ABSTRACT
ADAMS, ELIZABETH LYNN. The Effect of a Middle School STEM Initiative on Cognitive
and Non-Cognitive Outcomes: A Quasi-Experimental Study using Instrumental Variables and
Inverse Propensity Weights. (Under the direction of Stephen R. Porter).

Science, technology, engineering, and mathematics (STEM) education is an instructional
framework designed to increase students’ engagement and achievement in the STEM disciplines
(Anderson, 2010; Bybee, 2013). This study is an evaluation of a STEM initiative in Wake
County Public School System in North Carolina. The purpose of this study is to estimate the
causal effect of the STEM initiative on middle school students’ cognitive and non-cognitive
outcomes using instrumental variable analysis and inverse propensity weights. It was
hypothesized that the STEM initiative would increase students’ cognitive outcomes (i.e., state
standardized test scores in science, mathematics, and language arts) and non-cognitive outcomes
(i.e., grit, civic engagement, future goals and aspirations, control and relevancy of coursework,
peer support, and attendance at school). Grade 8 outcomes were examined near the end of the
2014-15 and 2015-16 school years for 15,840 students who either attended middle schools
implementing the STEM initiative or business as usual during Grades 6-8. Results indicate that
students’ science achievement was lower at STEM initiative schools (d = -.19) with statistically
significant effects for students who were female (d = -.18), male (d = -.20), Hispanic (d = -.18),
and AIG (d = -.26), which was not a desired consequence of the initiative. The STEM initiative
contributed to a decrease in unexcused absences (d = -.03) with a larger effect size for students

who were limited English proficient (LEP) (d = -.23), which suggests that students may have

been more engaged with school at treated schools (Holt & Gershenson, 2015). Otherwise,



moderate to large effect sizes were not observed for students who belonged to subgroups at
STEM initiative schools with four exceptions. At STEM initiative schools: (a) LEP students’
reading achievement was higher (d =.15); (b) Black students indicated more grit (d = .20); (c)
Hispanic students indicated more control and relevance of coursework (d =.21); and (d) AlIG and
White students indicated decreased civic engagement (d = -.23 and d = -.12 respectively). Three
schools were identified as medium or high implementing schools based on interviews with the
school-based STEM coordinator and school-related documents. Students at these schools
demonstrated higher reading achievement and increased attendance as measured by unexcused
absences, but the effect sizes were small (d = .00 and d = -.02 respectively). At medium or high
implementing schools, four outcomes exhibited moderate effect sizes, showing that STEM
initiative students demonstrated: (a) lower mathematics achievement (d = -.28); (b) lower science
achievement (d = -.16); (c) lower future goals and aspirations (d = -.20); and (d) lower control
and relevance of coursework (d = -.25). Collectively, these results suggest that the STEM
initiative in middle schools contributes to higher student engagement as measured by attendance
and reading achievement. Students at medium or high implementing treated schools
demonstrated lower mathematics and science achievement, which suggests that teachers may use
the instructional components of the STEM initiative (e.g., project-based learning, “the 4Cs”,
community and industry connections) without careful attention to accurate content. The initiative
was highly contextualized at each school, making it difficult to study the impact of the
intervention as a whole. The development and adoption of common curriculum and assessments
would greatly contribute to clarifying and defining what the STEM initiative ought to look like

in schools. In addition, this study raises some interesting questions for future research. For



example, the reasons why Black students demonstrated more grit and Hispanic students indicated
more control and relevance of coursework at STEM initiative schools is promising for the

initiative and should be further investigated.
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CHAPTER 1: INTRODUCTION

Science, Technology, Engineering, and Mathematics (STEM) education is a major focus
of recent education reform efforts in the U.S. (U.S. Congress Joint Economic Committee, 2012).
This emphasis is the result of an increased demand for individuals educated in STEM fields
(Bybee, 2013). Between 2004 and 2008, the employment rate rose annually by an average of
3.3% in science and engineering fields compared to 1.3% in all other occupations (U.S.
Department of Labor, 2007). The supply side of the pipeline reports a serious shortage of U.S.
students pursuing STEM degrees (Fox & Hackerman, 2003; Schultz et al., 2011). The U.S. ranks
29" of 109 countries in the percentage of 24 year-olds with a mathematics or science degree
(Anderson, 2010). Students in the U.S. demonstrate lagging performance in STEM areas
compared to students in other countries. In 2011, as measured by the National Assessment for
Educational Progress (NAEP), only one-third of Grade 8 students in the United States were
proficient in science (Loney, 2014).

Women, minorities, and students from low socio-economic status are underrepresented in
STEM fields (Anderson, 2010; Anderson & Kim, 2006; National Academies, 2005; National
Science Foundation, 2010). In 2014, women held 50% of jobs in the U.S. economy, yet only
24% of U.S. women were employed in a STEM-related field (Loney, 2014). Minority students
and students from low socio-economic backgrounds lag behind their White, more affluent peers
in their interest in mathematics and science. Only 9% of the nation’s scientific and engineering
workforce included individuals who identified as Black, Hispanic/Latino, or Native American,

although these groups made up 30% of the U.S. population (Anderson, 2010). Compared to



White students, minority students are more than four times less likely to enter college and
declare a STEM major (Wang, 2013).

Wang (2013) found that pursuing a STEM major is largely dependent on high school
students’ exposure to mathematics and science courses, self-efficacy toward mathematics, and
academic achievement. When predicting students’ pursuit of a STEM degree, the effect of
students’ exposure to mathematics and science courses was a stronger predictor than
mathematics achievement (Wang, 2013). Therefore, there is a need to both engage U.S. students
with STEM early in life and increase students’ academic achievement in STEM fields. In
response to this need, K-12 schools across the country have adopted the STEM education model
(Anderson, 2010; Bybee, 2013). The purpose of this model is to increase students’ engagement
and achievement in STEM through integrated learning. This model for STEM education
“removes the traditional barriers erected between the four disciplines, by integrating the four
subjects [or disciplines] into one cohesive means of teaching and learning” (Anderson, 2010, p.
2). This type of interdisciplinary integration is further supported by recently released national
standards for K-12 learning including: (a) the Next Generation Science Standards (NGSS Lead
States, 2013), and (b) the Common Core State Standards (National Governors Association
Center for Best Practices & Council of Chief State School Officers, 2010). The NGSS emphasize
connections across science content using big ideas like comparing, recognizing patterns, and
inferring causality across disciplines while the CCSS focus on building students’ ability to read
and analyze information across disciplines.

This study is an evaluation of a STEM education model in one large school district in

North Carolina. Leaders in North Carolina developed a state-wide initiative called the STEM



Collaborative Network, which outlined the components of effective STEM education
(Department of Public Instruction, 2015). The initiative encouraged school districts to redesign
schools based on the STEM education model. This effort was described as a “coordinated, state-
wide STEM Education Strategic Plan with clear direction, support and goals,” designed to ensure
that students were prepared for “high-skill, high-wage, and high-demand jobs of a knowledge-
based and innovation economy” (Department of Public Instruction, 2015, p. 2). The plan
emphasized that twenty-first century skills are critical for the future economy given that the state
is rapidly moving from “a low-skill, low-wage economy to a high-skill, knowledge-based,
technology, and innovation economy, and these changes demand an adaptable workforce”
(Department of Public Instruction, 2015, p. 4). The STEM Collaborative Network was “not only
designed to produce and inspire the next generation of scientists, technologists, engineers, and
mathematicians, but also to help all students successfully compete in the twenty-first century

economy” (Department of Public Instruction, 2015, p. 4).

North Carolina STEM Education

North Carolina’s STEM Education Strategic Plan outlines a clear instructional
framework. This framework consists of four components including: (a) integration of content
across disciplines through project-based learning (PBL); (b) focus on twenty-first century skills
(i.e., communication, collaboration, critical thinking, and creativity); (c) engagement with
community and industry; and (d) connections with post-secondary education. The instructional
framework (Figure 1) outlined in the North Carolina STEM Education Strategic Plan specifies an
instructional method called PBL, which integrates content across all disciplines, including STEM

and other subjects (e.g., language arts, social studies, healthful living, art, world languages,



career and technological education, and music). In PBL, students use twenty-first century skills,
which are designed to increase their adaptability for solving problems and ability to successfully
work with others. The twenty-first century skills targeted by PBL include communication,
collaboration, critical thinking, and creativity, which have become known by educators as “the
4Cs”. As depicted in Figure 1 in addition to “the 4Cs”, twenty-first century skills also include
ethics, entrepreneurial skills, professionalism, global awareness, technology use, adaptability,

problem solving, and responsibility.

215t Century Skills

Responsibility b . Ethics

\Entrepreneurial
\ Skills

|Professionalism

: J Critical
\ thinking
Collaboration/

teamwork ) Creaﬂvity

= Global
Oral/written Awareness
communications
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Figure 1. Instructional Framework for STEM Education from the Department of Public
Instruction (2015)

In the following section, | detail each of the four components of the STEM instructional
framework and further describe how these components are embodied in the schools

implementing the STEM initiative.



Project-Based Learning

An essential component of the STEM initiative is PBL, which requires curricular
integration across disciplines using relevant and rigorous curriculum (Anderson, 2010;
Department of Public Instruction, 2015). Interdisciplinary instruction allows students to identify
the ways that disciplines are interrelated, and how the content areas reinforce and complement
one another. In a study examining the essential components of highly effective STEM education,
LaForce, Noble, King, Holt, and Century (2014) spoke with a teacher at one of 25 exemplary
STEM high schools across the U.S., who said,

PBL ties across the entire curriculum. It’s integrated throughout everything we’re

doing in the whole day. When we designed the gaming platform, the English

teacher said I’'m going to work on prose and poetry... The product at the end was

that they had to produce a prose to market their game on. In [the] robotics unit,

they had to do a lot of technical reading and writing. So that’s what she focused

on. They had to write a technical manual (p. 3).

This type of integrated instruction makes explicit connections across disciplines and engages
students in collaborative problem solving, requiring that students work with others to design and
create projects. These types of projects often require several or more weeks of instructional time,
allowing students to practice maintaining effort toward a long-term goal (Griffin & Care, 2015).
During PBL, students practice perseverance in problem solving by revising early project designs.
Students are required to work with others during PBL, which cultivates the ability to collaborate
and communicate with others. The integrated nature of STEM learning requires students to use

digital networks across classes, often because a project starts in one course (e.g., language arts)



and then continues into another course (e.g., physical science). For example, students may write
a technical manual for a wind turbine in language arts and build the wind turbine during physical
science. Through these explicit cross-disciplinary connections, project-based learning is designed
to increase students’ academic achievement in not only science, but in all subject areas including
mathematics and language arts (Bybee, 2013).
Twenty-First Century Skills

Twenty-first century skills are essential for complex problem solving. These skills are
underpinned by “a set of knowledge, skills, attitudes, values, and ethics in how work should be
done” (Griffin & Care, 2015, p. 7). Creativity and critical thinking are mental or ways of
thinking, which develop self-regulation and adaptability in problem solving (Griffin & Care,
2015). Communication and collaboration are social or ways of working, which develop
perspective-taking and social regulation (Griffin & Care, 2015). Students who demonstrate
twenty-first century skills including complex communication, non-routine problem solving, and
self-regulation are more likely to transfer their learning to new contexts and develop expertise in

STEM content (Bransford, 2000).



Engagement with Community and Industry

A third component of the STEM initiative requires partnerships between the school, the
local community, and STEM industries. School partnerships with local community leaders result
in projects that model how student behaviors influence their community. For example, students
may develop a redesign for a local park and present their product to community leaders. In
addition, school partnerships with STEM industry professionals provide staff and students with
opportunities to learn about the current and changing needs within STEM industries. Examples
of STEM industries include agriculture, nutrition, computer and information science,
biochemistry and biology, aerospace, and marine sciences. Partnerships with STEM industry
professionals in these professions result in work-based school experiences including school visits
from industry professionals who share aspects of their job or provide students with feedback on
their projects, as well as teacher professional development facilitated by industry professionals.
This type of connection to the community and STEM industries contributes to students’ sense
that their learning is relevant in today’s society (Cahill & Jackson, 2015). Additionally, because
students see how their projects and actions influence their community, they develop positive
civic engagement (Billig, 2000).

Connections with Post-Secondary Education

Another component of the STEM initiative requires clear connections between school
and post-secondary education. School staff and students partner with universities to align their
instruction with the knowledge and skills students need to be successful in STEM majors in
college. This is actualized through college visits and school visits from college staff. These

explicit connections between STEM education and future STEM majors increase students’



positive future goals and aspirations because they see how their learning can help them be
successful in college (Kealey, Peterson, Thompson, & Waters, 2015).
Statement of the Problem

As jobs become increasingly STEM-focused, there is a need to understand the
effectiveness of STEM education in preparing individuals who are more knowledgeable in the
STEM fields, as well as those who possess twenty-first century skills. Evaluations of STEM
education tend to focus on college-going rates and academic achievement in STEM fields (Bicer,
Navruz, Capraro, & Capraro, 2014; Erdogan & Stuessy, 2015; Wiswall, Steifel, Schwartz, &
Boccardo, 2014). Few studies have examined the impact of STEM education on students’ non-
cognitive outcomes such as their perseverance in problem solving and engagement with school.
These non-cognitive outcomes are associated with increased educational attainment and labor
market outcomes (Jackson, 2016). Examining academic outcomes provides a limited albeit
important understanding of the impact of STEM education. Given STEM education’s focus on
cultivating twenty-first century skills, it is critical that we understand the impact of STEM

education on students’ non-cognitive outcomes.

Purpose of this Study
Starting in 2011-12 or 2012-13, five middle schools in Wake County Public School
System (WCPSS), a large school district in North Carolina, began implementing the instructional
framework as outlined in North Carolina’s STEM Education Strategic Plan. In most cases,
students attended these schools based on their home address. Two schools were magnet schools,

which students either attended based on their home address or because they applied to attend the



school. District personnel selected these five middle schools to implement the STEM initiative in
part because these schools were low performing and in need of comprehensive school reform.

The purpose of this study is to estimate the causal effect of the STEM initiative on middle
school students’ cognitive and non-cognitive outcomes. Middle school is an important
transitional time during students’ lives (Chung, Elias, & Schneider, 1998). During middle school,
students are more seriously considering their academic and non-academic interests, as well as
future college and career plans (Wentzel, 1998). Despite the importance of this time in students’
lives, middle school students are understudied. Most of the STEM education research focuses on
elementary or high schools, and few studies focus specifically on the effect of a STEM
instructional framework on middle school student outcomes. STEM studies at the middle school
level tend to focus on small, specific interventions (e.g., the Horseshoe Crab Citizen Science
Program; Hiller & Kitsantas, 2014), and not the larger, comprehensive type of STEM education
examined in this study. For the purpose of this study, | employed quasi-experimental techniques
to estimate the causal effect of a STEM initiative on middle school student outcomes overall and
for those who belong to various subgroups. The use of quasi-experimental techniques controls
for the endogeneity associated with students’ enrollment in schools implementing the STEM
initiative, which is in part due to the fact that students who attended middle schools
implementing the STEM initiative were lower performing.

Given increasing demand for flexible thinkers prepared in the STEM fields (National
Research Council, 2007), it is critical that we understand if STEM initiatives have the intended
effects on middle school students’ outcomes. Isolating an effect of a STEM initiative in middle

schools on students’ cognitive and non-cognitive outcomes contributes to understanding whether
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or not STEM is a viable mechanism for increasing students’ engagement and achievement.
Therefore, | examined students’ academic knowledge, which is a cognitive skill. Given the
critical nature of perseverance in problem solving and engagement with school, I also examined
students’ perseverance in problem-solving or grit (Duckworth & Quinn, 2009), and student
engagement (Appleton, Christenson, Kim, & Reschly, 2006; Flanagan, Syvertsen, & Stout,
2007), which includes peer support, civic engagement, future goals and aspirations, and control
and relevance of coursework (defined as autonomy and agency in learning), which are non-
cognitive skills (Appleton et al., 2006). Few studies have tested the effect of STEM education on

non-cognitive outcomes, particularly at the middle school level.

Research Questions and Hypotheses
This study’s research questions include:
1. Does a STEM initiative affect middle school students’ cognitive outcomes, as measured
by North Carolina End of Grade (EOG) mathematics, language arts, and science

standardized tests at the end of Grade 8?

2. Does a STEM initiative affect middle school students’ non-cognitive outcomes as
measured by a student survey measuring students’ perseverance in problem solving or
grit, and school engagement including peer support, civic engagement, control and
relevance of coursework, and future goals and aspirations (Appleton et al., 2006)?

3. Does a STEM initiative have heterogeneous effects on middle school students based on
their gender or ethnicity?

4. Do findings differ based on the school’s level of implementation for the STEM initiative

components including: (a) integration of content across disciplines; (b) focus on twenty-



first century skills (i.e., communication, collaboration, critical thinking, and creativity);
(c) engagement with community and industry; and (d) connections with post-secondary

education?

11
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CHAPTER 2: LITERATURE REVIEW

Research suggests that students of color and female students avoid STEM fields because
of their lack of exposure to the content and beliefs about the nature of that content, as well as low
self-efficacy in those fields (Wang, 2013). There is a need in the U.S. to both expose K-12
students to STEM content and improve academic achievement in those areas (Wang, 2013). In
2007, the National Academies published a report, Rising above the Storm: Educating and
Employing America for a Brighter Economic Future (National Research Council, 2007),
emphasizing the need to increase and diversify the pipeline of students prepared to enter college
and graduate with a degree in science, technology, engineering, or mathematics. The authors of
the report suggest intensive learning experiences for students during K-12 and inquiry-based
learning to stimulate student interest and achievement in STEM fields. Due in part to this report,
STEM education emerged as a reform model for schools interested in improving STEM
outcomes.

A major focus of STEM education is to increase the number and diversity of students in
STEM professions, recruit top students to STEM professions, and keep individuals in STEM
careers (Bybee, 2013). The components of STEM education include: (a) integration of content
across disciplines; (b) focus on twenty-first century skills (i.e., communication, collaboration,
critical thinking, and creativity); (c) engagement with community and industry; and (d)
connections with post-secondary education. In this chapter, | summarize studies examining the
effectiveness of comprehensive STEM education, which includes these four components. |

subsequently describe extant literature investigating the influence of each individual component



13

of STEM education on student outcomes. Finally, I highlight the literature supporting the
importance of examining outcomes beyond academic achievement.
Comprehensive STEM Education

One of the largest STEM school initiatives, called T-STEM, was implemented in the state
of Texas. The effect of T-STEM on student outcomes has been studied by several scholars (Bicer
et al., 2014; Erdogan & Stuessy, 2015; Gourgey, Asiabanpour, Crawford, & Fenimore, 2009;
Navruz, Erdogan, Bicer, Capraro, & Capraro, 2014; Young, House, Wang, Singleton, &
Klopfenstein, 2011). The results of these studies, some of which are quasi-experimental, provide
moderate support that STEM initiatives have a positive influence on student outcomes. In one
quasi-experimental study, Young et al. (2011) found that students in T-STEM schools performed
slightly better than comparison students on Grade 9 mathematics and Grade 10 mathematics and
science standardized tests. Grade 9 students were 1.8 times more likely to meet benchmarks for
both reading and mathematics relative to comparison students (Young et al., 2011). Additionally,
Grade 10 students were 1.5 times more likely to meet the benchmarks for reading, mathematics,
science, and history relative to comparison students. The effect sizes in this study were small,
ranging from .12 to .17 (Young et al., 2011). The authors of this study matched comparison
schools to T-STEM schools using propensity score matching based on school-level student
demographics, prior achievement, accountability ranking, teacher experience, and teacher
demographics. After matching, the authors fit a hierarchical linear model (HLM) controlling for
student-level demographics and prior achievement.

Most recently, Navruz et al. (2014) found that T-STEM students’ mathematics and

science achievement significantly increased (d = .34) from Grade 10 to 11, with effect sizes of
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.30 for males and .44 for females. Given that effect sizes in educational settings tend to be
smaller than effect sizes in other settings, these effect sizes could be considered large (Lipsey et
al., 2012). Navruz and colleagues examined the same students over time, comparing growth
differences of students before and after schools became T-STEM. Gottfried and Bozick (2016)
found that integrated, applied STEM high school courses predicted higher odds of declaring a
STEM major in college. This study used a longitudinal dataset with school fixed effects and a
wide array of covariates. In a descriptive study based on one high school, Gourgey et al. (2009)
found that Grade 10 T-STEM students increased passing rates in reading and mathematics over
time, with mathematics scores increasing 14 percentage points. However, the achievement tests
were different in each grade and may not lend themselves to comparisons across time. Overall,
these findings present positive evidence for the benefits of STEM education. On the other hand,
three studies on the effect of STEM education did not find significant differences in students’
academic achievement in high school (Bicer et al., 2014; Erdogan & Stuessy, 2015; Wiswall,
Stiefel, Schwartz, & Boccardo, 2014). Bicer and colleagues (2014) matched T-STEM schools to
comparison schools on school-level percent Hispanic/Latino, Black, White, economically
disadvantaged, and limited English proficient (LEP) students, and school mobility. The authors
conducted HLM including student-level gender, ethnicity, and economic disadvantage as
controls. In a regression analysis using a rich set of covariates, Wiswall et al. (2014) found no
academic effects overall for offering courses in each of the STEM areas to all high school
students. Erdogan and Stuessy’s (2015) study was non-experimental consisting of a multi-group
path analysis. Overall, these studies present moderate support for the effect of STEM education

on students’ cognitive outcomes.
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The effect of STEM education on student outcomes varied by student sub-group. For
example, T-STEM had a significant and positive impact on mathematics, reading, and science
achievement scores for students from low socio-economic backgrounds and Hispanic/Latino
students (Bicer et al., 2014; Erdogan & Stuessy, 2015; Gourgey et al., 2009). Both Bicer et al.
(2014) and Erdogan and Stuessy (2015) did not find effects overall, but found effects that
differed by student subgroup. Similarly, Wiswall et al. (2014) found that the Black/White and
Hispanic/White achievement gaps were smaller in schools that offered STEM courses to all
students. In a descriptive analysis of one high school, T-STEM was associated with a slight
decrease in mathematics achievement for White and Black students (Gourgey et al., 2009).
However, this study was not experimental or quasi-experimental in design. Altogether, this
evidence suggests that STEM education results in either small to moderate increases or no
difference at all in students’ overall academic achievement, with varying impact on student
subgroups.

A few more recent studies of STEM education include measures of non-cognitive
outcomes. Using a quasi-experimental matched design, Means, House, Young, Wang, and Lynch
(2013) examined high school students’ experiences in STEM subjects and college goals and
aspirations in the state of North Carolina. The authors matched comparison schools to STEM
schools based on incoming students’ mathematics and science scores, demographics, and district
profiles. The authors then descriptively compared students’ outcomes for STEM and comparison
students. Grade 12 students at the NC STEM schools felt more challenged in their mathematics
and science courses. Fifty-three percent of Grade 12 students at STEM high schools reported that

they felt challenged by their science or mathematics courses compared to 34% of comparison
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school students. A greater proportion of Grade 12 students at STEM schools reported that
science was their favorite subject (13% of STEM students and 6% of comparison students).
Grade 12 students at NC STEM schools reported that they frequently applied mathematics to real
world problems, were asked to work on problems with more than one solution, explained how
they solved a mathematics problem, and integrated science, engineering and the use of
technology across disciplines. Finally, the authors found that a greater proportion of Grade 12
students at NC STEM schools reported ambitions to earn a master’s degree or higher (44% of
STEM students compared to 33% of comparison students). Similarly in a qualitative study in
Texas consisting of student interviews, Stotts (2011) found that exposure to STEM education
was associated with increases in students’ interest in pursuing a college education, and that this
result was not limited to an interest in STEM majors. The author found that exposure to STEM
education was associated with students’ increased confidence in their ability specific to STEM
content.

Faber et al. (2015) conducted an evaluation of the North Carolina STEM Education
Strategic Plan. This evaluation only included schools in economically disadvantaged districts in
North Carolina. Therefore, the middle schools that are a focus of the current study were not
included in the Faber et al. (2015) sample. As part of the NC STEM evaluation, the schools that
were part of the STEM Collaborative Network in economically disadvantaged areas completed a
survey during year one of STEM implementation and then again during year three of the
program to understand changes across time in students’ attitudes, interest, engagement with
STEM and students’ twenty-first century skills (Faber et al., 2015). Overall, the authors found

that STEM schools were associated with slight increases in student attitudes toward STEM,
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interest in STEM careers, engagement during STEM lessons, and twenty-first century skills,
including problem solving and collaboration (Faber et al., 2015).

The Faber et al. (2015) evaluation included students who were in elementary, middle, and
high school. Observed changes were small for the 8,255 middle school students included in the
sample with their overall positive attitude toward STEM increasing by .1 or less of a scale point
(3.6 to 3.7 for mathematics; 3.4 to 3.5 for science; and 3.4 to 3.4 for engineering). Middle school
students’ interest in STEM careers also did not increase much over the three years, going from
40% during the first year to 42% during the third year. While these results may not seem
promising for the current project, it is important to note that Faber and colleagues did not
account the varying levels of implementation of STEM education in different schools and
districts. Because these schools were in areas with fewer resources, the implementation of STEM
education may have been low, which may explain why the study did not identify strong effects
of the program in middle school.

An evaluation of STEM education in the school district where this study takes place was
conducted by Jackl and Baenen (2014). The evaluation was primarily descriptive in nature and
suggested that students in the current study’s district were more confident in their skills in STEM
areas than they were interested in STEM careers with only 32% to 42% of students expressing
interest in STEM careers. The evaluation utilized the same survey measures as the Faber et al.
(2015) study. Students in this current study’s district scored higher than the students in the Faber
and colleagues’ sample in the areas of attitudes toward science, mathematics, and twenty-first
century skills. In a descriptive comparison of STEM and non-STEM schools in the district, the

authors found that students at STEM middle schools were more likely to rate their school as
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“poor” and less likely to rate their school “excellent” at teaching mathematics and science.
However, because this analysis was descriptive in nature, steps to control for confounding
variables were not taken. Also because STEM schools were selected in part by district personnel
as a comprehensive school reform strategy, it makes sense that these schools were rated poorly
by students early on. Since Jackl and Baenen’s (2014) evaluation was conducted during the
STEM schools’ first or second year of implementation of STEM education, the authors
recommended utilizing these findings as a baseline in order to allow adequate time for the effects
of STEM to emerge over time. At the time that the data for this study were collected, the STEM
schools were in their third, fourth, or fifth year of implementing STEM education.

Overall, the existing STEM literature suggests neutral to moderate positive effects
associated with STEM education. Of these studies, two examinations of STEM education used
more rigorous quasi-experimental methodology consisting of school-level matching, followed by
HLM and student-level controls (Bicer et al., 2014; Young et al., 2011). Young and colleagues
(2011) found that T-STEM students performed better on mathematics than comparison students
and were more likely to meet benchmarks for reading, mathematics, and science. On the other
hand, Bicer and colleagues (2014) found no effect for STEM education overall on student
outcomes, but found a positive effect for students who were economically disadvantaged or
Hispanic/Latino. The field of education lacks clarity regarding the effect of comprehensive
STEM education on students’ non-cognitive outcomes like perseverance, ability to collaborate
and communicate, and civic engagement. Given the limited evidence available on
comprehensive STEM education, in the next section of this chapter, | describe evidence related

to each component of STEM education.
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Project-Based Learning

As Thomas (2000) describes in a review of the literature, the evidence to support the use
of PBL as a K-12 instructional strategy is extensive. Three relatively recent studies examined the
influence of PBL on student outcomes at the middle school level (Greier et al., 2008; Harris et
al., 2015; Hsu, Dyke, Chen, & Smith, 2014). Harris et al. (2015) found positive effects for PBL
modules in science on Grade 6 students’ learning outcomes using a randomized control trial in
one large urban school district. The authors estimated the effect of PBL on students’ science
proficiency as measured by researcher-developed multiple-choice tests. Regression analyses
were employed controlling for prior student achievement. The estimated effect size for students
who received a physical science module was .22, which was statistically significant (z = 2.16, p
=.03) and an Earth science module was .25, which was also statistically significant (z = 2.02, p =
.04). In another study, Hsu et al. (2014) randomly assigned each of six classes within one middle
school to receive PBL or more traditional group work. In this study, PBL focused on a
collaborative argumentation task using a computer-assisted application. The authors found that
as a result of computer-assisted PBL, Grade 7 students demonstrated significant increases in
science knowledge and scientific argumentation skills, defined as students’ ability to reason,
provide evidence, and generate a counterargument. The results of an analysis of variance
(ANOVA) indicated that students who received PBL scored significantly higher in science
knowledge than the control group (F = 8.45, p = .05) with a large effect size (d =.68). These
students also scored significantly higher on the measure of scientific argumentation skills (F =
4.50, p =.002). Hsu and colleagues (2014) found a statistically significant effect of PBL on

argumentation, which is a skill not captured on traditional achievement tests. Greier et al. (2008)
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found that Grade 7 and 8 students engaged in PBL outscored their traditionally educated peers on
high-stakes standardized tests. A reduction in the gender gap was observed for Black male
students who experienced PBL. This study in Detroit Public Schools was primarily descriptive in
nature, looking at outcomes for PBL participants compared to non-participants. Overall, the
studies demonstrate the strength of PBL as an instructional method. Harris et al. (2015) and Hsu
et al. (2014) used randomized assignment, a strong research design; however, the generalizability
of their findings is limited because these studies were each situated within one school, resulting
in contextualized findings. Therefore, the field of education would benefit from more large-scale
experimental or quasi-experimental studies examining the effect of PBL on student outcomes.
Twenty-First Century Skills

The twenty-first century skills targeted by STEM education include creativity,
collaboration, communication, and critical thinking. Overall, empirical evidence supporting “the
4Cs” is limited. Existing research suggests that developing and encouraging students’ use of “the
4Cs” is complex and under-studied (Kivunja, 2015). At STEM schools, students are provided
with opportunities to use “the 4Cs” during activities that foster collaborative problem solving,
digital learning, and civic engagement experiences (Griffin & Care, 2015). In the next section of
this chapter, the research surrounding these STEM education activities designed to facilitate the
development of “the 4Cs” is examined.

Collaborative problem solving. Development of twenty-first century skills in the social
domain (i.e., communication and collaboration) is largely dependent on students’ opportunities
to work with one another on projects. Collaboration requires communication, or the “exchange

of knowledge or opinions to optimize understanding” (Griffin & Care, 2015, p. 38). In order to
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be successful in collaborative problem solving, students must engage in positive social skills,
including participation, perspective taking, and social regulation. Participation is a willingness to
share information. Perspective taking includes the ability to see a problem through the eyes of a
collaborator, which allows for coordination among collaborators (Griffin & Care, 2015). Social
regulation requires students be aware of their strengths and weaknesses and open to coordinating
and resolving differences in viewpoints, interests, and strategies with other students (Griffin &
Care, 2015). An emphasis on collaborative problem solving enables students to build social skills
and increase their sense of peer support and interconnectedness within the school (Griffin &
Care, 2015).

In a regression discontinuity study, Cortes, Goodman, and Nomi (2015) found that
intensive mathematics instruction with a focus on problem solving resulted in positive impacts
for Grade 9 students in Chicago Public Schools. These positive outcomes included increased
number of credits earned, test scores, graduation rates, and college enrollment. These effects
were not observed in some cases until the students were in Grade 11 or later, supporting the
importance of examining the effects of comprehensive school reform efforts after several years.
Instruction guided by collaborative problem solving has been linked to increased student
motivation, satisfaction with learning, and confidence in learning compared to traditional
curricula (Albanese & Mitchell, 1993; Hmelo-Silver, 2004; Vernon & Blake, 1993). Both
Albanese and Mitchell’s (1993) and Vernon and Blake’s (1993) studies were meta-analyses of
previously existing research on collaborative problem solving. The majority of the studies they
reviewed were conducted with college students. The purpose of Hmelo-Silver’s (2004) study

was to define collaborative problem solving and support its goals with previously conducted
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research. While few empirical studies exist to support collaborative problem solving, strong
theoretical support exists showing that the skills students use during collaborative problem
solving are closely aligned with PBL and facilitate students’ use of “the 4Cs” to accomplish a
common goal (Griffin & Care, 2015; Hmelo-Silver, 2004).

Digital learning. Part of STEM education requires that students use digital networks to
manage information and knowledge from digital resources (Griffin & Care, 2015). The use of
digital learning environments can include reviewing or producing digital media or participating
in digital game simulations. These experiences allow students to experiment and practice with
tasks free from the hazards of real life and provide immersive environments where students can
collaborate on open-ended tasks (Warren, Dondlinger, & Barab, 2008). In a study by
Papastergiou (2009) of 88 students who were randomly assigned to either instruction using
digital applications or traditional instruction, the use of digital games and simulations
significantly increased high school students’ computer science content knowledge (F = 8.85; p =
.004) and increased student motivation (F = 12.44; p =.001). In a study with elementary
students, two classes of students were randomly assigned to either receive digital learning or
traditional instruction (Warren et al., 2008). These students were given pre- and post-tests.
Results suggested that the use of digital learning with PBL significantly decreased teacher time
spent answering procedural questions (t = 5.95, p = .04) and improved student achievement in
writing as measured by standardized tests (F = 6.77, p <.05). In a study where college students
were randomly assigned to either traditional instruction, PBL instruction, or PBL instruction with
digital learning, Kong, Li, Wang, Sun, and Zhang (2009) found that students who experienced

PBL with digital learning had higher mean results on measures of content knowledge (p < .001).
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Ninety-three percent of students in digital groups noted that the digital learning facilitated their
interest in the content. Collectively, these studies demonstrate that the use of digital learning
contributes to increased task engagement, motivation for learning, and content knowledge.
However, none of these studies were conducted with students in the middle grades.

Civic engagement. Civic engagement includes citizenship, life and career, personal
responsibility, and social responsibility (Griffin & Care, 2015). In STEM education, civic
engagement is primarily cultivated through work-based school experiences, resulting from
partnerships with the local community and STEM industries. According to Cahill and Jackson
(2015), these work-based experiences can range in intensity from least intensive (e.g., guest
speaker) to moderately intensive (e.g., service learning) to most intensive (e.g., student
internships). Most of the experiences at the middle school level in STEM education are at the
least or moderate intensity level. These types of experiences contribute to expanded knowledge
of education and career options, an opportunity to identify possible career pathways, and
development of the skills valued by employers (Cahill & Jackson, 2015). Service learning where
students are partnered with the local community or businesses to problem solve through
activities like PBL has been associated with cultivating civic responsibility and enhancing
academic curriculum (Billig, 2000). However, this evidence supporting the link between work-
based experiences and civic engagement is primarily descriptive based on examples of
exemplary implementation. Experimental work supporting the link between civic engagement
and student outcomes would greatly contribute to the field of education, which firmly believes in
the merits of work-based experiences in improving students’ cognitive and non-cognitive

outcomes (Billig, 2000; Cahill & Jackson, 2015).
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Connections with Post-Secondary Education

Research shows that explicit connections between K-12 education and post-secondary
education facilitate K-16 planning for students, encouraging students to develop realistic positive
future goals and aspirations (Kealey et al., 2015). Additionally, explicit connections across K-16
contribute to vertical planning because school staff is aware of the skills and competencies
necessary for students to succeed in college, where needs are constantly changing due to
technology.

Teachers are responsible for preparing students for the academic rigor, freedom, and
responsibility of college life (Kealey et al., 2015). Underserved student populations are at risk of
having limited access to information about entry into and how to succeed in higher education. An
explicit emphasis on college preparation in the middle grades contributes to students’ motivation,
ability to acquire realistic career and college goals, and access to college (Kealey et al., 2015).
However, the Kealey and colleague’s (2015) report was based on an exemplary partnership
program, and little experimental evidence currently exists to support K-16 partnerships.

In summary, these studies demonstrate that comprehensive STEM education in Texas and
North Carolina resulted in neutral to moderate effects on students’ cognitive outcomes. Evidence
exists supporting that STEM education increases students’ attitudes and interest toward STEM,
college aspirations and goals, problem-solving and collaboration skills (Faber et al., 2015; Means
et al., 2013). Empirical evidence supporting the impact of STEM education and its components
on students’ non-cognitive outcomes is limited to two studies (Faber et al., 2015; Means et al.,
2013), perhaps due to the difficulties associated with measuring these outcomes, which are

outlined in the next section of this chapter.



