i in school j, and COVpij is the value of the covariate p. There 
are 12 covariates. The first six represent attributes of students: 
 

•	  The difference between the student’s pretest score and the school mean of the pretest.  
•	  Racial/ethnic minority status (coded 0 for White students and 1 for minority 

students). 
•	  Free or reduced-price lunch status (coded 0 if the student was not enrolled in the free 

or reduced-price lunch program and 1 otherwise). 
•	  Proficiency in English (coded 0 if the student was not proficient in English and 1 

otherwise). 
•	  Gender (coded 0 for girls and 1 for boys).41  
•	  Member of grade 5 (coded 0 if the student was in grade 7 and 1 if a student was in 

grade 5). Only these grades were included in the analysis of science outcomes; the 
reference grade was grade 7. 

 
These covariates are consistent with those used in several educational impact studies (see 

Garet et al. 2010; James-Burdumy et al. 2009; James-Burdumy et al. 2010). They were included 
in the impact model to obtain additional precision (based on findings in Bloom, Richburg-Hayes, 
and Black 2007). Several of the covariates were selected because they represent important 
designations in the No Child Left Behind Act of 2001, which requires that states disaggregate 
student achievement data for specific subgroups of students, including students from major 
racial/ethnic groups, students with limited English proficiency, students from economically 
disadvantaged households, and girls. (These covariates also allow a straightforward extension of 
the model to examine differential impacts for the subgroups indicated by the covariates, 
described in chapter 6.) 

40 The model presented was used to estimate the effect of AMSTI on student performance in science. The 

effect on mathematics problem solving was estimated using a similar model. It contained a larger number 

of fixed effects, because grades 4–8 were included in that analysis. Four dummy variables were used to 

indicate grade, with grade 6 serving as the reference grade. 

41 The majority of students in the study were either Black (39 percent) or White (57 percent); 56%
 
were enrolled in the free or reduced-price lunch program; 98% were proficient in English, and 49%
 
were boys (percentages are from the analytic sample associated with the SAT 10 mathematics 

problem solving outcome after one year). 
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The next six covariates are dummy variables that correspond to the six attribute variables 
listed above.42 The dummy variable that corresponds to a given covariate indicates whether the 
value of that covariate is missing. If the value is missing, the dummy variable takes a value of 1; 
otherwise, the value is 0. 
 

Level 2 (school level): 
___ 42 

β = γ + γ j 0 j 00 01 X + γ 02T j +  γ 0m I (m−3) +u0 j
 
m=3
  p = 1,...,12  

β pj = γ p0 

 
where the other variables are defined as follows: 
 

___

•  X j  is the school mean of the pretest. 

•  T j  indicates whether a school is assigned to the AMSTI or the control condition 

(coded 1 if the school was assigned to AMSTI and 0 if the school was assigned to 
control). 

•  I ( m − 3) 
 indicates the matched pair to which a school belongs. It takes on a value of 0 or 

1. There are 40 indicators for the 41 pairs. The effect γ 0m represents the average 

difference in outcome between pair m and the reference pair, controlling for the other 
effects in the model. 

•  u0 j is the random effect of school j, conditioning on the other effects in the model.  

•  e ij is the random effect associated with student i in school j, conditioning on the other 

effects in the model.  
 
Analysis of the effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
classroom practice after one year 
 

Data from the teacher web-based survey were used to create the active learning outcome  
for the second research question regarding the effect of AMSTI on the use of active learning 
instructional strategies by mathematics teachers and by science teachers after one year. The 
results are presented in chapter 4.  
 

A teacher’s active learning score was calculated by summing the teacher’s responses to 
the three survey items that asked about time spent on inquiry-based instruction, hands-on 
instruction, and instruction for higher-order thinking skills within the previous two weeks (table 
2.9). A response was considered valid if the number of minutes reported for each instructional 

42 If there were no missing values for a given covariate, the corresponding dummy variable was not 
included in the model. (This holds for all analytic models that utilize the dummy variable approach 
to handling missing data in this report.) 
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method was equal to or less than the total instructional time the teacher reported and the survey 
was completed within two weeks of being administered, so that the time periods of focus 
between surveys did not overlap. The mean of these responses was then calculated over the 12 
survey items (3 items per survey multiplied by 4 surveys). If a teacher was missing a response to 
one or more items on any of the surveys, the mean was calculated without the response. If the 
survey included no valid responses, it was treated as missing and the teacher was removed from 
the analysis of the outcome. As appendix I (tables I3 and I4) indicates, data from 21 mathematics 
teachers (4.9 percent of available cases for mathematics) and 26 science teachers (6.6 percent of 
available cases for science) were lost because the teachers had no valid data to contribute to their 
active learning score. 

Table 2.9 Distribution of teachers by number of valid responses to active learning score 
items in mathematics and science 

1–3 items 4–6 items 7–9 items 10–12 items 
Content 

area AMSTI Control Total AMSTI Control Total AMSTI Control Total AMSTI Control Total 
Number of 
Mathematics 
Teachers 22 23 45 35 27 62 55 59 114 101 83 184 
Percent of 
Mathematics 
Teachers (10.3) (12.0) (11.1) (16.4) (14.1) (15.3) (25.8) (30.7) (28.2) (47.4) (43.2) (45.4) 
Number of 
Science 
Teachers 15 18 33 44 30 74 55 56 111 80 71 151 
Percent of 
Science 
Teachers (7.7) (10.3) (8.9) (22.7) (17.1) (20.1) (28.4) (32.0) (30.1) (41.2) (41.0) (41.0) 

Note: Numbers in parentheses are percentages. Numbers may not sum to 100 percent because of rounding. The total analytic 
sample size for active learning in mathematics outcome was 405 teachers (213 AMSTI teachers and 192 control teachers); 142 
teachers (35.1 percent of the total analytic sample) had valid responses for all 12 items. The total analytic sample for active 
learning in science outcome was 369 (194 AMSTI teachers and 175 control teachers); 119 (32.3 percent of the total analytic 
sample) had valid responses for all 12 items. 
Source: Teacher survey data. 

Correlations among inquiry-based instruction, hands-on instruction, and instruction for 
higher-order thinking skills in the active learning in mathematics and active learning in science 
scales were examined, along with their factor loadings, separately for AMSTI and control 
schools.43 The correlations were 0.52 or higher and statistically significant for both groups for 
both mathematics and science (see appendix L). 

For active learning in mathematics for AMSTI schools (n = 213), factor loadings were 
0.92 for inquiry-based instruction, 0.91 for hands-on activities, and 0.91 for teaching for higher-
order thinking skills. For the control schools (n = 192), factor loadings were 0.86 for inquiry-
based instruction, 0.87 for hands-on activities, and 0.80 for teaching of higher-order thinking 
skills. For active learning in science in AMSTI schools (n = 194), factor loadings were 0.92 for 

43 These tests were performed separately by condition to preclude the possibility that the correlations and 
factor loadings reflected an impact of AMSTI. 
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inquiry-based instruction, 0.91 for hands-on activities, and 0.87 for teaching for higher-order 
thinking skills. For control schools (n = 175), factor loadings were 0.91 for inquiry-based 
instruction, 0.94 for hands-on activities, and 0.95 for higher-order thinking skills. These results 
suggest that a single latent dimension, active learning, accounted for the variance in outcomes for 
all three items. The three items were therefore combined into a single measure of the latent 
variable. The criterion for a high factor loading is arbitrary, but 0.35 is commonly used as a 
minimum cutoff. According to Hair, Anderson, Tatham, and Black, (1998), factor loadings are 
considered high if they exceed 0.60. The factor loadings for both scales exceeded this criterion. 

Hierarchical linear regression models were used to estimate the effects of AMSTI on 
classroom practice measures of active learning (separately for mathematics and science). The 
models used to estimate the effects parallel the ones described above for estimating the effects on 
students. To adjust for random imbalances between AMSTI and control groups, the model 
included the following teacher-level covariates in the model: degree rank (see appendix J), total 
years of teaching experience, and total years of experience teaching the subject. To account for 
the random assignment design, the model also included indicator variables that identified the 
matched pairs of randomized schools. Because teachers were nested in schools, multilevel 
models were used to allow the error structures to be correlated. The dummy variable method, 
described in the previous section, was used to address missing values for covariates. For each 
analysis, the p-value that corresponds with a two-tailed test of the hypothesis that the effect is 
zero was reported. The analyses from which the regression-adjusted effect estimates were 
obtained are considered confirmatory, albeit of secondary importance. 

The effects of AMSTI on classroom practice outcomes were estimated using a two-level 
model, with teachers at Level 1 and schools at Level 2. The model assumed a constant 
intervention effect of AMSTI but allowed for random school effects. 

Level 1 (teacher level): 

 
6 

yij	 = β0 j + β pjCOVpij + eij 
p=1 

where yij is the outcome for teacher i in school j, COVpij is the value of the covariate p, and eij is 

the random effect associated with teacher i in school j, conditioning on the other effects in the 
model. 

There are six covariates. The first four represent attributes of teachers: 

•	 Degree rank. Two dummy variables were used to indicate two out of the three 
mutually exclusive categories of this variable. (The highest rank category was used as 
the reference category; see appendix J for details.) 

•	 Total years of teaching experience. 
•	 Total years of teaching experience in the relevant subject. 

The next two covariates are dummy variables that correspond to the attribute variables 
listed above. (If a teacher was missing a value for total years of teaching experience, that teacher 
was also missing a value for total years of teaching experience in the relevant subject area, and 
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vice versa; therefore, a single dummy variable was used for both teaching experience covariates. 
A single dummy variable was also used to indicate a missing value for degree rank.) If the value 
was missing, the dummy variable took a value of 1; otherwise, the dummy variable took a value 
of 0. 
 

Level 2 (school level): 
41 

β 0 j = γ 00 + γ 01T j +  γ 0m I (m−2) +u0 j
 
m=2
  p = 1,...,6  

β pj	 = γ p0 

 
•	  Tj indicates whether a school was assigned to the AMSTI or control condition (coded 

1 if the school was assigned to AMSTI and 0 if the school was assigned to control). 
•	  I(m–2) indicates the matched pair to which a school belongs, taking on a value of 0 or 

1. There are 40 indicators for the 41 pairs. The effect γ 0m represents the average 

difference in outcome between pair m and the reference pair, controlling for the other 
effects in the model. 

•  u0j is the random effect of school j, conditioning on the other effects in the model. 
 
Description of the extent of Alabama Math, Science, and Technology Initiative (AMSTI) 
implementation in Year 1 
 

To describe the extent to which the main intervention components of AMSTI  were 
implemented in Year 1, researchers conducted descriptive analyses for the AMSTI condition 
only, using data from professional development training logs, principal interviews, and teacher  
interviews for Subexperiment 2. No comparisons or statistical tests were performed. The results 
are reported in chapter 3. 
 

Professional development.  To characterize how comprehensively the professional 
development component of AMSTI was implemented in Year 1, researchers assessed the 
coverage of training topics and the instructional methods used. Training topic coverage was 
determined from the professional development training logs that reported daily on a 5-point scale 
(from 0, no coverage, to 4, full extent) how fully each topic outlined in the AMSTI manual was 
covered. Researchers calculated the average number of days each topic was covered to at least a 
“moderate” extent (a score of 2 on the scale) for each of the four grade/subject levels and 
reported the averages for each grade and subject level.  
 

Researchers also used the professional development training logs to assess the extent to 
which trainers used particular instructional methods. Trainers reported the time spent daily on 
each method on a 5-point scale (from 0, no time, to 4, 76–100 percent of the time). For each 
instructional method, researchers calculated the average number of days trainers reported using a 
method more than 25 percent of the time and reported the averages for each grade and subject 
level.  
 

41 




 

 

 

 

 

                                                      

 

 
 

Program materials, technology, and other resources. To characterize the extent to which 
the program materials, technology, and other resources component of AMSTI were implemented 
in Year 1, researchers assessed the availability of AMSTI materials based on teachers’ reports 
during the school year. During interviews, teachers were asked an open-ended question about the 
accessibility of AMSTI materials. Two researchers independently reviewed responses to the 
question and searched for recurring words or themes in the text (Patton 2002) and then 
developed codes for each theme. The researchers then agreed on appropriate codes, deciding to 
categorize access as “full,” “partial,” or “none.” The number and percentage of AMSTI teacher 
responses that fell into each category is reported in chapter 3. 

In-school supports. To characterize the extent to which the in-school supports component 
of AMSTI was implemented in Year 1, researchers assessed the availability of follow-up support 
throughout the school year. They used data from interviews in which principals were asked an 
open-ended question about whether support from the AMSTI site was provided to teachers when 
they needed it.44 Responses were analyzed using the content analysis method described above, 
with supports categorized as either available or not available. The number and percentage of 
“Yes” and “No” responses by AMSTI principals were then reported. 

Estimation of differences in implementation between Alabama Math, Science, and Technology 
Initiative (AMSTI) and control groups in Year 1 

Teacher survey data for both subexperiments were used to describe the differences 
between the AMSTI and control conditions for each of the three components of the AMSTI 
intervention. Tests of the statistical significance of the differences were then conducted. 

Professional development. In the first teacher survey (conducted in January of Year 1), 
both AMSTI and control teachers were asked to report the number of hours of professional 
development they received during the summer before the school year. The main source of 
variation in responses was whether or not teachers received professional development rather than 
how much professional development they received (see details in chapter 3 and relevant 
appendixes).45 Because the large number of zero scores, researchers recoded the data as 0 for 
zero hours and 1 for more than zero hours. They estimated the intervention effect using a logit 
model that accounted for the clustering of teachers within schools. The p-value associated with 
the treatment effect—that is, the result of the statistical test of the null hypothesis that the 
AMSTI and control teachers have the same odds of reporting more than zero hours of summer 

44 Additional details on AMSTI site regions are in chapter 1. 
45 Among mathematics teachers, 13 percent of AMSTI teachers and 76 percent of control teachers 
reported receiving zero hours of summer professional development. Among science teachers, 16 percent 
of AMSTI teachers and 76 percent of control teachers reported receiving zero hours of summer 
professional development. Researchers tested ways of capturing the variance in responses that were 
greater than zero—for example, by creating a 5-level ordinal scale on which all zero responses were put 
into one category and the remaining responses ordered and divided into quartiles. The test of whether 
there was a difference between conditions in the distribution of responses across categories did not 
converge, because of the small number of responses greater than zero. 
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professional development—is reported separately for mathematics and science teachers. 
Accompanying these results in chapter 3 are bar graphs (figures 3.6 and 3.7) of the percentages 
of teachers in each condition who selected the response “more than zero hours.” In addition, the 
parameter estimates on the probability scale are in appendix V: estimates of the marginal 
probabilities and their associated standard errors of responding “more than zero hours” are 
reported for the AMSTI and control groups. For descriptive purposes, the average number of 
professional development hours received by AMSTI and control teachers who reported taking 
part in professional development is also reported. 

Program materials, technology, and other resources. In the third teacher survey 
(conducted in March of Year 1), teachers were asked how well equipped their classrooms were 
with the materials and equipment needed for mathematics and science instruction. Teachers used 
the following 4-point Likert scale to respond: I have all of the materials/manipulatives that I 
need; I have most of the materials/manipulatives that I need; I have some of the 
materials/manipulatives that I need; I do not have any of the materials/manipulatives that I need. 
The intervention effect was estimated using a multilevel ordinal logit model that accounts for the 
clustering of teachers in schools. For these outcomes the odds are based on the probabilities of 
selecting a given response category or a lower one. A two-tailed statistical test of the hypothesis 
that the intervention effect was statistically different from zero was performed. The results are 
reported separately in chapter 3 for mathematics and science teachers. 

In-school supports. Across three teacher surveys (conducted in Year 1), teachers were 
asked to report the number of times they requested in-school support (defined as mentoring or 
coaching for instruction) in the past month and the number of times they received support. The 
responses were averaged across surveys; the responses of teachers who did not respond to all 
surveys were averaged without the missing survey or surveys. 

As with the professional development data, these data were highly skewed because of the 
large number of “no request/received” responses (see details in chapter 3 and associated 
appendixes).46 The data were therefore recoded so that average values between 0.0 and 0.5 
became 0 and average values equal to or above 0.5 became 1. The intervention effect was 
estimated using a logit model that accounts for the clustering of teachers within schools. A two-
tailed statistical test of the hypothesis that the coefficient for the intervention indicator was 
statistically different from zero was conducted. The marginal probabilities and their associated 
standard errors for the AMSTI and control groups are reported, as well as the estimated odds 

46 Among AMSTI mathematics teachers, 69 percent did not request and 41 percent did not receive 
support. Among AMSTI control teachers, 67 percent did not request and 60 percent did not receive 
support. Among AMSTI science teachers, 57 percent did not request and 36 percent did not receive 
support. Among control science teachers, 77 percent did not request, and 72 percent did not receive 
support. Researchers tested ways of capturing the variance in responses that were greater than zero—for 
example, by creating a 5-level ordinal scale on which all zero responses were put into one category and 
the remaining responses were ordered and divided into quartiles. The test of whether there was difference 
between conditions in the distribution of responses across categories did not converge, probably because 
of the small number of responses greater than zero. 
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ratio, which compares the odds of a given event occurring for teachers exposed to AMSTI with 
the odds of the same event occurring for teachers not exposed to AMSTI. For each outcome, the 
standard error and p-value associated with the treatment effect are reported separately for 
mathematics and science teachers. 

Multiplicity adjustments 

The Bonferroni procedure (Schochet 2009) was used to control for the familywise error 
rate. Adjustments were needed because when a “family” of hypotheses tests is considered 
simultaneously, the combined rate of drawing at least one false positive conclusion is larger than 
the significance level for any single test considered alone. Without a multiplicity adjustment, the 
probability of drawing a false positive conclusion concerning at least one effect increases sharply 
with an increase in the number of contrasts. With the Bonferroni procedure, the significance 
level for an individual test of effect is set to the value that would be used if there were only a 
single test (usually .05), divided by the number of tests. In the case of the primary confirmatory 
analyses of the effect of AMSTI, the unadjusted Type I error rate, .05, was divided by 2—the 
number of tests performed. Therefore, the significance level for either test was set at .025. The 
multiplicity adjustment allowed researchers to address whether the intervention had an effect on 
either mathematics or science. The null hypothesis that the intervention had no effect on either 
domain is rejected if the estimated effect on either domain was statistically significant at the .025 
level.47 

A separate multiplicity adjustment was carried out for the secondary confirmatory 
analysis. Two contrasts of interest were noted: the effect of AMSTI on teaching for active 
learning in mathematics and the effect on teaching for active learning in science. The 
significance level for either test was set to .025. 

Sensitivity analyses 

Ten sensitivity analyses were conducted to determine whether the effect on mathematics 
problem solving was robust to alternative valid approaches to estimating impact: 

1.	 Using the gain score as the outcome variable. 
2.	 Using a model that included as covariates only the pretest and pair indicators and that 

listwise deleted students without a pretest. 

47 The Bonferroni method yields conservative bounds on Type-1 error, and, hence, is a method that 
has low power (Schochet 2008, p. B-6); however, this was taken into consideration during rounds of 
technical review of the study proposal, and Bonferroni was deemed appropriate. (Resampling 
methods are sometimes used instead of the Bonferroni procedure when adjustments are made with 
correlated test statistics. With these methods, the significance levels for individual tests are often set 
higher than with the Bonferroni procedure, which means that there is a smaller chance of incorrectly 
failing to reject the null hypothesis. (That is, the tests are more powerful.) However, with only two 
contrasts, as is the case here, the additional benefit to using the resampling method is small. 
Therefore, the Bonferroni adjustment was used. 
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3. 	 Using a model that included as covariates only the pretest and pair indicators and 
used the dummy variable approach to impute missing values. 

4.	  Using listwise deletion instead of the dummy variable approach to examine the 
sensitivity of the effect to alternative  strategies for handling missing values of 
covariates.  

5. 	 Using maximum likelihood instead of restricted maximum likelihood to test the 
sensitivity of findings to the estimation method. 

6. 	 Using a model that weighted equally the grade-specific impacts.  
7. 	 Using a model that weighted equally the effects specific to subexperiments. 
8. 	 Using a model that included both the mathematics problem solving pretest and the 

reading pretest.  
9. 	 Regressing school average outcomes against school averages of the covariates but 

excluding school averages of the dummy variables used to indicate missing values for 
the covariates. (Note that the benchmark hierarchical linear model weights schools by 
the inverse of their variances; therefore, outcomes for larger schools are given greater 
weight.)48  

10.  Regressing school average outcomes against school averages of the covariates but 
including school averages of the dummy variables used to indicate missing values for 
the covariates. 

The analyses for science achievement paralleled those for mathematics problem solving, 
with one exception. Because reading pretests were used as a covariate in the analysis of science 
outcomes, it was not appropriate to calculate a gain score; no analysis with gain scores as 
outcomes was therefore performed. 

Analyses 4, 5, 7, 9, and 10 were used to examine the sensitivity of the estimates of the 
effect of AMSTI on active learning instructional strategies to different estimation methods and 
are described above for impacts on student achievement in mathematics problem solving. To 
further assess the robustness of the results for these outcomes, an analysis was conducted in 
which teachers who responded to fewer than 4 items on the 12-item scale were removed from the 
sample. This analysis was performed to examine whether the results were sensitive to the 
inclusion of teachers for whom values for active learning had been imputed on the basis of fewer 
than four item responses.49 

The number of sensitivity analyses is smaller for teacher outcomes than for student 
outcomes. There was no equivalent of a pretest measure for teacher outcomes; therefore, checks 
that relied on modeling a pretest (using a gain score analysis or a model that uses the pretest as 

48 The descriptive statistics for distributions of the number of students and teachers in schools in the 
analytic samples of the Year 1 outcomes are shown in appendix M. 
49 A sensitivity analysis that weights equally the grade-specific impacts was not conducted for the teacher 
impacts. Grade-specific impacts cannot be computed for teacher outcomes, because a teacher may teach 
more than one grade, making it impossible to designate the teacher or the teacher’s responses as 
belonging to a single grade level. 
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the only covariate, for example) could not be carried over to the set of sensitivity analyses 
involving teacher effects. 

Addressing missing data and nonresponse 

Attrition and missing data at the student level. The main model for estimating effects on 
students included indicators for matched pairs of schools as well as for the following covariates: 
pretest score, grade level, racial/ethnic minority status, eligibility for free or reduced-price lunch, 
English proficiency, and gender. Information about matched pairs was complete. Therefore, 
concerns about missing data focused on missing student posttests and missing values for the 
covariates. 

Where student achievement outcomes (posttests) were missing, observations were 
listwise deleted and dropped from the analysis. For the sample associated with the mathematics 
problem solving outcome, posttests were missing for 4.4 percent of the eligible baseline sample 
of students; no eligible schools were missing all posttests. For the sample associated with the 
science outcome, posttests were missing for 7.6 percent of the eligible baseline sample of 
students as well as three eligible schools, a lower than expected rate of attrition. Using case 
deletion was therefore unlikely to reduce precision by much (and would not compromise the 
statistical power of the experiment, given that there was much less attrition than expected at the 
design stage). According to Puma et al. (2009), based on their simulation studies, case deletion 
“worked as well as, or better than, all of the alternative methods across all of the missing data 
scenarios” (p. 63). The alternative methods included regression imputation, EM Algorithm with 
Multiple Imputation, and fully specified regression models with treatment-covariate interactions. 

A greater concern was the loss of schools, the unit of randomization. Student 
achievement outcomes were obtained from the state, and thus receiving student records was 
straightforward. No schools were lost from the analysis of mathematics problem solving 
outcomes. Two AMSTI schools and one control school were lost from the analysis of science 
achievement. The two AMSTI schools were lost because the sample excluded grade 5 and 7 with 
disabilities. This loss is not considered attrition, because these schools were not members of the 
eligible sample. The control school was lost when students without a posttest were eliminated. 
The loss of the control school was considered attrition. 

Because this study focuses on intent-to-treat estimates, the analysis included outcomes 
for students who left the study schools before posttests were administered, provided they 
remained in the Alabama public school system. The study did not differentiate between students 
who received the intervention as intended by the program developers and those who received a 
less complete form of the intervention (or example, if their AMSTI-trained teacher was replaced 
by a teacher who did not receive AMSTI training.) 

Two strategies were used to handle missing values for covariates: the dummy variable 
method (Puma et al. 2009) and listwise deletion of students with missing values for any 
covariate. The main analyses used the first strategy. The sensitivity analysis used the second 
approach. 
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Attrition and missing data at the teacher level. The analyses of classroom outcomes used 
teacher-level data. The main model for estimating effects on classroom outcomes included 
indicator variables for matched pairs of schools as well as the following covariates: teacher 
degree rank, total years of teaching experience, and total years of teaching experience in the 
relevant subject. Information about matched pairs was complete. Therefore, concerns about 
missing data had to do with missing active learning scores and missing values for the covariates. 

As schools were the unit of randomization, the greatest concern was loss of schools in the 
analysis of classroom outcomes. As noted, 1 of the 82 randomized schools (a control school) 
withdrew from the study the day after randomization. This school was excluded from the survey 
sample and from the analysis of both secondary confirmatory outcome measures (active learning 
for mathematics teachers and active learning for science teachers). 

For the active learning in mathematics outcome, data from 8 AMSTI teachers and 13 
control teachers (21 total teachers) were lost because of missing outcomes. For the active 
learning in science outcome, data from 9 AMSTI teachers and 17 control teachers (26 total 
teachers) were lost because of missing outcomes.50 Teachers for whom values were missing were 
listwise deleted from the sample. Missing teacher values for the covariates were handled the 
same way as missing student values. 

Exploratory analysis: effects of the Alabama Math, Science, and Technology Initiative 
(AMSTI) on reading achievement, teacher content knowledge, and student engagement after 
one year and variations in effects for student subgroups 

This section describes the exploratory analyses involving outcomes after one year. The 
same models used for the confirmatory impact analyses were used. The models used for the 
primary confirmatory impact analyses were extended to measure differential impacts of various 
student subgroups (moderator analyses).51 

Power analysis for the exploratory analysis of effect on reading performance. The power 
analysis was informed by the sample-based parameter estimates from the analysis of 
mathematics problem solving. Given that the analytic models were parallel for both outcomes 
(reading and mathematics problem solving), including the covariates used, and that the analytic 
sample sizes were expected to be almost the same, the sample-based values for the student level 
R2 (0.58), the school-level R2 (0.97), the school sample size (82 schools), and the student 
sample size (228 students per school) were adopted. A Type-I error rate of 0.05, a Type-II error 

50 Dropping these teachers from the analysis did not lead any schools that participated in the study to be 
excluded from the analysis of impacts on mathematics. However, it did lead to the exclusion of two 
control schools in the analysis of impacts on science. 
51 The terms moderator analysis and subgroup analysis are used interchangeably in this report. A 
moderator defines the subgroup. Therefore, one can look at the difference between subgroups in the 
program’s impact or the moderating effect of subgroup membership on the program’s impact. Both imply 
the same analytic model and the same effect of interest: the interaction between the subgroup indicator 
variable and the treatment indicator variable. 
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rate of 0.20, and an unconditional intraclass correlation coefficient of .22 were assumed.52 Given 
these specifications, a minimum detectable effect size of 0.055 was computed.53 

The hierarchical linear model used for reading paralleled the model used for the 
confirmatory analysis of the impact of AMSTI on student achievement in mathematics problem 
solving. It is not described again here. The same statistics are reported for both outcomes. 

Analysis of effect on teacher content knowledge and student engagement. Data from the 
teacher surveys administered for this study were used to determine the impact of AMSTI on 
teacher content knowledge and student engagement. Survey questions were asked separately of 
mathematics and science teachers, yielding four outcomes: content knowledge of mathematics 
teachers, content knowledge of science teachers, student engagement in mathematics, and 
student engagement in science. Teachers rated their content knowledge at their current grade 
level on a 5-point Likert scale (very low, low, moderate, high, very high), with a sixth option of 
“not applicable”.54 They rated the average level of student engagement in their classes on a 5-
point Likert scale (not engaged, slightly engaged, moderately engaged, almost fully engaged, 
fully engaged). 

The power analysis was partially informed by the sample-based parameter estimates from 
the secondary confirmatory analyses of impacts on teacher outcomes. The sample sizes were 
assumed to be similar to those in the analysis of teaching for active learning in science, (78 
schools and 5 teachers per school). These numbers were smaller than the achieved sample sizes 
for the analysis of teaching for active learning in mathematics; the more conservative values for 
the sample sizes were therefore used. For the other parameters, the values used in the original 
(not sample-based) power analysis were assumed for impacts on teaching for active learning: an 
unconditional intraclass correlation coefficient of .20; zero benefit from modeling covariates, 
including dummy variables to indicate matched pairs; .80 power; and a Type-I error rate of 5 
percent. Based on these parameters, a minimum detectable effect size of 0.38 standard deviation 
was calculated. 

Analytic model. A multilevel ordinal logit model that accounts for the clustering of 
teachers in schools was used to estimate the regression-adjusted average difference between the 
AMSTI and control groups in the cumulative odds of responding to each category.55 The linear 

52 Hedges and Hedberg (2007) showed that for a heterogeneous sample of schools, the unconditional 
intraclass correlation for reading outcomes in grades 4–8 is .174–.263. The assumption of an intraclass 
correlation coefficient value of .22 is therefore reasonable for the reading outcome. 
53 Given the exploratory nature of these analyses, the outcomes were not adjusted for multiple 
comparisons, following guidance from the Institute of Education Sciences (Schochet 2008). 
54 A response of na cannot be assigned a meaningful numeric value and therefore was coded as missing 
and dropped from analysis. 
55 For these outcomes the odds are based on the probabilities of selecting a given response category or a 
lower one. Two-tailed statistical tests of the hypothesis of no difference between conditions in cumulative 
probability of response were conducted. 
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component of the model paralleled that used for the secondary confirmatory analysis of the 
impact of AMSTI on classroom instructional strategies with several exceptions.56 

From baseline to analytic samples used in Year 1 exploratory analysis: attrition and 
differential attrition. The number of schools, teachers, and students was tracked throughout the 
course of the study. The numbers of cases at each stage associated with the Year 1 exploratory 
analysis (SAT 10 reading, teacher content knowledge, and student engagement) are summarized 
for each outcome in appendix N, and the attrition rates in AMSTI and control schools for these 
outcomes are compared. 

Baseline and analytic sample counts as well as attrition rates were associated with the 
SAT 10 reading outcomes for the AMSTI and control groups at the school and student levels 
(table 2.10).57 There was no attrition at the school level. At the student level, differential attrition 
was 0.1 percentage point, and overall attrition was 4.7 percent. 

Table 2.10 School, teacher, and student attrition associated with Stanford Achievement 
Test Tenth Edition (SAT 10) reading outcome after one year 

Schools Students 

Item AMSTI Control Total AMSTI Control Total 

Random assignment, from rosters 41 41 82 12,065 10,492 22,557 

Baseline (eligible) sample 41 41 82 10,517 9,109 19,626 

Analytic sample 41 41 82 10,019 8,691 18,710 

Attrition from baseline (eligible) to 
analytic sample 0 0 0 

498 418 916 
(4.7) (4.6) (4.7) 

Note: Numbers in parentheses are percentages. 
Source: Student achievement data from tests administered as part of the state’s accountability system. 

56 In some cases, pair and/or school effects were removed where the estimation process did not converge 

or a random school effect could not be estimated (see chapter 6 for more details).

57 Data on reading teachers were not collected. Counts and attrition rates are therefore presented only at 

the school and student levels. 
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For the sample associated with the teacher content knowledge in mathematics outcome, 
there was no attrition at the school level (table 2.11). At the teacher level, differential attrition 
was 2.1 percentage points, and overall attrition was 9.9 percent. 

Table 2.11 School and teacher attrition associated with teacher content knowledge in 
mathematics outcome after one year 

Schools Teachers 

Item AMSTI Control Total AMSTI Control Total 

Random assignment 41 41 82 na na na 

Baseline (eligible) sample 41 40 81 221 205 426 

Analytic sample 41 40 81 197 187 384 

Attrition from baseline (eligible) to 
analytic sample 0 0 0 

24 18 42 
(10.9) (8.8) (9.9) 

na is not applicable. 

Note: Numbers in parentheses are percentages. The baseline was the first point for which information from teachers was 

available that allowed equivalence tests to be conducted.
 
Source: Teacher survey data. 


For the sample associated with the teacher content knowledge in science outcome, one 
control group school was lost from the analytic sample (table 2.12). This amounted to differential 
attrition of 2.5 percentage points and overall attrition of 1.3 percent. At the teacher level, 
differential attrition was 1.8 percentage points, and overall attrition was 12.4 percent. 

Table 2.12 School and teacher attrition associated with teacher content knowledge in 
science outcome after one year 

Schools Teachers 

Item AMSTI Control Total AMSTI Control Total 

Random assignment 41 41 82 na na na 

Baseline (eligible) sample 40 40 80 203 192 395 

Analytic sample 40 39 79 176 170 346 

Attrition from baseline (eligible) to 
analytic sample  0 

1 1 27 22 49 

(2.5) (1.3) (13.3) (11.5) (12.4) 
na is not applicable. 

Note: Numbers in parentheses are percentages. The baseline was the first point for which information from teachers was 

available that allowed equivalence tests to be conducted.
 
Source: Teacher survey data. 
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For the sample associated with the student engagement in mathematics classrooms 
outcome, there was no attrition at the school level (table 2.13). At the teacher level, differential 
attrition was 2.6 percentage points, and overall attrition was 9.6 percent. 

Table 2.13 School and teacher attrition associated with student engagement in mathematics 
outcome after one year 

Schools Teachers 

Item AMSTI Control Total AMSTI Control Total 

Random assignment 41 41 82 na na na 

Baseline (eligible) sample 41 40 81 221 205 426 

Analytic sample 41 40 81 197 188 385 

Attrition from baseline (eligible) to 
analytic sample  0 0 0 

24 17 41 
(10.9) (8.3) (9.6) 

na is not applicable. 

Note: Numbers in parentheses are percentages. The baseline was the first point for which information from teachers was 

available that allowed equivalence tests to be conducted.
 
Source: Teacher survey data. 


For the sample associated with the student engagement in science classrooms outcome, 
there was no attrition at the school level (table 2.14). At the teacher level, differential attrition 
was 2.9 percentage points, and overall attrition was 11.9 percent. 

Table 2.14 School and teacher attrition associated with student engagement in science 
outcome after one year 

Schools Teachers 

Item AMSTI Control Total AMSTI Control Total 

Random assignment 41 41 82 na na na 

Baseline (eligible) sample 40 40 80 203 192 395 

Analytic sample 40 40 80 176 172 348 

Attrition from baseline (eligible) to 
analytic sample  0 0 0 

27 20 47 
(13.3) (10.4) (11.9) 

na is not applicable.
 
Note: Numbers in parentheses are percentages. The baseline was the first point for which information from teachers was available
 
that allowed equivalence tests to be conducted. 

Source: Teacher survey data. 
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The analysis examined whether random assignment resulted in statistically equivalent 
groups at baseline and whether equivalence continued with the analytic sample in the Year 1 
exploratory analysis. For the samples associated with student achievement in reading after one 
year, the equivalence between the AMSTI and control schools was tested on the same student 
characteristics examined for the confirmatory outcomes.58 There were no statistically significant 
differences between the AMSTI and control schools on any of the background characteristics 
measured for the analytic or baseline samples associated with student achievement in reading 
after one year. 

For samples associated with the exploratory analysis of teacher content knowledge and 
student engagement after one year, the equivalence between the AMSTI and control schools was 
tested on the same teacher characteristics used for the confirmatory outcomes. There were no 
statistically significant differences between the AMSTI and control schools on any of the 
background characteristics measured for the baseline samples associated with teacher content 
knowledge or student engagement in mathematics or science after one year. 

For the analytic sample associated with teacher content knowledge in mathematics, the 
AMSTI and control groups differed on one characteristic tested: the distribution of teachers’ 
degree rank (p = .04).59 There were no statistically significant differences between the AMSTI 
and control schools on any of the background characteristics measured on the analytic sample 
associated with teacher content knowledge in science. 

For the analytic sample associated with student engagement in mathematics, the AMSTI 
and control groups differed on teachers’ degree rank (p = .04), and the overall test of whether the 
covariates as a whole were predictive of membership in an AMSTI or control school was 
statistically significant (p = .04). There were no statistically significant differences between the 
AMSTI and controls schools on any of the background characteristics measured for the analytic 
sample associated with student engagement in science. Tables displaying the full results of the 
equivalence tests of the baseline and analytic samples for the Year 1 exploratory outcomes are in 
appendix O. 

58 Data on reading teachers were not collected. Therefore, equivalence between the AMSTI and control 
groups was tested only on student-level characteristics. 
59 Teacher degree rank was measured using a 3-level ordinal scale, with teachers indicating how many 
degrees they had in their teaching content area (none, one, or more than one). For the analytic sample 
associated with teacher content knowledge in mathematics, 28 AMSTI teachers reported having no degree 
in the content area, 113 reported having one degree, and 52 reported having more than one degree. 
Among control group teachers, 39 reported having no degree in the content area, 104 reported having one 
degree, and 31 reported having more than one degree. The hypothesis of no difference between conditions 
in the distribution of teacher degree rank was tested using a multilevel ordinal logit model that accounted 
for the clustering of teachers in schools. (For these outcomes, the odds were based on the probabilities of 
selecting a given response category or a lower category.) A two-tailed statistical test was conducted for 
the hypothesis that the intervention effect was statistically different from zero. 
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Overview of analytic approach used for subgroup (moderator) analyses 

All moderator analyses examined the differential impact of AMSTI for subgroups of 
students. For a given moderator, the full student sample was used, minus students who had a 
missing value for the moderator.60 The analytic model was the same as the benchmark model 
used in the confirmatory analyses but with a cross-level interaction term added to measure the 
differential impact between subgroups. The details of the model are described below. 

Power analysis. The minimum detectable differential effect sizes were computed using 
sample-based values of the parameters (table 2.15). Because the reading outcomes were not 
analyzed at the time the power analysis was conducted, sample statistics were not available to 
estimate the values of minimum detectable differential effect size for this outcome. Sample sizes 
and parameter values were expected to be similar for reading and mathematics problem solving. 
The mathematics problem solving samples were therefore used as a guide for the expected power 
for reading.61 The statistical power calculations for the moderator analyses are in appendix P. 

Table 2.15 Minimum detectable differential effect sizes for moderators for mathematics 
problem solving, science, and reading outcomes 

Moderator Mathematics problem solving Science Reading 

Mathematics problem solving pretest 0.14 na na 

Reading pretest 0.16 0.25 0.14 

Racial/ethnic minority status 0.10 0.18 0.10 

Eligibility for free or reduced-price 
lunch 0.10 0.18 0.10 

Gender 0.09 0.17 0.09 
na is not applicable. 

Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 

data from state data system.
 

60 The rationale for not using the dummy variable approach to handling missing values for the moderator 
is given in a later section. 
61 The mathematics problem solving outcome rather than the science outcome was used as a guide for the 
minimum detectable differential effect size for reading because both mathematics problem solving and 
reading outcomes were analyzed for grades 4–8 whereas science outcomes were analyzed only for grades 
5 and 7. For moderator variables that took on two values (such as 0 or 1 to indicate subgroups), the 
minimum detectable differential effect size is the minimum difference in the impact between the two 
levels of the moderator that is detectable under the constraints of the design, assuming specific levels of 
Type-I and Type-II error, expressed in standard deviations of the outcome variable. For the purpose of the 
power analysis, the pretest variables were dichotomized into values below the median (“low”) and values 
at or above the median (“high”). In the actual moderator analyses, three levels were used. Scores were 
separated into three categories (the first three stanines, the middle three stanines, and the top three 
stanines) in each grade level. The cutpoints for the stanines were based on the pretest scale scores for the 
sample. Using three categories instead of two in the analysis should not be detrimental to statistical power 
and may actually increase it. The results presented in chapter 6 should thus be considered conservative. 
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Description of the model. As with the confirmatory impact analyses, two-level 
hierarchical linear regression models were used to estimate differential impacts.62 Students were 
modeled at Level 1 and schools at Level 2. 

The models used to estimate differential impacts were consistent with the benchmark 
models used in the confirmatory impact analyses in the following respects: 

•	 To account for variation in the posttest and increase the precision of the impact 
estimates, the models included the following student-level covariates: pretest score, 
grade level, racial/ethnic minority status, eligibility for free or reduced-price lunch, 
English proficiency, and gender. 

•	 To account for the random assignment design, the models included indicator variables 
that identified the matched pairs of randomized schools. The models also accounted 
for students being nested in schools. 

•	 To control for potential bias in the impact estimate arising from missing covariate 
values, the models used a dummy variable method. For each of the covariates 
included, a dummy variable was created that assumed the value 1 if the value of the 
variable was missing for a given student and 0 otherwise. The missing values from 
the original variable were replaced with 0. (As described below, the dummy variable 
method was not used to handle missing values for the moderator variable.) 

The models used to estimate differential impacts had these additional specifications: 

•	 The differential impact was modeled by interacting the moderator variable with the 
indicator of the treatment effect. (The moderators were coded 0 or 1, except for the 
pretest, which was divided into three categories.) Each moderator analysis involved a 
cross-level interaction, because the indicator of the treatment effect was modeled at 
Level 2 whereas the moderator variable was modeled at Level 1. 

•	 The dummy variable method was not used to handle missing values for the moderator 
variable. Using this method would have set missing values for the moderator to zero, 
making the interaction effect of the moderator uninterpretable. Instead, cases that 
were missing a value for the moderator were dropped from analysis. 

62 The model presented here assumes two levels for the moderator. The pretests were categorized into 
three levels. Analyses of the moderating effects of the pretests used a model similar to the one presented 
here, except two dummy variables were used to estimate the main effects of the pretest and two 
interaction terms were used to estimate differences in impact for the three levels of the pretest. The p-
value associated with the Type III test was used for the effect corresponding to the interaction between 
the three-level preintervention performance measure and the indicator of treatment status, to assess 
whether the pretest interacted with treatment. 
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For each analysis, the reported p-value corresponds to a two-tailed test of the hypothesis 
that the regression-adjusted difference in impact between the two subgroups was zero (for the 
analysis of the moderating effect of the pretest, the p-value associated with the Type III test for 
the fixed effect corresponding to the interaction of the three-level preintervention performance 
measure and the indicator of treatment status is reported).63  
 

The moderating effect of covariate M on the impact of AMSTI on student performance in 
mathematics problem solving, science, and reading was estimated using a two-level model, with 
students at Level 1 and schools at Level 2. The model assumed a constant differential effect of 
AMSTI but included a random school effect:64  

 
Level 1 (student level): 

17
 

yij = β0 j + β1 jMij + β pjCOVpij + eij
  
p=2
 

is the outcome for student i in school j. 

•	  Mij is the student-level moderator variable.  

•	  COVpij is the value of the covariate p. There are 16 covariates other than the 
moderator. The first eight covariates represent attributes of students. The next eight 
covariates are dummy variables that correspond to the eight student attribute 
variables. The dummy variable that corresponds to a given covariate indicates 
whether the value of that covariate was missing. If the value was missing, the dummy  
variable took a value of 1; otherwise, it took a value of 0. 

•	  eij is the random effect associated with student i in school j, conditioning on the other 

effects in the model. 
 
Level 2 (school level):  

___ 42
 

β0 j = γ 00 + γ X j 01 + γ 02Tj + γ 0m I (m−3) +u0 j
 
m=3
 

β1 j	 = γ 10 + γ 11Tj p = 2,...,17  

β	 pj = γ p0 

63 Analyses of differential impacts for subgroups were run one at a time. Each model included the 
interaction of the indicator of treatment status with one moderator variable only. For example, for 
mathematics problem solving, the analysis of the effect of subgroup differences on the impact of AMSTI 
used five separate models, one for each moderator. 
64 The model was used to estimate the differential impact of AMSTI on student performance in 
mathematics problem solving. Differential impacts on science and reading were estimated using a similar 
model. Because the analysis of science involved students in grades 5 and 7 only, the model contained 
only a single dummy variable to indicate grade level. The dummy variable was grade 5; grade 7 was the 
reference category. 
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•  X j  is the school mean of the pretest. 

•	  T j  indicates whether a school was assigned to the intervention or control group 

(coded 1 if the school was assigned to the intervention and 0 if the school was 
assigned to the control). 

•	  I(m−3)  indicates the matched pair to which a school belonged, taking on a value of 0 or 

1. There are 40 indicators for the 41 pairs. The effect γ 0m represents the average 

difference in outcome between pair m and the reference pair, controlling for the other 
effects in the model. 

•	  u 0 j is the random effect of school j, conditioning on the other effects in the model.  

•	 γ00  is the covariate-adjusted mean value of the outcome measure for subgroup M = 0 

across control schools. 

•	 γ10  is the covariate-adjusted differential between subgroups M = 1 and M = 0 in the 

mean value of the outcome measure across control schools. 

•	 γ02  is the mean difference in the covariate-adjusted outcome between treatment 

and control schools (main effect of treatment) for subgroup M = 0. 

•	 γ11 is the mean differential between subgroups M = 1 and M = 0 in the covariate-
adjusted main effect of treatment. 

 
Substituting the Level-2 equations into the Level-1 equation yields the following mixed-

model formulation:  
 

___ 42 17 

yij = (γ 00 + γ X j 01 + γ 02T j + γ 0m I (m−3) + u0 j ) + (γ10 + γ 11T j )M ij +  γ p 0COVpij + eij 
m=3 p=2 

___ 17 42 
 

= γ 00 + γ 01 X j + γ 02Tj + γ10M ij + γ 11T j * M ij +  γ p 0COVpij + γ 0m I (m−3) + u0 j + eij . 
p=2 m=3 
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For the moderator analyses, the parameter of interest, γ , indicates the differential in the 11

average impact of AMSTI for subgroup M = 1 compared with subgroup M = 0. For each of the 
moderator analyses, a t-test was performed to test the null hypothesis that the differential 

between subgroups in the average impact of AMSTI was zero (that is, γ11 =0). For ease of 
interpretation, especially for comparing the size of the differential effect of AMSTI with the size 
of the average effect, the estimates of the differential effect are presented in terms of standard 
deviations of the outcome variable for the control group (that is, as effect sizes).65 

Handling missing data. In the main confirmatory analyses, the dummy variable method 
was used to handle missing values for the covariates. Where student achievement outcomes 
(posttests) were missing, listwise deletion was used to drop the observation from the analysis. 
The same approach was used to handle missing data in the exploratory analyses. The only 
exception involved the moderator variable. As described, estimates of the effects of the 
moderator were of substantive interest, so changing missing values of the moderator variable to 0 
would have made the moderator effect uninterpretable. Therefore, listwise deletion was used for 
cases of a missing value for the moderator. 

Analysis of average effect on achievement for student subgroups after one year. For each 
moderator variable, the sample was divided by levels of the moderator, and the regression-
adjusted average impact of the program was estimated for each subgroup. The analytic models 
paralleled those used to estimate average impacts for the full sample (that is, all subgroups 
combined), except that both the covariates that identified the subgroups whose impact was being 
estimated and the corresponding dummy variables used to indicate missing values were 
removed. Approaches to handling missing values for the other covariates and the posttest were 
the same as those used to estimate average impacts for the subgroups combined (the dummy 
variable method for missing values of the covariates, listwise deletion for missing posttest 
scores.) For ease of interpretation, especially so that the size of the subgroup impact of AMSTI 
can be compared with the size of the average effect, the estimate of the subgroup effect is 
expressed in standard deviations of the outcome variable for the control group (that is, as effect 
sizes).66 

Exploratory analysis: analysis of student achievement in mathematics problem solving and 
science after two years 

The full AMSTI intervention is intended to be delivered over two years. The one-year 
impact findings presented in chapter 4 thus do not represent the effects of a full course of the 
intervention. While the original control group schools implemented AMSTI after one year, 

65 For each of the three main outcomes, the standard deviation for the control group from the analytic 
samples from the confirmatory analyses for impacts on mathematics problem solving and science and the 
corresponding exploratory analysis in reading was used to estimate the average impacts of AMSTI. This 
step was taken to facilitate comparison of results; the effect size for the moderating effects of the pretests 
is not reported, because this covariate is expressed in terms of three levels and moderating effect involves 
two interaction terms. 
66 See previous note. 
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leaving no untreated control group against which to measure the impact of AMSTI after two 
years, researchers selected an appropriate method to estimate the two-year effects. 

Bell and Bradley (2008, 2009) developed a method to estimate the full effect of an 
intervention after the control group receives the intervention in a randomized controlled trial. 
Their method simulates the experimental framework that would have existed had the control 
group not received the intervention. The method provides an unbiased measure of the effect of 
the intervention in the second year if the impact of AMSTI during the first year of its 
implementation is stable over time—that is, if AMSTI affected the original control group schools 
the same way it affected treatment group schools a year earlier. 

The assumption that the first year of exposure to AMSTI had the same effect on control 
group students in Year 2 as on treatment group students in Year 1 is contingent on a number of 
factors related to the intervention, the participants, and the context in which the intervention was 
implemented. Some of these factors can be tested in the data; others cannot. No evidence was 
found for any of the testable factors to suggest that the Bell-Bradley method yielded biased 
impact estimates (see below). 

This section reviews the theory, assumptions, and analytic methodology of the Bell-
Bradley approach and describes how it was used to calculate the effects of two years of AMSTI 
compared with no AMSTI. Because these analyses build on the random assignment design but 
do not use conventional randomized controlled trial methods, the findings are considered 
exploratory rather than confirmatory. 

Estimation strategy. The goal of the two-year analysis is to measure the estimated effect 
on students of two years of AMSTI participation compared with zero years of AMSTI 
participation. Complicating this goal is the fact that control group schools began implementing 
the AMSTI program one year after intervention group schools implemented the program. Thus, 
in the second year, the control group schools do not provide data on student outcomes with zero 
years of AMSTI participation. The effect of one year of the program will already be incorporated 
in these students’ mathematics and science achievement scores at the end of Year 2. 

Bell and Bradley (2008) proposed a method for “recovering” a zero-treatment Year 2 
outcome level for control group students in this circumstance. The basic strategy is to subtract 
from the average control group student outcome in Year 2 the effect that AMSTI had on those 
students’ outcomes that year—or at least a good approximation of that effect. The approximation 
chosen equals the estimated Year 1 impact of AMSTI on treatment group students a year earlier. 
The resulting estimator of two-year effects equals the sum of the treatment-control differences in 
outcomes at a given grade level in consecutive school years, referred to as the “Year 1 
component” and the “Year 2 component” of the overall two-year impact estimate. Appendix Q 
explains the method in more detail (in mathematical terms) and examines the properties of the 
estimator it produces. 

Researchers concluded that the lack of bias of the Bell-Bradley estimator rests on the 
equivalence of effects in the AMSTI and control groups in the first year in which each group 
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received the AMSTI intervention. This assumption was subject to partial testing, but its validity 
cannot be fully confirmed. 

Checking the conditions that support the lack of bias of the estimator. Bell and Bradley 
(2009) laid out the conditions under which the expected impact of the intervention on student 
outcomes at a given grade level is the same in Year 2 for control group students (the first year 
they received the AMSTI intervention) as it is in Year 1 for treatment group students (the first 
year they received the AMSTI intervention). Random assignment ensures that, on average, the 
treatment and control groups are equivalent at the time of random assignment. However, in order 
to expect the impacts of AMSTI to be the same in Years 1 and 2, not only the groups but also the 
intervention must be equivalent, and the passage of time itself must not have changed the way 
that the impacts occur. Ultimately, what matters is that the impacts experienced by students in 
AMSTI schools in Year 1 equal the impacts experienced by students in control schools in Year 
2. Bell and Bradley translated this requirement into a set of 11 factors that must remain stable 
over time if the Bell-Bradley estimator is to be unbiased. The research team was able to check 
the stability of these factors to some degree (table 2.16).67 

Table 2.16 Factors that must remain stable over time (from Year 1 to Year 2) for the effect 
of the Alabama Math, Science, and Technology Initiative (AMSTI) to be the same in the 
Alabama Math, Science, and Technology Initiative and control group schools (in their 
respective first year of Alabama Math, Science, and Technology Initiative implementation) 

Factor 
Assessed for 

AMSTI Study Type of check 

Intervention-related factors 

A. Sponsor’s guidelines for required parameters of the intervention’s 
design and implementation √ Document review 

B. District’s desire and evolving ability to support the intervention √ Document review 

Factors that could be affected by random assignment to the control group 

C. Composition of schools in the sample that did not implement the 
intervention when the time came to do so √ Statistical tests 

D. Composition of teachers in implementing schools that did not 
participate in the intervention or data collection when the time came 
to do so √ Statistical tests 

E. Effort by schools to implement the intervention √ Statistical tests 

Contextual factors 

F. Characteristics of age cohortsa √ Statistical tests 

G. Alternative programs and schools available in the communitya √ Statistical tests 

67 Bell and Bradley (2009) provided further logic on why each of these factors is important to the 
reliability of the method. 
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Factor 
Assessed for 

AMSTI Study Type of check 

H. Existing school services apart from the interventiona √ Statistical tests 

I. Configuration of courses and curricula taught in school and system 
used by schools to assign course or curricula options to students at a 
given grade levela √ Statistical tests 

J. Characteristics of potential teachers in the community Not assessed Not assessed 

K. Teacher hiring and course/class assignment practices Not assessed Not assessed 
a. A single test was performed to test the net effect on the characteristics of students in the AMSTI and control group samples 
(rows F–I). 

The factors are sorted into three groups: 

•	 Factors related to the intervention (factors A–B), such as how AMSTI was carried 
out. 

•	 Factors that may change because of randomization into the control group (factors C– 
E), such as how non-AMSTI inputs to students’ education development could 
enhance or inhibit the effect of AMSTI. 

•	 Contextual factors concerning students and the community (factors F–K), such as 
student characteristics, teacher characteristics, and how students and teachers are 
brought together for instructional purposes. 

These factors may differ at random between the treatment and control group schools 
without creating bias. The Bell-Bradley estimator assumes that that they do not differ because of 
systematic changes over time—i.e., changes in the nature of the AMSTI intervention, the 
individuals who participate, or the context in which AMSTI functions between the first year of 
implementation in AMSTI schools and the first year of implementation (a year later) in control 
schools. 

Nine of the 11 factors could be tested for equivalence between treatment group schools in 
Year 1 and control group schools in Year 2. Shifts over time in unmeasured or unobservable 
factors could have occurred that bias the two-year findings. Researchers checked those that they 
could with the available data. 

Both of the intervention-related factors (A and B) could be checked to some extent 
through document review. Researchers had information on guidelines for the intervention (A) 
from ALSDE and on how those guidelines changed between the two consecutive years of 
implementation. One indicator of district support (B) is the science kit rotation schedule, as 
district staff could facilitate or inhibit the implementation of AMSTI through policies or 
procedures for rotating AMSTI materials among participating teachers. 

Several other factors were checked for equivalence at the time of initial AMSTI 
implementation. First in this set were factors concerning the potential for random assignment 
into the control group to affect schools in ways that influence the effectiveness of AMSTI once it 
is implemented (see factors C–E in table 2.16). The first of these factors—the composition of 
nonimplementing schools (C)—was measured in the AMSTI evaluation data by looking at the 
share of schools that implemented the program at their designated time points and any notable 
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characteristics of nonimplementing schools in the treatment and control groups. The share of 
teachers agreeing to complete surveys in support of the research (D) could also be checked and 
compared over consecutive years of implementation. Once engaged in AMSTI, teacher receipt of 
professional development training on the curriculum, use of teaching support, time spent on 
mathematics and science instruction, and use of AMSTI materials provide proxies of the effort 
expended by schools to implement the intervention (E). 

As Bell and Bradley (2009) explain, contextual factors F–I matter only in their net 
influence on the types of students who receive the intervention in Year 1 in the treatment group 
schools and in Year 2 in the control group schools. These two sets of students could differ for a 
number of reasons. If they differ by chance, because of random assignment of schools, there is 
no bias. However, trend factors over time may create systematic differences that do give rise to 
bias. One potential trend element arises from the fact that the two groups of students come from 
two different age cohorts (factor F), because they reach the same grade level one year apart. 
Birth cohorts in the population can differ in ways that could influence the effects of the 
intervention. A second potential source of bias is that in any birth cohort, not all students from a 
given birth cohort will participate in AMSTI when implemented in public schools (thus 
potentially altering the mix of students for whom impacts are estimated); depending on the 
alternative schools available in the community (factor G), some students may attend private 
schools. This factor could change between Year 1 and Year 2 of the study, so that schooling 
alternatives differ between treatment group schools when they implement AMSTI and control 
group schools when they do so a year later. Existing school services apart from the intervention 
(H) and various school curricular and scheduling practices (I) could also change with time, 
moderating the effects of the AMSTI intervention. Researchers were unable to identify a source 
of data on characteristics of children in a birth cohort for a geographic area as small as a school 
district (factor F). They were also unable to catalog all nonpublic schools that might draw 
students away from AMSTI participation in their local public schools (factor G). Data used for 
the current evaluation report profiles the student population served by AMSTI in each set of 
schools, treatment versus control, reflecting the net result of differences in factors F–I. 

The availability, hiring, and assigning of teachers to AMSTI may also differ between 
treatment group schools in Year 1 and control group schools in Year 2, if there is an underlying 
trend. Profiling the pool of potential teachers available for hire at a school (factor J) exceeded the 
study’s data collection capabilities, as did examination of individual schools’ teacher hiring and 
course assignment practices (factor K). 

All of the available indicators were used to determine whether there were clear violations 
of the assumption of stability from one year to the next that undergirds the Bell-Bradley 
estimator. This analysis is summarized with the findings on the two-year estimated effects of 
AMSTI in chapter 5. 

From baseline to analytic samples: attrition and differential attrition in the Year 2 
sample. The estimation method used to measure two-year effects required data from two 
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consecutive calendar years. Appendix R provides details on the development of the analytic 
samples for the two-year analysis of mathematics problem solving and science.68 This section 
examines attrition in those samples to gauge the potential for attrition bias in the analytic 
samples used to generate the two-year estimates. 

As noted above, the Bell-Bradley estimator equals the sum of the treatment-control 
differences in outcomes at a given grade level in consecutive school years; these two differences 
are referred to as the “Year 1 component” and the “Year 2 component” of the estimator. To 
obtain these components, two related samples are needed: one contributing to the estimation of 
the Year 1 component of the estimator, the second contributing to the estimation of the Year 2 
component. The baseline sample for each component included all students without disabilities in 
the appropriate grades (grades 4–8 for mathematics and grades 5 and 7 for science). Students, 
teachers, and schools remained in the analytic sample if a student did not transfer from a school 
in Subexperiment 1 to a school in Subexperiment 2; identifiers were available for the student, 
teacher, and school; and the student posttest was available. 

Baseline and analytic sample counts and attrition rates were associated with the two 
student-level outcomes (SAT 10 mathematics problem solving and SAT 10 science) (tables 2.17 
and 2.18). Total attrition and attrition for the AMSTI and control groups are displayed at the 
school, teacher, and student levels. (See appendix R for the number of schools, teachers, and 
students lost at each stage in the process of identifying the analytic sample from the baseline 
sample.) 

Table 2.17 School, teacher, and student attrition associated with Stanford Achievement 
Test Tenth Edition (SAT 10) mathematics problem solving outcome after two years 

Schools Teachers Students 

Item AMSTI Control Total AMSTI Control Total AMSTI Control Total 

Sample contributing to Year 1 component of the estimated two-year effect 

Random assignment, from 
rosters 41 41 82 251 234 485 12,198 10,514 22,712 

Baseline (eligible) sample 41 41 82 246 229 475 10,517 9,109 19,626 

Analytic sample 41 41 82 243 229 472 9,520 8,474 17,994 

Attrition from baseline 
(eligible) to analytic sample 0 0 0 

3 0 3 997 635 1,632 

(1.2) (0.6) (9.5) (7.0) (8.3) 

Sample contributing to Year 2 component of the estimated two-year effect 

68 The sample sizes in tables 2.17 and 2.18 differ from the sample sizes in tables 2.5 and 2.6 because 
students who skipped or repeated a grade in Year 2 were excluded from the sample used to estimate the 
two-year effect. See appendix R for additional information. 
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 Schools Teachers Students 

Item AMSTI Control Total AMSTI Control Total AMSTI Control Total 

Random assignment, from 
rosters 41 41 82 217 170 387 11,574 10,081 21,655 

Baseline (eligible) sample 41 41 82 213 165 378 10,139 8,612 18,751 

Analytic sample 40 41 81 208 164 372 9,386 8,144 17,530 

Attrition from baseline 
(eligible) to analytic sample 

1 

0 

1 5 1 6 753 468 1,221 

(2.4) (1.2) (2.4) (0.6) (1.6) (7.4) (5.4) (6.5) 
Note: Numbers in parentheses are percentages. 
Source: Student achievement data from tests administered as part of the state’s accountability system. 

The maximum overall attrition rate associated with the SAT 10 science outcome was 10.9 
percent for students contributing to the estimation of the Year 1 component of the estimated two-
year effect (table 2.18). No other overall attrition rate exceeded 10 percent. No differential 
attrition rate exceeded 5 percentage points. 

Table 2.18. School, teacher, and student attrition associated with Stanford Achievement 
Test Tenth Edition (SAT 10) science outcome after two years 

Schools Teachers Students 

Item AMSTI Control Total AMSTI Control Total AMSTI Control Total 

Sample contributing to Year 1 component of the estimated two-year effect 

Random assignment, from 
rosters 41 41 82 233 213 446 12,065 10,492 22,557 

Baseline (eligible) sample 39 41 80 103 95 198 4,480 3,688 8,168 

Analytic sample 39 40 79 101 90 191 3,914 3,364 7,278 

Attrition from baseline 
(eligible) to analytic sample 0 

1 1 2 5 7 566 324 890 

(2.4) (1.3) (1.9) (5.3) (3.5) (12.6) (8.8) (10.9) 

Sample contributing to Year 2 component of the estimated two-year effect 

Random assignment, from 
rosters 41 41 82 206 156 362 11,574 10,081 21,655 

Baseline (eligible) sample 39 41 80 91 61 152 4,253 3,415 7,668 

Analytic sample 38 40 78 85 60 145 3,843 3,161 7,004 

Attrition from baseline 
(eligible) to analytic sample 

1 1 2 6 1 7 410 254 664 

(2.6) (2.4) (2.5) (6.6) (1.6) (4.6) (9.6) (7.4) (8.7) 
Note: Numbers in parentheses are percentages. 
Source: Student achievement data from tests administered as part of the state’s accountability system. 

Sample equivalence at baseline and in analytic Year 2 sample. Testing 10 characteristics 
for the mathematics sample and 7 characteristics for the science sample revealed no statistically 
significant differences between AMSTI and control schools in either the baseline sample or the 
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analytic sample used in the two-year analyses. Moreover, for both mathematics and science, joint 
tests of significance for all covariates taken together found no overall difference. (The 
equivalence between AMSTI and control groups on student demographic characteristics for the 
samples used in the estimation of two-year effects of AMSTI is demonstrated in appendix S.) 

Estimation. The model used to estimate the two-year impact followed the same 
specifications as the one used to estimate the one-year impact, with the exception that an 
additional dummy variable was introduced to indicate whether the outcome was measured at the 
end of Year 1 or at the end of Year 2. This variable was interacted with the indicator of treatment 
status. The two-year impact estimate was based on the coefficient for this interaction term and 
the one corresponding to the indicator of treatment status. Because science test scores were 
available only for students in grades 5 and 7, the outcomes in consecutive years at a given grade 
level were from different students, and therefore it was not necessary to figure in dependencies 
due to repeated measures for individuals. The same was not true of math problem solving, where 
the standard errors were adjusted post hoc because of repeated measures for students in certain 
grades. The full specification of the model and how it was estimated are provided in appendix T. 
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3: Analyses of Alabama Math, Science, and Technology Initiative (AMSTI) 
implementation 

 
This chapter first briefly describes each of the three main components of the intervention 

in AMSTI schools according to the AMSTI theory of action (professional development; program  
materials, technology, and other resources; and in-school supports; see figure 1.1 in chapter 1). It 
then presents the results of implementation analyses for each component by: assessing the extent 
to which AMSTI components were implemented in Year 1, using descriptive statistics, and 
identifying differences between AMSTI and control conditions in the presence of each AMSTI 
component and similar components in control schools during Year 1, using inferential statistics. 
These analyses provide context for assessing and understanding the measured effects on student 
and teacher outcomes presented in chapter 4. Finally, the chapter draws some general 
conclusions about the two major aims of the analyses. 
 

There are four methodological limitations to these analyses: 
 

•	  Objective benchmarks for AMSTI implementation do not exist. Therefore, the 
analyses aim simply to describe program implementation for each program  
component. 

•	  The descriptive implementation analyses are based only on data collected for 
Subexperiment 2; how well the results generalize to Subexperiment 1 is unknown. 

•	  Implementation data rely on self-reports of relevant constructs. Self-reported data are 
subject to a variety of potential reporter biases. Therefore, caution should be 
exercised in the interpretation of these results, as the reliability and validity of these 
self-reported data is currently unknown. 

•	  The analyses reflect implementation of AMSTI components for the first year of a 
two-year intervention.69 All three components are intended to be implemented over 
two years, so full implementation could not be expected to have occurred in the first 
year of the intervention. 

 
Alabama Math, Science, and Technology Initiative (AMSTI) 

implementation components 
 
Professional development 
 

AMSTI summer institutes are the main source of professional development training for 
teachers for increasing hands-on, inquiry-based learning in the classroom. AMSTI teachers are 
required to attend these trainings, which provide five days of training per subject (five days for 
mathematics and five days for science for a total of 10 days) for primary grade teachers and 10 
days of training per subject for middle school grade teachers. Summer institute trainings are built 

69 Additional details on the rationale for assessing Year 1 implementation data only are included in 
chapter 2. 
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around a standardized curriculum provided by the Alabama State Department of Education 
(ALSDE), the developers of AMSTI. 

Training is delivered by master teachers certified as AMSTI trainers who have 
successfully completed workshops provided by ALSDE. AMSTI trainers follow a curriculum 
that covers grade- and subject-specific topics. Trainers are expected to follow the AMSTI 
instructional methods when delivering the training. Lesson demonstration by AMSTI trainers is a 
key part of the workshops. Hands-on activities, small-group discussion, and skills practice are 
emphasized; lecture and whole-group discussion are used less often. 

Program materials, technology, and other resources 

In addition to professional development training, the AMSTI Committee recommended 
that AMSTI teachers have ready access to the materials and supplies necessary to implement 
inquiry-based, hands-on activities critical to AMSTI instruction. These materials can include lab 
supplies, thermometers, digital cameras, and various test kits. AMSTI personnel deliver the 
materials to schools as kits. In each region, the kits are rotated from school to school in three-
month to semester-long blocks. The rotation and delivery of kits is coordinated by the AMSTI 
sites.70 

In-school supports 

Faculty members from two regional universities are available at the summer institutes 
and throughout the school year to support AMSTI teachers and schools. Following the summer 
institutes, full-time AMSTI mathematics and science specialists from the AMSTI site in each 
region provide AMSTI teachers with on-site mentoring in their classrooms, to help newly trained 
teachers become comfortable with AMSTI pedagogy. AMSTI teachers are also encouraged to 
collaborate with other teachers implementing AMSTI, to create an in-school support network. 

Alabama Math, Science, and Technology Initiative (AMSTI) implementation results 

Data collected from professional development training logs, teacher interviews, and 
principal interviews from Subexperiment 2 used for descriptive analyses, as well as teacher 
surveys from Subexperiment 1 and 2 used for inferential analyses, were collected and analyzed 
to assess AMSTI implementation in Year 1. These data sources, data collection procedures, 
sampling methods, and data analysis methods are described in detail in chapter 2; they are 
reviewed briefly here to provide context. Results are presented on the extent to which each 
component was implemented in Year 1 and the differences between the AMSTI and control 
conditions in each component during Year 1. 

70 Additional details on AMSTI site regions are in chapter 1. 
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Extent to which the Alabama Math, Science, and Technology Initiative (AMSTI) was 
implemented in Year 1 

Professional development. Two measures were used to assess the extent to which the 
professional development component of AMSTI was implemented: coverage of particular 
training topics and the use of particular instructional methods. Training topics and modes of 
instructional delivery comprise the major content of the AMSTI development trainings. 
Consequently, the degree to which trainers covered the topics in their training manuals provided 
an estimate of teacher exposure to the lessons they were expected to teach as part of AMSTI. The 
degree to which trainers modeled the specific instructional methods during the training provided 
an estimate of the degree of teacher exposure to the repertoire of inquiry-based instructional 
methods they were expected to use in their classrooms as part of AMSTI. 

Coverage of training topics. Trainers were asked to complete daily training logs in which 
they rated the extent to which they covered each topic in the AMSTI manual using a 5-point 
Likert scale (0 = no coverage, 1 = limited extent, 2 = moderate extent, 3 = large extent, and 4 = 
full extent). The number of training topics varied by grade and subject: 7 topics for grade 5 
mathematics, 13 for grade 5 science, 15 for grade 7 mathematics, and 13 for grade 7 science. The 
number of days of training and the number of trainers also varied by grade level. For grade 5 
mathematics and science, there were 5 days of training per subject (5 for mathematics and 5 for 
science for a total of 10 days) and 4 trainers. For grade 7 mathematics and science, there were 10 
days (two weeks of training) and 2 trainers. 

AMSTI trainers are instructed to cover the topics outlined in their training manual. 
However, the degree to which topics are covered is not prescribed. Without such guidance, it is 
impossible to assess whether topics were covered “adequately” during trainings. In the absence 
of any preestablished criteria for adequate coverage, researchers assessed the average number of 
days a topic was covered to at least a “moderate” extent in each of the four grade/subject levels. 
This assessment provided an estimate of the level of exposure (as indexed in average number of 
days) AMSTI teachers had to each topic during training. “Moderate” was chosen as the cut-off 
for topic coverage because a trainer covering a topic to a “limited” extent or less may not have 
provided substantial coverage of (and therefore exposure to) a topic during training.71 

Researchers tallied the total number of days each trainer reported covering a specific 
topic to at least a moderate extent, summed the total number of days all trainers within a 
grade/subject level covered a topic to at least a moderate extent, and divided the sum by the total 
number of trainers within that grade/subject level. For example, for the topic fractions in grade 5 
mathematics, the number of days each of the four trainers covered fractions to at least a moderate 
extent was summed (3 days + 3 days + 3 days + 2 days = 11 days) and divided by the number of 
trainers (4), yielding an average of 2.75 days of training that fractions were covered to at least a 

71 The average number of days a topic is covered to a moderate extent or more may underestimate the 
coverage of topics warranting more in-depth coverage on a single day of training and overestimate the 
coverage of topics warranting less in-depth coverage on a single day of training. 
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moderate extent for grade 5 mathematics. A list of full topic names, the average number of days 
each was covered to at least a moderate extent, and corresponding standard errors are in 
appendix U. 

Six out of 7 topics (86 percent) were covered to a moderate extent or more on at least one 
day of training for grade 5 mathematics (figure 3.1). Eleven out of 13 topics (85 percent) were 
covered to a moderate extent or more on at least one day of training for grade 5 science (figure 
3.2). 

Figure 3.1 Average number of days Alabama Math, Science, and Technology Initiative 
(AMSTI) trainers covered topics in training manual to a moderate extent or more in grade 
5 mathematics 

Note: Each of four trainers had 5 logs each, for a total of 20 logs. 
Source: Professional development training logs. 
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Figure 3.2 Average number of days the Alabama Math, Science, and Technology Initiative 
(AMSTI) trainers covered topics in training manual to a moderate extent or more in grade 
5 science 

Note: Each of four trainers had 5 logs each, for a total of 20 logs. 
Source: Professional development training logs. 

Because there were only two trainers per subject for grade 7, findings by subject could 
not be published without risk to participant confidentiality. Instead, the results were aggregated 
for mathematics and science topics. There were 28 topics to be covered over the course of 
training for grade 7 mathematics and science: 15 for mathematics and 13 for science. On 
average, grade 7 AMSTI trainers covered 96 percent of those topics (27 out of 28) to a moderate 
extent or more on at least one day of training. 

Extent of instructional methods use. All trainers were asked to report daily in their 
training logs the percentage of time they spent using each of the following instructional methods: 
hands-on activities, lesson demonstrations, skills practice, small-group discussion, whole-group 
discussion, lecture, writing in math/science, and computer-based instruction. Trainers reported 
the time spent on each method on a 5-point Likert scale (0 = no time, 1 = 1–25 percent of the 
time, 2 = 26–50 percent, 3 = 51–75 percent, 4 = 76–100). For each instructional method, 
researchers calculated the average number of days across all trainers within a grade/subject level 
that a method was used more than 25 percent of the time during summer professional 
development trainings. 

AMSTI has no benchmarks for the proportion of training time to be devoted to particular 
instructional methods. The AMSTI theory of action does specify that trainers should use all of 
these instructional methods concurrently over the course of training; that hands-on activities, 
small-group discussion, and skills practice should be emphasized; and that lecture and whole 
group discussion be used less often. Without more specific guidance, it could not be determined 
whether instructional methods were “adequately” used over the course of trainings. Rather, 
analyses aim to describe, based on empirically-determined cutpoints, the relative use of 
instructional methods over the course of trainings. Researchers used the average number of days 
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a method was used more than 25 percent of the time as an index of the level of exposure of 
AMSTI teachers to each instructional method during training. A 25 percent cutpoint was chosen 
because it provided enough variability in trainer use of instructional methods to distinguish the 
degree of use of hands-on activities, small-group discussion, and skills practice compared with 
lecture and whole-group discussion. Using a lower or higher cutpoint yielded almost no 
variability in the average number of days methods were used (1–25 percent on almost every day 
or 51–100percent on almost every day), which is consistent with the expectation that methods 
should be used concurrently. 

The average number of days trainers used each method more than 25 percent of the time 
was calculated by tallying the number of days each trainer reported spending at least that amount 
of time using the instructional method, summing the number of days across all trainers within a 
grade/subject level, and dividing the sum by the number of trainers within that level. Numerical 
values and standard errors for these averages are in appendix U. 

In grade 5 mathematics and science training, hands-on activities were used more than 25 
percent of the time—on average, 4.0 of 5 days for mathematics and 4.5 of 5 days for science 
(figure 3.3). Lesson demonstrations were used more than 25 percent of the time—on average, 3.5 
of 5 days for both mathematics and science. At the other end of the spectrum, for both 
mathematics and science training, lectures, writing in mathematics and science, and computer-
based instruction were used more than 25 percent of the time on less than one of the five training 
days. 

Figure 3.3 Average number of days Alabama Math, Science, and Technology Initiative 
(AMSTI) trainers used various instructional methods more than 25 percent of the time in 
grade 5 mathematics and science individually 

Note: Each of four trainers had 10 logs each (5 for each subject), for a total of 40 logs. 
Source: Professional development training logs. 
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Because there were only two trainers per subject for grade 7, the findings could not be 
reported by subject. Doing so might risk participant confidentiality. Therefore, the average 
number of days both grade 7 mathematics and science trainers used a specific instructional 
method more than 25 percent of the time are reported (figure 3.4). The results show that on 
average, hands-on activities were used more than 25 percent of the time, (7.8 out of 10 training 
days), lesson demonstrations more than 25 percent of the time (6.3 out of 10 training days), and 
skills practice more than 25 percent of the time (5.5 days out of 10 training days). Other 
instructional methods were used more than 25 percent of the time on less than half of the 
instructional days. 

Figure 3.4 Average number of days Alabama Math, Science, and Technology Initiative 
(AMSTI) trainers used various instructional methods more than 25 percent of the time in 
grade 7 mathematics and science combined 

Note: Each of four trainers had 10 logs each (5 for each subject), for a total of 40 logs. 
Source: Professional development training logs. 

Program materials, technology, and other resources. Teacher reports of the availability 
of AMSTI materials during the school year were assessed in order to characterize the extent of 
implementation for the program materials, technology, and other resources. During interviews, 
teachers were asked, “To what extent have you been able to access AMSTI materials?” Teacher 
responses were categorized into three levels of implementation (full, partial, and none) based on 
content analysis. (For details, see chapter 2.) 

More than half of teachers (58 percent) reported full access to materials or that materials 
were readily available during the school year (figure 3.5). Another third (32 percent) stated that 
they had partial or limited access. Ten percent stated that they had no access or provided a 
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response related to their personal use of materials rather than access to them (coded as 
“missing”).72 

Figure 3.5 Reported access to Alabama Math, Science, and Technology Initiative (AMSTI) 
materials by Alabama Math, Science, and Technology Initiative (AMSTI) teachers 

Source: Teacher interview data. 

In-school supports. Interviews with principals were used to assess the availability of 
follow-up support during the school year. As part of a question about the support received from 
the AMSTI sites, principals from Subexperiment 2 AMSTI schools were asked, “Has support 
been provided when teachers need it?” All 17 principals who responded to the question reported 
that the follow-up supports had been provided when needed.73 

Differences between Alabama Math, Science, and Technology Initiative (AMSTI) and control 
schools during Year 1 

Data from the teacher surveys (in Year 1 of Subexperiment 1 and Subexperiment 2) were 
used to estimate differences between AMSTI and control schools for each program component. 
Logistic regression was used to estimate differences for the professional development and in-
school supports components; ordinal regression was used to estimate differences for the program 
materials, technology, and other resources components. (Details on estimation methods and 
procedures are in chapter 2.) Parameter estimates on the probability scale and of specific model 
tests are in appendix V. 

72 Although the “no access” and “missing” categories are conceptually distinct, the small number of 
responses in these categories necessitated aggregating them to protect participant confidentiality. 
73 Four of the 21 principals surveyed (19 percent) did not respond to this question. These data were coded 
as “missing.” Missing responses may indicate that the principal did not know the answer to the question 
or that he or she provided a response that did not answer the question. 
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Professional development. The first teacher survey, administered in January of Year 1, 
asked both AMSTI and control teachers to report the number of hours of professional 
development (both AMSTI and non-AMSTI professional development) they received the 
previous summer.74 As shown in the descriptive statistics in appendix W, this variable was 
highly skewed because of a large number of “zero” responses. The main source of variation in 
this variable came from whether teachers received professional development rather than from 
how much professional development they received. Therefore, the variable was dichotomized 
into teachers receiving no professional development and teachers receiving at least some 
professional development during the summer prior to the implementation of AMSTI in 
classrooms. 

AMSTI mathematics teachers were more likely to have received professional 
development than were control teachers: 87 percent of AMSTI mathematics teachers (n = 114) 
and 24 percent of control mathematics teachers (n = 27) reported receiving professional 
development during the same summer (figure 3.6). This difference was statistically significant (p 
< .01). AMSTI mathematics teachers who reported receiving professional development during 
the summer reported an average of 50.6 hours. Control mathematics teachers who reported 
receiving professional development reported an average of 14.7 hours. 

Figure 3.6 Percent of Alabama Math, Science, and Technology Initiative (AMSTI) and 
control mathematics teachers receiving summer professional development 

*** Significant at p < .01 based on a test of the difference between AMSTI and control teachers in the log-odds of receiving 

summer professional development. 

Note: n = 68 schools; 243 teachers.
 
Source: Teacher survey data. 


74 Response rates were lower for the questions about summer professional development experiences than 
they were for other questions. Respondents were not required to answer all questions. Researchers 
hypothesize that teachers did not answer these questions when they wished to indicate that they had not 
received professional development. There is no way to confirm this hypothesis. 

73 


http:summer.74


 
 

 

 

 

 

 

 

 

 

AMSTI science teachers were more likely to receive professional development than were 
control teachers: 84 percent of AMSTI science teachers (n = 97) and 24 percent of control group 
science teachers (n = 22) reported receiving professional development in the summer before 
AMSTI classroom implementation (figure 3.7). This difference was statistically significant (p < 
.01). AMSTI science teachers who reported receiving professional development during the 
summer reported an average of 65.5 hours. Control science teachers who reported receiving 
professional development during the summer reported an average of 32.6 hours. 

Figure 3.7 Percent of Alabama Math, Science, and Technology Initiative (AMSTI) and 
control science teachers receiving summer professional development 

*** Significant at p < .01 based on a test of the difference between AMSTI and control teachers in the log-odds of receiving 

summer professional development. 

Note: n = 62 schools; 208 teachers.
 
Source: Teacher survey data. 


Program materials, technology, and other resources. In the third teacher survey 
(administered in March of Year 1), teachers were asked how well equipped their classrooms 
were with the materials and equipment needed for mathematics and science instruction. Teachers 
used a 4-point Likert scale ranging from “I have all of the materials/manipulatives that I need” to 
“I do not have any of the materials/manipulatives that I need.” Because their training emphasized 
hands-on, inquiry-based teaching methods, AMSTI teachers may have had higher expectations 
about the materials needed. Consequently, for a given level of availability of materials, it is 
possible that AMSTI teachers may have been less likely than control teachers to report that they 
had the materials and manipulatives needed. 

AMSTI mathematics teachers were more likely to report having greater access to 
materials and manipulatives than were control mathematics teachers: 78 percent of AMSTI 
mathematics teachers (n = 152) and 41 percent of control mathematics teachers (n = 75) reported 
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having most or all of the mathematics manipulatives they needed (figure 3.8). This difference 
was statistically significant (p < .01).75 

Figure 3.8 Percent of Alabama Math, Science, and Technology Initiative (AMSTI) and 
control mathematics teachers reporting access to materials and manipulatives 

Note: n = 78 schools; 372 teachers. A single test was conducted to determine whether there was a significant difference 
between AMSTI and control schools in the reported level of access to materials and manipulatives. An ordinal logit model 
was conducting accounting for clustering of teachers within schools. The difference between the treatment and control 
groups was statistically significant (p < .01). 
Source: Teacher survey data. 

AMSTI science teachers were more likely than were control science teachers to report 
having greater access to materials and manipulatives: 61 percent of AMSTI science teachers (n = 
112) and 33 percent of control science teachers (n = 58) reported having most or all of the 
science manipulatives they needed (figure 3.9). This difference was statistically significant (p < 
.01). 

75 An ordinal logit model was conducted accounting for clustering of teachers within schools; the model 
tested for significant treatment-control differences in the reported level of access to materials and 
manipulatives. 
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Figure 3.9 Percent of Alabama Math, Science, and Technology Initiative (AMSTI) and 
control science teachers reporting access to materials and manipulatives 

Note: n = 78 schools; 358 teachers. A single test was conducted to determine whether there was a significant difference between 
AMSTI and control schools in the reported level of access to materials and manipulatives. An ordinal logit model was conducted 
accounting for clustering of teachers within schools. The difference between the treatment and control groups was statistically 
significant (p < .01). 
Source: Teacher survey data. 

In-school supports. In three of the teacher surveys (those administered in February 
through April), teachers were asked to report separately the number of times they requested and 
received support within the past month. (Support was defined as mentoring or coaching for 
instruction.) Two variables were constructed by averaging the responses to questions about the 
number of times teachers requested and received support across survey occasions, yielding an 
average teacher value.76 These variables were highly skewed, because of a large number of “no 
request” responses (see appendix W). The variables were therefore dichotomized based on 
whether teachers requested/received any support for instruction. 

76 For both outcomes, if a teacher responded on fewer than three occasions, responses were averaged over 
the smaller number of responses. 
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In mathematics there was no statistically significant difference between the AMSTI and 
control groups (p = .62): 31 percent of AMSTI mathematics teachers (n = 65) and 33 percent of 
control group mathematics teachers (n = 62) reported requesting support during this period 
(figure 3.10). 

Figure 3.10 Percent of Alabama Math, Science, and Technology Initiative (AMSTI) and 
control mathematics teachers requesting support for instruction 

Note: n = 80 schools; 399 teachers. No significant difference based on a test of the differences between AMSTI and control 

teachers in the log-odds of requesting support for instruction.
 
Source: Student achievement data from tests administered as part of the state’s accountability system. 


AMSTI mathematics teachers were more likely to receive support than were control 
teachers: 59 percent of AMSTI mathematics teachers (n = 124) and 40 percent of control group 
mathematics teachers (n = 75) reported receiving support (figure 3.11). This difference was 
statistically significant (p < .05). 

Figure 3.11 Percent of Alabama Math, Science, and Technology Initiative (AMSTI) and 
control mathematics teachers receiving support for instruction 

** Significant at p < .05 based on a test of the differences between AMSTI and control teachers in the log-odds of receiving 

support for instruction.
 
Note: n = 81 schools; 400 teachers.
 
Source: Teacher survey data. 
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AMSTI science teachers were more likely to request support than were control group 
science teachers: 43 percent of AMSTI science teachers (n = 82) and 23 percent of control group 
science teachers (n = 40) requested support for instruction (figure 3.12). This difference was 
statistically significant (p < .01). 

Figure 3.12 Percent of Alabama Math, Science, and Technology Initiative (AMSTI) and 
control science teachers requesting support for instruction 

*** Significant at p < .01 based on a test of the differences between AMSTI and control teachers in the log-odds of requesting 

support for instruction.
 
Note: n = 80 schools; 368 teachers. 

Source: Teacher survey data.
 

AMSTI science teachers were more likely to receive support than were control group 
science teachers: 65 percent of AMSTI science teachers (n = 122) and 25 percent of control 
science teachers (n = 49) reported receiving support (figure 3.13). This difference was 
statistically significant (p < .01). 

Figure 3.13 Percent of Alabama Math, Science, and Technology Initiative (AMSTI) and 
control science teachers receiving support for instruction 

*** Significant at p < .01.based on a test of the differences between AMSTI and control teachers in the log-odds of receiving
 
support for instruction.
 
Note: n = 80 schools; 367 teachers. 

Source: Teacher survey data. 
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Conclusions 

Extent to which the Alabama Math, Science, and Technology Initiative (AMSTI) was 
implemented in Year 1 

Descriptive data on the professional development component of AMSTI in Year 1 
indicate that, on average, trainers covered 85–96 percent of topics outlined in their training 
manuals to at least a moderate extent on at least one day of training. Grade 5 mathematics 
trainers covered 86 percent of topics, and grade 5 science trainers covered 85 percent of topics. 
Grade 7 mathematics and science trainers combined covered 96 percent of topics. 

Both grade 5 and grade 7 trainers used the inquiry-based instructional methods of hands-
on activities and lesson demonstration more than 25 percent of the time on more than half of 
training days. On average, trainers used hands-on activities more than 25 percent of the time on 
4.0 out of 5 available days for mathematics, 4.5 out of 5 available days for science for grade 5, 
and 7.8 out of 10 available days for grade 7 mathematics and science combined. On average, 
trainers used lesson demonstrations more than 25 percent of the time on 3.5 out of 5 available 
training days for grade 5 and 6.3 out of 10 available training days for grade 7. 

Trainers used the less inquiry-based methods of lecture, writing, and computer-based 
instruction more than 25 percent of the time on a minority of days. The average number of days 
(out of 5 available training days) grade 5 mathematics trainers used these instructional methods 
25 percent of the time or more was zero for lecture and computer-based instruction and 0.8 for 
writing. Grade 5 science trainers spent 0.8 days on lecture, 0.5 on computer-based instruction, 
and 0.3 on writing. The average number of days (out of 10 available) that grade 7 trainers used 
these instructional methods 25 percent of the time or more was 4.3 for writing, 2.5 for lecture, 
and 1.5 for computer-based instruction. 

About 58 percent of AMSTI teachers reported having full access to AMSTI materials, 32 
percent reported having partial or limited access, and 10 percent reported having no access or 
had missing data. All of the principals responding to the interview question reported that follow-
up support provided to teachers had been provided when needed. 

Differences between Alabama Math, Science, and Technology Initiative (AMSTI) and control 
conditions during Year 1 

AMSTI mathematics and science teachers were more likely than their control 
counterparts to receive professional development in the summer before Year 1: among 
mathematics teachers, 87 percent of AMSTI teachers (n = 114) and 24 percent of control 
teachers (n = 27) reported receiving professional development the summer before Year 1. The 
difference was statistically significant at p < .01. Among science teachers, 84 percent of AMSTI 
teachers (n = 97) and 24 percent of control teachers (n = 22) reported receiving professional 
development the summer before Year 1. This difference was statistically significant at p < .01. 

AMSTI teachers reported greater access to materials and manipulatives than did control 
teachers during Year 1. Among mathematics teachers, AMSTI teachers were more likely than 
control teachers to report greater access to materials and manipulatives (p < .01): 78 percent of 
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AMSTI teachers (n = 152) and 41 percent of control teachers (n = 75) reported having access to 
all of most of the mathematics manipulatives. Among science teachers, AMSTI teachers were 
also more likely than control teachers to report greater access to materials and manipulatives (p < 
.01): 33 percent of control teachers (n = 58) and 61 percent of AMSTI teachers (n = 112) 
reported having all or most of the science manipulatives they needed. 

Among mathematics teachers, AMSTI teachers were more likely than control teachers to 
receive support in Year 1 (p < .05): 59 percent of AMSTI teachers (n = 124) and 40 percent of 
control teachers (n = 75) reported receiving support. AMSTI teachers were not more likely than 
control teachers to have requested support for instruction (p = .62) in Year 1: 31 percent of 
AMSTI teachers (n = 65) and 33 percent of control group teachers (n = 62) reported requesting 
support during this period. Among science teachers, AMSTI teachers were more likely than 
control teachers to both request and receive instructional support in Year 1 (both significant at p 
< .01): 43 percent of AMSTI teachers (n = 82) and 23 percent of control teachers (n = 40) 
requested support for instruction; 65 percent of AMSTI teachers (n = 122) and 25 percent of 
control teachers (n = 49) reported receiving support. 
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4: Effect of the Alabama Math, Science, and Technology Initiative (AMSTI) 
on mathematics problem solving achievement, science achievement, and 

classroom instructional strategies after one year 
 

The primary goal of the AMSTI  intervention is to improve student achievement in 
mathematics and science. As posited by the AMSTI theory of action (see figure 1.1 in chapter 1), 
the mediating link between the intervention and student achievement is improving mathematics 
and science classroom practices through hands-on activities, inquiry-based activities, and 
practices promoting higher-order thinking skills. 
 

This chapter presents confirmatory evidence on whether AMSTI had an effect on student 
performance in mathematics and science after one year. It also examines whether AMSTI had an 
effect on classroom practices after one year, as measured by the amount of active learning 
instruction in mathematics and science classrooms. (Results for the exploratory analysis of the 
two-year effects of AMSTI on student performance in mathematics and science are in chapter 5.) 
This chapter addresses the following primary and secondary confirmatory research questions: 
 

•	  Primary confirmatory research question: effects on student achievement after one 
year  
o 	 What is the 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  
o	  What is the 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? 

 
Effects of the Alabama Math, Science, and Technology Initiative (AMSTI) on student 

achievement after one year 
 

As detailed below, AMSTI had a positive and statistically significant effect on student 
achievement in mathematics for students in grades 4–8 after one year of implementation, as 
measured by the SAT 10 mathematics problem solving assessment. The main effect across grade 
levels was 2.06 scale score points. The adjusted effect size for this outcome was 0.05 standard 
deviation, equivalent to a difference of 2 percentile points for the average control group student 
if the student had received AMSTI. Ten sensitivity analyses were conducted. All of the effect 
estimates from these tests were positive and within 1.08 points of one another on the scale of the 
outcome measure; all but one of these estimates were statistically significant.  
 

The estimated effect of AMSTI on achievement of grades 5 and 7 students in science 
after one year, as measured by the SAT 10 science assessment, was not statistically significant. 
Nine sensitivity analyses were conducted, eight consistent with the finding of no effect. 
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As detailed below, AMSTI had a positive and statistically significant effect on the 
minutes of active learning strategies teachers reported using in mathematics and science 
classrooms (adjusted effect sizes of 0.47 standard deviation for mathematics and 0.32 standard 
deviation for science). This result is consistent with the AMSTI theory of action, which 
emphasizes such strategies as a way to improve achievement in mathematics and science. 

Effect on Stanford Achievement Test Tenth Edition (SAT 10) mathematics problem solving 

Descriptive results. Summary statistics for the analytic sample were obtained, and these 
are provided below (table 4.1). 

Table 4.1 Sample statistics for analytic sample of grade 4–8 students used to determine 
effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on Stanford 
Achievement Test Tenth Edition (SAT 10) mathematics problem solving achievement after 
one year 

Characteristic AMSTI schools Control schools 

Number of schools 41 41 

Number of teachers 244 229 

Number of students 10,022 8,691 
Unadjusted posttest mean score on SAT 10 test of 
mathematics problem solving 658.3 659.7 
Standard deviation of posttest scores 43.5 42.4 

Source: Student achievement data from tests administered as part of the state’s accountability system. 

Estimated effect. AMSTI had a statistically significant effect on student achievement in 
mathematics (table 4.277).78The regression-adjusted estimate of the effect of AMSTI on end-of-
year mathematics problem solving performance was 2.06 scale score units (standard error = 0.66, 
p = .004).79 This estimate represented a difference of 0.05 standard deviation in favor of AMSTI 
schools, equivalent to a gain of 2 percentile points for the average control group student if the 
student had received AMSTI. The average effect of AMSTI can be translated into an estimated 

77 In the main body of the report, for the primary and secondary confirmatory analyses, we round the 
p-value to the third decimal place so that it can be compared to the level of statistical significance, 
which also is specified to the third decimal place (alpha=.025). 
78 A comparison of assumed statistical power population parameters with corresponding actual sample 
statistics is presented in appendix X, so that readers can evaluate the statistical power of the design. See 
appendixes Y–AB for the relevant effect estimates.
79 The unadjusted posttest mean is lower for AMSTI schools than for control schools, whereas the main 
result presented in table 4.2 shows AMSTI schools scoring higher on average than control schools. This 
reversal is likely caused by regression adjustments in the statistical model used to estimate the effect, as 
detailed in chapter 2. 
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28 days of additional student progress beyond students receiving conventional mathematics 
instruction.80 

Table 4.2 Estimated effect of the Alabama Math, Science, and Technology Initiative 
(AMSTI) on Stanford Achievement Test Tenth Edition (SAT 10) mathematics problem 
solving achievement after one year 

AMSTI 
mean 

Control group 
mean 

Estimated 
effect p-value 

95 percent 
confidence 

interval 
Effect 
size 

661.8 659.7 2.1 

.004 [0.7, 3.4] 0.05 (43.5) (42.4) (0.7) 
Note: Numbers in parentheses are standard deviations for the means and standard error for the estimated effect. Sample sizes are 
in table 4.1. The AMSTI mean was obtained by adding the regression-adjusted estimate of the average one-year effect of AMSTI 
to the unadjusted control mean. The p-value corresponds to the significance test for the effect of AMSTI in the regression model. 
The approach to reporting the effect size and p-value falls within the range of options considered acceptable in rigorous 
evaluations by the Institute of Education Sciences (Garet et al. 2010). The effect size was computed by dividing the regression-
adjusted effect estimate by the standard deviation of the posttest scores for the control group. Between-grade differences in the 
posttest were factored out of the standard deviation in the denominator of the effect size. 
Source: Student achievement data from tests administered as part of the state’s accountability system. 

Although the study was powered to achieve a minimum detectable effect size of 0.20 
standard deviation for estimating the impact for a single outcome, the estimated minimum 
detectable effect size, given the sample-based parameter estimates and figuring in the adjustment 
for multiple comparisons, was 0.063. This differed from the planned minimum detectable effect 
size for two reasons. First, estimates of the key power parameters differed from the values 
assumed in designing the study. The assumption was that covariates would account for only 64 
percent of the between-school variance in the posttest. In fact, the observed sample statistics 
indicated that the covariates accounted for 97 percent of this variation. In addition, attrition was 
expected to reduce the sample of 82 schools to 66 by the end of the trial. This level of attrition 
did not occur. (A full comparison of the assumed parameter values used for the power analysis 
and the corresponding estimated values is in appendix X.) Second, the Bonferroni correction was 
adopted for multiple outcomes, which reduced the effective alpha level for the analysis. 

It is possible to provide a visual representation of the results in table 4.2 (figure 4.1). The 
bar graph represents average performance on the SAT 10 mathematics problem solving 
assessment in AMSTI and control schools.81 Below average performance on the SAT 10 

80 The Bonferroni adjustment was applied separately in the analysis of effects on students and the analysis 
of effects on classroom practices. In each case there were two comparisons, and the significance level was 
adjusted to .025.
81 The goal of presenting the bar graphs that display the results of impact analyses is to communicate two 
pieces of information: (1) the point estimates for performance in each condition based on the benchmark 
regression model, and (2) the level of uncertainty associated with the impact estimate. To accommodate 
both pieces of information, the confidence intervals are constructed so that they overlap only in the event 
that there is lack of statistical significance at the .05 level. The combined length of both intervals is the 
length of the 95% confidence interval for the impact estimate. The difference in length between the bars 
corresponds to the regression-adjusted impact estimate from the benchmark model. 
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mathematics problem solving assessment in AMSTI and control schools is presented (see figure 
4.1). 

Figure 4.1 Effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
Stanford Achievement Test Tenth Edition (SAT 10) mathematics problem solving 
achievement after one year 

*** Significant at p < .01. 

Note: n = 82 schools; 18,713 students 

The control mean is the unadjusted mean. The AMSTI mean was obtained by adding the regression-adjusted estimate of the 

average one-year effect of AMSTI to the unadjusted control mean.
 
Source: Student achievement data from tests administered as part of the state’s accountability system. 


Sensitivity analyses. Ten additional analyses were conducted to examine the sensitivity of 
the estimate of the effect of AMSTI on mathematics problem solving when the data are 
examined in different ways. These variations can affect both the estimated size of the effect and 
the p-value. The detailed results of these analyses are in appendix AC. 

All of the sensitivity analyses yielded effect estimates that were positive and within 1.08 
points of one another on the scale of the outcome measure. Nine yielded effect estimates that 
were statistically significant at the .025 level, which is consistent with the main finding. The 
exception was the sensitivity analysis in which the pretest and pairs were modeled as the only 
covariates and cases without a pretest were listwise deleted. In this analysis, the p-value for the 
impact estimate was .087. 
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Effect on Stanford Achievement Test Tenth Edition (SAT 10) science 

Descriptive results. Summary statistics for the analytic sample were obtained, and these 
are provided below (table 4.3). 
Table 4.3 Sample statistics for analytic sample of grade 5 and 7 students used to determine 
effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on Stanford 
Achievement Test Tenth Edition (SAT 10) science achievement after one year 

Characteristic AMSTI schools Control schools 

Number of schools 39 40 

Number of teachers 102 90 

Number of students 4,082 3,446 

Unadjusted posttest meansa 653.5 654.6 

Standard deviation of posttest scores 33.1 31.3 
a. The posttest is the scale score for the SAT 10 science test.
 
Source: Student achievement data from tests administered as part of the state’s accountability system. 


Estimated effect. The effect of AMSTI on end-of-year science performance was not 
statistically significant (table 4.4). The regression-adjusted estimate of the effect was 1.55 scale 
score units (standard error = 0.90, p = .092).82 

Table 4.4 Estimated effect of the Alabama Math, Science, and Technology Initiative 
(AMSTI) on Stanford Achievement Test Tenth Edition (SAT 10) science achievement after 
one year 

AMSTI 
mean 

Control 
mean 

Estimated 
effect p-value 

95 percent 
confidence interval 

Effect 
size 

656.1 654.6 1.6 
.092 [–0.3, 3.4] 0.05 (33.1) (31.3) (0.9) 

Note: Numbers in parentheses are standard deviations for the means and standard error for the estimated effect. Sample sizes are 
in table 4.3. The AMSTI mean was obtained by adding the regression-adjusted estimate of the average one-year effect of AMSTI 
to the unadjusted control mean. The p-value corresponds to the significance test for the effect of AMSTI in the regression model. 
The approach to reporting the effect size and p-value falls within the range of options considered acceptable in rigorous 
evaluations by the Institute of Education Sciences (Garet et al 2010). The effect size was computed by dividing the regression-
adjusted effect estimate by the standard deviation of the posttest scores for the control group. Between-grade differences in the 
posttest were factored out of the standard deviation in the denominator of the effect size. 
Source: Student achievement data from tests administered as part of the state’s accountability system. 

82The unadjusted posttest mean is lower for AMSTI schools than for control schools, whereas the main 
result presented in table 4.4 shows AMSTI schools scoring higher on average than control schools. This 
reversal is likely caused by regression adjustments in the statistical model used to estimate the effect, as 
detailed in chapter 2. 
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Figure 4.2 provides a visual representation of the results in table 4.4. 

Figure 4.2 Effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
Stanford Achievement Test Tenth Edition (SAT 10) science achievement after one year 

Note: n = 79 schools; 7,528 students. The control mean is the unadjusted mean. The AMSTI mean was obtained by adding the
 
regression-adjusted estimate of the average one-year effect of AMSTI to the unadjusted control mean.
 
Source: Student achievement data from tests administered as part of the state’s accountability system. 


Sensitivity analyses. Several additional analyses were conducted to examine the 
sensitivity of the estimate of the effect of AMSTI on science achievement. All results except one 
were consistent with the main finding of no significant effect. The exception was a statistically 
significant result in the model that weighted schools equally by regressing average school 
posttests against average school values of the covariates and including among the independent 
variables the school proportions of students with missing values for each covariate. (When this 
model was run without the covariates that indicate the proportions of students with missing 
values, the estimate of the effect of AMSTI was not statistically significant.) Details of these 
analyses are in appendix AD. 

Effects of the Alabama Math, Science, and Technology Initiative (AMSTI) on classroom 
practices after one year 

The secondary goal of the experiment was to estimate the effect of AMSTI on classroom 
practices by analyzing teachers’ self-reported levels of use of active learning instructional 
strategies in mathematics and active learning instructional strategies in science. Analysis of 
teacher survey responses resulted in a measure of minutes of active learning strategies averaged 
over several two-week periods. The Alabama State Department of Education (ALSDE) provides 
guidelines to schools on the suggested number of minutes of instruction by subject per day. For 
grades 4–6, the recommended allocation is 60 minutes a day for mathematics and 45 minutes a 
day for science. Where grades 7 and 8 are housed with other elementary grades, schools may 
choose the time requirements listed for grades 4–6 or those listed for grades 7–12. For grades 7– 
12, ALSDE does not specify a daily recommended number of minutes for mathematics or 
science. Rather, a minimum of 140 clock hours of instruction is required for one unit of credit, 
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and the Alabama High School Graduation Requirements include four credits each for 
mathematics and for science.83 

Effect on active learning instructional strategies in mathematics classrooms 

Descriptive results. Summary statistics for the analytic sample were obtained, and these 
are provided below (table 4.5). 

Table 4.5 Sample statistics for analytic sample used to determine effect of the Alabama 
Math, Science, and Technology Initiative (AMSTI) on active learning instructional 
strategies in mathematics classrooms after one year 

Characteristic AMSTI schools Control schools 
Number of schools 41 40 
Number of teachers 213 192 
Mean minutes of active learning strategies for 
mathematics over two-week  perioda  192.6 129.1 

Standard deviation 147.5 105.3 
a. As explained in chapter 2, on four surveys administered from January to April, teachers reported the number of active learning 

strategies used in their mathematics classroom within a given two-week period. The mean was computed by averaging teachers’
 
responses over the four surveys (or the number for which an outcome was available). This number represents the minutes of
 
active learning strategies averaged over several 10-day periods. 

Source: Teacher survey data. 


Estimated effect. The effect of AMSTI on active learning strategies for mathematics 
instruction was statistically significant (table 4.6). The regression-adjusted effect estimate was 
49.83 (standard error = 11.49, p < .001), which represented a difference of 0.47 standard 
deviation in favor of AMSTI schools. 

It is possible to provide a visual representation of the results in table 4.6 (figure 4.3). 

Table 4.6 Estimated effect of the Alabama Math, Science, and Technology Initiative 
(AMSTI) on active learning instructional strategies in mathematics classrooms after one 
year 

AMSTI 
mean 

Control 
mean 

Estimated 
effect p-value 

95 percent confidence 
interval 

Effect 
size 

179.00 129.2 49.8 
< .001 [26.6, 73.1] 0.47 (147.5) (105.3) (11.5) 

Note: Numbers in parentheses are standard deviations for the means and standard error for the estimated effect. Sample sizes are 
in table 4.5. The AMSTI mean was obtained by adding the regression-adjusted estimate of the average one-year effect of AMSTI 
to the unadjusted control mean. The p-value corresponds to the significance test for the effect of the regression model. The 
approach to reporting the effect size and p-value falls within the range of options considered acceptable in rigorous evaluations 
by the Institute of Education Sciences (Garet et al. 2010). The effect size was computed by dividing the regression-adjusted effect 
estimate by the standard deviation of the posttest scores for the control group. 
Source: Teacher survey data. 

83 Retrieved doc May 14, 2010 from https://docs.alsde.edu/documents/54/07sciapp 
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Figure 4.3 Effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
active learning instructional strategies in mathematics classrooms after one year 

*** Significant at p < .01. 

Note: n = 81 schools; 405 teachers. The control mean is the unadjusted mean. The AMSTI mean was obtained by adding the 

regression-adjusted estimate of the average one-year effect of AMSTI to the unadjusted control mean.
 
Source: Student achievement data from tests administered as part of the state’s accountability system. 


Sensitivity analyses. Several analyses were conducted to examine the sensitivity of the 
estimate of the effect of AMSTI on active learning instructional strategies in mathematics 
classrooms. All results were consistent with the main findings of a statistically significant effect 
on active learning instructional strategies in mathematics. The details of these analyses are in 
appendix AE.84 

84 The estimation routines converged for all but one of the analyses, yielding orthogonal variance 
components estimates at the school and student levels. The exception was the analysis that used full 
maximum likelihood estimation instead of restricted maximum likelihood estimation, which did not 
produce an estimate for the variance component at the school level. For that analysis. the estimated G 
matrix was not positive definite. 
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Effect on active learning instructional strategies in science classrooms 

Descriptive results. Summary statistics of the analytic sample were obtained, and these 
are provided below (table 4.7). 

Table 4.7 Sample statistics for analytic sample used to determine effect of the Alabama 
Math, Science, and Technology Initiative (AMSTI) on active learning instructional 
strategies in science classrooms after one year 

Characteristic AMSTI schools Control schools 

Number of schools 40 38 

Number of teachers 194 175 
Mean minutes of active learning strategies for 
science over two-week perioda 181.9 127.0 
Standard deviation 134.8 125.8 

a. As explained in chapter 2, on four surveys administered from January to April, teachers reported the number of active learning 

strategies used in their science classroom within a given two-week period. The mean was computed by averaging teachers’ 

responses over the four surveys (or the number for which an outcome was available). This number is the minutes of active 

learning strategies averaged over several two-week periods. 

Source: Student achievement data from tests administered as part of the state’s accountability system. 


Estimated effect. The effect of AMSTI on active learning strategies in science instruction 
was statistically significant (table 4.8). The regression-adjusted effect estimate was 40.07 
(standard error = 11.77, p = .002), representing a difference of 0.32 standard deviation in favor of 
AMSTI schools. 

Table 4.8 Estimated effect of the Alabama Math, Science, and Technology Initiative 
(AMSTI) on active learning instructional strategies in science classrooms after one year 

AMSTI 
mean 

Control 
mean 

Estimated 
effect p-value 

95 percent 
confidence interval 

Effect 
size 

167.1 127.0 40.1 

.002 [16.2, 63.9] 0.32 (134.8) (125.8) (11.8) 
Note: Numbers in parentheses are standard deviations for mean values and standard error for the estimated effect. Sample sizes 
are in table 4.7. The control mean is the unadjusted mean. The AMSTI mean was obtained by adding the regression-adjusted 
estimate of the average one-year effect of AMSTI to the unadjusted control mean. The p-value corresponds to the significance 
test for the effect from the regression model. The approach to reporting the effect size and p-value falls within the range of 
options that have been considered acceptable in rigorous evaluations by the Institute of Education Sciences (Garet et al. 2010). 
The effect size is computed by dividing the regression-adjusted effect estimate by the standard deviation of the posttest scores for 
the control group. 
Source: Teacher survey data. 
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It is possible to provide a visual representation of the results in table 4.8 (figure 4.4). 

Figure 4.4 Effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
active learning instructional strategies in science classrooms after one year 

*** Significant at p < .01. 

Note: n = 78 schools; 369 teachers. The control mean is the unadjusted mean. The AMSTI mean was obtained by adding the
 
regression-adjusted estimate of the average one-year effect of AMSTI to the unadjusted control mean.
 
Source: Teacher survey data. 


Sensitivity analyses. Several analyses were conducted to examine the sensitivity of the 
effect estimate of AMSTI on active learning instructional strategies in science. All results from 
these analyses were consistent with the main findings of a statistically significant effect. The 
details of these analyses are in appendix AF.85 

85 The estimation routines converged for all but one of the analyses, yielding orthogonal variance 
components estimates at the school and student levels. The exception was the analysis that used full 
maximum likelihood estimation instead of restricted maximum likelihood estimation, which did not 
produce an estimate for the variance component at the school level. For that analysis, the estimated G 
matrix was not positive definite. 
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5: Effect on mathematics problem solving and science achievement after two  
years 

 
AMSTI was developed as a two-year intervention. Thus, the full effect is expected to be 

felt only after two years. The AMSTI evaluation used random assignment to assess the effect of 
AMSTI on student achievement and classroom practices after one year. In Year 2, the AMSTI 
and no AMSTI conditions could no longer be compared using standard randomized controlled 
trial methods, because teachers in the initial control group schools began using AMSTI in their 
classrooms in the second year of the experiment. An exploratory method was therefore necessary 
to estimate the effects of the intervention on student achievement in mathematics problem  
solving and student achievement in science over the full two years of implementation. 
 

The method used was developed by Bell and Bradley (2008, 2009). Although the method 
uses the experimental structure of the data, it requires an added assumption not necessary in 
conventional experimental analyses, making the results exploratory rather than confirmatory. It 
assumes that the impact of the initial year of AMSTI remains constant over time—that the 
program affects students in the control group schools in Year 2 the same way it did students in 
the intervention group schools a year earlier. 
 

Table 2.16 in chapter 2 provides a list of conditions that, if met, result in this assumption 
of equal effects in the first year of implementation being true and, hence, the Bell-Bradley 
estimator yielding unbiased estimates of two-year effects. The study team was able to assess to 
some extent whether some of these conditions hold using data collected for the evaluation (see 
appendix AG). For 61 of the 66 indicators tested, the evidence suggests the tested conditions 
hold. While the intervention and control samples are comparable on most of the tested factors, 
unmeasured differences may still exist. If so, estimated two-year effects may be biased if on net 
the assumption of equal effects in the first year of AMSTI  exposure is not met. 
 

This chapter presents an assessment of AMSTI’s possible two-year effects  on student 
achievement. This evidence is used to address the exploratory research question below. 
 

•  Exploratory research question: effects on student achievement after two years  
o  What is the effect of AMSTI on: 

a.  student achievement in mathematics problem solving after two years? 
b.  student achievement in science after two years? 

 
Given the exploratory nature of the analysis, the outcomes were not adjusted for multiple 

comparisons (Schochet 2008). Due to the uncertainty introduced by the assumptions required by 
the analysis of the results presented in this chapter, the findings are considered exploratory and 
thus only meant to suggest that a two-year effect may be present for both mathematics and 
science and warrant further research on the longer-term effect of AMSTI. 

91 




 

 

 

 
  

  

   

   

 

   

 

  
   

  
  
 

 

 

                                                      

 

Effect on Stanford Achievement Test Tenth Edition (SAT 10) mathematics 
problem solving achievement 

Summary statistics for the analytic sample were obtained, and these are provided below 
(table 5.1). (See chapter 2 and appendices Q and T for details on construction of the estimator.) 
Students for whom mathematics outcome data were missing for the year in question were 
excluded from the sample for that year. 

Table 5.1 Summary statistics on analytic sample used to determine estimated effect of the 
Alabama Math, Science, and Technology Initiative (AMSTI) on Stanford Achievement Test 
Tenth Edition (SAT 10) mathematics problem solving achievement after two years 

Sample for first year of 
outcome data 

Sample for second year of 
outcome data 

Characteristic AMSTI Control AMSTI Control 

Number of schools 41 41 40 41 

Number of teachers 243 229 208 164 

Number of students 9,520 8,474 9,386 8,144 
Unadjusted posttest mean scale score for 
SAT 10 mathematics problem solvinga 658.5 660.3 659.3 660.7 

Standard deviation 43.8 42.5 43.5 43.6 
a. As explained in chapter 2 and in detail in appendix R, the sample size indicated in this table as contributing to the first year of
 
outcome data is different from the sample size used in the one-year confirmatory analysis, because students who skipped or
 
repeated a grade in Year 2 were excluded from the sample used to estimate the two-year effect.
 
Source: Student achievement data from tests administered as part of the state’s accountability system. 