25

Measuring Non-Cognitive Skills

Historically, education policy has focused almost exclusively on the effectiveness of
interventions based on students’ test scores. Research suggests that test scores may be too narrow
of a measure to fully capture important non-cognitive skills (Grissom, Loeb, & Doss, 2015).
Interest in non-cognitive skills is growing because research suggests that students who develop
non-cognitive skills fare better in life on long-term outcomes like educational attainment and
annual wages (Jackson, 2016). Therefore, evaluations that include both cognitive and non-
cognitive outcomes contribute to a better understanding of an intervention’s impact. In this
section, | describe literature supporting the importance of measuring students’ non-cognitive
skills and the methods currently available for measuring those skills.

Evidence supporting the importance of non-cognitive skills has been mounting for over a
decade. Heckman and Rubinstein (2001) described an unmeasured factor beyond test scores
attributable to GED recipients’ poor long-term outcomes relative to other high school dropouts.
The authors called this factor non-cognitive skill. Hitt, Trivitt, and Cheng (2016) found that the
percentage of survey items skipped on a survey taken when participants were adolescents was a
significant predictor of later life outcomes including educational attainment above and beyond
cognitive ability. The authors asserted that the number of items skipped related to the same non-
cognitive skills described by Heckman and Rubinstein (2001).

Scholars today mostly agree that non-cognitive skills contribute to understanding
important student outcomes (Duckworth & Yeager, 2015). Debate continues on naming and
defining non-cognitive skills, as well as how measures of non-cognitive skills should be used for

educational research and policy (Duckworth & Yeager, 2015). In the literature, non-cognitive
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skills are sometimes called personal qualities or competencies, socio-emotional factors, soft
skills, or twenty-first century skills (Duckworth & Yeager, 2015). The term non-cognitive skills
does not mean to imply that these skills are devoid of cognition, only that these skills are distinct
from cognition in an academic sense. Non-cognitive skills are conceptually independent of
cognitive ability and widely accepted as beneficial to the student and others in society
(Duckworth & Yeager, 2015).

Research shows that some interventions are more effective than others at increasing
students’ non-cognitive skills (Cheng & Zamarro, 2016; Jackson, 2016; Kraft & Grace, 2016).
Furthermore, these studies show that the interventions that increase students’ non-cognitive
outcomes are not always the same as those that increase cognitive outcomes. Most of the existing
literature on non-cognitive skills focuses on teacher quality, where teachers are the intervention.
Cheng and Zamarro (2016) demonstrated that teachers who score higher on measures of non-
cognitive skills are more effective in increasing those skills in their students, but not test scores.
Kraft and Grace (2016) showed that a total of 43% of teachers had above average effects on one
of the outcomes (cognitive or non-cognitive), but below average effects on the other. The authors
found that less than 30% of teachers had positive effects on both students’ cognitive and non-
cognitive skills. Similarly, Jackson (2016) found that teachers who raised test scores have
virtually no relationship with teachers who improved non-cognitive skills. Therefore,
emphasizing students’ test score gains at the exclusion of other outcomes is likely to miss
important effects of instruction.

Measures of non-cognitive skills are relatively new and usually take the form of a student

survey. Because measures of non-cognitive skills are not traditionally available in longitudinal
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datasets, researchers have developed and validated proxy measures of non-cognitive skills.
Students’ daily attendance and suspensions are strong proxies for non-cognitive competency
because they: (a) highly correlate with measures of non-cognitive skills, (b) explain variation in
those skills beyond cognitive ability, and (c) are influenced by interventions (Holt &
Gershenson, 2015; Jackson, 2016). Several studies use daily attendance as a proxy for non-
cognitive competency if data are not otherwise available (Blazar & Kraft, 2015; Gershenson,
2016; Holt & Gershenson, 2015; Jackson, 2016; West et al., 2016).
Issues with Measurement

Evidence supporting measures of non-cognitive skills is promising, but these measures
are not without issues. Researchers have raised concerns regarding how scores on measures of
non-cognitive skills are collected and used (Credé, Tynan, & Harms, 2016; Duckworth &
Yeager, 2015; Egalite, Mills, & Greene, 2015; Peterson, 2015). Surveys measuring non-
cognitive skills suffer from the same issues that affect traditional surveys including social
desirability, cultural differences and misinterpretation of behavior. However, the issue of
reference bias has emerged as an especially prevalent source of error specific to measures of
non-cognitive skills (Blazar & Kraft, 2015; West et al., 2016; Duckworth & Yeager, 2015).
Reference bias or the tendency for survey responses to be influenced by social context produces
results opposite of the truth when evaluating program effects in cases when student responses are
influenced by school context or implicit standards of comparison (West et al., 2016). For
example, when considering whether “I am a hard worker” should be marked “very much like
me,” a child must consider what a hard worker looks like and then compare her own work habits

to that image. As described by West and colleagues (2016), a child with very high standards
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might consider a hard worker to be someone who does all of her homework before bedtime and
organizes all of her notes. Another child may consider a hard worker to be someone who brings
home her assignments and attempts to complete them even if most remain unfinished. Existing
research suggests that students within the same schools or similar contexts are less subject to
reference bias than students at other schools or in different contexts (Egalite et al., 2015; West et
al., 2016). In the current study, the middle schools are situated within one school district
supporting similar expectations and grading policies are likely applied across schools. However,
differences may still exist between schools in school climate and other contextual information.
Therefore, in studies like this one, it is important that steps are taken to account for differences
that exist between schools in climate and context. In addition, teasing apart dimensions of non-
cognitive skills is challenging. Credé et al. (2016) found that a survey measure of grit was highly
correlated with conscientiousness. Duckworth and Quinn (2009) identified two subscales of grit
including perseverance and consistency of effort. However, Credé et al. (2016) found that the
perseverance subscale was a much stronger predictor of academic performance than the
consistency of interest subscale. Therefore, in this study, | did not use the sub-scales when
examining grit.

Several studies described here (e.g., Cheng & Zamarro, 2016; Jackson, 2016; Kraft &
Grace, 2016; West et al., 2016) use the eight-item survey measure of perseverance or grit called
the Short Grit Scale (Grit-S), which was validated by Duckworth and Quinn (2009) and is also
used in this study. This study also includes a survey measure of school engagement called The
School Engagement Instrument (SEI), which was validated by Appleton et al. (2006). This

measure is not widely used in the current literature on non-cognitive skills, but its survey
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structure and items are similar to those on the Tripod survey which was adapted for use in a
study by Blazar and Kraft (2015). The authors examined teacher impact on student happiness
and found that teachers have a large effect on students’ happiness in class and those teachers who
impact happiness are not the same teachers who impact academic achievement. In summary,
measuring non-cognitive outcomes is a quickly developing area within education. These
measures demonstrate promise in capturing student outcomes beyond academic achievement that
matter for students’ long-term well-being including educational attainment and earnings in
adulthood.
STEM Education and Student Outcomes

Given the critical nature of increasing students’ engagement and achievement in STEM,
we need clear evidence to support and improve K-12 STEM education initiatives. The theoretical
support for STEM education is strong (Anderson, 2010; Bybee, 2013; Department of Public
Instruction, 2015; Griffin & Care, 2015). However, studies have failed to demonstrate a strong
relationship between STEM education and student outcomes. The reason for this could be
attributable to researchers not controlling for the level of implementation at the school level or
the narrow focus on students’ academic outcomes. It is possible that due to STEM education’s
emphasis on twenty-first century skills and PBL that STEM education has a larger impact on
students’ non-cognitive outcomes, but relatively few studies have examined this relationship.
Therefore, a study examining the effect of STEM education on students’ cognitive and non-
cognitive outcomes, controlling for implementation at the school level, is greatly needed to
understand if STEM education has the intended impacts on student outcomes. To my knowledge,

this is the first quasi-experimental study to examine the impact of STEM education on cognitive
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and non-cognitive skills including perseverance, peer support, control and relevance of
coursework, future goals and aspirations, and civic engagement. In the next chapter, | describe
the current study’s intervention context, as well as a detailed theory of change for STEM

education, which depicts the close connections between STEM education and the outcomes.
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CHAPTER 3: INTERVENTION CONTEXT AND THEORY OF CHANGE

The sample in this study included 19,586 students at 33 middle schools in the Wake
County Public School System in North Carolina. These students were in Grade 8 during the
2014-15 or 2015-16 school year. Five middle schools were selected by district personnel to
provide the treatment, the STEM initiative, as outlined by the STEM Collaborative Network
(Department of Public Instruction, 2015). In order to demonstrate a commitment to the program
post-selection, school leaders at these five schools submitted an application to the district,
confirming that they would like to become a STEM school. The middle schools in this study
became part of the STEM Collaborative Network during either 2011-12 or 2012-13, depending
on when they applied. The five schools were selected to implement the STEM initiative for one
of two reasons, such that:

e One school was selected based on its close proximity to a large STEM research
university, and
e Four schools were selected because they were located in different regions of the large

district with primarily low-performing student populations and no prior magnet status or

schoolwide program. Two schools of these schools became magnet schools with the

implementation of STEM, which allows students to apply to attend the school in an effort

to diversify the student population.

The other 28 middle schools provided the comparison condition, which included
programs not focused on STEM. The map in Figure 2 shows the dispersion of the middle schools
with the STEM initiative across the district. The STEM initiative schools are represented with

triangles, and the other middle schools are represented with squares. These STEM initiative
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middle schools were located in different areas of the district (e.g., North, East, South, Southwest,
and West), but all of the STEM schools were clustered near the district’s largest city, located in
the center of the district. This map includes more than 33 middle schools; some of which schools
were not included in this study because they were alternative middle schools. Examples of
alternative middle schools include schools for severely academically or behaviorally

disadvantaged students.



A STEM middle schools
= Non-STEM middle schools

Figure 2. Map of the Middle Schools in WCPSS (2014-15 and 2015-16)

33
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Sample Definition

In this study’s sample, I included 2014-15 and 2015-16 Grade 8 students who: (a)
attended a school in the same district in Grade 5; and (b) did not attend an alternative middle
school, which excluded students at five schools. The first rule is necessary in order to identify a
Grade 5 address and other covariates for each student, which was subsequently used in analysis.
The second rule excludes students who attended: (a) two single-gender Grades 6-12 leadership
academies; (b) two schools for severely academically at-risk students; and (c) a school for
emotionally and behaviorally at-risk students. Students at the single-gender schools are excluded
because these schools were application-only; whereas, at least some of the students at the other
33 middle schools attended the school based on the district’s school assignment policy, which
was based on the student’s home address. Next, | included only Grade 8 students who attended
their middle school for three consecutive years (Grades 6 to 8) and therefore received the full
STEM initiative or non-STEM treatment. This rule included 17,227 students (88% of the full
sample). As such, this study examines the three-year effect or the cumulative effect of attending
a middle school implementing the STEM initiative. Finally, students were included in the sample
if they did not attend a STEM elementary school. Within the school district, 11 elementary
schools began implementing the STEM initiative in 2011-12. Students who attended these
elementary schools were exposed to STEM education in Grades 4 and/or 5, which could
upwardly bias the results if these students received a boost in the outcomes from their elementary
experience. One of these schools was a K-8 STEM academy. Sixty students in the sample
attended the K-8 STEM academy in Grades 6 to 8 only. These students who attended the K-8

academy were not included in the final analysis because this evaluation focuses on the effect of
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the STEM initiative in traditional Grades 6-8 middle schools. Given these rules, this study’s final
analysis sample included 15,840 students.
Descriptive Data

Table 1 displays descriptive information for the STEM middle schools included in this
study. Based on an agreement between myself and the school district, school names have been
replaced with pseudonyms to protect the identities of students and staff. Middle Schools A, D,
and E were in their fourth year in 2014-15 or fifth year in 2015-16 of implementing the STEM
initiative at the time of this study; whereas, Middle Schools B and C were in their third year in
2014-15 and fourth year in 2015-16 of implementing the STEM initiative. Teachers at Middle
Schools B and D attended Summer STEM, an intensive summer institute where teachers
received STEM training from STEM professionals during summer 2015. Middle School B
received a national award in 2015 for exemplary STEM implementation. Middle Schools A and
E were magnet schools, meaning that students could apply to attend the school. For Middle
School A, this study’s sample included no Grade 8 magnet students in 2014-15 and 7% Grade 8
magnet students in 2015-16. For Middle School E, this study’s sample included 83% Grade 8
magnet students in 2014-15 and 81% Grade 8 magnet students in 2015-16.

Three calendar options were available in the district. Middle School A followed a
traditional calendar with an eleven-week summer break. Middle School E followed a modified
calendar with an eight-week summer break and additional breaks throughout the school year.
Middle Schools B, C, and D followed a year-round calendar with four tracks. Students at year-
round schools track into school for approximately nine-weeks and then track out for

approximately three weeks throughout the year. This tracking system allows for the school



36

building to be consistently in use by staff and students; thereby fully utilizing facilities and
serving an increased number of students. Overall, these contextual differences at each school
may have influenced the implementation of the STEM initiative at these schools, which further

justifies the need to understand the implementation of the STEM initiative at each school.

Table 1
STEM Middle School Descriptive Information
School Became STEM Descriptive information
Middle School A 2011-12 Magnet school, Traditional calendar
Middle School B 2012-13 Received national award in 2015 as
exemplary model, Summer STEM,
Year-round calendar
Middle School C 2012-13 Year-round calendar
Middle School D 2011-12 Summer STEM, Year-round calendar
Middle School E 2011-12 Magnet school, Modified calendar

Table 2 depicts differences between middle schools with and without the STEM initiative
in the district. Overall, students at STEM schools tended to demonstrate lower academic
achievement on a composite measure of students’ achievement. In addition, STEM schools
included more students who received free or reduced price lunch, more students who were LEP,
more beginning teachers, fewer Nationally Board Certified Teachers, fewer teachers with
advanced degrees, and higher annual staff turnover. These differences are attributable in part to
the fact that the middle schools implementing the STEM initiative were selected by district
personnel as part of a comprehensive school reform effort because these schools previously

demonstrated low performance and did not have a pre-existing schoolwide instructional program.
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Table 2
STEM Middle Schools’ Descriptive Characteristics
0,
Student % free or % limited _— % National A.’ teaghers % annual
. % beginning with higher
_ perf. reduced English teachers Board Cert. than 4-vear staff
Middle school composite  price lunch  proficient Teachers degrge turnover

14-15 15-16 14-15 15-16 14-15 15-16 14-15  15-16 14-15 15-16 14-15 15-16 14-15 15-16

Middle School A 431 521 500 486 103 95 328 227 52 30 310 394 179 219
Middle School B~ 684 744 251 242 77 73 269 188 173 156 385 406 125 141
Middle School C 566 57.6 466 489 57 67 141 73 141 145 422 491 92 41
Middle School D 414 744 627 739 126 157 200 192 55 19 273 269 109 169

Middle SchoolE 918 574 401 392 81 7.4 286 244 48 4.9 357 220 268 222

STEM Middle
School Average
Non-STEM Middle
School Average
Difference between
STEM and Non-  -13.2 -10.8 106 123 4.2 4.3 2.5 37 58 52 72 -49 44 45

STEM

Note: Data based on district’s 2014-15 and 2015-16 Healthy Schools Planning Database. STEM middle schools’ averages included five schools;
Non-STEM middle schools’ averages include 28 middle schools. Five schools were not included in the sample: two were K-8 schools, two were
Grade 6-12 leadership academies, and one was an alternative school for students with behavioral issues.

523 56.7 449 470 89 9.3 245 185 94 8.0 349 356 155 158

655 675 343 347 47 5.0 220 148 152 132 421 405 111 113
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Theory of Change

Based on the state’s STEM Education Strategic Plan and personal communication with
district personnel responsible for implementing the STEM initiative, | developed the STEM
Collaborative Network Middle Schools’ Theory of Change outlined in Figure 3. This figure
illustrates the inputs, activities, processes, intermediate outcomes, and long-term outcomes for
the STEM initiative in WCPSS. The inputs included development of partnerships with industries
and universities and teacher training. These inputs equipped school staff in implementing work-
based school experiences, explicit connections between learning and post-secondary education,
and PBL. Through these activities, students engaged in: (a) activities with community and
industry professionals, (b) college visits, (c) collaboration with peers, (d) tasks that promoted
critical thinking and creativity, and (e) long-term, interdisciplinary projects. The processes
contributed to intermediate outcomes focused on student engagement, which has been shown to
respond more quickly to intervention than academic outcomes (Dotterer & Lowe, 2011). These
processes have been linked to the following intermediate outcomes: (a) increased civic
engagement (Ludden, 2011); (b) future goals and aspirations (Tseng, Chang, Lou, & Chen,
2013); peer support (Griffin & Care, 2015); (c) student control and relevance of coursework
(Basharina, 2009); and (d) grit (Batres, 2011). The intermediate outcomes have been linked to
increased attendance (Finn & Zimmer, 2012) and increased academic achievement (Ludden,

2011).
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The inputs column of Figure 3 shows that the district supported these schools in building school
partnerships with community industries and universities, as well as training teachers in PBL and
STEM integrated curriculum. The purpose of the industry and university partnerships was to
increase school staff’s knowledge about STEM career options. Partnerships were mutually
beneficial for the schools, universities, and businesses. In entering the partnerships, universities
and businesses demonstrated their investment in the community and future of their industry. As
part of this partnership, industry professionals collaborated with school staff on developing and
implementing student projects. School staff encouraged explicit connections between curriculum
and STEM majors and post-secondary education. These connections were actualized through
college visits focused on STEM fields.

Teachers integrated content across disciplines using PBL. An example of this, as
described by one STEM coordinator at Middle School D, was when Grade 6 students studied
earthquakes in science. They constructed buildings designed to withstand an earthquake, which
they subsequently tested during an earthquake simulation. For mathematics, students explored
the logarithm for the Richter scale to measure the size of earthquakes, and in social studies,
students read about Mayan structures and how ancient civilizations designed structures to
minimize the impact of earthquakes. Students read about the impact of recent earthquakes in
Nepal on the people in language arts. Through projects like this, students: (a) make real world
connections between classroom learning and the world, (b) use “the 4Cs”, and (c) engage in
long-term interdisciplinary projects.

The student processes outlined in Figure 3 were hypothesized to result in intermediate

and long-term outcomes for students. Intermediate outcomes are defined as the outcomes that
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moderate the relationship between the processes and long-term outcomes. The intermediate
outcomes focus on school engagement. Compared to academic outcomes, school engagement
changes more quickly in response to an intervention (Dotterer & Lowe, 2011). Therefore, |
hypothesized that these intermediate outcomes would occur before the long-term outcomes.
Figure 3 specifies that work-based school experiences, which foster student engagement with
community and industry professionals, were designed to increase students’ civic engagement
(LaForce et al., 2014). As a result of the explicit connections between their learning and society,
students understood that their behaviors had ramifications in the community. This contributed to
increased pro-social civic engagement including participation in community projects and future
voting behavior.

Figure 3 illustrates that explicit connections with post-secondary education, which
allowed students to visit college campuses and learn about STEM majors and careers, were
designed to increase students’ positive future aspirations and goals (LaForce et al., 2014). Middle
schools with the STEM initiative offered students monthly opportunities to explore STEM
careers as part of their coursework including online activities, after-school activities, and college
visits. Student interest in STEM majors and careers increases when students are exposed to those
majors through connections with post-secondary education (Tseng et al., 2013).

Figure 3 depicts that project-based learning included the following processes: (a) students
engaged in collaborative work with peers; (b) students engaged in tasks that promoted critical
thinking and creativity; and (c) students engaged in long-term, interdisciplinary projects.
Collaboration with peers was designed to increase peer support. Through working with others,

students develop perspective taking and empathy (Griffin & Care, 2015). Student engagement in
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tasks that promoted critical thinking and creativity were designed to increase students’ control
and relevance of their coursework (LaForce et al., 2014). Control and relevance of coursework is
similar to student agency and autonomy in their learning process (Appleton et al., 2006).
Research shows that students who feel more ownership of their learning are more motivated and
engaged in their schoolwork (Basharina, 2009). Student engagement in long-term,
interdisciplinary projects was designed to increase students’ grit and perseverance in the face of
challenge (LaForce et al., 2014). Engaging in problem solving and critical thinking during long-
term projects was designed to encourage students to become flexible thinkers and develop
stamina in the face of challenges. These projects were interdisciplinary such that students
engaged in a common project throughout the school day. The sustained time spent on a singular
goal allowed students to engage in sustained problem solving. This brand of problem solving
was meant to develop flexibility in thinking and allow students to fail and re-adjust based on new
information. Engagement in long-term projects with an emphasis on sustained problem solving is
associated with increased grit (Pierrakos, 2016).

Figure 3 also illustrates that the intermediate outcomes were designed to increase students
attendance and academic achievement, as measured by mathematics, science, and literacy End-
of-Grade (EOG) test scores. Research shows that student engagement has positive effects on
student attendance and achievement (Finn & Zimmer, 2012). Additionally, extant research shows
that civic engagement is associated with increased student school attendance and achievement
(Ludden, 2011). Additionally, grit is likewise linked to increased school attendance and

achievement (Batres, 2011).



44

Hypotheses

| hypothesized that students at middle schools implementing the STEM initiative would
demonstrate increased gains in mathematics, science, and language arts, with the largest gains in
science, followed in magnitude by mathematics and language arts. Given the interdisciplinary
nature of STEM education and its goal to demonstrate connections across disciplines, the
implementation of the STEM initiative should result in gains in all content areas (Anderson,
2010; Bybee, 2013).

| hypothesized that the STEM initiative would increase non-cognitive skills for all
student subgroups by gender and ethnicity. Based on the STEM initiative’s emphasis on
increasing the representation of historically underrepresented groups in STEM, | hypothesized
that STEM initiative would increase female, Black, and Hispanic/Latino students’ grit, future
aspirations and goals, and control and relevance of coursework. Based on Wang (2013), |
predicted that effects will also be large in magnitude for male, White, and Asian students. 1 also
predicted that the STEM initiative would have positive effects on students’ non-cognitive
outcomes for students who are LEP, students with disabilities (SWD), and students who live in a
neighborhood where 50% or more of the students receive free or reduced price lunch (FRL).
Because PBL encourages student agency (English & Kitsantas, 2013) and long-term goal setting
(Pierrakos, 2016), | hypothesized that the STEM initiative would have positive effects on
students’ grit and control and relevance of coursework. The STEM initiative emphasizes
connections with postsecondary education; therefore, | hypothesized that the STEM initiative
would have positive effects on students’ future goals and aspirations. These outcomes including

grit, future aspirations and goals, and control and relevance of coursework have been shown to
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contribute most to improving long-term outcomes including wages, interest, and achievement in
STEM (Appleton et al., 2006; Cheng & Zamarro, 2016; Jackson, 2016; Kraft & Grace, 2016;
Wang, 2013; West et al., 2016). Because the STEM initiative emphasizes collaboration and
communication, | hypothesized that the STEM initiative would have a positive effect on
students’ peer support. The STEM initiative encourages connections with industry and
community; therefore, | hypothesized that the STEM initiative would have positive effects on
students’ civic engagement. Furthermore, | hypothesized that:

e Students at schools with higher levels of PBL implementation would demonstrate
increased perseverance in problem solving or grit, peer support, and control and
relevance of coursework;

e Students at schools with higher levels of implementation of community and industry
engagement would report increased civic engagement, and

e Students at schools with higher levels of implementation of connections with post-
secondary education would report increased positive future goals and aspirations.

STEM Education Implementation
The implementation of the STEM initiative at these five middle schools focused on the
key attributes specified in the STEM Attribute Implementation Rubric (Friday Institute for
Educational Innovation, 2013). The redesign and development of the STEM program at these
schools were guided by this rubric. The rubric was released as part of the state’s STEM
Education Strategic Plan (Friday Institute for Educational Innovation, 2013). District personnel
encouraged school staff to implement fully the domains specified on the rubric. This rubric

specifies three key domains of STEM schools including:
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e Integrated STEM curriculum, aligned with state, national, international and industry
standards,
e On-going community and industry engagement, and
e Connections with post-secondary education.
These domains include a total of 10 key attributes of effective implementation of the
STEM initiative (Table 3). This rubric was previously shared with STEM schools by school
district personnel to inform the implementation of the STEM initiative; however, data regarding
implementation were not collected by school or district staff. Understanding how each attribute
of the initiative was implemented is critical for explaining the estimated effects in this study. The
performance of STEM education is dependent on the fidelity of implementation or the extent to
which the attributes of the intervention were implemented as intended and outlined in the state’s

strategic plan (Fixsen, Blase, Naoom, & Wallace, 2009).
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Table 3

STEM Attribute Implementation Rubric Components and Attributes of STEM Education
Component Attribute
Integrated STEM e Project-based learning with integrated content across
curriculum STEM disciplines

On-going community
and industry
engagement

Connections with
post-secondary
education

Connections to effective in- and out-of-school STEM
programs

Integration of technology and virtual learning
Authentic assessment and exhibition of STEM skills
Professional development on integrated STEM
curriculum, community/industry partnerships and post-
secondary education connection

A communicated STEM plan across education,
communities and businesses

STEM work-based learning experiences to increase
interest and abilities in fields requiring STEM skills, for
each student and teacher

Business and community partnerships for mentorship,
internship, and other STEM opportunities that extend the
classroom walls

Alignment of students’ career pathway with post-
secondary STEM programs

In order to understand the fidelity of implementation, | interviewed the STEM

coordinators at each of the five schools. | conducted these interviews in August and September

2016, before the 2016-17 school year was well underway. Conducting these interviews near the
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beginning of the school year increased the likelihood that STEM coordinators remembered
aspects of implementation during the years under investigation (2014-15 and 2015-16). |
interviewed the STEM coordinators because these individuals knew the implementation of the
program the best and were more likely to be honest and candid with me than the principal, who
may be inclined to make his or her school appear more positive than it was. During these
interviews, | used the STEM Middle School Education Implementation Interview Protocol (see
Appendix C). STEM coordinators were asked to describe the implementation of the STEM
attributes during the years under investigation. In addition, the coordinators described the
professional development teachers received during these years.

The results of the qualitative implementation interviews with the STEM coordinators
are summarized in this section. Data were analyzed as outlined by Stake (2006) using multiple
case study analysis, where several cases were linked together by a common thread (i.e., the
STEM initiative). Although the core tenets for STEM initiative schools were defined by the
North Carolina STEM Attribute Implementation Rubric, the nature of each STEM school was
different (e.g., emphasis on university partnership, digital media, or environmental
sustainability). Because the contexts within each STEM school likely shape the implementation
of the STEM initiative in different ways, each case was first examined in depth and then across
cases for patterns. In addition to coordinator interviews, school improvement plans, mission
statements, and school websites were examined to triangulate the qualitative data. The goal of
the qualitative analysis was twofold. First, a primary goal was to “find out what is common
across the cases, not what is unique to each, emphasize the common relationships across cases”

(Stake, 2006, p. 39) in order to describe the STEM initiative as it was implemented in these
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schools. Second, a goal of this analysis was to group schools based on their implementation of
the STEM initiative (e.g., high, moderate, and low implementation). Based on Miles, Huberman,
and Saldafia (2014), steps for data analysis were as follows: (1) | coded the transcribed
interviews using a priori codes specified above at the components and attributes; (2) | generated
a cross-case matrix depicting the data by topic (y-axis) and school (x-axis); (3) using the cross-
case matrix, | examined data across middle schools by topic to identify patterns; (4) | then gave
each school a score on each component and attribute based on the STEM Attribute
Implementation Rubric; and (5) finally, | grouped schools based on their level of implementation
and described patterns and developed assertions about the implementation of the STEM initiative
in WCPSS. Using data from the cross-case matrix, evidence was provided to support each score.
In most cases, these scores were supported by one or more confirmations or assurances (e.g.,
redundancy, negative evidence).
Description of STEM Coordinators

| engaged in face-to-face semi-structured interviews with STEM coordinators at each
of the STEM middle schools. Each interview lasted approximately one hour, ranging from 35 to
100 minutes. The STEM coordinators served in a variety of roles at their schools. All but one
coordinator worked full-time at the school during the 2014-15 and 2015-16 school years. One
part-time STEM coordinator started working at her school during the 2015-16 school year.
Therefore, she was not working at the school during the 2014-15 school year. In this case, she
did her best to speak to the implementation of the STEM initiative during the 2014-15 school
year. Otherwise, all STEM coordinators were working in their schools during both years under

investigation (2014-15 and 2015-16). One coordinator started her role as STEM coordinator in
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2015-16, but worked as a science teacher in the school during 2014-15. Another coordinator was
new to her role as STEM coordinator in August 2016, but worked as a science teacher during
2014-15 and 2015-16. Two STEM coordinators worked as STEM coordinators at their school
since the beginning of the STEM initiative in July 2012. One of these coordinators was a full-
time STEM coordinator where STEM was her primary responsibility and other was the assistant
principal and STEM coordinator. All coordinators were female; three were White/Caucasian and
two were Black/African American.

These coordinators represented a range of teaching experiences and provided a variety of
roles within their school, but all had expert knowledge of the implementation of the STEM
initiative at their school. The magnet coordinator for the district office shared his observations of
the implementation of the STEM initiative within schools. For confidentially reasons, the results
of this analysis were not shared with him, but his observations corroborated the scores that
schools received on each component and attribute of implementation of the STEM initiative. In
the next section, | summarize implementation overall for each of the attributes within the three
components.

Integrated STEM curriculum

Three of the five school improvement plans explicitly outlined the use of project-based
learning to cultivate students’ use of the “4Cs”. One school improvement plan emphasized “the
integration of the curriculum, technology, and university connections that supports an
interdisciplinary team of teachers with flexible scheduling and curriculum programming.” Four
of five coordinators described the use of the engineering design process in all subjects and its

importance in supporting integrated STEM curriculum. One coordinator described,
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A language arts teacher works along with the social studies teacher. She

collaborates with him and they come up with this PBL unit that integrates the

writing skills in with the civil war topics that they have to learn about. They do

a lot of the revisions. That engineering design process aligns so well with some

of the other processes like the writing process, so they do a very good job of

explaining to the kids where there are some parallels there, and the kids can see

how even something as simple as what they think is just the writing process is

even engineering something, you are creating something even though you think

you are just writing a paper.

This quote illustrates the type of integrated PBL that occurred in STEM schools, which
was designed to make connections between STEM and other disciplines like writing.

Project-based learning with integrated content across STEM subjects. PBL occurred
to varying degrees within each school, but STEM coordinators agreed that all teachers were
using PBL at least quarterly in their schools, with some teachers using it more often. One STEM
coordinator described PBL at her school, saying that,

Students establish a need for something new to be developed or a problem that

needs to be solved, then they develop driving questions which are open ended

and they have to go through research online or in interviews and determine a

way to solve their problem. They do some reflections throughout the process.

The engineering design process is all mixed up in there. Students have to have

voice and choice. They have to choose and express their opinions about things.

Collaboration is part of it. They have to assign roles within groups and
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determine how they are going to work together. They have to come up with a

product and have an audience. They have to develop the communication skills

to share it for example, [we have] an inventors’ fair. Parents come in and our

students present their inventions.

In another school, the STEM coordinator reported that teachers used challenge-based
learning, saying “it’s pretty similar [to PBL], but you don’t necessarily identify the product at the
end that students will make so they have more student agency throughout the process deciding
what they will create and how they are going to solve the challenge.”

Coordinators reported that some subjects like science lend themselves better to STEM
integration. According to at least three STEM coordinators, language arts teachers engage in
STEM integration more than other teachers because the use of expository texts makes it possible
to “do some science things in their classroom and some engineering things.” In one example, a
coordinated described that,

Students read a book relating to fountains in language arts, and then in social

studies they learn about abducts and how to actually build fountains. In science,

they talk about water and the transfer of water and the environmental piece. In

math, they had to draw a fountain that they wanted to build to scale using graph

paper. That was an activity for sixth graders.

In another example, the STEM coordinator supported an inter-disciplinary project
focused on construction and earthquakes. She described her role in supporting teachers in

developing the project saying,
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| learned sixth graders were learning about ancient civilizations [in social

studies]. So | went to them and said do you understand that we can connect this.

How did ancient civilizations deal with earthquakes, [which is what they were

learning about in science]? Did you know a lot of Mayan structures were built

to withstand earthquakes and they are still standing today? Then | went to the

language arts teachers and said you guys are you studying non-fiction. I have an

article about recent earthquakes in Nepal. Do you think you could read about

these earthquakes with your kids and do some questions and answers about

what it was like for the Nepalese people? Then we went to math and talked

about Richter scales. Can we put [the magnitude of the earthquakes] into

decimals and fractions?

These examples illustrate the conceptual connections that were made for students across
the disciplines focused on STEM learning through the use of PBL.

Connections to effective in- and out-of-school STEM programs. STEM coordinators
reported varying levels of connection to in and out of school STEM programs. Three of the five
STEM coordinators reported a specific time during the day where students engaged in in-school
STEM programs. At one school, teachers offered STEM electives in which all students in the
school engaged. These electives occurred every third Friday. Students selected to participate in
one elective across the year, resulting in 10 or 11 STEM sessions across the school year and “at
the end, they have solved a STEM problem or developed a project.” Example titles for STEM
electives included Girls in Engineering, Junkbox Wars, or Fashion and Engineering. The

coordinator reported, “We also have electives focused on the science of running, golf, tennis,
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basketball. We have about 30 to 40 electives. We want it to be an extension of their learning built
into the school day to focus on STEM.” Another school offered STEM Friday where teachers
focused on STEM enrichment. A third school offered a daily challenge-based learning period,
during which all staff and students focused on one of four main overarching big ideas such as
dream, lead, learn, and innovate for 50 minutes.

Each of the five schools offered several out-of-school STEM projects, most of which
were programs that met after school or on the weekend. Examples of these programs include the
Math Science Engineering Network, which was offered in at least three schools. This program
partnered with North Carolina State University to offer students an opportunity to visit the
campus and engage in various STEM courses and competitions. Other after-school programs
included Science Olympiads, Coding Club, Project Lead the Way, Studio STEM (a STEM
program for girls), Robotics Club, and Green Team (an environmental group). All but one STEM
school offered at least one out-of-school STEM program. One school offered student mentoring
programs where students were paired with university students, and another school offered a
mentoring program where students were paired with community members (e.g., police offers,
retired teachers).

Integration of technology and virtual learning. Four of the five schools were BYOD
(bring your own device) schools, where students brought their own tablet or smartphone. Two of
those schools also had one-to-one laptop initiatives where each student was provided with his or
her own laptop. One coordinator said, “Every student has devices. They also have a 4G
connection so for students who don’t have an internet connection at home [they are able to get

access at home].” According to the STEM coordinator,



55

[School staff] are working really hard [to avoid] using technology as a

replacement [for a worksheet]. It’s pointless to have a kid fill out a worksheet

on a tablet or give them a paper worksheet. It’s the same thing, so we’re

working hard to use our technology to make products that you can’t otherwise

make and to step up the way that we are using them in the classrooms.

Another coordinator said, “It’s no question. You have to use technology in the classroom.
The PE teachers have to use it and in dance and in art classes.” If the technology was not
available in the teachers’ classrooms, all schools had laptop carts, iPads, and Apple TVs that
teachers could check out.

Authentic assessment and exhibition of STEM skills. Related to authentic assessment,
one coordinator said,

The audience is really the assessment piece. PBL is supposed to be integral, not

really something separate that you are doing in addition to teaching your

curriculum. It’s another way to teach your curriculum and you’re allowing kids

to be innovative, so the assessment piece still has to be there. You have to

formatively assess and make sure that they are learning the critical objectives.

You still need to have summative assessments. Then you have to do the

evaluation and reflective piece because you have to sit and say, ‘Now, what did

| learn out of this? Why did it even really matter? If 1 had an opportunity to do

this again, if we had to start all over again, how would I do it differently?’” Then

get feedback from classmates and give feedback.
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Opportunities for this type of assessment were available at all five STEM schools, but the
scale and frequency of those opportunities differed by school. Three of the schools offered a
formal STEM Expo where students showcased their work for parents and community members.
One school offered a magnet night, where students had an opportunity to showcase their work
for families. The quality of those experiences at these showcases ranged from high-quality where
“business partners come out to the school and students have to articulate how they developed
their STEM skills in all their courses throughout the year and how they used the engineering
design process and technology” to lower-quality where “parents have an opportunity to come in
and see what they have been working on in class.” One coordinator described,

The STEM Expo is kind of like a science fair, but it’s not just science. The

biggest criterion was you’ve got to show your improvement. And that’s where

the judging comes in.” One coordinator described activities showcased at the

STEM Expo including, “roller coasters where our seventh graders became

actual engineers where they had to design their own roller coaster. Our eighth

graders had to become inventors and come up with their own product. [For

example,] I had one student who liked to camp, but he didn’t like to carry a

backpack with him, so he actually designed a [camping shoe]. He designed [it]

where he could carry his raingear, his pocketknife, and also try to not make the

shoe too heavy for when he did hike.

She went on to say how “community members come in and grade [students] on how
effective their communication skills were and if they actually reached their target market.”