The estimated effect of two years of AMSTI on mathematics achievement was 
statistically significant (table 5.2). The regression-adjusted estimate of this effect was 3.74 scale 
score units (adjusted standard error = 1.66, p = .030).86 This estimate represents a difference of 
0.10 standard deviation, equivalent to a 4 percentage point gain over the achievement level of the 
average non-AMSTI student. This estimate of the average effect of AMSTI after two years 
translates to an estimated 50 days of additional student progress at the rate of advancement 
experienced by students receiving conventional mathematics instruction. 

86 The standard error for the mathematics problem solving outcome was adjusted to reflect the nesting of 
scores within students, which was not modeled. The post hoc adjustment is described in appendix AH. 
The original preadjustment robust standard error was 1.63. 
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It is possible to provide a visual representation of the results in table 5.2 (figure 5.1). 

Table 5.2 Estimated effect of two years of the Alabama Math, Science, and Technology 
Initiative (AMSTI) on Stanford Achievement Test Tenth Edition (SAT 10) mathematics 
problem solving achievement after two years 

Mean outcome 
after two years of 

AMSTI 

Mean outcome 
after two years 
without AMSTI 

Estimated effect 
of AMSTI p-value 

95 percent 
confidence 

interval Effect size 
3.7 

.03 [0.4 – 7.1] 0.10 659.3 655.6 (1.7) 
Note: Number in parentheses is standard error. Sample sizes are in table 5.1. The mean outcome after two years of AMSTI was 
the unadjusted mean outcome for the students in the AMSTI schools in Year 2. The mean outcome after two years without 
AMSTI was obtained by subtracting the regression-adjusted estimated two-year effect of AMSTI from the mean outcome after 
two years of AMSTI. The effect size was computed by dividing the regression-adjusted estimated two-year effect by the pooled 
standard deviation of the Year 2 achievement score for the groups of students. Between-grade differences in the Year 2 
achievement scores are factored out of the standard deviation in the denominator of the effect size. The p-value corresponds to the 
significance test for the estimated two-year effect of AMSTI from the regression model. See appendix AI for parameter estimates 
for the models used to generate the relevant effect estimates. 
Source: Student achievement data from tests administered as part of the state’s accountability system. 

Figure 5.1 Effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
Stanford Achievement Test Tenth Edition (SAT 10) mathematics problem solving 
achievement after two years 

** Significant at p < .05.
 
Note: The Bell-Bradley estimate uses a sample for the first year of outcome data (n = 82 schools; 17,994 students) and a sample 

for the second year of outcome data (n = 81schools; 17,530 students). 

Source: Student achievement data from tests administered as part of the state’s accountability system. 
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Effect on Stanford Achievement Test Tenth Edition (SAT 10) science achievement 

The samples for science were smaller than those for mathematics, because the SAT 10 
science test is mandatory only for grades 5 and 7. Students for whom science outcome data were 
missing for the year in question were excluded from the sample for that year (table 5.3). 

Table 5.3 Sample statistics for analytic sample used to determine estimated effect of the 
Alabama Math, Science, and Technology Initiative (AMSTI) on Stanford Achievement Test 
Tenth Edition (SAT 10) science achievement after two years 

Sample for first year of outcome 
data 

Sample for second year of outcome 
data 

Characteristic AMSTI Control AMSTI Control 

Number of schools 39 40 38 40 

Number of teachers 101 90 78 60 

Number of students 3,914 3,364 3,843 3,161 
Unadjusted posttest meana 654.3 655.0 654.7 653.4 
Standard deviation of p osttest  
scores 33.1 31.3 33.2 30.6 

a. The posttest is the scale score for the SAT 10 test of science. As explained in chapter 2 and in detail in appendix R, the sample 
size listed in this table as contributing to the first year of outcome data is different from the sample size used in the one-year 
confirmatory analysis, because students who skipped or repeated a grade in Year 2 were excluded from the sample used to 
estimate the two-year effect. 
Source: Student achievement data from tests administered as part of the state’s accountability system. 

The estimated effect of two years of AMSTI on science achievement for students in 
grades 5 and 7 was statistically significant (table 5.4). The regression-adjusted estimate of the 
two-year effect was 4.00 scale score units (standard error = 1.90, p = .038), representing a 
difference of 0.13 standard deviation, equivalent to a 5 percentage point gain over the 
achievement level of the average non-AMSTI student. Because the SAT 10 science test is 
required only for grades 5 and 7 in Alabama, the science pretest scores needed to translate the 
two-year effect of AMSTI on science achievement into an equivalent number of conventional 
instructional days were not available. 

Table 5.4 Estimated effect of the Alabama Math, Science, and Technology Initiative 
(AMSTI) on Stanford Achievement Test Tenth Edition (SAT 10) science achievement after 
two years 

Mean outcome 
with two years of 

AMSTI 

Mean outcome 
after two years 
without AMSTI 

Estimated effect 
of AMSTI p-value 

95 percent 
confidence 

interval 
Effect 
size 

4.0 
.04 [0.2 – 7.8] 0.13 654.7 650.7 (1.9) 

Note: Number in parentheses is standard error. Sample sizes are in table 5.3. The mean outcome with two years of AMSTI is the 
unadjusted mean outcome for the students in the AMSTI schools in Year 2. The mean outcome after two years without AMSTI is 
obtained by subtracting the regression-adjusted estimated two-year effect of AMSTI from the mean outcome after two years of 
AMSTI. The effect size is computed by dividing the regression-adjusted estimated two-year effect by the pooled standard 
deviation of the Year 2 achievement score for the two groups of students. Between-grade differences in the Year 2 achievement 
scores are factored out of the standard deviation in the denominator of the effect size. The p-value corresponds to the significance 
test for the estimated two-year effect of AMSTI from the regression model. See appendix AI for parameter estimates for the 
models used to generate the relevant effect estimates. 
Source: Student achievement data from tests administered as part of the state’s accountability system. 
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It is possible to provide a visual representation of the results in table 5.4 (figure 5.2). 

Figure 5.2 Effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on 

Stanford Achievement Test Tenth Edition (SAT 10) science achievement after two years 


** Significant at p < .05.
 
Note: The Bell-Bradley estimate uses a sample for the first year of outcome data (n = 79 schools; 7,278 students) and a sample 

for the second year of outcome data (n = 78 schools; 7,004 students). 

Source: Student achievement data from tests administered as part of the state’s accountability system. 


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 multiplicity adjustments are not performed. As a consequence, a 
less strict criterion is used with exploratory analyses to decide whether a particular result 
achieves statistical significance, with the drawback that this increases the probability of finding a 
spuriously significant impact. Two-year effects on both mathematics problem solving (p = .030) 
and science (p = .038) 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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6: Effects of the Alabama Math, Science, and Technology Initiative (AMSTI) 
on reading achievement, teacher content knowledge, student engagement, and 

variations in effects for student subgroups after one year 
 

This chapter presents evidence on additional exploratory questions that are important to 
understanding the full effects of AMSTI and identifying ways of improving the program.  
Specifically, it explores whether participation in AMSTI had an effect on reading achievement, 
as quasi-experimental evaluations have found (Miron and Maxwell 2007). It also presents 
evidence on whether AMSTI had a positive effect on two intermediate outcomes, teacher content 
knowledge and student engagement, as hypothesized in the AMSTI  theory of action. In addition, 
the chapter also provides evidence on variations in the effects of AMSTI on achievement for 
subgroups of students. 
 

As exploratory findings, these results are not meant to support firm conclusions, but 
rather to suggest hypotheses for further research and provide insights that could help improve 
program services. Given the exploratory nature of these analyses, the outcomes were not 
adjusted for multiple comparisons (Schochet 2008). 
 

This chapter addresses the following exploratory research questions: 
 

•	  Effects on student achievement in reading after one year 
o 	 What is the effect of AMSTI on student achievement in reading after one year? 

 
•  Effects on teacher content knowledge and student engagement after one year 

o 	 What is the effect of AMSTI on: 
a.  mathematics teachers’ reported levels of content knowledge after one year? 
b.  science teachers’ reported levels of content knowledge after one year? 

o 	 What is the effect of AMSTI on: 
a.  mathematics teachers’ reported levels of student engagement after one year? 
b.  science teachers’ reported levels of student engagement after one year? 

 
•	  Variations in effects on student achievement for specific subgroups of students 

after one year 
o	  Do the one-year effects of AMSTI on student achievement in (a) mathematics 

problem solving, (b) science, and (c) reading vary by student pretest score? What 
is the effect of AMSTI on these outcomes after one year for students with pretest 
scores that fall in the low, middle, and high ranges? 

o	  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? 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? 

o	  Do the one-year effects of AMSTI on student achievement in (a) 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? 
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o	 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? 

Effects on student achievement in reading 

Summary statistics for the analytic sample were obtained, and these are provided below 
(table 6.1). 

Table 6.1 Sample statistics for analytic sample used to determine effect of the Alabama 
Math, Science, and Technology Initiative (AMSTI) on Stanford Achievement Test Tenth 
Edition (SAT 10) reading achievement after one year 

Characteristic AMSTI schools Control schools 

Number of schools 41 41 

Number of teachers 229 210 

Number of students 10,019 8,691 
Unadjusted posttest meansa  663.4 663.2 
Standard deviation of posttest scores 38.2 36.8 

a. The posttest is the scale score for the SAT 10 test of reading.
 
Source: Student achievement data from tests administered as part of the state’s accountability system. 


AMSTI had a statistically significant effect on student achievement in reading (table 6.2). 
The regression-adjusted estimate of its effect on end-of-year reading performance was 2.34 scale 
score units (standard error = 0.47, p < .001), a difference of 0.06 standard deviation in favor of 
AMSTI schools. This effect is equivalent to a gain of 2 percentile points for the average control 
group student if the student had received AMSTI. It can be translated to an estimated 40 days of 
additional student progress over students receiving conventional reading instruction.87 

87 The section reporting the effect of AMSTI on mathematics problem solving in chapter 4 discusses 
plausible reasons for why a statistically significant result was obtained, given a smaller measured effect 
size than the study was powered to detect. A similar argument applies here. The sample associated with 
the SAT 10 reading outcome was almost exactly the same as for the sample associated with the SAT 10 
mathematics problem solving outcome after one year. 
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Table 6.2 Estimated effect of the Alabama Math, Science, and Technology Initiative 
(AMSTI) on Stanford Achievement Test Tenth Edition (SAT 10) reading after one year 

AMSTI 
mean 

Control group 
mean 

Estimated 
effect p-value 

95 percent 
confidence 

interval 
Effect 
size 

665.5 663.2 2.3 

< .01 [1.4, 3.3] 0.06 (38.2) (36.8) (0.5) 
Note: Numbers in parentheses are standard deviations for means and standard error for the estimated effect. Sample sizes are in 
table 6.1. The AMSTI mean was obtained by adding the regression-adjusted estimate of the average one-year effect of AMSTI to 
the unadjusted control mean. The p-value corresponds to the significance test for the effect of AMSTI in the regression model. 
The approach to reporting the effect size and p-value falls within the range of options considered acceptable in rigorous 
evaluations by the Institute of Education Sciences (Garet et al. 2010). See appendix AJ for parameter estimates for the models 
used to generate the relevant effect estimates. The effect size was computed by dividing the regression-adjusted effect estimate 
by the standard deviation of the posttest scores for the control group. Between-grade differences in the posttest were factored out 
of the standard deviation in the denominator of the effect size. 
Source: Student achievement data from tests administered as part of the state’s accountability system. 

It is possible to provide a visual representation of the results in table 6.2 (figure 6.1). 

Figure 6.1 Effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
Stanford Achievement Test Tenth Edition (SAT 10) reading achievement after one year 

*** Significant at p < .01. 

Note: n = 82 schools; 18,710 students 

The control mean is the unadjusted mean. The AMSTI mean was obtained by adding the regression-adjusted estimate of the 

average one-year effect of AMSTI to the unadjusted control mean.
 
Source: Student achievement data from tests administered as part of the state’s accountability system.
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Effects on teacher content knowledge and student engagement 

Teachers rated their content knowledge at their current grade level on a 5-point Likert 
scale (very low, low, moderate, high, very high), with a sixth option of “not applicable.”88 

Teachers rated the average level of student engagement in their classes on a 5-point Likert scale 
(not engaged, slightly engaged, moderately engaged, almost fully engaged, fully engaged). 

Effect on teacher-reported content knowledge in mathematics 

Summary statistics for the analytic sample were obtained, and these are provided below 
(table 6.3). 

Table 6.3 Sample statistics for analytic sample used to determine effect of the Alabama 
Math, Science, and Technology Initiative (AMSTI) on teacher content knowledge in 
mathematics after one year 

Characteristic AMSTI Control 

Number of schools 41 40 

Number of teachers 197 187 
Source: Teacher survey data. 

AMSTI mathematics teachers were not more likely to report higher levels of content 
knowledge than were control mathematics teachers:89 92 percent of AMSTI mathematics 
teachers (n = 81) and 94 percent of control mathematics teachers (n = 175) reported high or very 
high levels of content knowledge (table 6.4). The difference in the distribution of responses was 
not statistically significant, with a regression-adjusted estimate of the average difference between 
AMSTI and control groups in the cumulative odds of response of 1.21 (p = .408). 

Table 6.4 Teacher counts in each response category for teacher content knowledge in 
mathematics 

Response categories AMSTI teachers Control teachers Total teachers 

Very low, Low, Moderatea 16 12 28 

(8) (6) (7) 

High 
63 77 140 

(32) (41) (36) 

Very high 
118 98 216 

(60) (52) (56) 
Note: Numbers in parentheses are percentages. Numbers may not sum to 100 percent because of rounding. 
a. Response categories were collapsed when fewer than three teachers responded in a specific category. 
Source: Teacher survey data. 

88 A response of na cannot be assigned a meaningful numeric value and therefore was coded as missing 

and dropped from analysis. 

89 The model with dummy variables for pairs did not converge; therefore, this result is from a model 

where pair effects were excluded. 
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Effect on teacher-reported content knowledge in science 

Summary statistics for the analytic sample were obtained, and these are provided below 
(table 6.5). 

Table 6.5 Sample statistics for analytic sample used to determine effect of the Alabama 
Math, Science, and Technology Initiative (AMSTI) on teacher content knowledge in science 
after one year 

Characteristic AMSTI Control 

Number of schools 40 39 

Number of teachers 176 170 
Source: Teacher survey data. 

AMSTI science teachers were not more likely to report higher levels of content 
knowledge than were control science teachers:90 74 percent of AMSTI science teachers (n = 130) 
and 69 percent of control science teachers (n = 118) reported high or very high levels of content 
knowledge (table 6.6). The difference in the distribution of responses was not statistically 
significant, with a regression-adjusted estimate of the average difference between AMSTI and 
control groups in the cumulative odds of response of 1.41 (p = .129).91 

Table 6.6 Teacher counts in each response category for teacher content knowledge in 
science 

Response categories AMSTI teachers Control teachers Total teachers 

Very low, Low, Moderatea 46 52 98 

(26) (31) (28) 

High 
77 71 148 

(44) (42) (43) 

Very high 
53 47 100 

(30) (28) (29) 
Note: Numbers in parentheses are percentages. Numbers may not sum to 100 percent because of rounding. 
a. Response categories were collapsed when fewer than three teachers responded in a specific category. 
Source: Teacher survey data. 

91 Estimation of the school-level random effect led to the variance component reaching a boundary 
constraint. The variance component for schools was assigned a value of 0, with no p-value. The effect 
was therefore excluded. Without the school-level random effect, the estimate of impact is nonsignificant. 
Had it been possible to model a school-level random effect, incorporating the dependencies among 
observations within schools would have reduced the precision of the effect estimate, suggesting that the 
result would have remained nonsignificant if the effects of clustering had been modeled. 
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Effect on teacher-reported student engagement in mathematics classrooms 

Summary statistics for the analytic sample were obtained, and these are provided below 
(table 6.7). 

Table 6.7 Sample statistics for analytic sample used to determine effect of the Alabama 
Math, Science, and Technology Initiative (AMSTI) on student engagement in mathematics 
after one year 

Characteristic AMSTI Control 

Number of schools 41 40 

Number of teachers 197 188 
Source: Teacher survey data. 

AMSTI mathematics teachers were more likely to report higher levels of student 
engagement than control mathematics teachers: 70 percent of AMSTI mathematics teachers (n = 
137) and 59 percent of control mathematics teachers (n = 110) reported students were almost 
fully or fully engaged (table 6.8). The difference in the distribution of responses was statistically 
significant, with a regression-adjusted estimate of the average difference between AMSTI and 
control groups in the cumulative odds of response of 1.76 (p = .024).92 (None of the teachers 
reported that students were not engaged.) 

Table 6.8 Teacher counts in each response category for student engagement in 
mathematics 

Response categories AMSTI teachers Control teachers Total teachers 

Not engaged 
0 0 0 

(0) (0) (0) 

Slightly engaged 
10 16 26 

(5) (9) (7) 

Moderately engaged 
50 62 112 

(25) (33) (29) 

Almost fully engaged 
95 91 186 

(48) (48) (48) 

Fully engaged 
42 19 61 

(21) (10) (16) 
Note: Numbers in parentheses are percentages. Numbers may not sum to 100 percent because of rounding. 
Source: Teacher survey data. 

92 The model with dummy variables for pairs did not converge; therefore, this result is from a model 
where pair effects were excluded. 
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Effect on teacher-reported student engagement in science classrooms 

Summary statistics for the analytic sample were obtained, and these are provided below 
(table 6.9). 

Table 6.9 Sample statistics for analytic sample used to determine effect of the Alabama 
Math, Science, and Technology Initiative (AMSTI) on teacher student engagement in 
science after one year 

Characteristic AMSTI Control 

Number of schools 40 40 

Number of teachers 176 172 
Source: Teacher survey data. 

AMSTI science teachers were more likely to report higher levels of student engagement 
than control science teachers: 77 percent of AMSTI science teachers (n = 135) and 56 percent of 
control science teachers (n = 96) reported students were almost fully or fully engaged (table 
6.10). The difference in the distribution of responses was statistically significant, with a 
regression-adjusted estimate of the average difference between AMSTI and control groups in the 
cumulative odds of responding to each category of 3.32 (p = .003). 

Table 6.10 Teacher counts in each response category for student engagement in science 

Response categories AMSTI teachers Control teachers Total teachers 

Not engaged, Slightly engaged 
8 11 19 

(5) (6) (6) 

Moderately engaged 
33 65 98 

(19) (38) (26) 

Almost fully engaged 
89 76 165 

(51) (44) (47) 

Fully engaged 
46 20 66 

(26) (12) (19) 
Note: Numbers in parentheses are percentages. Numbers may not sum to 100 percent because of rounding. 
a. Response categories were collapsed when fewer than three teachers responded in a specific category. 
Source: Teacher survey data. 
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Subgroup differences in average effects of the Alabama Math, Science, and Technology 
Initiative (AMSTI) on student achievement after one year 

To further explore potential effects of AMSTI, the study examined whether AMSTI 
affected some subgroups of students and not others. To do this, the main impact model was 
expanded to include a subgroup dummy variable and a term interacting treatment status with the 
subgroup dummy.93 This step yielded the coefficient for the interaction term and the associated 
statistical significance. The impact for each subgroup was also estimated. These analyses were 
conducted for each student outcome (mathematics problem solving, science, and reading). 

Subgroups were formed based on characteristics of students before random assignment, 
including racial/ethnic minority status, eligibility for free or reduced-price lunch, gender, and 
pretest level (table 6.11). As explained in appendix B, there were three primary reasons for 
selecting these subgroups. First, the No Child Left Behind Act of 2001 requires states to 
disaggregate student achievement data for these subgroups and to intervene to close achievement 
gaps. Second, AMSTI aims to improve achievement for all students. Determining whether 
AMSTI has differential effects for subgroups of students reveals whether AMSTI is meeting its 
goal of providing equitable opportunities to learn. Third, the results of these analyses can inform 
AMSTI developers on where to focus program improvements to strengthen the intervention for 
groups receiving less benefit. 

The moderating effects of racial/ethnic minority status, eligibility for free or reduced-
priced lunch, gender, and pretest level were examined individually. No statistically significant 
subgroup differences in the one-year effect of AMSTI on student achievement in mathematics 
problem solving or science were found. (No test of differential effects achieved a p-value lower 
than .05.) However, there was a significant differential effect of AMSTI on student performance 
in reading depending on racial/ethnic minority status, with the effect of AMSTI favoring 
Whites.94 The effect of AMSTI on reading achievement was not statistically significant for 
minority students (p = .294) but statistically significant and positive for White students (p < 
.001).95 Besides this, there were no statistically significant differential effects on student 
achievement in reading for the categories considered. 

93 For the analysis of the moderating effect of the pretest, students were categorized into three levels 
depending on their pretest scores. The expanded model used two dummy variables to indicate 
membership in the three categories along with two interactions between these dummy variables and the 
indicator of treatment status. 
94 The racial/ethnic minority status for this study was coded as 0 for White students and 1 for minority 
students. For the analytic sample associated with the SAT 10 reading outcome (after one year), 57% were 
White, and 43% were minorities (39% Black, 4% Hispanic, Asian, or Native Americans/Alaskans). 
95 See appendixes AM–AO for parameter estimates for the models used to generate the relevant effect 
estimates. 
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Table 6.11 Average effects and variation in effects of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
student achievement for subgroups of students after one year 

Mathematics problem solving Science Reading 

Covariate  
Estimated 

effect p-value 
Effect 
sizea 

Estimated 
effect p-value 

Effect 
Sizea 

Estimated 
effect p-value 

Effect 
sizea 

Average effect 
2.1 

.004 0.05 
1.6 

.092 0.05 
2.3 

< .01 0.06 (0.7) (0.9) (0.5) 

Racial/ethnic 
minority 
status 

Differential effect (added 
effect for minority students) 

–1.1 
.37 –0.03 

–0.9 
.49 –0.03 

–3.0 
< .01 –0.08 (1.2) (1.3) (0.9) 

Effect for minority students 
0.9 

.27 0.02 
0.8 

.37 0.03 
0.7 

.29 0.02 (0.8) (0.9) (0.6) 

Effect for White students 
3.9 

< .01 0.09 
2.1 

.07 0.07 
3.1 

< .01 0.08 (0.9) (1.1) (0.5) 

Free or 
reduced-
priced lunch 
status 

Differential effect (added 
effect for students enrolled 
in the free or reduced-price 
lunch program) 

–1.2 

.26 –0.03 

–2.1 

.06 –0.07 

–0.9 

.26 –0.02 (1.8) (1.1) (0.8) 

Effect for students enrolled 
in the free or reduced-priced 
lunch program 

1.5 

.04 0.04 

0.8 

.42 0.02 

1.8 

.04 0.05 (0.7) (0.9) (0.6) 

Effect for students not 
enrolled in the free or 
reduced-priced lunch 
program 

3.4 

< .01 0.08 

2.2 

.06 0.07 

2.3 

< .01 0.06 (0.9) (1.1) (0.4) 

Gender 

Differential effect (added 
effect for boys) 

–0.1 
.91 < –0.01 

0.0 
.97 < 0.01 

0.0 
.99 < 0.01 (0.8) (1.2) (0.7) 

Effect for boys 
2.2 

< .01 0.05 
1.8 

.08 0.06 
2.4 

< .01 0.07 (0.8) (1.0) (0.5) 

Effect for girls 
2.0 

< .01 0.05 
1.2 

.17 0.04 
2.2 

< .01 0.06 (0.7) (0.9) (0.6) 

SAT 10 
reading 
pretestb 

Differential effect † .83 † † .08 † † .57 † 

Effect for low pretest group 
(stanines 1–3) 

0.3 
.71 0.01 

–1.8 
.20 –0.09 

0.6 
.41 0.02 (0.7) (1.4) (0.7) 

Effect for middle pretest 
group (stanines 4–6) 

1.3 
.16 0.03 

1.7 
.11 0.05 

1.2 
.10 0.03 (0.9) (1.0) (0.7) 
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Mathematics problem solving Science Reading 

Covariate  
Estimated 

effect p-value 
Effect 
sizea 

Estimated 
effect p-value 

Effect 
Sizea 

Estimated 
effect p-value 

Effect 
sizea 

Effect for high pretest group 
(stanines 7–9) 

0.9 
.58 0.02 

–0.9 
.61 –0.03 

0.3 
.78 0.01 (1.6) (1.7) (0.9) 

SAT 10 
mathematics 
problem-
solving 
pretestb 

Differential effect † .26c † na na na na na na 

Effect for low pretest group 
(stanines 1–3) 

0.4 

.63 0.01 na na na na na na(0.8) 

Effect for middle pretest 
group (stanines 4–6) 

1.6 

.04 0.04 na na na na na na(0.7) 

Effect for high pretest group 
(stanines 7–9) 

1.0 
.50 0.02 na na na na na na(1.5) 

na is not applicable. 
† With more than two subgroups for this moderator we do not present estimates (or effect sizes) of the impact for the reference subgroup or the additional impact associated with 

belonging to a given subgroup in relation to the reference subgroup. These are provided in table AL1 in appendix AL. 

Note: Number in parentheses is standard error. For a given moderator, the estimate of differential impact was based on the full sample (i.e., all subgroups combined) and using a 

model with an interaction between the moderating variable and the indicator of treatment status. Subgroup impacts were estimated using mutually exclusive subsamples 

corresponding to each level of the moderator and using a model like the benchmark model for obtaining the regression-adjusted estimate of average impact. Because the
 
differential and subgroup impacts are estimated using different samples and models, we do not observe certain properties in the results that one might expect had we obtained all
 
estimates using just the model that includes the interaction between the moderator and treatment status. For example, the difference in the point estimates for the subgroup impacts
 
does not correspond exactly to the estimate of differential impact based on the model with the interaction.
 
Also, in some cases the average impact based on the whole analytic sample lies outside the range of the subgroup impacts. The whole analytic sample is not identical to the union
 
of the subsamples used for a given moderator and corresponding subgroup analyses, because the latter set excludes students with a missing value for the moderator variable. This 

and the use of regression adjustments in estimating the average effects result in the average impact based on the whole analytic sample lying outside the range of the subgroup 

impacts in some cases.
 
a. For each of the three main outcomes, mathematics problem solving, science and reading, we use the estimated standard deviation for the control group from the analytic 

samples used to estimate the average impacts of AMSTI (i.e., from the confirmatory analyses for impacts on mathematics and science, and the corresponding exploratory
 
analysis in reading) as the denominator in the standardized effect size estimate. We do this in order that all estimates for a given scale are expressed in terms of the same 

standard deviation units to facilitate comparison of results.
 
b. We divided the pretest into three categories low, for scores that belong to stanines 1-3 in their respective grade levels; middle, for scores that belong to stanines 4-6 in their
 
respective grade levels; high for scores that belong to stanines 7-9 in their respective grade levels. The cutpoints for the stanines were based on the pretest scale scores for the
 
sample. As explained in appendix B, the study’s Technical Working Group advisors recommended that we examine whether the effect of AMSTI on student achievement in 

mathematics varies depending on students' pretest scores on the SAT 10 reading exam. In the absence of a science pretest, we examined whether the effect of AMSTI on student
 
achievement in science varies depending on students’ pretest scores on the SAT 10 reading exam. Therefore, we include analyses of the moderating effects of the reading pretest 

on the impacts of AMSTI on mathematics problem solving and science. 

c. The p-value is for the type-3 test of fixed effects for the interaction effect. 

Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic data from state data system. 




 

 

 

 

 

 

 

 

 

 
 

 

                                                      

 

 

7: Summary of findings and study limitations 

After a brief recap of the study design, this chapter summarizes the confirmatory and 
exploratory findings on the effect of AMSTI on the achievement of upper-elementary and middle 
school students and on classroom practices hypothesized to improve students’ achievement. It 
also summarizes the effect of AMSTI on teacher content knowledge and student engagement and 
variations in effects on student achievement by specific subgroups after one year. The chapter 
concludes by identifying the study’s strengths and limitations. 

Study design 

This study is the first randomized controlled trial testing the effectiveness of AMSTI in 
improving mathematics problem solving and science achievement in upper-elementary and 
middle schools. AMSTI is an initiative specific to Alabama and was developed and supported 
through state resources. 

In the cluster randomized trial, schools were randomized within matched pairs in which 
one school was randomly assigned to participate in AMSTI starting the first year and the second 
school was assigned to a control group the first year and to participate in AMSTI the second 
year. In all, 82 schools, 780 teachers, and 30,000 students participated in the study.96 The study’s 
internal validity is based on a randomization procedure and is strengthened by the low rate (less 
than 5 percent) of attrition at all levels over the follow-up period. 

The statistically unbiased estimates of the effect of AMSTI were generated under 
authentic conditions for this program as implemented under ordinary conditions in volunteer 
schools in Alabama. The study did not alter implementation specifically for the experiment but 
followed schools as they participated in the standard initiative. 

Summary of confirmatory findings 

Effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on mathematics 
problem solving and science achievement after one year 

An important finding is the positive and statistically significant effect of AMSTI on 
mathematics achievement as measured by the SAT 10 mathematics problem solving assessment 
administered by the state to students in grades 4–8. After one year in the program, student 
mathematics scores were higher than those of a control group that did not receive AMSTI by 
0.05 standard deviation, equivalent to 2 percentile points. (If the 50th percentile control student 
had been placed in an AMSTI school, the student would have scored in the 52nd percentile.) 

96 These numbers represent the approximate number of unique teachers and students in the 82 study 
schools in Years 1 and 2 of Subexperiment 1 and Subexperiment 2. For precise numbers of teachers and 
students included in each analysis, see chapter 2. 
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Nine of the 10 sensitivity analyses yielded effect estimates that were statistically significant at 
the .025 level, consistent with the main finding. 

The effect is smaller than expected. Whether the statistically significant effect is 
important for education is open to interpretation. It might, however, be useful to convert the 
effect into the more policy-relevant metric of additional student progress measured in days of 
instruction. In these terms, the average effect of AMSTI can be translated into an estimated 28 
days of additional student progress over students receiving conventional mathematics instruction. 
This value was obtained by dividing the estimate of the effect by the mean pretest to posttest 
difference on the SAT 10 mathematics problem solving assessment for the control group and 
assuming a 180-day school year. 

The estimated effect of AMSTI on science achievement measured after one year was not 
statistically significant. Based on the SAT 10 science test administered by the state to students in 
grades 5 and 7, no difference between AMSTI and control schools could be discerned after one 
year. 

Effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on classroom 
instructional practices after one year 

Changes in classroom instructional strategies, especially an emphasis on more active-
learning strategies, are important to the AMSTI theory of action. Therefore, a secondary 
investigation of classroom practices was conducted, based on data from survey responses from 
teachers. For both mathematics and science, statistically significant differences were found 
between AMSTI and control teachers in the average reported time spent using the strategies. The 
effect of AMSTI on these instructional strategies was 0.47 standard deviation in mathematics and 
0.32 standard deviation in science. 

Summary of exploratory findings 

Effect on achievement in mathematics problem solving and science after two years 

Estimating the two-year effect is complicated by the fact that the control group received 
AMSTI in the second year. To estimate this effect, a method that took advantage of the 
experimental structure of the data but required additional assumptions was used. Due to the 
uncertainty introduced by the assumptions required by the analysis, the findings are considered 
exploratory and thus only meant to suggest that a two-year effect may be present for both 
mathematics and science and warrant further research on the longer-term effect of AMSTI. 

Two years of AMSTI appeared to have a positive and statistically significant effect on 
achievement in mathematics problem solving, compared to no AMSTI. The two-year effect 
estimate represents a difference of 0.10 standard deviation, equivalent to a gain of 4 percentile 
points for the average control school student if the student had received AMSTI for two years. 
This estimate can be translated into an estimated 50 days of additional student progress at the 
rate of advancement experienced by students receiving conventional mathematics instruction. 
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Two years of AMSTI appeared to have a positive and statistically significant effect on 
achievement in science. The effect estimate represents a difference of 0.13 standard deviation 
and is equivalent to a gain of 5 percentile points for the average control school student.97 Because 
the SAT 10 science test is required in Alabama only for grades 5 and 7, the science pretest scores 
needed to calculate the translation of the two-year effect of AMSTI on science achievement into 
the number of conventional instructional days were not available. 

Effect on reading achievement after one year 

AMSTI appeared to have a positive and statistically significant effect on reading 
achievement as measured by the SAT 10 test of reading administered by the state to students in 
grades 4–8. Reading scores of AMSTI students exceeded those of an equivalent control group 
that did not receive AMSTI by 0.06 standard deviation. This improvement is equivalent to 2 
percentile points and can be translated into an estimated 40 days of additional student progress 
over students receiving conventional reading instruction. 

Effect on teacher-reported content knowledge and student engagement after one year 

AMSTI did not appear to have a statistically significant effect on teacher-reported content 
knowledge in mathematics or science after one year. 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 mathematics and science teachers were more 
likely than control teachers to rate their students as achieving higher levels of engagement; the 
regression-adjusted estimates of the average difference between AMSTI and control groups in 
the cumulative odds of response were 1.76 (p = .024) and 3.32 (p = .003) for mathematics and 
science, respectively. 

Effect on different subgroups after one year 

AMSTI did not appear to have statistically significant differential effects on student 
achievement in mathematics problem solving or science based on racial/ethnic minority status, 
enrollment in the free or reduced-price lunch program, gender, or pretest level. In reading, 
AMSTI did appear to have a statistically significant differential effect for minority and White 
students. This difference in estimated impact of 3.04 scale score points (p < .001) between the 
two groups can be translated into the metric of days of student progress, where progress is 

97 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 multiplicity adjustments are not performed. As a consequence, a less 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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measured by 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 students in AMSTI made an 
estimated 52 more days of progress than minority students in AMSTI. The effect of AMSTI on 
reading achievement for minority students was not statistically significant (p = .294); for White 
students, AMSTI had a positive and statistically significant effect on reading achievement (p < 
.001). 

Study limitations 

Although this study employed a rigorous design, there are limitations to the generalizability 
of its findings, for four main reasons: 

•	 The results apply only to schools that volunteered to participate after a commitment 
by the principal and staff. The results would not necessarily hold if, for example, 
AMSTI were adopted by the state as a required instructional program for all schools. 

•	 The effects of AMSTI were contrasted with the conventional program of instruction 
in Alabama schools. Implementation in other states would face a different 
counterfactual. 

•	 Although AMSTI uses active-learning strategies and has much in common with other 
mathematics and science programs influenced by the same principles, its 
implementation and support systems have many unique characteristics. The results 
would not necessarily apply to similar programs. 

•	 The long-term effects of AMSTI are not established by this study. A randomized 
experiment inherently has to begin with schools that are new to the intervention. The 
study of longer-term effects would require continued tracking of the sample of 
schools, or, alternatively, an observational study of schools that joined the program 
many years before the beginning of this experiment in fall 2006. 
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Appendix A. Explanation of primary and secondary 
confirmatory outcome measures 

For the primary confirmatory outcome of student achievement, the state of Alabama 
provided six academic measures. Because AMSTI is aimed primarily at mathematics and 
science, it made sense to examine results in those areas. Because only one measure of science 
achievement (the SAT 10) was specified, that measure was included in the confirmatory 
analysis. 

There were three measures of mathematics achievement. The SAT 10 problem-solving 
scale was considered to be more closely aligned to the AMSTI theory of action than the other 
two measures. In contrast to the SAT 10 procedures scale or the Alabama Reading and 
Mathematics Test, which have broader scope, problem solving is more likely to be affected by an 
initiative that emphasizes hands-on, inquiry-based activities relevant to real-life experience and 
supports students in developing higher-order thinking skills. In addition, the AMSTI coordinator 
confirmed that the problem solving scale was more closely aligned with the AMSTI model than 
the procedures scale or the state mathematics test. 

Although it was believed that the program would also have an effect on reading, this 
outcome was considered a potentially beneficial side effect rather than a main goal. For this 
reason, the two measures of reading from the state’s six academic measures were not included 
among the confirmatory outcomes. 

For the secondary confirmatory analysis, a single outcome variable was constructed 
based on the instructional practices emphasized by AMSTI. Of the classroom practices measured 
in the surveys conducted for this study, three were most closely aligned to the approach favored 
by AMSTI: hands-on activities, inquiry-based activities, and practices promoting higher-order 
thinking skills. Absent instruction that focused on activity- and inquiry-based approaches, in 
theory the effect of AMSTI on students would not be realized. Therefore, it was critical to 
examine whether AMSTI affected this specific intermediate outcome. This analysis is 
sufficiently important that it was considered confirmatory. A composite variable, the active 
learning scale, was constructed to analyze this outcome (see chapter 2 for details.) 

A-1 




 

 
 

 
 

 

 

 

 
 

 
 

 

 

 
 

 

 

Appendix B. Explanation of exploratory research questions 

This appendix discusses the exploratory research questions, providing a rationale for 
each. 

Effects of two years of exposure to the Alabama Math, Science, and Technology Initiative 
(AMSTI) 

The effect of two years of exposure to AMSTI cannot be estimated without additional 
assumptions, because the control group entered the AMSTI program after a year in the study and 
was thus no longer a pure control group in the second year. Two years after random assignment, 
control schools had participated in AMSTI for one year and intervention schools had participated 
in AMSTI for two years. Given this problem, the effect of AMSTI after two years was examined 
as part of the exploratory analysis (see chapter 2 for a description of the methodology and 
chapter 5 for results). 

Effect on student achievement in reading 

For SAT 10 reading, the study investigated whether participation in AMSTI mathematics 
and science instruction had an effect (favorable or unfavorable) on reading achievement after one 
year. This question was examined for three reasons. 

First, according to the developers, “AMSTI had purposefully incorporated various 
reading and writing practices into its modules” (AMSTI n.d.) based on the mathematics 
standards from the National Council of Teachers of Mathematics and the science standards 
promoted by the International Society for Technology in Education. These standards were 
incorporated into curriculum, assessment, and professional development. They include learning 
practices such as incorporating reading strategies, connecting to literature, and using writing to 
represent thought processes or justify conclusions. The AMSTI writing requirements include the 
keeping of science notebooks and math journals (T. Beers, AMSTI math coordinator, e-mail July 
16, 2010). 

Second, results from previous quasi-experimental evaluations of AMSTI found effects on 
reading and writing that researchers “attributed” to AMSTI (Miron and Maxwell 2007). 
According to documentation from the director of AMSTI referencing these external evaluation 
results, these evaluations concluded that reading and writing scores “were found to be 
considerably higher in AMSTI schools as compared with scores from a control group of non-
AMSTI schools with similar demographics. Statistical significance was found in many cases. 
Such findings confirm that AMSTI has successfully included strategies for addressing reading 
and writing, as the students learn math and science using hands-on activities” (Ricks 2008, cover 
letter). In the most recent evaluation report, based on 2007 standardized test data from the 195 
schools that adopted AMSTI since 2002 and the 576 schools from the same school systems that 
served as controls, Miron and Maxwell (2007) reported statistically significant findings in 
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reading and writing that varied by grade level and content area. For the SAT 10, advantages for 
AMSTI schools in reading reached statistical significance for grades 4 and 5 but not grades 6– 
8.98 For the Alabama Direct Assessment of Writing (ADAW), given in study grades 5 and 7, 
none of the findings reached statistical significance. The quasi-experimental research on which 
this conclusion is based leaves room for alternative interpretations, such as selection bias in the 
process by which some schools joined AMSTI and others entered the control group. Replicating 
the findings reported in these evaluations using a stronger design is therefore important.99 

Third, the study’s technical working group advisors recommended that research 
correlating reading achievement with mathematics and science outcomes be reviewed. Data from 
2005 American College Testing (ACT) Program suggest that “the clearest differentiator in 
reading between students who are college ready and students who are not is the ability to 
comprehend complex texts” (American College Testing 2006, p. 2). Based on these results, ACT 
suggests that policymakers and educators “strengthen reading instruction in all high school 
courses by incorporating complex reading materials into course content.” Courses in 
mathematics and science can challenge students to read and understand complex texts, providing 
opportunity for students to improve their foundational reading skills and strategies. AMSTI in 
particular provides opportunities for students to read and understand complex texts. It is 
therefore of great interest to understand whether these opportunities translate into improvement 
in reading achievement, thereby potentially facilitating college readiness. 

Effect on teacher content knowledge 

The intermediate effect of AMSTI on teacher content knowledge was measured after one 
year. The primary focus of AMSTI professional development is to change teacher content 
knowledge (University of Alabama). A body of research (Garet, Porter, Desimone, Birman, and 
Yoon 2001; Mullens, Murnane, and Willett 1996; Shulman 1987) supports the notion that 
teacher content knowledge has a positive effect on changes in classroom practices among 
teachers of mathematics and science. Researchers have also found that mathematics and science 
teachers’ content knowledge is related to improvements in student academic achievement 
(Goldhaber and Brewer 1996; Hill, Rowan, and Ball 2005; Kennedy 2008; Mullens, Murnane, 
and Willett 1996). Therefore, on the fourth teacher survey, both AMSTI and control teachers 
were asked to rate their content knowledge for teaching mathematics or science at the grade level 

98 Findings showing the positive impact of AMSTI on student achievement reached statistical significance 
on the SAT 10 for grade 5 mathematics and science as well. No findings for grades 6–8 reached statistical 
significance.
99 As with many quasi-experimental studies, the results may have been subject to substantial bias, 
particularly because schools participating in AMSTI have to apply to the program and may already be 
more motivated to improve their mathematics and science programs than schools that do not apply. In 
addition, none of the evaluations examined whether there was baseline equivalence on possible 
confounders, including pretest measures, or adjusted for potential bias caused by nonequivalence. These 
weaknesses raise concerns about the internal validity of study findings, specifically whether the observed 
increase in AMSTI students’ achievement can be explained only by their participation in the program and 
not by other plausible explanations, such as prior achievement. 
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they currently taught.100 Teachers responded on a fixed Likert scale (very low, low, moderate, 
high, very high), with a sixth option of “not applicable.” 

Effect on student engagement 

The study also examined the effect of AMSTI on student engagement after one year. 
AMSTI’s emphasis on student active learning in the classroom is designed to motivate and 
engage students in learning (AMSTI Committee 2000). Moreover, “several studies have 
demonstrated a positive correlation between behavioral engagement and achievement-related 
outcomes” (Fredricks, Blumenfeld, and Paris 2004, p. 70). In addition, Singh, Granville, and 
Dika (2002), using structural equation models on observational data, found that student 
engagement is a predictor of mathematics and science achievement. The fourth teacher survey 
asked both AMSTI and control teachers to rate the average level of student engagement in their 
classes during the school year.101 

Effects on subgroups of students 

Pretest  

The study examined whether the effects of AMSTI varied with students’ pretest scores. 
For the SAT 10 mathematics problem solving outcome, the study examined whether students 
with higher mathematics pretest scores experienced larger or smaller AMSTI effects on the 
mathematics outcome. The study’s technical working group advisors recommended that the 
study also examine whether the effect of AMSTI on student achievement in mathematics varied 
depending on students’ pretest scores on the SAT 10 reading exam. The study therefore 
investigated this potential moderating effect as well. 

For the SAT 10 science outcome, researchers examined the moderating effect of SAT 10 
reading pretest scores on the impact of AMSTI. Because the SAT 10 science test is required only 
for students in grades 5 and 7 in Alabama, none of the students with science outcome measures 
had science pretest scores from the previous year. In the absence of a science pretest results, the 
SAT 10 reading pretest was used as a pretest covariate in the model for the primary confirmatory 
analysis of the effect of AMSTI on student performance in science; the moderating effects of this 
covariate were also examined. 

For the SAT 10 reading outcome, the study measured the moderating effect of the SAT 
10 reading pretest on the effect of AMSTI. 

100 Survey questions were asked separately for mathematics and science teachers. 
101 Survey questions were asked separately for mathematics and science teachers. Survey instructions 
indicated that students would be considered fully engaged if they not only paid full attention but also 
participated fully and completed all assignments. Teachers responded on a five-point Likert scale (not 
engaged, slightly engaged, moderately engaged, almost fully engaged, fully engaged). 
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Free or reduced-price lunch status, racial/ethnic minority status, and gender 
 

The study examined potential differential effects of AMSTI for students with different 
characteristics. It compared students based on racial/ethnic status,102 socioeconomic status, and 
gender. Although evidence on subgroup differences for interventions that are similar to AMSTI 
is limited, there are at least three reasons to examine effects for these subgroups. First, No Child 
Left Behind requires that states disaggregate student achievement data for these subgroups and 
that interventions be adopted to close achievement gaps. Below are data on the achievement gaps 
in Alabama, based on student gender, ethnicity, and free or reduced-price lunch (FRL) status, as 
measured by the SAT 10 assessment during the 2005/06 school year (table B1). Second, AMSTI 
aims to improve student achievement for all students. By examining if AMSTI has differential 
effects on different subgroups of students, the study checked whether AMSTI was meeting its 
goal of providing equitable opportunities to learn. Third, the results from these analyses will 
inform the developers about where to focus program improvements to strengthen the intervention 
for the groups receiving less benefit. 
 
Table B1 Achievement gaps on the Stanford Achievement Test Tenth Edition (SAT 10) 
in Alabama, 2005/06 

Group Percent testeda Percentileb Percent in groupc 
Grade 8 reading  
Black 96.42 32 36.44 
White 98.02 58 59.24 
Free lunch 96.11 33 42.29 
Reduced-price lunch  97.73 44 9.13 
Boys 97.00 44 51.18 
Girls 97.68 52 48.82 
Grade 8 mathematics 
Black 96.23 35 36.37 
White 97.93 59 59.19 
Free lunch 96.16 36 42.32 
Reduced-price lunch  97.75 46 9.13 
Boys 96.97 49 51.17 
Girls 97.69 53 48.83 
Grade 7 science 
Black 95.75 39 37.14 
White 97.06 63 58.54 
Free lunch 95.09 40 44.34 
Reduced-price lunch  97.29 53 9.20 
Boys 
Girls 

95.93 
97.04 

53 51.71 
48.29 55 

a. Percentage of students enrolled in each group that took this test. 
b. Relative standing of group (national average is 50). 
c. Percent of tested students group represents. 
Source: ALSDE Accountability Reporting System (http://www.alsde.edu/Accountability/Accountability.asp). 

                                                      
102 The majority of students in the study were either Black (39 percent) or White (57 percent) Percentages 
are from the analytic sample associated with the SAT 10 mathematics problem solving outcome after one 
year. 



 

 

 

 

 
 

 

 
 

 

 

 

Appendix C. Selection and random assignment of schools 

Selection of schools for randomization was conducted by AMSTI staff and the study’s 
researchers, in order to achieve the buy-in of AMSTI staff and to capitalize on their thorough 
understanding of the characteristics of the regions and schools involved. The process was also 
designed to meet the resource constraints of ALSDE and to meet the design specifications called 
for by the study’s statistical power analysis. 

Subexperiments 

The number of AMSTI schools that could be supported in a given year was based on the 
program’s operating budget. It was not known in advance, because it was dependent on the 
number of mathematics and science teachers in each selected school. Because the annual AMSTI 
budget could not support introducing all of the schools called for by the power analysis in a 
single school year, school participation had to be staggered, requiring two subexperiments. 

Limiting the pool of schools for selection 

The process of selecting schools for randomization for each subexperiment took place at 
a meeting of the AMSTI staff and directors of the regional sites, to which the research team was 
invited. The primary purpose of the meeting was to select the schools to be admitted to the 
program from among those that had applied. ALSDE’s process made use of spreadsheets 
designed by the AMSTI staff that calculated the incremental cost to the program of adding each 
school (depending on size and grade level) as it was selected to participate in the study. Having 
agreed to participate in the study, the AMSTI staff gave the researchers some leeway in selecting 
which schools would participate, allowing for a purposive selection of schools from the pool of 
applicants. However, the process of selecting had to take place within the time constraints of the 
meeting. The selection could not take place in advance, because, although the list of applicants 
was available, the AMSTI staff still had to eliminate certain schools from consideration, either 
because they were deemed ineligible or because AMSTI staff had already promised the school 
that it could participate in AMSTI that year. 

Selecting and assigning schools 

The approach to selection and assignment was based on a process that took into 
consideration a budget that allowed a limited number of schools to be selected, the goal of 
purposively selecting a sample of schools that was representative of the regions involved, and the 
goal of selecting pairs of similar schools in order potentially to raise the precision of the effect 
estimate by conducting randomization within pairs. 

The randomization scheme was constrained to be blocked by region, as it was the AMSTI 
procedure that each region should have approximately equal numbers of AMSTI schools. The 
AMSTI staff also needed to ensure that there was a reasonable proportion of elementary and 
middle schools, as well as large and small schools. The research team decided as a matter of 
design to use the available student achievement data (primarily percentage proficient in 
mathematics) and demographic data (primarily percentage racial/ethnic minority and percentage 
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enrolled in the National School Lunch Program)103 to identify pairs of schools that were similar 
in these and other characteristics (such as school size) and ensure that the average achievement 
and demographic characteristics were similar to the average of the region generally. Paired 
randomization was used to increase the precision of the effect estimate and because it had the 
benefit of conveying to the AMSTI staff the rationale for randomization, especially the idea of 
assigning to the two conditions schools in each pair that were matched in various respects. The 
research team also found that paired randomization using a coin toss once the pairs were 
identified was readily understood by educators, improving cooperation in the experiment. The 
goal of purposefully matching the sample to the regional characteristics was to support the 
validity of the sample as representing the region. 

The sample by region is described below (table C1). It also shows the number of schools 
in the initial pool of applications from each region and the number selected for the study. 

Table C1 Primary matching characteristics of sites, by region 

Number of applicant schools 
eligible to receive AMSTI 

and participate in the study 

Percentage of students that were 

Math 
proficient 

Racial/ethnic 
minority 

Enrolled in 
school lunch 

program 

Subexperiment 1 

Region 1 
Region 25 66 36 60 
Selected 14 67 37 65 

Region 2 
Region 26 67 53 62 
Selected 14 71 56 64 

Region 3 
Region 23 72 32 49 
Selected 12 71 32 41 

Subexperiment 2 

Region 4 
Region 31 70 22 49 
Selected 20 74 21 53 

Region 5 
Region 39 57 74 67 
Selected 22 55 70 77 

103 Researchers used public sources to determine the achievement levels and demographics of all 
applicants and came to the meeting with a spreadsheet to record the selections and results of the 
randomization. They explained the randomization process to the meeting participants, as well as the 
ground rules, the most important of which was that once an assignment was made, it could not be 
changed. 
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The real-time and interactive nature of pair selection 

The selection of pairs was itself an interactive process constrained by the criterion stated 
above, but it was neither formally algorithmic nor fully controlled by the research team. Because 
the pairing decisions were made in real time during the meeting, it was not possible to apply a 
formal algorithm to form the pairs. 

Applicants were displayed on a spreadsheet projected for the participants to view. As 
pairs were proposed and agreed on, an Alabama state official tossed a coin and the assignment of 
the school to the AMSTI or control condition was recorded. Although informal, the process was 
deliberate and followed a sequence of considerations, beginning with similarity of grade 
configuration (related to the split between elementary and middle schools) and then considering 
mathematics scores, percent of minority students, and (when possible) percent of students 
enrolled in the National School Lunch Program. AMSTI regional directors also provided input 
on the appropriateness of the pairings, based in many cases on their local knowledge of 
similarities that went beyond those captured in the formal criteria; in some cases, they corrected 
or updated the data. 

As pairs were selected, a spreadsheet was used to perform a running calculation to 
confirm that the demographics of the combined pairs in each region were similar to those of the 
region’s schools. In some cases, this consideration was the deciding factor in choosing between 
two matched pairs. 
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Appendix D. Statistical power analysis 
 

At the planning stage of the randomized trial, a statistical power analysis was conducted 
to determine the number of schools required to detect an effect of AMSTI on student 
performance equal to 0.20 standard deviation of the distribution of posttest scores. This level is 
consistent with that set in other evaluations sponsored by the National Center for Education 
Evaluation and Regional Assistance (Garet et al. 2010).104 In addition to a minimum detectable 
effect size of 0.20, the statistical power analysis was based on the following assumptions: 
 

•	  Two-level hierarchical design, with students at Level 1 and schools randomized at 
Level 2. 

•	  Statistical power of .80. 
•	  Statistical significance level of .05 for a two-tailed test. 
•	  Effect of AMSTI modeled as a fixed effect at Level 2. 
•	  Two hundred and eighty students per school (8 teachers per school times 35 students 

per teacher).105  
•	  Pretest/posttest correlation between school-level scores of .80 (R2 of .64).106  

104 Because of lack of reliable information on how much additional precision was obtained from using a 
matched-pairs strategy, the sample size calculation did not depend on the use of that strategy—that is, in 
choosing the sample size, researchers assumed no benefits of pairing. If the pairing strategy accounted for 
50 percent of the variation in the outcome after modeling the pretest, the minimum detectable effect size 
would be reduced to 0.15. Because some benefit was expected of pairing, the best estimate is that the 
experiment was powered to detect a minimum detectable effect size of 0.15–0.20. The effect on precision 
of modeling additional covariates was not figured in. The decision to include covariates was made after 
the experiment had started, as part of the strategy to handle missing values (the dummy variable approach 
to handling missing values is discussed in the section on data analysis). We assumed that modeling 
covariates would probably further increase precision. Because the benefits of using a matched-pairs 
design and modeling additional covariates were not figured into the power analysis, the results of the 
analysis can be considered conservative. 
105 This figure is the estimated number of students per school in grades 4–8 for whom a mathematics 
posttest was available. The analysis of science outcomes included students from grades 5 and 7 only. 
Reducing the student sample to 112 (that is, two-fifths of 280) had a small effect on the minimum 
detectable effect size, because schools were the unit of randomization. The minimum detectable effect 
size for the science outcome was 0.22 as a result of this difference. 

2	 2106 One can think of two components of R2, the school-level R2 ( R  ) and the student-level R2 ( Ri  ). Usec

of Optimal Design Software allowed a nonzero value to be modeled for the first parameter but not the 
second. In selecting a value for R2 in the analysis of student outcomes, researchers considered only the 
effect of modeling the school-level pretest. Reliable information was not available for determining either 
the proportion of student-level variance accounted for by modeling the pretest at the student level or the 
proportion of variance at either the school or student level explained by covariates other than the pretest 
(racial/ethnic minority status, free or reduced-price lunch status, English learner status, gender, grade, and 

2
pair indicators). Therefore, as a result of modeling these additional covariates, R  was expected to be c

2
greater than assumed (0.64) and Ri  to be greater than zero. For teacher outcomes, both R2components 
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•	 Unconditional intraclass correlation coefficient of .22. Hedges and Hedberg (2007) 
showed that for a heterogeneous sample of schools, the unconditional intraclass 
correlation for reading outcomes in grades 4–8 ranges fell between .174 and .263. For 
mathematics outcomes, the intraclass correlation coefficient fell between .185 and 
.264. 

•	 A school-level attrition rate of 20 percent. 
•	 A minimum detectable effect size of 0.20 standard deviation units. 

Optimal Design Software (Raudenbush, Spybrook, Liu, and Congdon 2006) was used to 
perform the power analysis. Below, the statistical power as a function of the number of schools is 
displayed (figure D1). 

Figure D1 Record of technical settings and result of power analysis 

were assumed to be zero. However, the covariates modeled—degree rank, years of teaching experience, 
years of teaching relevant subject and pair indicators—were expected to account for some of the variance 
in the outcome at the teacher and school levels. Appendix X compares assumed and observed values of 
the R2 parameters. 
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Sixty-six schools were required to detect an effect size of 0.20 with .80 power for 
student-level outcomes. Assuming 20 percent attrition, the required sample was 82 schools. The 
benefits to precision of using a matched-pairs design or of modeling covariates were not figured 
in; the results of the analysis can therefore be considered conservative. 

For the power analysis addressing the effect of AMSTI on classroom practices, the 
minimum detectable effect size was calculated assuming 82 schools (66 schools with attrition 
figured in) and 8 mathematics/science teachers per school. This analysis assumed an intraclass 
correlation coefficient of .20, a two-level design, statistical power of .80, and a Type I error rate 
of 5 percent. The benefits to precision of using a matched-pairs design or of modeling covariates 
were not figured in; the results of the analysis can therefore be considered conservative. 