Another coordinator described the types of projects that students at the STEM Expo shared,
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which included choreographed dances, growing plants in different conditions, and programming
a video game.

Two coordinators described the use of rubrics to provide students with feedback on their
engagement with the “the 4Cs” and the engineering design process. In one example of an activity
scored with a rubric, a coordinator recalled that,

Students had to plan a road trip and [the teacher] had given them a budget and

they had to rent a car, and figure out what motels they were going to say in, and

how much the budget was going to cost them. They could choose to camp, but

then they had to buy a tent.

One coordinator described student civic engagement as a way to authentically assess their
learning. She recalled, “The eighth grade science class did this whole study where they went out
and tested water from hog farms and run off. They went out and tested water and wrote these
letters to the county about how we have hog waste in our water.”

Professional development on integrated STEM curriculum, community/industry
partnerships and postsecondary education connections. Four of five STEM coordinators
reported that teachers received school-wide professional development on PBL or challenge-
based learning (CBL). One coordinator reported that PBL training was differentiated based on
whether or not teachers were new. “If they are new teachers, [the PD] is an introduction and
support on developing PBL. If it’s their fourth year, it’s evaluating the quality of the PBL units
and improving as well as developing more.” In addition, three of the coordinators described

professional development focused on instructional technology. Three of the coordinators
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described professional development that was facilitated in partnership with a local university. In
one example, the coordinator said,

A STEM professor came from NC State and trained teachers on the engineering

design process. She gave them 14 challenges of the world and why STEM even

exists and where the concept came from. She gave them a really good history.

She provided a lot of STEM-oriented activities that related directly to the

engineering design process. Teachers got an engineering design process poster.

She gave them activities that they could take directly back into the classroom.

Two of the STEM coordinators described a two-day professional learning opportunity for
science teachers where they visited BioGenetic. Another two of the STEM coordinators
described Summer STEM professional development where a handful of teachers attended a
structured summer experience designed to support teachers in developing a PBL unit to use in
their school. At the end of the school year, teachers showcased their unit to other schools.

Outreach, support and focus on underserved, especially females, minorities, and
economically disadvantaged. One STEM coordinator described,

Our activities are set up so that everyone has to do it even down to the [special

education] classes. They are doing a butterfly garden. On STEM elective days,

there is not a single child in our building who is not participating in the STEM

experience.

As part of this experience, the coordinator described some electives that were specific to

encouraging females to engage in STEM. Another coordinator described,
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We’re [supporting the traditionally underserved] through challenge-based and

project-based learning. There is more student voice, and | think that is going to

help us make sure that every student’s voice is heard and that their ideas of what

they want in the classroom are heard.

Three coordinators described after-school activities that were developed to encourage
traditionally underserved students to engage in STEM. These activities included Studio STEM, a
program to get girls involved in STEM, and MSEN, a program that one coordinator used to target
underserved and female students. Another coordinator described,

Communities in Schools (CIS) did a lot of really cool STEM projects with

students, mostly African American. I also worked with ESL students after

school, who were mostly Hispanic. In CIS, they did a murder mystery case

where they had to investigate DNA. | think they also made a balloon aircraft or

boats. They did food chemistry, they cooked.

These quotes show that a variety of programs focused in STEM were available to

students in STEM schools.

On-Going Community and Industry Engagement
Each STEM coordinator described at least one partnership with a local business. The
depth and extent of these partnerships varied by school, as described below.
A communicated STEM plan is adopted across education, communities, and
businesses. Three of the five coordinators described detailed STEM plans. One coordinator said,
“We have seen our program grow, and we have growth plans. We don’t just do anything. We

have a plan and action steps ... We’re constantly reflective practitioners.” Another coordinator
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said, “Our plan with Digital Promise [a technology grant] is so concrete, and everyone has been
on board with it for so long. That is the main STEM focus of our school ... using technology is
really what is driving our STEM [plan].” Another school’s plan had an emphasis on university
connections, where the school improvement plan emphasized “experimental learning through
STEM connections and integration of instruction across disciplines with a focus on university
connections.”

STEM work-based learning experiences, to increase interest and abilities in fields
requiring STEM skills, for each student and teacher. Four of the five STEM coordinators
described partnerships with at least one STEM business. Examples of these businesses include
BASF, Red Hat, SAS, Digital Promise, Bandwith, and Cisco. Some of these partnerships were
more developed than others. One school had a partnership with BASF. The coordinator
described,

All of our science teachers were paired up with a scientist and they had

conversations back and forth [via email]. The scientists came and spoke as guest

speakers [in the classrooms]. A lot of ideas came from that and it turned into a

lab experience for our students. They did a banana DNA lab. Students saw

different careers like entomologist, crop scientist, and food science. They saw

how their labs solved real world problems and some issues that students might

face in the future, how as an entomologist you could play a role in [solving real

world problems]. The next year, the scientists worked with our seventh graders

on genetics, and they did a rice plant experiment. They brought plants from their

lab, and it was very hands on.
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As an example of a less developed partnership, one coordinator described their
relationship with Bandwith, saying

One day for an hour everybody shuts down and codes. We’ve had community

volunteers from different businesses come and do that. They just come in and

help. The kids get on the laptops, and there are all these coding websites that

they can just play with. It’s literally just exposing them to code whether it’s

basic or some of them are really good and can do coding things. We have

people from Bandwith come over and help, more hands on deck kind of things

because a lot of teachers aren’t comfortable with it.

In another example, one coordinator described a visit to Cisco where “kids got to have an
interview time; they sat one-on-one with an employee and they got to ask them questions about
what they do and they were all different jobs and different careers, and we had kids fill out
questions before to ask them.”

Business and community partnerships for mentorship, internship and other STEM
opportunities that extend beyond the classroom walls. Two of the STEM coordinators
described STEM Week as one of the primary ways that businesses and communities are involved
with students. One coordinator described how during this week,

Community business members come in and teach our business students how to

tie a tie, necktie and bowtie and also each day ... we had business men and

women come in and talk about their careers. We had someone in engineering

who did transportation here in the area. We had someone from our town council

who talked about how they could get involved. We had someone from North
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Carolina Central University come in and talk about the science piece. We had

someone from the arts talk with students about modeling, singing.

Two coordinators also described partnership councils with local businesses. One
coordinator said, “We have a STEM partnership council. We looked in our parent directory and
saw that we’ve got all these STEM professionals right under our noses. [The council] started out
with 10 different businesses, and now I think we have 16.” The coordinator described the
importance of this council saying,

Many of our teachers went straight from school into the classroom, so they have

not been in the corporate world, but we send them out to a lot of different

organizations in Research Triangle Park [through connections on our

partnership council]. Teachers are able to learn what those organizations do.

Sometimes organizations come out and do activities. We’ve got a lot of

professionals from our council and connections that they have already being out

here and in our classrooms doing some co-teaching ... Red Hat donated about

30 computers.

These quotes illustrate the types of partnerships with STEM industries present at the
STEM middle schools.

Connections with Postsecondary Education

Overall, the five coordinators described how the STEM initiative was implemented in a

way that is designed to encourage student interest in STEM majors and careers, usually through

college visits or lessons focused on STEM careers. One coordinator said,
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We talk about careers a lot when [we] have guest speakers and career day but to
actually have activities where they identify where they want to go in life,
hopefully steering them toward a STEM career, and giving them activities that
can lead them towards STEM careers. | know we need to work on this with our
students.

Another coordinator said,
We’re largely Hispanic and African American. A lot of kids don’t see college in
their future. They don’t realize that by the time you’re in ninth grade, you’ve
already started. Your GPA has to be [at a certain level]. You’ve got to start
planning for college in ninth grade. A lot of these kids don’t understand that, So
we’re trying in seventh and eighth grade to already get them thinking [they] can
go to college. There is financial aid available. There are different options.
These comments were common across all coordinators with one exception, where the

school had an exceptionally strong connection with a local university.

Alignment of students’ career pathway with post-secondary STEM program(s).
The five STEM coordinators described student field trips to local colleges where students
learned about college majors in STEM and other areas. Four of the five coordinators described
how the purpose of the STEM initiative was to encourage student interest in STEM careers. One
coordinator said,

It’s getting kids to understand how schools are aligned to actually suit their

needs so when they are in eighth grade, we have schools come out, and | talk to
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them about STEM and what areas [may fit] based on their interests and which

schools would be good, because they have so many choices to choose from.

This coordinator mentioned the exposure to robotics, programming, and other STEM
areas as ways to encourage students’ interest in STEM careers. Along these lines, another
coordinator said,

| do a STEM lesson where I talk about “What is STEM?’ Last year, | did it with

all kids ... we talk about jobs. I put these pictures of different professionals up

and they have to talk about which one the like and then we talk about how much

they actually make. There is this really nerdy looking guy that nobody wants to

pick, but then he ends up being the one that makes the most money because he

makes video games. And they’re like, | want to make video games! | have a

picture of a woman who is in a lab coat doing chemistry, and then we talk about

opening up [STEM careers] to women. She’s supposed to be a pharmaceutical

engineer, and they’re like, I didn’t even know that existed.

Overall, the pathway connections between K-12, college and careers emphasize exposure
and “peaking student interest”. One school stands out as different in regard to university
connections given its location on a university campus and its emphasis on university connections
as part of its magnet program. The school improvement plan read,

The school involves a population of students, teachers and parents who

frequently engage with faculty, students and the facilities of North Carolina

State University’s campus and governmental partners on Centennial Campus, to

extend and enhance student services and activities.
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Another aspect of the school improvement plan specified that university connections
enhanced students’ social, personal, and professional development. This school had a magnet
theme that emphasized university connections. The coordinator said, “[university connections] is
our magnet theme, so it’s kind of a big deal. We kind of push that the most. I think that’s the
easiest thing for us to do because [NC State] wants to be involved, and we want them to be
involved.” University students earned work study hours by tutoring students. The coordinator
went on to say,

Being here on campus, [we have] a lot of STEM-related opportunities for

people to come do stuff with our students. We did Z Space last year, virtual

reality research with the science classes. There are pockets of STEM that just

pop up here and there, and we have some bigger projects that are ongoing ...

We look at the university all the time. It’s our constant go to for field trips

speakers, anything like that we reach out to the university. We have four

required field trips each year per grade level. Two have to be to NC State. It can

be walking across the street to the golf course to do water quality tests. Our

family consumer science teacher is going to take a field trip with the textiles

group. They do clothing design and textiles. They are going to the textile

college on Centennial campus. The staff at the college do a presentation and

give them a tour of the textile building.

Overall, all of the middle schools implementing the STEM initiative engaged in PBL at
least quarterly. Each school had at least one partnership with a local business or industry and the

extent of these partnerships varied by schools. Finally, students at the middle schools
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implementing the STEM initiative were encouraged to explore STEM majors through purposeful
activities provided at school or on university visits.
Implementation Differences by School

The characteristics of each attribute at each school were examined in comparison to the
state’s STEM attribute implementation rubric. Each attribute was subsequently assigned a score,
which was supported primarily with interview responses but triangulated with school documents
and the district magnet coordinator. Implementation scores included early (1); developing (2);
prepared (3); and model (4). Overall Table 4 shows that three schools (Schools A, B, and E)
implemented the STEM initiative with stronger fidelity compared to the other two schools
(Schools C and D). A more detailed matrix with scores and qualitative evidence is located in
Appendix D. No one school implemented the STEM initiative perfectly, and each school had a
weak area, but two schools (Schools A and B) emerged as higher implementers of the STEM
initiative. School E was a slightly lower implementer relative to School A and B. Schools C and
D had the lowest implementation. Given these results, in order to control for the implementation
of the initiative at the school level, analyses were fit for two groups including: (a) medium and
high implementing treated schools which included Middle Schools A, B, and E; and (b) all

treated schools which included Middle Schools A, B, C, D, and E.
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Table 4
Summary of School Implementation Scores
Component School A School B School C School D School E

PBL Prepared (3) Model (4) Developing  Developing  Developing
integration (2) (2) (2)
Community  Prepared (3) Model (4) Developing  Developing  Developing
and industry @) (2) 2
engagement

Connections  Developing  Developing Early (1) Early (1) Prepared (3)
with post- (2) 2

secondary

Note: This is a summary table. A more detailed cross case-attribute matrix is listed in Appendix D. Scores
are based on the STEM Attribute Implementation Rubric

It was important to understand business as usual in the comparison schools. In order to
describe the type of instruction that occurred in middle schools not implementing the STEM
initiative, comparison middle schools were contacted on the telephone in January 2017 and asked
about their use of the STEM instructional components including interdisciplinary project-based
learning, use of “the 4Cs”, community and business engagement, and connections with post-
secondary education. The protocol used to guide these phone conversations is included in
Appendix E. The 28 comparison middle schools were sorted randomly in Microsoft Excel. |
called all 28 middle schools and asked the front desk representative if the principal, an assistant
principal, or the instructional resource teacher (IRT) was available to speak with me about the
curriculum at the middle school. I successfully connected with 10 school curricular experts (36%
of the comparison schools).

Originally I had intended to call ten randomly selected schools. However, when | called a
random sample of 10 schools, | was only able to speak with one representative and only one
representative returned my call. Given this, | called all 28 schools, which initially resulted in my

speaking with four additional representatives. Four individuals subsequently returned my call.
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Therefore, this sample of schools is not random because they were willing to speak with me
about their curriculum and likely does not represent all of the comparison schools. Table 5
depicts the descriptive statistics for the interviewed comparison middle schools. Students at the
interviewed comparison schools scored higher on measures of student learning, were less likely
to receive FRL, and experienced lower teacher turnover rates than students at non-interviewed
comparison schools. Therefore, the description below may overestimate the presence of STEM
components in comparison schools because better performing schools may have been more
inclined to adopt reformed oriented instructional strategies like PBL and community and industry
engagement because they felt confident taking instructional risks and less need to focus on basics

(Schoen & Fusarelli, 2008).



Table 5

2013-14 Descriptive Statistics for Interviewed Comparison Schools
Component % Prof. % Prof. % Prof. % FRL % Staff

Math. Reading Science Students Turnover

School 1 70.1 61.1 82.5 25.2 10.4
School 2 61.7 48.8 77.6 39.6 7.1
School 3 85.7 87.3 96.7 7.8 7.8
School 4 72.1 64.9 89.5 24.1 20.2
School 5 54.0 39.1 69.9 61.0 12.6
School 6 70.1 63.3 82.2 21.9 8.9
School 7 77.6 73.4 88.1 16.7 10.2
School 8 55.4 48.7 79.5 47.5 4.4
School 9 69.6 55.1 86.6 27.1 7.0
School 10 65.8 59.6 83.1 25.7 3.0
Interviewed 69.8 62.5 85.1 26.2 8.8
Average
Non- 62.6 54.2 80.2 37.0 12.6
Interviewed
Average

| spoke with five IRTS, three assistant principals, one principal, and one guidance

counselor. During our five to ten-minute conversation, | took verbatim notes in a Microsoft

Excel spreadsheet. | subsequently examined notes across schools related to each component of

STEM education. A summary of those responses is included below. The full matrix is listed in

Appendix F.

Five of the ten or 50% of the comparison schools reported that they utilized

interdisciplinary PBL at least quarterly. In three cases when PBL was described, the

implementation focused on making connections between social studies or art and English

language arts, not including the STEM subjects. For example, one IRT mentioned integrating
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mathematics using inter-disciplinary PBL saying, “They did a project with WWII, and in social

studies they experienced what it was like to be in the trenches; in language arts, they were

assigned a character from that era like a pilot or Jewish individual, who was a real person, and
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they got information about that person and journaled about it and learned about that person. In
math, | think they used numbers, but that connection was not as strong.” This example illustrates
that although interdisciplinary connections were made at comparison schools, these connections
primarily focused on social studies, language arts, and the arts because the connections are more
“natural” and “it’s tricky” with math. Based on these conversations with comparison school
representatives, about half of the comparison schools were utilizing PBL, but for the most part
were not focused on the integration of STEM subjects in the same ways that STEM schools did.
In the two cases that mentioned the integration of mathematics and science, the representative
stated that “English worked with Social Studies and Science and Math” which continues to focus
on language arts aligning their curriculum with other subjects. This is qualitatively different than
the type of interdisciplinary STEM PBL occurring in STEM schools.

All of the comparison schools’ representatives were familiar with “the 4Cs” because this
component was part of the districtwide strategic plan during the 2016-17 school year. All nine
representatives described their implementation of “the 4Cs” during the current school year. They
tended to focus on the use of collaboration and communication, the social aspects of “the 4Cs”.
When encouraged to think about the implementation of “the 4Cs” during the previous two years,
all agreed that the 2016-17 school year was when they “ramped up implementation of ‘the 4Cs’.”
One IRT described how during the 2016-17 school year, they redesigned classrooms to
encourage collaboration and used curriculum focused on social skills (i.e., Capturing Kids
Hearts) to teach students how to communicate effectively with one another. This evidence
supports that while “the 4Cs” are an emphasis districtwide during the 2016-17 school year and

aspects may have been emphasized in control schools in the past, the focus on creativity and
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collaboration in comparison schools was not as strong as in STEM schools. One principal
mentioned an emphasis on creativity saying, “I don’t like creativity, but more innovation and
getting kids to be original thinkers. Teachers are still getting more comfortable with that.” This
evidence supports that teachers at comparison schools are still building comfort with integrating
“the 4Cs” into their daily instruction.

At two of ten or 20% of the comparison schools, representatives described cultivating
community and industry engagement through their business alliance, which offers students
opportunities to learn about different careers. Two representatives described a college and career
fair that was offered to students. One of these schools offered an Engineering Week for students.
This school also required students to complete a project about a university and create a career
profile. Another school offered an Hour of Code where they brought in coding experts to code
with students. However, none of these representatives described opportunities for the community
and industry leaders to work with teachers on designing and implementing units or providing
opportunities for students to share their work with the community; whereas, all of the STEM
middle schools provided these opportunities. This evidence supports that the level of community
engagement at STEM middle schools is more focused on student learning in STEM areas than at
comparison middle schools.

Five of the ten or 50% of the representatives at comparison schools described college
visits as the primary mechanism for implementing connections with post-secondary education.
These five representatives described how guidance counselors selected students who are often
first-generation college students and organized college visits for them. In two cases, all students

visited at least one local university. One principal described offering a college preparation
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success course to students. On the other hand, two representatives described their focus on
“preparing students for high school, not so much for college or universities.” One stated, “We
stay on top of what our students need for high school, but as far as post-secondary, I wouldn’t
say we’ve done much of that.” This evidence supports that while these comparison schools
emphasize preparing students for the future, they do not focus on preparing students for STEM
majors in the same way as STEM middle schools.

When asked about their curricular emphasis, none of the representatives at the
comparison schools described an emphasis on STEM subject areas. They tended to describe
themselves as “traditional schools” with an emphasis on increasing instructional quality in all
subject areas. This evidence supports that STEM middle schools provide a qualitatively different
brand of instruction focused on integrating STEM and other subjects through PBL with an
emphasis on “the 4Cs”. In addition, students at STEM schools had more frequent opportunities
to share their products with experts in the community and learn about STEM majors relative to
students at comparison schools. In these ways, the STEM initiative offers middle schools an
instructional framework that drives their daily practice and student experiences in a way that

differs from other schools in the district.
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CHAPTER 4: METHODOLOGY

Two quasi-experimental approaches, including instrumental variables and inverse
propensity weights, were used in this study to estimate the causal effect of the STEM initiative
on middle school students’ cognitive and non-cognitive outcomes. Below is an overview of the
research design. First, | describe the outcome measures and their measurement properties.
Subsequently, | present a rationale for the use of instrumental variables and inverse propensity
weights. Next, | examine the threats to the validity of the instrumental variables and the potential
sources of omitted variable bias for the inverse propensity weights, then | describe the steps
taken to minimize bias in the estimates. Finally, | specify the analytic models for this study.

Outcome Measures

This study includes several measures of cognitive and non-cognitive outcomes. Cognitive
outcomes include measures that directly relate to student learning. Non-cognitive outcomes
include measures that indirectly relate to student learning but align well with the twenty-first
century skills (National Research Council, 2012). In the following section of this chapter, |
outline the measures included in this study in more detail.
Cognitive Outcomes

In this study, measures of cognitive outcomes include students’ scores on Grade 8 2015
and 2016 North Carolina EOG standardized tests in the subjects of mathematics, language arts,
and science. These measures of students” academic achievement were collected for all Grade 8

students in the state near the end of the 2014-15 and 2015-16 academic years.
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Non-Cognitive Outcomes

As a measure of non-cognitive outcomes, | used the district’s student engagement survey
(Simmons & Baenen, 2013; Townsend, 2015). This survey includes items borrowed from two
validated measures including the Short Grit Scale (Grit-S; Duckworth & Quinn, 2009) and the
Student Engagement Instrument (SEI, Appleton et al., 2006). This district student engagement
survey was administered to Grade 8 students in a classroom setting in April 2015 or 2016.
District personnel strongly encouraged school staff to provide all students with an opportunity to
take the survey. For the Grade 8 students included in this sample, the response rates for the
district student engagement survey are depicted in Tables 6 and 7. Only completed surveys with
no skipped items on the items used in this analysis were retained. If students completed the full
survey more than once, their most recent submission was retained. The response rate was better
in the second year than in the first year. Middle School E opted not to administer the district’s
survey in 2014-15, but 48 students in this sample completed the survey in 2015-16. The overall
total response rate was 50% in 2014-15 and 65% in 2015-16. A summary table depicting the
non-cognitive outcomes in this study and the survey items measuring those constructs is included

in Appendix A.
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2014-15 Grade 8 Response Rates for the District Student Engagement Survey

School Sample (n) Survey responses (n)  Response rate (%)
Middle School A 156 39 25.0
Middle School B 168 103 61.3
Middle School C 257 111 43.2
Middle School D 174 54 31.0
Middle School E 40 0 0.0
Total Students
STEM Middle 795 307 38.6
Schools
Non-STEM Middle 7,153 3,750 52.4
Schools
Total 8,048 4,057 50.4

Table 7

2015-16 Grade 8 Response Rates for the District Student Engagement Survey

School Sample (n) Survey responses (n)  Response rate (%)
Middle School A 177 70 39.5
Middle School B 226 183 81.0
Middle School C 225 160 71.1
Middle School D 101 62 61.4
Middle School E 83 48 57.8
Total Students
STEM Middle 812 523 64.4
Schools
Non-STEM Middle 7,080 4,604 65.0
Schools
Total 7,892 5,127 65.0

Outcome data for non-cognitive outcomes were only available for students who

completed the district’s student engagement survey, but test score and attendance data were

available for almost all students in this sample. Therefore, this study uses two analytic samples:

the survey sample and the test score/attendance sample. The survey sample includes all students

who completed the district student engagement survey without skipping any items. The most

recent survey attempt was included for students who completely finished the survey more than
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once. The test score/attendance sample includes all students with available Grade 8 test scores
and attendance records collected by district central services. The purpose of the following section
of this chapter is to describe each scale on the district’s student engagement survey and detail the
existing validity evidence for each of the scales.

Grit. Grit was measured using the Grit-S (Duckworth & Quinn, 2009), which includes
eight items. Grit is defined as working strenuously to overcome challenges, maintaining effort
and interest despite failure, adversity, and plateaus in progress (Duckworth, Peterson, Matthews,
and Kelly, 2007). On the Grit-S, participants endorse items indicating the consistency of passions
(e.g., “I have been obsessed with a certain idea or project for a short time but later lost interest™)
and perseverance of effort (e.g., ““l finish whatever I begin®). Students rate each statement on a
five-point Likert scale defined as very much like me, mostly like me, somewhat like me, not much
like me, or not like me at all. Many non-cognitive skills have demonstrated responsiveness to
intervention, particularly social and personal skills (Durlak, Weissberg, & Pachan, 2010).
However, the extent to which grit is responsive to intervention is not clear (Credé et al., 2016).
Duckworth and Yeager (2015) claim that grit is “relatively rank-order stable over time in the
absence of exogenous forces” (p. 239). They primarily make this claim based on research finding
a positive effect for self-control interventions. Extensive evidence of validity is available to
support the use of the Grit-S (Duckworth et al., 2007; Duckworth and Quinn, 2009; Kraft &
Grace, 2016). Duckworth and Quinn (2009) examined the validity of the Grit-S with a sample of
National Spelling Bee finalists, who were approximately the same age as the students in this
study. The results of this study provide evidence of internal structure indicating Cronbach’s

alpha coefficients for the grit scale used in this study ranged from .73 to .83 across four samples.
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The Cronbach’s alpha for the sample of spelling bee participants (n = 1,218; M age = 13.20; SD
= 1.23) was .80 (Duckworth and Quinn, 2009). In this study, the Cronbach’s alpha for the
analytic sample was slightly lower at .70.

Evidence of predictive validity for the Grit-S suggests that students who develop grit are
more likely to go to college, remain in college, and succeed beyond college (Duckworth et al.,
2007). For example, Grit-S scores are associated with fewer career changes in adults (Duckworth
and Quinn, 2009). A one standard deviation increase in grit was associated with an increase in
$1,632 in annual employment income as well as a 5.8 percentage point increase in the
probability of earning a bachelor’s degree by age 26 (Kraft & Grace, 2016). Furthermore, a one
standard deviation increase in grit was associated with a 3.5 percentage point increase in the
probability that an individual will vote (Kraft & Grace, 2016). These findings suggest that scores
on the Grit-S are predictive of positive later life outcomes.

Extant evidence suggests that grit is unique from other personality dimensions
(Duckworth & Quinn, 2009). After controlling for several personality dimensions (e.g.,
conscientiousness, agreeableness, openness), participants who scored one standard deviation
higher in grit than same-aged peers were 23% more likely to have attained more education. In a
hierarchical ordinal logistic regression with age and personality dimensions in step one and grit
in step two, grit was a significant predictor of educational attainment over and beyond step one.
It is important to note that a meta-analysis, Credé et al. (2016) found a sizeable correlation
between grit and conscientiousness (r = .84), suggesting that grit may be redundant with

conscientiousness.
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Evidence suggests that grit can be accurately self-reported by individuals (Duckworth &
Quinn, 2009). Correlations between forms when the Grit-S was completed by family or peers
and individuals were medium (.45 to .47), and the internal consistency estimates for family
members, peers, and self were acceptable (.84, .83, and .83 respectively). Within individuals,
evidence was found to suggest that grit scores are stable over time. In the absence of
intervention, the correlation between scores of the Grit-S in spring 2006 and one year later was
.68 and did not differ by gender (Duckworth & Quinn, 2009). Evidence suggests that measures
of grit and other measures of non-cognitive skills are susceptible to reference bias. Schools with
higher performing students tend to rate themselves more harshly relative to their peers (Egalite et
al., 2015; West et al., 2016).

Student engagement. Compared to the scale measuring grit, much less extensive validity
evidence exists to support the use of the scales on the SEI (Appleton et al., 2006; Betts,
Appleton, Reschly, Chistenson, & Huebner, 2010). Therefore, the use of this measure in a study
examining non-cognitive outcomes is a contribution to the field of education. School
engagement includes affective dimensions including both school belonging and value of
learning. The SEI includes scales measuring future aspirations and goals, peer support, and
control and relevance of coursework. Students were asked to rate each item using a four-point
Likert scale ranging from Strongly Disagree to Strongly Agree. The internal structure of the SEI
is supported with exploratory factor analysis and confirmatory factor analysis (Appleton et al.,
2006). Evidence based on relations to other variables suggests small but positive correlations
between each scale on the SEI and positive academic and behavioral outcomes including

students’ reading and mathematics achievement, frequency of suspensions, and grade point
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average (Appleton et al., 2006). Measurement invariance was tested across Grades 6-12, and the
results suggest that the factor structure holds across grades K-12 and both genders (Betts et al.,
2010). As outlined by Appleton et al., (2006), these scales include:

e Five items measuring future aspirations and goals (e.g., “I am hopeful about my future,”

a =.78);

e Six items measuring peer support (e.g., “Students here respect what I have to say,” a
=.82);
e Nine items measuring control and relevance of coursework. (e.g., “What I’m learning in
my classes is important for my future,” a. =.80).
The Cronbach’s alphas with this study’s analytic sample were similar to those in Appleton et
al.’s (2006) study. The Cronbach’s alpha for future aspirations and goals was .85; peer support
was .88; and control and relevance of coursework was .81.

Civic engagement. An additional scale was included on the district’s school engagement
survey measuring civic engagement. The six items measuring civic engagement were adapted
from Flanagan et al. (2007; Leonard, M. personal communication, April 19, 2016). Civic
engagement is defined as individual and collective efforts to promote the quality of life in a
community or society (Flanagan et al., 2007). Four items on the survey were designed to capture
students’ attitudes toward political (e.g., voting) and non-political (e.g., volunteering) behaviors.
An example is, “I believe I can make a difference in my community.” Two items on the survey
were designed to capture students’ engagement in these behaviors. These items included, “When
I am old enough, I plan to vote in most elections,” and “I participate in projects in my

community.” Students rated these items using a four-point Likert scale ranging from Strongly
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Disagree to Strongly Agree. The Cronbach’s alpha for this scale for this study’s analytic sample
was .71.

Attendance. Several studies demonstrate the strength of attendance as a proxy measure
of students’ non-cognitive skill (Blazar & Kraft, 2015; Gershenson, 2016; Holt & Gershenson,
2015; Jackson, 2016; West et al., 2016). Unexcused absences is an especially strong correlate
with non-cognitive outcomes, given that some students miss school because they are sick (Blazar
& Kraft, 2015; Gottfried, 2009). Grade 8 attendance information including unexcused absences
and total absences were included as outcomes variables in this study. This outcome is important
because it is available for almost all students in the district; whereas the student engagement
survey was only completed by approximately 58% of students, and students who completed the
district’s student engagement survey tended to be higher performing students (see Tables 11 and
12).

Analytic Estimation Strategy

The quasi-experimental approaches, including instrumental variables and inverse
propensity score weighting, and the rationale for their use are discussed in this section. When
used appropriately, quasi-experimental approaches address existing bias due to confounding
variables (Wooldridge, 2013). In this study’s district, schools were selected to become STEM
schools in part as a school reform strategy. This method of school selection introduces
confounding variables. As evidence of this, Table 2 depicts that on average students at STEM
middle schools scored lower on a composite measure of student achievement and included more
students who received free or reduced price lunch and more students who were LEP. In addition,

the STEM middle schools had more beginning teachers, fewer Nationally Board Certified
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Teachers (NBCT), fewer teachers with advanced degrees, and higher annual staff turnover.
Given these large differences between STEM and non-STEM schools, using methodology that
addresses confounding variables is necessary in order to obtain unbiased estimates of the effect
of STEM education on the outcomes. Otherwise, any observed differences may reflect
underlying differences between the groups of students rather than effects caused by the STEM
initiative.

Instrumental VVariable Analysis

The instrumental variable (1) approach is attractive because it controls for unobserved
confounders. The use of IV requires a variable that influences selection into treatment, but is
independent of unmeasured confounders and has no direct effect on the outcome except through
its effect on the treatment. When valid, instrumental variables are analogous to randomization
methods in that they minimize contamination in estimates due to selection bias (McClellan,
McNeil, & Newhouse, 1994). Many K-12 studies have used distance between a student’s home
address and treatment schools as an instrumental variable because it tends to predict treatment
relatively well and not correlate with other variables (Barrow, Claessens, & Schanzenbach, 2013;
Booker, Gill, Sass, & Zimmer, 2014; Cullen, Jacob, & Levitt, 2005; Jones, 2012; Schwartz,
Stiefel, & Wiswall, 2013; Stiefel, Schwartz, & Wiswall, 2015).

The theory behind IV is modeled in Figure 4 based on Baiocchi, Cheng, and Small
(2013). Figure 4 depicts the relationship between an instrumental variable Z, a treatment D,
unmeasured confounders U, and an outcome Y. Unmeasured confounders U cause concern
because these are the unobserved variables causally linked to both the treatment and the

outcome. Because these variables are not recorded in our dataset, the effect of the treatment
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cannot be precisely adjusted using methods like propensity score matching or linear regression.
The use of the IV, which is an exogenous source of variation that predicts treatment D, but does
not relate to outcome Y or unobserved confounders U, removes the variation related to the
unmeasured confounders U and isolates the relationship between the treatment D and the

outcome Y.

o
N

Figure 4. The Relationship between an Instrumental Variable Z, a Treatment D, Unmeasured
Confounders U, and an Outcome Y from Baiocchi et al. (2013)

According to Swanson, Robins, Miller, and Hernan (2015) when an instrument X exists,
the standard 1V estimator for a dichotomous instrumental variable Z, an outcome Y, and a
treatment D is defined as:

E[Y|Z = 1] - E[Y|Z = 0]
E[D|Z = 1] - E[D|Z = 0]

The standard 1V estimator subtracts the outcome Y for those persons with and without the IV
(e.g., students who live near and those who live far from treatment) divided by treatment D for
those persons with subtracted from those without the 1V. This estimation identifies the local
average treatment effect (LATE) in a subset of the population. This subset is called the compliers

(Dunning, 2012). The compliers are those persons whose treatment decision is influenced by the
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instrument. In other words, the LATE is the average treatment effect for individuals whose
treatment status is influenced by changing the 1V (Imbens & Angrist, 1994). This is because
treatment and comparison groups are created by as-if randomization and compared regardless of
the choice of individual units to opt in or opt out of the program.

This Study’s Instruments. In this study, | test the following instruments: (a) the driving
distance and travel time between a student’s home address and nearest STEM middle school, and
(b) the driving distance and travel time between the student’s home address and nearest non-
STEM middle school. I examine these instruments at Grade 3 and Grade 5, prior to student
exposure to the STEM initiative. Because | estimate the LATE with this analytic strategy, | only
estimate the effect for compliers or those who lived closer to a STEM school and attended one
and those who lived farther from a STEM middle schools and did not attend one. The effects of
the STEM middle schools are not estimated for students who would always attend regardless of
distance, or those who would never attend.

Distance can be defined in several ways. For example in examinations of the impact of
small schools on student outcomes, the authors of three K-12 1V studies employed three different
IV's using distance (Barrow et al., 2013; Schwartz et al., 2013; Stiefel et al., 2015). Schwartz et
al. (2013) and Stiefel et al. (2015) defined distance as the minimum Euclidian distance between
the nearest small school or large school and the student’s residential zip code. Barrow et al.
(2013) defined distance as the Euclidian distance between the nearest small school and the
student’s home address. In another example, Booker et al. (2014) defined distance as the
Euclidean distance between the address of the nearest upper-grades charter school and the

student’s elementary school. Collectively, these studies demonstrate that parents are highly
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responsive to proximity when deciding where to send their child to school. Because driving
distance and travel time account for the geography (e.g., rivers, parks, and roads), these
instruments often better predict treatment compared to Euclidean distance. The theoretical
support for driving distance is strong; however, to date no study exists comparing the strength of
IVs based on driving distance relative to Euclidean distance.

WCPSS’s student assignment policy at the time of this study assigned students to a base
school depending on their home address and driving distance to nearby schools, not the
Euclidean distance. Hastings, Kane, and Staiger (2006) found that parents in North Carolina
preferred close proximity when selecting their child’s school, but families with strong
preferences for academics were willing to tolerate longer distances. Parents in WCPSS had the
option to apply to other schools (e.g., magnet schools, year round schools) or request a school
transfer. However, these applications and requests could be denied if the desired school was
capped for capacity. The district provided busing to students who attended schools other than
their base schools, but this sometimes required that students spend additional time on the bus.
Furthermore, if parents sent their child to a school other than the closest school in proximity to
their home address, they could have incurred additional travel time when attending parent-
teacher meetings or other school events.

Descriptive analyses support that distance and travel time are correlated with whether or
not a student attended a STEM or non-STEM school (see Table 9 on p. 93). Unfortunately, the
F-statistics for the first-stage regression were very low, suggesting that these instruments were
weak. Table 9 depicts the correlations and first-stage regression statistics for attending a STEM

middle school and the distance or travel time to the nearest STEM or non-STEM middle school.
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| examined these instruments at Grade 3 and Grade 5. Compared to Grade 3, the correlations
were stronger in Grade 5, immediately before students entered middle school. Compared to
travel time, the correlations were stronger for driving distance. This evidence supports that
additional burden and cost was placed on parents who sent their child to a school other than the
closest school.