A preintervention measure of the outcome variable was not available; it was therefore not 
possible to include a “pretest” in the analysis. Eighty-two schools allowed an effect size of 0.34 
for teacher outcomes to be detected with .80 power. Assuming 20 percent attrition of schools 
increases the minimum detectable effect size to 0.38. Although this effect size is larger than the 
one designed to detect the effect on students, it is appropriate for examining effects on classroom 
instructional practices, because the AMSTI theory of action stipulates that the effects of AMSTI 
on student outcomes are mediated through an initial, more immediate effect on classroom 
practices. Greater effects are therefore expected on classroom practices than on student 
performance. 
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Appendix E. Data collection procedures and timeline 

This appendix describes the data collection procedures and the timeline of the study. As 
previously mentioned, Year 1 signifies the first year of AMSTI implementation for the schools 
randomized to the AMSTI group in each subexperiment (2006/07 for Subexperiment 1, 2007/08 
for Subexperiment 2). Year 2 signifies the second year of AMSTI implementation for the schools 
randomized to the AMSTI group, and first year of AMSTI implementation for the schools 
randomized to the control group, in each subexperiment (2007/08 for the Subexperiment 1, 
2008/09 for Subexperiment 2). 

Table E1 Completion dates for data collection procedures 

Task Subexperiment 1 Subexperiment 2 

Researchers collected written permission from 
districts for student rosters February 2006 May 2007 

Researchers received class rosters, identified 
teacher sample, and populated database with 
district, school, teacher, and student data 

December 2006–February 
2007 for Year 1 

November 2007–January 2008 
for Year 1 

November 2007–January 
2008 for Year 2 

November 2008–January 2009 
for Year 2 

Researchers conducted teacher surveys (January– 
April) and received results (January–May) 

January 2007–May 2007 
for Year 1 

January 2008–May 2008 for 
Year 1 

January 2008–May 2008 
for Year 2 

January 2009–May 2009 for 
Year 2 

Researchers identified students of selected 
mathematics and science teachers and recorded 
student names and state-assigned identification 
numbers 

February 2007 for Year 1 May 2008 for Year 1 

February 2008 for Year 2 December 2008 for Year 2 

Alabama State Department of Education verified 
student records and sent student achievement data 
and additional demographics to researchers 

January 2008 for Year 1 January 2009 for Year 1 

January 2009 for Year 2 January 2010 for Year 2 

Researchers populated database with student 
achievement data and additional 
demographics 

January 2008 for Year 1 January 2009 for Year 1 

January 2009 for Year 2 January 2010 for Year 2 

Researchers deleted student name data and 
replaced with export identification numbers 

January 2008 for Year 1 January 2009 for Year 1 

January 2009 for Year 2 January 2010 for Year 2 

Researchers populated database with teacher 
survey data 

June 2009 for Year 1 June 2009 for Year 1 

June 2009 for Year 2 January 2010 for Year 2 

Shared identified data files with researchers 
for analysis  

January 2008 (student-level 
analysis) for Year 1 

February 2009 (student-level 
analysis) for Year 1 

June 2009 (classroom-level 
analysis) for Year 1 

June 2009 (classroom-level 
analysis) for Year 1 

November 2008 (student-
level analysis) for Year 2 

February 2010 (student-level 
analysis) for Year 2 
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Appendix F. Description of program implementation data collected 
but not used in report 

This appendix reports the data obtained from measures that were collected as part of the 
overall study, but that were not used as part of this specific study or report. These measures 
include: classroom observations, professional development teacher surveys, professional 
development observations, and principal surveys. 

Classroom observations 

Classroom observations were collected in order to obtain descriptive information on 
mathematics or science instruction in teachers’ classrooms, document students’ participation in 
instructional activities, and determine the extent to which teachers’ instructional strategies were 
related to the AMSTI model and materials. Classroom observation data were originally collected 
to inform additional research questions about program implementation that are not addressed in 
this report. 

Observations were conducted at AMSTI and control schools.107 Forty teachers in 21 
AMSTI schools and 41 teachers in 20 control schools were observed in Year 1 of Subexperiment 
2 (the 2007/08 school year).108 For each classroom observation, two researchers took notes 
during the observation period, after which both completed the classroom observation protocol. 
The observers discussed their ratings and resolved any differences in order to complete one 
protocol with consensus ratings. Interrater reliability before consensus ratings ranged from 76.2 
percent for classroom context to 83.6 percent for learning objectives emphasized. Subsequently, 
one researcher entered the consensus ratings online for data analysis. Researchers were trained 
by the Academy for Educational Development (AED) on the observational protocol during a 
two-day training in the summer prior to implementation. During this training, researchers 
watched videos of mathematics and science instruction, individually rated teachers and 
classrooms on relevant constructs, and then discussed ratings in order to reach consensus. 

The classroom observation form was adapted from the Authentic Instructional Practices 
Classroom Observation form (Borman et al. 2000) and the Reformed Teaching Observation 
Protocol (Piburn et al. 2000). The protocol was highly prescriptive, prompting researchers to 
provide ratings on three main constructs or scales of interest: learning objectives emphasized, use 
of “authentic instruction” principles,109 and classroom context. 

107 Teachers were selected for classroom observation and teacher interviews through a joint selection 
process. See section in chapter 2 on teacher interviews for description of the selection process. 
108 As previously explained, observation data were collected only for Subexperiment 2 because 
researchers did not receive approval from the Office of Management and Budget to administer this 
implementation measure in Subexperiment 1.
109 Authentic instruction, as defined by Newmann and Wehlage (1993), refers to a teacher’s use of 
innovative and challenging instruction that provides students with the opportunity to use higher-order 
thinking skills, explore topics in depth, connect lesson material to their own lives, engage in substantive 
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For learning objectives emphasized, observers rated classrooms on the degree of 
emphasis the teacher placed on six learning objectives—knowledge, comprehension, application, 
analysis, synthesis, and evaluation—using a three-point Likert scale (not present at all, present to 
some extent, and present to a great extent). 

For use of authentic instruction principles, observers rated classrooms on the degree to 
which teachers used each of the six instructional principles, using a Likert scale reflecting each 
construct: 

•	 Coherence of the material: 3-point scale (presenting material in superficial fragments, 
covering some overarching concepts, covering overarching concepts in depth). 

•	 Connection with students’ out-of-school experiences: 3-point scale (no clear 
connections, incidental connections, students are encouraged to see the connection). 

•	 Connection to other content disciplines: 3-point scale (no clear connections, 
superficial connections, conceptual-level connections). 

•	 Substantive conversation: 4-point scale (no substantive conversation, occasional 
teacher probes, frequent teacher probes, students encouraged to converse among 
themselves). 

•	 Teacher support for students: 3-point scale (not good, mixed, positive). 
•	 Student engagement: 4-point scale (students inattentive, students occasionally on-

task, students on-task most of the time, all but one or two students deeply engaged). 

Observers rated teacher use of technology, student use of technology, teacher use of 
manipulatives, and student use of manipulatives on a 3-point Likert scale (none used, used 
procedurally, used to enhance understanding). They rated the extent to which different student 
grouping patterns (individuals, pairs, small groups, whole class) were used in classrooms on a 5-
point Likert scale (none of the time, 1–25 percent of the time, 26–50 percent of the time, 51–75 
percent of the time, 76 percent or more of the time). They rated teacher comfort level and teacher 
knowledge of subject matter on a 4-point Likert scale (not at all, a little, fairly, very). They also 
recorded descriptive information about the class, such as the setting and seating arrangements, 
grade level, and estimated ethnicity and gender composition of the class. 

Classroom observations were conducted in both control and AMSTI classrooms 
during Years 1 and 2 of the study. Data from classroom observations are not included in this 
report because they do not inform the specific aims or research questions specified for it. 

conversation, have social support in the classroom that supports high levels of achievement, and be 
engaged in the lesson. 
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Professional development teacher surveys 

Surveys were administered to teachers at the beginning and end of summer institute 
trainings in order to gauge how well trainings increased their knowledge and skills in content 
areas as well as to gain feedback on the trainings. The surveys were originally collected to 
inform additional research questions about program implementation that are not addressed in this 
report. 

Teachers rated their knowledge and skills in their grade and subject area at the beginning 
of the summer professional development trainings and at the conclusion of the training. Because 
each grade/subject covered distinct content during the training, eight separate surveys were 
developed, to enable training recipients to rate their knowledge and skills in subject areas 
specific to their grade/subject and Year 1 or Year 2 training status. The surveys administered at 
the end of the training also contained questions about teachers’ backgrounds, the extent to which 
teachers considered themselves able to implement AMSTI overall and their perceived 
preparation regarding their ability to implement specific aspects of the program, anticipated 
challenges to implementation, the need for follow-up support and the type of support needed, and 
feedback about specific aspects of the training, including quality and length of the training, 
aspects of the training teachers enjoyed, and suggestions for improvement. 

Trainers distributed professional development teacher surveys at the beginning and end 
of the training to all attendees who were grade 5 and 7 mathematics and science teachers. All 
surveys were anonymous, in order to encourage candid responses. Trainers collected the surveys, 
sealed them in envelopes, and gave them to the training site coordinators, who mailed them to 
AED.

 Professional development surveys were administered in Years 1 and 2 of the study. Data 
from professional development teacher surveys were not included in this report because they do 
not inform the specific aims or research questions specified for it. 

Professional development observations 

Professional development observations were conducted in order to obtain information on 
the summer institute training environment and participant engagement. The observations were 
originally collected to inform additional research questions about program implementation that 
are not addressed in this report. 

During the training sessions, research staff used a protocol to guide observation of the 
session. The protocol prompted observers to report, in narrative or open-ended form, the topics 
covered during that training; the type and extent of use by the trainer of instructional methods 
(for example, lecture, small group discussion, skills practice); instructional tools used by the 
trainer; and the degree to which participants appeared engaged in the training session. Observers 
also identified external factors that could have influenced the training sessions (for example, 
classroom conditions or a disgruntled participant). Each trainer was observed at least once over 
the course of training. 
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Professional development observations were conducted in Years 1 and 2 of the study. 
Data from professional development observations were not included in this report because they 
do not inform the specific aims or research questions specified for this report. 

Principal surveys 

Web-based surveys were administered to principals at the beginning of each school year, 
in order to gather data on baseline conditions for exploratory analyses to determine whether 
school conditions moderated the effect of AMSTI on student performance as well as to inform 
additional research questions about program implementation that are not addressed in this report. 
The survey instrument was developed by Empirical Education researchers, based on the 
information needs of ALSDE. The items were adapted from items used in previous Empirical 
Education studies. The domains included the following: 

• Professional development (types, frequency, effect on learning). 
• Instructional time, student assessment, technology (availability, support, comfort). 
• Teacher background, equipment and materials (availability, use, satisfaction). 
• Instructional strategies (inquiry, hands-on, higher-order thinking skills). 
• Teacher planning and collaboration. 
• Student engagement. 
• Meeting an existing need. 
• Other school initiatives. 
• Community partnerships. 

Principals were emailed a consent form, which researchers reviewed with them over the 
telephone. Once a principal faxed back a signed consent, researchers emailed the principal a 
survey invitation. Nonrespondents received emails and telephone calls to ensure acceptable 
response rates. 

Surveys were administered in Years 1 and 2 to principals in AMSTI and control schools. 
Data from one question on the principal surveys administered in Year 1 was used to assess how 
many schools had prior exposure to Leadership Academy for Math, Science, and Technology 
(described in chapter 1). Additional data from the principal surveys were not included in this 
report because they do not inform the specific aims or research questions specified for it. 
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OMB Number: 1850–0831 

Expiration Date: 07/31/2010
 

Appendix G. Alabama Math, Science, and Technology Initiative (AMSTI) 
teacher survey #3 

The collection of information in this study is authorized by Public Law 107-279 
Education Sciences Reform Act of 2002, Title I, Part C, Sec. 151(b) and Sec. 153(a). 
Participation is voluntary. You may skip questions you do not wish to answer; however, we hope 
that you will answer as many questions as you can. Your responses are protected from disclosure 
by federal statute (PL 107-279 Title I, Part C, Sec. 183). All responses that relate to or describe 
identifiable characteristics of individuals may be used only for statistical purposes and may not 
be disclosed, or used, in identifiable form for any other purpose, unless otherwise compelled by 
law. Data will be combined to produce statistical reports. No individual data that links your 
name, school name, address, telephone number, or identification number with your responses 
will be included in the statistical reports. 

According to the Paperwork Reduction Act of 1995, no persons are required to respond 
to a collection of information unless it displays a valid OMB control number. The valid OMB 
control number for this information collection is 1850–0831 (expiration date: 07/31/2010). The 
time required to complete this information collection is estimated to average 20 minutes, 
including the time to review instructions, search existing data resources, gather the data needed, 
and complete the information collection. If you have any comments concerning the accuracy of 
the time estimate or suggestions for improving this form, please contact: the Department of 
Education 50 North Ripley Street PO Box 302101 Montgomery, AL 36104. If you have 
comments or concerns regarding the status of your individual submission, e-mail directly to: 
XXX at XXX@empiricaleducation.com or call toll free 1-888-486-XXXX ext. XXX.110 

110 Researchers’ contact information has been removed. 
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___________________________________________________________________________ 
___________________________________________________________________________ 

 

 

  

___________________________________________________________________________ 
___________________________________________________________________________ 

 

You may want your lesson planner in front of you to answer some of the questions. 

Identification: 

1. Please enter your first and last name here _____________________________________ 

2. During the past two weeks, what curricular and other print materials did you use to teach 
mathematics and/or science? Mark all that apply. 
__AMSTI supplied: (Please list) 

__A+ Learning Computer Program 

__Accelerated Math 

__Alabama Course of Study 

__Alabama Science in Motion 

__Carolina Biological 

__CPO Science 

__Edutest 

__Glencoe 

__Harcourt Brace 

__Holt Science 

__Houghton Mifflin 

__Integrated Science 

__Lightspan 

__Macmillan  

__Math for Today 

__McGraw-Hill 

__Saxon Math 

__Scholastic 

__Science World 

__Scott Foresman Science 

__SRA Intervention Math 

__Other: (Please list) 
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______________________________________________________________________ 
 

 

 
________________________________________________________________________ 

 

 

 
 

________________________________________________________________________ 
______ 

Math 

3a. Do you teach mathematics during the current (2008–2009) school year? 
__Yes 
__No (Go to question 15a) 

3b. Do you teach mathematics to students who are not assigned to you on your school’s 
official computerized class roster? 

Examples: 
-swapping students based on test scores or other factors 
-team teaching where you and another teacher teach both your own students and that 

teacher’s students 
-supporting another teacher to teach the students in that teacher’s classroom 
-other 

__Yes, please specify __________________________ 
__No, I only teach math to students in my own class(es) (Go to question 3f) 

3c. Please name the teachers whose students you teach math, or whose students you 
partner in teaching math, or whom you support in the classroom for math. 

Please indicate if you teach ALL the students assigned to this teacher or a smaller group 
of their students. 

3d. If you swap math students based on test scores, which test do you use to make that 
determination? _________________________________________________________________ 

3e. If you swap math students based on test scores, what is the score range of the students 
you teach? 

3f. Have you taught the same groups of math students since at least October of this 2008– 
2009 school year? 

__Yes 

__No; please explain why not: ____________________________________ 


3g. Is there anything else you would like us to know about your math classes? 
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Math Instructional Strategies 

The following questions are attempting to understand the number of hours that students 
receive of each type of instruction. Each question asks you to reflect upon the last two weeks (ten 
full days) of instruction. 

4a. Think back on your last two weeks (10 full days) of instruction: approximately how 
many minutes did your students spend doing math in your class? Please enter the total 
number of minutes. Be sure to consider all activities, including discussion, lecture, reading, 
watching video, hands-on activities, worksheets, and activities that integrate math with other 
subjects. 

Minutes of math instruction ______ 


4b. The number in question 4a represents my minutes of instruction 


__Daily 


__Weekly 


__For two weeks 


4c. How many math classes (that is, different groups of students) do you teach? 


__1 (Go to question 4e) 


__2 (Go to question 4d) 


__3 (Go to question 4d) 


__4 (Go to question 4d) 


__5 (Go to question 4d) 


__6 (Go to question 4d) 


__7 (Go to question 4d) 


__8 (Go to question 4d) 


__Other, please specify __________________(Go to question 4d) 


4d. Is the number in question 4a the sum of the minutes for all math classes or the average 

minutes per class? 


__Sum 


__Average 


__Other, please specify ________________ 


4e. For the remainder of the math instruction section of this survey, please continue to 

calculate your responses in the same manner as you did for question 4a. 


__OK 
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4f. Is there anything else you would like us to know about the number of minutes of math 
instruction that you reported? ______________________________________________ 

5. Consider the following description of Inquiry-Based Instruction in which students do all of 
the following activities as part of the learning process: 

• Make observations 
• Pose questions 
• Examine books and other sources of information to see what is already known 
• Plan investigations 
• Review what is already known in light of experimental evidence 
• Use tools to gather, analyze, and interpret data 
• Propose answers, explanations, and predictions 
• Communicate the results 

During the past two weeks, approximately how many minutes did students participate in 

Inquiry-Based Instruction in your math class? 

Minutes of Inquiry-Based math instruction ____________ 


6. During the past two weeks, approximately how many minutes did students participate in 

hands-on math activities (involving active participation; applied, as opposed to theoretical)?
 
Please enter the total number of minutes.
 
Minutes of hands-on math instruction ____________ 


7. During the past two weeks, how many minutes were your students engaged in math 

activities that required higher-order thinking skills (that is, where students advance from
 
skills such as focusing and information gathering to skills such as integrating and 

evaluating)? Please enter the total number of minutes.
 
Minutes of higher-order thinking skills in math __________ 


8. During the past two weeks, about how much time did you teach using AMSTI supplied 

math print materials? Please enter the total number of minutes. If you do not teach AMSTI, 

please enter “0.” 

Minutes using AMSTI supplied math print materials _________ 


9. During the past two weeks, what type of math assessments did you use in your classroom?
 
Please check all that apply. 

__Informal assessments, such as questioning and observation, to gauge student learning 

__Formative paper and pencil assessments (that is, assessments that occur regularly 

throughout the year in order to inform instruction) 

__Performance-based assessments (that is, assessing students based on their application of
 
knowledge, skills, and work habits through the performance of tasks that are meaningful and 

engaging to students) 

__Standardized assessments 

__Other, please describe______________ 

__I did not administer any math assessments
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Math Professional Development 

For AMSTI: Please include any professional development you have received as part of the 
AMSTI program or in any way connected with AMSTI. 

For non-AMSTI: Please include all non-AMSTI professional development you have 
received. 

10a. The following questions refer to math Professional Development (PD) activities in 
which you have participated during the past month. If you have not participated in math 
professional development activities, please enter “0” for number of hours. 

During the past month, how much professional development have you received for your 
math program? Please do not include support or collaboration meetings. Please enter the total 
hours of training in each box. 

AMSTI mathematics __________ 

Non-AMSTI mathematics __________ 


10b. To what extent have the math professional development activities increased the 
following? 
1 = Not at all or very little, 2 = To some extent, 3 = A great deal, NA = Not applicable 

[Note: On the Web-based survey, these types of questions appear as matrices] 

_____Your ability to incorporate technology into your teaching 

_____Your ability to use new teaching methods 

_____Your ability to teach basic skills and facts 

_____Your classroom management strategies 

_____Your ability to teach critical thinking skills to your students 

_____Your students’ academic achievement 

_____The way you assess student work 

The next questions are about asking for and receiving support. If you did not ask for or 
receive support, please enter “0” for total times. 

11a. During the past month, how many times did you try contacting someone for support 
(for example, for mentoring or coaching) with math instruction? 

AMSTI mathematics total times__________ 

Non-AMSTI mathematics total times __________ 
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11b. During the past month, how many times did someone actually provide support (for 
example, for mentoring or coaching) with math instruction? 

AMSTI mathematics total times__________ 

Non-AMSTI mathematics total times__________ 


11c. To what extent have the math support activities listed in question 11b increased the 
following? 

1 = Not at all or very little, 2 = To some extent, 3 = A great deal, NA = Not applicable 

_____Your ability to incorporate technology into your teaching 

_____Your ability to use new teaching methods 

_____Your ability to teach basic skills and facts 

_____Your classroom management strategies 

_____Your ability to teach critical thinking skills to your students 

_____Your students’ academic achievement 

_____The way you assess student work 

12a. During the past month, how frequently have you had collaboration meetings with 
other teachers (for example, for planning lessons) for math? 

1 = Never, 2 = Once or twice, 3 = At least weekly, 4 = Daily, NA = Not applicable 

AMSTI mathematics__________ 
Non-AMSTI mathematics__________ 

12b. To what extent have the math collaboration activities listed in question 12a 
increased the following? 

1 = Not at all or very little, 2 = To some extent, 3 = A great deal, NA = Not applicable 

_____Your ability to incorporate technology into your teaching 

_____Your ability to use new teaching methods 

_____Your ability to teach basic skills and facts 

_____Your classroom management strategies 

_____Your ability to teach critical thinking skills to your students 

_____Your students’ academic achievement 

_____The way you assess student work 

13. During the past two weeks, how many hours (both paid and unpaid time) did you 
spend planning your math lessons? Please enter the total number of hours. 

Math __________ 
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Math Materials 

14a. How well is your classroom equipped with the types of math manipulatives you 
need? 

__I have all the types that I need 

__I have most the types that I need 

__I have some of the types that I need 

__I don’t have any manipulatives 

14b. How well is your classroom supplied with quantities of math manipulatives? 

__I have enough manipulatives for all of my students 

__I have enough manipulatives for most of my students 

__I have enough manipulatives for some of my students 

__I don’t have any manipulatives 

Science 

15a. Do you currently teach science? 

__Yes 

__No (Go to question 27) 


15b. Do you teach science to students who are not assigned to you on your school’s 
official computerized class roster? 

Examples: 
-swapping students based on test scores or other factors 
-team teaching where you and another teacher teach both your own students and that 

teacher’s students 
-supporting another teacher to teach the students in that teacher’s classroom 
-other 

__Yes, please specify __________________________ 
__No, I only teach science to students in my own class(es) (Go to question 15f) 

15c. Please name the teachers whose students you teach science, or whose students you 
partner in teaching science, or whom you support in the classroom for science. 

Please indicate if you teach ALL the students assigned to this teacher or a smaller group of 
their students. _________________________________ 
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________________________________________________________________________ 
__________________________________________________________________ 

 
 

 

 
 

 

 

15d. If you swap science students based on test scores, which test do you use to make that 
determination? _____________________________________________________ 

15e. If you swap science students based on test scores, what is the score range of the 
students you teach? ____________________________________________________ 

15f. Have you taught the same groups of science students since at least October of this 
school year? 

__Yes 

__No; please explain why not: ____________________________________ 


15g. Is there anything else you would like us to know about your science classes? 


Science Instructional Strategies 

The following questions are attempting to understand the number of hours that students 
receive of each type of instruction. Each question asks you to reflect upon the last two weeks (ten 
full days) of instruction. 

16a. Think back on your last two weeks (10 full days) of instruction: approximately how 
many minutes did your students spend doing science in your class? Please enter the total 
number of minutes. Be sure to consider all activities, including discussion, lecture, reading, 
watching video, hands-on activities, worksheets, and activities that integrate science with 
other subjects. 
Minutes of science instruction ____________ 

16b. The number in question 16a represents my minutes of instruction 
__Daily 
__Weekly 
__For two weeks 
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16c. How many science classes (that is different groups of students) do you teach? 


__1 (Go to question 16e) 


__2 (Go to question 16d) 


__3 (Go to question 16d) 


__4 (Go to question 16d) 


__5 (Go to question 16d) 


__6 (Go to question 16d) 


__7 (Go to question 16d) 


__8 (Go to question 16d) 


__Other, please specify __________________(Go to question 16d) 


16d. Is the number in question 16a the sum of the minutes for all science classes or the 

average minutes per class? 


__Sum 


__Average 


__Other, please specify________________________ 


16e. For the remainder of the science instruction section of this survey, please continue to 

calculate your responses in the same manner as you did for question 16a. 

__OK 


16f. Is there anything else you would like us to know about the number of minutes of science 

instruction that you reported? ___________________________ 


17. Consider the following description of Inquiry-Based Instruction in which students do all 
of the following activities as part of the learning process: 

• Make observations 
• Pose questions 
• Examine books and other sources of information to see what is already known 
• Plan investigations 
• Review what is already known in light of experimental evidence 
• Use tools to gather, analyze, and interpret data 
• Propose answers, explanations, and predictions 
• Communicate the results 

During the past two weeks, approximately how many minutes did students participate in 

Inquiry-Based Instruction in your science class? 

Minutes of inquiry-based science instruction____________ 
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18. During the past two weeks, approximately how many minutes did students participate in 

hands-on science activities (involving active participation; applied, as opposed to 

theoretical)? Please enter the total number of minutes.
 
Minutes of hands-on science instruction____________ 


19. During the past two weeks, how many minutes were your students engaged in science 

activities that required higher-order thinking skills? (that is, where students advance from
 
skills such as focusing and information gathering to skills such as integrating and 

evaluating.) Please enter the total number of minutes.
 
Minutes of higher-order thinking skills in science____________ 


20. During the past two weeks, about how much time did you teach using AMSTI supplied 

print materials? Please enter the total number of minutes. If you do not teach AMSTI, please 

enter “0.” 


Minutes using AMSTI supplied science print materials_________ 

21. During the past two weeks, what type of science assessments did you use in your 
classroom? Please check all that apply. 

___Informal assessments, such as questioning and observation, to gauge student learning 

___Formative paper and pencil assessments (that is, assessments that occur regularly throughout 
the year in order to inform instruction) 

___Performance-based assessments (that is, assessing students based on their application of 
knowledge, skills, and work habits through the performance of tasks that are meaningful and 
engaging to students) 

___Standardized assessments 

___Other, please describe ______________ 

___I did not administer any science assessments 

Science Professional Development 

For AMSTI: Please include any professional development you have received as part of 
the AMSTI program or in any way connected with AMSTI. 

For non-AMSTI: Please include all non-AMSTI professional development you have 
received. 

22a. The following questions refer to science Professional Development (PD) activities in 
which you have participated during the past month. If you have not participated in science 
professional development activities, please enter “0” for number of hours. 
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During the past month, how much professional development have you received for your 
science program. Please do not include support or collaboration meetings. Please enter the total 
hours of training in each box. 

AMSTI science __________ 
Non-AMSTI science __________ 

22b. To what extent have the science professional development activities increased the 
following? 

1 = Not at all or very little, 2 = To some extent, 3 = A great deal, NA = Not applicable 

_____Your ability to incorporate technology into your teaching 

_____Your ability to use new teaching methods 

_____Your ability to teach basic skills and facts 

_____Your classroom management strategies 

_____Your ability to teach critical thinking skills to your students 

_____Your students’ academic achievement 

_____The way you assess student work 

The next questions are about asking for and receiving support. If you did not ask for or 
receive support, please enter “0” for total times. 

23a. During the past month, how many times did you try contacting someone for support 
(for example, for mentoring or coaching) with science instruction? 

AMSTI science total times__________ 

Non-AMSTI science total times __________ 


23b. During the past month, how many times did someone actually provide support (for 
example, for mentoring or coaching) with science instruction? 

AMSTI science total times__________ 

Non-AMSTI science total times __________ 
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23c. To what extent have the science support activities listed in question 23b increased 
the following? 

1 = Not at all or very little, 2 = To some extent, 3 = A great deal, NA = Not applicable 

_____Your ability to incorporate technology into your teaching 
_____Your ability to use new teaching methods 
_____Your ability to teach basic skills and facts 
_____Your classroom management strategies 
_____Your ability to teach critical thinking skills to your students 
_____Your students’ academic achievement 
_____The way you assess student work 
_____Your ability to incorporate technology into your teaching 

24a. During the past month, how frequently have you had collaboration meetings with 
other teachers (for example, for planning lessons) for science? 

1 = Never, 2 = Once or twice, 3 = At least weekly, 4 = Daily, NA = Not applicable 

AMSTI Science __________ 
Non-AMSTI Sciences__________ 

24b. To what extent have the science collaboration activities listed in question 24a 
increased the following? 

1 = Not at all or very little, 2 = To some extent, 3 = A great deal, NA ability to use new 
teaching methods 

_____Your ability to teach basic skills and facts 
_____Your classroom management strategies 
_____Your ability to teach critical thinking skills to your students 
_____Your students’ academic achievement 
_____The way you assess student work 

25a. During the past two weeks, how many hours (both paid and unpaid time) did you 
spend planning your Science lessons? Please enter the total number of hours. 

Science__________ 

Science Materials 

26a. How well is your classroom equipped with the types of materials for hands-on 
science you need? 

___I have all the types that I need 
___I have most the types that I need 
___I have some of the types that I need 
___I don’t have any hands-on science materials 
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26b. How well is your classroom supplied with quantities of materials for hands-on science? 
___I have enough materials for hands-on science for all of my students 
___I have enough materials for hands-on science for most of my students 
___I have enough materials for hands-on science for some of my students 
___I don’t have any materials for hands-on science 

Technology 

27. To what extent do you agree with the following statements about education technology? 
Mark one box per row. 

1 = Strongly Disagree, 2 = Somewhat Disagree, 3 = Neither Disagree nor Agree 4 = 

Somewhat Agree, 5 = Strongly Agree 


_____Educational technology can be used to improve instructional practice. 

_____Educational technology can be used to improve teachers’ subject matter knowledge. 

_____Educational Technology can be used to improve student learning. 

_____Educational technology can be used to improve students’ performance on standardized 


tests. 
_____Educational technology (the availability of) can help to narrow the achievement gap 

between traditionally underserved students and other students. 

28. Approximately how many computers are available for students to use in your classroom? 
_____One computer for each student 
_____One computer for every two students 
_____One computer for every three students 
_____One computer for every four students 
_____One computer for every five students 
_____One computer for every six or more students 
_____Did not have computers in the classroom 
_____Not Applicable 

29. How many graphing calculators are available for students to use in your classroom? 
_____One graphing calculator for each student 
_____One graphing calculator for every two students 
_____One graphing calculator for every three students 
_____One graphing calculator for every four students 
_____One graphing calculator for every five students 
_____One graphing calculator for every six or more students 
_____Did not have graphing calculators in the classrooms 
_____Not Applicable 
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___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
 

___________________________________________________________________________ 

30. How many scientific calculators are available for students to use in your classroom? 
_____One graphing calculator for each student 
_____One graphing calculator for every two students 
_____One graphing calculator for every three students 
_____One graphing calculator for every four students 
_____One graphing calculator for every five students 
_____One graphing calculator for every six or more students 
_____Did not have graphing calculators in the classrooms 
_____Not Applicable 

31. How many basic/4 function calculators are available for students to use in your 
classroom?  
_____One basic/4 function calculator for each student 
_____One basic/4 function calculator for every two students 
_____One basic/4 function calculator for every three students 
_____One basic/4 function calculator for every four students 
_____One basic/4 function calculator for every five students 
_____One basic/4 function calculator for every six or more students 
_____Did not have basic/4 function calculators in the classrooms 
_____Not Applicable 

32. How well are your technical support needs met? 
_____Not very well 
_____Moderately well 
_____Very well 
_____Not applicable 

Additional Information 
33. Teachers who participate in the study for a whole school year by completing all four 
web-based surveys will receive an honorarium. Please provide your mailing address so that 
we may mail you your stipend check during the summer of 2009. 

34. Is there anything else you would like us to know about your math and/or science 
program, or about this survey? 
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Appendix H. Data cleaning and data file construction 

This appendix reports the methods used to clean and construct the data files for the 
student-level and program implementation data. 

Student-level data 

Data were obtained at the student, teacher, and school levels. Unique identifiers at each 
of these levels allowed researchers to link students to teachers and to schools and to link teachers 
to schools. This linking was necessary for subsequent hierarchical linear modeling analyses of 
the results. 

Data on the student achievement measure were collected and received from Information 
System Services at ALSDE in a Microsoft Excel file. The engineering department at Empirical 
Education used a verification tool that automates the process for checking the validity of the 
data. The specific criteria for each value were inputted into the verification tool and unexpected 
values flagged. The values were checked to make sure they were within the expected range, fit 
the appropriate code or format, were unique, and were required. Any values that did not meet the 
specific criteria were flagged; if unfixable, they were sent back to Information Systems Services 
for correcting. Once the data had been verified, they were imported into a Microsoft Access 
database. SAS was used to read and analyze the data. 

Program implementation data 

All data from professional development training logs, teacher interviews, and principal 
interviews were entered by research staff into an SPSS database. Double-data entry procedures 
were completed for all measures, in order to ensure 100 percent accuracy. 

All web-based teacher survey data were automatically entered into a Microsoft Excel file 
from a web-based survey tool used by Empirical Education. Data that required cleaning were 
cleaned within Excel; the accuracy of data cleaning was verified through double-data cleaning 
procedures. Data were then transferred into a Microsoft Access database and categorical data 
were coded. SAS was used to read and analyze the survey data. 
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Appendix I. Attrition through study stages for samples used in the 
confirmatory analysis 

This appendix reviews the steps through which the analytic sample was selected for each 
confirmatory outcome. It does not discuss student or teacher crossover or attrition of students 
from study schools. Student posttests were collected directly from the state; roster information 
was collected only once, at the start of the school year. Therefore, it was not possible to know 
whether a given posttest was collected from a student who was in the same school and condition 
in which the student started, in a different condition or a different school, or in a public school in 
Alabama that was not participating in the study. Posttests were not obtained from students who 
were absent from school when the test was given (because they were ill, were temporarily out of 
school, or had moved out of state) or who transferred to a private school in Alabama. 

Selection of the Stanford Achievement Test Tenth Edition (SAT 10) mathematics problem 
solving outcome sample 

Below appear changes in the numbers of schools, teachers, and students from the point of 
randomization to the point at which the analytic sample associated with the SAT 10 mathematics 
problem solving outcome was identified (table I1). 

Table I1 Attrition from analytical sample associated with Stanford Achievement Test 
Tenth Edition (SAT 10) mathematics problem solving outcome 

Item 

AMSTI Control 
Number of 

schools 
Number of 

teachers 
Number of 

students 
Number of 

schools 
Number of 

teachers 
Number of 

students 

Randomization 41 na na 41 na na 

Numbers indicated in fall rosters 41 249 12,065 41 233 10,492 

Loss because of disability 0 –3 –1,548 0 –4 –1,383 

Baseline sample 41 246 10,517 41 229 9,109 

Loss because of students transferring 
from Subexperiment 1 to 
Subexperiment 2 0 0 –24 0 0 –26 

Available cases 41 246 10,493 41 229 9,083 

Loss because of missing student 
identifier 0 0 0 0 0 0 

Available cases 41 246 10,493 41 229 9,083 

Loss because of missing school 
identifier 0 0 0 0 0 0 

Available cases 41 246 10,493 41 229 9,083 

Loss because of missing posttests 0 –2 –471 0 0 –392 

Number of cases in sample  41 244 10,022 41 229 8,691 
na is not applicable. 

Source: Student achievement data from tests administered as part of the state’s accountability system. 




 

 

 

 
 

 
 

 
 

 

 

 

 

 

 
 

 

                                                      

  

Random assignment 

Forty-one schools were randomly assigned to the AMSTI condition, and 41 schools were 
randomly assigned to the control condition. 

Confirmation of rosters and teacher assignments 

Districts provided information about teachers and student rosters at the start of the school 
year following randomization. The record for the number of teachers and students began at the 
time roster information was received. The rosters from AMSTI schools included 249 
mathematics teachers (with 12,065 students) from grades 4–8. The rosters from the control 
schools included 233 mathematics teachers (with 10,492 students) from grades 4–8. 

Exclusion of data on students with disabilities 

All students with disabilities, including those listed on the rosters of “general” 
mathematics and science classes, were regarded as ineligible to participate in the study. 
Disability was defined as a mental, emotional, physical, or learning disability, according to the 
district’s formal designation.111 All students with disabilities were identified and were receiving 
special education services. The school districts determined a student’s disability status and 
whether the student was ineligible for the pretest or required testing modifications because of it. 

Data on 1,548 students with disabilities were excluded from AMSTI schools; data on 
1,383 students with disabilities were excluded from the control schools. The remaining sample 
consisted of 41 AMSTI schools (with 246 teachers and 10,517 students) and 41 control schools 
(with 229 teachers and 9,109 students). 

Exclusion of data on students who moved between subexperiments 

Data from students whose identifiers appeared twice in the analytic sample were 
excluded from analysis. These were students who moved between subexperiments. Because the 
first subexperiment started one year before the second one, moving across experiments would 
have resulted in unknown levels of exposure to the intervention. Data from 24 students from 
AMSTI schools and 26 students from control schools were excluded for this reason. Removing 
these students’ data did not result in a decline in the number of teachers or schools. 

Exclusion of data on students without valid identifiers 

Student data were excluded if they were missing valid student or school identifiers. It was 
critical to have this information in order to properly model school membership in the analysis. 
All students were linked to school identifiers. 

111 These designations are also used by the state for accountability purposes to provide the counts of 
students with disabilities. 
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Exclusion of data on students without valid posttests 

Student data were excluded from analysis if the posttest score was missing or lay outside 
the range of the posttest scale. Data on 471 students in AMSTI school and 392 students in 
control schools were excluded because they were missing posttests. In AMSTI schools, the loss 
of these data resulted in the loss of two teachers but no schools. The loss of the data had no effect 
on the number of control teachers or schools. 

Student data were not excluded if they were missing values for one or more covariates in 
the model, including the pretest. A dummy variable method was used to handle missing values 
for covariates, which involved replacing the unobserved value with a constant and, for each 
covariate, adding an indicator variable with a value of 1 or 0 to signify whether the value of the 
corresponding covariate was observed or unobserved (missing). 

The starting sample included 41 AMSTI schools (with 249 mathematics teachers and 
12,065 students) and 41 control schools (with 233 mathematics teachers and 10,492 students). 
The baseline sample for the analysis of mathematics outcomes, which was limited to students 
without disabilities, consisted of 41 AMSTI schools (with 246 teachers and 10,517 students) and 
41 control schools (with 229 teachers and 9,109 students). The analytic sample for the analysis 
of mathematics outcomes consisted of 41 AMSTI schools (with 244 teachers and 10,022 
students) and 41 control schools (with 229 teachers and 8,691 students). 

Selection of the Stanford Achievement Test Tenth Edition (SAT 10) 
science outcome sample 

Below appear changes in the numbers of schools, teachers, and students from the point of 
randomization to the point at which the analytic sample associated with the SAT 10 science 
outcome was identified (table I2). This process parallels the one for mathematics described 
above, except that the student sample was limited to grades 5 and 7. 
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Table I2 Attrition from analytical sample associated with Stanford Achievement Test 
Tenth Edition (SAT 10) science outcome 

 AMSTI Control 

Item 
Number of 

schools 
Number of 

teachers 
Number of 

students 
Number of 

schools 
Number of 

teachers 
Number of 

students 

Randomization 41 na na 41 na na 

Numbers indicated in fall rosters 41 233 12,065 41 213 10,492 

Loss because not in grades 5 or 7 0 –128 –6,972 0 –116 –6,284 

Cases in grades 5 and 7 41 105 5,093 41 97 4,208 

Loss because of disability –2 –2 –613 0 –2 –520 

Available cases (baseline sample) 39 103 4,480 41 95 3,688 

Loss because of students transferring 
from Subexperiment 1 to 
Subexperiment 2) 0 0 –14 0 0 –9 

Available cases 39 103 4,466 41 95 3,679 

Loss because of missing student 
identifier 0 0 0 0 0 0 

Available cases 39 103 4,466 41 95 3,679 

Loss because of missing school 
identifier 0 0 0 0 0 0 

Available cases 39 103 4,466 41 95 3,679 

Loss because of missing posttests 0 –1 –384 –1 –5 –233 

Number of cases in sample 39 102 4,082 40 90 3,446 
na is not applicable. 

Source: Student achievement data from tests administered as part of the state’s accountability system. 


Random assignment phase 

Forty-one schools were randomly assigned to the AMSTI condition, and 41 schools were 
randomly assigned to the control condition. 

Confirmation of rosters and teacher assignments 

Districts provided information about teachers and student rosters at the start of the school 
year, following randomization. The record for the number of teachers and students began at the 
time roster information was received. The rosters from AMSTI schools included 233 science 
teachers (with 12,065 students) from grades 4–8. The rosters from the control schools included 
213 science teachers (with 10,492 students) from grades 4–8. 
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Participation of specific grade levels 

Only data from students in grades 5 and 7 (the grades for which it is mandatory to assess 
performance on Alabama’s science achievement test) were included in the analysis of the impact 
of AMSTI on science performance. Students in other grades are also tested in science, but they 
are tested at the discretion of districts, principals, and teachers. Science outcomes from these 
grades were not included in the analysis, because voluntary participation could lead to selection 
effects that could have biased the outcomes. After limiting data from students to grades 5 or 7, 
41 AMSTI schools (with 105 teachers and 5,093 students) and 41 control schools (with 97 
teachers and 4,208 students) remained in the sample. 

Exclusion of data on students with disabilities 

Data were excluded on 613 students with disabilities from AMSTI schools and 520 
students with disabilities from the control schools. The remaining sample consisted of 39 AMSTI 
schools (with 103 teachers and 4,480 students) and 41 control schools (with 95 teachers and 
3,688 students). 

Exclusion of data on students who moved between subexperiments 

Data from students whose identifiers appeared twice in the analytic sample were 
excluded from analysis. These were students who moved between subexperiments. Because the 
first subexperiment started one year before the second one, moving across the experiments would 
have resulted in unknown levels of exposure to the intervention. Data from 14 students from 
AMSTI schools and 9 students from control schools were excluded for this reason. Removing 
these students’ data did not result in a decline in the number of teachers or schools. 

Exclusion of data on students without valid identifiers 

Student data were excluded if they were missing valid student or school identifiers. It was 
critical to have this information in order to properly model school membership in the analysis. 
All students were linked to school identifiers. 

Exclusion of data on students without valid posttests 

Student data were excluded from analysis if a posttest score was missing or lay outside 
the range of the posttest scale. Data from 384 students in AMSTI school and 233 students in 
control schools were excluded because they were missing posttests. Exclusion of these data 
resulted in the loss of one teacher but no schools in the AMSTI condition and five teachers and 
one school in the control condition. 

Student data were not excluded if they were missing values for one or more covariates, 
including the pretest. A dummy variable method was used to address missing values for 
covariates, which involved replacing the unobserved value with a constant and, for each 
covariate, adding an indicator variable with a value of 1 or 0 to signify whether the value of the 
corresponding covariate is observed or unobserved (missing). 
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The starting sample included 41 AMSTI schools (with 233 teachers and 12,065 students) 
and 41 control schools (with 213 teachers and 10,492 students). The baseline sample for the 
analysis of science outcomes, which was limited to students without disabilities in grades 5 or 7, 
consisted of 39 AMSTI schools (with 103 teachers and 4,480 students) and 41 control schools 
(with 95 teachers and 3,688 students). The analytic sample for the analysis of science outcomes 
consisted of 39 AMSTI schools (with 102 teachers and 4,082 students) and 40 control schools 
(with 90 teachers and 3,446 students). 

Selection of the sample for the active learning score outcome 

Below appear changes in the sample from the point at which completed surveys were 
collected from teachers to the point at which the analytic sample was identified (tables I3 and 
I4). 

Table I3 Attrition from analytical sample associated with active learning in mathematics 
outcome 

AMSTI Control 

Item 
Number of 

schools 
Number of 

teachers 
Number of 

schools 
Number of 

teachers 

Randomization 41 na 41 na 

Loss before completing surveys 0 na –1 na 
Completed surveys 
(baseline sample) 41 221 40 205 

Loss because of missing teacher identifier 0 0 0 0 

Available cases 41 221 40 205 

Loss because of missing school identifier 0 0 0 0 

Available cases 41 221 40 205 

Loss because of missing valid active learning in 
mathematics score 0 –8 0 –13 

Number of cases in sample 41 213 40 192 
na is not applicable. 
Source: Teacher survey data. 
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Table I4 Attrition from analytical sample associated with active learning in science 
outcome 

AMSTI Control 

Item 
Number of 

schools 
Number of 

teachers 
Number of 

schools 
Number of 

teachers 

Randomization 41 na 41 na 

Loss before completing survey –1 na –1 na 
Completed surveys 
(baseline sample) 40 203 40 192 

Loss because of missing teacher identifier 0 0 0 0 

Available cases 40 203 40 192 

Loss because of missing school identifier 0 0 0 0 

Available cases 40 203 40 192 

Loss because of missing valid active learning in science  
score 0 –9 –2 –17 

Number of cases in sample 40 194 38 175 
na is not applicable. 

Source: Student achievement data from tests administered as part of the state’s accountability system. 


Random assignment phase 

Forty-one schools were randomly assigned to the AMSTI condition, and 41 schools were 
randomly assigned to the control condition. 

Survey completion 

As described in the data collection section, teachers were asked to consent to participate 
in online surveys. Teachers who did so were asked to complete four monthly surveys between 
January and April of Year 1. Data from specific questions from these surveys were used to 
compute a composite variable called the active learning score (see the data analysis method 
section for a description of how the active learning score was computed). 

The sample was first limited to teachers who taught the appropriate grades and subjects. 
All AMSTI schools had at least one mathematics teacher (in non-special education classes in 
from grades 4–8) who completed the surveys. One school in the control condition dropped out of 
the study shortly after randomization took place. Although this school was not excluded from the 
eligible sample related to the student outcomes (because the data were collected at the district 
and state level), it did not consent to participate in the online surveys and was not included in the 
baseline sample of the classrooms practice outcomes. 

In AMSTI schools, 221 mathematics teachers (in 41 schools) completed the survey. In 
control schools, 205 mathematics teachers (in 40 schools) completed the survey. 
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Exclusion of data on teachers without valid identifiers 

All mathematics and science teachers in both conditions had valid teacher and school 
identifiers. 

Exclusion of data on teachers without valid active learning scores 

If teachers were missing data for all four survey occasions, the teacher’s data were 
removed from analysis (for complete definition of a valid active learning score, see the data 
analysis method section). Data from 8 mathematics teachers in AMSTI schools and 13 
mathematics teachers in control schools were removed from this analysis because of missing 
valid scores. No schools were eliminated because of missing valid scores. Data from 9 science 
teachers in AMSTI schools and 17 science teachers in control schools removed from this 
analysis because of missing valid scores. Data from two control schools were removed from this 
analysis because of missing valid scores form the teachers. 

The baseline sample was limited to teachers who taught the appropriate subjects and 
grades and completed surveys. For the analysis of active learning score in mathematics 
outcomes, the sample consisted of 41 AMSTI schools (with 221 teachers) and 40 control schools 
(with 205 teachers). The analytic sample for the analysis of the active learning score in 
mathematics outcomes consisted of 41 AMSTI schools (with 213 teachers) and 40 control 
schools (with 192 teachers). 

The baseline sample for the analysis of active learning score in science outcomes 
consisted of 40 AMSTI schools (with 203 teachers) and 40 control schools (with 192 teachers). 
The analytic sample for the analysis of the active learning score in science outcomes consisted of 
40 AMSTI schools (with 194 teachers) and 38 control schools (with 175 teachers). 
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Appendix J. Description of degree rank 

Teacher quality depends not only on overall years of teaching experience but also on 
teacher knowledge of content area (Amrein-Beardsley 2006; Center for Public Education 2005). 
Whether or not mathematics and science teachers have an undergraduate or graduate major or 
minor in their teaching subject matter is one potential indicator of content knowledge (National 
Science Foundation 2006a). Out-of-field teaching is defined as “a mismatch between the subjects 
a teacher teaches and that teacher’s academic training and/or certification” (National Science 
Foundation 2006b, p. 55). The Science and Engineering Indicators (National Science Foundation 
2006a) reports that “in 1999–2000, 71 percent of public school teachers who taught mathematics 
in grades 7–12 had a college major or minor in mathematics, and 77 percent of public school 
teachers who taught science in these same grades had a college major or minor in science” (p. 
34). In Alabama 86 percent of mathematics teachers and 81 percent of science teachers in public 
school grades 7–12 had a college major or minor in their teaching subject area (National Science 
Foundation 2006c). 

Based on these criteria, a degree rank variable was created that categorized the study’s 
teachers’ postsecondary major and minor degrees according to the content of the degree and 
current teaching assignment. For elementary teachers, the degree rank was based on the presence 
or absence of at least one degree in elementary education. For middle school teachers, the degree 
rank was based on whether teachers had a degree in mathematics or science. 

The following codes were used for elementary teachers: 

0 = no elementary education degree (out-of-field teacher) 

1 = bachelor’s, bachelor’s plus additional coursework, or master’s in elementary education (that 

is, at least one major in content area) 

2 = bachelor’s and additional coursework or master’s in a combination of elementary education, 

reading, math, or science (that is, two or more majors in content area) 


The following codes were used for middle-school teachers: 

0 = no degree in math or science content (out-of-field teacher) 

1 = bachelor’s, bachelor’s plus additional coursework, or master’s in math or science content 

(that is, at least one major in content area)
 
2 = bachelor’s and additional coursework or master’s in a combination of middle school 

education, math, or science (that is, two or more majors in content area) 
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Appendix K. Equivalence of Year 1 baseline and analyzed samples for confirmatory student-level and 
classroom practice outcomes 

 
This appendix examines the equivalence of the baseline sample and the sample used to analyze the student-level and classroom 

practice outcomes in Year 1 (tables K1–K4). 
 
Table K1 Year 1 mean baseline sample characteristics associated with Stanford Achievement Test Tenth Edition (SAT 10) 
mathematics problem solving and science outcomes after one year 

Mathematics Science

Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 

Teacher characteristic 

Average of school 
percent of out-of-field 
teachers 

Average in Each Condition 19.1 26.8 8.8 12.40 
Standard Deviation 23.2 29.6 22.0 29.3 
Sample Size (Schools)  41 39 35 39 
Average Difference –7.7 –3.6 
Standard Error 5.9 6.1 
Test statistic t = 1.30 t = 0.59 
p-value .20 .56 

Average of school 
percent of teachers with 
one degree in teaching 
content area 

Average in Each Condition 57.0 55.9 69.93 59.4 
Standard Deviation 30.4 30.6 35.7 40.6 
Sample Size (Schools) 41 39 35 39 
Average Difference 1.1 10.5 
Standard Error 6.8 8.9 
Test statistic t = 0.15 t = 1.18 
p-value .88 .24 

Average of school 
percent of teachers w
two or more degrees
content area 

ith 
 in 

Average in Each Condition 23.9 17.3 21.3 28.2 
Standard Deviation 24.7 22.0 33.3 38.8 
Sample Size (Schools) 41 39 35 39 
Average Difference 6.6 –6.9 
Standard Error 5.2 8.5 
Test statistic t = 1.27 t = 0.82 
p-value .21 .41 

Average of school 
percent of teachers with 
less than four years’ total 
teaching experience 

Average in Each Condition 27.6 24.5 28.5 32.1 
Standard Deviation 26.9 24.6 38.1 37.9 
Sample Size (Schools) 41 39 35 39 
Average Difference 3.0 –3.6 
Standard Error 5.8 8.8 
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Mathematics Science

Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 
Test statistic t = 0.53 t = 0.41 
p-value .60 .69 

Average of school 
percent of teachers with 
less than four years’ 
teaching experience in 
subject area 

Average in Each Condition 28.6 30.3 34.8 29.7 
Standard Deviation 27.1 26.8 40.0 34.7 
Sample Size (Schools) 41 39 35 39 
Average Difference –1.7  5.1 
Standard Error 6.0  8.7 
Test statistic t = 0.29  t = 0.58 
p-value .77  .56 

Student Characteristic 

Average of school 
percent of boys 

Average in Each Condition 49.4 49.6 48.1 51.1
Standard Deviation 4.1 4.1 5.1 6.4
Sample Size (Schools) 41 41 39 41
Average Difference –0.2  –3.0 
Standard Error 0.9  2.4 
Test statistic t = 0.25  t = 1.29 
p-value .80  .02 

Average of school 
percent of minority 
students 

Average in Each Condition 51.0 46.9 51.8 47.3
Standard Deviation 34.6 33.2 35.1  33.4
Sample Size (Schools) 41 41 39  41
Average Difference 4.1  4.5 
Standard Error 7.5  7.7 
Test statistic t = 0.55  t = 0.59 
p-value .58  .56 

Average of school 
percent of students 
proficient in English 

Average in Each Condition 98.3 98.6 98.4  98.3
Standard Deviation 3.3 2.4 3.0  2.7
Sample Size (Schools) 41 41 39  41
Average Difference –0.2  0.1 
Standard Error 0.6  0.6 
Test statistic t = 0.36  t = 0.23 
p-value .72  .82 

Average of school 
percent of students 
enrolled in the free or 
reduced-price lunch 

Average in Each Condition 63.2 64.7 64.2  65.3
Standard Deviation 24.8 24.2 26.3  24.4
Sample Size (Schools) 41 41 39  41
Average Difference –1.5  –1.1 
Standard Error 5.4  5.7 
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Mathematics Science

Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 
program Test statistic t = 0.28  t = 0.19 

p-value .78  .85 

Average of school 
percent of students in 
grade 4 

Average in Each Condition 25.7 22.4 na  na
Standard Deviation 24.7 20.7 na  na
Sample Size (Schools) 41 41 na  na
Average Difference 3.3  na 
Standard Error 5.0  na 
Test statistic t = 0.65  na 
p-value .52  na 

Average of school 
percent of students in 
grade 5 

Average in Each Condition 25.0 23.3 61.3  57.5
Standard Deviation 18.7 19.5 40.6  45.7
Sample Size (Schools) 41 41 39  41
Average Difference 1.7  3.8 
Standard Error 4.2  9.7 
Test statistic t = 0.41  t = 0.39 
p-value .68  .69 

Average of school 
percent of students in 
grade 6 

Average in Each Condition 14.3 18.8 na  na
Standard Deviation 14.4 16.6 na  na
Sample Size (Schools) 41 41 na  na
Average Difference –4.5  na 
Standard Error 3.4  na 
Test statistic t = 1.32  na 
p-value .19  na 

Average of school 
percent of students in 
grade 7 

Average in Each Condition 16.7 18.1 38.7  42.5
Standard Deviation 19.0 20.6 40.6  45.7
Sample Size (Schools) 41 41 39  41
Average Difference –1.4  na 
Standard Error 0.4  na 
Test statistic t = 0.32  na 
p-value .75  na 

Average of school 
percent of students in 
grade 8 

Average in Each Condition 18.4 17.4 na  na
Standard Deviation 22.2 19.2 na  na
Sample Size (Schools) 41 41 na  na
Average Difference 0.9  na 
Standard Error 4.6  na 
Test statistic t = 0.20  na 
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Mathematics Science

Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 
p-value .84  na 

School average pretest score and sample size 

SAT10a 

Pretest Score 637.0  639.8 645.9  649.1 
Standard Deviation 23.2  20.1 19.0  15.6 
Sample Size (Schools) 41  41 39  41 
Average Difference –2.8  –3.2 
Standard Error 4.8  3.9 
Test statistic t = 0.58  t = 0.83 
p-value .56  .41 

Number of schools = 41 
Number of teachers = 246 
Number of students = 10,517 

Number of schools = 41 
Number of teachers = 229 
Number of students = 9,109 

Number of schools = 39 
Number of teachers = 103 
Number of students = 4,480 

Number of schools = 41 
Number of teachers = 95 
Number of students = 3,688 Sample Size 

na is not applicable. 
Note: Detail may not sum to totals because of rounding. The number of schools and teachers for the comparisons varied slightly because of missing data. For binary and continuously 
distributed variables, school means were computed and the hypothesis of no difference between the AMSTI and control averages of the variables tested. Grade level for mathematics 
problem solving and teacher degree rank are categorical variables with more than two levels. In addition to testing for a difference between conditions in school proportions of cases 
for each response category, researchers tested the hypothesis of no difference between conditions in the distribution of students across grades for the mathematics problem solving 
outcome (p = .76) and teacher degree rank (p = .10 for mathematics problem solving, p = .76 for science). They also examined baseline equivalence overall. To do this they ran two 
logistic regressions. The first modeled the log odds of belonging to the treatment group. The second modeled the log odds of belonging to the treatment group conditioning on all the 
covariates that had been individually tested for equivalence. Based on the difference between the models in negative twice the log likelihood statistic, the hypothesis of no difference 
in model fit between the model with the covariates and the model without covariates was not rejected (the p-value was .40 for mathematics problem solving and .22 for science.) 
a. The SAT 10 mathematics problem solving pretest was used for the mathematics outcome. The SAT 10 reading pretest was used for the science outcome. 
Source: Student achievement data from tests administered as part of the state’s accountability system, student demographic data from state data system, and teacher survey data. 



 

 

 

      
   

 
 

    
    

       
       

      
      

 

    
    

       
       

      
      

 
 

    
    

       
       

      
      

 

    
     

       

       
    
    

 

     
    

       
       

      
      

 
 

 
 

 
 

 
 

 
 

Table K2 Year 1 mean baseline sample characteristics associated with active learning outcomes after one year 
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Mathematics Science 

Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 
(n=41) (n=40) (n=40) (n=40) 

Average of school 
percent of out-of-field 
teachers 

Average in Each Condition 19.8 26.1 12.5 20.3 
Standard Deviation 23.1 29.1 18.1 24.7 
Average Difference –6.2 –7.8 
Standard Error 5.8 4.8 
Test statistic t = 1.07 t = 1.61 
p-value .29 .11 

Average of school 
percent of teachers with 
one degree in teaching 
content area 

Average in Each Condition 56.4 56.9 60.1 55.3 
Standard Deviation 29.0 30.9 29.7 34.1 
Average Difference 0.5 4.8 
Standard Error 6.7 7.2 
Test statistic t = 0.08 t = 0.67 
p-value .94 .50 

Average of school 
percent of teachers with 
two or more degrees in 
content area 

Average in Each Condition 23.8 17.1 27.3 24.4 
Standard Deviation 21.7 22.3 28.5 28.1 
Average Difference 6.8 3.0 
Standard Error 4.9 6.3 
Test statistic t = 1.38 t = 0.47 
p-value .17 .64 

Average of school 
percent of teachers with 
less than four years’ total 
teaching experience 

Average in Each Condition 26.6 27.0 27.9 30.1 
Standard Deviation 26.3 26.9 29.8 25.5 
Average Difference –0.5 –2.2 
Standard Error 5.9 6.2 
Test statistic t = 0.08 t = 0.36 
p-value .94 .72 

Average of school 
percent of teachers with 
less than four years’ 
teaching experience in 
subject area 

Average in Each Condition 29.4 31.3 31.0 32.7 
Standard Deviation 26.9 26.3 29.5 23.3 
Average Difference –1.9 –1.7 
Standard Error 5.9 5.9 
Test statistic t = 0.32 t = 0.29 
p-value .75 .77 

Sample Size 
Number of schools = 41 
Number of teachers = 221 

Number of schools = 40 
Number of teachers = 205 

Number of schools = 40 
Number of teachers = 203 

Number of schools = 40 
Number of teachers = 192 



 

 

  
 

  
    

 

 
  

 

Note: Detail may not sum to totals because of rounding. The number of schools and teachers for the comparisons varied slightly because of missing data. For binary and 
continuously distributed variables, school means were computed and the hypothesis of no difference between the AMSTI and control averages of the variables tested. Teacher 
degree rank is a categorical variable with more than two levels. In addition to testing for a difference between conditions in school proportions of cases for each response 
category, researchers tested the hypothesis of no difference between conditions in the distribution of teacher degree rank (p = .07 for mathematics, p = .23 for science). They 
also examined baseline equivalence overall. To do this they ran two logistic regressions. The first modeled the log odds of belonging to the treatment group. The second 
modeled the log odds of belonging to the treatment group conditioning on all the covariates that had been individually tested for equivalence. Based on the difference between 
the models in the deviance statistic, the hypothesis of no difference in model fit between the model with the covariates and the model without covariates was not rejected (the 
p-value was .63 for active learning in mathematics and .43 for active learning in science.) 
Source: Teacher survey data. 
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Table K3 Year 1 mean analytic sample characteristics associated with Stanford Achievement Test Tenth Edition (SAT 10) 
mathematics problem solving and science outcomes after one year 

 Mathematics Science 
Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 

Teacher characteristic 

Average of school 
percent of out-of-field 
teachers 

Average in Each Condition 19.5 26.8 8.8 12.7 
Standard Deviation 23.6 29.6 22.0 29.6 
Sample Size (Schools)  41 39 35 38 
Average Difference –7.3 –3.9 
Standard Error 6.0 6.2 
Test statistic t = 1.22 t = 0.64 
p-value .23 .53 

Average of school 
percent of teachers with 
one degree in teaching 
content area 

Average in Each Condition 56.6 55.9 71.4  58.3 
Standard Deviation 30.3 30.6 35.9  40.6 
Sample Size (Schools) 41 39 35  38 
Average Difference .6 13.0 
Standard Error 6.8 9.0 
Test statistic t = 0.09 t = 1.45 
p-value .93 .15 

Average of school 
percent of teachers w
two or more degrees
content area 

ith 
 in 

Average in Each Condition 23.9 17.3 19.8  29.0 
Standard Deviation 24.7 22.0 33.1  39.0 
Sample Size (Schools) 41 39 35  38 
Average Difference 6.6 –9.1 
Standard Error 5.2 8.5 
Test statistic t = 1.27 t = 1.07 
p-value .21 .29 

Average of school 
percent of teachers with 
less than four years’ total 
teaching experience 

Average in Each Condition 27.6 24.5 28.5  32.0 
Standard Deviation 26.9 24.6 38.1 38.4 
Sample Size (Schools) 41 39 35 38 
Average Difference 3.0 –3.6 
Standard Error 5.8 9.0 
Test statistic t = 0.53 t = 0.40 
p-value .60 .69 

Average of school 
percent of teachers with 
less than four years’ 
teaching experience in 

Average in Each Condition 28.6 30.3 34.8 30.9 
Standard Deviation 27.1 26.8 40.0 36.8 
Sample Size (Schools) 41 39 35 38 
Average Difference –1.7  3.8 
Standard Error 6.0  9.0 
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 Mathematics Science 
Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 

subject area Test statistic t = 0.29  t = 0.43 
p-value .77  .67 

Student characteristic 

Average of school 
percent of boys 

Average in Each Condition 49.3 49.3 48.2  50.6 
Standard Deviation 4.2 3.9 5.6  6.9
Sample Size (Schools) 41 41 39  40
Average Difference 0.0  –2.4 
Standard Error 0.9  1.7 
Test statistic t = 0.04  t = 1.41 
p-value .97  .10 

Average of school 
percent of minority 
students 

Average in Each Condition 51.2 46.9 52.0  48.6 
Standard Deviation 34.6 33.4 35.2  33.0 
Sample Size (Schools) 41 41 39  40
Average Difference 4.3  3.4 
Standard Error 7.5  7.7 
Test statistic t = 0.57  t = 0.45 
p-value .57  .66 

Average of school 
percent of students 
proficient in English 

Average in Each Condition 98.3 98.7 98.4  98.3 
Standard Deviation 3.3 2.3 3.1  2.6
Sample Size (Schools) 41 41 39  40
Average Difference –0.3  0.1 
Standard Error 0.63  0.6 
Test statistic t = 0.51  t = 0.14 
p-value .61  .89 

Average of school 
percent of students 
enrolled in the free or 
reduced-price lunch 
program 

Average in Each Condition 63.2 64.6 65.5  65.6 
Standard Deviation 24.8 24.3 26.8  24.8 
Sample Size (Schools) 41 41 39  40
Average Difference –1.5  –0.1 
Standard Error 5.4  5.8 
Test statistic t = 0.27  t = 0.01 
p-value .79  .99 
Average in Each Condition 25.8 22.5 na  na
Standard Deviation 24.8 20.7 na  na

Average of school 
percent of students in 
grade 4 

Sample Size (Schools) 41 41 na  na
Average Difference 3.3  na 
Standard Error 5.0  na 
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 Mathematics Science 
Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 

Test statistic t = 0.65  na 
p-value .52  na 

Average of school 
percent of students in 
grade 5 

Average in Each Condition 25.2 23.3 60.9  56.9 
Standard Deviation 18.7 19.7 40.8  46.2 
Sample Size (Schools) 41 41 39  40
Average Difference 2.0.  4.0 
Standard Error 4.2  9.8 
Test statistic t = 0.46  t = 0.41 
p-value .65  .68 

Average of school 
percent of students in 
grade 6 

Average in Each Condition 14.5 18.8 na  na
Standard Deviation 14.5 16.6 na  na
Sample Size (Schools) 41 41 na  na
Average Difference –4.4  na 
Standard Error 3.4  na 
Test statistic t = 1.27  na 
p-value .21  na 

Average of school 
percent of students in 
grade 7 

Average in Each Condition 16.8 18.2 39.1  43.1 
Standard Deviation 18.9 20.6 40.8  46.2 
Sample Size (Schools) 41 41 39  40
Average Difference –1.4  na 
Standard Error 4.4  na 
Test statistic t = 0.33  na 
p-value .74  na 

Average of school 
percent of students in 
grade 8 

Average in Each Condition 17.8 17.2 na  na
Standard Deviation 22.4 19.4 na  na
Sample Size (Schools) 41 41 na  na
Average Difference 0.6  na 
Standard Error 4.6  na 
Test statistic t = 0.13  na 
p-value .90  na 

School average pretest score and sample size 

SAT10a 

Pretest Score 636.9  639.9 646.4  649.0 
Standard Deviation 23.0  20.2 19.9  15.8 
Sample Size (Schools) 41  41 39  40
Average Difference –3.0  –2.6 
Standard Error 4.8  4.0 



 

 

     
      
      

 

  
  

  
 

   
  

   
  

 

  

 Mathematics Science 
Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 

Test statistic t = 0.61 t = 0.66 
p-value .54 .51 

Number of scho  ols = 41 
Number of teachers =   244 

Number of scho  ols = 41 
Number of teachers =   229 

Number of scho  ols = 39 
Number of teachers =   102 

Number of scho  ols = 40 
Number of teachers =   90 Sample Size 

na is not applicable. 
Note: Detail may not sum to totals because of rounding. The number of schools and teachers for the comparisons varied slightly because of missing data. For binary and 
continuously distributed variables, school means were computed and the hypothesis of no difference between the AMSTI and control averages of the variables tested. Grade 
level for mathematics problem solving and teacher degree rank are categorical variables with more than two levels. In addition to testing for a difference between conditions 
in school proportions of cases for each response category, researchers tested the hypothesis of no difference between conditions in the distribution of students across grades 
for the mathematics problem solving outcome (p = .76) and teacher degree rank (p = .10 for mathematics problem solving, p = .53 for science). They also examined baseline 
equivalence overall. To do this they ran two logistic regressions. The first modeled the log odds of belonging to the treatment group. The second modeled the log odds of 
belonging to the treatment group conditioning on all the covariates that had been individually tested for equivalence. Based on the difference between the models in the 
deviance statistic, the hypothesis of no difference in model fit between the model with the covariates and the model without covariates was not rejected (the p-value was .45 
for mathematics problem solving and .48 for science.) 
a. The SAT 10 mathematics problem solving pretest was used for the mathematics outcome. The SAT 10 reading pretest was used for the science outcome. 

Source: Student achievement data from tests administered as part of the state’s accountability system, student demographic data from state data system, and teacher survey data.
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Table K4 Year 1 mean analytic sample characteristics associated with active learning outcomes after one year 
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Mathematics Science 

Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 
(n=41) (n=40) (n=40) (n=38) 

Average of school 
percent of out-of-field 
teachers 

Average in Each Condition 19.0 28.0 11.7 21.8 
Standard Deviation 23.2 31.4 17.9 27.4 
Average Difference –9.0 –10.1 
Standard Error 6.1 5.2 
Test statistic t = 1.48 t = 1.93 
p-value .14 .06 

Average of school 
percent of teachers with 
one degree in teaching 
content area 

Average in Each Condition 56.6 55.7 62.3 51.6 
Standard Deviation 28.7 32.1 30.9 34.3 
Average Difference 0.9 10.6 
Standard Error 6.8 7.4 
Test statistic t = 0.13 t = 1.44 
p-value .90 .15 

Average of school 
percent of teachers with 
two or more degrees in 
content area 

Average in Each Condition 24.5 16.3 26.0 26.6 
Standard Deviation 22.2 21.7 28.6 30.5 
Average Difference 8.2 –0.6 
Standard Error 4.9 6.7 
Test statistic t = 1.67 t = 0.09 
p-value .10 .93 

Average of school 
percent of teachers with 
less than four years’ total 
teaching experience 

Average in Each Condition 27.1 28.5 29.2 28.9 
Standard Deviation 26.7 29.4 31.8 23.7 
Average Difference –1.5 0.3 
Standard Error 6.2 6.4 
Test statistic t = 0.24 t = 0.05 
p-value .81 .96 

Average of school 
percent of teachers with 
less than four years’ 
teaching experience in 
subject area 

Average in Each Condition 28.5 32.1 32.4 36.1 
Standard Deviation 26.9 29.0 31.4 27.1 
Average Difference –3.6 –3.7 
Standard Error 6.2 6.7 
Test statistic t = 0.58 t = 0.56 
p-value .56 .58 

Sample Size 
Number of schools = 41 
Number of teachers = 213 

Number of schools = 40 
Number of teachers = 192 

Number of schools = 40 
Number of teachers = 194 

Number of schools = 38 
Number of teachers = 175 



 

 

  
 

   
     

  
    

   
  

Note: Detail may not sum to totals because of rounding. The number of schools and teachers for the comparisons varied slightly because of missing data. For binary and 
continuously distributed variables, school means were computed and the hypothesis of no difference between the AMSTI and control averages of the variables tested. Teacher 
degree rank is a categorical variable with more than two levels. In addition to testing for a difference between conditions in school proportions of cases for each response category, 
researchers tested the hypothesis of no difference between conditions in the distribution of teacher degree rank (p = .04 for mathematics, p = .29 for science). They also examined 
baseline equivalence overall. To do this they ran two logistic regressions. The first modeled the log odds of belonging to the treatment group. The second modeled the log odds of 
belonging to the treatment group conditioning on all the covariates that had been individually tested for equivalence. Based on the difference between the models in the deviance 
statistic, the hypothesis of no difference in model fit between the model with the covariates and the model without covariates was not rejected (the p-value was .40 for active 
learning in mathematics and .34 for active learning in science.) 
Source: Teacher survey data. 
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Appendix L. Internal consistency and validity of active learning measures 

Information was obtained about the internal consistency and validity of the active 
learning measures. For the scale measuring instructional strategies for active learning, 
Cronbach’s alpha was .89 for AMSTI schools and .78 for control schools in mathematics and 
.88 for AMSTI schools and .92 for control schools in science. The content validity of the active 
learning scales was confirmed by examining the correlations among the items that comprise 
each scale and performing confirmatory principal components factor analyses (tables L1 and 
L2). 

Table L1 Correlation coefficients for instructional strategies for active learning for 
mathematics 

Instructional strategies 
Inquiry-based 

instruction 
Hands-on 

instruction 
Higher-order 

thinking 
AMSTI schools 

Inquiry-based instruction 
r 1.00 .77*** .76*** 
n 211 211 210 

Hands-on instruction 
r 1.00 .74*** 
n 213 212 

Higher-order thinking 
r 1.00 
n 212 

Control schools 

Inquiry-based instruction 
r 1.00 .64*** .52*** 
n 190 190 189 

Hands-on instruction 
r 1.00 .53*** 
n 192 191 

Higher-order thinking 
r 1.00 
n 191 

*** Significant at p < .01. 
Source: Teacher survey data. 

Table L2 Correlation coefficients for instructional strategies for active learning for science 

Instructional strategies 
Inquiry-based 

instruction Hands-on instruction 
Higher-order 

thinking 
AMSTI schools 
Inquiry-based instruction r 1.00 .80*** .69*** 

n 192 192 192 
Hands-on instruction r 1.00 .67*** 

n 193 192 
Higher-order thinking  r 1.00 

n 193 
Control schools 
Inquiry-based instruction r 1.00 .77** .78** 

n 173 173 173 
Hands-on instruction  r 1.00 .86** 

n 175 174 
Higher-order thinking  r 1.00 

n 174 
** Significant at p < .05; ***Significant at p < .01. 
Source: Teacher survey data. 
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Appendix M. Number of students and teachers in schools in analytic samples 
used to analyze Year 1 confirmatory questions 

This appendix provides information on the number of students and teachers included in 
the analytical sampled used to analyze the Year 1 confirmatory questions (table M1). 

Table M1 Number of students and teachers in schools in analytic samples used to analyze 
Year 1 confirmatory questions 

Outcome 

Total 
number of 

schools 

Minimum 
number per 

school 

Maximum 
number per 

school 

Median 
number per 

school 

Mean 
number 

per school 

Student level 

SAT 10 mathematics 
problem solving 82 51 904 184.5 228.2 

SAT 10 science  79 3 320 78.0 95.3 

Teacher level 
Active learning in 
mathematics  81 < 4 26 4.0 5.0 

Active learning in science 78 < 4 17 4.0 4.7 
Source: Student achievement data from tests administered as part of the state’s accountability system and teacher survey 
data. 
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Appendix N. Attrition through study stages for samples used in Year 1 
exploratory analysis 

This appendix reviews the steps through which the sample was selected for the 
exploratory analysis in Year 1. It examines the attrition in the samples associated with the SAT 
reading outcomes, teacher content knowledge in mathematics and in science, and student 
engagement in mathematics and science. 

Stanford Achievement Test Tenth Edition (SAT 10) reading outcome 

Below are changes in the numbers of schools and students from the point of 
randomization to the point at which the analytic sample associated with the SAT 10 reading 
outcome were identified (table N1).112 

Table N1 Attrition from analytical sample associated with Stanford Achievement Test 
Tenth Edition (SAT 10) reading outcome 

 AMSTI Control 

Item 
Number of 

schools 
Number of 

students 
Number of 

schools 
Number of 

students 

Randomization 41 na 41 na 

Numbers indicated in fall rosters 41 12,065 41 10,492 

Loss because of disability 0 –1,548 0 –1,383 

Available cases (baseline sample) 41 10,517 41 9,109 

Loss because of students 
transferring from Subexperiment 1 
to Subexperiment 2 0 –24 0 –26 

Available cases 41 10,493 41 9,083 

Loss because of missing student 
identifier 0 0 0 0 

Available cases 41 10,493 41 9,083 

Loss because of missing school 
identifier 0 0 0 0 

Available cases 41 10,493 41 9,083 

Loss because of missing posttests 0 –474 0 –392 

Number of cases in sample 41 10,019 41 8,691 
na is not applicable. 

Source: Student achievement data from tests administered as part of the state’s accountability system. 


112 Data on reading teachers were not collected. Therefore, only counts at the school and student levels are 
presented. 
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Random assignment phase 

Forty-one schools were randomly assigned to the AMSTI condition, and 41 schools were 
randomly assigned to the control condition. 

Confirmation of rosters and teacher assignments 

Districts provided information about student rosters at the start of the school year 
following randomization. The record for the number of students began at the time roster 
information was received. The rosters from AMSTI schools included 12,065 students from 
grades 4–8. The rosters from control schools included 10,492 students from grades 4–8. 

Exclusion of data on students with disabilities 

Data for 1,548 students with disabilities were excluded from AMSTI schools, and data 
for 1,383 students with disabilities were excluded from control schools. The remaining sample 
consisted of 41 AMSTI schools (with 10,517 students) and 41 control schools (with 9,109 
students). 

Exclusion of data on students who moved between subexperiments 

Data for students whose identifiers appeared twice in the analytic sample were excluded 
from analysis. These were students who moved between subexperiments. Because the first 
subexperiment started one year before the second one, moving across the subexperiments would 
have resulted in unknown levels of exposure to the intervention. Data for 24 students from 
AMSTI schools and 26 students from control schools were excluded for this reason. Removing 
these data did not result in a decline in the number of schools. 

Exclusion of data on students without valid identifiers 

All students were linked to school identifiers. 

Exclusion of data on students without valid posttests 

Students’ data were excluded from analysis if they were missing a posttest score or if 
their posttest score lay outside the range of the posttest scale. Data for 474 students in AMSTI 
schools and 392 students in control schools were excluded because they were missing posttests. 
This did not result in a decline in the number of schools in either condition. 

Treatment of missing data for covariates 

Students’ data were not excluded if they were missing values for one or more covariates 
in the model, including the pretest. A dummy variable method was used to address missing 
values for covariates. This method involved replacing the unobserved value with a constant and, 
for each covariate, adding an indicator variable with a value of either one or zero to signify 
whether the value of the corresponding covariate is observed or unobserved (missing). 
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Summary of attrition in SAT reading sample 

The starting sample included 41 AMSTI schools (with 12,065 students) and 41 control 
schools (with 10,492 students). The baseline sample for the analysis of mathematics outcomes, 
which was limited to students without disabilities, consisted of 41 AMSTI schools (with 10,517 
students) and 41 control schools (with 9,109 students). The analytic sample for the analysis of 
reading outcomes consisted of 41 AMSTI schools (with 10,019 students) and 41 control schools 
(with 8,691 students). 

Level of teacher content knowledge in mathematics 

Below are changes in the sample from the point at which completed teacher surveys were 
collected to the point at which the analytic sample was identified (table N2). 

Table N2 Attrition from analytical sample associated with level of teacher content 
knowledge in mathematics outcome 

AMSTI Control 

Item 
Number of 

schools 
Number of 

teachers 
Number of 

schools 
Number of 

teachers 

Completed surveys (baseline sample)  41 221 40 205 

Loss because of missing teacher identifier 0 0 0 0 

Available cases 41 221 40 205 

Loss because of missing school identifier 0 0 0 0 

Available cases 41 221 40 205 

Loss because of missing valid teacher content 
knowledge in mathematics rating 0 –24 0 –18 

Number of cases in sample 41 197 40 187 
Source: Teacher survey data. 
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Survey completion 

As described in the data collection section, teachers were asked to consent to participate 
in online surveys. Teachers who consented were asked to complete four monthly surveys 
between January and April of Year 1. Data from the teacher content knowledge outcome came 
from the fourth survey. 

The eligible sample was first limited to teachers who taught the appropriate grades and 
subjects (in non-special education classes in grades 4–8) who completed the survey. In AMSTI 
schools, 221 teachers (in 41 schools) completed the survey. In control schools, 205 teachers (in 
40 schools) completed survey. 

Exclusion of data on students without valid identifiers 

All teachers in both conditions had valid teacher and schools identifiers. 

Exclusion of data on because of missing teacher content knowledge rating 

If teachers did not complete the fourth survey, did not complete the question on teacher 
content knowledge, or selected the “not applicable” option on the teacher content knowledge 
question, data were considered missing. Data on 24 teachers in AMSTI schools and 18 teachers 
in the control schools were removed from this analysis because of missing valid data.113 No 
schools were eliminated for this reason. 

Summary of attrition in teacher content knowledge sample 

The baseline sample for the analysis of teacher content knowledge in mathematics, which 
was limited to teachers who completed the survey, consisted of 41 AMSTI schools (with 221 
teachers) and 40 control schools (with 205 teachers). The analytic sample for the analysis of 
teacher content knowledge in mathematics consisted of 41 AMSTI schools (with 197 teachers) 
and 40 control schools (with 187 teachers). 

113 Data from one control mathematics teacher were removed because the teacher selected “not 
applicable.” 
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Level of teacher content knowledge in science 

Below are changes in the sample from the point at which completed surveys from the 
teachers were collected to the point at which the analytic sample was identified (table N3). 

Table N3 Attrition from analytical sample associated with level of teacher content 
knowledge in science outcome 

AMSTI Control 

Item 
Number of 

schools 
Number of 

teachers 
Number of 

schools 
Number of 

teachers 

Completed surveys (baseline sample) 40 203 40 192 

Loss because of missing teacher identifier 0 0 0 0 

Available cases 40 203 40 192 

Loss because of missing school identifier 0 0 0 0 

Available cases 40 203 40 192 

Loss because of missing valid teacher content knowledge 
in science rating 0 –27 –1 –22 

Number of cases in sample 40 176 39 170 
Source: Teacher survey data. 

Survey completion 

As described in the data collection section, teachers were asked to consent to participate 
in online surveys. Teachers who consented were asked to complete four monthly surveys 
between January and April of Year 1. Data from the teacher content knowledge outcome came 
from the fourth survey. 

The eligible sample was first limited to teachers who taught the appropriate grades and 
subjects (in non-special education classes in grades 4–8) who completed surveys. In AMSTI 
schools, 203 teachers (in 40 schools) completed the survey. In control schools, 192 teachers (in 
40 schools) completed the survey. 

Exclusion of data on students without valid identifiers 

All teachers in both conditions had valid teacher and schools identifiers. 
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Exclusion of data because of missing data on teacher content knowledge 

If teachers did not complete the fourth survey, did not complete the question on teacher 
content knowledge, or selected the “not applicable” option from this survey question, data were 
considered missing. Data on 27 teachers in AMSTI schools and 22 teachers in control schools 
were removed from this analysis because of missing valid data.114 One control school was also 
removed for this reason. 

Summary of attrition in teacher content in science sample 

The baseline sample for the analysis of teacher content knowledge in science outcome, 
which was limited to teachers who completed the survey, consisted of 40 AMSTI schools (with 
203 teachers) and 40 control schools (with 192 teachers). The analytic sample for the analysis of 
teacher content knowledge in science outcomes consisted of 40 AMSTI schools (with 176 
teachers) and 39 control schools (with 170 teachers). 

Level of student engagement in mathematics 

Below are changes in the sample from the point at which completed surveys from 
teachers were collected to the point at which the analytic sample was identified (table N4). 

Table N4. Attrition from analytical sample associated with level of student engagement in 
mathematics outcome 

AMSTI Control 

Item 
Number of 

schools 
Number of 

teachers 
Number of 

schools 
Number of 

teachers 

Completed surveys (baseline sample)  41 221 40 205 

Loss because of missing teacher identifier 0 0 0 0 

Available cases 41 221 40 205 

Loss because of missing school identifier 0 0 0 0 

Available cases 41 221 40 205 

Loss because of missing valid rating of student 
engagement in mathematics classrooms 0 –24 0 –17 

Number of cases in sample 41 197 40 188 
Source: Teacher survey data. 

Survey completion 

As described in the data collection section, teachers were asked to consent to participate 
in online surveys. Teachers who consented were asked to complete four monthly surveys 

114 Data from two control science teachers were removed due to selecting “not applicable.” 
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between January and April of Year 1. Data from the student engagement outcome came from the 
fourth survey. 

The eligible sample was first limited to teachers who taught the appropriate grades and 
subjects (from non-special education classes in grades 4–8) who completed the survey. In 
AMSTI schools, 221 teachers (in 41 schools) completed the survey. In control schools, 205 
teachers (in 40 schools) completed the survey. 

Exclusion of data on students without valid identifiers 

All teachers in both conditions had valid teacher and schools identifiers. 

Exclusion because of missing data on student engagement 

If teachers did not complete the fourth survey or did not complete the question on teacher 
content knowledge, their data were considered missing. Data from 24 teachers in AMSTI schools 
and 17 teachers in control schools were removed from this analysis because of missing valid 
data. No schools were removed for this reason. 

Summary of attrition in student engagement sample 

The baseline sample for the analysis of student engagement in mathematics classroom 
outcome, which was limited to teachers who completed the survey, consisted of 41 AMSTI 
schools (with 221 teachers) and 40 control schools (with 205 teachers). The analytic sample for 
the analysis of student engagement in mathematics outcomes consisted of 41 AMSTI schools 
(with 197 teachers) and 40 control schools (with 188 teachers). 

Level of student engagement in science attrition 

Below are changes in the sample from the point at which completed surveys from 
teachers were returned to the point at which the analytic sample was identified (table N5). 

Table N5. Attrition from analytical sample associated with level of student engagement in 
science outcome 

AMSTI Control 

Item 
Number of 

schools 
Number of 

teachers 
Number of 

schools 
Number of 

teachers 
Completed surveys (baseline sample) 40 203 40 192 

Loss because of missing teacher identifier 0 0 0 0 
Available cases 40 203 40 192 

Loss because of missing school identifier 0 0 0 0 
Available cases 40 203 40 192 

Loss because of missing valid rating of student engagement 
in science classrooms 0 –27 0 –20 

Number of cases in sample 40 176 40 172 
Source: Teacher survey data. 
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Survey completion 

As described in the data collection section, teachers were asked to consent to participate 
in online surveys. Teachers who consented were asked to complete four monthly surveys 
between January and April of Year 1. Data on the student engagement outcome came from the 
fourth survey. 

The eligible sample was first limited to teachers who taught the appropriate grades and 
subjects (in non-special education classes in grades 4–8) who completed the survey. In AMSTI 
schools, 203 teachers (in 40 schools) completed the survey. In control schools, 192 teachers (in 
40 schools) completed survey. 

Exclusion of data on students without valid identifiers 

All teachers in both conditions had valid teacher and schools identifiers. 

Exclusion because of missing data on student engagement 

If teachers did not complete the fourth survey, did not complete the question on teacher 
content knowledge, or selected the “not applicable” option from this survey question, data were 
considered missing. Data on 27 teachers in AMSTI schools and 20 teachers in control schools 
were removed from this analysis because of missing valid data. No schools were eliminated for 
this reason. 

Summary of attrition in student engagement in science sample 

The baseline sample for the analysis of teacher content knowledge in science outcome, 
which was limited to teachers who completed surveys, consisted of 40 AMSTI schools (with 203 
teachers) and 40 control schools (with 192 teachers). The analytic sample for the analysis of 
student engagement in science outcomes consisted of 40 AMSTI schools (with 176 teachers) and 
40 control schools (with 172 teachers). 
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Appendix O. Tests of equivalence for baseline and analytic samples for Year 1 
exploratory outcomes 

Table O1 Year 1 mean baseline sample characteristics associated with reading 
achievement outcome after one year 

Characteristic AMSTI schools Control schools 
Student Characteristic (n=41) (n=41) 

Average of school 
percent of boys 

Average in Each Condition 49.4 49.6 
Standard Deviation 4.1 4.1 
Average Difference –0.2 
Standard Error 0.9 
Test statistic t = 0.25 
p-value .80 

Average of school 
percent of minority 
students 

Average in Each Condition 51.0 46.9 
Standard Deviation 34.6 33.2 
Average Difference 4.1 
Standard Error 7.5 
Test statistic t = 0.55 
p-value .58 

Average of school 
percent of students 
proficient in English 

Average in Each Condition 98.3 98.6 
Standard Deviation 3.3 2.4 
Average Difference –0.2 
Standard Error 0.6 
Test statistic t = 0.36 
p-value .72 

Average of school 
percent of students 
enrolled in the free or 
reduced-price lunch 
program 

Average in Each Condition 63.2 64.7 
Standard Deviation 24.8 24.2 
Average Difference –1.5 
Standard Error 5.4 
Test statistic t = 0.28 
p-value .78 

Average of school 
percent of students in 
grade 4 

Average in Each Condition 25.7 22.4 
Standard Deviation 24.7 20.7 
Average Difference 3.3 
Standard Error 5.0 
Test statistic t = 0.65 
p-value .52 

Average of school 
percent of students in 
grade 5 

Average in Each Condition 25.0 23.3 
Standard Deviation 18.7 19.5 
Average Difference 1.7 
Standard Error 4.2 
Test statistic t = 0.41 
p-value .68 

Average of school 
percent of students in 
grade 6 

Average in Each Condition 14.3 18.8 
Standard Deviation 14.4 16.6 
Average Difference –4.5 
Standard Error 3.4 
Test statistic t = 1.32 
p-value .19 

Average of school 
percent of students in 

Average in Each Condition 16.7 18.1 
Standard Deviation 19.0 20.6 
Average Difference –1.4 
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Characteristic AMSTI schools Control schools 
grade 7 Standard Error 4.4 

Test statistic t = 0.32 
p-value .75 

Average of school 
percent of students in 
grade 8 

Average in Each Condition 18.4 17.4 
Standard Deviation 22.2 19.2 
Average Difference 0.9 
Standard Error 4.6 
Test statistic t = 0.20 
p-value .84 

School Average pretest score and sample size 

SAT 10a area 

Average in Each Condition 645.1 648.1 
Standard Deviation 21.3 17.0 
Average Difference –3.0 
Standard Error 4.3 
Test statistic t = 0.71 
p-value .48 

Sample size 

AMSTI schools 
Number of schools = 41 
Number of teachers = 231 
Number of students = 10,517 

Control schools 
Number of schools = 41 
Number of teachers = 210 
Number of students = 9,109 

Note: Detail may not sum to totals because of rounding. For binary and continuously distributed variables, school means 
were computed and the hypothesis of no difference between the AMSTI and control averages of the variables tested. Grade 
level for reading is a categorical variable with more than two levels. In addition to testing for a difference between 
conditions in school proportions of cases for each response category, researchers tested the hypothesis of no difference 
between conditions in the distribution of students across grades for the reading outcome (p = .76). They also examined 
baseline equivalence overall. To do this they ran two logistic regressions. The first modeled the log odds of belonging to the 
treatment group. The second modeled the log odds of belonging to the treatment group conditioning on all the covariates 
that had been individually tested for equivalence. Based on the difference between the models in the deviance statistic, the 
hypothesis of no difference in model fit between the model with the covariates and the model without covariates was not 
rejected (the p-value was .07 for reading). 
a. The SAT 10 reading pretest was used for the reading outcome.
 
Source: Student achievement data from tests administered as part of the state’s accountability system, student demographic data 

from state data system, and teacher survey data.
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Table O2 Year 1 mean baseline sample characteristics associated with level of teacher content knowledge outcomes after one 
year 

Teacher content knowledge in mathematics Teacher content knowledge in science 

Characteristic AMSTI schools Control schools AMSTI schools Control schools
Student Characteristic (n=41) (n=40) (n=40)  (n=40) 

Average of school percent 
of out-of-field teachers 

Average in Each Condition 19.8 26.1 12.5 20.3 
Standard Deviation 23.1 29.1 18.1 24.7 
Average Difference –6.2 –7.8 
Standard Error 5.8 4.8 
Test statistic t = 1.07 t = 1.61 
p-value .29 .11 

Average of school percent 
of teachers with one 
degree in teaching content 
area 

Average in Each Condition 56.4 56.9 60.1 55.3 
Standard Deviation 29.0 30.9 29.7 34.1 
Average Difference –0.5 4.8 
Standard Error 6.7 7.2 
Test statistic t = 0.08 t = 0.67 
p-value .94 .50 

Average of school percent 
of teachers with two or 
more degrees in content 
area 

Average in Each Condition 23.8 17.1 27.3 24.4 
Standard Deviation 21.7 22.3 28.5 28.1 
Average Difference 6.8 3.0 
Standard Error 4.9 6.3 
Test statistic t = 1.38 t = 0.47 
p-value .17 .64 

Average of school percent 
of teachers with less than 
four years’ total teaching 
experience 

Average in Each Condition 26.6 27.0 27.9 30.1 
Standard Deviation 26.3 26.9 29.8 25.5 
Average Difference –0.5 –2.2 
Standard Error 5.9 6.2 
Test statistic t = 0.08 t = 0.36 
p-value .94 .72 

Average of school percent 
of teachers with less than 
four years’ teaching 
experience in subject area 

Average in Each Condition 29.4 31.3 31.0 32.7 
Standard Deviation 26.9 26.3 29.5 23.3 
Average Difference –1.9  –1.7  
Standard Error 0.3  5.9  
Test statistic t = 5.90  t = 0.29  
p-value .75  .77  



 

 

 
 

   

 

 

  

 

 

 
 

 
 

 
 

 
    

   
  

   
 

  
  

Teacher content knowledge in mathematics Teacher content knowledge in science 

Characteristic AMSTI schools Control schools AMSTI schools Control schools 

Sample size 

Number of 
schools = 41 
Number of 
teachers = 221 

Number of 
schools = 40 
Number of 
teachers = 205 

Number of 
schools = 40 
Number of 
teachers = 203 

Number of 
schools = 40 
Number of 
teachers = 192 

Note: Detail may not sum to totals because of rounding. For binary and continuously distributed variables, school means were computed and the hypothesis of no difference 
between the AMSTI and control averages of the variables tested. Teacher degree rank is a categorical variable with more than two levels. In addition to testing for a difference 
between conditions in school proportions of cases for each response category, researchers tested the hypothesis of no difference between conditions in the distribution of teacher 
degree rank (p = .07 for mathematics, p = .23 for science). They also examined baseline equivalence overall. To do this they ran two logistic regressions. The first modeled the log 
odds of belonging to the treatment group. The second modeled the log odds of belonging to the treatment group conditioning on all the covariates that had been individually tested 
for equivalence. Based on the difference between the models in the deviance statistic, the hypothesis of no difference in model fit between the model with the covariates and the 
model without covariates was not rejected (the p-value was .28 for teacher content knowledge in mathematics and .09 for teacher content knowledge in science.) 
Source: Teacher survey data. 
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Table O3 Year 1 mean baseline sample characteristics associated with level of student engagement outcomes after one year 
Student engagement in mathematics Student engagement in science 

Characteristic AMSTI schools Control schools AMSTI schools Control schools
(n=41) (n=40) (n=40)  (n=40) 

Average of school percent 
of out-of-field teachers 

Average in Each Condition 19.8 26.0 12.5 20.3 
Standard Deviation 23.1 29.1 18.1 24.7 
Average Difference –6.2 –7.8 
Standard Error 5.8 4.8 
Test statistic t = 1.07 t = 1.61 
p-value .29 .11 

Average of school percent 
of teachers with one 
degree in teaching content 
area 

Average in Each Condition 56.4 56.9 60.1 55.3 
Standard Deviation 29.0 30.9 29.7 34.1 
Average Difference –0.5 4.8 
Standard Error 6.7 7.2 
Test statistic t = 0.08 t = 0.67 
p-value .94 .50 

Average of school percent 
of teachers with two or 
more degrees in content 
area 

Average in Each Condition 23.8 17.1 27.3 14.4 
Standard Deviation 21.7 22.3 28.5 28.1 
Average Difference 6.8 3.0 
Standard Error 4.9 6.3 
Test statistic t = 1.38 t = 0.47 
p-value .17 .64 

Average of school percent 
of teachers with less than 
four years’ total teaching 
experience 

Average in Each Condition 26.6 27.0 27.9 30.1 
Standard Deviation 26.3 26.9 29.8 25.5 
Average Difference –0.5 –2.2 
Standard Error 0.1 6.2 
Test statistic t =5.91 t = 0.36 
p-value .94 .72 

Average of school percent 
of teachers with less than 
four years’ teaching 
experience in subject area 

Average in Each Condition 29.4 31.3 31.0 32.7 
Standard Deviation 26.9 26.3 29.5 23.3 
Average Difference –1.9  –1.7  
Standard Error 5.9  5.9  
Test statistic t = 0.32  t = 0.29  
p-value .75  .77  



 

 

 

    

 

 

  

 

 

 
 

 
 

 
 

 
    

   
 

     

  
   

 
 

Student engagement in mathematics Student engagement in science 

Characteristic AMSTI schools Control schools AMSTI schools Control schools 

Sample size 

Number of 
schools = 41 
Number of 
teachers = 221 

Number of 
schools = 40 
Number of 
teachers = 205 

Number of 
schools = 40 
Number of 
teachers = 203 

Number of 
schools = 40 
Number of 
teachers = 192 

Note: Detail may not sum to totals because of rounding. For binary and continuously distributed variables, school means were computed and the hypothesis of no difference 
between the AMSTI and control averages of the variables tested. Teacher degree rank is a categorical variable with more than two levels. In addition to testing for a difference 
between conditions in school proportions of cases for each response category, researchers tested the hypothesis of no difference between conditions in the distribution of 
teacher degree rank (p = .07 for mathematics, p = .23 for science). They also examined baseline equivalence overall. To do this they ran two logistic regressions. The first 
modeled the log odds of belonging to the treatment group. The second modeled the log odds of belonging to the treatment group conditioning on all the covariates that had 
been individually tested for equivalence. Based on the difference between the models in the deviance statistic, the hypothesis of no difference in model fit between the model 
with the covariates and the model without covariates was not rejected (the p-value was .28 for student engagement in mathematics and .09 for student engagement in science.) 
Source: Teacher survey data. 
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Table O4 Year 1 mean analytic sample characteristics associated with reading 
achievement outcome after one year 

Characteristic AMSTI schools Control schools 
Student Characteristic (n=41) (n=41) 

Average of school 
percent of boys 

Average in Each Condition 49.3 49.4 
Standard Deviation 4.2 4.0 
Average Difference –0.1 
Standard Error 0.9 
Test statistic t = 0.11 
p-value .91 

Average of school 
percent of minority 
students 

Average in Each Condition 51.2 46.9 
Standard Deviation 34.6 33.4 
Average Difference 4.3 
Standard Error 7.5 
Test statistic t = 0.57 
p-value .57 

Average of school 
percent of students 
proficient in English 

Average in Each Condition 98.3 98.7 
Standard Deviation 3.3 2.2 
Average Difference –0.3 
Standard Error 0.6 
Test statistic t = 0.53 
p-value .60 

Average of school 
percent of students 
enrolled in the free or 
reduced-price lunch 
program 

Average in Each Condition 63.2 64.6 
Standard Deviation 24.9 24.3 
Average Difference –1.4 
Standard Error 5.4 
Test statistic t = 0.26 
p-value .80 

Average of school 
percent of students in 
grade 4 

Average in Each Condition 25.8 22.5 
Standard Deviation 24.8 20.7 
Average Difference 3.3 
Standard Error 5.0 
Test statistic t = 0.65 
p-value .52 

Average of school 
percent of students in 
grade 5 

Average in Each Condition 25.3 23.3 
Standard Deviation 18.7 19.7 
Average Difference 2.0 
Standard Error 4.2 
Test statistic t = 0.47 
p-value .64 

Average of school 
percent of students in 
grade 6 

Average in Each Condition 14.5 18.8 
Standard Deviation 14.5 16.6 
Average Difference –4.4 
Standard Error 3.4 
Test statistic t = 1.27 
p-value .21 

Average of school 
percent of students in 
grade 7 

Average in Each Condition 16.8 18.2 
Standard Deviation 19.0 20.6 
Average Difference –1.4 
Standard Error 4.4 
Test statistic t = 0.31 
p-value .76 
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Characteristic AMSTI schools Control schools 

Average of school 
percent of students in 
grade 8 

Average in Each Condition 17.7 17.2 
Standard Deviation 22.4 19.4 
Average Difference 0.5 
Standard Error 4.6 
Test statistic t = 0.11 
p-value .91 

School Average pretest score and sample size 

SAT 10a area 

Average in Each Condition 645.1 648.3 
Standard Deviation 21.2 17.0 
Average Difference –3.2 
Standard Error 4.2 
Test statistic t = 0.76 
p-value .45 

Sample size 

AMSTI schools 
Number of schools = 41 
Number of teachers = 231 
Number of students = 10,019 

Control schools 
Number of schools = 41 
Number of teachers = 210 
Number of students = 8,691 

Note: Detail may not sum to totals because of rounding. For binary and continuously distributed variables, school means were 
computed and the hypothesis of no difference between the AMSTI and control averages of the variables tested. Grade level for 
reading is a categorical variable with more than two levels. In addition to testing for a difference between conditions in school 
proportions of cases for each response category, researchers tested the hypothesis of no difference between conditions in the 
distribution of students across grades for the reading outcome (p = .73). They also examined baseline equivalence overall. To do 
this they ran two logistic regressions. The first modeled the log odds of belonging to the treatment group. The second modeled 
the log odds of belonging to the treatment group conditioning on all the covariates that had been individually tested for 
equivalence. Based on the difference between the models in the deviance statistic, the hypothesis of no difference in model fit 
between the model with the covariates and the model without covariates was not rejected (the p-value was .054 for reading). 
a. The SAT 10 reading pretest was used for the reading outcome.
 
Source: Student achievement data from tests administered as part of the state’s accountability system, student demographic 

data from state data system, and teacher survey data.
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Table O5 Year 1 mean analytic sample characteristics associated with level of teacher content knowledge outcomes after 
one year 

Teacher content knowledge in mathematics Teacher content knowledge in science 

Characteristic AMSTI schools Control schools AMSTI schools Control schools
(n=41) (n=40) (n=40)  (n=39) 

Average of school percent 
of out-of-field teachers 

Average in Each Condition 16.5 25.0 12.7 20.6 
Standard Deviation 22.4 29.3 19.2 27.4 
Average Difference –8.5 –7.9 
Standard Error 5.8 5.3 
Test statistic t = 1.46 t = 1.49 
p-value .15 .14 

Average of school percent 
of teachers with one 
degree in teaching content 
area 

Average in Each Condition 55.6 58.3 60.4 54.8 
Standard Deviation 29.8 32.1 32.2 34.0 
Average Difference –2.7 5.6 
Standard Error 6.9 7.4 
Test statistic t = 0.40 t = 0.76 
p-value .69 .45 

Average of school percent 
of teachers with two or 
more degrees in content 
area 

Average in Each Condition 27.9 16.7 26.9 24.6 
Standard Deviation 28.8 22.2 29.2 30.2 
Average Difference 11.2 2.3 
Standard Error 5.7 6.7 
Test statistic t = 1.96 t = 0.34 
p-value .053 .74 

Average of school percent 
of teachers with less than 
four years’ total teaching 
experience 

Average in Each Condition 27.3 28.3 28.2 27.1 
Standard Deviation 29.3 28.5 32.1 24.7 
Average Difference –1.0 1.1 
Standard Error 6.4 6.5 
Test statistic t = 0.16 t = 0.16 
p-value .87 .87 

Average of school percent 
of teachers with less than 
four years’ teaching 
experience in subject area 

Average in Each Condition 28.1 30.9 30.4 33.9 
Standard Deviation 29.6 28.0 31.8 28.1 
Average Difference –2.8  –3.5  
Standard Error 6.4  6.8  
Test statistic t = 0.44  t = 0.52  
p-value .66  .61  



 

 

 
 

   

 

 

  

 

 

 
 

 
 

 
 

 
 

  
 

   

 
 

 
 

Teacher content knowledge in mathematics Teacher content knowledge in science 

Characteristic AMSTI schools Control schools AMSTI schools Control schools 

Sample size 

Number of 
schools = 41 
Number of 
teachers = 197 

Number of 
schools = 40 
Number of 
teachers = 187 

Number of 
schools = 40 
Number of 
teachers = 176 

Number of 
schools = 39 
Number of 
teachers = 170 

Note: Detail may not sum to totals because of rounding. For binary and continuously distributed variables, school means were computed and the hypothesis of no difference 
between the AMSTI and control averages of the variables tested. Teacher degree rank is a categorical variable with more than two levels. In addition to testing for a difference 
between conditions in school proportions of cases for each response category, researchers tested the hypothesis of no difference between conditions in the distribution of 
teacher degree rank (p = .04 for mathematics, p = .23 for science). For the analysis associated with teacher content knowledge in mathematics, the number of teachers 
responding in each category were 28 with no degree, 113 with one degree, and 52 with more than one degree in the content area for AMSTI teachers and 39 with no degree, 
104 with one degree, and 31 with more than one degree in the content area for control teachers. They also examined baseline equivalence overall. To do this they ran two 
logistic regressions. The first modeled the log odds of belonging to the treatment group. The second modeled the log odds of belonging to the treatment group conditioning on 
all the covariates that had been individually tested for equivalence. Based on the difference between the models in the deviance statistic, the hypothesis of no difference in 
model fit between the model with the covariates and the model without covariates was not rejected (the p-value was .504 for teacher content knowledge in mathematics and 
.29 for teacher content knowledge in science.) 
Source: Teacher survey data 
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Table O6 Year 1 mean analytic sample characteristics associated with level of student engagement outcomes after one year 
Teacher content knowledge in mathematics Teacher content knowledge in science 

Characteristic AMSTI schools Control schools AMSTI schools Control schools
(n=41) (n=40) (n=40)  (n=40) 

Average of school percent 
of out-of-field teachers 

Average in Each Condition 16.5 25.3 12.7 20.5 
Standard Deviation 22.4 29.4 19.2 27.0 
Average Difference –8.8 –7.9 
Standard Error 5.8 5.2 
Test statistic t = 1.53 t = 1.50 
p-value .13 .14 

Average of school percent 
of teachers with one 
degree in teaching content 
area 

Average in Each Condition 55.6 58.1 60.4 55.6 
Standard Deviation 29.8 32.2 32.2 34.1 
Average Difference –2.5 4.9 
Standard Error 6.9 7.4 
Test statistic t = 0.36 t = 0.66 
p-value .72 .51 

Average of school percent 
of teachers with two or 
more degrees in content 
area 

Average in Each Condition 27.9 16.6 26.9 23.9 
Standard Deviation 28.8 22.1 29.2 30.0 
Average Difference 11.3 3.0 
Standard Error 5.7 6.6 
Test statistic t = 1.98 t = 0.45 
p-value .051 .65 

Average of school percent 
of teachers with less than 
four years’ total teaching 
experience 

Average in Each Condition 27.3 28.2 28.2 28.7 
Standard Deviation 29.3 28.5 32.1 26.8 
Average Difference –0.9 –0.5 
Standard Error 6.4 6.6 
Test statistic t = 0.14 t = 0.08 
p-value .89 .94 

Average of school percent 
of teachers with less than 
four years’ teaching 
experience in subject area 

Average in Each Condition 28.1 31.3 30.4 32.8 
Standard Deviation 29.6 28.0 31.8 28.2 
Average Difference –3.2  –2.4  
Standard Error 6.4  6.7  
Test statistic t = 0.50  t = 0.36  
p-value .62  .72  



 

 

 
 

   

 

 

  

 

 

 
 

 
 

 
 

 
    

   
 

  
   

   
 

 
  

 

Teacher content knowledge in mathematics Teacher content knowledge in science 

Characteristic AMSTI schools Control schools AMSTI schools Control schools 

Sample size 

Number of 
schools = 41 
Number of 
teachers = 197 

Number of 
schools = 40 
Number of 
teachers = 188 

Number of 
schools = 40 
Number of 
teachers = 176 

Number of 
schools = 40 
Number of 
teachers = 172 

Note: Detail may not sum to totals because of rounding. For binary and continuously distributed variables, school means were computed and the hypothesis of no difference 
between the AMSTI and control averages of the variables tested. Teacher degree rank is a categorical variable with more than two levels. In addition to testing for a difference 
between conditions in school proportions of cases for each response category, researchers tested the hypothesis of no difference between conditions in the distribution of 
teacher degree rank (p = .04 for mathematics, p = .19 for science). 
For the analysis associated with student engagement in mathematics, the number of teachers responding in each category were 28 with no degree, 113 with one degree, and 52 
with more than one degree in the content area for the AMSTI teachers and 40 with no degree, 104 with one degree, and 31 with more than one degree in the content area for 
control teachers. They also examined baseline equivalence overall. To do this they ran two logistic regressions. The first modeled the log odds of belonging to the treatment 
group. The second modeled the log odds of belonging to the treatment group conditioning on all the covariates that had been individually tested for equivalence. Based on the 
difference between the models in the deviance statistic, the hypothesis of no difference in model fit between the model with the covariates and the model without covariates 
was not rejected (the p-value was .04 for student engagement in mathematics and .17 for student engagement in science). 
Source: Teacher survey data. 
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Appendix P. Statistical power analyses for moderator analyses  
 

This appendix describes the statistical power analyses for the exploratory analyses of the 
moderating effects of specific student-level covariates. The minimum detectable effect size can 
be expressed as a constant, factor (α, β, df), multiplied by the standard error of the impact 
estimate and divided by the standard deviation of the outcome measure (Bloom 2005; Schochet 
2008): 

P-1 


^ Variance (IMPACT )
MDES (β T ) = Factor (α , β , df ) * 

σ	    
 

  (P1)  

 
where 
 

•	  Factor(α , β , df )  is a constant that is a function of the significance level (α), statistical 
power (β), and the number of degrees of freedom (df).115  

 

• σ  Variance(IMPACT ) is the standard error of the program impact.  

•  is the standard deviation of the outcome measure.  
 

In calculating the standard error of the program impact, it is necessary to figure in the 
cluster randomized design. In the experimental design, students were nested in schools and 
schools were randomized to conditions. The standard error of the impact estimate can be 
expressed approximately as 
 

^ τ 2 (1− R2
c ) σ 2 (1− R2 )

s.e.(IMPACT) = + i 

P(1− P)J P(1− P)nJ 
   

 
   (P2)  

 

where 

•	 τ 2  is the school-level variance in the outcome. 

•	 σ 2  is the student-level variance in the outcome. 

•	  R2 
I  is the proportion of the random variance within schools that is reduced by the 

covariates (their student-level explanatory power). 

                                                      
115 This study  used a matched-pairs design. The degrees of freedom  available for estimating the impact 
are equal to the number of clusters/2 – 1 (Bloom 2005). In this study, with 82 clusters (schools) and 2 
treatment conditions (intervention and control), there were 82/2 –1 = 40 degrees of freedom. For a 
multiplier for alpha of .05, a power of .80, and 40 degrees of freedom, the multiplier for the minimum  
detectable effect size in this study is 2.87 (Schochet 2008). (The actual degrees of freedom for estimating 
differential effects will depend on the number of schools with the relevant subgroups.)  



 

•	  R2 
C  is the proportion of the random variance between schools that is reduced by the 

covariates (their school-level explanatory power). 

•	  J is the number of schools. 

•	  P is the proportion of schools assigned to the treatment condition. 

•	  n is the average number of students sampled from each school.  

 

 Equation Q3 (which assumes that the impacts for subgroup A and subgroup B are 
independent quantities) was used to compute the standard error of the estimate of the difference 
in the impact of AMSTI  for the two subgroups: 

 
^	 ^ ^ 

s.e.( IMPACT A− B ) = Var (IMPACT A ) + Var (IMPACT B )       (P3)  

 

where 

^ 

•	  s.e.(IMPACT A−B ) is the estimated standard error for the estimate of the program  
impact for subgroup A minus the program impact for subgroup B (that is, this is the 
standard error for the estimate of the interaction between the indicator of treatment 
status and the subgroup indicator). 

^ 

•	  Var(IMPACTA) is the variance of the impact estimate for subgroup A. 

^ 

•	  Var(IMPACTB ) is the variance of the impact estimate for subgroup B. 

 
The standard error was substituted for the estimate of the differential impact into equation 

(1) to compute the minimum detectable differential effect size in the impact for subgroup A 
compared with subgroup B: 

^	 ^ 

MDD(IMPACT A−B ) = Factor(α , β , df ) * s.e.(IMPACT A−B ) /σ . 
 

The confirmatory impact analysis yielded estimates of the critical parameters needed to 
compute an estimate of this value. The sample data were used to estimate the minimum 
detectable differential effect size values for the moderator analyses. (Because the reading 
outcomes were not analyzed at the time the power analysis was conducted, the sample statistics 
were not available to estimate minimum detectable differential effect sizes for this outcome. 
Sample sizes and parameter values were expected to be similar for reading and math problem  
solving; the results for math problem solving were therefore used as a guide for expected power 
for reading.) 
 

Below is the specification of the covariates (including moderators) for the five moderator 
analyses for the mathematics problem solving outcome (the moderator analyses for science and 
reading outcomes follow a similar scheme [table P1].) Listwise deletion rather than the dummy 
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variable method was used to handle missing values for the moderator in a given analysis; a 
dummy variable was therefore not used for the corresponding moderator in each analysis. For 
consistency with the benchmark model for estimating the impact on mathematics problem  
solving, the reading pretest was not modeled, except in the analysis of its moderating effect. 
 
Table P1 Specification of covariates used in moderator analyses for mathematics problem 
solving outcome 

  Analysis of the moderating effect of 
Mathematics 

problem solving
pretest 

Racial/ethnic
  minority 

status  

 Free or reduced-
priced lunch  

statusCovariate  Gender 
Reading 
pretest 

(1) Student-level pretest score in  
mathematics problem solving MOD C C C N 

(2) Racial/ethnic minority status  
(coded 0  for  White, 1 for minority) C MOD C C C 

(3) Free or reduced-price lunch status  
(coded  0 if student enrolled in the 
free or reduced-price lunch program,  
1 otherwise) C C MOD C C 

(4) Gender (coded 0 for girls, 1 for 
boys) C C C MOD C 

N (5) Student-level pretest score in  
reading 

N N N 
MOD 

(6) Proficient in English (coded 0 if  
student proficient  in English, 1 
otherwise) C C C C C 

(7) Member of  grade 4 (coded 1 if  
student belongs to grade 4, 0   
otherwise)  C C C C C 

(8) Member of  grade 5 (coded 1 if  
student belongs to grade 5, 0   
otherwise) C C C C C 

(9) Member of  grade 7 (coded 1 if the  
student belongs to grade 7, 0   
otherwise) C C C C C 

(10) M ember of grade 8 (coded 1 if  
student belongs to grade 8, 0   
otherwise) C C C C C 

(11) Dummy variable indicating 
missing value for (1) N C C C N 

(12) Dummy variable indicating 
missing value for (2) C N C C C 

(13) Dummy variable indicating 
missing value for (3) C C N C C 
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  Analysis of the moderating effect of 

Covariate 

Mathematics 
 problem solving 

pretest 

Racial/ethnic 
minority 

 status 

Free or reduced-
priced lunch  

status  Gender 
Reading 
pretest 

(14) Dummy variable indicating 
missing value for (4) C C C N C 

(15) Dummy variable indicating 
missing value for (6) C C C C C 

(16) Dummy variable indicating 
missing value for (7) C C C C C 

(17) Dummy variable indicating 
missing value for (8) C C C C C 

(18) Dummy variable indicating 
missing value for (9) C C C C C 

(19) Dummy variable indicating 
missing value for (10) C C C C C 

 

Note: MOD is moderator. C is a covariate other  than the moderator.  N is not modeled. 