The correlation between attending a STEM middle school and the distance to the nearest
STEM middle school in Grade 5 is -.24, suggesting that students who lived farther from STEM
middle schools were less likely to attend those schools. The correlation between attending a
STEM middle school and driving distance to nearest non-STEM middle school in Grade 5 was
.23, suggesting that students who lived closer to the non-STEM middle schools were more likely
to attend those schools. Distance likely discouraged families from enrolling their child in schools
that were located farther away. Figure 5 depicts the percentage of students enrolled in STEM
middle school based on distance to the nearest STEM middle school in Grade 5. The figure
shows that as distance increased students were less likely to attend a STEM middle school. In
this figure, one represents 0 to 1 kilometers, two represents 1 to 2 kilometers and so forth.
Overall, distance appears to be a relatively good predictor of whether or not students attended a

STEM middle school.
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Figure 5. Percent of Students Enrolled in STEM Middle School by Distance to the Nearest
STEM Middle School in Grade 5

In this study, distance was calculated in kilometers and travel time was calculated in
minutes between a student’s home address to the nearest specified school. These distances and
travel times were calculated using geocoding in Stata 14 (Huber & Rust, in press; Ozimek &
Miles, 2011; Voorheis, 2015). Huber and Rust (in press) developed a program that works around
Application Programming Interface (API) limitations for Google maps (Ozimek & Miles, 2011)
and Map Quest (Voorheis, 2015) by utilizing an open source map, which was downloaded and
saved locally. I used an open source map of North Carolina downloaded on April 15, 2016 from

http://download.geofabrik.de/north-america.html. Huber and Rust’s program requires latitude

and longitude coordinates for each address. These coordinates were computed in ArcGIS (ESRI,
2015) using the student’s home address and an ArcGIS address locator downloaded on April 28,

2016, from a district open source data website (http://data.wake.opendata.arcgis.com/). Maps of

students’ home addresses in Grades 3 and 5 are included in Appendix G. All addresses located

within the district geocoded successfully in ArcGIS. In Grade 5, 108 students had home


http://download.geofabrik.de/north-america.html
http://data.wake.opendata.arcgis.com/
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addresses that were located outside the school district. In Grade 3, 1,235 students were either not
living in WCPSS in Grade 3 or had home addresses that were located outside of WCPSS.
Validity of the Instrumental Variables

In order to sufficiently support the use of an instrument, five assumptions must be met. |
refer back to Figure 4 to describe these assumptions. First, treatment D and outcomes Y should
not be affected by the treatment status of other students. This assumption is called stable unit
treatment value assumption or SUTVA. Second, the IV cannot cause the outcome Y to change
direction. The only relationship between the instrument Z and the outcome Y is through the
treatment D (i.e., there are no alternate causal paths between Z and Y). This assumption is called
the exclusion restriction. Third, the relationship between the instrument Z and treatment D must
be established such that Z causes a change in treatment assignment (i.e., Z is associated with X).
This assumption is called strength. Fourth, the IV cannot be associated with variation in
unobserved variables U that also affect the outcome Y. In other words, the instrument Z must in a
sense be randomly assigned to students (i.e., Z only causes Y through D). This assumption is
called ignorably random. Fifth, the instrument Z must influence all students the same way. This
assumption is called monotonicity. In the next section of this chapter, the ways that these threats
may introduce bias in the current study are discussed. Steps taken to minimize bias in the
estimates obtained in this study are described.

SUTVA. SUTVA or treatment spillover effects limit the accuracy of the estimated
treatment effect. For example, if students and parents interact with other students during
activities outside of school and encourage their peers to participate in activities provided by the

STEM middle schools (e.g., STEM-related learning websites), estimates of the effect might be
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contaminated. This is possible given the close proximity of the schools and attendance of
families to local events (e.g., church or sports organizations). Parents may have been inclined to
share STEM resources at those events. However, the overall STEM initiative treatment was not
transportable. Therefore, any spillover effects should be minimal.

Ignorably random. This next assumption requires that distance from the nearest STEM
middle school be as good as randomly assigned, or as good as randomly assigned conditional on
a set of covariates. According to Murray (2006), a good test for the validity of the instrument is
to consider reasonable explanations why the IV might be invalid (i.e., correlated with unobserved
variables) and test these explanations. For example, if students’ families differ in income based
on how near or far they live to a STEM middle school, it suggests that this variable must be
included as a control in the analysis. Although I do not have access to students’ free or reduced-
price lunch (FRL) status for this study, | have variables indicating race, SWD, and LEP status,
which may be proxy variables for income. For example, students from low income households
may be more likely to be Black or Hispanic, SWD, or LEP (Desimone, 1999). | examined the
balance on various observed variables (e.g., race, SWD, LEP, Grade 5 test scores) across groups
who lived various distances or travel times from STEM middle schools. Table 8 shows that
students who lived closer to the STEM middle schools (the strongest instrument as described
later in this section) were more likely to be Black, Hispanic, SWD, and less likely to be
academically or intellectually gifted (AIG). These students scored similarly on their average test
scores in Grade 5, which was an average across their mathematics, science, and literacy scores.
This supports that on average, students across various distances were similar on academic

outcomes but differed in demographic characteristics, supporting the importance of including
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these variables as controls in the IV models. This evidence supports that student differences
likely exist in parental income for students who lived near and far to STEM middle schools.
Therefore, | included an indicator for whether or not a student lives in a neighborhood with 50%
or more students who receive FRL. Including this variable coupled with race and other student
characteristics (i.e., LEP, SWD, AIG, test scores) minimized issues related to the ignorably

random assumption.



Table 8.
Descriptive Statistics by Distance
Distance

Student Characteristic 0-10 km 11-20 km 214 km
% Black 28.9 17.8 17.5
% Hispanic 23.1 11.0 12.7
% Students with Disabilities 9.1 5.6 6.5
% Limited English Proficient 10.8 4.1 16.5
% Academically or Intellectually Gifted 24.9 36.0 44.6
Average Grade 5 Test Score 337.4 340.7 340.7

Note: 0-10 km includes 4,647 students; 11-20 km includes 7,738 students; 21+ includes 3,451 students

Exclusion restriction. The next assumption depends on a strong theoretical argument

91

regarding how and why the only relationship that exists between the instrument Z and outcome Y

is through the treatment variable D. In other words, driving distance from a student’s home

address to the nearest specified middle school must affect STEM enrollment, but have no direct

effect on variables included in the error term when estimating outcomes. This assumption can be

supported with: (a) studies indicating that a relationship is not present, and (b) economic theory

if previous studies use the 1V in similar settings (Murray, 2006). Another way to think about this

assumption is that there are no plausible alternative paths between instrument Z and outcome Y.

An alternative path might have been that elementary schools that fed into STEM middle schools

were less desirable than elementary schools that fed into non-STEM schools. This could have

been because students in the neighborhoods where STEM middle schools were located tended to

be lower performing. If this was the case, we might see an effect on student outcomes that has

nothing to do with STEM schools, because students near STEM middle schools differed from

those farther away, in terms of their previous schooling. Appendix B depicts descriptive
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information for the STEM middle schools’ feeder elementary schools in 2014-15 and 2015-16.
In this case, we see that STEM feeder elementary schools tended to have a lower overall
performance composite and included more students who received FRL, more students who were
LEP, fewer students whose parents read to them in Kindergarten, and more teachers with higher
than four-year degrees. These data are evidence that differences existed between STEM and non-
STEM feeder elementary schools. Given that these differences between feeder elementary
schools may have introduced confounding variables in this analysis, | include elementary school
fixed effects to control for these differences.

It is possible that students situated in smaller, more rural communities may have
possessed different non-cognitive skills compared to students who lived in more urban or
suburban areas of the district. For example, rural students may have felt more connected to their
communities and neighbors because their families lived in the same town for generations.
Although I did not have data related to student non-cognitive skills prior to treatment, student
attendance at school has demonstrated strength as a correlate with students’ non-cognitive skills
(Holt & Gershenson, 2015). To address the issue of differing prior student non-cognitive skills in
this study, I included students’ attendance in Grade 5 as a control in my analyses.

Strength. It was hypothesized that the presence of a nearby STEM middle school has a
strong effect on students’ STEM middle school enrollment due to WCPSS’s base school
assignment policy. The descriptive statistics for the instruments are depicted in Table 9. The
strongest correlation was observed between driving distance in Grade 5 and STEM middle
school attendance (r = -.24). Unfortunately, the F-statistics for the first-stage regression were

very low after including clustered standard errors to account for the clustering of students within
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the 33 middle schools. Additionally, including cohort or year fixed effects, which controlled for
changes over time at middle schools, and elementary school fixed effects, which controlled for
the unobservable time-invariant elementary school characteristics that influenced the likelihood
of STEM attendance, further decreased the F-statistic. F-statistics above 10 are desirable
(Murray, 2006). Unfortunately, the F-statistics on the instruments in this study were below the
threshold of 10. Given the clustering of students within schools, I utilized an F-statistic test that
is robust to clustering called the effective F-Statistic test (Pflueger & Wang, 2014; Olea &
Pflueger, 2013). Table 9 depicts the effective F-statistics. The effective F-statistic extends Stock
and Yogo (2005) post-estimation commands, which are the default commands in Stata, by
testing the null hypothesis that instruments are weak or that the estimator bias is large relative to
a benchmark for models that include clustered variance estimates (Pflueger & Wang, 2014; Olea
& Pflueger, 2013). Unfortunately, the instruments in this study did not meet the threshold for an
acceptable amount of bias for the effective F-statistic test, defined as less than 15% of bias. In
order to make sure that I explored all possibilities, various combinations of instruments, squared
IVs, and different estimators were tested. Unfortunately, these steps did not result in improved F-
statistics. Given the low correlations, low F-statistics, and low coefficients for the first-stage
regression models, the instruments included in this study were weak, calling into question the
extent to which these IVVs minimize bias (Murray, 2006). The low F-statistics and effective F-
statistics provided weak support for the strength of these instruments, which is most likely
attributable to a lack of power in this study. Because this study only includes 33 middle schools,
once students are clustered within those 33 middle schools, the power to make claims drops

substantially. Given these concerns, | utilize a second quasi-experimental methodology called
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inverse propensity weighting as an alternative approach to estimating the effect of STEM middle

schools on student outcomes.
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Table 9
Correlations, Stock and Yogo (2005) F-Statistics, First-Stage R-Squared and Coefficient, and Pflueger and Wang (2014) Effective F-
Statistics for the Instruments

With elementary and year fixed effects and middle school clustered
standard errors

Description of the Instrument

Correlation F-Statistic Partial R-squared  Coefficient EféeCt.'V? F-
tatistic
Grade 5 Driving _24 7.3 02 -008** 75
To Nearest Distance .
. Grade 5 Travel Time -.23 7.1 .02 -.008* 7.3
STEM Middle Grade 3 Drivin
School : g .21 6.7 01 -.004* 6.9
Distance
Grade 3 Travel Time -.20 6.7 .01 -.004* 6.9
Grade 5 Driving 23 4.4 00 004% 4.4
To Nearest Distance .
Grade 5 Travel Time .20 2.6 .00 .000 2.7
Non-STEM Grade 3 Drivin
Middle School : g 22 4.4 00 003* 4.6
Distance
Grade 3 Travel Time .19 1.7 00 .000 1.7

Note: For Stock and Yogo (2005) F-statistic critical value, 10% bias is 16.4, 15% bias is 9.0, 20% bias is 6.7, 25% bias is 5.5.

For Effective F-statistic (Pflueger & Wang, 2014; Olea & Pflueger, 2013), critical value for 5% of worst case bias is 37.4, 10% of worst case bias
is 23.1, 20% of worst case bias is 15.1, 30% of worst case bias is 12.0.

Note: *** p<.001; ** p<.01; * p<.05
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Monotonicity. As outlined by Angrist, Imbens, & Rubin (1996), monotonicity assumes
that as distance changes, it affects all students in the same way. Using 1V, | only estimated the
LATE or the effect of the STEM initiative on students who lived closer to the STEM middle
schools and attended one and those who lived farther and did not attend any. The IV analysis did
not estimate the effect of the STEM initiative on the outcomes for students who did not follow
this logic (i.e., students who lived closer to the STEM middle school and did not attend and
students who lived farther from the STEM middle school and attended anyway).

Models

Given that the support was strongest for distance to the nearest STEM middle school, 1
used this instrument to test the effect of STEM middle schools on students’ academic and non-
academic outcomes. The two-stage least squares (2SLS) model below was fit for the following
outcomes in Grade 8: Mathematics EOG, Language Arts EOG, Science EOG, Unexcused
Absences, Grit, Future Goals and Aspirations, Peer Support, Control and Relevancy of
Coursework, and Civic Engagement. Non-cognitive outcomes reflected student average scores

on the items assigned to the scales. The models were specified as:
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First-Stage Equation
STEM = T, + T2
+ Ty LEP + B3;jMALE + Tty ;SWD + Ts;;AIG + T ;RACE
+ T, ;ATTENDANCE + Tg;MATH + To;;LITERACY + Tt;0;;SCIENCE
+ Ty1;jFRLNODE + Ty i, ELMp xgp + Ty3;;COHORTpixep + 13

Second Stage EquatioE\
Y;; = Boij + B1ij STEM + fy;;LEP + PB3;;MALE + By;jSWD + Bs;;AIG + Be;;RACE

+ By ATTENDANCE + Bg;;MATH + Bo;; LITERACY + PBy0;;SCIENCE

+ B11ijFRLNODE + B12;;ELMpxgp + B13ijCOHORTp1xpp + €;j
Where Z is the instrument (i.e., driving distance from the students’ home to the nearest STEM
middle school in Grade 5); LEP is an indicator for whether or not that student was LEP in Grade
5; SWD is an indicator for whether or not that student was SWD in Grade 5; AIG is an indicator
for whether or not that student was AIG in Grade 5; RACE is a vector of dummy variables for
each race including Black, Hispanic/Latino, and Asian (White as the reference group);
ATTENDANCE reflects students’ unexcused absences in Grade 5; MATH, LITERACY, and
SCIENCE refer to students’ Grade 5 EOG test scores; FRLNODE is an indicator for whether or
not the student lives in a neighborhood with 50% or more students who receive FRL ; ELMFrixep
is a fixed effect for the student’s elementary school, and COHORTrixep is a fixed effect for
cohort, either 2014-15 or 2015-16. This analysis partially answered research questions one and
two regarding the effect of STEM middle schools on cognitive and non-cognitive outcomes.
Originally, I had intended to restrict the sample to subgroups in order to test the effect of the
STEM initiative on students who belong to subgroups using IV. However, given that this would
limit my sample size, resulting in additional loss of power, | was not able to employ IV as an

analytic strategy to answer research questions three or four. The estimates obtained using IV may

include an unacceptable amount of bias, calling into question the stability of these estimates.



98

Therefore, a second quasi-experimental strategy was employed to strengthen the inferences made

within this study

Inverse Propensity Score Weights Analysis

Given the evidence that these instruments were weak and their strength in the context of
this study was questionable, I considered several follow up quasi-experimental methodologies to
more precisely estimate the effectiveness of the STEM initiative. | considered panel models, but
because data on the non-cognitive outcomes were only available of two years in WCPSS, there
were insufficient data available for a panel model. I decided to examine the effect of the STEM
initiative using a quasi-experimental methodology called inverse propensity score weights
(IPW). Propensity scores reflect an individual’s likelihood of receiving treatment based on a set
of observed covariates. The propensity score is defined as:

e; = Pr (Z; = 1|X;)

Where the propensity score (ei) reflects an individual’s probability of receiving treatment (Zi)
conditional on a set of matching covariates (X;). The resulting propensity score is a balancing
score where “conditional on the propensity score, the distribution of measured baseline
covariates is similar between treated and untreated subjects” (Austin, 2011, p. 402). Propensity
scores are generated based on logistic regression model including the matching covariates. Many
types of propensity score analyses are available to researchers. For example, based on the
propensity scores, individuals who received treatment might be matched one-to-one or one-to-
many to individuals in the comparison sample. This type of matching controls for observed
covariates because individuals who received the treatment are matched to individuals in the

comparison sample on the basis of the propensity score. While simple and conceptually
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appealing, this type of matching is generally less efficient than IPW, the approach selected for
this study (Hirano & Imbens, 2001). Whereas matching one-to-one or one-to-many excludes a
significant proportion of the original sample, IPW allows the researcher to retain the majority of
the original sample, which bolsters the generalizability of the results (Curtis, Hammill,
Eisenstein, Kramer, & Anstrom, 2007). IPW has been used in several K-12 studies as a way to
efficiently reduce bias in estimates and estimate program effects (e.g., Arteaga, Humpage,
Reynolds, & Temple, 2014; Weiland & Yoshikawa, 2013). Both of these studies examined the
effect of pre-schools on students’ long term outcomes using IPW.

IPW is a weighted adjustment based on the propensity score similar to sampling weights
(Hirano & Imbens, 2001). Each student receives a weight, causing some observations to count
more than others. The weights in this study were specified as follows based on Leite et al.
(2015):

€;

w; = TL+(1_TL)1—€
l

Where e;j is the propensity score and T; reflects treatment status with one for treated and zero for
comparison. For the treatment group, this equation results in weights with a value of one. For the
comparison group, this equation results in weights (w) equivalent to the individual’s propensity

score divided by one minus the propensity score (e;) as shown below.

ei

Treated w = 1, Comparison w = ——

This adjustment results in higher weights for students with higher propensity scores and lower
weights for students with lower propensity scores. Therefore, comparison students are weighted

towards the students in the treatment group. Utilizing IPW with this study’s sample allowed me
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to estimate the average treatment effect for the treated (ATT), rather than the LATE as was with
IV analysis. The ATT estimates included a larger subset of the population than the LATE. The
ATT evaluates the effect of the treatment on the subpopulation that is likely to take up the
treatment (i.e., those who ultimately received the treatment; Hirano & Imbens, 2001). By
estimating the ATT, | was able to estimate the effectiveness of the STEM initiative as a school
reform strategy.
Matching Covariates

The first assumption in using propensity score analysis is that the treatment assignment
depends only on the observed covariates (Curtis et al., 2007). This is also known as the “no
unmeasured confounders assumption” or the assumption that all variables that affect the
treatment assignment and the outcome have been measured (Austin, 2011). This assumption is
difficult to meet. It is important that a researcher carefully considers all variables that most likely
confound comparisons between treated and control students and attempt to observe all of those
variables (Hirano & Imbens, 2001). This assumption implies that “the best matches are units that
differ only in their treatment status, but otherwise are identical” (Hirano & Imbens, 2001, p.
262). Therefore, propensity score analyses are limited by the strength of the matching covariates.

In this study, I used matching covariates at the student level, as well as matching
covariates at the elementary and middle school levels. These school level covariates assigned
students propensity scores based on characteristics of their elementary schools, as well was pre-
treatment characteristics of the middle schools. It was important to include school-level variables
at the elementary level because students who attended STEM middle schools often attended

lower-performing elementary schools with higher percentages of students who received FRL.
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Including these elementary school covariates in the propensity model minimized bias in the
estimates that may have been attributable to differences in the students’ elementary schools.
Furthermore, it was essential that pre-treatment middle school variables were included in the
propensity model because the middle schools that implemented the STEM initiative tended to be
similarly lower-performing schools with higher percentages of students who received FRL.
Including pre-treatment middle school characteristics minimized bias in the estimates that may
have been attributable to pre-treatment characteristics in the middle schools. The first year that
the STEM initiative was implemented was either 2011-12 or 2012-13 depending on the school.
Therefore, pre-treatment school level variables were included from the 2010-11 school year with
three exceptions. Three comparison schools, one middle school and two elementary schools,
opened after 2010-11. Therefore, I included matching covariates from the first year that these
schools were opened (i.e., 2011-12 for one elementary school and 2012-13 for one elementary
school and one middle school). This study included the following rich set of matching covariates
including:
Student Level:

e Grade 5 EOG Mathematics, Literacy, and Science Scores,

e Grade 5 unexcused absences,

e Ethnicity,

e Students with disabilities status (SWD),

e Limited English Proficiency status (LEP),

e Gender,

e Academically and intellectually gifted status (AIG),
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Indicator for whether students live in a neighborhood with 50% or more Free or Reduced

Price Lunch (FRL)*

Elementary School Characteristics:

Pre-treatment Middle School Characteristics:

% students proficient in mathematics,
% students proficient in reading,

% FRL,

% Black,

% Hispanic students,

School size,

% students proficient in mathematics,
% students proficient in reading,

% FRL,

% Black,

% Hispanic students, and

School size.

It is possible that important pre-treatment variables were missing from this list. For example, |

was not able to match students based on their pre-existing non-cognitive outcomes because the

first implementation of the district’s student engagement survey was in 2013-14, after the

students in this sample entered middle school. However, with my rich set of covariates, |

1 The correlation between FRL status and this indicator variable was 0.65.
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included covariates addressing academic achievement, school attendance, students’ family
income, ethnicity, gender, SWD status, AlG status, and LEP status prior to attending middle
school. These pre-treatment variables are associated with treatment assignment in that lower
performing students were more likely to attend STEM middle schools because those schools
were selected as a reform strategy and tended to be located near lower performing elementary
schools.

Common Support

Another main concern when utilizing propensity scores is ensuring that there is sufficient
overlap between the treatment and comparison groups (Hirano & Imbens, 2001). The most
straightforward way to evaluate common support is to generate a visual depicting the density
distribution of the propensity scores for the treated and comparison groups (Caliendo &
Kopeinig, 2008).

After including these variables in a logistic regression model to generate propensity
scores, overlap in those scores was examined. This is important because students with extremely
high or low propensity scores may drastically affect the results. Therefore, the min of the max
and max of the min rule was applied to increase the overlap between the treatment and
comparison groups. This process, also known as trimming, excluded: (a) students in the
treatment group who had propensity scores above the maximum propensity score value for the
comparison group; and (b) students in the comparison group who had propensity scores below
the minimum propensity score value for the treated sample. Table 10 depicts the propensity score
descriptive statistics before and after trimming for both samples. For the test score/attendance

sample, trimming resulted in the exclusion of 7,781 comparison students with propensity scores
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below .04 and 52 students who attended STEM middle schools with propensity scores above .85.
This resulted in an IPW test score/attendance sample of 5,593 comparison students and 1,414
students who attended STEM middle schools. For the survey sample, trimming resulted in the
exclusion of 4,649 comparison students with propensity scores below .01 and 71 treatment
students with propensity scores above .88. This resulted in an IPW survey sample of 3,408

comparison students and 720 STEM middle school students.

Table 10
Propensity Score Descriptive Statistics Before and After Trimming
Sample Group Before Tri_mming After Trimming
Mean Min. Max. SD | Mean Min. Max. SD
Test Treatment .36 04 .93 28 | .35 04 .85 .26

Score/Attendance Comparison .07 00 .85 12 | .16 04 .83 14
Treatment .46 .01 .99 29 | .41 01 .88 .26
Comparison .05 00 .88 A1 ] .12 01 .88 14

Survey

Figures 6 and 7 depict the overlap in propensity scores for both samples before students
were excluded using the min of the max and the max of the min rule; whereas, These figures
depict that overlap was acceptable for comparison and STEM middle school students because at
least some comparison students were available for all STEM middle school students in this

restricted sample.
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Propensity Score

[ | Comparison Students [ STEM Students

Figure 6. Test Score/Attendance Sample Overlap in Propensity Scores Before Trimming (i.e.,
Grade 8 Cognitive Outcomes and Attendance)
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Figure 7. Survey Sample Overlap in Propensity Scores Before Trimming (i.e., Non-Cognitive
Outcomes as Measured by the District’s Student Engagement Survey)

This evidence of overlap, coupled with using a strong set of matching covariates, supports that
similar comparison students were available for the STEM middle school students in this sample
of students, which is promising for this analytic approach.

Balance. In addition to critically assessing the quality of the matching covariates and
overlap in propensity scores, it is also important to assess the balance on the matching covariates
between the comparison students before and after applying IPW (Curtis et al., 2007). Applying
IPW should drastically decrease the differences in observed covariates for the treatment and
comparison students, as well as standardized bias estimates. Standardized bias estimates are

appealing for several reasons including the fact that they: (a) take into account the covariate
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variances, (b) are not influenced by sample size, and (c) allow for comparison of relative balance
of variables measured in different units (Austin, 2011). A standardized bias estimate less than
10% is generally accepted as negligible difference between groups (Austin, 2011). Tables 11 and
12 depict the means, differences and standardized bias estimates for the survey and test
score/attendance samples before and after IPW and trimming were applied. The weighting
brought the means much closer together and drastically reduced the standardized bias estimates.
Despite this, the standardized bias estimates were above 10% for some variables, suggesting that
comparison and treatment students may still have differed on these characteristics even after
applying IPW. However, the unstandardized mean difference between the groups on these
covariates was very small, and the standardized bias estimates above 10% might reflect that the
standard deviations for most of these variables were small (i.e., below .20). The exception to this
is elementary school size, which had a large standard deviation (SD = 158.5), but this variable’s
standard bias estimate was also equivalent to the threshold of 10%, supporting that differences
between the comparison and STEM middle school students were likely negligible after applying

IPW



Table 11

Test Score/Attendance Sample Balance Before and After Applying IPW

Students with Grade 8 Test
Score/Attendance Outcomes

Students with Grade 8 Test
Score/Attendance Outcomes

(unweighted) (weighted)
Type of Non- Non-

Characteristic Covariate STEM STEM Difference  Bias STEM  STEM Difference Bias
EOG Reading Grade 5 403.3 404.4 -1.1 -2.2 402.8 403.4 -0.6 -1.2

EOG Math Grade 5 406.9 408.3 -1.4 -2.8 406.4 407.2 -0.8 -1.7

EOG Science Grade 5 206.0 206.8 -0.8 -1.7 205.5 206.1 -0.6 -1.3

Unexcused abs. Grade 5 3.1 2.8 0.3 10.8 3.1 3.2 -0.1 -1.5

Male 0.52 0.49 0.0 5.4 0.51 0.52 0.0 -2.5

Black 0.26 0.19 0.1 17.1 0.26 0.24 0.0 3.1

Hispanic 0.23 0.13 0.1 26.1 0.24 0.26 0.0 -5.5

Student Multi 0.04 0.04 0.0 0.6 0.04 0.04 0.0 1.6
Asian 0.03 0.08 -0.1 -19.9 0.03 0.03 0.0 2.8

American Indian 0.01 0.00 0.0 3.2 0.00 0.00 0.0 2.0

SWD Grade 5 0.05 0.04 0.0 7.3 0.05 0.06 0.0 -3.1

LEP Grade 5 0.07 0.04 0.0 11.5 0.07 0.08 0.0 -4.6

AIG Grade 5 0.24 0.34 -0.1 -21.2 0.24 0.22 0.0 3.7

Live in neighborhood with 042 (.24 0.2 38.0 042 043 0.0 2.4

>49% FRL
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Table 11 Continued

Students with Grade 8 Test Students with Grade 8 Test
Score/Attendance Outcomes Score/Attendance Outcomes
Type of (unweighted) (weighted)
Characteristic Covariate STEM SNF(I)EnI\-/I Difference  Bias STEM S’;I'(I)Enl\-/l Difference  Bias
% Proficient Math 85.2 86.8 -1.6 -23.1 85.2 85.6 -0.4 -4.9
% Proficient Reading 74.4 779 -3.5 -37.5 74.3 747 -0.4 -6.9
Elementary Percent FRL 041  0.32 0.1 57.2 041 041 0.0 0.4
School
Characteristics  School Size 668.6 7435  -749  -50.3 666.6 6524  14.2 9.8
% Black 0.28 0.21 0.1 41.2 0.28 0.27 0.0 6.3
% Hispanic 0.19 0.15 0.0 56.0 0.19 0.19 0.0 5.9
% Proficient Math 79.8 84.6 -4.8 -52.0 79.8 79.3 0.5 3.0
% Proficient Reading 70.7 77.4 -6.7 -14.7 70.6 70.4 0.2 4.8
Middle School Percent FRL 0.43 0.30 0.1 100.5 0.43 0.44 0.0 -12.0
Pretreatment . 8783 07 1968  -1052 8875 8719 156 8.2
School Size 10
% Black 0.31 0.24 0.1 69.6 0.31 0.31 0.0 -0.7
% Hispanic 0.18 0.12 0.1 120.9 0.18 0.17 0.0 14.1
Mean |bias| 36.8 4.4
13,37
N 1,466 4 1,414 5,593

Note: 107 students are missing attendance and/or cognitive outcome data



Table 12

Survey Sample Balance Before and After Applying IPW

Students with Grade 8 Survey

Students with Grade 8 Survey Outcomes
Outcomes (unweighted) (weighted)
Type of Non- Non-

Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference Bias
EOG Reading Grade 5 417.2 4101 7.1 14.2 416.1 4155 0.6 1.9
EOG Math Grade 5 420.4 413.7 6.7 144 419.6 418.7 0.9 2.0
EOG Science Grade 5 2194 2123 7.1 15.0 218.4 217.4 1.0 2.1
Unexcused abs. Grade 5 2.9 2.6 0.3 8.3 2.9 3.0 -0.1 -2.9
Male 0.49 0.45 0.0 6.5 0.48 0.50 0.0 -4.3
Black 0.22 0.16 0.1 13.6 0.20 0.21 0.0 -0.8
Hispanic 0.21 0.13 0.1 21.7 0.22 0.24 0.0 -4.2
Student Multi 0.06 0.04 0.0 6.4 0.05 0.05 0.0 1.9
Asian 0.04 0.08 0.0 -14.6 0.04 0.04 0.0 2.9
American Indian 0.00 0.00 0.0 1.4 0.00 0.00 0.0 1.1
SWD Grade 5 0.06 0.04 0.0 10.6 0.06 0.05 0.0 1.9
LEP Grade 5 0.05 0.04 0.0 6.1 0.05 0.07 0.0 -6.9
AIG Grade 5 0.29 0.35 -0.1 -12.5 0.29 0.28 0.0 3.3
Live in neighborhood 037 022 0.2 345 036 036 0.0 -0.5

with >49% FRL
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Students with Grade 8 Survey

Students with Grade 8 Survey Outcomes
Outcomes (unweighted) (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM  Difference Bias
% Proficient Math 86.4 87.1 -0.7 -9.9 86.9 86.4 0.5 7.3
% Proficient Reading 76.0 78.1 -2.1 -23.7 76.5 76.0 0.5 6.0
Elementary o o) 039 032 0.1 4538 038  0.39 0.0 -5.0
SChOOl 0 - . . . . . . . .
Characteristics  School Size 681.7 748.8 -67.1 -46.0 680.2 678.2 2.0 1.4
% Black 0.25 0.21 0.0 329 0.24 0.25 0.0 -4.1
% Hispanic 0.18 0.15 0.0 46.1 0.18 0.18 0.0 8.3
% Proficient Math 81.5 84.5 -3.0 -33.5 81.5 80.9 0.6 5.4
% Proficient Reading 72.9 77.2 -4.3 -47.2 73.3 724 0.9 9.6
. 0.40 0.30 0.1 75.2 0.39 0.42 0.0 -22.0
Middle School ~ 7 FRL
Pretreatment School Size 893.0 1069.1 -176.1 -95.4 908.6 902.4 6.2 3.5
% Black 0.29 0.24 0.1 47.8 0.28 0.29 0.0 -6.5
% Hispanic 0.17 0.13 0.0 104.4 0.17 0.16 0.0 3.1
Mean |bias| 30.3 4.6
N 791 8,057 720 3,408

Note: 6,099 students are missing complete non-cognitive survey outcome data.
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In order to estimate the effect of the STEM initiative on students’ cognitive and non-
cognitive outcomes, a series of regression models including the IPW, elementary school fixed
effects, and clustered standard errors for the students’ middle schools were fit. Obtaining
acceptable overlap and balance required the exclusion of some students for the IPW analysis.
Excluding these students resulted in some schools with very small cluster sizes, which limited
the applicability of hierarchical liner modeling. The overall model was specified for the
following outcomes: Mathematics EOG, Language Arts EOG, Science EOG, Unexcused
Absences, Grit, Future Goals and Aspirations, Peer Support, Control and Relevancy of
Coursework, and Civic Engagement such that:

OUTCOME;; = Booj + Bo1;STEM + Boi;VARIABLES + B12;;COHORTrxpp + €
Where STEM indicated that the student attended a STEM initiative middle school; VARIABLES
is the vector of covariates used to generate the propensity scores; and COHORTrixep is a fixed
effect for cohort, either 2014-15 or 2015-16. These models were weighted for w, indicating
students’ IPW.

In order to answer the third research question, which pertained to the effect of the STEM
initiative on student subgroups, IPWs were generated for students who belonged to each of the
following subgroups: female, male, Black, White, Hispanic, Asian, Multi-racial, SWD, LEP,
AIG, and those who live in a neighborhood with 50% or more students who receive FRL. Tables
depicting balance for each subgroup are included in Appendix H. Including IPW substantially
reduced mean standardized bias estimates in all cases; however, in some cases, sample sizes
were insufficient for analyses. Student subgroups with fewer than 30 treated students and/or

fewer than 400 total students in the analytic sample were not tested. Given this rule, the effect of
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the STEM initiative was tested for the following subgroups: female, male, Black, White,
Hispanic, AlG, and those who live in a neighborhood with 50% or more FRL. The sample size
for the test score/attendance sample for students who were identified as LEP was sufficient, but
the survey sample was not adequate for analysis. Sample sizes were insufficient for the Asian
and SWD subgroups.

In order to answer the fourth research question, pertaining to the strength of
implementation of the STEM initiative on student outcomes, IPWs were generated for the subset
of students who attended a high or medium implementing school (Middle Schools A, B, or E).
Tables H20 and H21 in Appendix H depict the balance for this analytic sample, which was
utilized to test if students at high or medium implementation of the STEM initiative differed on

the outcomes relative to students who attended comparison schools.
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CHAPTER 5: RESULTS

In this chapter, | present the results of the 1V analysis utilizing the strongest instrument,
driving distance to the nearest STEM middle school in Grade 5, and compare those results to the
IPW analysis. Overall, the results were fairly consistent showing that the STEM initiative had
negative effects on students’ science achievement. The IPW analysis showed that the STEM
initiative decreased the number of students’ unexcused absences, as well as students’ civic
engagement. Next, I present the results showing the effect of the STEM initiative on students
who belonged to various subgroups using IPW analysis. The results of the subgroup analyses
indicated that the STEM initiative:

e Decreased the frequency of unexcused absences for Female, Hispanic, LEP and AIG
students;

e Increased reading achievement for students who were either Hispanic, LEP, or lived in
high poverty neighborhoods (i.e., a neighborhood with 50% or more students who
received FRL),

e Increased grit for Black students; and

e Increased control and relevance of coursework for Hispanic students.

These findings align with this study’s hypotheses. In contrast, the subgroup analysis also
showed that the STEM initiative:

e Decreased science achievement for students who were either Hispanic, LEP, AlIG or lived
in high poverty neighborhoods,

e Decreased civic engagement for White and AlG students,

e Decreased grit for Hispanic students.
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In the next section, I describe this study’s results in detail, first focusing on the effect on
students overall using IV and IPW analyses and then on student subgroups using IPW analysis.
When effects are statistically significant, I also report effect sizes based on Cohen’s d (Cohen,
1988), which is an effect size based on descriptive statistics for the treated and comparison
students. According to Lipsey et al. (2012), effect sizes as large as .30 are rarely observed in
educational settings. In Lipsey’s review of 374 educational studies, the median effect size was
.17 and the mean effect size was .25. Therefore, for the purpose of this study, effect sizes above
.20 are considered large; between .10 and .19 are considered medium, and below .09 are

considered small.

IV Results

The results of the IV analysis for the test score and attendance outcomes are depicted in
Table 13. The IV sample of students who had test scores and attendance data available and were
not missing information on covariates included 1,449 STEM middle school students and 13,286
comparison students. Table 13 shows that the STEM initiative had a statistically significant
negative effect on Grade 8 science EOG scores (p <.05). Students who received the STEM
initiative scored 4.4 points lower on the Grade 8 science EOG than comparison students with a
large effect size of -.36.

Table 14 depicts the IV results testing the effect of the STEM initiative on students’
survey outcomes. The IV sample of students who had survey data available and were not missing
information on covariates included 780 STEM middle school students and 8,002 comparison
students. Table 14 shows that the STEM initiative did not have a statistically significant effect on

students’ non-cognitive outcomes as measured by the survey.



Table 13

Test Score and Attendance Outcomes, 1V Regression Results

Variable Math EOG Reading EOG Science EOG Unexcused Abs.
STEM Middle School -2.345 -1.667 -4.366* -0.435
(2.022) (1.688) (2.142) (2.237)
LEP 0.026 -0.729** -0.434* -0.624**
(0.282) (0.279) (0.197) (0.232)
Male -0.391*** -2.202%** 0.641*** -0.196*
(0.110) (0.121) (0.082) (0.092)
SWD -0.889*** -1.532*** 0.301 0.444
(0.240) (0.286) (0.244) (0.353)
AlIG 2.414%** 1.326*** 0.840*** 0.038
(0.159) (0.171) (0.127) (0.161)
American Indian -1.121 -0.428 -1.223 0.226
(0.614) (0.763) (0.798) (1.333)
Asian 2.273*** 0.852** 1.284*** -2.323***
(0.220) (0.270) (0.261) (0.189)
Black -1.204*** -0.576** -0.994*** -1.441%**
(0.231) (0.222) (0.217) (0.184)
Multi-racial -0.073 0.286 0.114 -0.469*
(0.184) (0.246) (0.241) (0.230)
Hispanic -0.518** 0.161 0.089 -0.596**
(0.194) (0.167) (0.181) (0.221)
Grade 5 Absences -0.065*** 0.000 -0.054** 0.704***
(0.017) (0.016) (0.018) (0.028)
Grade 5 Reading EOG 0.091*** 0.512*** 0.261*** 0.023
(0.010) (0.010) (0.010) (0.013)
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Variable Math EOG Reading EOG Science EOG Unexcused Abs.

Grade 5 Math EOG 0.604*** 0.153*** 0.175*** -0.071***
(0.010) (0.008) (0.008) (0.009)

Grade 5 Science EOG 0.154*** 0.268*** 0.457*** -0.032**
(0.013) (0.010) (0.013) (0.012)

Live in a neighborhood

with 50% or more FRL -0.522*** -0.417* -0.400** 0.818***
(0.146) (0.164) (0.150) (0.161)

Constant 177.406*** 182.004*** 25.649*** 26.853***
(3.721) (3.540) (3.404) (4.129)

N 14,735 14,735 14,735 14,735

R-squared 0.73 0.64 0.68 0.20

F-statistic (STEM =

distance) 7.1 7.1

* p<0.05, ** p<0.01, *** p<0.001
Note: Model includes cohort and elementary school fixed effects and clustered standard errors based on middle school.



Table 14
Survey Outcomes, IV Regression Results
Variables Grit FGA Peer Support CRCW CE
STEM Middle School -0.210 -0.145 -0.063 0.293 0.413
(0.340) (0.229) (0.319) (0.259) (0.285)
LEP -0.049 0.004 -0.051 0.073* 0.055*
(0.036) (0.026) (0.034) (0.029) (0.025)
Male 0.016 -0.052*** 0.019 -0.037** -0.054***
(0.014) (0.011) (0.015) (0.012) (0.012)
SWD 0.096** -0.031 -0.057 0.082** 0.006
(0.036) (0.028) (0.034) (0.026) (0.035)
AlIG 0.051** -0.012 -0.002 -0.065*** 0.019
(0.019) (0.013) (0.015) (0.016) (0.016)
American Indian -0.035 0.081 0.109 0.061 0.170
(0.114) (0.113) (0.135) (0.076) (0.099)
Asian 0.002 0.078*** 0.018 0.114*** 0.017
(0.031) (0.023) (0.028) (0.023) (0.037)
Black 0.002 0.117*** -0.026 0.036 0.087***
(0.024) (0.020) (0.022) (0.024) (0.022)
Multi-racial -0.006 -0.014 -0.080** -0.039 -0.076**
(0.039) (0.022) (0.026) (0.023) (0.026)
Hispanic 0.043 0.011 0.0180 0.007 -0.043
(0.027) (0.019) (0.022) (0.023) (0.024)
Grade 5 Absences 0.006* -0.003 -0.002 -0.009*** -0.001
(0.003) (0.002) (0.002) (0.001) (0.002)
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Variables Grit FGA Peer Support CRCW CE
Grade 5 Reading EOG  0.0010 0.001 0.000 -0.003*** 0.005***
(0.001) (0.001) (0.001) (0.001) (0.001)
Grade 5 Math EOG -0.002 0.004*** 0.006*** 0.004*** 0.003*
(0.001) (0.001) (0.001) (0.001) (0.001)
Grade 5 Science EOG 0.000 0.000 -0.003 -0.004*** 0.003**
(0.001) (0.001) (0.001) (0.001) (0.001)
Live in a neighborhood
with 50% or more FRL ~ 0.030 -0.024 -0.020 -0.020 -0.081***
(0.026) (0.016) (0.019) (0.019) (0.018)
Constant 3.541*** 2.092%** 1.210* 3.279*** -0.462
(0.404) (0.403) (0.490) (0.400) (0.511)
N 8,782 8,782 8,782 8,782 8,782
R-squared 0.03 0.03 0.03 0.03 0.03
F-statistic (STEM =
distance) 7.4 7.4 7.4 7.4 7.4

* p<0.05, ** p<0.01, *** p<0.001; FGA: Future Goals and Aspirations; CRCW: Control and Relevance of Coursework; CE: Civic

Engagement

Note: Model includes cohort and elementary school fixed effects and clustered standard errors based on middle school.
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IPW Results

Given that the 1V estimates may yield biased coefficients because the instrument was
weak, | next examined the effect of the STEM initiative based on the IPW analysis. Table 15
depicts the IPW results for students with test score and attendance outcomes. This sample
included 1,414 STEM students and 5,593 comparison students. The results are similar to the IV
results in that the STEM initiative had a negative, albeit smaller effect on students’ science EOG
scores (p < .05; d =-.19). STEM students scored 1.0 point lower on the science EOG relative to
comparison students. The IPW results revealed another significant result indicating that STEM
students exhibited 0.3 fewer unexcused absences relative to comparison students (d = -.03). This
effect was not observed in the IV results, but the IPW results likely include less bias than the 1V
results given the strength of the balance on covariates. Table 16 shows the results of the IPW
analysis estimating the effect of the STEM initiative on students’ survey outcomes. This sample
included 720 STEM students and 3,408 comparison students. The results of the IPW analysis
showed the STEM initiative had a statistically significant negative effect on students’ civic
engagement (p < .001). Students who experienced the STEM initiative were 0.04 of a scale point
less likely to report that they were civically engaged (d = -.09). This effect was not observed in
the 1V analysis. Overall, the 1V and IPW results both showed that the STEM initiative had
negative effects on students’ science achievement with large effect sizes. Although the effect
sizes were small, the IPW analysis indicated that the STEM initiative increased students’

attendance at school, but decreased students’ civic engagement.



Table 15

Test Score and Attendance Outcomes, IPW Regression Results

Variables Math EOG Reading EOG Science EOG Unexcused Abs.
STEM Middle School 0.095 0.365 -1.017* -0.301**
(0.679) (0.210) (0.412) (0.080)
LEP 0.081 -1.417* -1.497* -0.877*
(0.742) (0.669) (0.548) (0.347)
Male -0.502** -1.951*** 0.633*** 0.132
(0.166) (0.287) (0.109) (0.248)
SWD -1.117* -1.623* -0.763 -0.156
(0.488) (0.582) (0.727) (0.430)
AlG 3.063*** 1.841** 0.836*** -0.406
(0.199) (0.481) (0.114) (0.196)
American Indian -0.555 1.052 0.404 5.722
(1.085) (1.497) (1.385) (2.965)
Asian 1.351* 1.707%** 1.618* -0.788
(0.529) (0.387) (0.621) (0.478)
Black -1.136* -0.736** -1.490*** -0.910**
(0.402) (0.221) (0.312) (0.298)
Multi-racial -0.782 -0.048 -0.760 0.275
(0.502) (0.366) (0.530) (0.393)
Hispanic -0.644* 0.354 -0.134 -0.275
(0.299) (0.443) (0.298) (0.283)
Grade 5 Absences -0.075** -0.003 -0.055 0.529***
(0.020) (0.019) (0.035) (0.036)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
Grade 5 Reading EOG 0.099*** 0.534*** 0.262*** 0.009
(0.024) (0.015) (0.015) (0.012)
Grade 5 Math EOG 0.579*** 0.136*** 0.156*** -0.035*
(0.023) (0.014) (0.025) (0.015)
Grade 5 Science EOG 0.133*** 0.249*** 0.452*** -0.020
(0.026) (0.021) (0.024) (0.017)
Live in a neighborhood with
50% or more FRL -0.694 -0.387 -0.553 0.767***
(0.342) (0.282) (0.288) (0.193)
% Proficient in Math (ES) -0.019 -0.038 -0.004 0.032
(0.044) (0.042) (0.040) (0.066)
% Proficient in Reading (ES) 0.071 -0.014 -0.001 -0.052
(0.037) (0.044) (0.054) (0.039)
% of Students FRL (ES) 3.801 2.215 1.296 1.071
(2.908) (1.914) (4.040) (1.317)
School Size (ES) -0.001 0.001 -0.002 0.000
(0.001) (0.001) (0.001) (0.001)
% Black (ES) -0.239 -1.616 -1.063 -2.676*
(1.880) (1.542) (2.061) (1.022)
% Hispanic (ES) -6.046 -5.348 -5.986 -1.142
(3.480) (3.435) (6.137) (1.613)
% Proficient Math (MS) 0.178 -0.097 0.090 0.075*
(0.100) (0.057) (0.128) (0.027)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.

% Proficient Reading (MS) -0.324 0.110 -0.184 -0.096*
(0.162) (0.095) (0.218) (0.045)

% of Students FRL (MS) -12.266 6.236 -6.751 -6.931**
(6.594) (4.262) (4.827) (2.035)

School Size (MS) 0.004 0.001 0.002 -0.001
(0.002) (0.001) (0.001) (0.000)

% Black (MS) 1.408 -3.425 -3.550 0.453
(5.143) (3.465) (5.982) (1.867)

% Hispanic (MS) -1.049 -11.505 -4.765 12.971%**
(13.937) (6.415) (10.956) (2.284)

Constant 193.766*** 187.980*** 45.424*** 18.004***
(10.211) (8.450) (9.104) (4.242)

N 7,007 7,007 7,007 7,007

R-squared 0.67 0.63 0.67 0.20

* p<0.05, ** p<0.01, *** p<0.001

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.



Table 16
Survey Outcomes, IPW Regression Results
Variables Grit FGA Peer Support CRCW CE
STEM Middle School -0.023 -0.015 -0.017 0.007 -0.041***
(0.033) (0.025) (0.020) (0.045) (0.005)
LEP 0.034 0.005 -0.029 0.015 0.122*
(0.061) (0.035) (0.136) (0.051) (0.055)
Male 0.007 -0.015 0.085* 0.014 -0.072**
(0.033) (0.025) (0.030) (0.022) (0.021)
SWD 0.083 -0.051 -0.138* 0.013 -0.086
(0.049) (0.033) (0.061) (0.058) (0.060)
AlG 0.072 -0.005 -0.01 -0.100** 0.034
(0.034) (0.026) (0.034) (0.026) (0.055)
American Indian 0.180 -0.044 -0.010 0.134 -0.009
(0.202) (0.267) (0.272) (0.193) (0.300)
Asian -0.095* 0.080 0.033 0.063 -0.033
(0.038) (0.092) (0.077) (0.067) (0.070)
Black -0.043 0.159** 0.008 0.004 0.088
(0.112) (0.045) (0.038) (0.0412) (0.051)
Multi-racial -0.065 -0.028 -0.037 -0.077 -0.189
(0.116) (0.047) (0.062) (0.054) (0.129)
Hispanic -0.059 0.051 0.016 0.062 -0.005
(0.070) (0.030) (0.065) (0.039) (0.042)
Grade 5 Absences 0.006 -0.005 -0.010* -0.009*** -0.005
(0.005) (0.003) (0.004) (0.002) (0.006)
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Variables Grit FGA Peer Support CRCW CE
Grade 5 Reading EOG 0.004* 0.003** 0.005* -0.001 0.002
(0.002) (0.001) (0.002) (0.002) (0.001)
Grade 5 Math EOG -0.004 -0.001 0.003 0.007* 0.002
(0.002) (0.003) (0.003) (0.003) (0.002)
Grade 5 Science EOG 0.000 0.001 -0.006 -0.011*** 0.004
(0.002) (0.002) (0.004) (0.002) (0.003)
Live in a neighborhood with 50% or
more FRL 0.082 -0.090*** -0.054* -0.078* -0.125***
(0.058) (0.022) (0.023) (0.028) (0.022)
% Proficient in Math (ES) -0.012 0.000 -0.004 -0.003 -0.004
(0.006) (0.003) (0.004) (0.006) (0.007)
% Proficient in Reading (ES) 0.007 0.004* 0.000 0.007 0.007
(0.006) (0.002) (0.005) (0.004) (0.004)
% of Students FRL (ES) -0.025 0.034 -0.333 0.069 -0.322
(0.489) (0.223) (0.301) (0.247) (0.273)
School Size (ES) 0.000 0.000 0.000** 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (ES) 0.179 0.122 0.095 0.249 0.219
(0.368) (0.138) (0.334) (0.189) (0.284)
% Hispanic (ES) 0.084 0.058 -0.339 -0.187 0.269
(0.525) (0.168) (0.415) (0.239) (0.352)
% Proficient Math (MS) 0.003 -0.006 -0.017* -0.011 -0.005
(0.010) (0.007) (0.008) (0.011) (0.004)
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Variables Grit FGA Peer Support CRCW CE
% Proficient Reading (MS) -0.002 0.001 0.025 0.009 0.006
(0.017) (0.012) (0.014) (0.019) (0.006)
% of Students FRL (MS) -0.119 1.470** 2.369*** 1.461 0.759**
(0.587) (0.496) (0.401) (0.776) (0.266)
School Size (MS) 0.000 0.000** 0.000 0.000* 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (MS) 0.008 -1.357%** -1.191** -1.207* 0.011
(0.651) (0.281) (0.345) (0.519) (0.289)
% Hispanic (MS) 0.171 -1.404* -1.117 -0.299 -1.201*
(0.773) (0.552) (0.685) (0.908) (0.450)
Constant 3.695** 2.685** 0.669 1.931* 0.508
(1.070) (0.740) (0.860) (0.742) (0.852)
N 4,128 4,128 4,128 4,128 4,128
R-squared 0.17 0.05 0.04 0.09 0.08

* p<0.05, ** p<0.01, *** p<0.001; FGA: Future Goals and Aspirations; CRCW: Control and Relevance of Coursework; CE: Civic

Engagement

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Subgroup analysis. Next, | examined the effect of the STEM initiative on students who
belonged to subgroups. Subgroup analytic sample sizes were sufficient for the following
subgroups: female, male, Black, White, Hispanic, AlG, and students who lived in high poverty
neighborhoods. The analytic sample size for LEP students was only adequate for the test score
and attendance group.

Gender. The effect of the STEM initiative on female students is depicted in Tables 17
and 18; whereas, the effect for male students is depicted in Tables 19 and 20. Female students
who attended a STEM middle school demonstrated significantly lower science EOG scores than
female comparison students (p < .05). Female students at STEM schools scored 1.0 point lower
on the science EOG relative to comparison female students (d = -.18). Similar to female students,
male students who attended STEM middle schools demonstrated significantly lower science
EOG scores than male comparison students (p <.05; d = -.20).

Females at STEM initiative middle schools exhibited 0.6 fewer unexcused absences than
female comparison students, which was statistically significant at p <.001 with a small effect
size of -.01; whereas, this effect was not observed for male students. Table 17 shows that female
students were 0.1 of a scale point less likely to report that they were civically engaged (p < .001;
d =-.06). Similar to female students, male students were .04 of a scale point less likely to report
that they were civically engaged (p < .01; d = -.07). Otherwise, female and male students at
STEM schools were statistically similar to comparison students in their grit, future goals and

aspirations, peer support, and control and relevance of coursework. Altogether, this evidence
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suggests that the STEM initiative had differential effects on female students in that female

students attended school more often at STEM schools, but the effect size was small.



Table 17

Female Subgroup Test Score and Attendance Outcomes, IPW Regression Results

Variables Math EOG Reading EOG Science EOG Unexcused Abs.
STEM Middle School 0.412 0.451 -0.988* -0.543***
(0.548) (0.313) (0.408) (0.096)
LEP 0.022 -1.843* -1.989* -1.06
(0.748) (0.685) (0.783) (0.509)
SWD -2.673** -0.688 -0.312 0.089
(0.822) (1.233) (0.603) (0.566)
AIG 3.009*** 1.550** 1.073** -0.252
(0.457) (0.420) (0.361) (0.333)
American Indian -0.984 0.292 0.464 6.708
(1.983) (2.024) (2.064) (3.899)
Asian 0.201 1.338 0.868 -0.724
(0.689) (0.722) (0.476) (0.450)
Black -1.333* -1.190* -1.236* -0.387
(0.498) (0.432) (0.537) (0.403)
Multi-racial -1.569 0.089 -0.854 0.285
(0.763) (0.439) (0.943) (0.740)
Hispanic -0.564 -0.039 -0.091 -0.233
(0.471) (0.476) (0.552) (0.410)
Grade 5 Absences -0.110*** -0.031 -0.118*** 0.464***
(0.024) (0.040) (0.024) (0.068)
Grade 5 Reading EOG 0.100** 0.504*** 0.277*** -0.004
(0.027) (0.032) (0.022) (0.014)
Grade 5 Math EOG 0.562*** 0.134*** 0.152%** -0.058*
(0.032) (0.026) (0.038) (0.022)
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Table 17 Continued

Variables Math EOG Reading EOG Science EOG Unexcused Abs.
Grade 5 Science EOG 0.131%** 0.262*** 0.386*** 0.002
(0.031) (0.036) (0.037) (0.020)
Live in a neighborhood with 50%
or more FRL -0.737** -0.194 -0.705 1.004**
(0.245) (0.381) (0.365) (0.342)
% Proficient in Math (ES) 0.053 -0.017 0.011 0.150*
(0.052) (0.070) (0.051) (0.067)
% Proficient in Reading (ES) 0.029 0.011 0.035 -0.118**
(0.042) (0.054) (0.039) (0.041)
% of Students FRL (ES) 1.117 1.109 1.336 -0.995
(3.704) (2.543) (4.573) (1.831)
School Size (ES) -0.001 -0.002 -0.003* 0.001
(0.001) (0.001) (0.001) (0.001)
% Black (ES) 1.934 -0.065 -0.324 -1.922
(2.202) (2.064) (2.526) (1.318)
% Hispanic (ES) -4.476 -0.525 -4.695 1.448
(5.324) (1.908) (7.912) (3.166)
% Proficient Math (MS) 0.193* -0.010 0.111 0.096*
(0.088) (0.103) (0.133) (0.046)
% Proficient Reading (MS) -0.364* -0.086 -0.221 -0.103
(0.133) (0.162) (0.226) (0.080)
% of Students FRL (MS) -11.418 0.869 -5.481 -2.440
(6.193) (7.567) (5.475) (2.096)
School Size (MS) 0.004* 0.001 0.002 -0.001*

(0.002) (0.001) (0.002) (0.000)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
% Black (MS) 0.409 -4.400 -4.123 -3.399

(4.725) (5.424) (6.140) (1.963)
% Hispanic (MS) -2.283 -18.119* -6.461 8.484*

(12.047) (6.799) (11.162) (3.722)
Constant 198.732*** 204.406*** 48.067** 20.811

(11.886) (13.846) (13.373) (13.607)
N 3,446 3,446 3,446 3,446
R-squared 0.67 0.65 0.67 0.18

* p<0.05, ** p<0.01, *** p<0.001

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Table 18
Female Subgroup Survey Outcomes, IPW Regression Results
Variables Grit FGA Peer Support CRCW CE
STEM Middle School -0.040 -0.002 0.007 -0.009 -0.046**
(0.035) (0.023) (0.014) (0.052) (0.016)
LEP 0.053 0.13 0.116 0.124 0.227
(0.063) (0.100) (0.194) (0.108) (0.140)
SWD 0.034 -0.09 0.020 0.035 -0.151*
(0.128) (0.100) (0.079) (0.128) (0.072)
AlIG 0.089 0.011 -0.097 -0.106* 0.054
(0.105) (0.030) (0.047) (0.041) (0.049)
American Indian 0.308 0.179 -0.149 0.057 -0.186
(0.384) (0.097) (0.086) (0.113) (0.162)
Asian 0.036 -0.001 -0.062 0.005 -0.066
(0.085) (0.079) (0.073) (0.070) (0.081)
Black -0.006 0.151* -0.144** 0.011 0.158**
(0.082) (0.061) (0.047) (0.035) (0.050)
Multi-racial -0.007 -0.057 -0.213 -0.081 -0.150
(0.114) (0.051) (0.107) (0.045) (0.127)
Hispanic 0.009 0.088 -0.051 0.088 0.048
(0.044) (0.057) (0.103) (0.072) (0.068)
Grade 5 Absences 0.002 -0.006 -0.020*** -0.004 -0.001
(0.004) (0.003) (0.005) (0.003) (0.006)
Grade 5 Reading EOG 0.007 0.002 0.005* -0.001 0.003
(0.005) (0.002) (0.002) (0.002) (0.002)
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Variables Grit FGA Peer Support CRCW CE
Grade 5 Math EOG -0.005* -0.001 0.003 0.005* -0.002
(0.002) (0.002) (0.002) (0.002) (0.002)
Grade 5 Science EOG -0.002 -0.002 -0.007 -0.012*** 0.005
(0.004) (0.003) (0.005) (0.002) (0.003)
Live in a neighborhood with
50% or more FRL 0.080 -0.162* -0.111 -0.167* -0.146*
(0.083) (0.060) (0.076) (0.066) (0.056)
% Proficient in Math (ES) -0.007 -0.012* -0.008 -0.014 -0.002
(0.007) (0.005) (0.008) (0.008) (0.008)
% Proficient in Reading (ES) 0.003 0.016* 0.000 0.013* 0.008
(0.005) (0.006) (0.007) (0.005) (0.005)
% of Students FRL (ES) 0.272 0.039 -0.604* -0.257 -0.142
(0.378) (0.338) (0.259) (0.230) (0.099)
School Size (ES) 0.000 0.000 0.000* 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (ES) -0.072 0.415 0.515 0.356 0.354
(0.322) (0.250) (0.257) (0.195) (0.225)
% Hispanic (ES) -0.467 0.435 -0.316 0.559 0.136
(0.416) (0.305) (0.519) (0.284) (0.384)
% Proficient Math (MS) -0.006 0.003 -0.017* -0.014 -0.001
(0.013) (0.007) (0.007) (0.013) (0.006)
% Proficient Reading (MS)  0.019 -0.014 0.022 0.015 0.001
(0.022) (0.014) (0.014) (0.024) (0.011)
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Variables Grit FGA Peer Support CRCW CE
% of Students FRL (MS) 0.122 0.922 2.918*** 2.232* 0.223
(0.579) (0.516) (0.419) (0.971) (0.381)
School Size (MS) 0.000 0.000* 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (MS) 0.449 -1.217* -1.636*** -1.496* 0.214
(0.726) (0.435) (0.350) (0.635) (0.379)
% Hispanic (MS) 1.631 -2.079** -1.237 -1.261 -0.909
(1.023) (0.632) (0.901) (1.020) (0.675)
Constant 2.090 4.156** 1.161 2.496 0.768
(1.580) (1.225) (0.893) (1.411) (1.215)
N 2,362 2,362 2,362 2,362 2,362
R-squared 0.14 0.06 0.09 0.13 0.10

* p<0.05, ** p<0.01, *** p<0.001; FGA: Future Goals and Aspirations; CRCW: Control and Relevance of Coursework; CE: Civic

Engagement

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Table 19
Male Subgroup Test Score and Attendance Outcomes, IPW Regression Results
Variables Math EOG Reading EOG Science EOG Unexcused Abs.
STEM Middle School -0.233 0.386 -1.024* -0.054
(0.762) (0.325) (0.376) (0.129)
LEP 0.083 -1.308 -1.160* -0.577
(0.928) (0.690) (0.501) (0.440)
SWD -0.413 -1.968** -0.93 -0.449
(0.431) (0.669) (0.824) (0.501)
AlIG 3.171*** 2.010* 0.559 -0.574
(0.195) (0.768) (0.462) (0.373)
American Indian 0.132 1.234 -0.828 4.293***
(1.565) (1.021) (2.203) (0.722)
Asian 2.383** 1.930*** 2.140* -0.981*
(0.791) (0.389) (0.817) (0.365)
Black -1.037 -0.641 -1.842*** -1.272**
(0.560) (0.401) (0.348) (0.435)
Multi-racial 0.027 -0.289 -0.813 0.310
(0.982) (0.686) (0.594) (0.303)
Hispanic -0.776 0.297 -0.471 -0.283
(0.462) (0.636) (0.492) (0.282)
Grade 5 Absences -0.040 0.014 -0.006 0.586***
(0.028) (0.030) (0.048) (0.044)
Grade 5 Reading EOG 0.102*** 0.543*** 0.243*** 0.018
(0.025) (0.018) (0.027) (0.020)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
Grade 5 Math EOG 0.579*** 0.152*** 0.161*** -0.017
(0.032) (0.019) (0.024) (0.022)
Grade 5 Science EOG 0.144%*** 0.241*** 0.516*** -0.030
(0.035) (0.025) (0.022) (0.018)
Live in a neighborhood with
50% or more FRL -0.729 -0.24 -0.399 0.527
(0.501) (0.311) (0.368) (0.332)
% Proficient in Math (ES) -0.069 -0.086 -0.010 -0.068
(0.047) (0.055) (0.047) (0.088)
% Proficient in Reading (ES)  0.109* -0.008 -0.039 0.012
(0.052) (0.052) (0.075) (0.051)
% of Students FRL (ES) 6.392** 1.888 0.394 3.006
(2.155) (3.377) (4.659) (2.417)
School Size (ES) 0.000 0.001 -0.002 -0.001
(0.001) (0.001) (0.001) (0.001)
% Black (ES) -1.514 -1.837 -1.178 -3.458
(2.316) (3.182) (2.480) (1.905)
% Hispanic (ES) -6.689 -9.552 -7.266 -3.179
(3.213) (6.403) (6.088) (2.944)
% Proficient Math (MS) 0.155 -0.170 0.053 0.066
(0.115) (0.087) (0.125) (0.034)
% Proficient Reading (MS) -0.274 0.269 -0.136 -0.119
(0.195) (0.165) (0.213) (0.059)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.

% of Students FRL (MS) -0.953 8.077 -6.653 -11.711**
(8.203) (6.083) (4.500) (3.118)

School Size (MS) 0.004 0.000 0.001 0.000
(0.003) (0.002) (0.001) (0.001)

% Black (MS) 0.675 -1.200 -4.036 3.465
(5.815) (4.438) (5.607) (2.714)

% Hispanic (MS) -3.621 -0.216 -3.199 16.394***
(16.001) (11.441) (10.708) (3.997)

Constant 188.981*** 173.936*** 44.330*** 17.035
(12.887) (8.316) (10.167) (8.781)

N 3,440 3,440 3,440 3,440

R-squared 0.68 0.62 0.67 0.24

* p<0.05, ** p<0.01, *** p<0.001

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.



Table 20
Male Subgroup Survey Outcomes, IPW Regression Results
Variables Grit FGA Peer Support CRCW CE
STEM Middle School -0.013 -0.018 -0.028 0.025 -0.037*
(0.036) (0.026) (0.033) (0.041) (0.014)
LEP 0.034 -0.070 -0.131 -0.043 0.047
(0.096) (0.055) (0.128) (0.058) (0.078)
SWD 0.193* -0.083 -0.260** -0.021 -0.041
(0.076) (0.075) (0.071) (0.040) (0.054)
AlG 0.044 0.001 0.063 -0.088 0.022
(0.100) (0.035) (0.053) (0.047) (0.066)
American Indian 0.104 -0.053 0.198 0.355 0.403
(0.131) (0.475) (0.326) (0.269) (0.402)
Asian -0.210* 0.160 0.12 0.115 -0.001
(0.074) (0.111) (0.133) (0.132) (0.148)
Black -0.051 0.159*** 0.133 0.014 0.011
(0.122) (0.034) (0.065) (0.046) (0.053)
Multi-racial -0.185 0.013 0.171 -0.054 -0.23
(0.107) (0.071) (0.093) (0.087) (0.125)
Hispanic -0.134 -0.004 0.043 0.029 -0.065
(0.112) (0.029) (0.061) (0.037) (0.058)
Grade 5 Absences 0.015 -0.005 -0.003 -0.013*** -0.008
(0.009) (0.005) (0.007) (0.003) (0.007)
Grade 5 Reading EOG 0.004 0.004 0.001 -0.003 0.000
(0.004) (0.002) (0.003) (0.003) (0.001)
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Table 20 Continued

Variables Grit FGA Peer Support CRCW CE
Grade 5 Math EOG -0.003 -0.002 0.004 0.007 0.003
(0.005) (0.004) (0.004) (0.005) (0.004)
Grade 5 Science EOG 0.003 0.003 -0.005 -0.009* 0.005
(0.005) (0.002) (0.003) (0.003) (0.003)
Live in a neighborhood with 50% or
more FRL 0.053 -0.021 -0.003 -0.013 -0.107
(0.058) (0.043) (0.050) (0.020) (0.084)
% Proficient in Math (ES) -0.016 0.010 -0.009 0.002 -0.003
(0.008) (0.007) (0.008) (0.009) (0.010)
% Proficient in Reading (ES) 0.008 -0.008 0.008 0.003 0.002
(0.010) (0.005) (0.009) (0.008) (0.006)
% of Students FRL (ES) -0.517 0.048 -0.254 0.439 -0.568
(0.599) (0.304) (0.494) (0.333) (0.506)
School Size (ES) 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (ES) 0.420 -0.148 -0.061 0.081 0.133
(0.426) (0.179) (0.482) (0.229) (0.464)
% Hispanic (ES) 0.844 -0.347 0.098 -0.815* 0.390
(0.656) (0.267) (0.308) (0.324) (0.635)
% Proficient Math (MS) 0.005 -0.015 -0.018 -0.007 -0.010
(0.008) (0.008) (0.010) (0.010) (0.008)
% Proficient Reading (MS) -0.012 0.017 0.028 0.003 0.015
(0.014) (0.011) (0.017) (0.017) (0.014)
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Table 20 Continued

Variables Grit FGA Peer Support CRCW CE
% of Students FRL (MS) 0.025 1.681** 1.537* 0.365 1.403**
(0.655) (0.432) (0.576) (0.646) (0.404)
School Size (MS) 0.000 0.000** 0.000 0.000* 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (MS) -0.293 -1.243*** -0.632 -0.693 -0.051
(0.713) (0.291) (0.430) (0.524) (0.483)
% Hispanic (MS) -1.019 -0.500 0.025 1.234 -1.550
(0.729) (0.395) (0.875) (0.883) (0.814)
Constant 3.661* 1.837 1.239 2.193* 0.693
(1.296) (0.895) (1.612) (1.042) (1.369)
N 1,752 1,752 1,752 1,752 1,752
R-squared 0.22 0.09 0.06 0.08 0.09

* p<0.05, ** p<0.01, *** p<0.001; FGA: Future Goals and Aspirations; CRCW: Control and Relevance of Coursework; CE: Civic

Engagement

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Race

The effect of the STEM initiative based on students’ race is depicted in Tables 21
through 26. Subgroups with adequate sample sizes included Black, White, and Hispanic students.
The tables show that Hispanic students at STEM schools scored 0.8 of a point higher on the
reading EOG (p < .05; d = .01) and exhibited 0.1 fewer unexcused absences than Hispanic
students at comparison schools (p < .001; d =-.09). In addition, Hispanic students at STEM
schools indicated 0.1 of a scale point more control and relevance of coursework relative to
Hispanic students at comparison schools (p <.001; d = .21).

On the other hand, Hispanic students at STEM schools scored 1.3 points lower on the
science EOG (p <.01; d =-.18) and reported .06 of a scale point less grit (p < .05; d =-.04)
relative to Hispanic students at comparison schools. While the STEM initiative had a negative
effect on Hispanic students’ grit, Black students reported 0.2 of a scale point more grit than
Black students who attended comparison schools (p <.01; d =.20). White students who attended
treated middle schools reported 0.2 of a scale point less civic engagement compared to White
students at comparison schools (p <.001; d = -.12). Otherwise, no differences by race were
observed for students who received the STEM initiative relative to similar students at
comparison schools. Altogether, the large effect sizes suggest that the STEM initiative had a
positive impact on Hispanic students’ control and relevance of coursework and Black students’

grit.
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Table 21
Black Subgroup Test Score and Attendance Outcomes, IPW Regression Results
Variables Math EOG Reading EOG Science EOG Unexcused Abs.
STEM Middle School 0.481 0.620 -0.284 -0.118
(0.793) (0.358) (0.598) (0.351)
LEP -1.880 -0.072 2.924 -0.349
(2.233) (0.915) (1.987) (0.957)
Male -0.393 -2.001*** 0.134 -0.698
(0.256) (0.384) (0.255) (0.381)
SWD -0.548 -2.137 -2.780** -0.642
(0.769) (1.359) (0.748) (0.554)
AlG 3.895*** 2.119* 0.445 -0.291
(0.921) (0.947) (0.892) (0.490)
Grade 5 Absences -0.061 0.021 0.023 0.497***
(0.032) (0.048) (0.025) (0.059)
Grade 5 Reading EOG 0.102* 0.504*** 0.217%** -0.022
(0.038) (0.046) (0.055) (0.025)
Grade 5 Math EOG 0.535*** 0.171%** 0.169* -0.079**
(0.059) (0.031) (0.061) (0.021)
Grade 5 Science EOG 0.124* 0.206*** 0.467*** 0.077
(0.046) (0.024) (0.035) (0.040)
Live in a neighborhood with 50% or more FRL -0.666* -1.110* -0.021 0.947*
(0.282) (0.429) (0.348) (0.329)
% Proficient in Math (ES) -0.043 -0.042 0.022 0.038

(0.068) (0.048) (0.086) (0.025)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
% Proficient in Reading (ES) 0.083 0.017 -0.024 -0.054
(0.058) (0.053) (0.069) (0.032)
% of Students FRL (ES) 1.721 -1.645 -0.803 2.301
(4.078) (4.624) (3.323) (2.152)
School Size (ES) 0.000 -0.001 -0.003 -0.001
(0.001) (0.004) (0.001) (0.001)
% Black(ES) -0.243 0.335 -2.280 -1.912
(2.581) (3.654) (2.628) (1.542)
% Hispanic (ES) 1.288 3.397 -4.163 -7.728
(3.506) (6.467) (3.560) (5.140)
% Proficient Math (MS) 0.142 0.063 0.280* 0.189*
(0.105) (0.117) (0.129) (0.082)
% Proficient Reading (MS) -0.181 -0.182 -0.486* -0.320*
(0.164) (0.203) (0.217) (0.128)
% of Students FRL (MS) -24.755 -2.431 -32.455** -17.867*
(12.399) (8.143) (9.508) (7.474)
School Size (MS) 0.001 0.001 0.003 0.001
(0.002) (0.001) (0.002) (0.001)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
% Black (MS) 11.331 -5.537 6.589 0.766
(6.261) (7.015) (8.146) (4.896)
% Hispanic (MS) 43.253 -13.339 15.929 31.872
(25.954) (21.087) (20.987) (20.015)
Constant 199.552*** 202.590*** 62.194*** 36.935***
(14.899) (12.562) (14.776) (8.536)
N 1,502 1,502 1,502 1,502
R-squared 0.61 0.56 0.61 0.29

* p<0.05, ** p<0.01, *** p<0.001

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Table 22
Black Subgroup Survey Outcomes, IPW Regression Results
Variables Grit FGA Peer Support CRCW CE
STEM Middle School 0.153** 0.022 -0.026 -0.022 -0.003
(0.042) (0.025) (0.040) (0.056) (0.018)
LEP 0.091 0.031 -0.158 -0.111 -0.055
(0.338) (0.124) (0.180) (0.097) (0.066)
Male 0.074 0.008 0.183* 0.036 -0.111*
(0.043) (0.046) (0.074) (0.049) (0.043)
SWD 0.042 -0.199** -0.163 0.071 -0.044
(0.145) (0.067) (0.079) (0.101) (0.096)
AlIG 0.023 -0.022 -0.024 -0.034 0.073
(0.207) (0.065) (0.073) (0.064) (0.051)
Grade 5 Absences 0.007 -0.003 -0.009 -0.008 -0.001
(0.007) (0.006) (0.006) (0.006) (0.005)
Grade 5 Reading EOG 0.007 0.007** -0.001 -0.003 0.007
(0.007) (0.002) (0.010) (0.005) (0.004)
Grade 5 Math EOG -0.007 -0.005 0.005 0.010 -0.001
(0.005) (0.004) (0.006) (0.009) (0.003)
Grade 5 Science EOG -0.002 -0.003 0.001 -0.015* -0.002
(0.005) (0.002) (0.011) (0.005) (0.005)
Live in a neighborhood with 50% or more FRL 0.028 -0.040 -0.033 -0.060 -0.084
(0.079) (0.049) (0.073) (0.042) (0.077)
% Proficient in Math (ES) -0.009 0.018*** -0.003 0.013 0.024*
(0.007) (0.003) (0.015) (0.010) (0.008)
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Variables Grit FGA Peer Support CRCW CE
% Proficient in Reading (ES) 0.002 -0.001 0.001 0.003 -0.018*
(0.009) (0.003) (0.011) (0.005) (0.007)
% of Students FRL (ES) 1.056 0.163 -0.303 0.742 -0.585
(0.551) (0.377) (0.360) (0.376) (0.436)
School Size (ES) 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (ES) -0.829 0.503 0.140 0.002 0.103
(0.543) (0.304) (0.244) (0.206) (0.385)
% Hispanic (ES) -0.633 -0.035 -0.065 -0.696 0.043
(0.874) (0.421) (1.087) (0.755) (0.537)
% Proficient Math (MS) 0.015 0.005 0.012 0.009 -0.003
(0.014) (0.006) (0.013) (0.009) (0.007)
% Proficient Reading (MS) -0.028 -0.008 -0.023 -0.028 0.006
(0.022) (0.009) (0.022) (0.014) (0.013)
% of Students FRL (MS) -1.721 -0.710 1.234 -1.574* 0.314
(0.902) (0.506) (0.719) (0.657) (0.498)
School Size (MS) 0.000 0.000 0.000 0.000* 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
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Variables Grit FGA Peer Support CRCW CE

% Black (MS) 0.710 0.257 -1.318** 0.753 0.942*
(0.441) (0.466) (0.441) (0.661) (0.387)

% Hispanic (MS) -1.722 1.802* -2.102* 0.398 0.692
(1.039) (0.731) (0.972) (1.138) (0.627)

Constant 5.633** 1.880 2.514 2.571 0.215
(1.752) (1.589) (1.947) (1.890) (1.295)

N 945 945 945 945 945

R-squared 0.30 0.10 0.06 0.45 0.13

* p<0.05, ** p<0.01, *** p<0.001; FGA: Future Goals and Aspirations; CRCW: Control and Relevance of Coursework; CE: Civic

Engagement

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Table 23

White Subgroup Test Score and Attendance Outcomes, IPW Regression Results

Variables Math EOG Reading EOG  Science EOG Unexcused Abs.
STEM Middle School 0.126 0.232 -0.969 -0.256
(0.594) (0.204) (0.491) (0.174)
LEP 2.625 2.768* -4.276 -1.109
(1.433) (1.181) (2.722) (1.001)
Male -0.232 -1.595** 1.120** 0.37
(0.345) (0.439) (0.297) (0.205)
SWD -0.059 -1.138 0.449 -0.407
(0.789) (0.651) (0.508) (1.128)
AlG 2.315*** 1.909** 0.729* -0.652
(0.395) (0.569) (0.289) (0.320)
Grade 5 Absences -0.165*** -0.077 -0.048 0.513***
(0.033) (0.060) (0.066) (0.065)
Grade 5 Reading EOG 0.106*** 0.545*** 0.256*** 0.021
(0.022) (0.029) (0.019) (0.021)
Grade 5 Math EOG 0.626*** 0.166*** 0.204*** 0.012
(0.024) (0.036) (0.024) (0.014)
Grade 5 Science EOG 0.146*** 0.224*** 0.424*** -0.065
(0.023) (0.032) (0.023) (0.032)
Live in a neighborhood with 50% or more FRL ~ -0.638 -0.094 -0.632 0.939**
(0.669) (0.828) (0.527) (0.300)
% Proficient in Math (ES) -0.035 -0.074 0.055 -0.079
(0.039) (0.074) (0.088) (0.159)
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Variables Math EOG Reading EOG  Science EOG Unexcused Abs.
% Proficient in Reading (ES) 0.085* 0.039 -0.068 0.020
(0.031) (0.103) (0.107) (0.074)
% of Students FRL (ES) 3.537 -1.996 -0.154 4.809
(3.530) (4.790) (2.835) (4.554)
School Size (ES) 0.000 0.001 -0.002 -0.002
(0.001) (0.002) (0.002) (0.002)
% Black (ES) 0.744 2.741 -0.86 -5.59
(3.875) (3.212) (2.824) (4.457)
% Hispanic (ES) -6.786 -3.734 -6.634 -3.512
(4.286) (5.923) (5.978) (8.100)
% Proficient Math (MS) 0.252* -0.135* 0.005 0.016
(0.113) (0.060) (0.170) (0.061)
% Proficient Reading (MS) -0.469* 0.180 -0.002 -0.011
(0.196) (0.113) (0.296) (0.102)
% of Students FRL (MS) -3.034 11.967 6.836 -7.815
(5.017) (6.314) (6.313) (4.958)
School Size (MS) 0.004* 0.001 0.000 -0.001
(0.002) (0.001) (0.002) (0.001)
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Variables Math EOG Reading EOG  Science EOG Unexcused Abs.
% Black (MS) -9.247 -4.684 -9.722 1.352
(5.054) (4.130) (7.971) (3.711)
% Hispanic (MS) -26.088 -4.680 -6.197 22.924*
(13.858) (8.473) (15.344) (9.839)
Constant 180.693*** 171.441%** 26.183* 6.965
(12.294) (8.804) (11.847) (5.930)
N 3,039 3,039 3,039 3,039
R-squared 0.62 0.56 0.60 0.14

* p<0.05, ** p<0.01, *** p<0.001
Note: Model includes cohort fixed effects and clustered standard errors based on middle school.