 
Shown below are the achieved values of critical characteristics for the power analysis for 

estimating differential impacts for the mathematics problem solving outcome (table P2). The 
results are used as a guide for the expected power for the corresponding analyses for the reading 
outcome. Table P3 shows the same  results for the science outcome. 
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Table P2 Sample-based assumptions used in estimating power for moderator analyses of mathematics problem solving 
outcome 

P
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Item 

Gender 
Free or reduced-priced 

lunch program Racial/ethnic minority 
Mathematics problem 

solving pretestb Reading pretestb 

Boys Girls Not enrolled Enrolled Yes No High Low High Low 

School-level variance (τ2) 467.0 362.0 354.4 302.5 278.4 382.6 177.2 145.1 189.3 158.9 

Student-level variance ( 2σ ) 1,572.4 1,296.0 1,614.7 1,145.4 1,159.4 1,4967.0 1,170.7 695.1 1,235.2 815.3 
Unconditional intraclass 
correlation .23 .22 .18 .21 .19 .20 .13 .17 .13 .16 

School-level R2 (R2 
C) .97 .96 .96 .95 .95 .96 .87 .89 .81 .89 

Student-level R2 (R2 
I) .57 .59 .59 .52 .55 .60 .08 .17 .07 .14 

Number of schools (J) 82 82 81 82 82 74 82 82 82 82 

Number of students/school (n) 112 116 103 127 94 140 109 102 106 105 

Proportion treatment schools (P) .50 .50 .49 .50 .50 .50 .50 .50 .50 .50 

Proportion control schools (1 – P) .50 .50 .51 .50 .50 .50 .50 .50 .50 .50 
Control group standard deviation 
(σ) 44.2 40.6 45.0 35.8 36.7 44.1 37.8 27.0 39.2 29.3 

Statistical power (β) .80 .80 .80 .80 .80 .80 .80 .80 .80 .80 

Alpha level (α) .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 

Degrees of freedom (df) 40 40 38 40 40 27 40 40 40 40 

Factor (α, β, df)a 
2.87 2.87 2.87 2.87 2.87 2.92 2.87 2.87 2.87 2.87 

Standard error (impact) 1.0 1.0 1.0 1.0 1.0 1.0 1.3 1.0 1.5 1.1 

Standard error (differential) 1.4 na 1.4 na 1.4 na 1.6 na 1.9 na 
Minimum detectable differential 
effect size 0.09 na 0.10 na 0.10 na 0.14 na 0.16 na 

na is not applicable. 
a. The value for Factor (α, β, df) comes from table 1 of Schochet (2008). 
b. For the purpose of the power analysis, the pretest was dichotomized into values above the median (high) and values below the median (low). In the moderator analyses, the 
pretest was divided into three categories: low, for scores in stanines 1–3; middle, for scores in stanines 4–6; and high, for scores in stanines 7–9. Dividing the pretest into three 
levels instead of two should increase statistical power; the results presented here can therefore be considered conservative. The cutpoints for the stanines were based on the pretest 
scale scores for the sample. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic data from state data system. 
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Table P3 Sample-based assumptions used in estimating power for moderator analyses of science outcome  

Item 

Gender 
Free or reduced-priced lunch 

program Racial/ethnic minority Reading pretestb 

Boys Girls Not enrolled Enrolled Yes No High Low 

School-level variance (τ2) 264.0 195.5 128.8 147.4 136.1 149.1 122.9 94.0 

Student-level variance (σ2) 951.6 688.5 842.1 718.5 646.0 845.6 645.9 561.8 

Unconditional intraclass correlation .22 .22 .13 .17 .17 .15 .16 .14 

School-level R2 (R2 
C) .90 .89 .85 .83 .82 .86 .79 .55 

Student-level R2 (R2 
I) .44 .43 .42 .38 .39 .44 .07 .06 

Number of schools (J) 79 79 74 79 78 66 79 79 

Number of students/school (n) 47 48 44 54 41 61 44 44 

Proportion treatment schools (P) 
.49 .49 .49 .49 .49 .48 .49 .49 

Proportion control schools (1 – P) 
.51 .51 .51 .51 .51 .52 .51 .51 

Control group standard deviation (σ) 
33.8 28.6 30.8 28.8 28.1 31.1 26.7 24.7 

Statistical power (β) 
.80 .80 .80 .80 .80 .80 .80 .80 

Alpha level (α) 
.05 .05 .05 .05 .05 .05 .05 .05 

Degrees of freedom (df) 
34 34 27 34 35 20 34 34 

Factor (α, β, df)a 2.89 2.89 2.92 2.89 2.89 2.95 2.89 2.89 

Standard error (impact) 
1.4 1.2 1.3 1.3 1.3 1.3 1.4 1.7 

Standard error (differential) 1.9 na 1.8 na 1.9 na 2.8 na 
Minimum detectable differential 
effect size .17 na .18 na .18 na .25 na 

na is not applicable. 
a. The value for Factor (α, β, df) comes from table 1 of Schochet (2008). 
b. For the purpose of the power analysis, the pretest was dichotomized into values above the median (high) and values below the median (low). In the moderator analyses, the 
pretest was divided into three categories: low, for scores in stanines 1–3; middle, for scores in stanines 4–6; and high, for scores in stanines 7–9. Dividing the pretest into three 
levels instead of two should increase statistical power; the results presented here can therefore be considered conservative. The cutpoints for the stanines were based on the pretest 
scale scores for the sample. 
Source: S achievement data from tests administered as part of the state’s accountability system and student demographic data from state data system. 



 

Appendix Q. Derivation and motivation of the Bell-Bradley estimator when 
measuring estimated two-year effect of the Alabama Math, Science, and 

Technology Initiative (AMSTI) 
 

Bell and Bradley (2008) proposed approximating the “untreated” control group outcome  
level for grade g in Year 2 with Y C*

2g , defined as: 
 
 Y C* = Y C – (Y T – Y C

2g 2g 1g 1g )       (Q1)   
 
where 

•  Y C*
2g  = approximate untreated control mean outcome level in Year 2 for grade g,  

•  Y C
2g  = observed control mean outcome in Year 2 for grade g,  

•  Y T
1g  = observed treatment group mean outcome in Year 1 for grade g, and 

•  Y C
1g  = observed control mean outcome in Year 1 for grade g.  

 
Using Y C*

2g , one can approximate the effect of two years of AMSTI on the treatment  
group, compared with no AMSTI, using the experimental structure of the data with the following 
equation: 
 
 F T* = Y T – Y C* T C T C

2g 2g 2g = Y2g – Y2g  + Y1g – Y1g     (Q2)   
 
where F T*

2g  = approximate mean effect of two years of AMSTI on the treatment group compared 
with no AMSTI in Year 2 for grade g and  Y T

2g  = observed treatment group mean outcome in 
Year 2 for grade g.  
 

The estimated mean effect of one year of AMSTI on the treatment group compared with 
no AMSTI for grade g in Year 1 can be defined as 
 

F T = Y T
1g  – Y C

–g 1g . 
 

The estimated mean effect of two years of AMSTI on the treatment group compared with 
one year of AMSTI, in Year 2 for grade g, can be defined as 
 

F T
2g  = Y T – Y C

2g 2g . 
 

Substituting both equations into equation (R2) yields 
 

  F T* = F T
2g  + F T.        

2g 1g (Q3) 
 

The Bell-Bradley two-year effect estimate is thus the sum of consecutive years’ effect 
estimates on the treatment group students at a fixed grade level, g. Intuitively, the second part of 
this sum,  F T

1g , is an unbiased estimate of the impact of AMSTI on students in their first year of 
program exposure; the first part of the sum,  F T

2g , adds an unbiased estimate of the incremental 
effect of the second year of AMSTI over and above the impact of the first year. F T

2g  estimates 
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the incremental effect of a second year because the control group portion of F T
2g —Y C

2g  in 
equation (2)—had the first year of AMSTI while the treatment group portion of F T

2g —Y T
2g  in 

equation (2)—had the first year plus a second year. 
 

Formal assessment of the approximation error in the F T*
2g  estimator requires 

consideration of the expected value of F T*
2g  in equation (2). Specifically, 

 
 E(F T*) = E(Y T) – E(Y C) + E(Y T) – E(Y C) = U T – M T C	 C T T

2g 2g 2g 1g 1g 2g 2g – U2g – M2g  + U1g –+ M1g – 
U C 

1g – M C,          
1g (Q4) 

 
where 

•	  U T 
2g = expected outcome of the treatment group if untreated, in Year 2 for grade g. 

•	  M T 
2g = expected impact of two years of AMSTI on the treatment group, compared 

with zero years, in Year 2 for grade g. 

•	  U C 
2g = expected outcome of the control group if untreated in Year 2 for grade g.  

•	  M C 
2g = expected impact of one year of AMSTI on the control group, compared with 

zero years, in Year 2 for grade g.  

•	  U T 
1g = expected outcome of the treatment group if untreated in Year 1 for grade g.  

•	  M T
1g  = expected impact of one year of AMSTI on the treatment group, compared with 

zero years, in Year 1 for grade g.  

•	  U C
1g  = expected outcome of the control group if untreated in Year 1 for grade g.  

•	  M C
1g  = expected impact of zero years of AMSTI on the control group in Year 2 for 

grade g.  

 
By virtue of random assignment, the expected untreated outcome levels are the same for  

the treatment and control groups in any given year and grade level: 
 
 U T

g  = U C
2 2g .  	        (Q5)    

 
 U T

g  = U C
1 1g .          (Q6)   

 
Furthermore, the expected impact on the control group in Year 1—when it receives no 

intervention—is zero:  
 
 M C 

1g =   0.         (Q7)   
 
Substituting equations (Q5), (Q6), and (Q7) into equation (Q4) yields  
 
 E(F T*) = M T

2g 2g  – M C
2g  + M T

1g .      (Q8)   
 
F T* is unbiased for M T

2g 2g , the impact of two years of AMSTI compared with no AMSTI, if 
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M C
2g  = M T

1g .          (Q9)   
 

Thus, the lack of bias of the Bell-Bradley estimator rests on the equivalence of impacts in 
the control and treatment groups when each group receives its first year of the AMSTI 
intervention.  
 
Standard error for estimator for the two-year impact. 
 

The standard error of the estimator of this quantity (R2), which uses outcomes for grade 
g, for two consecutive birth cohorts of students, and which assumes groups (in this study, 
schools) are randomized, is: 

 ^  2σ 2 4τ 2 

SE F T *
2g  =
 +
       (Q10) 
  

 
 P(1−
 P)nJ P(1−
 P)J


 

where  σ 2 
 = variance of individual outcomes around a group mean 

  τ 2  = variance of the group mean outcome across groups 
        J  = number of groups randomized 
        n  = number of individuals per group 
      P  = proportion of groups randomized to the treatment group. 
 
The derivation of this formula is provided in Bell and Bradley (in press). 
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Appendix R. Attrition through study stages for samples contributing to 
estimation of two-year effects 

Estimating two-year impacts with the Bell-Bradley method requires samples used to 
estimate the effect for each outcome: one with which to estimate the Year 1 effect (Year 1 
sample116) and one with which to estimate the differential effect in Year 2 (Year 2 sample117). 
This appendix explains how the sample for each of these components was developed to estimate 
the SAT 10 mathematics problem solving and science outcomes. 

Selection of the Stanford Achievement Test Tenth Edition (SAT 10) mathematics problem 
solving sample 

Below are changes in the numbers of schools, teachers, and students from the point of 
randomization to the point at which the analytic sample associated with the SAT 10 mathematics 
problem solving outcome was identified (table R1). 

Table R1 Attrition from Year 1 and Year 2 analytical samples contributing to estimation of 
two-year effect (associated with Stanford Achievement Test Tenth Edition [SAT 10)] 
mathematics problem solving outcome) 

Year 1 Year 2 

AMSTI Control AMSTI 
Control (with one year of 
AMSTI implementation) 

Item Schools Teachers Students Schools Teachers Students Schools Teachers Students Schools Teachers Students 

Randomization 41 na na 41 na na 41 na na 41 na na 
Numbers indicated 
in fall rosters  41 249 12,065 41 233 10,492 41 217 11,574 41 170 9,857 

Loss because of 
disability 0 –3 –1,548 0 –4 –1,383 0 –4 –1,434 0 –5 –1,245 

Available cases 
(baseline sample) 41 246 10,517 41 229 9,109 41 213 10,139 41 165 8,612 
Loss because of 
students moving 
from Subexperiment 
1 to Subexperiment 
2 (between Year 1 
and Year 2) 0 –0 –24 0 0 –26 0 0 –30 0 0 –25 

Available cases 41 246 10,493 41 229 9,083 41 213 10,109 41 165 8,587 

116 The Year 1 sample includes AMSTI schools in their first year of AMSTI implementation and control 

schools with no AMSTI implementation (across subexperiments). 

117 The Year 2 sample includes AMSTI schools in their second year of AMSTI implementation and 

control schools in their first year of AMSTI implementation (across subexperiments).
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Year 1 Year 2 

AMSTI Control AMSTI 
Control (with one year of 
AMSTI implementation) 

Loss because of 
missing student 
identifier 0 0 0 0 0 0 0 0 0 0 0 0 

Available cases 
41 246 10,493 41 229 9,083 41 213 10,109 41 165 8,587 

Loss because of 
missing school 
identifier 0 0 0 0 0 0 0 0 0 0 0 0 

Available cases 
41 246 10,493 41 229 9,083 41 213 10,109 41 165 8,587 

Loss because of 
missing posttests 0 –2 –471 0 0 –392 0 0 –270 0 0 –222 

Available cases 
41 244 10,022 41 229 8,691 41 213 9,839 41 165 8,365 

Loss because of 
duplicate records 0 –0 –23 0 0 –13 0 0 –6 0 0 –16 

Available cases 
41 244 9,999 41 229 8,678 41 213 9,833 41 165 8,349 

Loss because of 
repeating or 
skipping a grade 0 –1 –479 0 0 –204 –1 –5 –447 0 –1 –205 

Number of cases in 
sample 

41 243 9,520 41 229 8,474 40 208 9,386 41 164 8,144 
na is not applicable. 

Source: Student achievement data from tests administered as part of the state’s accountability system. 


Random assignment phase 

Both the Year 1 and Year 2 samples began with 41 schools randomly assigned to the 
AMSTI condition and 41 schools randomly assigned to the control condition. (The 41 control 
schools in Year 1 are the same 41 schools that are the 41 control schools in Year 2, but with one 
year of AMSTI implementation.) 

Confirmation of rosters and teacher assignments 

Districts provided information about teachers and student rosters at the start of the school 
year following randomization in Year 1 and at the start of the Year 2 school year. The record for 
the number of teachers and students began at the time that roster information was received. 

The Year 1 rosters from AMSTI schools included 249 teachers with 12,065 students. The 
Year 1 rosters from the control schools included 233 teachers with 10,492 students. 

The Year 2 rosters from AMSTI schools included 217 mathematics teachers and 11,574 
students in grades 4–8. The Year 2 rosters from the control schools included 170 teachers and 
9,857 students in grades 4–8. 
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Exclusion of data on students with disabilities 

Data for 1,548 students from AMSTI schools and 1,383 students from control schools 
were excluded from the Year 1 sample because the students were classified as having 
disabilities. The remaining Year 1 sample consisted of 41 AMSTI schools (with 246 teachers and 
10,517 students) and 41 control schools (with 229 teachers and 9,109 students). 

Data for 1,434 students from AMSTI schools and 1,245 students from control schools 
were excluded from the Year 2 sample because the students were classified as having 
disabilities. The remaining Year 2 sample consisted of 41 AMSTI schools (with 213 
mathematics teachers and 10,139 students in grades 4–8) and 41 control schools (with 165 
mathematics teachers and 8,612 students in grades 4–8). 

Exclusion of data on students who moved between subexperiments 

Data from students whose identifiers appeared twice in the analytic sample were 
excluded from analysis. These were students who moved between subexperiments (between 
Year 1 and Year 2). Because the first subexperiment started one year before the second one, 
moving across experiments would have resulted in unknown levels of exposure to the 
intervention. 

Data for 24 students from AMSTI schools and 26 students from control schools were 
excluded from the Year 1 sample because the students moved between subexperiments. 
Removing these data did not result in a decline in the number of teachers or schools. 

Data for 30 students from AMSTI schools and 25 students from the control schools were 
excluded from the Year 2 sample because the students moved between subexperiments. 
Removing these data did not result in a decline in the number of teachers or schools. 

Exclusion of data on students without valid identifiers 

Students’ data were excluded if they were missing valid student or school identifiers. It 
was critical to have this information in order to properly model school membership in the 
analysis. All students in the Year 1 and Year 2 samples were linked to school identifiers. 

Exclusion of data on students without valid identifiers 

Students’ data were excluded from analysis if they were missing a posttest score or if 
their posttest score lay outside the range of the posttest scale. Data for 471 students from AMSTI 
schools and 392 students from control schools were excluded from the Year 1 sample because 
the students were missing posttests. Exclusion of these data resulted in the loss of two teachers 
from intervention schools and no teachers from control schools. 

Data for 270 students in AMSTI schools and 222 students in control schools were 
excluded from the Year 2 sample because the students were missing posttests. The exclusion of 
these data did not result in teacher or school exclusions in Year 2 for either condition. 
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Treatment of missing data for covariates 

Students’ data were not excluded if they were missing values for one or more covariates 
in the model, including the pretest. A dummy variable method was used to address missing 
values for covariates. This method involved replacing the unobserved value with a constant and, 
for each covariate, adding an indicator variable with a value of 1 or 0 to signify whether the 
value of the corresponding covariate was observed or unobserved (missing). 

Exclusion of students with duplicate records and students who skipped or repeated a grade 

Students’ data were excluded from analysis if duplicate records were found or the student 
was determined to have skipped or repeated a grade. As with the one-year impact analysis, the 
two-year impact analysis for science included students from grades 5 and 7 only. The end of 
Year 1 and end of Year 2 student samples consisted largely of different sets of students. The 
exceptions were students who repeated grade 5 or grade 7 or who skipped a grade, going from 
grade 5 in Year 1 to grade 7 in Year 2. To avoid having more than one outcome per student in 
cases in which repeated measures analyses were not used (that is, where the data were analyzed 
in wide form instead of long form and assuming independence in outcomes across rows), 
researchers excluded students who would have appeared twice in the dataset because they 
skipped or repeated grades. For consistency, they eliminated students using the same criteria in 
the two-year impact analysis of the mathematics problem solving outcome. 

For the one-year confirmatory impact analyses, students who would go on to repeat or 
skip grades the following year could not be distinguished from the rest of the student population. 
Therefore, those results apply to all students, including skippers and repeaters. The results of the 
two-year impact analysis apply only to students who did not repeat or skip grades. For this 
reason, the sample contributing to the Year 1 component of the estimated two-year effect is 
slightly different from the sample used to compute the one-year impact in the confirmatory 
analyses. 

From the Year 1 sample, in AMSTI schools 23 students were excluded because of 
duplicate records and 479 were excluded because of skipping or repeating a grade. Exclusion of 
these data resulted in the loss of one teacher. In control schools, 13 students were excluded 
because of duplicate records and 204 were excluded because of skipping or repeating a grade. 
Exclusion of these data resulted in the loss of no teachers or schools. 

From the Year 2 sample, in AMSTI schools 6 students were excluded because of 
duplicative records and 447 were excluded because of skipping or repeating a grade. Exclusion 
of these data resulted in the loss of five teachers and one school. From the Year 2 sample, in 
control schools data from 16 students were excluded because of duplicative records and data 
from 205 students were excluded because of skipping or repeating a grade. Exclusion of these 
data resulted in the loss of one teacher. 
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Summary of selection of mathematics problem solving sample 

The starting sample for Year 1 included 41 AMSTI schools (with 251 mathematics 
teachers and 12,198 students) and 41 control schools (with 234 mathematics teachers and 10,514 
students). The baseline sample for the analysis of mathematics outcomes, which was limited to 
students without disabilities in grades 4–8, consisted of 41 AMSTI schools (with 246 teachers 
and 10,517 students) and 41 control schools (with 229 teachers and 9,109 students). The analytic 
sample for the analysis of mathematics outcomes consisted of 41 AMSTI schools (with 243 
teachers and 9,520 students) and 41 control schools (with 229 teachers and 8,474 students). 

The starting sample for Year 2 included 41 AMSTI schools (with 217 mathematics 
teachers and 11,574 students) and 41 control schools (with 170 mathematics teachers and 10,081 
students). The baseline sample for the analysis of mathematics outcomes, which was limited to 
students without disabilities in grades 4–8, consisted of 41 AMSTI schools (with 213 teachers 
and 10,139 students) and 41 control schools (with 165 teachers and 8,612 students). The analytic 
sample for the analysis of mathematics outcomes consisted of 40 AMSTI schools (with 208 
teachers and 9,386 students) and 41 control schools (with 164 teachers and 8,144 students). 

Selection of the Stanford Achievement Test Tenth Edition (SAT 10) science sample 

Below are changes in the numbers of schools, teachers, and students from the point of 
randomization to the point at which the analytic sample associated with the SAT 10 science 
outcome was identified (table R2). 
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Table R2 Attrition from Year 1 and Year 2 analytical samples contributing to estimation of 
two-year effect (associated with Stanford Achievement Test Tenth Edition [SAT 10)] 
science outcome) 

Year 1 Year 2 

AMSTI Control AMSTI 
Control (with one year of 
AMSTI implementation) 

Item Schools Teachers Students Schools Teachers Students Schools Teachers Students Schools Teachers Students 

Randomization 41 na na 41 na na 41 206 na 41 156 na 
Numbers 
indicated in fall 
rosters 41 233 12,065 41 213 10,492 41 206 11,574 41 156 10,081 

Loss because not 
in grades 5 and 7  0 –128 –6,972 0 –116 –6,284 –2 –111 –6,688 0 –93 –6,140 

Available cases 41 105 5,093 41 97 4,208 39 95 4,886 41 63 3,941 

Loss because of 
disability –2 –2 –613 0 –2 –520 0 –4 –633 0 –2 –526 

Available cases 
(baseline sample) 39 103 4,480 41 95 3,688 39 91 4,253 41 61 3,415 
Loss because of 
students moving 
from 
Subexperiment 1 
to Subexperiment 
2 (between Year 1 
and Year 2) 0 0 –14 0 0 (9 0 0 –14 0 0 –11 

Available cases 39 103 4,466 41 95 3,679 39 91 4,239 41 61 3,404 
Loss because of 
missing student 
identifier 0 0 0 0 0 0 0 0 0 0 0 0 

Available cases 39 103 4,466 41 95 3,679 39 91 4,239 41 61 3,404 
Loss because of 
missing school 
identifier 0 0 0 0 0 0 0 0 0 0 0 0 

Available cases 39 103 4,466 41 95 3,679 39 91 4,239 41 61 3,404 

Loss because of 
missing posttests 0 –1 –384 –1 –5 –233 0 –4 –261 –1 –1 –157 

Available cases 39 102 4,082 40 90 3,446 39 87 3,978 40 60 3,247 

Loss because of 
duplicate records 0 0 –7 0 0 –8 0 0 –2 0 0 –2 

Available cases 39 102 4,075 40 90 3,438 39 87 3,976 40 60 3,245 
Loss because of 
repeating or 
skipping a grade 0 –1 –161 0 0 –74 –1 –2 –133 0 0 –84 

Number of cases 
in sample 39 101 3,914 40 90 3,364 38 85 3,843 40 60 3,161 

na is not applicable. 

Source: Student achievement data from tests administered as part of the state’s accountability system. 
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Random assignment phase 

Both the Year 1 and Year 2 samples began with 41 schools randomly assigned to the 
AMSTI condition and 41 schools randomly assigned to the control condition. (The 41 control 
schools in Year 1 are the same 41 schools that are the 41 control schools in Year 2, but with one 
year of AMSTI implementation.) 

Confirmation of rosters and teacher assignments 

Districts provided information about teachers and student rosters at the start of the school 
year following randomization in Year 1 and at the start of the Year 2 school year. The record for 
the number of teachers and students began at the time that roster information was received. 

The Year 1 rosters from AMSTI schools included 233 teachers with 12,065 students. The 
Year 1 rosters from control schools included 213 teachers with 10,492 students. Data from 
students not in grade 5 or 7 were removed from the sample, resulting in 105 teachers and 5,093 
students in 41 AMSTI schools and 97 teachers and 4,208 students in 41 control schools. 

The Year 2 rosters from AMSTI schools included 206 teachers and 11,574 students. The 
Year 2 rosters from control schools included 156 teachers and 10,081 students. Retaining data 
from students only in grade 5 or 7 resulted in 95 teachers and 4,886 students in 39 AMSTI 
schools and 63 teachers and 3,941 students in 41control schools. 

Exclusion of data on students with disabilities 

Data for 613 students from AMSTI schools and 520 students from control schools were 
excluded from the Year 1 sample because the students were classified as having disabilities. 
Exclusion of these data resulted in the loss of two teachers and two schools in the AMSTI 
condition and two teachers in the control condition. The remaining Year 1 sample consisted of 
39 AMSTI schools (with 103 teachers and 4,480 students) and 41 control schools (with 95 
teachers and 3,688 students). 

Data for 633 students from AMSTI schools and 526 students from control schools were 
excluded from the Year 2 sample because the students were classified as having disabilities. 
Exclusion of these data resulted in the loss of four teachers in AMSTI schools and two teachers 
in control schools. The remaining Year 2 sample consisted of 39 AMSTI schools (with 91 
science teachers and 4,253 students in grades 5 or 7) and 41 control schools (with 61 science 
teachers and 3,415 students in grades 5 or 7). 

Exclusion of data on students who moved between subexperiments  

Data from students whose identifiers appeared twice in the analytic sample were 
excluded from analysis. These were students who moved between subexperiments (between 
Year 1 and Year 2). Because the first subexperiment started one year before the second one, 
moving between the two subexperiments would have resulted in unknown levels of exposure to 
the intervention. 
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Data for 14 students from AMSTI schools and 9 students from control schools were 
excluded from the Year 1 sample because students moved between subexperiments. From the 
Year 2 sample, data for 14 students from AMSTI schools and 11 students from control schools 
were excluded because students moved between subexperiments. Removing these students’ data 
did not result in the loss of teachers or schools for either year. 

Exclusion of data on students without valid identifiers 

Students’ data were excluded if they were missing valid student or school identifiers. It 
was critical to have this information in order to properly model school membership in the 
analysis. All students in the Year 1 and Year 2 samples were linked to school identifiers. 

Exclusion of data on students without valid posttests 

Students’ data were excluded from analysis if they were missing a posttest score or if 
their posttest score lay outside the range of the posttest scale. Data for 384 students from AMSTI 
schools and 233 students from control schools were excluded from the Year 1 sample because 
students were missing posttests. Exclusion of these data resulted in the loss of one teacher from 
the AMSTI condition and five teachers and one school from the control condition. 

Data for 261 students from AMSTI schools and 157 students from control schools were 
excluded from the Year 2 sample because students were missing posttests. Exclusion of these 
data resulted in the loss of four teachers in AMSTI condition and one teacher and one school in 
the control condition. 

Treatment of missing data for covariates 

Students’ data were not excluded if they were missing values for one or more covariates 
in the model, including the pretest. A dummy variable method was used to address missing 
values for covariates. This method involved replacing the unobserved value with a constant and, 
for each covariate, adding an indicator variable with a value of either 1 or 0 to signify whether 
the value of the corresponding covariate is observed or unobserved (missing). 

Exclusion of students with duplicate records and students who skipped or repeated a grade 

Students’ data were excluded from analysis if duplicate records were found or the student 
was determined to have skipped or repeated a grade. From the Year 1 sample, in AMSTI schools 
7 students were excluded because of duplicate records, and 161 students were excluded because 
of skipping or repeating a grade. Exclusion of these data resulted in the loss of one teacher. In 
control schools, 8 students were excluded from the control condition because of duplicate 
records and 74 students were excluded because of skipping or repeating a grade. Exclusion of 
these data resulted in the loss of no teachers or schools. 

From the Year 2 sample, in AMSTI schools data from 2 students were excluded because 
of duplicative records and data from 133 students were excluded because of skipping or 
repeating a grade. Exclusion of these data resulted in the loss of two teachers and one school. 
From the Year 2 sample, in control schools 2 students were excluded because of duplicative 
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records and 84 students were excluded because of students skipping or repeating a grade. 
Exclusion of these data resulted in the loss of no teachers or schools from the control condition. 

Summary of selection of science sample 

The starting sample for Year 1 included 41 AMSTI schools (with 233 science teachers 
and 12,065 students) and 41 control schools (with 213 science teachers and 10,492 students). 
The baseline sample for the analysis of science outcomes, which was limited to students without 
disabilities in grade 5 or 7, consisted of 39 AMSTI schools (with 103 teachers and 4,480 
students) and 41 control schools (with 95 teachers and 3,688 students). The analytic sample for 
the analysis of science outcomes consisted of 39 AMSTI schools (with 101 teachers and 3,914 
students) and 40 control schools (with 90 teachers and 3,364 students). 

The starting sample for Year 2 included 41 AMSTI schools (with 206 science teachers 
and 11,574 students) and 41 control schools (with 156 science teachers and 10,081 students). 
The baseline sample for the analysis of science outcomes, which was limited to students without 
disabilities in grade 5 or 7, consisted of 39 AMSTI schools (with 91 teachers and 4,253 students) 
and 41 control schools (with 61 teachers and 3,415 students). The analytic sample for the 
analysis of science outcomes consisted of 38 AMSTI schools (with 85 teachers and 3,843 
students) and 40 control schools (with 60 teachers and 3,161 students). 
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Appendix S. Examination of equivalence in baseline and analytic samples used in the estimation of two-year 
effects 

 
Estimating two-year impacts with the Bell-Bradley method requires two samples for each outcome: one with which to estimate 

the Year 1 effect (Year 1 sample118) and one with which to estimate the differential effect in Year 2 (Year 2 sample119). This appendix 
provides data on the mean characteristics of the baseline (table S1) and analytical (table S2) samples contributing to the Year 2 
component of the Bell-Bradley estimate for both the mathematics problem solving and science outcomes. 

 
Table S1 Mean characteristics of baseline sample contributing to the Year 2 component of the Bell-Bradley estimate 
(associated with Stanford Achievement Test Tenth Edition [SAT 10] mathematics problem solving and science outcomes) 

Mathematics problem solving Science 
Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 
Student Characteristic 

Average of school 
percent of boys 

Average in Each Condition 50.1 49.6 51.3 49.2 
Standard Deviation 4.9 3.5 6.8 5.7 
Sample Size (Schools)  41 41 39 41 
Average Difference 0.5 2.1  
Standard Error 1.0 1.4  
Test statistic t = 0.51 t = 1.53 
p-value .61 .13  

Average of school 
percent of minority 
students 

Average in Each Condition 50.7 47.2 51.5  48.0 

Standard Deviation 34.4 33.4 35.5  34.0 

Sample Size (Schools) 41 41 39  41 

Average Difference 3.6 4.0  

Standard Error 7.5 7.8  

Test statistic t = 0.47 t = 0.52 

p-value .64 .60  

                                                      
118 The Year 1 sample includes AMSTI schools in their first year of AMSTI implementation and control schools with no AMSTI implementation 
(across subexperiments). 
119 The Year 2 sample includes AMSTI schools in their second year of AMSTI implementation and control schools in their first year of AMSTI 
implementation (across subexperiments). 
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Mathematics problem solving Science 
Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 

Average of school 
percent of students 
proficient in English 

Average in Each Condition 98.1 98.7 98.2  99.0 
Standard Deviation 3.7 2.2 3.9  2.2 
Sample Size (Schools) 41 41 39  41 
Average Difference –0.6 –0.7  
Standard Error 0.7 0.7  
Test statistic t = 0.88 t = 0.93 
p-value .38 .35  

Average of school 
percent of students 
enrolled in the free or 
reduced-price lunch 
program 

Average in Each Condition 64.9 65.9 64.7  65.0 
Standard Deviation 24.5 23.9 24.4 25.0 
Sample Size (Schools) 41 41 39 41 
Average Difference –1.0 –0.3 
Standard Error 5.3 5.5 
Test statistic t = 0.20 t = 0.05 
p-value .85 .96 

Average of school 
percent of students in 
grade 4 

Average in Each Condition 24.2 22.9 na na 
Standard Deviation 23.5 23.0 na na 
Sample Size (Schools) 41 41 na na 
Average Difference –1.3  na 
Standard Error 5.1  na 
Test statistic t = 0.26  na 
p-value .80  na 

Average of school 
percent of students in 
grade 5 

Average in Each Condition 26.2 22.9 61.7  56.4 
Standard Deviation 20.0 20.2 40.6  46.4 
Sample Size (Schools) 41 41 39  41 
Average Difference 3.4  5.3 
Standard Error 4.4  9.8 
Test statistic t = 0.76  t =0.54 
p-value .45  .59 

Average of school 
percent of students in 
grade 6 

Average in Each Condition 14.6 18.3 na  na 
Standard Deviation 14.6 16.5 na  na 
Sample Size (Schools) 41 41 na  na 
Average Difference –3.8 na 
Standard Error 3.4  na 
Test statistic t = 1.09  na 
p-value .28  na 
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Mathematics problem solving Science 
Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 

Average of school 
percent of students in 
grade 7 

Average in Each Condition 16.1 17.9 38.3  43.6 
Standard Deviation 18.3 19.9 40.6  46.4 
Sample Size (Schools) 41 41 39  41 
Average Difference –1.8  na 
Standard Error 4.2  na 
Test statistic t = 0.43  na 
p-value .67  na 

Average of school 
percent of students in 
grade 8 

Average in Each Condition 18.9 18.0 na  na 
Standard Deviation 22.5 19.9 na  na 
Sample Size (Schools) 41 41 na  na 
Average Difference 0.9  na 
Standard Error 4.7  na 
Test statistic t = 0.19  na 
p-value .85  na 

School average pretest score and sample size 

SAT10a 

Pretest Score 630.5  631.9 632.6  635.1 
Standard Deviation 24.1  21.5 19.5  17.7 
Sample Size (Schools) 41  41 38  41 
Average Difference –1.4  –2.6 
Standard Error 5.1  4.2 
Test statistic t = 0.28  t = 0.61 
p-value .78  .54 

Number of schools = 41 
Number of teachers = 213 
Number of students = 10,139 

Number of schools = 41 
Number of teachers = 165 
Number of students = 8,612 

Number of schools = 39 
Number of teachers = 91 
Number of students = 4,253 

Number of schools = 41 
Number of teachers = 61 
Number of students = 3,415 Sample Size 

na is not applicable 
Note: Detail may not sum to totals because of rounding. The number of schools and teachers for the comparisons varied slightly because of missing data. For binary and 
continuously distributed variables, school means were computed and the hypothesis of no difference between the AMSTI and control averages of the variables tested. Grade 
level for mathematics problem solving is a categorical variables with more than two levels. In addition to testing for a difference between conditions in school proportions of 
cases for each response category, researchers tested the hypothesis of no difference between conditions in the distribution of students across grades for the mathematics 
problem solving outcome (p = .81). They also examined baseline equivalence overall. To do this they ran two logistic regressions. The first modeled the log odds of belonging 
to the treatment group. The second modeled the log odds of belonging to the treatment group conditioning on all the covariates that had been individually tested for 
equivalence. Based on the difference between the models in the deviance statistic, the hypothesis of no difference in model fit between the model with the covariates and the 
model without covariates was not rejected (the p-value was .78 for mathematics problem solving and .87 for science.) 
a. The SAT 10 mathematics problem solving pretest was used for the mathematics outcome. The SAT 10 reading pretest was used for the science outcome. 
Source: Student achievement data from tests administered as part of the state’s accountability system, student demographic data from state data system, and teacher survey data. 
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Table S2 Mean characteristics of analytic samples contributing to the Year 2 component of the Bell-Bradley estimate 
(associated with Stanford Achievement Test Tenth Edition [SAT 10] mathematics problem solving and science outcomes) 

Mathematics problem solving Science 

Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 
Student Characteristic 

Average of school 
percent of boys 

Average in Each Condition 49.7 49.5 50.7 49.1 
Standard Deviation 5.2 3.4 6.9 5.3 
Sample Size (Schools) 40 41 38 40 
Average Difference 0.2 1.5 
Standard Error 1.0 1.4 
Test statistic t = 0.21 t = 1.10 
p-value .84 .28 

Average of school 
percent of minority 
students 

Average in Each Condition 49.6 47.1 50.4  45.9 
Standard Deviation 34.0 33.4 35.2  33.4 
Sample Size (Schools) 40 41 38  40 
Average Difference 2.5 4.5 
Standard Error 7.5 7.8 
Test statistic t = 0.33 t = 0.58 
p-value .74 .56 

Average of school 
percent of students 
proficient in English 

Average in Each Condition 98.1 98.7 98.3  98.9 
Standard Deviation 3.7 2.1 3.7  2.2 
Sample Size (Schools) 40 41 38  40 
Average Difference –0.6 –0.5 
Standard Error 0.7 0.7 
Test statistic t = 0.88 t = 0.79 
p-value .38 .43 

Average of school 
percent of students 
enrolled in the free or 
reduced-price lunch 
program 

Average in Each Condition 63.7 65.2 63.5  63.4 
Standard Deviation 24.4 24.1 24.3 24.9 
Sample Size (Schools) 40 41 38 40 
Average Difference –1.5 0.1 
Standard Error 5.4 5.6 
Test statistic t = 0.29 t = 0.02 
p-value .78 .98 

Average of school 
percent of students in 
grade 4 

Average in Each Condition 25.0 23.3 na na 
Standard Deviation 23.6 23.1 na na 
Sample Size (Schools) 40 41 na na 
Average Difference –1.7  na 
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Mathematics problem solving Science 

Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 
Standard Error 5.2  na 
Test statistic t = 0.33  na 
p-value .74  na 

Average of school 
percent of students in 
grade 5 

Average in Each Condition 26.6 23.4 63.2  56.0 
Standard Deviation 20.4 20.5 41.3  46.6 
Sample Size (Schools) 40 41 38  40 
Average Difference 3.3  7.3 
Standard Error 4.5  10.0 
Test statistic t = 0.72  t = 0.73 
p-value .47  .47 

Average of school 
percent of students in 
grade 6 

Average in Each Condition 15.0 18.1 na na 
Standard Deviation 15.6 16.6 na na 
Sample Size (Schools) 40 41 na na 
Average Difference –3.1 na 
Standard Error 3.6  na 
Test statistic t = 0.85  na 
p-value .40  na 

Average of school 
percent of students in 
grade 7 

Average in Each Condition 15.3 17.5 36.8  44.0 
Standard Deviation 18.5 19.6 41.3  46.6 
Sample Size (Schools) 40 41 38  40 
Average Difference –2.2  na 
Standard Error 4.2  na 
Test statistic t = 0.52  na 
p-value .60   na 

Average of school 
percent of students in 
grade 8 

Average in Each Condition 18.1 17.8 na na 
Standard Deviation 22.8 20.1 na na 
Sample Size (Schools) 40 41 na na 
Average Difference 0.3  na 
Standard Error 4.8  na 
Test statistic t = 0.06  na 
p-value .95  na 

School average pretest score and sample size 

SAT10a 

Pretest Score 630.3 632.1 631.7  635.2 
Standard Deviation 24.6 22.0 21.2  17.7 
Sample Size (Schools) 40 41 36  38 
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Mathematics problem solving Science 

Sample characteristic AMSTI schools Control schools AMSTI schools Control schools 
Average Difference –1.8 –3.5 
Standard Error 5.2 4.5 
Test statistic t = 0.34 t = 0.77 
p-value .73 .44 

Sample Size 

Number of schools = 40 
Number of teachers = 208 
Number of students = 9,386 

Number of schools = 41 
Number of teachers = 164 
Number of students = 8,144 

Number of schools = 38 
Number of teachers = 85 
Number of students = 3,843 

Number of schools = 40 
Number of teachers = 60 
Number of students = 3,161 

na is not applicable. 
Note: Detail may not sum to totals because of rounding. The number of schools and teachers for the comparisons varied slightly because of missing data. For binary and 
continuously distributed variables, school means were computed and the hypothesis of no difference between the AMSTI and control averages of the variables tested. Grade 
level for mathematics problem solving is a categorical variables with more than two levels. In addition to testing for a difference between conditions in school proportions of 
cases for each response category, researchers tested the hypothesis of no difference between conditions in the distribution of students across grades for the mathematics 
problem solving outcome (p = .87). They also examined baseline equivalence overall. To do this they ran two logistic regressions. The first modeled the log odds of belonging 
to the treatment group. The second modeled the log odds of belonging to the treatment group conditioning on all the covariates that had been individually tested for 
equivalence. Based on the difference between the models in the deviance statistic, the hypothesis of no difference in model fit between the model with the covariates and the 
model without covariates was not rejected (the p-value was .19 for mathematics problem solving and .29 for science.) 
a. The SAT 10 mathematics problem solving pretest was used for the mathematics outcome. The SAT 10 reading pretest was used for the science outcome. 
Source: Student achievement data from tests administered as part of the state’s accountability system, student demographic data from state data system, and teacher survey 
data. 



 

 
 

 

 

 
 

 

 
 

 
 

 
 

  

 

                                                      

 
 

Appendix T. Estimation model for two-year effects of the Alabama Math, 

Science, and Technology Initiative (AMSTI) 


This appendix explains how the two-year effects of AMSTI were estimated. It describes 
the time structure of the data and how it relates to the model specification, presents the multilevel 
equations of the model and discusses the estimation process, and explains how the two-year 
impact was estimated from the model’s estimated parameters. 

The same two-level model used in the one-year analysis was used. As noted in chapter 2, 
for mathematics problem solving, multiple observations over time existed for most students in 
the analysis file. Multiple observations occurred because the Bell-Bradley method calculates 
treatment-control group differences in outcomes for the same students in consecutive grades. For 
example, to obtain an estimate for grade 6 students, the Bell-Bradley method combines data for 
grade 6 students in the year of interest with data on the preceding year’s grade 6 students (table 
T1). The preceding year’s grade 6 students are also analyzed as the current year’s grade 7 
students, resulting in two observations for every student in this cohort.120 To obtain unbiased 
standard errors that take account of multiple observations per student over time (that is, nesting 
of scores within students), post hoc adjustments were made to the conventional standard errors 
for the Bell-Bradley estimators (see chapter 5 for details of the adjustment made). Science test 
scores were available only for grade 5 and 7 students, so no students appear in the analysis 
sample more than once (those who skipped or repeated grades were removed.) There was 
therefore no need to consider the nesting of scores within students (that is, repeated measures) 
and hence no need to make post hoc adjustments to standard errors. 

Table T1 Multiple observations per student used in analyzing two-year effects  

Outcome/birth cohort 
Grade level observed during 

2006/07 school year 
Grade level observed during 

2007/08 school year 
Mathematics achievement 
1992/93 Grade 8 na 
1993/94 Grade 7 Grade 8 
1994/95 Grade 6 Grade 7 

1995/96 Grade 5 Grade 6 

1996/97 Grade 4 Grade 5 
1997/98 na Grade 4 
Science achievement 
1993/94 Grade 7 na 
1994/95 na Grade 7 
1995/96 Grade 5 na 
1996/97 na Grade 5 

na is not available. 

Note: Table illustrates repeated measures for the Subexperiment 1 sample.
 

120 Only single observations were used for the youngest and oldest cohorts, namely, students who were in 
grade 9 in the second year of the study and students who did not enter the study window (that is, grade 4) 
until the second year. 
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Specification of the model, with students at level 1 and schools at level 2, is as follows:121  
 
Level 1 (student level): 
 

The two-year level 1 model differs from the one-year level 1 model because it includes 
an indicator of whether a student belongs to the first student age cohort or the second (one year 
younger) cohort (COHORT).122  

12 

yij = β0 j + β1 jCOHORTij + β pjCOVpij + eij . 
p=1 

COHORT1ij  indicates the birth cohort to which the student belongs. It takes on the value of 1 for 

students in the younger birth cohort (whose Year 2 estimated effect is of interest) and 0 for the 
older birth cohort (whose Year 1 estimated effect is of interest). COVpij is the value of the 
covariate p. Covariates include the pretest and indicators of racial/ethnic minority status, free or 
reduced-price lunch status, English proficiency, grade level, and gender. Dummy variables for 
each covariate indicate whether the value of the covariate is missing. eij  is the random effect 

associated with student i in school j, conditioning on the other variables in the model. 
 
Level 2 (school level): 
 

Level 2 is specified the same way as in the one-year effect model, but the coefficient for 
the cohort effect is expressed as a linear function of the treatment effect (that is, it is allowed to 
differ between AMSTI  and control schools):123  
 

p = 1,...,12  

 

121 The model used to estimate the effect of AMSTI  on student performance in science is presented. The 
effect on mathematics problem solving was estimated using a similar model but one that included a larger 
number of fixed effects, because grades 4–8 were included in that analysis, not just grades 5 and 7.  
Therefore, four dummy variables were  used to indicate grade, with grade 6 serving as the reference grade. 
122 As shown in appendix Q, estimation using the Bell-Bradley method requires data from two 
consecutive age cohorts of students, one cohort providing an AMSTI–control difference in mean 
outcomes for Year 2 and the other providing an AMSTI–control difference in outcomes at the same grade 
level a year earlier (in Year 1). The students used to calculate the second difference were born a year 
earlier than the students used to calculate the first difference.  
123 When the different levels of the model are brought together, this difference translates into different- 
size effects for the two birth cohorts—an essential distinction in using the model to obtain the two 
components of the Bell-Bradley estimator. 
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___

X j  is the mean pretest score for school j. 

T j  indicates whether a school is assigned to the AMSTI or control condition in year-1 (coded 1 

if the school is assigned to AMSTI and 0 if the school is assigned to control). 

I(m−3)   indicates the matched pair to which a school belongs; it takes on a value of 0 or 1. There 

are 40 indicators for the 41 pairs.  

u0, j is the random effect of school j, conditioning on the other variables in the model. 

 
Substituting the level 2 equations into level 1 yields the following mixed model: 

 
The MIXED procedure from the SAS Institute (2006) was used to estimate the model.124  

Each outcome variable was regressed against the fixed effects, including a school-level indicator 
variable for treatment status. Adjustment for random imbalances between the two groups is 
provided in this model by COVpij the student-level covariates also used in the one-year impact 

___ 

analyses, and X j , the school mean of the pretest. To account for the matched-pairs component 
of the random assignment design, the model includes variables, I(m–3), which identify the matched 
pairs within which schools were randomized. 
 

The regression-adjusted average difference between treatment and control group 
outcomes in the older birth cohort at the end of Year 1 is estimated as: γ̂02 which is the 

,

regression-adjusted version of Y T C 
1 g − Y1g from appendix Q. The regression-adjusted average 

difference between treatment and control group outcomes in the younger birth cohort at the end 

of Year 2 is estimated γ̂  02 +γ̂  11 , where γ̂02  is defined as above and γ̂  11 is the regression-adjusted 

version of Y T C
2 g − Y C T C T

2 g – Y1g − Y1g , making γ̂02 +γ̂11 the regression-adjusted version of Y2 g − Y
 2 g  

from appendix Q. 
 

As explained in appendix Q, the Bell-Bradley estimate of the effect of two years of 
AMSTI compared with no AMSTI is simply the sum of the two-regression adjusted differences 
for students in the same grade level g in consecutive years, constructed as 

EFFECT = γ̂  02 + (γ̂  02 + γ̂ 11 ) = 2* γ̂  02 + γ̂ 11 . 
 

                                                      
124 Singer (1998) describes the procedure for conducting mixed-model analyses of hierarchical data sets 
using SAS.  
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Exploratory measures of the effect of two years of AMSTI compared with no AMSTI are 
reported based on this formula for both mathematics problem solving and science. Also reported 
are the effect sizes associated with each estimate (calculated as the estimate of effect divided by 
the pooled standard deviation of the outcome measure in Year 2) and the differences in 
percentile standing, as described in the discussion of the one-year impact analyses. Although two 
outcomes are analyzed, adjustments for multiple comparisons are not made, because both 
analyses are exploratory. The results are presented in chapter 5. 
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Appendix U. Topics and instructional methods used at the Alabama Math, 
Science, and Technology Initiative (AMSTI) summer institute 

Trainers at the AMSTI summer institute covered a variety of topics and used a variety of 
instructional methods. The number of days each trainer covered a topic to a moderate extent or 
more were added and the sum divided by the number of trainers for that grade/subject level in 
order to determine the average number of days each topic was covered to a moderate extent or 
more. For the grade 5 trainings, there were four trainers (tables U1 and U2). For the grade 7 
trainings, there were two trainers (table U3). Only topics, and not summary statistics, are listed 
for grade 7 trainings, because presenting summary statistics on only two informants posed a 
threat to participant confidentiality. 

Table U1 Grade 5 mathematics topics covered to a moderate extent or more by Alabama 
Math, Science, and Technology Initiative (AMSTI) trainers in Year 1 

Topic 
Average number of 

days (out of 5) Standard deviation Standard error 

Mathematical thinking 1.00 0.82 0.41 

Landmarks in the number system 1.50 1.00 0.50 

Fractions 2.75 0.50 0.25 

Percents 2.75 0.50 0.25 

Decimals 2.75 1.26 0.63 

Computation strategies 1.50 0.58 0.29 

Estimation strategies 0.75 0.96 0.48 
Note: Statistics are based on self-report of four trainers. 
Source: Professional development training logs. 

Table U2 Grade 5 science topics covered to a moderate extent or more by Alabama 
Math, Science, and Technology Initiative (AMSTI) trainers in Year 1 

Topic 
Average number 
of days (out of 5) 

Standard 
deviation 

Standard 
error 

Science notebooks 2.50 1.29 0.65 

Microscopes: lenses, practice, and slide preparation 2.00 0.82 0.41 

Observation skills 2.00 0.82 0.41 

Flippers investigation 1.25 0.50 0.25 

Looking at living things: blepharisma 1.25 0.50 0.25 

Looking at living things: vinegar eels 1.25 0.50 0.25 

Looking at living things: volvox 1.25 0.50 0.25 

Lifeboats investigation (capacity) 1.00 0.00 0.00 

Looking at living things: hay and grass infusions 1.00 0.82 0.41 

Plane sense investigation (catapults) 1.00 0.82 0.41 

Swingers investigation (pendulum) 1.00 0.00 0.00 

Globe: soil 0.75 0.50 0.25 

Globe: atmosphere 0.50 0.58 0.29 
Note: Statistics are based on self-report of four trainers. 
Source: Professional development training logs. 
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Table U3 Grade 7 mathematics and science topics covered by Alabama Math, Science, and 
Technology Initiative (AMSTI) trainers in Year 1 

Mathematics Science 

Enlarging figures using rubber-band stretchers and 
coordinating plotting Science notebook 

Visualizing similar and distorted transformations 
informally 

Describing and naming organisms, producing 
scientific drawings, and observation skills 

Identifying similar figures by side lengths and angles Pond ecosystems: constructing and observing 

Recognizing scale factors for similar figures 
Plants: reproduction, leaf structure, transpiration, and 
flower structure 

Reptiles: building and dividing shapes 
Plant and animal cells: observing, drawing, and 
measuring 

Understanding the relationship between similarity and 
equivalent fractions Cell division: understanding, and creating a model 

Understanding areas of similar figures Protists: observing, drawing, and measuring 

Understanding similar triangles: rules 
Fungi: molds, mold formation, fungal garden, yeast 
cells 

Understanding similar rectangles: rules Daphnia: drawing and experimenting 

Solving for unknown lengths with scale factors 
Hydra: sketching and observing, feeding, and 
reproduction 

Making connections to the real world 
Seeds: harvesting and preparing, observing new 
sprouts 

Making connections to algebra Globe: identification of living organisms 

Making connections to geometry Globe: measurement of living organisms 

Using geometry software 

Using writing in mathematics 
Source: Professional development training logs. 

Instructional methods used during the summer institutes included hands-on activities, 
lesson demonstrations, small group discussions, and other methods (tables U4–U6). 
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Table U4 Use of instructional methods more than 25 percent of the time by grade 5 
mathematics Alabama Math, Science, and Technology Initiative (AMSTI) trainers in Year 1 

Instructional method 
Average number 
of days (out of 5) 

Standard 
deviation 

Standard 
error 

Hands-on activities 4.0 2.0 1.0 

Lesson demonstration 3.5 2.4 1.2 

Small group discussion 2.5 2.4 1.2 

Skills practice 1.5 1.9 1.0 

Writing in math 1.3 1.5 0.8 

Whole group discussion 1.0 1.2 0.6 

Lecture 0 0 0 

Computer-based instruction 0 0 0 
Note: Statistics are based on self-report of four trainers. 
Source: Professional development training logs. 

Table U5 Use of instructional methods more than 25 percent of the time by grade 5 science 
Alabama Math, Science, and Technology Initiative (AMSTI) trainers in Year 1 

Instructional method 
Average number 
of days (out of 5) 

Standard 
deviation 

Standard 
error 

Hands-on activities 4.5 0.6 0.3 

Lesson demonstration 3.5 1.9 1.0 

Skills practice 2.8 2.1 1.0 

Small group discussion 2.8 2.1 1.0 

Whole group discussion 1.5 1.3 0.7 

Lecture 0.8 1.0 0.5 

Computer-based instruction 0.5 1.0 0.5 

Writing in science 0.3 0.5 0.2 
Note: Statistics are based on self-report of four trainers. 
Source: Professional development training logs. 

Table U6 Use of instructional methods more than 25 percent of the time by grade 7 
mathematics and science Alabama Math, Science, and Technology Initiative (AMSTI) 
trainers in Year 1 

Instructional method 
Average number 
of days (out of 10) 

Standard 
deviation 

Standard 
error 

Hands-on activities 7.8 2.2 0.8 

Lesson demonstration 6.3 4.5 1.6 

Skills practice 5.5 4.2 1.5 

Whole group discussion 4.8 5.0 1.8 

Writing in science 4.3 3.8 1.3 

Small group discussion 4.0 4.6 1.6 

Lecture 2.5 4.4 2.2 

Computer-based instruction 1.5 1.7 0.6 
Note: Statistics are based on self-report of two trainers. 
Source: Professional development training logs. 
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Appendix V. Parameter estimates on probability scale for odds-ratio tests of 
differences between Alabama Math, Science, and Technology Initiative 

(AMSTI) and control conditions in Year 1 (associated with summer 
professional development and in-school support outcomes) 

This appendix includes the parameter estimates for the probability scale for odds-ratio 
tests of differences between AMSTI and control conditions in Year 1 associated with summer 
professional development and in-school support outcomes (table V1) as well as the odds-ratio 
tests of differences between AMSTI and control conditions in Year 1 (table V2). 

Table V1 Parameter estimates on probability scale for odds-ratio tests of differences 
between Alabama Math, Science, and Technology Initiative (AMSTI) and control 
conditions in Year 1 associated with summer professional development and in-school 
support outcomes 

Model/condition 
Marginal 

probability 
Standard 

error 

If mathematics teachers received summer professional development  

AMSTI .86 0.04 

Control .24 0.05 

If science teachers received summer professional development 

AMSTI .87 0.04 

Control .24 0.06 

If mathematics teachers requested support for instruction 

AMSTI .30 0.04 

Control .33 0.04 

If mathematics teachers received support for instruction 

AMSTI .44 0.04 

Control .23 0.04 

If science teachers requested support for instruction 

AMSTI .54 0.05 

Control .40 0.05 

If science teachers received support for instruction 

AMSTI .65 0.04 

Control .25 0.04 
Note: The standard error estimates for the marginal probabilities account for the clustering of students within schools. Both the 

logit parameter estimates and their standard errors were translated into probability units using an inverse link function and used to 

form a test statistic for the null hypothesis of no impact.
 
Source: Teacher survey data. 
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Table V2 Parameter estimates for odds-ratio tests of differences between Alabama 

Math, Science, and Technology Initiative (AMSTI) and control conditions in Year 1 


Model 

Coefficient 
(estimated log-

odds) Standard error 
Degrees of  

freedom Odds ratio p-value 

If mathematics teachers received 
summer professional development 3.0 0.4 55.96 19.9 < .01 

If science teachers received summer 
professional development 2.8 0.4 49.53 16.6 < .01 

Access to mathematics materials and 
manipulatives 1.6 0.3 57.08 5.1 < .01 

Access to science materials and 
manipulatives 1.1 0.3 73.03 2.9 < .01 

If mathematics teachers requested 
support for instruction  –0.1 0.3 66.77 0.9 .62 

If mathematics teachers received 
support for instruction  0.6 0.3 72.85 1.8 .05 

If science teachers requested support for 
instruction 1.0 0.3 58.90 2.7 < .01 

If science teachers received support for 
instruction 1.7 0.3 65.96 5.7 < .01 

Note: The odds ratio compares the odds of an event for teachers exposed to AMSTI with the odds of the same event for teachers 
not exposed to AMST; it indicates how many times greater the odds of the event are for teachers exposed to AMSTI. All entries 
in this table, except those for access to material and manipulatives, refer to dichotomous outcomes. The odds therefore 
correspond to an event happening or not. Access to materials and manipulatives are measured using an ordinal scale. For these 
outcomes, the odds are based on probabilities of selecting a given response category or ones of a lower order. Teachers in 
AMSTI schools have higher odds of selecting response options indicating greater access to materials. Both the logit parameter 
estimates and their standard errors were translated into probability units using an inverse link function and used to form a test 
statistic for the null hypothesis of no impact. 
Source: Teacher survey data. 
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Appendix W. Descriptive statistics for variables that change to a binary scale 
used in the Alabama Math, Science, and Technology Initiative (AMSTI) and 

control conditions in Year 1 

Below are the descriptive statistics for variables that change to a binary scale in Year 1 
(table W1). 

Table W1 Descriptive statistics for variables that change to binary scale in Year 1 

Variable Mean 
Standard 
deviation Skewness Kurtosis 

Hours of summer professional development received 
(mathematics) 25.4 29.6 1.1 1.3 

Hours of summer professional development received (science) 34.0 77.2 6.8 57.7 

Average number of times mathematics teachers requested support 0.5 1.3 3.3 12.5 

Average number of times science teachers requested support 0.4 1.1 5.2 37.0 

Average number of times mathematics teachers received support 1.5 7.2 10.7 122.5 

Average number of times science teachers received support 0.8 2.9 10.9 153.9 
Note: Skewness is a measure of the asymmetry of a probability distribution. Kurtosis is a measure of the “peakedness” of the 

distribution.
 
Source: Teacher survey data. 
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Appendix X. Comparison of assumed parameter values and observed sample 
statistics for statistical power analysis after one year 

The tables in this appendix compare the assumed parameter values and observed sampled 
statistics for statistical power analysis associated with one-year outcomes for SAT 10 
mathematics problem solving (table X1), SAT 10 science (table X2), active learning in 
mathematics (table X3), and active learning in science (table X4). 

Table X1 Comparison of assumed parameter values and observed sample statistics for 
statistical power analysis associated with Stanford Achievement Test Tenth Edition (SAT 
10) mathematics problem solving outcome after one year 

Variable 

Assumed 
parameter value 
(design phase) 

Observed sample 
statistic (analysis 

phase) 

Minimum detectable effect size  0.20 0.06a 

School-level intraclass correlation ( ρ ) .22 .22b 

Proportion of between-school variance in posttest 

explained by covariates in model ( 
2 
cR ) .64 .97 

Proportion of within-school variance in posttest 

explained by covariates in model ( 
2Ri ) 0 0.58 

Number of schools ( J ) 66 82 

Number of students per school ( n ) 280 228 (on average) 

Proportion of schools assigned to treatment ( P ) .50 .50 
Note: Sample statistics should be interpreted with caution, as standard errors are not reported. 
a. The observed (sample-based) minimum detectable effect size was estimated using the following formula (Bloom, Richburg-
Hayes, and Black 2007). The multiplier is based on an alpha level of .025, reflecting the adjustment for multiple comparisons. 
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+ 
− 
−
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ρρ 

b. Estimated as the ratio of the school-level variance component for the posttest to the sum of the variance components for 

schools and students in a two-level model that includes a fixed effect for treatment only.
 
Source: Student achievement data from tests administered as part of the state’s accountability system (for observed sample 

statistics).
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Table X2 Comparison of assumed parameter values and observed sample statistics for 
statistical power analysis associated with Stanford Achievement Test Tenth Edition 
(SAT 10) science outcome after one year 

Variable 
Assumed parameter value 

(design phase) 
Observed sample statistic 

(analysis phase) 

Minimum detectable effect size  0.22a 0.13b 

School-level intraclass correlation ( ρ ) .22 .22c 

Proportion of between-school variance in posttest 

explained by covariates in model ( 
2 
cR ) .64 .88 

Proportion of within-school variance in posttest 

explained by covariates in model ( 
2Ri ) 0 .44 

Number of schools ( J ) 66 79 

Number of students per school ( n ) 112 95 (on average) 

Proportion of schools assigned to treatment ( P ) .50 .49 
Note: Sample statistics should be interpreted with caution, as standard errors are not reported. 
a. The student sample for science is about two-fifths that for math problem solving, because science outcomes are analyzed for
 
grades 5 and 7 only. The smaller sample size leads to a slightly larger assumed minimum detectable effect size for science than
 
for math problem solving. 

b. Estimated using formula displayed in table X1.
 
c. Estimated as the ratio of the school-level variance component for the posttest to the sum of the variance components for 

schools and students in a two-level model that includes a fixed effect for treatment only.
 
Source: Student achievement data from tests administered as part of the state’s accountability system (for observed sample 

statistics).
 

Table X3 Comparison of assumed parameter values and observed sample statistics for 
statistical power analysis associated with active learning in mathematics outcome after one 
year 

Variable 
Assumed parameter value 

(design phase) 
Observed sample statistic 

(analysis phase) 
Minimum detectable effect size  0.38 0.37a 

School-level intraclass correlation ( ρ ) .20 .12b 

Proportion of between-school variance in 

outcome explained by covariates in model ( 
2 
cR ) 0 .14 

Proportion of within-school variance in outcome 

explained by the covariates in model ( 
2Ri ) 0 .00 

Number of schools ( J ) 66 81 
Number of teachers per school ( n ) 8 5 

Proportion of schools assigned to treatment ( P ) .50 .51 
Note: Sample statistics should be interpreted with caution, as standard errors are not reported. 
a. Calculated using formula in table X1. 
b. Estimated as the ratio of the school-level variance component for outcome measure to the sum of the variance components for 

schools and teachers in two-level model that includes fixed effect for treatment only.
 
Source: Teacher survey data (for observed sample statistics).
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Table X4 Comparison of assumed parameter values and observed sample statistics for 
statistical power analysis associated with active learning in science outcome after one 
year 

Variable 
Assumed parameter value 

(design phase) 
Observed sample statistic 

(analysis phase) 

Minimum detectable effect size  0.38 0.35a 

School-level intraclass correlation ( ρ ) .20 .13 b 

Proportion of between-school variance in 

outcome explained by covariates in model ( 
2 
cR ) 0 .49 

Proportion of within-school variance in outcome 

explained by the covariates in model ( 
2Ri ) 0 .03 

Number of schools ( J ) 66 78 

Number of teachers per school ( n ) 8 5 

Proportion of schools assigned to treatment ( P ) .50 .51 
Note: Sample statistics should be interpreted with caution, as standard errors are not reported. 
a. Estimated using formula in table X1. 
b. Estimated as the ratio of the school-level variance component for outcome measure to the sum of the variance components for 

schools and teachers in a two-level model that includes fixed effect for treatment only. 

Source: Teacher survey data (for observed sample statistics).
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Appendix Y. Parameter estimates for Stanford Achievement Test Tenth 

Edition (SAT 10) mathematics problem solving after one year 


This appendix (tables Y1–Y3) presents the full set of effect estimates from the analytic 
model described in chapter 2. They include the impact estimate (reported in results chapters) as 
well as the effects of covariates that were used in the models to increase precision. Also included 
are the effects of dummy variables used to indicate missing values for the covariates, the effects 
of dummy variables used to indicate matched pairs, and variance components for the random 
effects from the models. (The dummy variable method requires setting missing values for the 
covariates to 0; therefore, the effect estimates associated with the covariates are influenced by 
these substitutions). Tables in appendixes Z–AB, AI–AK, and AM–AO contain similar types of 
results. 

Table Y1 Estimates of fixed effects from the benchmark multilevel analysis of the impact of 
the Alabama Math, Science, and Technology Initiative (AMSTI) on student mathematics 
problem solving achievement after one year 

Fixed effects model Variance 
Standard 

error 

Degrees 
of 

freedoma t-value p-value 

Adjusted grand school mean in control condition for 
reference pair 241.7 22.8 39 10.62 < .01 

Adjusted average AMSTI effect across all schools 2.1 0.7 39 3.10 < .01 

Average effect associated with school-level average 
pretest on student outcome across all schools 0.7 0.0 39 19.18 < .01 
Average effect associated with student-level pretest 
deviation from school average pretest on student 
outcome across all schoolsb 0.7 0.0 19E3 37.78 < .01 

Average effect associated with male gender on student 
outcome across all schools 0.3 0.4 19E3 0.64 .52 
Average effect associated with eligibility for free or 
reduced-price lunch on student outcome across all 
schoolsb –5.6 0.5 19E3 –11.13 < .01 

Average effect associated with racial/ethnic status on 
student outcomes across all schoolsb –3.9 0.5 19E3 –7.48 < .01 

Average effect associated with English proficiency on 
student outcomes across all schoolsb 1.0 2.5 19E3 0.38 .71 

Average effect of being in grade 4 (relative to grade 6) 
on student outcomes across all schools –14.8 2.1 152 –6.90 < .01 

Average effect of being in grade 5 (relative to grade 6) 
on student outcomes across all schools –9.6 1.8 152 –5.33 < .01 
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Fixed effects model Variance 
Standard 

error 

Degrees 
of 

freedoma t-value p-value 

Average effect of being in grade 7 (relative to grade 6) 
on student outcomes across all schools –4.5 1.5 152 –3.02 .03 

Average effect of being in grade 8 (relative to grade 6) 
on student outcomes across all schools 7.6 1.5 152 4.97 < .01 

Effect associated with dummy variable indicating 
missing value for student pretest –6.1 1.8 19E3 –3.45 < .01 
Effect associated with dummy variable indicating 
missing value for indicator of eligibility for free or 
reduced-price lunch –17.3 13.9 19E3 –1.24 .21 
Effect associated with dummy variable indicating 
missing value for indicator of racial/ethnic minority 
status –4.1 4.6 19E3 –0.90 .37 

Effect associated with dummy variable indicating 
missing value for indicator of English proficiency 1.6 4.7 19E3 0.34 .74 

Note: Table excludes effect estimates for matched pairs. 
a. Degrees of freedoms may be expressed as approximations (19E3 is equivalent to roughly 19,000). 
b. The dummy variable approach to handling missing data involves setting missing values for covariates as constants. These 

effects are estimated with missing values set to zero; the effect estimate should be interpreted accordingly.
 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 

data from state data system.
 

Table Y2 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on student 
mathematics problem solving achievement after one year 

Random effects model Variance 
Standard 

error Z-value p-value 

Variance component for students within schools 602.0 6.2 96.48 < .01 

Variance component for schools 14.4 4.1 3.53 < .01 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 
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Table Y3 Estimates of matched-pair fixed effects from the benchmark multilevel 
analysis of the impact of the Alabama Math, Science, and Technology Initiative 
(AMSTI) on student mathematics problem solving achievement after one year 

Matched-pair
identifier  

 

Average effect associated with 
being member of matched 

pair (relative to reference pair 
number 41) Standard error t-value p-value 

1 3.2 2.8 1.16 .25 
2 –0.9 2.4 –0.39 .70 
3 3.0 2.2 1.34 .19 
4 9.7 2.7 3.65 < .01 
5 –6.1 1.1 –5.48 < .01 
6 8.7 1.8 4.76 < .01 
7 –4.2 1.3 –3.34 < .01 
8 –6.9 1.5 –4.52 < .01 
9 –0.1 2.4 –0.04 .97 
10 1.3 2.6 0.51 .62 
11 –6.1 2.7 –2.23 .03 
12 –6.8 2.5 –2.77 < .01 
13 5.9 2.1 2.82 < .01 
14 2.9 2.0 1.42 .16 
15 1.3 1.5 0.87 .39 
16 –1.0 1.6 –0.58 .56 
17 –0.3 1.3 –0.22 .83 
18 –4.9 2.6 –1.85 .07 
19 4.0 3.8 1.04 .30 
20 1.0 1.0 0.95 .35 
21 –1.2 1.4 –0.89 .38 
22 3.4 2.5 1.32 .20 
23 5.1 4.2 1.24 .22 
24 0.4 2.5 0.16 .88 
25 7.7 3.0 2.61 .01 
26 5.3 1.3 4.06 < .01 
27 5.2 1.4 3.86 < .01 
28 –0.8 3.7 –0.21 .84 
29 10.1 2.6 3.82 < .01 
30 4.7 3.8 1.22 .23 
31 0.3 2.9 0.10 .92 
32 1.4 5.0 0.28 .78 
33 12.5 2.2 5.76 < .01 
34 8.2 3.5 2.37 .02 
35 2.7 1.7 1.59 .12 
36 –18.0 2.3 –8.02 < .01 
37 5.8 1.6 3.73 < .01 
38 –1.5 2.6 –0.56 .58 
39 –1.7 4.0 –0.44 .67 
40 4.3 1.1 3.92 < .01 

Note: The degrees of freedom associated with each estimate is 39. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 
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Appendix Z. Parameter estimates for Stanford Achievement Test Tenth 

Edition (SAT 10) science after one year 


 
This appendix (tables Z1–Z3) presents various estimates from the model used to estimate 

the impact of AMSTI on science achievement after one year. 
 

Table Z1 Estimates of fixed effects from the benchmark multilevel analysis of the impact of 
the Alabama Math, Science, and Technology Initiative (AMSTI) on student science 
achievement after one year 

Fixed effects model Variance 
Standard 

error 
Degrees of 
freedom t-value p-value 

Adjusted grand school mean in control condition 
for reference pair 307.0 50.6 36 6.07 < .01 

Adjusted average AMSTI effect across all 
schools 1.6 0.9 36 1.73 .09 
Average effect associated with school-level 
average pretest on student outcome across 
schoolsa 0.5 0.1 36 6.78 < .01 

Average effect associated with student-level 
pretest deviation from school average pretest on 
student outcome across schools 0.6 0.0 7,439 39.12 < .01 

Average effect associated with male gender on 
student outcome across all schools 5.5 0.6 7,439 9.13 < .01 

Average effect associated with eligibility for free 
or reduced-price lunch on student outcome across 
all schoolsa –3.4 0.6 7,439 –5.67 < .01 

Average effect associated with racial/ethnic 
status on student outcomes across all schoolsa –4.7 0.7 7,439 –6.94 < .01 

Average effect associated with English 
proficiency on student outcomes across all 
schoolsa 1.4 2.6 7,439 0.57 .57 

Average effect of being in grade 5 (relative to 
grade 7) on student outcomes across all schools –8.7 2.0 17 –4.27 < .01 

Effect associated with dummy variable indicating 
missing value for pretest –5.1 1.5 7,439 –3.52 < .01 

Effect associated with dummy variable indicating 
missing value for indicator of eligibility for free 
or reduced-price lunch –8.7 1.6 7,439 –5.61 < .01 

Effect associated with dummy variable indicating 
missing value for indicator of racial/ethnic 
minority status –5.0 5.7 7,439 –0.86 .39 

Effect associated with dummy variable indicating 
missing value for indicator of English proficiency 6.4 6.9 7,439 0.93 .35 

Note: Table excludes effect estimates for matched pairs. 
a. The dummy variable approach to handling missing data involves setting missing values for covariates to a constant; these 
effects are estimated with missing values set to zero; therefore, the effect estimate should be interpreted accordingly. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 
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Table Z2 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on student 
science achievement after one year 

Random effects model Variance 
Standard 

error Z-value p-value 

Variance component for students within schools 464.1 7.6 60.98 < .01 

Variance component for schools 28.3 8.6 3.28 < .01 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 

Table Z3 Estimates of matched-pair fixed effects from the benchmark multilevel analysis of 
the impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on student 
science achievement after one year 

Matched-
pair 
identifier 

Average effect associated with being member 
of matched pair (relative to reference pair 

number 41) 
Standard 

error t-value p-value 
1 3.6 2.4 1.49 .14 
2 6.6 3.2 2.04 .05 
3 13.7 3.5 3.97 < .01 
4 12.7 3.4 3.71 < .01 
5 1.2 0.8 1.49 .14 
6 12.9 2.7 4.78 < .01 
7 7.3 5.3 1.38 .18 
8 –2.2 4.4 –0.50 .62 
9 –1.5 0.7 –2.27 .03 
10 0.3 1.4 0.18 .86 
11 –0.8 3.5 –0.23 .82 
12 1.9 2.4 0.79 .43 
13 5.9 2.5 2.41 .02 
14 2.0 2.9 0.71 .49 
15 4.8 2.2 2.18 .04 
16 11.3 4.9 2.31 .03 
17 6.8 3.2 2.10 .04 
18 4.4 0.7 5.97 < .01 
19 5.4 2.4 2.30 .03 
20 5.3 2.6 2.02 .05 
21 4.0 3.4 1.19 .24 
22 8.4 4.7 1.79 .08 
23 7.5 2.8 2.66 .01 
24 9.9 3.5 2.80 < .01 
25 6.9 2.2 3.14 < .01 
26 17.9 3.6 5.03 < .01 
27 4.3 2.2 1.98 .06 
28 4.4 7.2 0.61 .55 
29 10.0 2.2 4.50 < .01 
30 8.6 2.1 4.11 < .01 
31 –6.8 4.2 –1.62 .11 
32 7.8 6.2 1.26 .22 
33 11.8 5.1 2.30 .03 
34 1.5 2.8 0.52 .61 
35 10.8 2.9 3.74 < .01 
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Matched-
pair 
identifier 

Average effect associated with being member 
of matched pair (relative to reference pair 

number 41) 
Standard 

error t-value p-value 
36 –12.1 8.9 –1.35 .19 
37 12.8 2.4 5.36 < .01 
38 –0.9 2.2 –0.42 .68 
39 1.5 1.6 0.94 .36 
40 6.7 2.5 2.71 .01 

Note: The degrees of freedom associated with each estimate is 36. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 
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Appendix AA. Parameter estimates for active learning in mathematics after 
one year 

This appendix (tables AA1–AA3) presents various estimates of the effect of AMSTI on 
teaching of active learning in mathematics after one year. 

Table AA1 Estimates of fixed effects from the benchmark multilevel analysis of the impact 
of the Alabama Math, Science, and Technology Initiative (AMSTI) effect on teaching for 
active learning in mathematics after one year 

Fixed effects model Variance 
Standard 

error 
Degrees of 
freedom t-value p-value 

Adjusted grand school mean in control condition for 
reference pair 171.0 91.0 39 1.88 .07 

Adjusted average AMSTI effect across all schools 49.8 11.5 39 4.34 < .01 

Average effect associated with degree rank 0 on 
teacher outcome across all schoolsa –20.9 22.7 318 –0.92 .36 

Average effect associated with degree rank 1 on 
teacher outcome across all schoolsa –28.4 20.1 318 –1.41 .16 

Average effect associated with years teaching 
experience on teacher outcome across all schoolsa –3.4 1.2 318 –2.78 < .01 

Average effect associated with years teaching 
experience with math on teacher outcome across all 
schoolsa 3.1 1.4 318 2.23 .03 

Effect associated with dummy variable indicating 
missing value for degree rank –1.9 54.1 318 –0.03 .97 

Effect associated with dummy variable indicating 
missing value for years teaching experience (also 
indicates missing value for years of teaching 
experience in subject area) –47.2 63.2 318 –0.75 .46 

Note: Table excludes effect estimates for matched pairs. 
a. The dummy variable approach to handling missing data involves setting missing values for covariates to a constant. These 

effects are estimated with missing values set to zero; the effect estimate should be interpreted accordingly.
 
Source: Teacher survey data. 


Table AA2 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on teaching for 
active learning in mathematics after one year 

Random effects model Variance 
Standard 

error Z-value p-value 

Variance component for teachers within schools 14,965.0 1,182.2 12.66 < .01 

Variance component for schools 1,661.4 1,279.4 1.30 .10 
Source: Teacher survey data. 
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Table AA3 Estimates of matched-pair fixed effects from the benchmark multilevel 
analysis of the impact of the Alabama Math, Science, and Technology Initiative 
(AMSTI) on active learning in mathematics after one year 

Matched-
pair 

identifier 
Average effect associated with being member of 

matched pair (relative to reference pair number 41002) 
Standard 

error t–value p–value 
1001 41.1 102.0 0.40 .69 
2001 8.7 97.4 0.09 .93 
3001 16.2 89.3 0.18 .86 
4001 36.0 89.4 0.40 .69 
5001 18.3 101.5 0.18 .86 
6001 –45.8 89.0 –0.51 .61 
7001 –45.4 89.5 –0.51 .62 
8001 4.8 88.9 0.05 .96 
9001 116.3 129.8 0.90 .38 
10001 –67.5 90.9 –0.74 .46 
11001 49.7 119.8 0.41 .68 
12001 1.2 90.0 0.01 .99 
13001 57.1 91.6 0.62 .54 
14001 42.1 95.5 0.44 .66 
15001 –42.0 98.6 –0.43 .67 
16001 21.6 92.9 0.23 .82 
17001 –46.3 89.9 –0.51 .61 
18001 133.5 110.6 1.21 .24 
19001 9.8 90.1 0.11 .91 
20001 –21.3 92.8 –0.23 .82 
21002 –71.4 95.4 –0.75 .46 
22002 –72.3 89.4 –0.81 .42 
23002 –40.8 98.7 –0.41 .68 
24002 –27.3 91.9 –0.30 .77 
25002 –52.7 90.1 –0.59 .56 
26002 –70.2 94.0 –0.75 .46 
27002 –20.5 94.5 –0.22 .83 
28002 –67.4 89.1 –0.76 .45 
29002 –39.2 92.8 –0.42 .68 
30002 –108.4 90.9 –1.19 .24 
31002 45.1 90.6 0.50 .62 
32002 –2.3 89.8 –0.03 .98 
33002 –7.9 90.0 –0.09 .93 
34002 –45.1 121.9 –0.37 .71 
35002 7.7 97.0 0.08 .94 
36002 45.1 105.7 0.43 .67 
37002 –36.9 89.4 –0.41 .68 
38002 –85.9 90.1 –0.95 .35 
39002 –105.2 88.9 –1.18 .24 
40002 –32.7 91.9 –0.36 .72 

Note: The degrees of freedom associated with each estimate is 39. 
Source: Teacher survey data. 
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Appendix AB. Parameter estimates for active learning in science 
after one year 

This appendix (tables AB1–AB3) presents various estimates of the effect of AMSTI on 
teaching of active learning in science after one year. 

Table AB1 Estimates of fixed effects from the benchmark multilevel analysis of the impact 
of the Alabama Math, Science, and Technology Initiative (AMSTI) on teaching for active 
learning in science after one year 

Fixed effects model Variance 
Standard 

error 
Degrees of 
freedom t-value p-value 

Adjusted grand school mean in control condition for 
reference pair 196.7 73.5 36 2.68 .01 

Adjusted average AMSTI effect across all schools 40.1 11.8 36 3.41 < .01 

Average effect associated with degree rank 0 on 
teacher outcome across all schoolsa –15.0 21.2 285 –0.71 .48 

Average effect associated with degree rank 1 on 
teacher outcome across all schoolsa –25.8 15.5 285 –1.67 .10 

Average effect associated with years teaching 
experience on teacher outcome across all schoolsa –3.0 1.3 285 –2.29 .02 

Average effect associated with years teaching 
experience with science on teacher outcome across all 
schoolsa 4.6 1.5 285 3.19 < .01 

Effect associated with dummy variable indicating 
missing value for degree rank –83.6 22.3 285 –3.75 < .01 

Effect associated with dummy variable indicating 
missing value for years teaching experience (also 
indicates missing value for years of teaching 
experience in subject area) 37.2 29.3 285 1.27 .21 

Note: This table excludes effect estimates for matched pairs. 
a. The dummy variable approach to handling missing data involves setting missing values for covariates to a constant. These 

effects are estimated with missing values set to zero; the effect estimate should be interpreted accordingly.
 
Source: Teacher survey data. 


Table AB2 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on teaching for 
active learning in science after one year 

Random effects model Variance 
Standard 

error Z-value p-value 

Variance component for teachers within schools 14,479.0 1,203.8 12.03 < .01 

Variance component for schools 1,171.3 1,118.9 1.05 .15 
Source: Teacher survey data. 

AB-1 




 

  
   
  
   
  
   
   

 
  
  
  
   
  
  
  
  
  
  
  
   
  

 
  
  
  

 
  

 
   
  

 
  
  
  

 
 

  
  
  
   

 
 

Table AB3 Estimates of matched-pair fixed effects from the benchmark multilevel analysis 
of the impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on active 
learning in science after one year 

Matched-pair 
identifier 

Average effect associated with being member of 
matched pair (relative to reference pair 

number 41002) 
Standard 

error t-value p-value 
1001 4.8 94.9 0.05 .96 
2001 –92.8 76.9 –1.21 .24 
3001 34.8 75.0 0.46 .65 
4001 –52.5 77.2 –0.68 .50 
5001 28.5 73.1 0.39 .70 
6001 35.1 76.9 0.46 .65 
7001 –101.7 75.9 –1.34 .19 
8001 –89.5 92.2 –0.97 .34 
9001 –28.7 85.0 –0.34 .74 
10001 –75.5 76.2 –0.99 .33 
11001 150.2 101.2 1.48 .15 
12001 –59.3 77.5 –0.77 .45 
13001 –64.0 91.0 –0.70 .49 
14001 –98.1 82.6 –1.19 .24 
15001 –79.4 79.5 –1.00 .33 
16001 –65.6 78.5 –0.83 .41 
17001 –78.7 76.1 –1.03 .31 
18001 –18.1 73.3 –0.25 .81 
19001 145.8 73.6 1.98 .06 
20001 –75.3 79.9 –0.94 .35 
21002 –109.5 75.6 –1.45 .16 
22002 –39.7 81.7 –0.49 .63 
23002 –83.7 85.6 –0.98 .34 
24002 –17.3 107.3 –0.16 .87 
25002 –111.2 73.6 –1.51 .14 
26002 –68.6 77.6 –0.88 .38 
27002 –101.1 74.9 –1.35 .19 
28002 117.1 75.8 1.55 .13 
29002 –38.5 73.7 –0.52 .61 
30002 –109.7 76.5 –1.43 .16 
31002 –45.4 85.4 –0.53 .60 
32002 –93.2 74.7 –1.25 .22 
33002 –65.4 73.5 –0.89 .38 
34002 –116.1 82.7 –1.40 .17 
35002 –105.7 86.2 –1.23 .23 
36002 –2.2 79.3 –0.03 .98 
37002 –52.4 74.3 –0.70 .49 
38002 –69.9 75.5 –0.92 .36 
39002 33.7 74.5 0.45 .65 
40002 –131.8 73.6 –1.79 .08 

Note: The degrees of freedom associated with each estimate is 36. 
Source: Teacher survey data. 
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Appendix AC. Sensitivity analyses of effect of the Alabama Math, Science, 
and Technology Initiative (AMSTI) on Stanford Achievement Test Tenth 

Edition (SAT 10) mathematics problem solving achievement after one year 

Below is the result of sensitivity analyses of the one-year effect of AMSTI on SAT 10 
mathematics problem solving achievement (table AC1). 

Table AC1 Sensitivity analyses of the one-year effect of Alabama Math, Science, and 
Technology Initiative (AMSTI) on Stanford Achievement Test Tenth Edition (SAT 10) 
mathematics problem solving achievement 

Model 
Effect 

estimate 
Standard 

error p-value 

Benchmark  2.1 0.7 .004† 

Gain score used as outcome variable 1.9 0.8 .020† 

Pretest and pairs are only covariates (cases without a pretest were 
listwise deleted) 1.4 0.8 .087 

Pretest and pairs are only covariates (dummy variable approach to 
handling missing data used with the benchmark model was applied to 
missing pretests) 1.9 0.8 .022† 

Listwise deletion of cases with a missing value for any covariate  1.7 0.7 .016† 

Maximum likelihood instead  of restricted maximum likelihood 
estimation 2.0 0.7 .004† 

Grade levels weighted equally 2.0 0.7 .007† 

Subexperiments weighted equally 2.1 0.7 .003† 

Reading pretest included as additional covariate 2.1 0.7 .005† 

Schools weighted equally in model 1a 2.5 0.8 .003† 

Schools weighted equally in  model 2a 2.5 0.7 .001† 
†Remains significant after adjusting for multiple comparisons. Adjusted significance level is .025. 
a. For both model 1 and model 2, school-average posttests were regressed against school average values of the covariates used in 
the benchmark model. These analyses therefore give equal weight to schools in the sample. In contrast, the benchmark model 
implicitly weights schools by the inverses of the variances associated with them. In model 1 for each covariate, an additional 
covariate was included to indicate the proportion of students in a school with a missing value for that covariate. In model 2 the 
covariates indicating the school proportions of students with missing values were not included. 
Source: Students achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 
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Appendix AD. Sensitivity analyses of effect of the Alabama Math, Science, 
and Technology Initiative (AMSTI) on Stanford Achievement Test Tenth 

Edition (SAT 10) science achievement after one year 

Below is the result of sensitivity analyses of the one-year effect of AMSTI on SAT 10 
science achievement (table AD1). 

Table AD1 Sensitivity analyses for one-year effect of the Alabama Math, Science, and 
Technology Initiative (AMSTI) on Stanford Achievement Test Tenth Edition (SAT 10) 
science achievement 

Model 
Effect 

estimate 
Standard 

error p-value 

Benchmark  1.6 0.9 .092 

Pretest and pairs are only covariates  (cases without pretest  listwise 
deleted) 1.0 0.9 .273 

Pretest and pairs are only covariates (dummy variable approach to  
handling missing data  used  with benchmark model applied  to missing 
pretests) 1.2 1.0 .233 

Listwise deletion of cases with missing value for any covariate  1.3 0.9 .139 

Maximum likelihood instead  of restricted maximum likelihood 
estimation 1.5 0.9 .106 

Grade-levels weighted equally 1.6 1.0 .114 

Subexperiments weighted equally 1.6 0.9 .098 

Math problem solving pretest included as an additional covariate 1.6 0.9 .093 

Schools weighted equally in  model 1a 3.2 1.2 .011† 

Schools weighted equally in  model 2a 2.0 1.1 .067 
†Remains significant after adjusting for multiple comparisons. Adjusted significance level is .025. 
a. For both model 1 and model 2, school-average posttests were regressed against school average values of the covariates used in 
the benchmark model. These analyses therefore give equal weight to schools in the sample. In contrast, the benchmark model 
implicitly weights schools by the inverses of the variances associated with them. In model 1 for each covariate, an additional 
covariate was included to indicate the proportion of students in a school with a missing value for that covariate. In model 2 the 
covariates indicating the school proportions of students with missing values were not included. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 
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Appendix AE. Sensitivity analyses of effect of the Alabama Math, Science, and 
Technology Initiative (AMSTI) on active learning instructional strategies in 

mathematics classrooms after one year 

Below is the result of sensitivity analyses of the one-year effect of AMSTI on active 
learning instructional strategies in mathematics classrooms (table AE1). 

Table AE1 Sensitivity analyses for one-year effect of the Alabama Math, Science, and 
Technology Initiative (AMSTI) on active learning instructional strategies in mathematics 
classrooms 

Model 
Effect 

estimate 
Standard 

error p-value 

Benchmark  49.8 11.5 < .001† 

Listwise deletion of cases with missing value for any covariate 50.8 11.5 < .001† 

Maximum likelihood instead  of restricted maximum likelihood 
estimationa 46.9 11.3 < .001† 

Subexperiments weighted equally 48.0 11.2 < .001† 

Schools weighted equally in model 1b 58.7 15.1 < .001† 

Schools weighted equally in model 2b 53.5 14.2 < .001† 

Teachers with responses to  fewer than four items removed c 54.1 10.4 < .001† 
†Remains significant after adjusting for multiple comparisons. Adjusted significance level is .025. 
a. The school-level random effect could not be estimated with this model. 
b. For both model 1 and model 2, school average posttests were regressed against school average values of the covariates used in 
the benchmark model. These analyses therefore give equal weight to schools in the sample. In contrast, the benchmark model 
implicitly weights schools by the inverses of the variances associated with those schools. In model 1 for each covariate, an 
additional covariate to indicate the school proportion of teachers with a missing value for that covariate was included. In model 2 
the covariates indicating school proportions of teachers with missing values were not included. 
c. Forty-five of 405 teachers responded to fewer than four items and were excluded from this analysis. 
Source: Teacher survey data. 
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Appendix AF. Sensitivity analyses of effect of the Alabama Math, Science, and 
Technology Initiative (AMSTI) on active learning instructional strategies in 

science classrooms after one year 

Below is the result of sensitivity analyses of the one-year effect of AMSTI on active 
learning instructional strategies in science classrooms (table AF1). 

Table AF1 Sensitivity analyses for one-year effect of the Alabama Math, Science, and 
Technology Initiative (AMSTI) on active learning instructional strategies in science 
classrooms 

Model 
Effect 

estimate 
Standard 

error p-value 

Benchmark 40.1 11.8 .002† 

Listwise deletion of cases with missing value for any covariate 40.3 12.3 .002† 

Maximum likelihood instead  of restricted maximum likelihood 
estimationa 40.7 12.0 .002† 

Subexperiments weighted equally 39.8 11.6 .001† 

Schools weighted equally in  model 1b 37.3 12.3 .005† 

Schools weighted equally in model 2b 41.6 11.8 .001† 

Teachers with responses to  fewer than four items removedc 37.7 12.5 .005† 
†Remains significant after adjusting for multiple comparisons. Adjusted significance level is .025. 
a. The school-level random effect could not be estimated with this model. 
b. For both model 1 and model 2, school average posttests were regressed against school average values of the covariates used in 
the benchmark model. These analyses therefore give equal weight to schools in the sample. In contrast, the benchmark model 
implicitly weights schools by the inverses of the variances associated with those schools. In model 1 for each covariate, an 
additional covariate to indicate the school proportion of teachers with a missing value for that covariate was included. In model 2 
the covariates indicating school proportions of teachers with missing values were not included. 
c. Thirty-three of 369 teachers responded to fewer than four items and were excluded from this analysis. 
Source: Teacher survey data. 
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Appendix AG. Tests for violations of factors associated with assumption of 
equal first year effects on students in Alabama Math, Science, and Technology 

Initiative (AMSTI) and control schools 
 

As demonstrated in appendix Q, the Bell-Bradley method used to compute two-year 
impact estimates provides unbiased estimates of impact if the effect of AMSTI after the first year 
of implementation is stable over time—that is, if initial exposure to AMSTI for treatment group 
students in Year 1 had the same  effect as initial exposure to AMSTI for control group students in 
Year 2. This assumption depends on a number of factors related to the intervention, the 
participants, and the context in which the intervention was implemented (see list in box AG1 
below). Some of these factors can be tested using evaluation data; others cannot. This appendix 
provides the results of 66 such tests, related to nine of those factors, to examine the plausibility 
of the core assumption.125 Of the 66 tests conducted, 61 suggest the assumption is true, and 5 
indicate ways in which it may be violated. Taken in total, the tests suggest that it is reasonable to 
rely on the assumption and apply the Bell-Bradley method to the AMSTI data. 
 

Below (box AG1) is the evidence from the different tests, organized around the 11 factors 
introduced in chapter 2 that underlie the assumption of equal impacts in the first year of 
implementation for both the treatment and control groups. The rest of the appendix examines the 
test evidence in greater detail.  
 

Box AG1 Factors that need to remain stable over time for effect of the Alabama Math, 
Science, and Technology Initiative (AMSTI) to be the same in the first year of 
implementation in both groups of schools (treatment and control) that received it 

Intervention-related factors  

Sponsor’s guidelines for required parameters of intervention’s design and implementation  
Professional  development unchanged; alignment with state content standards unchanged.  

District’s desire and evolving  ability to support the intervention  
Science kit  rotation unchanged.  

Factors that could be affected by random assignment to the control group  

Composition of schools in sample that did not implement intervention when the time came to do so 
Two of 18 indicators of school characteristics had a  statistically significant difference for  the SAT 10 
mathematics problem solving  sample; 1 of  13 indicators of  school characteristics had a statistically 
significant difference for the SAT 10 science sample.  

Composition of teachers  in implementing schools that did not participate in  intervention or data 
collection when the time came to do so  
Same shares of teachers did not implement.  

125 These are all of the tests that can be constructed from data available to the evaluation. 
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Effort by schools to implement intervention  
One of  12 indicators of school effort  differed significantly. 

Contextual factors 

Characteristics of  age cohortsa  
One of  12 indicators tested  had a statistically significant  difference for the SAT 10 mathematics problem  
solving sample; none  of the 7 indicators tested  had statistically significant difference for the SAT 10 science 
sample.  

Alternative programs and schools available in the communitya  
See result under “Characteristic of age cohorts.”  

Existing school services apart from the interventiona 
 See result under “Characteristic of age cohorts.”  

Configuration of courses and curricula taught in school, and system used by school  to allocate  
students at a given grade level to courses or curricula optionsa 
 See result under “Characteristic of age cohorts.”  

Characteristics of potential teachers in the community 
Not assessed.  

Teacher hiring and course/class assignment practices  
Not assessed.  

a.  A single test  was performed to test the net effect on the characteristics of students in the AMSTI and control group samples.  
Source: Review of evaluation’s professional development reports, review of percentage of state content covered by  AMSTI 
print materials,  examination of factors associated with efforts  to implement AMSTI, examination  of differences between control 
schools that implemented and those that did  not, and examination of student  characteristics in first year of implementation.  

 
There could be changes in unobserved factors over time that affect the internal validity of 

the method. For example, researchers did not collect information on characteristics of potential 
teachers in the community, or on teacher hiring practices and assignment practices.  
 

Sponsor’s guidelines for the parameters of the intervention  
 

If the sponsor changed the intervention’s design or parameters between the two years, 
there would be no reason to expect effects in the first year of implementation in the AMSTI 
schools to be the same as in the second year, when control schools implemented AMSTI for the 
first time. A review of two professional development reports from the AMSTI evaluation 
(Sawyer et al. 2009; Sawyer et al. 2010) suggests that the AMSTI professional development 
received by teachers was similar programmatically (hours of training, types of materials used, 
topic coverage, and trainer teaching methods). However, AMSTI math and science specialists in 
the Alabama State Department of Education told the research team that they were making 
changes to the AMSTI curriculum in order to address 100 percent of the Alabama Course of 
Study (state content standards).  Comparison of AMSTI  printed materials with the Alabama 
Course of Study revealed that curriculum coverage for the initial year of the intervention was 
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constant for the duration of the study.126 The review uncovered no differences in the coverage of 
the state content standards between the first year and the second year. 

District support 

Implementation of AMSTI involves district support; differences in this support could 
lead to different impacts of AMSTI in the first year of implementation. District support for 
AMSTI could be provided several ways. Data on whether the schools in each sample received 
the same number and types of science kits during their first year of AMSTI were examined to 
determine whether district support had changed. Review of the kit rotation schedules provided 
for each AMSTI region did not reveal any evidence that the kits received by schools in their first 
year of AMSTI implementation differed between the intervention and control groups. Other 
forms of district-level support were not observed. They may or may not have changed between 
the two years. 

Composition of schools that did not implement Alabama Math, Science, and Technology 
Initiative (AMSTI) 

Random assignment ensures that there were no systematic differences between treatment 
and control group schools in their background characteristics. If all treatment schools and all 
control schools implemented AMSTI, the characteristics of implementing schools should also be 
equivalent, as required by the Bell-Bradley estimator. However, three control schools did not 
implement AMSTI. Therefore, it is necessary to examine whether, and how, the control schools 
that failed to implement AMSTI were different from control schools that implemented AMSTI, 
in order to determine whether the omission of these schools from the control group 
implementation sample results in a sample that does not match the treatment group 
implementation sample (which consisted of all treatment group schools). Comparison of 
characteristics of implementing and nonimplementing control group schools determine whether 
the implementing subset is typical of the whole control group—and hence of the entire treatment 
group—on measured variables.127 

Nine characteristics were assessed for the SAT 10 mathematics problem solving sample 
(table AG1). Teacher characteristics included degree rank, total years of teaching experience, 
and years of teaching experience in subject area. Student characteristics included the percentages 
of boys, minority students, students proficient in English, students enrolled in the free or 
reduced-price lunch program, and students in specific grades as well as mean pretest scores. A 
joint significance test of all covariates did not reject the null hypothesis that no differences exist 
between the samples on these characteristics (p = .26). For two of the nine characteristics, the 
difference between control group schools that implemented AMSTI and control group schools 
that did not implement AMSTI was statistically significant: nonimplementing schools had a 

126 Only the initial year of implementation matters to the reliability of the Bell-Bradley estimation 

technique.

127 Differences may still exist with regard to unmeasured characteristics. 
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smaller proportion of students enrolled in the free or reduced-price lunch program (20.56 percent 
compared with 68.22 percent, p < .01) and higher school average pretests (661.80 compared with 
638.10, p = .05). For the SAT 10 science outcome, the same characteristics were examined. 
Nonimplementing schools were found to have had a smaller proportion of students enrolled in 
the free or reduced-price lunch program (21.92 percent compared with 68.72 percent, p < .01). 
Differences in neither the joint significance test (p = .11) nor any other differences were 
statistically significant.128, 129 

128 Statistical tests of 31 indicators were conducted, 18 for the SAT 10 mathematics problem solving 
sample and 13 for the SAT10 science sample. 
129 Table AG1 shows incomplete data are for 10 of the tests (5 for mathematics and 5 for science), the 
teacher characteristics variables, which were obtained from the web-based surveys. One of the three 
nonimplementing control schools did not participate in the surveys. Teacher characteristic information on 
nonimplementing schools cannot be displayed for this group without risking the confidentiality of the two 
schools in the group that did complete the surveys. Student characteristic data were collected from all 
three nonimplementing schools. 
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Table AG1 Mean characteristics of nonimplementing and implementing control group schools 
SAT 10 mathematics problem solving sample SAT 10 science sample 

Baseline characteristic 
Nonimplementing

schools  
Implementing 

schools 
Nonimplementing

schools  
Implementing 

schools 

Teacher characteristic 

Average of school 
percent of out-of-field 
teachers 

Average in Each Condition ‡ 25.2 ‡ 12.5 
Standard Deviation ‡ 29.5 ‡ 30.2 
Sample Size (Schools) ‡ 37 ‡ 36 
Average Difference ‡ ‡ 
Standard Error ‡ ‡ 
Test statistic t = 1.43 t = 0.19 
p-value .16 .85 

Average of school 
percent of teachers with 
one degree in teaching 
content area 

Average in Each Condition ‡ 57.1 ‡  60.7 
Standard Deviation ‡ 31.0 ‡  41.0 
Sample Size (Schools) ‡ 37 ‡  36 
Average Difference ‡ ‡ 
Standard Error ‡ ‡ 
Test statistic t = 1.07 t = 0.77 
p-value .29 .45 

Average of school 
percent of teachers w
two or more degrees
content area 

ith 
 in 

Average in Each Condition ‡ 17.6 ‡  26.9 
Standard Deviation ‡ 22.4 ‡  38.2 
Sample Size (Schools) ‡ 37 ‡  36 
Average Difference ‡ ‡ 
Standard Error ‡ ‡ 
Test statistic t = 0.40 t = 0.98 
p-value .69 .33 

Average of school 
percent of teachers with 
less than four years’ total 
teaching experience 

Average in Each Condition ‡ 24.9 ‡  34.3 
Standard Deviation ‡ 24.9 ‡ 38.8 
Sample Size (Schools) ‡ 37 ‡ 36 
Average Difference ‡ ‡ 
Standard Error ‡ ‡ 
Test statistic t = 0.46 t = 0.63 
p-value .65 .53 

Average of school 
percent of teachers with 
less than four years’ 
teaching experience in 

Average in Each Condition ‡ 30.2 ‡ 31.7 
Standard Deviation ‡ 27.6 ‡ 35.5 
Sample Size (Schools) ‡ 37 ‡ 36 
Average Difference ‡  ‡ 
Standard Error ‡  ‡ 
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SAT 10 mathematics problem solving sample SAT 10 science sample 

Baseline characteristic 
Nonimplementing

schools  
Implementing 

schools 
Nonimplementing

schools  
Implementing 

schools 
subject area Test statistic t = 0.16  t = 0.59 

p-value .87  .56 
Student characteristic 

Average of school 
percent of boys 

Average in Each Condition 50.6 49.5 51.8  51.1 
Standard Deviation 4.2 4.2 5.4  6.5 
Sample Size (Schools) 3 38 3  38 
Average Difference 1.1  0.7 
Standard Error 2.5  3.9 
Test statistic t = 0.44  t = 0.19 
p-value .66  .85 

Average of school 
percent of minority 
students 

Average in Each Condition 18.1 49.1 17.9  49.6 
Standard Deviation 10.9 33.4 10.9  33.5 
Sample Size (Schools) 3 38 3  38 
Average Difference –31.1  –31.7 
Standard Error 19.5  19.6 
Test statistic t = 1.59  t = 1.61 
p-value .12  .11 

Average of school 
percent of students 
proficient in English 

Average in Each Condition 97.3 98.7 97.5  98.3 
Standard Deviation 1.9 2.4 1.7  2.8 
Sample Size (Schools) 3 38 3  38 
Average Difference –1.3  -0.8 
Standard Error 1.5  1.6 
Test statistic t = 0.93  t = 0.52 
p-value .36  .61 

Average of school 
percent of students 
enrolled in the free or 
reduced-price lunch 

Average in Each Condition 20.6 68.2 21.9  68.7 
Standard Deviation 19.1 21.0 20.1  21.4 
Sample Size (Schools) 3 38 3  38 
Average Difference –47.7  -46.8 
Standard Error 12.5  12.8 
Test statistic t = 3.80  t = 3.66 

program p-value < .01 < .01 
Average in Each Condition 22.9 22.4 na  na 
Standard Deviation 19.9 21.0 na  na 

Average of school 
percent of students in 
grade 4 

Sample Size (Schools) 3 38 na  na 
Average Difference 0.5  na 
Standard Error 12.5  na 
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SAT 10 mathematics problem solving sample SAT 10 science sample 

Baseline characteristic 
Nonimplementing

schools  
Implementing 

schools 
Nonimplementing

schools  
Implementing 

schools 
Test statistic t = –0.04  na 
p-value .97  na 

Average of school 
percent of students in 
grade 5 

Average in Each Condition 21.2 23.4 66.7  56.8 
Standard Deviation 18.4 19.8 57.7  45.5 
Sample Size (Schools) 3 38 3  38 
Average Difference –2.2  9.9 
Standard Error 11.9  27.7 
Test statistic t = 0.19  t = 0.36 
p-value .85  .72 

Average of school 
percent of students in 
grade 6 

Average in Each Condition 33.8 17.6 na  na 
Standard Deviation 2.0 16.7 na  na 
Sample Size (Schools) 3 38 na  na 
Average Difference 16.2  na 
Standard Error 9.8  na 
Test statistic t = –1.66 na 
p-value .11  na 

Average of school 
percent of students in 
grade 7 

Average in Each Condition 11.4 18.6 33.3  43.2 
Standard Deviation 19.7 20.8 57.7  45.5 
Sample Size (Schools) 3 38 3  38 
Average Difference –7.3  na 
Standard Error 12.4  na 
Test statistic t = 0.58  na 
p-value .56  na 

Average of school 
percent of students in 
grade 8 

Average in Each Condition 10.7 18.0 na  na 
Standard Deviation 18.6 19.4 na  na 
Sample Size (Schools) 3 38 na  na 
Average Difference –7.2  na 
Standard Error 11.6  na 
Test statistic t = 0.62  na 
p-value .54  na 

School average pretest score and sample size 

SAT10a 

Pretest Score 661.8  638.1 662.9  648.0 
Standard Deviation 23.6  19.1 13.9  15.4 
Sample Size (Schools) 3  38 3  38 
Average Difference 23.7  14.9 
Standard Error 11.6  9.2 
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SAT 10 mathematics problem solving sample SAT 10 science sample 

Baseline characteristic 
Nonimplementing 

schools  
Implementing 

schools 
Nonimplementing 

schools  
Implementing 

schools 
Test statistic t = 2.04 t = –1.62 
p-value .05 .11 

Sample Size 

Number of schools = 3 
Number of teachers = 31 
Number of students = 1,486 

Number of schools = 38 
Number of teachers = 198 
Number of students = 7,623 

Number of schools = 3 
Number of teachers = 7 
Number of students = 496 

Number of schools = 38 
Number of teachers = 88 
Number of students = 3,192 

na is not applicable. 
‡ Data values for groups of two schools or less, or information from which such data could be inferred, are not provided, in order to protect school confidentiality.
 
Note: Detail may not sum to totals because of rounding. The number of schools, teachers, and students for the comparisons varied slightly, depending on whether a 

characteristic was reported. For binary and continuously distributed variables, school means were computed and the hypothesis of no difference between the AMSTI and 

control averages of the variables tested. Grade level for mathematics problem solving and teacher degree rank are categorical variables with more than two levels. In addition
 
to testing for a difference between conditions in school proportions of cases for each response category, researchers tested the hypothesis of no difference between conditions 

in the distribution of students across grades for the mathematics problem solving outcome (p = .78) and teacher degree rank (p = .16 for mathematics problem solving, p = .32 

for science). They also examined baseline equivalence overall. To do this they ran two logistic regressions. The first modeled the log odds of belonging to the non-

implementing group. The second modeled the log odds of belonging to the non-implementing group conditioning on all the covariates that had been individually tested for
 
equivalence. Based on the difference between the models in the deviance statistic, the hypothesis of no difference in model fit between the model with the covariates and the
 
model without covariates was not rejected (the p-value was .26 for mathematics problem solving and .11 for science.)
 
a. The SAT 10 mathematics problem solving pretest was used for the mathematics outcome. The SAT 10 reading pretest was used for the science outcome. 

Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic data from state data system and teacher survey
 
data.
 



 

 

 

 

 

 

 
 

 

 

Characteristics of teachers who did not participate in Alabama Math, Science, and 

Technology Initiative (AMSTI) 


No data are available on the characteristics of nonparticipating teachers. However, the 
proportion of teachers that participated in some form of AMSTI training was almost identical the 
first year the program came to their schools (86 percent of teachers in schools that introduced 
AMSTI in Year 1 and 85 percent of teachers in schools that introduced AMSTI in Year 2). These 
data suggest that nonparticipation may have been driven by similar factors in the two groups. 

Efforts by schools to implement Alabama Math, Science, and Technology Initiative 
(AMSTI) 

The intervention and control schools could have differed in the level or type of effort put 
forth when implementing AMSTI in its first year. If this were the case, the effect for the control 
schools after one year of implementation may not be equal to the impact for the AMSTI schools 
in their first year of implementation. 

Researchers used data collected from teacher surveys to assess whether the commitment 
to implementing AMSTI differed significantly in the AMSTI and control groups in their first 
years of implementation. The lack of significant differences for 11 of 12 indicators of effort 
tested suggests that the schools generally did not differ in the implementation of AMSTI during 
the first year (table AG2). The one significant difference found (in responses to the question “so 
far this school year, how much AMSTI professional development have you received for your 
science program?”) may be due to chance. 
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Table AG2 Implementation of the Alabama Math, Science, and Technology Initiative (AMSTI) by Alabama Math, Science, 
and Technology Initiative and control group schools during first year of Alabama Math, Science, and Technology Initiative 
intervention 
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Question 

Number of teachers 
in AMSTI schools, 

Year 1 (first year of 
implementing 

AMSTI) 

Number of teachers in 
control schools, Year 2 

(first year of implementing 
AMSTI) 

Estimate of 
difference p-value 

How much AMSTI professional development have you 
received for your math program? 
(number of hours of AMSTI summer training) 125 122 

4.3 

.36(4.6) 

How much AMSTI professional development have you 
received for your science program? 
(number of hours of AMSTI summer training) 114 116 

19.1 

.19(14.2) 

So far this school year, how much AMSTI professional 
development have you received for your math program? 206 156 

0.5 

.21(0.4) 

So far this school year, how much AMSTI professional 
development have you received for your science program? 184 145 

1.0 

< .01(0.3) 

So far this school year, how many times did you try contacting 
someone for support (for example, mentoring or coaching) with 
AMSTI math instruction? 207 161 

0.2 

.54(0.3) 

So far this school year, how many times did you try contacting 
someone for support (for example, mentoring or coaching) with 
AMSTI science instruction? 190 148 

0.5 

.07(0.3) 

So far this year, how many times did someone actually provide 
support (for example, mentoring or coaching) with AMSTI 
math instruction? 207 161 

0.6 

.09(0.3) 

So far this year, how many times did someone actually provide 
support (for example, mentoring or coaching) with AMSTI 
science instruction? 190 148 

0.6 

.06(0.3) 

Think back on your last two weeks (10 full days) of instruction: 
approximately how many minutes did your students spend 
doing math in your class? Please be sure to consider all 
activities, including discussion, lecture, reading, watching 
video, hands-on activities, and activities that integrate math 
with other subjects. 209 162 

–17.7 

.41(21.0) 



 

 

 

 
  

 

  

    
 

 
  

  
 

 

 

  

 

 

  

 

 
    

Question 

Number of teachers 
in AMSTI schools, 

Year 1 (first year of 
implementing 

AMSTI) 

Number of teachers in 
control schools, Year 2 

(first year of implementing 
AMSTI) 

Estimate of 
difference p-value 

Think back on your last two weeks (10 full days) of instruction: 
approximately how many minutes did your students spend 
doing science in your class? Please be sure to consider all 
activities, including discussion, lecture, reading, watching 
video, hands-on activities, and activities that integrate math 
with other subjects. 194 147 

–12.4 

.57(21.6) 

During the past two weeks, about how much time did you teach 
using AMSTI supplied mathematics print materials? 208 162 

0.0 

.62(0.0) 

During the past two weeks, about how much time did you teach 
using AMSTI supplied science print materials? 189 153 

0.0 

.08(0.1) 
Note: Numbers in parentheses are standard errors. Estimates were generated from analytic models that used the factor as the outcome. 
Source: Teacher survey data. A
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Characteristics of student cohorts 

The student populations participating in AMSTI in its first year need to be matched 
between AMSTI and control group schools to ensure that the intervention was provided to 
similar students. To check this condition, researchers examined the six baseline student 
characteristics available in the study data, namely, the percentages of boys, minority students, 
students proficient in English, students enrolled in the free or reduced-price lunch program, and 
students in specific grades as well as mean pretest scores.130 

Below are compared student and school baseline characteristics for AMSTI schools (and 
students) when they were first exposed to AMSTI (Year 1) and control schools (and students) 
when they were first exposed to AMSTI (Year 2) (table AG3). As the table illustrates, for the 
SAT 10 mathematics problem solving sample, the AMSTI and control groups differed to a 
statistically significant extent on one or more of the variables examined by the joint test (p < 
.01). The similarities in the set of variables for the AMSTI versus control group are thus not 
strong enough to accept the null hypothesis of no difference. However, when the same 
background variables are considered one by one, the evidence never reaches this same level of 
certainty that the null of no difference must be rejected. For the SAT 10 science sample, neither 
the joint significance test (p = .96) nor any other background variables differed at a statistically 
significant level. 