Table 24
White Subgroup Survey Outcomes, IPW Regression Results
Variables Grit FGA Peer Support CRCW CE
STEM Middle School -0.114 -0.054 -0.066 -0.033 -0.147***
(0.056) (0.031) (0.044) (0.050) (0.017)
LEP 0.057 -0.117 0.074 -0.013 -0.086
(0.077) (0.074) (0.283) (0.147) (0.126)
Male 0.062 0.003 0.021 0.021 0.019
(0.042) (0.025) (0.053) (0.022) (0.034)
SWD 0.186* -0.122 -0.327 -0.112 -0.115
(0.078) (0.100) (0.223) (0.095) (0.067)
AlIG 0.053 -0.008 0.020 -0.097* -0.056
(0.042) (0.032) (0.038) (0.042) (0.076)
Grade 5 Absences 0.012 -0.014 -0.021* -0.023** -0.020*
(0.007) (0.008) (0.008) (0.006) (0.009)
Grade 5 Reading EOG 0.007 0.002 0.003 -0.003 0.005*
(0.004) (0.003) (0.006) (0.005) (0.002)
Grade 5 Math EOG -0.007 -0.003 0.002 0.008* 0.004
(0.005) (0.004) (0.005) (0.003) (0.003)
Grade 5 Science EOG 0.007 0.002 -0.01 -0.016* 0.004
(0.007) (0.002) (0.005) (0.006) (0.003)
Live in a neighborhood with 50% or more FRL ~ 0.105 -0.009 -0.02 -0.015 -0.120
(0.127) (0.066) (0.054) (0.062) (0.086)
% Proficient in Math (ES) -0.023 -0.007 -0.012 0.000 -0.003
(0.014) (0.008) (0.006) (0.011) (0.009)
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Variables Grit FGA Peer Support CRCW CE
% Proficient in Reading (ES) 0.011 0.002 -0.006 -0.004 0.003
(0.017) (0.005) (0.007) (0.008) (0.007)
% of Students FRL (ES) 0.620 0.513 -0.59 0.152 0.16
(0.693) (0.434) (0.490) (0.374) (0.337)
School Size (ES) 0.000 0.000 0.000* 0.000 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (ES) -0.521 -0.325 -0.387 0.018 -0.334
(0.654) (0.357) (0.572) (0.433) (0.510)
% Hispanic (ES) -0.459 -1.118* -0.842 -1.046* -0.355
(0.971) (0.502) (0.439) (0.387) (0.615)
% Proficient Math (MS) -0.006 -0.008 -0.035* -0.024 -0.014
(0.012) (0.008) (0.014) (0.012) (0.010)
% Proficient Reading (MS) 0.011 0.003 0.066* 0.036 0.027
(0.022) (0.013) (0.024) (0.021) (0.018)
% of Students FRL (MS) 0.749 1.492%*** 3.099*** 2.381** 1.735***
(0.847) (0.372) (0.762) (0.775) (0.388)
School Size (MS) 0.000 0.000** 0.000 0.000 -0.000*
(0.000) (0.000) (0.000) (0.000) (0.000)
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Variables Grit FGA Peer Support CRCW CE

% Black (MS) -0.426 -1.528*** -0.260 -1.401* 0.188
(0.985) (0.257) (0.598) (0.491) (0.429)

% Hispanic (MS) 0.656 -1.878* -0.514 0.427 -2.180
(1.449) (0.7412) (1.605) (1.293) (1.322)

Constant 3.132* 4.393* 1.675 2.475 -2.011
(1.180) (2.013) (1.159) (1.542) (1.216)

N 1,858 1,858 1,858 1,858 1,858

R-squared 0.17 0.09 0.09 0.22 0.14

* p<0.05, ** p<0.01, *** p<0.001; FGA: Future Goals and Aspirations; CRCW: Control and Relevance of Coursework; CE: Civic

Engagement

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Hispanic Subgroup Test Score and Attendance Outcomes, IPW Regression Results
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Variables Math EOG Reading EOG Science EOG  Unexcused Abs.
STEM Middle School 0.302 0.773* -1.283** -0.811***
(0.915) (0.293) (0.359) (0.201)
LEP -0.975 -1.698** -1.499** -1.014**
(0.563) (0.504) (0.500) (0.322)
Male -0.875 -2.105%** 0.508 0.083
(0.601) (0.464) (0.366) (0.683)
SWD -1.133 -0.585 -0.165 0.319
(1.505) (1.216) (1.260) (1.361)
AlG 3.250%*** 1.741 1.626* 0.100
(0.791) (1.296) (0.652) (0.523)
Grade 5 Absences 0.036 0.068 -0.089 0.563***
(0.034) (0.041) (0.057) (0.109)
Grade 5 Reading EOG 0.062 0.492%** 0.282*** 0.046
(0.050) (0.034) (0.050) (0.041)
Grade 5 Math EOG 0.541*** 0.104** 0.096 -0.056*
(0.034) (0.032) (0.048) (0.027)
Grade 5 Science EOG 0.169** 0.319*** 0.467*** -0.043
(0.058) (0.073) (0.044) (0.034)
Live in a neighborhood with 50% or more FRL -0.784 -0.401 -0.794** 0.725
(0.566) (0.453) (0.245) (0.398)
% Proficient in Math (ES) 0.040 -0.097 -0.101 0.071
(0.071) (0.055) (0.068) (0.060)
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Table 25 Continued

Variables Math EOG Reading EOG Science EOG  Unexcused Abs.
% Proficient in Reading (ES) 0.112 0.006 0.037 -0.096
(0.068) (0.055) (0.045) (0.050)
% of Students FRL (ES) 7.014* 6.223 -1.179 -2.385
(3.343) (4.980) (4.441) (3.915)
School Size (ES) 0.000 0.003 0.000 0.003
(0.002) (0.003) (0.001) (0.002)
% Black (ES) 0.806 -4.36 -1.077 -2.665
(2.468) (3.295) (2.280) (3.326)
% Hispanic (ES) -5.36 -8.921 -1.652 3.110
(3.932) (5.471) (6.005) (3.405)
% Proficient Math (ES) 0.299* -0.136* 0.065 0.153
(0.142) (0.051) (0.125) (0.080)
% Proficient Reading (ES) -0.559* 0.220* -0.101 -0.216
(0.235) (0.081) (0.209) (0.136)
% of Students FRL (MS) -29.290* 6.489 -4.931 -7.966
(12.233) (6.260) (4.721) (5.050)
School Size (MS) 0.006 0.002 0.001 0.000

(0.004) (0.001) (0.001) (0.001)
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Variables Math EOG Reading EOG Science EOG  Unexcused Abs.
% Black (MS) 6.977 0.315 1.349 -0.339
(7.391) (4.679) (6.509) (3.950)
% Hispanic (MS) 8.963 -9.318 5.805 2.584
(21.148) (9.342) (9.449) (4.130)
Constant 213.708*** 197.287*** 54.184*** 19.075*
(24.640) (11.820) (13.839) (9.007)
N 1,395 1,395 1,395 1,395
R-squared 0.61 0.59 0.63 0.23

* p<0.05, ** p<0.01, *** p<0.001

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Table 26
Hispanic Subgroup Survey Outcomes, IPW Regression Results
Variables Grit FGA Peer Support CRCW CE
STEM Middle School -0.061* 0.038 -0.018 0.100*** 0.050
(0.023) (0.035) (0.034) (0.025) (0.029)
LEP -0.068 0.001 -0.213 0.016 -0.039
(0.053) (0.089) (0.112) (0.072) (0.090)
Male 0.037 -0.141* -0.018 -0.112* -0.135*
(0.045) (0.053) (0.037) (0.045) (0.051)
SWD 0.140 -0.006 -0.244 -0.122 -0.040
(0.117) (0.081) (0.211) (0.082) (0.093)
AlG 0.137 -0.140 -0.062 -0.132 -0.066
(0.098) (0.087) (0.112) (0.093) (0.086)
Grade 5 Absences 0.001 0.001 -0.001 0.005 0.008
(0.011) (0.003) (0.009) (0.006) (0.007)
Grade 5 Reading EOG 0.002 0.003 -0.005 -0.003 -0.006
(0.006) (0.005) (0.005) (0.006) (0.005)
Grade 5 Math EOG -0.002 0.004 0.011*** 0.002 0.008
(0.005) (0.003) (0.003) (0.006) (0.004)
Grade 5 Science EOG -0.014** 0.003 -0.011* 0.001 0.000
(0.004) (0.004) (0.005) (0.006) (0.004)
Live in a neighborhood with 50% or more FRL -0.099 -0.149** -0.047 -0.035 -0.065
(0.068) (0.040) (0.090) (0.064) (0.073)
% Proficient in Math (ES) 0.001 -0.014 -0.013 -0.015*** -0.021**
(0.007) (0.009) (0.009) (0.004) (0.005)
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Variables Grit FGA Peer Support CRCW CE
% Proficient in Reading (ES) -0.001 0.009 0.009 0.020** 0.014*
(0.009) (0.008) (0.010) (0.005) (0.006)
% of Students FRL (ES) -0.71 -0.125 -0.656 0.63 -0.585
(0.511) (0.447) (0.497) (0.407) (0.330)
School Size (ES) 0.000 0.000 0.000 0.000 -0.001***
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (ES) 0.702 -0.176 0.296 -0.369 0.121
(0.464) (0.346) (0.414) (0.501) (0.458)
% Hispanic (ES) 0.930* 0.854* 0.894 -0.195 0.500
(0.423) (0.402) (0.614) (0.620) (0.270)
% Proficient Math (MS) -0.006 -0.014 0.008 0.007 -0.009
(0.008) (0.013) (0.010) (0.008) (0.010)
% Proficient Reading (MS) 0.021 0.015 -0.021 -0.020 0.012
(0.014) (0.017) (0.015) (0.012) (0.014)
% of Students FRL (MS) 1.470* 2.622* 1.661** 0.759 1.232
(0.637) (1.207) (0.565) (0.724) (0.774)
School Size (MS) 0.000 0.000 0.000 0.000* 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
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Variables Grit FGA Peer Support CRCW CE

% Black (MS) -0.226 -1.658 -1.754%** -1.150 -0.819
(0.566) (0.976) (0.328) (0.568) (0.566)

% Hispanic (MS) -0.538 -2.895* -3.766** -1.149 -0.906
(1.110) (1.153) (1.316) (0.939) (0.840)

Constant 3.629 0.805 4.180** 3.843 2.787
(2.164) (1.827) (1.347) (2.219) (1.582)

N 653 653 653 653 653

R-squared 0.17 0.10 0.09 0.10 0.09

* p<0.05, ** p<0.01, *** p<0.001; FGA: Future Goals and Aspirations; CRCW: Control and Relevance of Coursework; CE: Civic

Engagement

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Limited English Proficient

The effect on the STEM initiative on LEP students is depicted in Table 27. LEP students
who attended STEM schools scored 1.6 points higher on the reading EOG (p < .001; d = .15) and
exhibited 1.0 fewer absences (p < .01; d =-.23) than LEP students at comparison schools. On the
other hand, LEP students scored 0.7 of a point lower on the science EOG (p <.05; d =-.12).
Unfortunately, the number of LEP students who completed the student survey was not sufficient

for analysis; therefore, non-cognitive outcomes were not tested.
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LEP Subgroup Test Score and Attendance Outcomes, IPW Regression Results
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
STEM Middle School 0.246 1.558*** -0.664* -1.060**
(0.687) (0.312) (0.312) (0.352)
Male -0.983 -2.653** 0.590 0.265
(1.030) (0.807) (0.577) (0.669)
SWD -2.549* -1.426 -1.863 -1.188
(1.110) (1.371) (2.043) (1.395)
AlG 5.139* 2.886 1.681 -3.075*
(1.947) (3.549) (3.481) (1.226)
American Indian -12.358*** -5.153* -5.348* 8.035***
(2.731) (2.158) (2.182) (1.931)
Asian 3.724 1.111 5.355* 0.482
(2.044) (1.920) (2.000) (1.760)
Black -3.108 -2.493 1.954 0.521
(2.153) (1.922) (1.871) (1.175)
Multi-racial -0.512 7.724%** 3.283 -2.973
(2.440) (1.529) (1.994) (1.678)
Hispanic -0.617 -2.614* -1.216 0.758
(1.992) (1.094) (1.250) (1.372)
Grade 5 Absences 0.151 0.167 -0.056 0.410***
(0.115) (0.137) (0.133) (0.073)
Grade 5 Reading EOG 0.134* 0.421*** 0.155 -0.003
(0.059) (0.054) (0.094) (0.058)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
Grade 5 Math EOG 0.544*** 0.224%*** 0.079 0.050
(0.058) (0.049) (0.105) (0.048)
Grade 5 Science EOG 0.095 0.270*** 0.504*** -0.056
(0.052) (0.065) (0.076) (0.064)
Live in a neighborhood with 50%
or more FRL -0.387 -0.013 1.372 0.189
(0.749) (0.977) (0.824) (0.618)
% Proficient in Math (ES) 0.333** -0.197 0.050 -0.046
(0.116) (0.141) (0.178) (0.088)
% Proficient in Reading (ES) -0.195* -0.101 -0.202 0.051
(0.081) (0.113) (0.150) (0.082)
% of Students FRL (ES) 11.548 3.148 -0.804 11.64
(7.993) (10.912) (8.675) (7.033)
School Size (ES) 0.003 0.005 0.000 -0.001
(0.002) (0.004) (0.001) (0.003)
% Black (ES) -4.099 -9.073 -7.594 -8.944
(5.472) (7.026) (6.181) (5.146)
% Hispanic (ES) -14.539 2.716 -8.693 -14.444*
(8.967) (14.645) (12.229) (6.422)
% Proficient Math (MS) -0.083 -0.145 -0.071 0.217
(0.125) (0.112) (0.138) (0.116)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.

% Proficient Reading (MS) 0.207 0.361* 0.079 -0.313
(0.203) (0.175) (0.243) (0.194)

% of Students FRL (MS) -20.996 -7.771 -19.262* -29.579**
(13.071) (15.723) (8.324) (10.032)

School Size (MS) 0.003 -0.006** 0.005*** 0.000
(0.003) (0.002) (0.001) (0.001)

% Black (MS) 12.557 14.512 8.658 13.192
(7.023) (9.527) (9.726) (7.603)

% Hispanic (MS) 22.441 4.314 34.200* 22.005
(21.486) (20.744) (15.019) (10.817)

Constant 166.926*** 199.739*** 08.294*** 4912
(29.651) (19.827) (24.377) (23.230)

N 412 412 412 412

R-squared 0.58 0.54 0.50 0.20

* p<0.05, ** p<0.01, *** p<0.001

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Academically and Intellectually Gifted

The effect on the STEM initiative on AlG students is depicted in Tables 28 and 29. AIG
students who attended STEM middle schools exhibited 0.4 fewer absences than AIG comparison
students (p < .05; d =-.05). However, AIG students at treated schools scored 1.5 points lower of
the science EOG (p < .001; d = -.26) and were 0.1 of a scale point less civically engaged (p <
.001; d = -.23) relative to AIG students at comparison schools. AlG students at STEM initiative
and comparison middle schools were similar in regard to their mathematics and reading EOG

scores and other survey outcomes.
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AIG Subgroup Test Score and Attendance Outcomes, IPW Regression Results
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
STEM Middle School -0.168 -0.017 -1.508*** -0.396*
(0.394) (0.399) (0.324) (0.177)
LEP 5.770%** 0.607 1.658 -0.893
(1.481) (1.520) (1.915) (1.056)
Male 0.224 -1.555* 0.774 0.096
(0.382) (0.625) (0.533) (0.266)
SWD -1.728* -0.396 1.361 -1.546***
(0.809) (1.348) (1.757) (0.287)
American Indian 7.308* 3.376 2.008 -2.085***
(2.642) (2.432) (2.223) (0.439)
Asian 0.342 1.220* -0.641 -0.314
(1.134) (0.455) (0.940) (1.270)
Black -0.766 -1.020 -1.853* -0.840
(0.675) (0.657) (0.781) (0.503)
Multi-racial -0.905 0.164 -0.500 0.464
(0.977) (0.800) (0.653) (0.654)
Hispanic -1.081 -0.740 -0.424 -0.631
(1.088) (0.633) (0.983) (0.473)
Grade 5 Absences -0.105** -0.070 0.016 0.543***
(0.033) (0.054) (0.064) (0.085)
Grade 5 Reading EOG 0.139* 0.416*** 0.250*** -0.011
(0.053) (0.057) (0.033) (0.019)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
Grade 5 Math EOG 0.528*** 0.111*** 0.150*** 0.005
(0.043) (0.021) (0.038) (0.014)
Grade 5 Science EOG 0.135** 0.273*** 0.449*** -0.028
(0.040) (0.036) (0.021) (0.026)
Live in a neighborhood with 50% or
more FRL -1.098 0.139 -0.223 1.168*
(0.939) (0.439) (0.380) (0.470)
% Proficient in Math (ES) -0.044 -0.059 0.141* -0.099
(0.064) (0.065) (0.053) (0.063)
% Proficient in Reading (ES) 0.060 -0.043 -0.168** 0.052
(0.059) (0.059) (0.058) (0.057)
% of Students FRL (ES) 8.885 4.644 -4.623 4.840
(4.658) (5.173) (4.818) (2.874)
School Size (ES) 0.002 0.003* -0.001 -0.003
(0.001) (0.001) (0.001) (0.001)
% Black (ES) 0.288 -3.796 0.291 -4.586
(1.716) (3.469) (3.372) (2.498)
% Hispanic (ES) -17.069* -14.365* -4.725 -3.776
(7.532) (6.738) (8.872) (3.734)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.

% Proficient Math (MS) 0.187 -0.034 0.062 0.097
(0.096) (0.107) (0.129) (0.058)

% Proficient Reading (MS) -0.327 0.070 -0.072 -0.155
(0.164) (0.188) (0.227) (0.096)

% of Students FRL (MS) -5.366 4.640 -4.373 -16.084**
(3.741) (4.593) (5.073) (5.620)

School Size (MS) 0.004** 0.001 0.000 -0.001
(0.001) (0.002) (0.001) (0.001)

% Black (MS) -6.789 -0.228 -1.618 4.161
(3.653) (4.944) (6.081) (4.568)

% Hispanic (MS) -2.906 -2.514 2.571 17.529*
(10.264) (12.120) (13.710) (7.700)

Constant 201.009*** 238.484*** 47.359* 20.677*
(20.223) (22.904) (21.097) (9.107)

N 1,869 1,869 1,869 1,869

R-squared 0.42 0.40 0.46 0.27

* p<0.05, ** p<0.01, *** p<0.001

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Table 29
AIG Subgroup Survey Outcomes, IPW Regression Results
Variables Grit FGA Peer Support CRCW CE
STEM Middle School -0.082 0.004 -0.015 0.019 -0.114%***
(0.091) (0.019) (0.026) (0.024) (0.029)
LEP -0.226* 0.112 -0.339 0.139 -0.058
(0.100) (0.132) (0.193) (0.208) (0.198)
Male -0.003 -0.030 0.134** 0.015 -0.085
(0.048) (0.037) (0.043) (0.040) (0.060)
SWD -0.031 -0.081 -0.021 0.003 0.006
(0.234) (0.145) (0.181) (0.110) (0.065)
American Indian -0.731* 0.710%** 1.234** 0.773*** 0.667***
(0.270) (0.133) (0.332) (0.142) (0.129)
Asian -0.229* 0.204*** 0.202* 0.177** 0.098
(0.105) (0.024) (0.073) (0.054) (0.100)
Black -0.067 0.192* 0.083 0.08 0.153*
(0.173) (0.077) (0.093) (0.094) (0.056)
Multi-racial 0.152 -0.105 -0.184 -0.124 -0.093
(0.115) (0.082) (0.138) (0.066) (0.143)
Hispanic -0.130 0.177 0.107 0.137 0.104
(0.078) (0.091) (0.081) (0.073) (0.086)
Grade 5 Absences 0.012 -0.013 -0.003 -0.017** -0.007
(0.013) (0.009) (0.007) (0.006) (0.008)
Grade 5 Reading EOG -0.003 -0.002 0.010* 0.004 -0.004
(0.004) (0.004) (0.004) (0.002) (0.005)
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Variables Grit FGA Peer Support CRCW CE
Grade 5 Math EOG -0.007 0.009** 0.006 0.017*** 0.009*
(0.006) (0.003) (0.006) (0.003) (0.004)
Grade 5 Science EOG 0.018*** 0.002 -0.001 -0.012** 0.010
(0.004) (0.005) (0.010) (0.003) (0.006)
Live in a neighborhood with
50% or more FRL 0.042 -0.087 -0.044 -0.015 -0.102
(0.131) (0.085) (0.140) (0.080) (0.068)
% Proficient in Math (ES) -0.043* -0.009 -0.008 -0.009 0.001
(0.018) (0.011) (0.012) (0.006) (0.013)
% Proficient in Reading (ES)  0.036** 0.003 0.015 0.016 0.004
(0.012) (0.008) (0.010) (0.009) (0.008)
% of Students FRL (ES) 1.663 0.212 -0.665 0.312 -0.551
(0.810) (0.441) (0.414) (0.612) (0.358)
School Size (ES) 0.000 0.000** 0.000 0.000 0.001**
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (ES) -0.589 -0.291 0.401 0.321 0.228
(0.494) (0.244) (0.389) (0.456) (0.577)
% Hispanic (ES) -1.321 0.035 1.127** -0.306 0.975
(0.984) (0.398) (0.386) (0.606) (0.525)
% Proficient Math (MS) -0.001 -0.007 -0.005 -0.002 -0.017
(0.026) (0.007) (0.011) (0.007) (0.009)
% Proficient Reading (MS) 0.008 0.007 -0.008 -0.009 0.021
(0.049) (0.011) (0.018) (0.013) (0.016)
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Variables Grit FGA Peer Support CRCW CE
% of Students FRL (MS) 0.592 1.832%*** 1.898* 1.216* 1.829*
(1.815) (0.480) (0.747) (0.542) (0.808)
School Size (MS) 0.000 0.000* 0.000* 0.001*** 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (MS) -0.235 -1.379*** -1.996** -1.808*** -0.633
(0.889) (0.264) (0.645) (0.334) (0.400)
% Hispanic (MS) 0.101 -0.273 -2.324* 0.172 -1.133
(2.203) (0.365) (1.084) (0.842) (0.959)
Constant 4.342 0.372 -1.999 -3.202* -2.115
(3.099) (2.058) (1.651) (1.218) (1.751)
N 1,424 1,424 1,424 1,424 1,424
R-squared 0.23 0.13 0.08 0.14 0.11

* p<0.05, ** p<0.01, *** p<0.001; FGA: Future Goals and Aspirations; CRCW: Control and Relevance of Coursework; CE: Civic

Engagement

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Students Who Live in a High Poverty Neighborhood

The effect on the STEM initiative on students who lived in a neighborhood with 50% or
more students who received FRL (i.e., high poverty neighborhood) is depicted in Tables 30 and
31. STEM students who lived in a high poverty neighborhood scored 0.9 points higher on the
reading EOG (p < .01; d =.09) relative to comparison students who lived in high poverty
neighborhoods. At the same time, STEM students who lived in high poverty neighborhoods
scored 1.0 point lower on the science EOG (p < .05; d = -.06). STEM initiative and comparison
students who lived in high poverty neighborhoods were similar in regard to their survey

outcomes.
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Table 30
Students Who Live in a High Poverty Neighborhood Subgroup Test Score and Attendance Outcomes, IPW Regression Results
Variables Math EOG Reading EOG Science EOG Unexcused Abs.
STEM Middle School -0.026 0.879** -0.931* -0.369
(0.758) (0.285) (0.435) (0.206)
LEP -0.395 -1.479* -0.843 -1.081*
(0.758) (0.644) (0.458) (0.423)
Male -0.817* -2.093*** 0.464* -0.01
(0.337) (0.338) (0.200) (0.430)
SWD -0.951 -0.224 -0.438 -0.851
(0.620) (0.967) (0.893) (0.684)
AlG 3.248*** 2.425%** 1.401*** -0.495
(0.426) (0.620) (0.335) (0.533)
American Indian 0.12 -0.571 1.686 9.371
(2.144) (1.657) (1.388) (6.736)
Asian 2.371** 3.411%** 2.978* -1.292
(0.709) (0.828) (1.168) (1.036)
Black -1.256 -1.236 -1.451** -0.94
(0.760) (0.675) (0.481) (0.638)
Multi-racial -0.552 -0.036 -0.616 0.233
(1.145) (1.026) (0.574) (0.531)
Hispanic -0.514 -0.017 -0.500 -0.080
(0.745) (0.790) (0.550) (0.500)
Grade 5 Absences -0.065 0.004 -0.051 0.580***

(0.037) (0.023) (0.040) (0.072)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
Grade 5 Reading EOG 0.087* 0.535*** 0.246*** 0.015
(0.037) (0.034) (0.022) (0.026)
Grade 5 Math EOG 0.535*** 0.130*** 0.137** -0.052*
(0.030) (0.034) (0.043) (0.021)
Grade 5 Science EOG 0.143*** 0.252*** 0.462*** 0.006
(0.037) (0.048) (0.044) (0.027)
% Proficient in Math (ES) -0.020 -0.058 0.020 0.029
(0.057) (0.058) (0.071) (0.035)
% Proficient in Reading (ES) 0.077 0.003 -0.01 -0.064
(0.055) (0.061) (0.069) (0.033)
% of Students FRL (ES) 5.279 1.914 2.276 0.57
(3.279) (3.407) (4.193) (2.118)
School Size (ES) 0.001 0.000 0.000 0.000
(0.001) (0.002) (0.001) (0.001)
% Black (ES) 0.248 -1.256 -2.741 -1.960
(2.635) (2.489) (2.700) (1.417)
% Hispanic (ES) -4.560 -5.949 -7.453 -4.691
(2.753) (5.429) (6.026) (2.967)
% Proficient Math (MS) 0.204 -0.096 0.155 0.089
(0.100) (0.067) (0.119) (0.071)
% Proficient Reading (MS) -0.381* 0.091 -0.317 -0.127
(0.170) (0.112) (0.200) (0.117)
% of Students FRL (MS) -20.913* 5.001 -14.041* -3.942
(8.800) (3.779) (6.031) (4.089)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
School Size (MS) 0.003 0.001 0.003 0.000
(0.003) (0.001) (0.002) (0.001)
% Black (MS) 2.847 -4.084 0.123 -3.918
(4.838) (3.254) (5.744) (3.361)
% Hispanic (MS) 7.734 -11.200 -5.849 10.347*
(15.031) (8.038) (10.385) (4.362)
Constant 213.499*** 191.527*** 58.534*** 21.137**
(13.515) (12.472) (13.521) (6.674)
N 2,536 2,536 2,536 2,536
R-squared 0.58 0.58 0.61 0.26

* p<0.05, ** p<0.01, *** p<0.001

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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Table 31
Students Who Live in a High Poverty Neighborhood Subgroup Survey Outcomes, IPW Regression Results
Variables Grit FGA Peer Support CRCW CE
STEM Middle School 0.030 0.013 -0.015 0.004 -0.011
(0.039) (0.016) (0.022) (0.045) (0.016)
LEP -0.029 0.048 -0.128 0.015 0.067
(0.058) (0.070) (0.128) (0.079) (0.093)
Male 0.030 -0.036 0.102 0.015 -0.163**
(0.049) (0.049) (0.082) (0.027) (0.047)
SWD 0.070 -0.086 -0.367** -0.019 -0.026
(0.137) (0.055) (0.122) (0.093) (0.061)
AlIG 0.129 -0.01 0.017 -0.096 0.095
(0.104) (0.053) (0.122) (0.050) (0.075)
American Indian 0.259 -0.411 -0.468* -0.178 -0.522%**
(0.445) (0.442) (0.223) (0.161) (0.126)
Asian 0.113 0.112 -0.016 0.261* 0.178**
(0.228) (0.059) (0.176) (0.108) (0.062)
Black 0.076 0.155%** -0.086 0.021 0.137**
(0.117) (0.038) (0.091) (0.044) (0.043)
Multi-racial -0.102 0.000 -0.130 -0.025 -0.197
(0.089) (0.064) (0.089) (0.100) (0.183)
Hispanic 0.001 0.062* -0.037 0.069 0.047
(0.066) (0.029) (0.074) (0.034) (0.072)
Grade 5 Absences -0.001 0.000 -0.006 -0.006 0.000

(0.010) (0.003) (0.006) (0.003) (0.007)
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Variables Grit FGA Peer Support CRCW CE
Grade 5 Reading EOG 0.006 0.008** -0.001 -0.002 0.001
(0.004) (0.002) (0.003) (0.003) (0.002)
Grade 5 Math EOG 0.001 -0.005 0.000 0.004 -0.003
(0.007) (0.004) (0.002) (0.002) (0.002)
Grade 5 Science EOG -0.007 0.000 -0.004 -0.009** 0.004
(0.004) (0.003) (0.002) (0.003) (0.002)
% Proficient in Math (ES) 0.003 0.008* -0.001 0.000 -0.008
(0.004) (0.004) (0.009) (0.004) (0.008)
% Proficient in Reading (ES) 0.003 0.002 0.005 0.009* 0.007
(0.006) (0.004) (0.008) (0.003) (0.005)
% of Students FRL (ES) -0.096 -0.269* -0.621* -0.197 -0.530
(0.364) (0.127) (0.287) (0.284) (0.269)
School Size (ES) 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (ES) 0.246 0.389* 0.537 0.355 0.178
(0.249) (0.160) (0.263) (0.252) (0.176)
% Hispanic (ES) -0.096 0.551* 0.569 0.696 0.919*
(0.460) (0.245) (0.297) (0.368) (0.330)
% Proficient Math (MS) 0.006 0.009 0.007 0.013 0.007
(0.014) (0.007) (0.009) (0.010) (0.004)
% Proficient Reading (MS) -0.002 -0.025* -0.022 -0.032* -0.014
(0.024) (0.011) (0.014) (0.015) (0.007)
% of Students FRL (MS) -1.173 1.050* 0.731 0.062 0.099
(1.120) (0.451) (0.633) (0.873) (0.447)
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Table 31 Continued

Variables Grit FGA Peer Support CRCW CE
School Size (MS) 0.000 0.000*** 0.000** 0.000* 0.000*
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (MS) 1.428 -1.612%** -1.300* -0.715 -0.386
(0.838) (0.350) (0.468) (0.509) (0.362)
% Hispanic (MS) 1.881 -1.801 -0.755 -1.918 0.138
(1.965) (0.945) (0.889) (1.148) (0.695)
Constant 0.233 2.587 4.648** 4.093*** 3.397**
(2.696) (1.509) (1.239) (0.984) (1.175)
N 1,437 1,437 1,437 1,437 1,437
R-squared 0.13 0.09 0.05 0.08 0.08

* p<0.05, ** p<0.01, *** p<0.001; FGA: Future Goals and Aspirations; CRCW: Control and Relevance of Coursework; CE: Civic

Engagement

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.

179



180

Strength of Implementation

Another question in this study related to the effect of stronger implementation of the
STEM initiative on students’ outcomes. Based on qualitative analysis, three schools were
identified as medium or high implementing STEM schools. Students at these schools were
compared to similar students at comparison schools using IPW. Results are depicted in Tables 32
and 33. Students at medium or high implementing STEM schools demonstrated 1.3 fewer
absences (p <.001; d = -.02), scored 0.5 of a point higher on the reading EOG (p < .05; d =.00),
and reported 0.02 of a scale point higher peer support relative to similar students at comparison
schools (p = .05; d =.08). On the other hand, students at medium or high implementing schools
scored 2.1 points lower on the mathematics EOG (p < .001; d = -.28), scored 1.5 points lower on
the science EOG (p <.001; d = -.16), exhibited 0.1 of a scale point less grit (p < .001; d = -.07),
expressed 0.1 of a scale point lower future goals and aspirations (p < .001; d = -.20), reported 0.1
of a scale point lower control and relevance of coursework (p < .001; d = -.25), and indicated 0.1
of a scale point less civic engagement (p <.001; d = -.09) relative to similar students at

comparison schools.
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Table 32
Students at Medium/High Implementation STEM Schools Subgroup Test Score and Attendance Outcomes, IPW Regression Results
Variables Math EOG Reading EOG Science EOG Unexcused Abs.
STEM Middle School -2.111%** 0.465* -1.468*** -1.293***
(0.352) (0.195) (0.177) (0.260)
LEP -1.358 0.163 -2.106*** 0.461
(0.622) (0.748) (0.370) (1.344)
Male -0.440 -2.033** 0.885* 0.513
(0.408) (0.473) (0.286) (0.742)
SWD -0.117 -0.978 -0.301 2.533
(0.537) (1.267) (1.519) (2.935)
AlIG 3.205*** 1.433** 0.941 -0.461
(0.261) (0.433) (0.464) (0.994)
American Indian 1.141 -0.408 -0.160 1.960
(2.806) (2.380) (1.567) (1.592)
Asian 1.185 1.987*** 4.830*** -1.827*
(1.782) (0.337) (0.636) (0.741)
Black -1.541* -1.199* -1.088 -0.790
(0.689) (0.471) (0.703) (0.500)
Multi-racial -1.062 -0.177 -1.166 0.145
(1.056) (0.609) (1.051) (0.846)
Hispanic -0.757 -1.223 0.641 -0.609
(0.622) (0.785) (0.601) (0.446)
Grade 5 Absences -0.064 -0.038 -0.001 0.696***

(0.029) (0.039) (0.080) (0.153)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.
Grade 5 Reading EOG 0.093* 0.552*** 0.223*** 0.025
(0.035) (0.027) (0.029) (0.063)
Grade 5 Math EOG 0.545*** 0.165** 0.215*** 0.085
(0.021) (0.041) (0.032) (0.074)
Grade 5 Science EOG 0.166*** 0.164*** 0.481*** -0.074
(0.022) (0.029) (0.038) (0.049)
Live in a neighborhood with 50% or
more FRL 0.000 -0.214 -0.416 0.240
(0.408) (0.336) (0.251) (0.755)
% Proficient in Math (ES) -0.022 -0.086 0.033 -0.289
(0.039) (0.044) (0.023) (0.281)
% Proficient in Reading (ES) 0.046 -0.017 -0.085 0.045
(0.085) (0.075) (0.040) (0.085)
% of Students FRL (ES) -4.268 -3.083 -5.910 11.147
(3.552) (2.705) (2.959) (6.875)
School Size (ES) 0.000 0.002 0.000 -0.003
(0.001) (0.001) (0.002) (0.003)
% Black (ES) 4.774 0.030 1.081 -11.48
(4.338) (3.472) (1.837) (8.032)
% Hispanic (ES) 0.703 -3.222 -4.523 -14.943
(3.610) (3.058) (5.545) (11.141)
% Proficient Math (MS) 0.135 0.014 -0.025 -0.627**
(0.128) (0.067) (0.081) (0.194)
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Variables Math EOG Reading EOG Science EOG Unexcused Abs.

% Proficient Reading (MS) -0.203 -0.011 0.091 1.121**
(0.238) (0.127) (0.160) (0.359)

% of Students FRL (MS) -1.899 3.263 -2.334 10.754
(5.852) (3.878) (4.386) (7.279)

School Size (MS) -0.001 -0.001 -0.003 -0.001
(0.002) (0.001) (0.001) (0.004)

% Black (MS) -8.587 -7.992** 3.574 27.382%**
(5.549) (2.350) (2.376) (4.051)

% Hispanic (MS) 5.971 36.161*** -11.187 32.162
(10.362) (7.196) (6.098) (17.980)

Constant 202.072*** 186.496*** 27.043 -47.801
(13.201) (13.043) (13.421) (25.573)

N 2,324 2,324 2,324 2,324

R-squared 0.72 0.66 0.71 0.29

* p<0.05, ** p<0.01, *** p<0.001

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.



Table 33
Students at Medium/High STEM Implementation Schools Subgroup Survey Outcomes, IPW Regression Results
Variables Grit FGA Peer Support CRCW CE
STEM Middle School -0.105** -0.103* 0.024* -0.091*** -0.079*
(0.025) (0.043) (0.011) (0.019) (0.025)
LEP 0.331*** -0.332 -0.163 -0.357 -0.501
(0.054) (0.195) (0.156) (0.211) (0.317)
Male 0.058 -0.079 0.047 0.041 0.003
(0.067) (0.073) (0.096) (0.020) (0.100)
SWD 0.100 -0.048 -0.011 -0.016 -0.107
(0.048) (0.112) (0.077) (0.186) (0.108)
AlIG 0.045 -0.017 0.057 -0.130* 0.002
(0.094) (0.063) (0.042) (0.050) (0.031)
American Indian -0.522* 0.419*** 1.053*** 0.645** 0.684***
(0.172) (0.072) (0.108) (0.198) (0.126)
Asian 0.010 -0.041 -0.145 0.161 -0.061
(0.202) (0.116) (0.176) (0.153) (0.073)
Black 0.023 0.131** 0.126 0.010 -0.001
(0.086) (0.038) (0.082) (0.080) (0.063)
Multi-racial 0.089 -0.121 -0.033 -0.082* -0.331**
(0.193) (0.065) (0.122) (0.036) (0.079)
Hispanic 0.094 0.059 0.069 0.082 -0.053
(0.097) (0.104) (0.129) (0.106) (0.075)
Grade 5 Absences 0.030*** -0.005 -0.031 -0.019** -0.014*
(0.005) (0.003) (0.019) (0.005) (0.004)
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Table 33 Continued

Variables Grit FGA Peer Support CRCW CE
Grade 5 Reading EOG 0.002 -0.002 0.001 -0.004 -0.001
(0.006) (0.003) (0.004) (0.004) (0.002)
Grade 5 Math EOG -0.002 0.003 0.000 0.009 0.002
(0.004) (0.004) (0.004) (0.005) (0.005)
Grade 5 Science EOG 0.002 0.002 -0.004 -0.007 -0.001
(0.006) (0.003) (0.004) (0.004) (0.003)
Live in a neighborhood with 50%
or more FRL -0.193* -0.010 0.067 0.082 -0.011
(0.064) (0.032) (0.081) (0.062) (0.072)
% Proficient in Math (ES) -0.021** -0.009 0.011 -0.005 0.011
(0.006) (0.007) (0.011) (0.010) (0.011)
% Proficient in Reading (ES) -0.007 0.013 0.007 0.014 -0.005
(0.010) (0.013) (0.013) (0.011) (0.012)
% of Students FRL (ES) -0.114 0.134 -0.583 -0.176 -0.609*
(0.140) (0.709) (0.400) (0.288) (0.242)
School Size (ES) 0.000 0.000 0.000 -0.001** 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
% Black (ES) -0.642 -0.071 0.565 0.106 0.354
(0.365) (0.242) (0.691) (0.499) (0.338)
% Hispanic (ES) -0.271 -0.538 0.435 0.323 -0.176
(0.637) (0.628) (1.006) (0.497) (0.712)
% Proficient Math (MS) -0.034 0.092 -0.012 0.059* 0.037
(0.033) (0.051) (0.010) (0.026) (0.028)
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Table 33 Continued

Variables Grit FGA Peer Support CRCW CE
% Proficient Reading (MS) 0.078 -0.178 0.013 -0.115* -0.068
(0.062) (0.096) (0.021) (0.048) (0.053)
% of Students F/R Lunch (MS) 0.837 -3.423 1.393* -2.484 -0.638
(1.330) (2.162) (0.529) (1.121) (1.220)
School Size (MS) -0.001* 0.001* 0.000* 0.001** 0.000
(0.000) (0.001) (0.000) (0.000) (0.000)
% Black (MS) 2.100** -2.406* -0.622 -1.960** -0.795
(0.549) (0.884) (0.518) (0.502) (0.456)
% Hispanic (MS) -0.542 8.029* -3.054 6.178** -0.311
(1.710) (2.817) (1.572) (1.528) (1.572)
Constant 2.426 8.176* 1.622 5.549* 4.297
(2.781) (3.545) (1.964) (2.175) (2.283)
N 1,781 1,781 1,781 1,781 1,781
R-squared 0.25 0.14 0.13 0.22 0.13
*p<0.05, ** p<0.01, *** p<0.001; FGA: Future Goals and Aspirations; CRCW: Control and Relevance of Coursework; CE: Civic
Engagement

Note: Model includes cohort fixed effects and clustered standard errors based on middle school.
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CHAPTER 6: DISCUSSION

The results of this study are summarized in Table 34 for the overall sample and
subgroups. The table highlights effects that were statistically significant at p < .05 and whether
or not the direction of those effects supported the hypotheses in this study, indicated with Y for
Yes (bolded) and N for No. The table also depicts effect sizes. These results are first summarized
and then described in detail later in this chapter. The overall analyses shows that the STEM
initiative had a:

e positive effect on students’ attendance as measured by the number of unexcused absences
with a small effect size based on the IPW analysis (d = -.03);

e negative effect on students’ science achievement with a moderate effect size based on the
IPW analysis (d = -.19) and a large effect size based on the IV analysis (d = -.36); and

e negative effect on students’ civic engagement with a small effect size (d = -.09).

The subgroup analyses show that the STEM initiative had a positive effect on students’:

e reading achievement for four of nine subgroups with small effect sizes with one
exception: LEP students demonstrated higher reading achievement with a moderate effect
size (d = .15);

e attendance for students who belonged to five of nine subgroups with small effect sizes
with one exception: LEP students’ exhibited fewer unexcused absences with a large
effect size (d = -.23);

e grit for Black students with a large effect size (d = .20);

e peer support for students who attended medium or high implementing STEM schools

with a small effect size (d = .08); and
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e control and relevance of coursework for Hispanic students with a large effect size (d =
21).

On the other hand, the STEM initiative had a negative effect on students’:

e mathematics achievement for students who attended medium or high implementing
STEM schools with a large effect size (d = -.28);

e science achievement for students who belonged to seven of nine subgroups with effect
sizes ranging from small (d = -.09) for students who lived in high poverty neighborhoods
to large (d = -.26) for AIG students;

e grit for students who were Hispanic or attended a medium or high implementing school
with small effect sizes (d = -.04 and -.07 respectively);

e future goals and aspirations for students who attended medium or high implementing
STEM schools with a large effect size (d = -.20); and

e civic engagement for students who belonged to five of nine subgroups with a moderate
effect size for White students (d = -.12) and a large effect size for AlG students (d = -
.23).

Overall, these results did not provide strong evidence that the STEM initiative as it was
implemented in WCPSS’s middle schools had the intended effects on the outcomes examined in
this study, with the exception of increasing student attendance. Students who attended the STEM
initiative middle schools were less likely to have unexcused absences, but the effect sizes were
mostly small. For the overall analyses, the largest effect sizes indicated that the STEM initiative
resulted in lower science achievement. The subgroup analyses showed that results for students’

grit and control and relevance of coursework were not consistent across the different groups of
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students. More specifically, the initiative had a positive effect on grit for Black students with a
large effect size (d = .20), but negative effect on grit for Hispanic students and students who
attended medium or high implementing STEM schools with small effect sizes (d = -.04 and -.07
respectively). Additionally, the initiative had a positive effect on control and relevance of
coursework for Hispanic students with a large effect size (d = .21), but negative effect on control
and relevance of coursework for students who attended a medium or high implementing STEM
school with a similarly large effect size (d =-.25). This study’s results suggested three major
findings. First, the STEM initiative increased attendance at school, which is a finding that aligns
with this study’s hypothesis. The two main findings that did not align with this study’s
hypotheses were that the STEM initiative decreased science achievement and decreased civic

engagement. In the following section of this chapter, I describe these findings in detail.



Table 34
Summary of Whether Statistically Significant Results Support Hypotheses with Effect Sizes
Overall Subgroup Analysis
Analysis
Outcome v IPW Female Male Black White Hispanic LEP AIG High High
Poverty Implement.
Math EOG N
-.28
Reading EOG Y Y Y Y
.01 15 .09 .00
Science EOG N N N N N N N N N
-36  -.19 -.18 -.20 -.18 -12 -26  -.06 -.16
Unexcused Absences Y Y Y Y Y Y
-.03 -.01 -.09 -23  -.05 -.02
Grit Y N N
.20 -.04 -.07
Future Goals and N
Aspirations -.20
Peer Support Y
.08
Control and Y N
Relevance of 21 -25
Coursework
Civic Engagement N N N N N N
-.09 -.06 -.07 -12 -.23 -.09

Note: Bold Y indicates that the direction of the effect supports the hypotheses outlined in this study. N indicates that the direction of
the effect does not support the hypotheses outlined in this study.
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Increased Attendance

It is promising for the STEM initiative that students who attended STEM middle schools
exhibited fewer unexcused absences relative to comparison students. This effect was observed
for students overall, as well for several student subgroups including students who were female,
Hispanic, LEP, or attended a medium or high implementing STEM school. The effect size was
highest for LEP students (d = .23). Existing research shows that STEM instructional strategies
like PBL, connections with real life applications, and collaborative learning increase students’
engagement with school, which may contribute to increased attendance at school (Bagheri, Ali,
Abdullah, & Daud, 2013; Myers & Fouts, 1992; Oakes, 1990; Tseng et al., 2013). Existing
research shows that instruction grounded in twenty-first century skills (e.g., “the 4Cs”,
collaborative problem solving, digital learning) is linked to increased participation in school,
perspective-taking, and social regulation (Griffin & Care, 2015). Furthermore, exposure to
instruction focused on twenty-first century skills is associated with increases in student
motivation, satisfaction with learning, and confidence in learning (Albanese & Mitchell, 1993;
Hmelo-Silver, 2004; Vernon & Blake, 1993). Therefore, in addition to increased attendance, |
also hypothesized that students at STEM initiative middle schools would indicate higher feelings
of peer support. Although this effect was not observed for students overall, students at the
medium and high implementing STEM schools indicated higher peer support. This supports that
the type of communication and collaboration utilized during PBL supported positive interactions
with others. However, this effect size was small (d =.08). This finding aligns with a previously
conducted NC STEM evaluation, which found that students’ collaboration skills increased as a

result of the STEM initiative (Faber et al., 2015).
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Attendance is a strong correlate with students’ non-cognitive skills (Holt & Gershenson,
2016; Jackson, 2016). However, this study did not find that the STEM initiative had an effect on
students’ non-cognitive outcomes for students overall, which may in part be explained by the
low effect sizes for attendance. However, two positive effects were observed on non-cognitive
outcomes, which supported the STEM initiative. The STEM initiative increased grit for Black
students (d = .20) and increased control and relevance of coursework for Hispanic students (d =
.21). These findings support that the STEM initiative had positive effects for historically
underserved students. Black students at middle schools implementing the STEM initiative
demonstrated higher grit and did not demonstrate significant negative outcomes on other
cognitive or non-cognitive outcomes. This is an interesting finding that warrants further
examination. On the other hand, Hispanic students indicated more control and relevance of
coursework, but demonstrated less grit than comparison Hispanic students. For the most part,
students at the STEM initiative middle schools were similar to students at comparison schools in
regard to grit, future goals and aspirations, peer support, and control and relevance of
coursework. This aligns with the results of the WCPSS STEM evaluation (Jackl & Baenen,
2014) and the NC STEM evaluation (Faber et al., 2015), which both found little to no effect of
the NC STEM initiative on students’ engagement and interest in STEM. These studies and the
current study utilized survey measures which suffer from reference bias. An alternative measure
of non-cognitive outcomes like performance tasks, as recommended by Duckworth and Yeager
(2015), may reveal different effects for the STEM initiative on student’s non-cognitive
outcomes. Performance tasks are situations that have been carefully designed to elicit certain

types of student behaviors (Duckworth & Yeager, 2015). Student behaviors within the context of
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the performance task are observed and scored using objective measures such as the number of
minutes required to complete the task or scores on rubrics. The use of performance tasks for
measuring non-cognitive outcomes in the context of program evaluation is an important area of

future research.

Decreased Science Achievement

The results of this study showed that students who attended STEM middle schools
demonstrated decreased science achievement, which was not an anticipated outcome of this
study. This negative effect persisted at medium or high implementing STEM schools, where a
negative effect was also observed for mathematics achievement. The finding that STEM schools
caused negative academic achievement in the STEM content areas suggests that the STEM
initiative had unintended consequences for students. It is possible that teachers at STEM middle
schools may have emphasized instructional strategies like PBL and collaborative learning at the
cost of providing rigorous STEM content instruction. In other words, the instructional strategies
outlined in the NC STEM initiative may have crowded out rigorous and effective content
instruction. Therefore, the enacted instruction may have lacked an emphasis on foundational
content knowledge, and as a result, students demonstrated gaps in understanding as measured by
a test of content knowledge like the EOG. In a baseline report for the NC STEM initiative
evaluation, teachers expressed concern about the “feasibility of covering their [PBL units] while
simultaneously preparing for the EOG tests” (p. 26, Corn, Faber, Howard, Lauen, & Gaddis,
2012). Previous studies (e.g., Bagheri et al., 2013; Karagalli & Korur, 2014; Tseng et al., 2013)
show that PBL had positive effects on students’ academic outcomes, but the small sample sizes

utilized in these studies make it difficult to generalize these findings to other contexts.
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Furthermore, few existing studies examine the effectiveness of PBL in the middle grades.
Therefore, it is possible that PBL has unintended consequences such as lower achievement in the
middle grades for students’ academic outcomes, particularly in science, if time constraints or
other factors inhibit effective instruction focused on foundational content knowledge.

The state’s science standardized test may not be sensitive to the types of science
knowledge emphasized in the STEM initiative. According to the Department of Public
Instruction’s website, the Grade 8 science EOG is a 75-item multiple choice test that requires
150 minutes. The website states that items are designed to align with the state’s essential science
standards and require students to “not only recall information, but also apply concepts and skills
and make decisions” (DPI, 2017, p. 4). Given the multiple choice format, it is possible that the
test has limited applicability in measuring proficiency in “the 4Cs” and problem solving in the
real world. Although the content knowledge measured on the state test is important, the fact that
the STEM initiative has a negative effect on content knowledge as measured by a multiple
choice test may not be that surprising. If the test included a performance or inquiry task where
students could test multiple hypotheses in real life using virtual or real life simulations, students
may have demonstrated increased science knowledge because the alignment between the test and
the instruction would have been improved. In order to measure the effect of the STEM initiative
more precisely, innovative measures of critical thinking and problem solving in science such as
performance tasks would likely better capture with the types of student knowledge gained in the
STEM initiative schools. This type of applied knowledge would better reflect the actual

knowledge and skills that scientists use on a daily basis in the real world.
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For students overall, the STEM initiative only had a negative effect on science
achievement, not mathematics or reading. However, it is promising for the STEM initiative that
students at medium and high implementing STEM schools demonstrated higher reading
achievement than comparison students. The subgroup analysis revealed that Hispanic and LEP
students at STEM middle schools demonstrated higher reading achievement than comparison
Hispanic and LEP students. Existing studies on the effectiveness of STEM education typically
focus on increasing mathematics achievement (Bicer et al., 2009; Navruz et al., 2014; Young et
al., 2011). Few experimental studies focus on the effect of STEM initiatives on language arts
outcomes. One exception to this is Sahin, Oren, Willson, Hubert, and Capraro (2015). Their
study found no effect of a high school STEM initiative on reading achievement for students
overall, but they did not examine student subgroups. The fact this study found positive effects for
Hispanic and LEP students and students at medium or high implementing schools, suggesting
that the integration across STEM areas in middle school may foster students’ literacy skills,
particularly for those who are more likely to be English language learners. Erdogan and Stuessy
(2015) found that T-STEM had significant effects on Hispanic students’ reading, mathematics,
and science achievement. Bicer et al. (2014) found positive effects for Hispanic students, but
only examined mathematics outcomes. Previous research shows that integration across content
areas provides students with opportunities to connect vocabulary across disciplines and increase
reading achievement (Chu, Tse, & Chow, 2011; Lui, Chen, & Cheng, 2009). This study’s
findings support that the STEM initiative promotes reading achievement for Hispanic and LEP

students. Further exploration of this finding is an interesting area for future work.
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Decreased Civic Engagement

Another surprising finding of this study was that students at the STEM middle schools
demonstrated lower civic engagement than comparison students. Subgroup analyses showed that
the effect sizes for students who belonged to White and AlG subgroups were moderate to large
(d =.12 and .23 respectively). It is interesting that at STEM schools student subgroups who tend
to be high performing also demonstrated lower civic engagement relative to comparison
students. Unfortunately, the STEM initiative was not effective in increasing any subgroups’ civic
engagement, which may suggest that the experiences that students were provided with
community and industry leaders were not effective in encouraging them to feel like their
behaviors made a difference in their community. In addition, three of the six items measuring
civic engagement focused on future voting behavior and caring about politics. The other three
items were written to capture civic engagement more broadly (e.g., “I believe I can make a
difference in my community” or ““I participate in projects in my community”). The way that civic
engagement was defined on the survey used in this study may not align well with the STEM
initiative. The fact that negative effects were observed for students overall and for higher-
achieving subgroups may suggest that social studies and history were not a primary emphasis at
the STEM schools. It is possible that if the measure was better aligned to the brand of civic
engagement emphasized in the STEM initiative, positive effects may have been observed for the
STEM initiative. For example, students at STEM initiative middle schools were exposed to
industry and university connections, which have been linked to expanded knowledge of career
options and how those careers have an impact on society (Cahill & Jackson, 2015). The extent to

which the STEM initiative middle schools contributed to students’ understanding their potential
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to impact society may not have been fully captured in this study due to limitations in
measurement.

Overall, this study’s findings reveal two main needs for the STEM initiative and STEM
education more broadly. First, a need exists to develop clarity around the components of STEM
education and how they are enacted in schools. Second, a need exists to develop tools to support
and monitor the implementation of those components. Before implementation is monitored
effectively, it is critical to clearly articulate the components of the STEM initiative and what it
looks like in the context of middle schools. If the instructional components are not well-defined,
it is difficult to conceptualize and measure programmatic effects. The Middle School STEM
Implementation Rubric (Friday Institute for Educational Innovation, 2013) is a significant first
step in defining the components of the STEM initiative. Further definition of these components
would equip instructional staff in implementing the STEM initiative. For example, providing
integrated STEM curriculum and performance assessments would greatly support teachers in
implementing PBL and understanding what the STEM initiative ought to look like in schools.
Access to common curriculum and assessments would be an excellent first step in standardizing
the treatment and ensuring students at different sites have similar opportunities. Furthermore, this
would greatly decrease the amount of time that teachers spend identifying interdisciplinary
connections across content areas and developing PBL units.

Following the development of clear curriculum, the development of instructional tools
like observational protocols or instructional logs would help support and monitor the
implementation of the STEM initiative in classrooms. After the critical components of the

initiative are defined and supporting curriculum is developed, supporting fidelity of
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implementation is critical to ensure that those components are enacted within the schools
(Fixsen, Blase, Naoom, & Duda, 2015). Because the STEM initiative was implemented across
several school sites, each of which adapted the initiative to their individual context, it was
important to identify the common components and the level at which they were implemented in
this study. Using the components described in the Middle School STEM Implementation Rubric,
| took steps to understand how implementation was contextualized at each school, but it was
difficult to measure the impact of the program across multiple sites because implementation
differed at each school. Future studies should utilize multiple observations across several content
areas to document the extent to which the STEM components (e.g., interdisciplinary learning,
connections with industry, and connections with postsecondary education) are a part of
instruction at each of the STEM initiative schools.

Finally, implementation of the STEM initiative is dependent on cooperation of external
stakeholders with the STEM schools. For example, in order for industry or postsecondary
connections to exist, the school must have a strong partnerships with businesses or universities.
Because the STEM schools were located in different areas of the district, some schools were able
to foster more comprehensive partnerships because a university or STEM business was located
within close proximity. The location of these schools and proximity to universities and STEM
industries further contributed to differences in fidelity of implementation across school sites.
Research supports that more intensive collaborations (e.g., student internships, service learning)
are important for students to benefit from university or industry partnerships (Cahill & Jackson,
2015). Therefore, in order to strengthen the fidelity of implementation, the STEM initiative

schools should focus on building these types of sustained and meaningful collaborations and less
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on perfunctory collaborations like one-time guest speakers. Additionally, when STEM initiative
schools are selected in the future, their proximity or virtual access to collaborative partnerships
should be considered.

Finally, it is important to understand business-as-usual in comparison schools. Because
the STEM initiative did not include clear curriculum, it is possible that the initiative did not
differ substantially from what was happening in comparison schools. Almost 50% of
representatives at comparison schools indicated that they implemented some form of PBL at
their schools. Based on phone conversations with school representatives, the integration tended
to occur between non-STEM subjects (e.g., social studies and English language arts). However,
it is possible that integration with STEM areas occurred at comparison schools. Further
understanding what comparison schools received in regards to science and mathematics
education would support an understanding of whether or not the counterfactual used in this study
was appropriate.

Quasi-experimental methodologies have several limitations. For example even though 1V
controls for unobservable characteristics (e.g., motivation, parental income), models may
increase bias if the instrument is not assigned as random or as good as random based on a set of
covariates. On the other hand, the results of other quasi-experimental methodologies like IPW
are based on observed characteristics and therefore do not account for unobserved variables that
may explain selection into treatment. Utilizing randomized control trials is the most rigorous way
to estimate the effect of a treatment like the STEM initiative since resulting samples should be
balanced on observed and unobserved characteristics. Given the limitations in quasi-

experimental techniques, whenever possible district staff should utilize random assignment to
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test the impact of treatments on students because the resulting estimates will include less bias
than those based on quasi-experimental methodologies or simple regression analyses. Because
random assignment is not always possible, another option is to stagger roll out of a treatment like
the STEM initiative. For example, a few schools could be selected randomly from a list of
eligible schools. After those schools implement the program for a year or two, the impact of the
program could be estimated, provided that selection was random. Utilizing random assignment
or a staggered roll out using random selection would greatly contribute to less biased estimates
of program effects like the STEM initiative and would provide powerful information for program

improvement and development.

Recommendations and Future Work

Overall, these findings suggest that the STEM initiative resulted in increased attendance
at school and increased reading achievement for Hispanic and LEP students. Based on these
findings, a recommendation for future work is to examine why the STEM students demonstrated
increased attendance relative to comparison students. For example, do these students enjoy
school more and/or feel more engaged with their learning? | theorized that the strongest effects
of the STEM initiative would be observed for science and mathematics achievement, which was
not the case in this study. A recommendation for future work is to examine why this occurred.
For example, did teacher overemphasize PBL at the cost of providing rigorous instruction
focused on content? Strong evidence supporting the effect of the STEM initiative on students’
non-cognitive outcomes was not observed in this study, but it is possible that an effect would
have been observed if different tools were utilized to measure these outcomes (e.g., performance

tasks). The development and application of performance assessments measuring students’ non-
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cognitive outcomes is a critical area for future research. Perhaps the most surprising finding of
this study is that the STEM initiative had a negative effect on students’ science achievement and
civic engagement. Therefore, the recommendations based on this study are summarized here:

e Administration at STEM initiative middle schools should encourage rigorous and
effective instruction focused on STEM content. For example, providing teachers with
content-focused professional development, rather than PBL or “the 4Cs” training, might
improve students’ academic achievement in science.

e School staff at STEM initiative schools should consider the types of opportunities that
students are offered to engage with community and how these experiences contribute to
civic engagement.

In addition to these recommendations and areas of future research, it is critical that state
or district leadership identify and clarify the components of the STEM initiative and how these
components are enacted in classrooms through the adoption of middle school STEM curriculum.
Furthermore, state or district leadership should adopt tools to monitor and support the
implementation of the components of the STEM initiative in the classroom (e.g., observation
protocols, instructional logs). The implications of this work suggest that school staff need a range
of supports during the implementation of schoolwide comprehensive reforms like the STEM
initiative. These supports should include comprehensive curriculum and a clear system for
collaborating and sharing lessons learned across sites. School staff also need support in
developing aspects of initiatives that involve external stakeholders. In this study, school staff
needed extra support with developing, maintaining, and growing partnerships with STEM

industries and post-secondary institutions. One way to ensure that these supports are in place is
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to stagger the roll out of the initiative. This allows district and school personnel to focus on
implementation at one school; thereby piloting the program, which would allow for continuous
improvement as the initiative is scaled up to include other schools. Districts considering the
implementation of an initiative like the STEM initiative should carefully consider the systems of
support available to school staff before full implementation at all school sites.
Limitations

This study has several limitations. First, examining implementation was an important part
of this study; however, conducting the interviews with middle schools implementing the STEM
initiative and comparison schools during the 2016-17 school year was a limitation. Memory
issues may have been introduced because school staff had to reflect back on implementation
during the previous year or two. In addition, site coordinators may have provided socially
desirable responses during the interviews and therefore may have overestimated the
implementation of the STEM components. Future studies examining the implementation of the
STEM initiative in classrooms using a tool such as an observational protocol would address this
limitation. Another limitation was that implementation was not consistent across schools.
Increasing the consistency in implementation across sites by sharing PBL units would contribute
to a better understanding of the effect of the initiative on student outcomes.

| acknowledge the limitations in self-report measures in the district’s student engagement
survey; however, | believe that including self-report measures is better than excluding measures
of non-cognitive measures altogether. I took steps to control for prior non-cognitive skills by
controlling for attendance in Grade 5. Next, | excluded students who attended an elementary

school that implemented the STEM initiative. The effects of the STEM initiative for those
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students may differ from students who were only exposed to the initiative in middle school.
Fourth, because the middle schools that implemented the STEM initiative were in part selected
as a school reform strategy, these schools likely differ from other middle schools on unobserved
traits. | took steps in this study to minimize bias associated with pre-existing characteristics of
these middle schools by employing IV and IPW; however, it is possible that the observed effects
were caused by the unobserved traits of these schools, not the STEM initiative. Finally, this
study does not examine the impact of the STEM initiative for SWD, Native American students,
and Asian students, due to inadequate sample sizes. Overall, this study illustrates the importance
of including both cognitive and non-cognitive outcomes in evaluations focused on STEM
initiatives. The evidence supporting the STEM initiative is limited with a surprising negative
effect on science achievement but the middle school STEM initiative increased student

attendance at school, likely promoting student engagement with school.

Conclusion

This study is a contribution to the field of education because it is one of the first quasi-
experimental studies to examine cognitive and non-cognitive outcomes in the context of a middle
school STEM initiative. The finding that the STEM initiative promoted more frequent attendance
at school is a promising one. This finding suggests that students at STEM schools may be more
engaged than students at comparison schools. Existing research supports that instructional
strategies like PBL promote student engagement (Bagheri et al., 2013; Tseng et al., 2013). On
the other hand, the negative effects on academic outcomes are concerning and suggest that
STEM schools need to focus on increasing instructional rigor with a focus on content

knowledge. This finding suggests that existing studies that find a positive effect of STEM on
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student mathematics and reading outcomes may suffer from unmeasured endogeneity (e.g., Bicer
etal., 2014; Young et al., 2011). These studies matched students based on school-level
characteristics, not student-level, which may have contributed to omitted variable bias.
Alternatively, it is possible that the STEM initiative was implemented differently in NC relative
to other states (e.g., Texas) that adopted a similar initiative. Therefore, in-depth comparisons
across states in the ways that STEM initiatives are defined and implemented through common
curriculum and assessments would support stronger implementation of STEM initiative

nationwide and may also increase the effectiveness of the STEM model.
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Appendix A: Non-Cognitive Outcomes and Survey ltems

Table Al.
Non-Cognitive Outcomes and Survey Items

Non-Cognitive Outcome

ltems

Grit
(Duckworth et al., 2007; Duckworth &
Quinn, 2009)

New ideas and projects sometimes
distract me from previous ones.
Setbacks (delays and obstacles) don’t
discourage me. | bounce back from
disappointments faster than most people.
| have been obsessed with a certain idea
or project for a short time but later lost
interest.

| am a hard worker.

| often set a goal but later choose to
pursue (follow) a different one.

I have difficulty maintaining (keeping)
my focus on projects that take more than
a few months to complete.

| finish whatever | begin.

| am diligent (hard working and careful).

Future goals and aspirations
(Appleton et al., 2006)

| plan to continue my education
following high school.

Going to college after high school is
important.

School is important for achieving my
future goals.

My education will create many future
opportunities for me.

| am hopeful about my future.
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Non-Cognitive Outcome

ltems

Peer support
(Appleton et al., 2006)

Other students here like me the way | am.
| enjoy talking to the students here.
Students here respect what | have to say.
| have some friends at school.

Control and relevance of coursework
(Appleton et al., 2006)

The tests in my classes do a good job of
measuring what I’'m able to do.

Most of what is important to know you
learn in-school.

The grades in my classes do a good job
of measuring what I’m able to do.
What I’m learning in my classes will be
important in my future.

After finishing my schoolwork | check it
over to see if it’s correct.

When | do schoolwork | check to see
whether I understand what I’'m doing.
Learning is fun because | get better at
something.

When | do well in-school it’s because I
work hard.

| feel like | have a say about what
happens to me at school.

Civic engagement
(Simmons & Baenen, 2013; Townsend,
2015)

| believe | can make a difference in my
community.

When I’m old enough, I plan to vote in
most elections.

| care a great deal about who is elected to
be our next president.

I pay attention to what’s going on in the
news.

| think politics and government are
boring.

| participate in projects in my
community.




Appendix B: Feeder Elementary Schools Descriptive Characteristics 2014-15

% proficient % read to % teachers
STEM Feeder bgsed on daily by with higher STEM
middle % FRL % LEP d elementary
school elementary school Performa.nce parents in than 4-year
Composite Kindergarten degree
14-15 15-16 | 14-15 15-16 | 14-15 15-16 | 14-15 15-16 | 14-15 15-16
Elementary
School A 63.7 631 | 393 431 | 154 173 | 524 526 | 464 354 No
Elementary
Middle School B 497 458 | 741 716 | 241 228 | 21.7 188 | 500 545 No
School A Elementary
School C 738 734 | 346 287 5.4 3.9 64.0 404 | 447 410 No
Elementary
School D 579 605 | 37.7 39.6 9.3 7.2 308 578 | 39.0 514 No
Elementary
School E 56.1 539 | 545 59.0 | 130 142 | 324 -- 30.8 30.8 No
Elementary
School J 732 708 | 409 419 | 197 249 | 476 50.0 | 433 491 No
Elementary
School K 745 788 | 234 208 | 127 147 | 581 545 | 327 347 No
Middle Elementary
School B School L 729 766 | 454 437 | 153 149 | 525 56.1 | 395 429 No
Elementary
School M 505 572 | 621 637 | 216 188 | 341 30.2 | 519 426 No
Elementary
School N 90.8 90.3 6.3 7.1 8.1 115 | 634 60.7 | 481 481 No

225



% proficient % read to % teachers
STEM Feeder bgsed on daily by with higher STEM
middle % FRL % LEP d elementary
School elementary school Performa.nce parents in than 4-year
Composite Kindergarten degree
14-15 15-16 | 14-15 15-16 | 14-15 15-16 | 14-15 15-16 | 14-15 15-16
Elementary
School T 50.2 529 | 820 805 | 205 17.7 | 33.7 174 | 353 356 No
Elementary
School U 469 404 | 796 154 | 170 175 | 244 154 | 444 340 No
Elementary
School V 67.2 672 | 338 352 5.4 6.4 231 429 | 425 474 No
Middle Elementary
School W 486 499 | 736 773 | 295 290 | 391 510 | 286 29.2 No
School C
Elementary
School X 578 554 | 40.7 446 6.6 8.6 542 769 | 438 452 No
Elementary
School Y 588 603 | 365 414 | 147 145 | 352 50.0 | 50.0 394 No
Elementary
School Z 515 548 | 588 58.1 | 164 158 | 450 359 | 317 286 No
Elementary
School AA 689 705 | 53.8 54.7 | 248 244 | 463 482 | 489 326 No
Elementary
School O 394 427 | 726 789 | 33.0 240 | 388 20.0 | 344 426 No
Elementary
. School P 317 438 | 786 833 | 424 495 | 122 485 | 440 340 Yes
Middle
School D Elementary
School Q 558 513 | 496 549 | 114 157 | 419 66.7 | 409 449 No
Elementary
School R 516 531 | 542 620 | 156 16.8 | 494 417 | 423 340 No
Elementary
School S 61.0 570 | 340 37.2 6.5 7.7 389 785 | 400 29.6 No
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% proficient

% read to

% teachers

STEM Feeder based on daily b with higher STEM
middle % FRL % LEP y oy g elementary
elementary School  Performance parents in than 4-year
School - )
Composite Kindergarten degree
14-15 15-16 | 14-15 15-16 | 14-15 15-16 | 14-15 15-16 | 14-15 15-16
Elementary
School F 856 811 | 146 210 4.2 10.0 | 584 569 | 388 36.2 No
Middle Elementary
School G 516 530 | 751 748 | 30.7 268 | 27.3 25.0 | 366 500 Yes
School E
Elementary
School H 736 757 | 344 383 | 159 178 | 614 -- 419 356 Yes
Elementary
School | 458 441 | 836 756 | 180 175 | 124 540 | 417 30.8 Yes
STEM Middle School Feeder
Elementary Schools 5993 60.1 |50.88 525 |16.93 174 |40.69 442 |41.19 393 4
Non-STEM Middle School
Feeder Elementary Schools 68.84 69.3 |36.30 36.2 |1041 105 |50.76 470 |40.47 405 8

Note: Data based on District 2014-15 and 2015-16 Healthy Schools Planning Database; FRL = free or reduced price lunch; LEP = Limited English
Proficient. Missing data indicated with --.