130 Statistical tests of 19 indicators were conducted, 12 for the SAT 10 mathematics problem solving 
sample and 7 for the SAT 10 science sample. 
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Table AG3 Mean background characteristics of students in first year of Alabama Math, Science, and Technology Initiative 
(AMSTI) implementation in Year 1 and Year 2 

SAT 10 mathematics problem solving outcome SAT 10 science outcome 
AMSTI schools 

(Year 1) 
Control schools 

(Year 2) 
AMSTI schools 

(Year 1) 
Control schools 

(Year 2) Baseline characteristic 
Student characteristic 

Average of school 
percent of boys 

Average in Each Condition 49.1 49.5 48.0 49.1 
Standard Deviation 4.1 3.8 5.8 5.3 
Sample Size (Schools) 41 41 39 40 
Average Difference –0.5 –1.2 
Standard Error 0.9 1.3 
Test statistic t = 0.53 t = 0.93 
p-value .60 .36 

Average of school 
percent of minority 
students 

Average in Each Condition 51.1 47.1 51.6  45.9 
Standard Deviation 34.6 33.4 35.4  33.4 
Sample Size (Schools) 41 41 39  40 
Average Difference 4.0 5.7 
Standard Error 7.5 7.7 
Test statistic t = 0.53 t = 0.73 
p-value .60 .46 

Average of school 
percent of students 
proficient in English 

Average in Each Condition 98.3 98.7 98.4  98.9 
Standard Deviation 3.4 2.1 3.1  2.2 
Sample Size (Schools) 41 41 39  40 
Average Difference –0.5 –0.5 
Standard Error 0.6 0.6 
Test statistic t = 0.72 t = 0.77 
p-value .48 .44 

Average of school 
percent of students 
enrolled in the free or 
reduced-price lunch 

Average in Each Condition 63.1 65.2 65.5  63.4 
Standard Deviation 24.9 24.1 26.8 24.9 
Sample Size (Schools) 41 41 39 40 
Average Difference –2.2 2.1 
Standard Error 5.4 5.8 
Test statistic t = 0.40 t = 0.36 

program 
p-value .69 .72 

Average of school 
percent of students in 
grade 4 

Average in Each Condition 25.8 23.3 na na 
Standard Deviation 24.8 23.1 na na 
Sample Size (Schools) 41 41 na na 
Average Difference 2.6  na 
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SAT 10 mathematics problem solving outcome SAT 10 science outcome 
AMSTI schools 

(Year 1) 
Control schools 

(Year 2) 
AMSTI schools 

(Year 1) 
Control schools 

(Year 2) Baseline characteristic 
Standard Error 5.3  na 
Test statistic t = 0.48  na 
p-value .63  na 

Average of school 
percent of students in 
grade 5 

Average in Each Condition 25.2 23.4 61.2  56.0 
Standard Deviation 19.2 20.5 40.7  46.6 
Sample Size (Schools) 41 41 39  40 
Average Difference 1.9  5.2 
Standard Error 4.4  9.9 
Test statistic t = 0.42  t = 0.53 
p-value .67  .60 

Average of school 
percent of students in 
grade 6 

Average in Each Condition 13.3 18.1 na na 
Standard Deviation 14.3 16.6 na na 
Sample Size (Schools) 41 41 na na 
Average Difference –4.8  na 
Standard Error 3.4  na 
Test statistic t = 1.39  na 
p-value .17  na 

Average of school 
percent of students in 
grade 7 

Average in Each Condition 18.4 17.5 38.8  44.0 
Standard Deviation 21.6 19.6 40.7  46.6 
Sample Size (Schools) 41 41 39  40 
Average Difference 1.0  na 
Standard Error 4.6  na 
Test statistic t = 0.21  na 
p-value .83  na 

Average of school 
percent of students in 
grade 8 

Average in Each Condition 17.2 17.8 na na 
Standard Deviation 22.6 20.1 na na 
Sample Size (Schools) 41 41 na na 
Average Difference –0.6  na 
Standard Error 4.7  na 
Test statistic t = 0.13  na 
p-value .90  na 

School average pretest score and sample size 

SAT10a 

Pretest Score 628.6  618.9 632.7  635.1 
Standard Deviation 22.1  23.9 19.5  17.7 
Sample Size (Schools) 40  37 39  38 
Average Difference 9.8  2.4 



 

 

 

  
 

   
 

   
       

      
      

 

 
 

  

 
 

 

 
 

 

 
 

 

  
    

  
  

   
  

  
  

 
 

SAT 10 mathematics problem solving outcome SAT 10 science outcome 

Baseline characteristic 
AMSTI schools 

(Year 1) 
Control schools 

(Year 2) 
AMSTI schools 

(Year 1) 
Control schools 

(Year 2) 
Standard Error 5.2 4.3 
Test statistic t = 1.87 t = 0.56 
p-value .07 .58 

Sample Size 

Number of schools = 41 
Number of teachers = 243 
Number of students = 9,520 

Number of schools = 41 
Number of teachers = 164 
Number of students = 8,144 

Number of schools = 39 
Number of teachers = 101 
Number of students = 3,914 

Number of schools = 40 
Number of teachers = 60 
Number of students = 3,161 

na is not applicable. 
Note: Detail may not sum to totals because of rounding. The number of schools, teachers and students for the comparisons varied slightly because of missing data. 
For binary and continuously distributed variables, school means were computed and the hypothesis of no difference between the AMSTI and control averages of the variables 
tested. Grade level for mathematics problem solving is a categorical variable with more than two levels. In addition to testing for a difference between conditions in school 
proportions of cases for each response category, researchers tested the hypothesis of no difference between conditions in the distribution of students across grades for the 
mathematics problem solving outcome (p = .94). They also examined baseline equivalence overall. To do this they ran two logistic regressions. The first modeled the log odds of 
belonging to the treatment group. The second modeled the log odds of belonging to the treatment group conditioning on all the covariates that had been individually tested for 
equivalence. Based on the difference between the models in the deviance statistic, the hypothesis of no difference in model fit between the model with the covariates and the model 
without covariates was not rejected (the p-value was < .01 for mathematics problem solving and .96 for the science). 
a. The SAT 10 mathematics problem solving pretest was used for the mathematics outcome. The SAT 10 reading pretest was used for the science outcome. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic data from state data system. A
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Appendix AH. Post hoc adjustment to standard error for estimate of two-year 
effect of the Alabama Math, Science, and Technology Initiative (AMSTI) on 

mathematics achievement after two years 
 

For the analysis of the two-year impact of AMSTI on mathematics achievement, the 
standard error produced by conventional software does not appropriately account for the fact that 
the analysis uses multiple observations for a given student (one each from two consecutive 
school years). To account for this nesting of test scores within students, researchers multiplied 
the initial standard error by 1.02, an adjustment factor derived from the following formula: 
 

4σ 2 (1− R 2 ) 4σ 2J J i (1 − R 2 ) 4σ 2i t (1 − R 2
+ + t )

n j ni n
Let λ = t

 
4σ 2 (1 − R 2 ) 

nt 

where 

• σ 2 
J = variance at school level. 

•  R2
J  = variance at school level explained by covariates. 

• σ 2 
i = variance at individual level. 

•  R2
i  = variance at individual level explained by covariates. 

• σ 2 
t  = variance at score (time) level.  

•  R2 
t  = variance at score (time) level explained by covariates.  

Assume that σ 2  = 1 and R2 2 
i = Rt .  Then 
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11.92 659.25 298.66+ +
82 25485 35524 λ =  =  1.02. 

11.92 (659.25 + 298.66)
+ 

82 35524 
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Appendix AI. Parameter estimates for effect of the Alabama Math, Science, 
and Technology Initiative (AMSTI) after two years 

This appendix presents various estimates of the effect of AMSTI on mathematics 
problem solving (tables AI1–AI3) and science (tables AI4–AI6) achievement after two years. 

Table AI1 Estimates of fixed effects from the benchmark multilevel analysis of the impact 
of the Alabama Math, Science, and Technology Initiative (AMSTI) on student mathematics 
problem solving achievement after two years 

Fixed effects model Coefficient 
Standard 

error 

Degrees 
of 

freedom t-value p-value 

Adjusted grand school mean in control condition for the 
reference pair 373.4 44.5 39 8.38 < .01 

Average effect associated with school-level average 
pretest on student outcome across all schools 0.5 0.1 39 6.75 < .01 

Average effect associated with student-level pretest 
deviation from school average pretest on student outcome 
across all schools 0.6 0.0 35E3 29.07 < .01 

Adjusted average AMSTI effect across all schools –2.3 1.0 39 –2.34 .03 

Average effect associated with being in the second cohort 0.8 0.6 79 1.34 .18 

Average effect for interaction between birth cohort and 
treatment status 0.8 1.0 79 0.81 .42 

Effect associated with dummy variable indicating missing 
value for student pretest –4.4 1.3 35E3 –3.44 < .01 

Average effect associated with male gender on student 
outcome across all schools 0.4 0.5 35E3 0.75 .45 

Average effect associated with eligibility for free or 
reduced-price lunch status on student outcomes across all 
schools –9.6 0.6 35E3 –15.40 < .01 

Average effect associated with being a minority on 
student outcomes across all schools –7.1 0.6 35E3 –12.64 < .01 

Average effect associated with English proficiency on 
student outcomes across all schools 4.5 3.2 35E3 1.38 .17 

Average effect associated with being in grade 4 (relative 
to grade 6) on student outcomes across all schools –24.7 2.2 152 –11.47 < .01 

Average effect associated with being in grade 5 (relative 
to grade 6) on student outcomes across all schools –13.5 1.5 152 –9.17 < .01 

Average effect associated with being in grade 7 (relative 
to grade 6) on student outcomes across all schools 1.8 1.2 152 1.47 .14 
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Fixed effects model Coefficient 
Standard 

error 

Degrees 
of 

freedom t-value p-value 

Average effect associated with being in grade 8 (relative 
to grade 6) on student outcomes across all schools 10.2 1.5 152 6.85 < .01 

Effect associated with dummy variable indicating missing 
value for indicator of eligibility for free or reduced-lunch 
price –27.1 16.1 35E3 –1.69 .09 

Effect associated with dummy variable indicating missing 
value for indicator of racial/ethnic minority status –3.0 4.5 35E3 –0.67 .50 

Effect associated with dummy variable indicating missing 
value for indicator of English proficiency –0.7 5.6 35E3 –0.12 .90 

Note: Table excludes effect estimates for matched pairs. Degrees of freedoms may be expressed as approximations (35E3 is 
equivalent to roughly 35,000). Estimation of two-year effects for mathematics problem solving involved modeling repeated 
outcomes for a subsample of students. Specifically, students in grades 4–7 could contribute up to two scores (from consecutive 
grades). A dataset was created with one row per observation per student. Because most students contributed two observations, the 
dataset ended up containing more than 35,000 rows. The degrees of freedom for specific main effects in the model reflect this 
number of rows. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 

Table AI2 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on student 
mathematics problem solving achievement after two years 

Random effects model Coefficient 
Standard 

error Z-value p-value 

Variance component for students 862.4 6.5 133.09 < .0001 

Variance component for students within schools 27.5 7.0 3.95 < .0001 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system 
. 
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Table AI3 Estimates of matched-pair fixed effects from the benchmark multilevel analysis 
of the impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
student mathematics problem solving achievement after two years 

Coefficient Standard error t-value p-value 
1 0.4 3.5 0.10 .92 
2 0.6 3.0 0.21 .84 
3 10.0 3.1 3.27  < .01 
4 24.2 2.2 11.20 < .01 
5 –4.0 3.4 –1.31 .20 
6 18.2 2.3 7.92  < .01 
7 –1.6 2.3 –0.68 .50 
8 –7.1 1.5 –4.81 < .01 
9 –3.7 2.6 –1.42 .16 
10 5.2 3.8 1.37 .18 
11 0.1 1.6 0.07 .95 
12 –0.6 2.5 –0.22 .82 
13 14.7 4.7 3.16  < .01 
14 6.5 3.0 2.19 .03 
15 5.6 1.9 2.88  < .01 
16 0.4 2.1 0.18 .86 
17 4.0 1.9 2.08 .04 
18 –0.5 3.4 –0.14 .89 
19 7.8 5.1 1.52 .14 
20 4.3 1.7 2.56 .01 
21 1.2 2.3 0.54 .59 
22 11.0 2.6 4.27 < .01 
23 11.8 4.0 2.93 < .01 
24 9.7 2.9 3.38 < .01 
25 22.9 7.8 2.94 < .01 
26 0.1 3.5 0.04 .97 
27 7.3 4.1 1.80 .08 
28 1.5 3.8 0.38 .70 
29 14.4 5.1 2.80  < .01 
30 2.9 3.8 0.77 .45 
31 4.8 4.2 1.14 .26 
32 8.3 6.5 1.29 .20 
33 20.8 4.0 5.15  < .01 
34 2.1 4.1 0.53 .60 
35 6.2 4.2 1.49 .15 
36 –5.7 4.1 –1.41 .17 
37 13.8 2.0 6.84  < .01 
38 1.3 2.6 0.52 .61 
39 –0.5 3.7 –0.14 .89 
40 8.9 1.8 5.08  < .01 

Note: The degrees of freedom associated with each estimate is 39. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 
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Table AI4 Estimates of fixed effects from the benchmark multilevel analysis of the impact 
of the Alabama Math, Science, and Technology Initiative (AMSTI) on student science 
achievement after two years 

Fixed effects model Coefficient 
Standard 

error 
Degrees of 
freedom t-value p-value 

Adjusted grand school mean in control condition for 
reference pair 427.9 52.4 37 8.17 < .01 

Average effect associated with school-level average 
pretest on student outcome across all schools 0.4 0.1 37 4.28 < .01 

Average effect associated with student-level pretest 
deviation from school average pretest on student 
outcome across all schools 0.5 0.0 14E3 43.94 < .01 

Adjusted average AMSTI effect across all schools –2.5 1.1 37 –2.33 .03 

Average effect associated with being in second birth 
cohort 0.8 0.7 75 1.14 .26 

Average effect associated with interaction between 
birth cohort and treatment status 1.1 1.2 75 0.88 .38 

Effect associated with dummy variable indicating 
missing value for student pretest  –2.2 1.4 14E3 –1.52 .13 

Average effect associated with male gender on 
student outcome across all schools 5.0 0.6 14E3 9.07 < .01 

Effect associated with dummy variable indicating 
missing value for indicator that student has free or 
reduced-lunch price status –12.5 10.1 14E3 –1.23 .22 
Average effect associated with eligibility for free or 
reduced-price lunch on student outcome across all 
schools –5.0 0.6 14E3 –8.79 < .01 
Effect associated with dummy variable indicating 
missing value for indicator of racial/ethnic minority 
status 4.9 8.8 14E3 0.56 .57 

Average effect associated with being a minority on 
student outcomes across all schools –6.9 0.8 14E3 –9.16 < .01 

Effect associated with dummy variable indicating 
missing value for indicator of English proficiency –5.5 9.3 14E3 –0.59 .56 

Average effect associate with English proficiency on 
student outcomes across all schools 3.9 1.5 14E3 2.65 < .01 

Average effect of being in grade 5 (relative to grade 
7) on student outcomes across all schools –8.1 2.7 18 –2.99 < .01 

Note: Table excludes effect estimates for matched pairs. Degrees of freedoms may be expressed as approximations (that is, 14E3 
is equivalent to roughly 14,000). The dummy variable approach to handling missing data involves setting missing values for 
covariates to a constant. These effects are estimated with missing values set to zero; the effect estimate should be interpreted 
accordingly. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 
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Table AI5 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on student 
science achievement after two years 

Random effects model Coefficient 
Standard 

error Z-value p-value| 

Variance component for students 523.4 6.2 84.23 < .01 

Variance component for students within schools 31.1 8.6 3.60 < .01 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 

Table AI6 Estimates of matched-pair fixed effects from the benchmark multilevel 
analysis of the impact of the Alabama Math, Science, and Technology Initiative 
(AMSTI) on student science achievement after two years 

Estimate Standard error t- value p-value 
1 1.6 3.7 0.44 .66 
2 1.1 3.4 0.33 .74 
3 18.6 3.9 4.84 < .01 
4 18.3 3.8 4.86 < .01 
5 –1.0 2.0 –0.48 .63 
6 14.8 2.6 5.66 < .01 
7 2.1 4.0 0.52 .61 
8 –4.6 2.3 –2.04 .05 
9 –2.0 1.5 –1.34 .19 
10 3.3 1.8 1.84 .07 
11 3.8 1.9 2.03 .05 
12 2.9 3.5 0.84 .41 
13 11.6 3.2 3.60 < .01 
14 1.3 4.3 0.30 .76 
15 7.1 2.3 3.10 < .01 
16 7.5 5.3 1.41 .17 
17 8.6 1.9 4.60 < .01 
18 7.3 1.7 4.17 < .01 
19 6.4 2.2 2.91 < .01 
20 6.5 3.1 2.07 .05 
21 3.7 3.9 0.95 .35 
22 9.9 4.1 2.42 .02 
23 9.1 3.6 2.55 .02 
24 11.4 5.7 2.00 .05 
25 8.2 3.4 2.38 .02 
26 6.5 3.1 2.10 .04 
27 7.9 2.2 3.66 < .01 
28 6.4 4.6 1.37 .18 
29 7.8 4.5 1.74 .09 
30 11.6 1.9 6.17 < .01 
31 –10.2 5.7 –1.78 .08 
32 4.2 7.6 0.56 .58 
33 15.3 7.2 2.12 .04 
34 –4.3 9.3 –0.46 .65 
35 5.0 3.4 1.48 .15 
36 –8.2 5.9 –1.40 .17 
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Estimate Standard error t- value p-value 
37 15.3 3.5 4.43 < .01 
38 –1.5 2.1 –0.75 .46 
39 4.7 1.6 3.01 < .01 
40 8.2 4.1 2.00 .05 

Note: The degrees of freedom associated with each estimate is 37.
 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 

data from state data system.
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Appendix AJ. Parameter estimates for effect of the Alabama Math, Science, 
and Technology Initiative (AMSTI) on student reading achievement after one 

year 

This appendix (tables AJ1–AJ3) presents various estimates of the effect of AMSTI on 
student reading achievement after one year. 

Table AJ1 Estimates of fixed effects from the benchmark multilevel analysis of the impact 
of the Alabama Math, Science, and Technology Initiative (AMSTI) on student reading 
achievement after one year 

Fixed effects model 
Variance 
estimates 

Standard 
error 

Degrees 
of 

freedom t-value p-value 
Adjusted grand school mean in control condition for 
reference pair 228.6 31.7 39 7.20 < .01 

Adjusted average AMSTI effect across all schools 2.3 0.5 39 4.97 < .01 

Average effect associated with school-level average 
pretest on student outcome across schools 0.7 0.1 39 13.80 < .01 

Average effect associated with student-level pretest 
deviation from school average pretest on student 
outcome across schoolsa 0.7 0.0 18,615 74.11 < .01 

Average effect associated with male gender on student 
outcome across all schools –2.3 0.3 18,615 –6.86 < .01 

Average effect associated with eligibility for free or 
reduced-price lunch on student outcome across all 
schoolsa –5.4 0.4 18,615 –12.95 < .01 

Average effect associated with being a minority on 
student outcomes across all schoolsa –4.1 0.5 18,615 –8.65 < .01 

Average effect associated with English proficiency on 
student outcomes across all schoolsa 6.9 2.2 18,615 3.19 < .01 

Effect associated with dummy variable indicating 
missing value for student pretest –5.9 1.9 18,615 –3.15 < .01 

Effect associated with dummy variable indicating 
missing value for indicator of English proficiency 5.2 4.3 18,615 1.21 .23 

Effect associated with dummy variable indicating 
missing value for indicator of eligibility for free or 
reduced-price lunch –16.5 6.8 18,615 –2.44 .02 

Effect associated with dummy variable indicating 
missing value for indicator of racial/ethnic minority 
status –2.2 3.4 18,615 –0.64 .52 

Average effect of being in grade 4 (relative to grade 6) 
on student outcomes across all schools –3.9 1.5 18,615 –2.72 < .01 

Average effect of being in grade 5 (relative to grade 6) 
on student outcomes across all schools –5.3 1.2 18,615 –4.53 < .01 
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Fixed effects model 
Variance 
estimates 

Standard 
error 

Degrees 
of 

freedom t-value p-value 
Average effect of being in grade 7 (relative to grade 6) 
on student outcomes across all schools 4.5 1.6 18,615 2.75 < .01 

Average effect of being in grade 8 (relative to grade 6) 
on student outcomes across all schools 0.4 1.3 18,615 0.35 .73 

Note: This table excludes effect estimates for matched pairs. 
a. The dummy variable approach to handling missing data involves setting missing values for covariates to a constant. ; These 
effects are estimated with missing values set to zero; therefore, the effect estimate should the effect estimate should be interpreted 
accordingly. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 

Table AJ2 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on student 
reading achievement after one year 

Random effects model Variance 
Standard 

error Z-value p-value 

Variance component for students within schools 449.0 4.7 96.45 < .01 

Variance component for schools 9.4 3.0 3.11 < .01 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 
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Table AJ3 Estimates of matched-pair fixed effects from the benchmark multilevel analysis 
of the impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
student reading achievement after one year 

Matched-
pair 

identifier 

Average effect associated with being member of 
matched pair (relative to reference pair number 

41) 
Standard 

error t–value p-value 
1 –2.5 4.1 –0.60 .55 
2 –3.7 4.1 –0.90 .37 
3 2.0 4.0 0.51 .62 
4 3.4 4.0 0.84 .41 
5 –7.2 3.8 –1.90 .07 
6 –0.8 4.1 –0.19 .85 
7 –12.2 3.8 –3.16 < .01 
8 –4.9 4.3 –1.13 .27 
9 –1.9 3.7 –0.50 .62 
10 –3.6 4.0 –0.90 .37 
11 –7.4 4.0 –1.87 .07 
12 –4.6 4.0 –1.17 .25 
13 –2.1 4.4 –0.49 .63 
14 –6.2 4.1 –1.53 .13 
15 –6.3 3.9 –1.64 .11 
16 –6.7 3.8 –1.73 .09 
17 –3.8 3.7 –1.02 .31 
18 –7.7 3.7 –2.07 .05 
19 –4.9 5.1 –0.96 .34 
20 –2.9 3.8 –0.77 .45 
21 –5.9 3.9 –1.51 .14 
22 –2.9 4.0 –0.72 .48 
23 –5.3 3.9 –1.37 .18 
24 –5.8 3.9 –1.49 .14 
25 –2.5 4.0 –0.63 .53 
26 –2.3 3.9 –0.58 .56 
27 –3.6 3.8 –0.96 .34 
28 –6.0 5.2 –1.14 .26 
29 –0.1 4.4 –0.01 .99 
30 –3.5 3.9 –0.89 .38 
31 –6.4 5.1 –1.25 .22 
32 –6.5 6.1 –1.06 .30 
33 1.9 4.0 0.47 .64 
34 –4.5 4.1 –1.10 .28 
35 –7.5 3.9 –1.91 .06 
36 –19.9 8.4 –2.37 .02 
37 –1.5 4.0 –0.37 .72 
38 –8.4 4.0 –2.07 .05 
39 –6.7 3.8 –1.76 .09 
40 –7.6 3.8 –2.03 .05 

Note: The degrees of freedom associated with each estimate is 39.
 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 

data from state data system.
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Appendix AK. Parameter estimates for teacher content and student 
engagement after one year 

This appendix (tables AK1–AK9) presents various estimates of the effect of AMSTI on 
teacher content knowledge and student engagement in mathematics and science after one year. 
Table AK10 describes the analytic sample used to assess variation in the effects of AMSTI on 
achievement for subgroups of students after one year. 

Table AK1 Estimates of fixed effects from the benchmark multilevel analysis of the t of the 
Alabama Math, Science, and Technology Initiative (AMSTI) on teacher content knowledge 
in mathematics after one year 

Fixed effects model Variance 
Standard 

error t–value  p–value 

Adjusted grand school mean in control condition for 
reference pair 4.4 0.1 46.05 < .01 

Adjusted average AMSTI effect across all schools 0.0 0.1 0.44 .66 

Average effect associated with degree rank 0 on 
teacher outcome across all schoolsa 0.0 0.1 –0.18 .86 

Average effect associated with degree rank 1 on 
teacher outcome across all schoolsa –0.1 0.1 –0.77 .44 

Average effect associated with years teaching 
experience on teacher outcome across all schoolsa 0.0 0.0 –1.67 .10 

Average effect associated with years teaching 
experience with math on teacher outcome across all 
schoolsa 0.0 0.0 3.05 < .01 

Effect associated with dummy variable indicating 
missing value for degree rank 0.1 0.2 0.49 .63 

Effect associated with dummy variable indicating 
missing value for years teaching experience (also 
indicates missing value for years of teaching 
experience in subject area) –0.4 0.3 –1.71 .09 

Note: This table excludes effect estimates for matched pairs. The degrees of freedom associated with each estimate is 297. 
a. The dummy variable approach to handling missing data involves setting missing values for covariates to a constant; these 
effects are estimated with missing values set to zero; therefore, the effect estimate should be interpreted accordingly. 
Source: Teacher survey data. 

Table AK2 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on teacher 
content knowledge in mathematics after one year 

Random effects model Variance 
Standard 

error Z-value p-value 

Variance component for teachers within schools 0.4 0.0 12.69 < .01 

Variance component for schools 0.0 0.0 0.69 .25 
Source: Teacher survey data. 
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Multilevel random effects model estimates for the assessment of the one-year effect of 
AMSTI on teacher content knowledge in science are not displayed. As explained in chapter 6, 
this effect was excluded because estimation led to a boundary constraint for the school-level 
random effect, which was assigned a value of 0, with no p-value. The estimate of impact was 
nonsignificant. Controlling for clustering through modeling a school-level random effect would 
reduce the precision of the effect estimate, leading to the prediction that the result would remain 
nonsignificant if the effects of clustering had been modeled. 

Table AK3 Estimates of fixed effects from the benchmark multilevel analysis of the impact 
of the Alabama Math, Science, and Technology Initiative (AMSTI) on teacher content 
knowledge in science after one year 

Fixed effects model Variance 
Standard 

error t-value p-value 

Adjusted grand school mean in control condition for 
reference pair 4.8 0.2 27.11 < .01 

Adjusted average AMSTI effect across all schools 0.1 0.1 1.58 .12 

Average effect associated with degree rank 0 on 
teacher outcome across all schoolsa 0.0 0.1 –0.06 .95 

Average effect associated with degree rank 1 on 
teacher outcome across all schoolsa 0.0 0.1 –0.15 .88 

Average effect associated with years teaching 
experience on teacher outcome across all schoolsa 0.0 0.0 –2.48 .01 

Average effect associated with years teaching 
experience with science on teacher outcome across all 
schoolsa 0.0 0.0 4.23 < .01 

Effect associated with dummy variable indicating 
missing value for degree rank –1.0 0.2 –4.31 < .01 

Effect associated with dummy variable indicating 
missing value for years teaching experience (also 
indicates missing value for years of teaching 
experience in subject area) 1.4 0.3 4.55 < .01 

Note: Table excludes effect estimates for matched pairs. The degrees of freedom associated with each estimate is 298. 
a. The dummy variable approach to handling missing data involves setting missing values for covariates to a constant. These 

effects are estimated with missing values set to zero; the effect estimate should be interpreted accordingly.
 
Source: Teacher survey data. 
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Table AK4 Estimates of matched-pair fixed effects from the benchmark multilevel analysis 
of the impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
teacher content knowledge in science after one year 

Matched-
pair 

identifier 

Average effect associated with being 
member of matched pair (relative to 

reference pair number 41002) Standard error t-value p-value 
1001 –1.1 0.3 –3.73 < .01 
2001 –1.1 0.3 –3.90 < .01 
3001 –1.2 0.2 –4.98 < .01 
4001 –0.9 0.3 –3.59 < .01 
5001 –1.1 0.3 –3.33 < .01 
6001 –0.7 0.2 –3.91 < .01 
7001 –1.4 0.4 –3.87 < .01 
8001 –1.0 0.2 –6.36 < .01 
9001 0.1 0.2 0.65 .52 
10001 –0.4 0.2 –2.21 .03 
11001 –0.7 0.3 –2.21 .03 
12001 –0.9 0.3 –3.58 < .01 
13001 –1.4 0.2 –6.74 < .01 
14001 –1.1 0.3 –4.12 < .01 
15001 –1.2 0.2 –4.82 < .01 
16001 –0.9 0.3 –3.53 < .01 
17001 –1.4 0.2 –7.00 < .01 
18001 –1.0 0.3 –3.53 < .01 
19001 0.3 0.2 1.66 .10 
20001 –1.2 0.4 –3.42 < .01 
21002 –1.0 0.3 –2.94 < .01 
22002 –0.9 0.3 –3.06 < .01 
23002 –1.1 0.2 –5.09 < .01 
24002 –1.3 0.3 –3.77 < .01 
25002 –0.8 0.2 –3.34 < .01 
26002 –0.7 0.3 –2.23 .03 
27002 –0.9 0.3 –3.13 < .01 
28002 –0.2 0.2 –1.30 .20 
29002 –1.4 0.3 –5.83 < .01 
30002 –1.0 0.3 –3.06 < .01 
31002 –1.5 0.2 –6.71 < .01 
32002 –1.2 0.3 –4.12 < .01 
33002 –1.1 0.3 –4.03 < .01 
34002 –1.3 0.5 –2.95 < .01 
35002 –1.2 0.4 –2.91 .04 
36002 –0.3 0.3 –0.87 .38 
37002 –1.2 0.3 –3.97 < .01 
38002 –1.0 0.4 –2.25 .03 
39002 –1.4 0.2 –6.44 < .01 

40002 –1.1 0.3 –3.58 < .01 
Note: The degrees of freedom associated with each estimate is 298. 
Source: Teacher survey data. 

AK-3 



 

 

    

 
  

  

 
  

 
 

  

 
 

 

 

 
 

 

  

   

   
  

Table AK5 Estimates of fixed effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on student 
engagement in mathematics after one year 

Fixed effects model 
Variance 
estimates 

Standard 
error 

Degrees of 
freedom t-value p-value 

Adjusted grand school mean in control condition 
for reference pair 2.5 0.1 39 21.09 < .01 

Adjusted average AMSTI effect across all schools 0.2 0.1 39 2.60 .01 

Average effect associated with degree rank 0 on 
teacher outcome across all schoolsa –0.2 0.1 298 –1.52 .13 

Average effect associated with degree rank 1 on 
teacher outcome across all schoolsa –0.0 0.1 298 –0.11 .92 

Average effect associated with years teaching 
experience on teacher outcome across all schoolsa 0.0 0.0 298 1.90 .06 

Average effect associated with years teaching 
experience with math on teacher outcome across 
all schoolsa 0.0 0.0 298 –1.27 .21 

Effect associated with dummy variable indicating 
missing value for degree rank 1.0 0.3 298 3.75 < .01 

Effect associated with dummy variable indicating 
missing value for years teaching experience (also 
indicates missing value for years of teaching 
experience in subject area) –0.2 0.3 298 –0.63 .53 

Note: This table excludes effect estimates for matched pairs. 
a. The dummy variable approach to handling missing data involves setting missing values for covariates to a constant. These 
effects are estimated with missing values set to zero; therefore, the effect estimate should be interpreted accordingly.  
Source: Teacher survey data. 

Table AK6 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on student 
engagement in mathematics after one year 

Random effects model Variance 
Standard 

error Z-value p-value 

Variance component for teachers within schools 0.6 0.1 12.47 < .01 

Variance component for schools 0.0 0.0 1.47 .07 
Source: Teacher survey data. 
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Table AK7 Estimates of fixed effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on student 
engagement in science after one year 

Fixed effects model Variance 
Standard 

error 

Degrees 
of 

freedom t-value p-value 

Adjusted grand school mean in control condition for 
reference pair 3.4 0.2 38 17.28 < .01 

Adjusted average AMSTI effect across all schools 0.4 0.1 38 4.57 < .01 

Average effect associated with degree rank 0 on teacher 
outcome across all schoolsa –0.2 0.2 262 –1.39 .17 

Average effect associated with degree rank 1 on teacher 
outcome across all schoolsa 0.0 0.1 262 –0.23 .82 

Average effect associated with years teaching experience 
on teacher outcome across all schoolsa 0.0 0.0 262 –1.02 .31 

Average effect associated with years teaching experience 
with science on teacher outcome across all schoolsa 0.0 0.0 262 0.86 .39 

Effect associated with dummy variable indicating missing 
value for degree rank –0.8 0.1 262 –5.66 < .01 

Effect associated with dummy variable indicating missing 
value for years teaching experience (also indicates missing 
value for years of teaching experience in subject area) 1.6 0.2 262 7.14 < .01 

Note: Table excludes effect estimates for matched pairs. 
a. The dummy variable approach to handling missing data involves setting missing values for covariates to a constant. These 
effects are estimated with missing values set to zero; therefore, the effect estimate should be interpreted accordingly. 
Source: Teacher survey data. 

Table AK8 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on student 
engagement in science after one year 

Random effects model Variance 
Standard 

error Z-value p-value 

Variance component for teachers within schools 0.5 0.1 11.48 < .01 

Variance component for schools 0.1 0.1 2.02 .02 
Source: Teacher survey data. 
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Table AK9 Estimates of matched-pair fixed effects from the benchmark multilevel analysis 
of the impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
student engagement in science after one year 

Matched-
pair 

identifier 

Average effect associated with being member 
of matched pair (relative to reference pair 

number 41002) Standard error t-value p-value 
1001 –0.6 0.4 –1.62 .11 
2001 –0.5 0.2 –2.71 .01 
3001 –0.4 0.2 –2.89 < .01 
4001 –0.3 0.2 –1.7 .10 
5001 –1.1 0.3 –3.39 < .01 
6001 –0.5 0.1 –3.19 < .01 
7001 –1.5 0.2 –6.66 < .01 
8001 –0.6 0.2 –2.69 .01 
9001 –0.1 0.3 –0.46 .65 
10001 –0.8 0.3 –3.21 < .01 
11001 –0.6 0.5 –1.38 .18 
12001 –0.4 0.2 –2.48 .02 
13001 –0.5 0.2 –2.42 .02 
14001 –0.9 0.6 –1.47 .15 
15001 –0.9 0.2 –4.82 < .01 
16001 –1.0 0.2 –6.96 < .01 
17001 –1.0 0.4 –2.24 .03 
18001 –1.2 0.2 –6.92 < .01 
19001 –0.3 0.2 –1.91 .06 
20001 –1.1 0.2 –5.72 < .01 
21002 –0.8 0.2 –4.71 < .01 
22002 –0.4 0.2 –1.75 .09 
23002 –0.6 0.2 –4.11 < .01 
24002 –0.8 0.2 –3.74 .01 
25002 –0.4 0.2 –1.97 .06 
26002 –1.1 0.2 –7.06 < .01 
27002 –1.0 0.4 –2.5 .02 
28002 –1.1 0.3 –3.95 < .01 
29002 –0.8 0.2 –4.69 < .01 
30002 –1.3 0.4 –3.6 < .01 
31002 –0.9 0.3 –3.07 < .01 
32002 –1.2 0.2 –7.54 < .01 
33002 –0.7 0.3 –2.09 .04 
34002 –0.8 0.7 –1.13 .27 
35002 –0.9 0.6 –1.47 .15 
36002 0.3 0.1 1.76 .09 
37002 –0.8 0.2 –4.64 < .01 
38002 –1.7 0.2 –8.99 < .01 
39002 –1.1 0.6 –2.02 .05 
40002 –0.7 0.3 –2.33 .03 

Note: The degrees of freedom associated with each estimate is 38. 
Source: Teacher survey data 

. 
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Table AK10 Analytic sample used to assess variation in effects of the Alabama Math, 
Science, and Technology Initiative (AMSTI) on achievement for subgroups of students 
after one year 

Mathematics 
problem solving Science Reading 

Covariate AMSTI Control AMSTI Control AMSTI Control 
Racial/ethnic minority status 

Minority students 4,298 3,375 1,872 1,350 4,301 3,375 
White students 5,437 4,930 2,087 1,939 5,437 4,933 
Total 41 41 39 40 41 41 

Socioeconomic status 
Students enrolled in the free or reduced-
price lunch program 5,533 4,858 2,319 1,965 5,533 4,854 
Students not enrolled in the free or 
reduced-price lunch program 4,487 3,831 1,761 1,481 4,484 3,834 
Total 41 41 39 40 41 41 

Gender 
Girls 5,058 4,435 2,079 1,729 5,053 4,429 
Boys 4,964 4,256 2,003 1,717 4,966 4,262 
Total 41 41 39 40 41 41 

SAT 10 reading pretest 
Low (stanines 1–3) 2,128 1,699 920 655 2,130 1,702 
Middle (stanines 4–6) 4,786 4,345 1,938 1,734 4,790 4,343 
High (stanines 7–9) 2,389 1,913 951 770 2,389 1,914 
Total 41 41 39 40 41 41 

SAT 10 mathematics problem solving 
pretest 

Low (stanines 1–3) 2,113 1,629 na na na na 
Middle (stanines 4–6) 4,836 4,363 na na na na 
High (stanines 7–9) 2,371 1,965 na na na na 
Total 41 41 39 40 41 41 

na is not applicable. 

Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 

data from state data system.
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Appendix AL. Estimates of effects for terms involving the indicator of 
treatment status in the analysis of the moderating effect of the three-level 

pretest variable 

The analysis of the moderating effect of the pretest resulted in three estimates pertaining 
to the moderating effect: the impact for the high category (the reference category), the additional 
impact associated with being in the middle category (relative to the high category), and the 
additional impact associated with being in the low category (relative to the high category). These 
estimates are displayed below (table AL1). 
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Table AL1 Estimates of effects for terms involving the indicator of treatment status in the analysis of the moderating effect of 
three-level pretest variable 

A
L

-2 


Mathematics problem solving Science Reading 

Covariate 
Estimated 

effect p-value Effect sizea 
Estimated 

effect p-value Effect sizea 
Estimated 

effect p-value Effect sizea 

SAT 10 reading pretestb 

Impact on high pretest 
group (stanines 7–9) 

1.3 

.60 0.03 

0.1 

.94 0.00 

2.6 

.05 0.07 (2.5) (1.9) (1.3) 

Additional impact on 
middle pretest group (in 
relation to high) (stanines 4– 
6) 

0.3 

.91 0.01 

2.1 

.27 0.07 

–1.4 

.30 –0.04 (2.6) (1.9) (1.3) 

Additional impact on low 
pretest group (in relation to 
high) (stanines 1–3) 

–0.5 

.89 –0.01 

–0.9 

.76 –0.03 

–1.4 

.48 –0.04 (3.2) (2.8) (2.0) 

SAT 10 mathematics problem solving pretestb 

Impact on high pretest 
group  

1.1 

.66 0.03 na na na na na na(2.5) 

Additional impact on 
middle pretest group (in 
relation to high) 

0.8 

.78 0.02 na na na na na na(2.9) 

Additional impact on low 
pretest group (in relation to 
high) 

–1.3 

.69 –0.03 na na na na na na(3.2) 
na is not applicable. 

Note: Numbers in parentheses are standard errors.
 
a. For each of the three main outcomes (mathematics problem solving, science, and reading), the estimated standard deviation for the control group from the analytic samples was 

used to estimate the average impacts of AMSTI (from the confirmatory analyses for impacts on mathematics and science and the corresponding exploratory analysis in reading) as 

the denominator in the standardized effect size estimate. This step was taken in order to express all estimates for a given scale in terms of the same standard deviation units, to
 
facilitate comparison of results.
 
b. The pretest was divided into three categories: low, for scores in stanines 1–3; middle, for scores in stanines 4–6; and high, for scores in stanines 7–9. The cutpoints for the 

stanines were based on the pretest scale scores for the sample. As explained in appendix B, the study’s technical working group advisors recommended that the study examine 

whether the effect of AMSTI on student achievement in mathematics varied depending on students’ pretest scores on the SAT 10 reading exam. In the absence of a science pretest,
 
the study team examined whether the effect of AMSTI on student achievement in science varied depending on pretest scores on the SAT 10 reading exam. 

Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic data from state data system.
 



 

 

 
 

 

  
 

 

  

   
 

 

 
  

  
  

 
 

 

   
  

 
 

  
 

  
 

  
 

  
 

 
  
 

 

 
 

 

Appendix AM. Parameter estimates for the analysis of the moderating effect 
of racial/ethnic minority status on the impact of the Alabama Math, Science, 

and Technology Initiative (AMSTI) on reading after one year 

This appendix (tables AM1 and AM2) presents estimates of the moderating effect of 
minority status on the impact of AMSTI on reading after one year. Presented below (table AM3) 
are the fixed effects estimates for matched pairs from the benchmark model used to estimate the 
moderating effect of racial/ethnic minority status on the effect of AMSTI on reading after one 
year. 

Table AM1 Estimates of fixed effects from the benchmark multilevel analysis of the 
moderating effect of minority status on the impact of the Alabama Math, Science, and 
Technology Initiative (AMSTI) on reading after one year 

Fixed effects model Variance 
Standard 

error 

Degrees 
of 

freedom t-value p-value 
Adjusted grand school mean in control condition for reference 
pair 242.5 33.5 39 7.23 < .01 

Adjusted average AMSTI effect across all schools 3.6 0.6 39 6.15 < .01 
Average effect associated with racial/ethnic status on student 
outcomes across all schoolsa –2.6 0.6 17,951 –4.16 < .01 

Additional impact associated with being a minority –3.0 0.9 17,951 –3.59 < .01 
Average effect associated with school-level average pretest on 
student outcome across schools 0.7 0.1 39 12.54 < .01 
Average effect associated with student-level pretest deviation 
from school average pretest on student outcome across schoolsa 0.7 0.0 17,951 73.51 < .01 
Average effect associated with male gender on student 
outcome across all schools –2.1 0.3 17,951 –6.13 < .01 
Average effect associated with eligibility for free or reduced-
price lunch on student outcome across all schoolsa –4.6 0.4 17,951 –10.77 < .01 
Average effect associated with English proficiency on student 
outcomes across all schoolsa 7.1 2.1 17,951 3.41 < .01 
Average effect of being in grade 4 (relative to grade 6) on 
student outcomes across all schools –3.4 1.5 17,951 –2.30 .02 
Average effect of being in grade 5 (relative to grade 6) on 
student outcomes across all schools –5.2 1.2 17,951 –4.45 < .01 
Average effect of being in grade 7 (relative to grade 6) on 
student outcomes across all schools 4.1 1.6 17,951 2.53 .01 
Average effect of being in grade 8 (relative to grade 6) on 
student outcomes across all schools –0.3 1.3 17,951 –0.20 .84 
Effect associated with dummy variable indicating missing 
value for student pretest –6.1 2.0 17,951 –3.00 < .01 
Effect associated with dummy variable indicating missing 
value for indicator of proficiency in English  31.1 2.9 17,951 10.74 < .01 
Effect associated with dummy variable indicating missing 
value for indicator of eligibility for free or reduced-price lunch –15.9 6.9 17,951 –2.29 .02 

Note: Table excludes effect estimates for matched pairs. 
a. The dummy variable approach to handling missing data involves setting missing values for covariates to a constant; these 
effects are estimated with missing values set to zero; therefore, the effect estimate should be interpreted accordingly. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system 
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Table AM2 Estimates of random effects from the benchmark multilevel analysis of the 
moderating effect of minority status on the impact of the Alabama Math, Science, and 
Technology Initiative (AMSTI) on reading after one year 

Random effects model Variance 
Standard 

error Z-value p-value 

Variance component for students within schools 422.9 4.5 94.72 < .01 

Variance component for schools 10.0 3.1 3.23 < .01 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 

Table AM3 Estimates of matched-pair fixed effects from the benchmark multilevel analysis 
of the moderating effect of minority status on impact of the Alabama Math, Science, and 
Technology Initiative (AMSTI) on reading after one year 

Matched-pair 
identifier 

Average effect associated with 
being member of matched pair 

(relative to reference pair 
number 41) Standard error t-value p-value 

1 –3.9 3.7 –1.08 .29 
2 –5.3 3.7 –1.46 .15 
3 2.6 3.5 0.75 .46 
4 7.0 3.5 1.96 .06 
5 –7.6 3.3 –2.30 .03 
6 0.4 3.7 0.10 .92 
7 –12.6 3.4 –3.68 < .01 
8 –4.3 4.0 –1.07 .29 
9 –1.9 3.2 –0.60 .55 
10 –2.9 3.8 –0.76 .45 
11 –6.8 3.6 –1.90 .06 
12 –5.3 3.6 –1.49 .14 
13 –1.8 4.0 –0.46 .65 
14 –7.4 3.8 –1.96 .06 
15 –6.4 3.3 –1.93 .06 
16 –7.2 3.4 –2.14 .04 
17 –4.6 3.4 –1.37 .18 
18 –8.2 3.3 –2.46 .02 
19 –5.0 4.5 –1.11 .28 
20 –3.3 3.6 –0.92 .36 
21 –6.3 3.5 –1.81 .08 
22 –3.7 3.6 –1.02 .32 
23 –5.9 3.4 –1.74 .09 
24 –6.4 3.4 –1.87 .07 
25 –3.0 3.5 –0.86 .39 
26 –2.1 3.4 –0.61 .54 
27 –3.3 3.3 –1.01 .32 
28 –5.0 4.7 –1.07 .29 
29 –2.2 4.0 –0.55 .58 
30 –2.5 3.5 –0.71 .48 
31 –7.5 5.1 –1.49 .14 
32 –8.0 5.5 –1.44 .16 
33 0.5 3.5 0.14 .89 
34 –5.7 3.9 –1.48 .15 
35 –8.3 3.5 –2.39 .02 
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Matched-pair 
identifier 

Average effect associated with 
being member of matched pair 

(relative to reference pair 
number 41) Standard error t-value p-value 

36 –21.4 8.5 –2.53 .02 
37 –1.5 3.6 –0.43 .67 
38 –9.2 3.5 –2.61 .01 
39 –6.9 3.2 –2.13 .04 
40 –7.1 3.4 –2.10 .04 

Note: The degrees of freedom associated with each estimate is 39. 

Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 

data from state data system.
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Appendix AN. Parameter estimates for analysis of average effect of the 
Alabama Math, Science, and Technology Initiative (AMSTI) on reading by 

racial/ethnic minority students after one year 

This appendix (tables AN1–AN3) presents various estimates of the effect of AMSTI on 
the reading achievement of racial/ethnic minority students after one year. 

Table AN1 Estimates of fixed effects from the benchmark multilevel analysis of the impact 
of the Alabama Math, Science, and Technology Initiative (AMSTI) on reading by 
racial/ethnic minority students after one year 

Fixed effects model Variance 
Standard 

error 
Degrees of 
freedom 

t-
value 

p-
value 

Adjusted grand school mean in control condition for reference 
pair 269.4 40.0 39 6.74 < .01 

Adjusted average AMSTI effect across all schools 0.7 0.6 39 1.06 .29 

Average effect associated with school-level average pretest on 
student outcome across schools 0.6 0.1 39 9.85 < .01 

Average effect associated with student-level pretest deviation 
from school average pretest on student outcome across 
schoolsa 

0.7 0.0 7,584 35.77 < .01 

Average effect associated with male gender on student 
outcome across all schools –2.6 0.4 7,584 –5.93 < .01 

Average effect associated with eligibility for free or reduced-
price lunch on student outcome across all schoolsa 

–5.2 0.8 7,584 –6.37 < .01 

Average effect associated with English proficiency on 
student outcomes across all schoolsa 

7.3 2.2 7,584 3.36 .01 

Average effect of being in grade 4 (relative to grade 6) on 
student outcomes across all schools –8.2 2.1 7,584 –4.00 < .01 

Average effect of being in grade 5 (relative to grade 6) on 
student outcomes across all schools –6.4 1.8 7,584 –3.49 < .01 

Average effect of being in grade 7 (relative to grade 6) on 
student outcomes across all schools 1.9 1.7 7,584 1.12 .26 

Average effect of being in grade 8 (relative to grade 6) on 
student outcomes across all schools 0.4 1.6 7,584 0.24 .81 

Effect associated with dummy variable indicating missing 
value for student pretest –10.4 2.7 7,584 –3.87 < .01 

Effect associated with dummy variable indicating missing 
value for indicator of eligibility for free or reduced-price 
lunch  –16.1 8.2 7,584 –1.97 .05 

Note: This table excludes effect estimates for matched pairs. 
a. The dummy variable approach to handling missing data involves setting missing values for covariates to a constant; these 

effects are estimated with missing values set to zero; therefore, the effect estimate should be interpreted accordingly. 

The estimate for the effect associated with the dummy variable of for proficiency English speaker is missing estimate.
 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 

data from state data system.
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Table AN2 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on reading 
achievement by racial/ethnic minority students after one year 

Random effects model 
Variance 
estimates 

Standard 
error Z-value p-value 

Variance component for students within schools 424.8 6.9 61.59 < .01 

Variance component for schools 15.2 5.0 3.01 < .01 

Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 

Table AN3 Estimates of matched-pair fixed effects from the benchmark multilevel analysis 
of the impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
reading achievement by racial/ethnic minority status after one year 

Matched-pair 
identifier 

Average effect associated with 
being 

member of matched pair (relative 
to reference pair number 41) Standard error t -value p-value 

1 –8.1 4.7 –1.73 .09 
2 –5.5 3.9 –1.40 .17 
3 3.7 4.4 0.84 .40 
4 10.1 3.9 2.56 .02 
5 –5.5 3.6 –1.53 .13 
6 –0.8 4.1 –0.18 .86 
7 –12.7 3.7 –3.40 < .01 
8 –4.2 5.0 –0.84 .41 
9 –0.4 3.9 –0.11 .91 
10 –3.1 3.6 –0.86 .40 
11 –7.1 3.8 –1.86 .07 
12 –9.0 4.4 –2.05 .05 
13 –0.1 5.2 –0.02 .99 
14 –8.4 4.0 –2.09 .04 
15 –5.5 3.6 –1.51 .14 
16 –6.0 3.6 –1.65 .11 
17 –4.5 3.5 –1.27 .21 
18 –9.2 3.7 –2.50 .02 
19 –6.8 5.8 –1.17 .25 
20 –0.3 3.9 –0.08 .94 
21 –6.5 3.7 –1.78 .08 
22 –2.3 4.0 –0.58 .56 
23 –4.3 5.2 –0.83 .41 
24 –6.9 3.8 –1.80 .08 
25 –2.2 4.3 –0.51 .61 
26 14.2 4.4 3.22 < .01 
27 –4.2 3.8 –1.11 .27 
28 –1.4 3.8 –0.38 .71 
29 –0.2 5.1 –0.05 .96 
30 –2.7 3.8 –0.71 .48 
31 –7.3 5.0 –1.47 .15 
32 –7.2 5.8 –1.24 .22 
33 1.0 3.9 0.26 .80 
34 –5.8 4.2 –1.37 .18 
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Matched-pair 
identifier 

Average effect associated with 
being 

member of matched pair (relative 
to reference pair number 41) Standard error t -value p-value 

35 –7.7 4.0 –1.94 .06 
36 –20.7 8.2 –2.53 .02 
37 –1.4 4.0 –0.34 .74 
38 –9.8 3.8 –2.58 .01 
39 –7.4 3.5 –2.12 .04 
40 –6.8 3.6 –1.92 .06 

Note: The degrees of freedom associated with each estimate is 39.
 
Source: Student achievement data from tests administered as part of the state’s accountability system and student 

demographic data from state data system.
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Appendix AO. Parameter estimates for effect of the Alabama Math, Science, 
and Technology Initiative (AMSTI) on reading for White students after one 

year 

This appendix (tables AO1–AO3) presents various estimates of the effect of AMSTI on 
the reading achievement of White students after one year. 

Table AO1 Estimates of fixed effects from the benchmark multilevel analysis of the impact 
of the Alabama Math, Science, and Technology Initiative (AMSTI) on reading by White 
students after one year 

Fixed effects model Variance 
Standard 

error 
Degrees of 
freedom t -value  p-value 

Adjusted grand school mean in control condition for 
reference pair 183.8 23.9 32 7.69 < .01 

Adjusted average AMSTI effect across all schools 3.1 0.5 32 6.42 < .01 

Average effect associated with school-level average 
pretest on student outcome across schools 0.8 0.0 32 20.14 < .01 

Average effect associated with student-level pretest 
deviation from school average pretest on student 
outcome across schoolsa 0.8 0.0 10,285 89.01 < .01 

Average effect associated with male gender on 
student outcome across all schools –1.7 0.4 10,285 –3.93 < .01 

Average effect associated with eligibility for free or 
reduced-price lunch on student outcome across all 
schoolsa –4.3 0.5 10,285 –8.02 < .01 

Average effect associated with English proficiency 
on student outcomes across all schoolsa –1.1 6.3 10,285 –0.17 .87 

Average effect of being in grade 4 (relative to grade 
6) on student outcomes across all schools 0.0 1.5 10,285 –0.01 .99 

Average effect of being in grade 5 (relative to grade 
6) on student outcomes across all schools –4.5 1.2 10,285 –3.91 < .01 

Average effect of being in grade 7 (relative to grade 
6) on student outcomes across all schools 5.9 1.9 10,285 3.14 < .01 

Average effect of being in grade 8 (relative to grade 
6) on student outcomes across all schools –0.7 1.4 10,285 –0.52 .60 

Effect associated with dummy variable indicating 
missing value for student pretest –1.2 2.7 10,285 –0.44 .66 

Effect associated with dummy variable indicating 
missing value for indicator of proficiency in English 19.4 5.4 10,285 3.63 < .01 

Effect associated with dummy variable indicating 
missing value for indicator of eligibility for free or 
reduced-price lunch –8.5 1.5 10,285 –5.76 < .01 

Note: Table excludes effect estimates for matched pairs. 
a. The dummy variable approach to handling missing data involves setting missing values for covariates to a constant; these 
effects are estimated with missing values set to zero; therefore, the effect estimate should be interpreted accordingly. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student 
demographic data from state data system. 
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Table AO2 Estimates of random effects from the benchmark multilevel analysis of the 
impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on reading by 
White students after one year 

Random effects model Variance Standard error Z -value p-value 

Variance component for students within schools 415.3 5.8 71.73 < .01 

Variance component for schools 3.0 1.7 1.78 .04 

Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 

Table AO3 Estimates of matched-pair fixed effects from the benchmark multilevel analysis 
of the impact of the Alabama Math, Science, and Technology Initiative (AMSTI) on 
reading by White students after one year 

Matched-pair 
identifier 

Average effect associated with being 
member of matched pair (relative to 

reference pair number 41) Standard error t -value p-value 
1 –11.9 2.5 –4.86 < .01 
2 –14.2 2.1 –6.91 < .01 
3 –10.0 1.4 –7.23 < .01 
4 –7.2 1.6 –4.50 < .01 
5 –19.5 1.1 –17.27 < .01 
6 –12.7 1.4 –8.85 < .01 
8 –15.4 1.9 –8.01 < .01 
9 –15.0 3.7 –4.02 < .01 
10 –14.7 2.3 –6.47 < .01 
11 –16.8 0.7 –25.83 < .01 
12 –15.4 1.7 –9.13 < .01 
13 –13.5 1.4 –10.00 < .01 
14 –14.7 1.7 –8.73 < .01 
15 –18.1 0.9 –21.37 < .01 
16 –18.0 1.4 –12.65 < .01 
17 –16.8 1.6 –10.46 < .01 
18 –17.7 0.9 –19.91 < .01 
19 –16.2 1.9 –8.37 < .01 
20 –15.4 1.4 –11.27 < .01 
21 –15.6 1.9 –8.00 < .01 
22 –13.6 1.5 –9.15 < .01 
23 –16.9 1.4 –11.91 < .01 
24 –16.7 1.3 –12.58 < .01 
25 –14.0 1.4 –9.87 < .01 

–15.1 1.1 –13.91 < .01 
27 –14.9 0.9 –16.87 < .01 
28 –18.3 3.4 –5.36 < .01 
29 –16.2 3.7 –4.36 < .01 
30 –15.5 1.3 –12.38 < .01 
31 –12.9 3.5 –3.73 < .01 
32 –18.6 9.1 –2.05 .05 
33 –21.7 2.2 –9.68 < .01 
34 –53.0 1.9 –27.96 < .01 
35 –18.4 1.5 –12.36 < .01 
36 –44.9 1.6 –28.19 < .01 
37 –13.0 1.9 –6.99 < .01 
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Matched-pair 
identifier 

Average effect associated with being 
member of matched pair (relative to 

reference pair number 41) Standard error t -value p-value 
38 –27.8 2.6 –10.63 < .01 
39 –13.8 2.9 –4.78 < .01 
40 –19.7 0.6 –34.16 < .01 

Note: The degrees of freedom associated with each estimate is 32. 
Source: Student achievement data from tests administered as part of the state’s accountability system and student demographic 
data from state data system. 
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