Note: Performance Composite is a composite score reflecting all students with End-of-Grade test scores, which includes Grades 3-5 in
mathematics, literacy, and science.
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Appendix C: STEM Middle School Education Implementation Interview Protocol

Thank you for meeting with me today. | am studying the impact of STEM middle schools on
students’ cognitive and non-cognitive outcomes. As part of my study, | need to understand which
components of the program your school implemented in order to explain the impacts on student
outcomes. I genuinely value your perspective and the information you provide will be invaluable
to this study. Rest assured, your name and your school name will not be included in my study.
What you say during this interview will be confidential. Please feel free to be completely honest
with me during this interview. If you would like to stop at any time, please just let me know. Is it
alright if | start this recorder now?

[Start recorder.]

This is Beth Adams with the [staff role description] at [name of school] on [today’s date] for the
STEM Middle School Education Implementation Interview.

1. What is your role at this school? What month and year did you begin this role? [Prefer to
interview this STEM coordinator in August 2016. If s/he has not been at the school since
2014-15, I will interview another staff member recommended by the coordinator. If
unable to schedule interview, | will work with the program director at central services to
interview or provide time for a staff member to complete the rubric during a STEM
coordinator’s meeting at central office.]

2. Please only think about 2014-15 and 2015-16 when you answer these questions.
a. What are you doing here that makes this school a STEM school?
b. Do you have experience at other middle schools? If so, where and for how many
years?
c. If you have experience at other middle schools, how is what you do at this school
different from other schools?

3. Please reference the STEM rubric as you answer these questions:
a. Overall, how would you rate your school’s implementation of an integrated STEM
curriculum (e.g., project-based learning, twenty-first century skills)? Why do you say
that?

b. From your perspective, identify your school’s strengths at implementing a STEM
curriculum. From your perspective, in which areas could your school improve?

c. Overall, how would you rate this school’s implementation of on-going community
and industry engagement? Why do you say that?

d. Can you provide examples of ways in which your school enacted “community and
industry engagement?” Where is there room for growth?
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e. Overall, how would you rate your school’s implementation of “Connections with
Postsecondary Education?” Why do you say that?

f. Can you provide examples of ways in which your school made connections with
postsecondary education? Where is there room for growth?

g. Describe the STEM professional development, if any, teachers received during 2014-
15 and 2015-167? Please describe the type, frequency, and duration of the professional
development, as well as what teachers experienced during the professional
development.

h. Thinking about 2015-16 only, please rate your school’s implementation of the
following components. Please describe your rationale for each rating.

Project-based learning with integrated content across STEM subjects.
Connections to effective in- and out-of-school STEM programs.

Integration of technology and virtual learning.

Authentic assessment and exhibition of STEM skills.

Professional development on an integrated STEM curriculum,
community/industry partnerships, and postsecondary education connections.
Outreach, support and focus on underserved, especially females, minorities,
and economically disadvantaged.

A communicated STEM plan across education, communities and businesses.
STEM work-based learning experiences, to increase interest and abilities in
fields requiring STEM skills, for each student and teacher.

Business and community partnerships for mentorship, internship, and other
STEM opportunities that extend beyond the classroom walls.

Alignment of students’ career pathway with postsecondary STEM programs.

i.  Now think about 2014-15. Would you rate the implementation on any of these
components differently then? If so, how was it different?

j- Isthere anything else that you would like to share?

I may have follow up questions in the future as | conduct this study. I may follow up with you
via email, but it will be completely up to you if you respond. Thank you so incredibly much for
your time and for all you do for students.



Morth Carolina Department of Public Instruction’s
NC STEM Attributes

Early

Developing
—

Prepared
®

Model

Integrated Science, Technology, Engineering and Mathematics (STEM)
curriculum, aligned with state, national, international and industry
standards

1) Project-based learning with integrated content across STEM subjects

2) Connections to effective in- and out-of-school STEM programs

3) Integration of technology and virtual learning

4) Authentic assessment and exhibition of STEM skills

5) Professional development on integrated STEM curriculum,
community/industry partnerships and postsecondary education connections

&) Outreach, support and focus on underserved, especially females,
minorities, and economically disadvantaged

On-going community and industry engagement

7) A communicated STEM plan is adopted across education, communities
and businesses

8) STEM work-based learning experiences, to increase interest and abilities
in fields requiring STEM skills, for each student and teacher

9) Business and community partnerships for mentorship, internship and
other STEM oppertunities that extend the classroom walls

Connections with postsecondary education

10) Alignment of student’s career pathway with postsecondary STEM
programs)

11) Credit completion at community colleges, colleges and/or universities®

* Applies only to high schools.

Friday Institute for Educational Innovation (2013). Middle School STEM Implementation Rubric. Raleigh, NC: Author.
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Appendix D: Summary of Qualitative Implementation Interviews at STEM Middle Schools

Component/
Attribute

Middle School A

Middle School B

Middle School C

Middle School D

Middle School E

Component:
Integrated Science,
Technology,
Engineering, and
Mathematics (STEM)
curriculum, aligned
with state, national,
international and
industry standards

Prepared (3)
Strong emphasis on
technology through

Digital Promise, a one-
to-one computing
initiative. Digital
Promise provides

ongoing professional
developing in
technology-use and
challenge-based
learning, which parallels
PBL almost exactly.

CBL occurring monthly

in classrooms.

Model (4)

PBL occurring monthly
or more often in
classrooms.

“We earned the NC
STEM School of
Distinction in
November of 2015,
recognized by the Board
of Education. [For
integration], | would
say we’re between
prepared and model
because there are a lot
of things in our growth
plan that we need to
continue to work on,
that we discovered
through the whole
[application] process.”

Developing (2)
PBL occurring
quarterly. Professional
development focuses on
instructional
technology.

Developing (2)
Higher in 2015-16 than
in 2014-15. Goal was
monthly during 2015-
16. “There really wasn’t
any STEM happening in
the school [in 2014-15].
The principal came in
and saw the STEM
banner, saw that we
were designated as a
STEM school but when
asked around, basically
we’re not a STEM
school.”

Developing (2)
One-to-one laptop
initiative has resulted
in an emphasis on
technology use in the
school. Pockets of
teachers who are using
PBL and the
engineering design
process quarterly. “We
have a lot of teachers
that are like I don’t
know what to do for
STEM. They can’t
make the connection
of like I teach music,
how in the world am |
going to do a STEM
class? I think we’re
developing in we’re
making it more clear
that we’re a STEM
school and what it
means.”
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Component/ Middle School A Middle School B Middle School C Middle School D Middle School

Attribute E

Attribute: Developing (2) Prepared (3) Developing (2) Developing (2) Developing (2)
“[Technology “We’ve had PBL at our | “A lot of our teachersat | Coordinator described | “Math teacher try to

Project-based learning
with integrated content
across STEM subjects

integration] has allowed
us to collaborate a little
more between science,
math, and engineering. |
know last year, they did
a project where
[students] went around
and interviewed
teachers or something
they would like to use in
their classroom. We
were growing plants in
science and in
engineering class, they
worked on making a
watering device for our
plants. Engineering is an
elective [that some
students take].”

school for four years.
We require all of our
teachers to integrate at
least one unit or PBL
lesson or activity. Some
of them do it a lot more
than that. 1 would rate
[School B] as between
developing and prepared
because [teachers] are
only required to
integrate one unit of
study [per month].”

the end of a quarter,
they do a cross-
curricular STEM project
together so that they can
end the year or the
quarter with a project
that they have done
together. With PBL, |
wouldn’t rate it
anywhere near
[technology]. Last year
[2015-16] was really the
first year we did PBL.
That would be
developing. We don’t
have a lot of teachers
who are familiar with it.
I’ve tried not to push it
on everybody.”

as possibly occurring
monthly with pockets of
teachers. “PBL, we’re
pushing for monthly.
We probably had
monthly last year.” She
is helping them see
connections across
curricula, but teachers
tend to have the mindset
that “you’ve got your
curriculum and I’ve got
my curriculum and she’s
got her curriculum. The
biggest challenge is
getting everyone to see
how much it’s so much
more beneficial for the
kids to connect
everything.”

do inter-curricular
activities. We have a
language arts
teacher that
incorporates that as
well. They do some
engineering things
like beginning of the
year projects. When
we start the year off,
everyone did the
marshmallow
challenge. It’s still
developing because
we have a long way
to go before it’s
fully [integrated].
We have some
teachers who are
still afraid of
STEM.”
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Component/ Middle School A | Middle School B | Middle School C | Middle School D Middle School E
Attribute
Attribute: Developing (2) Model (4) Developing (2) Early (1) Prepared (3)
Connections to “We have a magnet “STEM electives were | Stronger out-of-school “We haven’t actually “Last year, we didn’t do
effective in- and out- first period dedicated one of the first connections, less strong got too many direct this [but we did in 14-15].
of-school STEM to challenge-based programs that we in-school connections. experiences for We’re trying to navigate it
programs learning, 45-50 started. We want it be Out-of-school students to engage [in but [we had] STEM
minutes. We have four | an extension of their connections include STEM right now], but Friday. Every teacher
main overarching learning built into the MSEN and Green we’re creating the would have a block of time
ideas: dream, lead, school day to focus on | Team. “Green Team is plans for that to on Fridays where they
learn, innovate. Each | STEM. [Students] sign | environmental. They do happen. We also do teach STEM enrichment.
quarter was dedicated | up for one elective and a collection of clubs during the Like I did wildlife, so it
to one of those big then are enrolled in biodegradables out of school day. This was a wildlife club.
ideas and to be honest, that for the entire the cafeteria. Students [2016-17] is the first Something STEM-related
I’m not sure the school year and then at | collect that then they go | year that a STEM club to give them enrichment
fidelity that everyone the end they have and measure it and will be offered. [l and then it’s kind of
carried it out because solved some STEM create a garden in the think] they could take outside your normal
the time was originally | problem or developed back.” a robotics or lego learning. It’s just picking a
based on teacher- a project. We also robotics elective.” topic that you’re passionate
interest [not student- have a coding club about or interested in,
interest]. We are with Red Hat. We had students get to choose
developing because | about 100 kids the first where they go and then
we don’t really have year.” they learn cool stuff about
that out of school STEM. ... We partnered
connection. We are with the Friday institute to
strong in-school but offer a STEM after-school
working on program for just girls. It
developing out-of- was a six week program
school.” and they lined up
engineering students who
came and worked with our
girls.”
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Component/ Middle School A Middle School B Middle School C Middle School D | Middle School
Attribute E
Attribute: Model (4) Model (4) Prepared (3) Developing (2) Model (4)
Integration of “We’re a one-to-one “We decided to become | Higher in 2015-16 than “Last year, we had “We are BYOD.

technology and virtual
learning

school and every student
has devices. They also
have a 4G connection so
for students who don’t
have an internet
connection at home,
[they can access the
internet]. ... We have a
3D printer. [Engineering
students] work on
maneuvering Sphero
robots. We’re working
really hard to transform
technology use ... to
make products that you
can’t otherwise make
and to step up the way
that we are using
[technology] in the
classroom.”

BYOD. We’re helping
students develop
technology skills and
they have it readily
available to them. |
would say we’re model
because we’ve done a
lot of work around
BYOD.”

in 2014-15. Teachers
received PD from the
STEM coordinator on
technology integration
during 2014-15.

“I would give us
prepared for that one
because we had an
opportunity to start from
the bottom and work our
way up. They want to be
able to use it on a day to
day basis as opposed to
having to share it.
Technology is my
background. I was at
ease with it. We started
with the basics and then
| showed them how they
could implement using
technology in the
classroom. We have
laptop carts, iPads,
Apple TVs.”

[professional
development] come in
twice a month and do

tech PDs with the
teachers. Things like
Cahoot, Google
classroom. We share
everything on Google
Drive. This year [the
principal] required
everyone to have
Google Plus and she
sends all the newsletters
through Google Plus.
We’re BYOD. I want to
say about 75% of
teachers integrate
technology.

We’ve been one-
to-one laptop for
so long. It’s no
question, you have
to use technology.
The PE teachers
have to use it and
in dance and in art
class. | would say
we’ve got a lot for
technology. The
integration of
technology and
the project-based
learning has really
stepped up since
14-15 because of
staff changes.
[The new staff]
came with that
knowledge.”
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Component/ Middle School A Middle School B Middle School C Middle School D Middle School
Attribute E
Attribute: Prepared (3) Model (4) Developing (2) Early (1) Early (1)
Authentic assessment “I’d say we’re prepared. “The audience is the “That is not something “We don’t really have “Not much
and exhibition of We’re stronger in assessment piece. PBL that we’ve tackled yet. much assessment of happening so I'm
STEM skills authentic assessments is supposed to be When [teachers] create STEM skills. We have going to say

and making sure that we
have diverse [ways] for
students to show their
understanding and as a
school understand that it
doesn’t always shave to
be a multiple choice
test. We have a huge
garden ... that was on
display and kids stood
out there and shared
what they had done. |
did a project with an
animal shelter and kids
shared videos and their
models of what they did
to redesign the animal
shelter.”

integral, not really
something that you are
doing in addition to
teaching your
curriculum. ... The
assessment has to be
there. ... We’re
prepared on that. We
have engineering and
inventors fairs. We have
a STEM Extravaganza
where we share
components of STEM.
We have student and
parent orientation nights
where students
showcase what they are
doing in STEM
electives. Our students
have lots of
opportunities to
showcase their work and
their work is exhibited
throughout the year.”

projects, they create a
rubric. We give them
the rubric as their guide
so they know what they
need to work on and
how to be effective if
they are missing
something by not
utilizing the engineering
design process. We
haven’t been sticklers
on giving them a grade.
We had a showcase
where students had the
opportunity to
showcase. Last year, we
had a STEM Fair. |
actually had community
members come in and
grade them on how
effective their
communication skills
were and if they actually
reached the target
market.”

rubrics that I’ve created

to use but teachers don’t
really use them. [The
rubrics] are a mixture
between are you using
the 4 Cs when you are

working, are you using
the engineering design

process, are you staying

on task?”

developing on that.”
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Component/ Middle School A Middle School B Middle School C Middle School D | Middle School E
Attribute
Attribute: Prepared (3) Prepared (3) Developing (2) Developing (2) Developing (2)

Professional
development on
integrated STEM
curriculum,
community/industry
partnerships and
postsecondary
education connections

We did [professional
development] with
Digital Promise. A lot of
their staff used to work
at Apple. One of the
guys developed
something called
challenge-based
learning and it’s pretty
similar to PBL, but you
don’t necessarily
identify the product at
the end that students
will make so they have
more agency throughout
the process deciding
what they would create
and how they are going
to solve the challenge so
it doesn’t have to be this
big materials thing.
Digital Promise
employees do
professional
development throughout
the year and push into
classes to observe and
give feedback. On early
release days, we also
have some professional
development for STEM.

“We require all teachers
to integrate so we have
to offer professional
development that is
differentiated based on
whether or not they are
new teachers or they’ve
been here a year or two
years. If they are new
teachers, it’s an
introduction and support
in developing PBL. If
it’s their fourth year, it’s
evaluating the quality of
the PBL units and
improving as well as
developing more. We
had a motivational
speaker for the teachers
on STEM and the
engineering design
cycle. She was a project
manager at Cisco.
[Some of] our teachers
gotoa STEM
conference in Durham.”

Limited focus on STEM
“I do the majority of the
professional
development when it
comes to STEM. | had
Tech Tuesdays, which |
did on the last Tuesday
of every month.
Teachers were required
to come. | showed
teachers new things that
they could use in the
classroom from basic to
more advanced.
Teachers would show
how they are using
different things in the
classroom. | would
invite other teachers that
| had been working with
for them to come and
show they are actually
using it in their
classrooms.”

The School
Improvement Plan calls
for “At least quarterly,
the STEM coordinator

will provide

professional
development for
implementing more
‘blended learning’
opportunities within
each classroom.”
According to the STEM
coordinator, “The
biggest thing that we’ve
been pushing is
Capturing Kids Hearts.”
Any PD that she has
done with teachers has
been during their
professional learning
team meetings or one-
on-one. Two teachers
participated in Summer
STEM last year [2015-
16]. They did a DNA
project [with students]
and then got to present it
[to other teachers and
students at the end of
the year].”

Limited focus on
STEM
“We had a small
group do professional
development with the
university. It was a
small symposium
where they all
collaborated on
projects that we could
possibly do that were
STEM-related. They
didn’t actually ever
happen, but it was
cool in theory. That
was PD through the
STEM education
department at NC
State. We’ve done a
lot of technology
professional
development.
Technology is kind of
an undertone of
everything.”




237

Component/
Attribute

Middle School A

Middle School B

Middle School C

Middle School D

Middle School E

Attribute:

Outreach, support and
focus on underserved,
especially females,
minorities, and
economically
disadvantaged

Developing (2)

“I think we’re working
through challenge-based
learning and project-
based learning [to meet
needs of underserved].
There is more student
voice and that is going
to help us make sure
that every student’s
voice is heard. ... We
have high free or
reduced price lunch, but
that’s not an excuse.
Other schools have that
same population as us
and are performing
well.”

Prepared (3)
Strong in-school, less
strong out-of-school

“I would say prepared.
Our STEM program
does not focus on a
particular set of kids.

Our activities are set up

so that everyone has to
do [STEM] even down
to the [special
education] classes. We
have some [electives]
that are more geared
toward girls like Girls in
Engineering and Art and
Fashion.”

Developing (2)
Limited programs
available to students
focused on underserved
groups.

“As part of MSEN, we
try to serve underserved
and female students.”

Developing (2)
Stronger out-of-school
programming than in-
school. “Communities
in Schools did a lot of

really cool STEM
projects with mostly

African American
students. In CIS, they
did a murder mystery
case where they had
to investigate DNA.

They did food

chemistry, they

cooked.”

Developing (2)

“I would say
developing to
prepared. [We support
these groups] mostly
through extracurricular
activities. It’s based
mostly on interest.
Studio STEM is girls,
just any girls that were
interested. Then we
have other projects
that deal with more
minorities in STEM.
We have enrichment
opportunities (e.g.,
MSEN). According to
the School
Improvement Plan,
“several mentoring
and tutoring programs
are in place that target
at risk students
including MORE boys
group, CGEMS girls
group, DAY Village
Mentoring Program
from NCSU, NCSU
tutors, and NCSU
student interns.
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Component/ Middle School A Middle School B Middle School C Middle School D | Middle School E
Attribute

Component: Prepared (3) Model (4) Developing (2) Developing (2) Developing (2)
On-going community Strong emphasis on Partnership with BASF “Last year we did a Higher in 2015-16 than “I’m going to say
and industry connections between and Red Hat STEM Career Week. in 2014-15. “We are developing for that

engagement school-wide on “We have a STEM We had community seeking to establish whole category
challenge-based Partnership Council. We | members come in and partnerships. | because we do a little
learning and real life looked in our parent teach our business wouldn’t say we’re bit of it, but not
problem solving, but directory and saw that | students how to tie a tie. | engaging yet, but we’re enough. That is
working to develop we’ve got all these We had business men seeking that. We’re probably a lower
stronger partnerships STEM professionals and women come inand | creating plans. ... We rating because our
with local industry and right under our noses. talk about their careers. | don’t really belong toa | primary engagement
community. We started out with ten We had someone in community.” In 2015- is with NC State.”
businesses, now | think engineering, someone 16, partnered with
we have 16.” from town council, from | community members to
North Carolina Central.” | offer a STEM Expo for
students.
Attribute: Prepared (3) Model (4) Early (1) Early (1) Developing (2)

A communicated
STEM plan is adopted
across education,
communities, and
businesses

“I would say that we are
prepared because our
plan with Digital
Promise is so concrete
and everyone has been
on board with it for so
long. That is the main
STEM focus on the
school. I wouldn’t say
that we’re there if we
had to talk about other
aspects of STEM, but
using technology is
what is driving our
STEM program.”

“We have a plan. I
would say we’re model
in this area. We’re
constantly reflective
practitioners. We’re
constantly reflecting on
ways that we can
improve and every year
we’re reflecting and
thinking about how we
can do better. We have
seen our program grow
and we have growth
plans. We don’t just do
anything. We have a
plan and action steps.”

“That doesn’t exist.”

“We don’t have any
plan. ... We’ve never
made an actual plan.”

School improvement
plan outlines strong
partnership with NC
State University.
“I’m not sure we
have much of a
STEM plan. That
could be early to
developing. There’s
not been a lot of top-
down communication
about this is what we
do as a STEM school.
It’s just always kind
of been there and
we’re a STEM
school, so we could
probably do better.”
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Component/ Middle School A Middle School B Middle School C Middle School D Middle School
Attribute E
Attribute: Prepared (3) Prepared (3) Early (1) Developing (2) Developing (2)

STEM work-based
learning experiences, to
increase interest and
abilities in fields
requiring STEM skills,
for each student and
teacher

“I’d say [work-based
learning] is prepared
with our focus on CBL
and PBL. | think we do
a lot with connecting
CBL and PBL to
student’s lives and we
need to strengthen the
STEM-related industries
making sure that what
we do is directly related
to industry.”

“I would say we’re
prepared [in work-based
learning]. We have
connections with
business professionals
coming out to the school
and getting into the
classes, mostly science
classes. We would love
to see it across the
board. All of our science
teachers were paired
with a scientist and they
had conversations back
and forth. Scientists
came and spoke as guest
speakers. A lot of ideas
came from that and it
turned into a lab for
students. The next year
the scientists worked
with seventh graders on
genetics and they did a
rice plant experiment.”

“T am part of the
Business Alliance with
the high school.” She is

in the process of
learning how the other
schools get community

members into the
classroom as guest
speakers or working
with teachers on
projects.

Higher in 2015-16 than
in 2014-15. Eighth
grade students look a
field trip to Cisco.
“Cisco was great. The
kids got to have an
interview time where
they sat one-on-one with
an employee and they
got to ask them
questions about what
they do and they were
all different jobs. We
had kids fill out
questions before to ask
them.

“For Hour of Code,
we have community
members from
different businesses
come and do that
and that’s really
cool. We have
people from
Bandwith come over
and help, more
hands on deck kind
of thing because a
lot of teachers aren’t
comfortable with it
either so in that way,
we’re involving
community. Last
year, several
teachers went to
BioGenetics where
they did a tour of
labs. There was a
day at the Friday
Institute, when a
bunch of businesses
came [and teachers
got to talk to them].”
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Component/ Middle School A Middle School B Middle School C Middle School D Middle School
Attribute E
Attribute: Developing (2) Model (4) Developing (2) Developing (2) Developing (2)

Business and
community partnerships
for mentorship,
internship and other
STEM opportunities
that extend beyond the
classroom walls

“We’re definitely
working on integrating
our community into our
school. We don’t always
need to go out and call
everybody because we

have 1,000 or 2,000
parents to call. So that’s
a big thing that we’re
working on but again,
developing.”

“We have businesses
telling us what they can
do for us and what other
contacts we can use. We

have a STEM

Partnership Council.

Red Hat donated 30
computers.”

“Last year we had our
first STEM Fair.
[Students] became
engineers. They had to
look at a product that
was already created and
see how they could
make it better.” The
goal of the STEM Fair
is to showcase what
students are doing to
parents and the
community.

“We’re working on
this.” She was able to
coordinate with industry
professionals to have
them help score students
projects for the STEM
Expo.

“We toured
businesses on
campus [at NC
State] and we’re in
contact with them
to try to get
involvement. We
have Bandwith and
some of the other
companies that are
STEM-ish come
and help us do
Hour of Code Day.
They volunteer and
do things like that.”
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Component/ Middle School A Middle School B Middle School C Middle School D Middle School
Attribute E
Component: Developing (2) Developing (2) Early (1) Early (1) Prepared (3)
Connections with “[ A science professor “Our teachers have Limited connections Few connections with | “We do a lot of the
postsecondary from NC State] had opportunities to with post-secondary post-secondary STEM stuff [with]
education some graduate students participate in education and emphasis education and limited NC State. We use a

come and work with on
size and scale and how
kids learn about size and
scale and some of the
misconceptions when
they come in. We would
go to the Friday Institute
for professional
development and they
would host a couple of
teachers at summer
workshops so that’s a
big connection. [A math
professor] came in and
did a bunch of
professional
development on [student
grouping in
mathematics].”

professional
development [with NC
State}. [Additionally], a
STEM professor came
from NC State and
trained teachers on the
engineering design
process. We don’t have
a lot of opportunities for
our kids to directly
connect with
universities. | would say
we’re more along the
side of developing. We
talk about careers a lot
when we have guest
speakers and career day,
but to actually have
activities where they
identify where they
want to go in life,
hopefully steering them
towards STEM careers.
| know we need to work
on this with our
students.”

school-wide on
pathways into STEM
careers.

focus school-wide on

STEM career pathways.

lot of their
engineering, and
general STEM,
mainly science and
engineering. A lot
of the stuff that we
do with the
university is not as
beneficial for us as
it is necessarily is
for the university.
It’s great because
the research is
wonderful but a lot
of times it doesn’t
benefit us as much
as it does the
researchers. Some
growth could
happen where we
really tailor more to
improving student
achievement.”
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Component/ Middle School A | Middle School B Middle School C Middle School D Middle School E
Attribute

Attribute: Developing (2) Developing (2) Early (1) Early (1) Prepared (3)
Alignment of “We have a college “That’s an area we Limited emphasis on Students visited NC “We do a good job of

student’s career
pathway with post-
secondary STEM
program(s)

ready class for our
eighth graders. They
take field trips. ... but
I don’t feel like they
have a strong sense of
path when they leave
[here].”

can improve in. we’re
working on it. We’re
between developing
and prepared. [As
part of the banana lab
in partnership with
scientists at BASF],
students saw different
careers like
entomologist, crop
science, and food
science. [They saw]
who their labs solved
real world problems
and how some issues
that students might
face in the future,
how as an
entomologist, you
could play a role in
[solving real world
problems].”

pathway. Mostly the
coordinator emphasizes
STEM pathways with
individual students.
“[Students] know what
STEM is and the teachers
just put it out there. It’s
getting the kids to
understand how high
schools are aligned to
actually suit their needs. |
talk to students about their
interests, what area schools
would be good.”

State and a two year
college. “They got to
go tour the campus,
eat lunch, those types
of things.” Not a
strong emphasis on
STEM career
pathways. Most of the
exposure to STEM
careers happens
through the STEM
coordinator. “We talk
about jobs. I [went and
met with classes and]
put up these pictures
of different
professions. They have
to talk about which
one they like and then
we talk about how
much they actually
make. This really
nerdy-looking guy that
nobody wants to pick
but then he ends up
being the one that
makes the most money
because he makes
video games. And
they’re like | want to
make video games.”

being aligned with STEM
programs. We look at the
university all the time. It’s
kind of our go-to for field
trips, any kind of speakers
that we have. We reach
out the university. We
have four required field
trips each year per grade
level. Two have to be to
NC State. IT can be
walking across the street
to the golf course to check
water quality or our
family consumer science
teachers is going to take a
field trip for the textiles
group. They do clothing
design and textiles. They
are going to the textile
college. According to the
School Improvement
Plan, “the school involves
a population of students,
teachers, and parents who
frequently engage with
faculty, student, and the
facilitates of NC State’s
ten colleges.”
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Appendix E: Protocol for Contacting Comparison Schools

Hello! I am trying to gather a snapshot of what is happening from a curriculum standpoint in
middle schools in Wake County. | am wondering if there is anyone available whom | could
speak with about the curriculum at [Name] Middle School? For example, a principal, AP, IRT?
Would you be able to answer five questions?

Great! Thank you.

I have a few questions about your school’s curriculum. Please feel free to be completely honest.
Your school name will not be listed anywhere in my study.

1.

5.

In 2014-15 and 2015-16, did your school use interdisciplinary project-based learning at
your school? For example, where student projects connect content and skills across
several disciplines through a common project? How? Can you provide an example? Why
do you say that?

In 2014-15 and 2015-16, did your school emphasize the 4Cs? Creativity, collaboration,
communication, and critical thinking? If yes, how? Can you provide an example? Why
do you say that?

In 2014-15 and 2015-16, did your school cultivate community and industry (business)
engagement? If yes, how? Can you provide examples of how you enacted community and
industry engagement? Why do you say that?

In 2014-15 and 2015-16, did you school implement connections with postsecondary
(college, university) education? If yes, how? Can your provide examples? Why do you
say that?

How would you describe your school's curricular emphasis?

Thank you so much for your time. | appreciate you!
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Comparison

Connections with

School's

every week.

Middle Who I_ shpoke Interdiscipllinary.project-based 4Cs ) OT:ommunity and Postsecondary curricular
School wit earning Industry engagement education emphasis?
1 Instructional Yes. That is part of our school Our biggest focus this year is Yes. We have a person We had different reps Our focus is
Resource improvement plan. Teachers were | on the 4Cs. Last year we that does that. One who talked to students helping
Teacher asked to at least once a quarterto | focused on collaboration. We | example is that students | in small groups. We ahd | students reach
plan units that are integrated. noted that our kids were painted the parking some students who our | their full
They did a project with WWII working in groups but not lines at the local church. | counselors chose potential.
and in social studies they collaborating. Last year Another is that different | because maybe wouldn't
experienced what it was like to be | focused on collaboration. This | reps from businesses go to college otherwise,
in the trenches and in LA, they year we are bringing in more and colleges came and and they go to visit
were assigned a character from communication strategies. | did college career fair. some schools. All sixth
that era like a pilot or Jewish don't like creativity but more graders went to
individual who was a real person, | innovation and getting kids to Carolina and the
and they got information about be original thinkers. Teachers museum. That
that person and journaled about it | are getting more comfortable happened this year.
and learned about that person. In | with that. We did learning in
math, | think they used numbers, | the fast lane.
but that connection was not as
strong.
2 Principal We did. It happens in various Yes. We love the 4 Cs here. We have a very We do this in several We are a
ways depending on grade level. You see it in any classroom engaged business ways. Two years ago traditional
Social studies did you walk into. We have some | alliance. Multiple we had a class on school. We
interdisciplinary learning. It very outwardly visible work careers alliance that college prep success. area
happens more in Grades 6 and 7, | for the 4Cs this year. For multiple businesses are | We took field trips to traditional
and some in Grade 8. Our kids example, how are we critical engaged. For example, colleges with first time | middle
are on teams and rotate between thinkers in band? How are we | we brought in a bucket college students and school. We
same teachers who collaborate creative in band? How are we | truck. Then we learned | provided guided help. focus on
together. great communicators in band? | about the careers that This year there is an providing an
have to do with that. extracurricular field excellent
We did mock trip. We have a variety middle school
interviews with of tutors and student education to
business staff. mentors, who are here all students.
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Resource
Teacher

We have redesigned
classrooms to encourage
group work. in
communication, we have been
working on capturing kids
hearts. Some staff has done.

continuing to encourage
volunteering and the
revamping of the
business alliance.
Working with
community business
owners to get actively
involved in school more
than monetary
contributions. Peer
tutoring, proctoring for
tests.

have taken students to
local universities and
colleges for campus
tours and talking with
admissions counselors

Comparison Lo . . Connections with School's
Middle Who I_tshpoke Interdlsupllmary_prOJect-based 4Cs ) dCortnmunlty and . Postsecondary curricular
School wi earning Ihdustry engagemen education emphasis?

3 Assistant Yes. In the observation tool, we Yes, this is our third yearasa | We don't really have a No. Being a middle Being a

Principal use to evaluate teachers, BYOD school. Students can CDC here. We did Hour | school, we don't. We traditional
integrating curriculum is on there. | bring their own devices. We of Code last year where | bring in guest speakers school. If you
I see it most often through social use Google and Google we brought in people to | who talk about their look at test
studies and language arts. It's Classroom. Collaboration has | code with kids. We had | experiences. Current scores, we're
tricky with math. We have teams | really increased this year. a career class where eighth graders get at the top.
for grades where there is more Today | observed a teacher they studied careers, but | information about high | There is not
cross-curricular in sixth grade and students were studying as far as industry school like Wake Early | an emphasis
because they are set up on teams biomes and multiple students connections go, not so Colleges. We focus on in one area,
where students rotate to common | had pulled up presentations much. We are close to getting prepared for just rigor in
teachers. They look for things and they will share it with rest | RTP so we could be high school, not so all areas. We
that align. Historically, it happens | of class. They have more doing more much for college or focus on
most in social studies. agency. It's something that we universities. teaching at a

focus on. It's ramped up this high level in
year. We understand the 4Cs all subject
better. It's trickling down this areas. We do
year to teachers. We see better more digital
use of technology as we and try to
became BYOD. Teachers are relate to the
able to do more. real world.

4 Instructional No, we did not. Yes, we incorporated the 4cs. Yes, we have by Guidance counselors It's a work in

progress. We
area 7. Focus
on Common
Core. How
effective is it?
How much
effort is the
teacher
willing to put
in. Emphasis
on
instructional
quality
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up. We are pushing but not
intensely. Last year we were
pushing, but not intensely.
This year we are doing
instructional rounds looking
for 4Cs, all IRTs in groups of
4orb.

session with them. Only
for one day focused on
technology and
computer based. It was
a spouse of one of the
employee.

Comparison Lo . . Connections with School's
Middle Who I_tshpoke Interdlsupllmary_ project-based 4Cs ) dCortnmunlty and . Postsecondary curricular
School Wi earning Ihdustry engagemen education emphasis?

5 Assistant We haven't done that schoolwide. | Yeah. That is a push in the Yeah, we are looking I have a hard time with | We area

Principal There may have been some district. We talk about that at for ways to do that. We | that one. We talk about | magnet
examples. It's not something that | our monthly staff meetings have a coordinator who | getting kids ready for school. Gifted
we did schoolwide. For example, | and during department does that. We are high school and our and talented is
our art teacher is working on meetings. | look for it during looking for ways to principal meets with the | our theme.
creating and researching a famous | observations and during integrate with high school principal. All students
quote and then students use conferences. For example, at community. One thing He was just here last are gifted. All
different fonts to interpret the the last math department Nomaco adopted our week. We can stay on students show
quote working with LA teacher. meeting, we talked about school. Last year our top of what our students | off their gifts.

ways to integrate the 4Cs chorus teacher took the | need for high school, We have a
kids there to sing but as far as post- strong arts
Christmas carols. secondary | wouldn't program. We
say we've done too offer odyssey
much of that. of the mind
and provide
opportunities
for students to
show their
gifts.

6 Instructional No. We are currently working on The only thing that | Probably not. Theonly | We are

Resource the four Cs. We have done can think of that we did | that has happened BYOD and

Teacher some training with the staff was an employee from between us and a we are trying

teaching them what the 4Cs SAS came over and university is me doinga | to implement
are. | got here 1.5 years ago provided one of the master’s. | don' think it. We started
and it was like 1990 it was CTE classes with a anyone else is working implementing
nothing new. We are not presentation and on a master’s. technology
pushing hard because there is | worked with the last year and
so much that we need to catch | students. More a work get it going.
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Social Studies
and Science and
Math. Because |
am a counselor |
don't know what
some of those
projects are. My
role is socio-
emotional.

has really pushed. It's been
introduced in the last year.
It’s stronger this year.

and no one has taken strong
interest in taking it on. It
was usually parents who
were in business
professions. We had career
fairs. We partner with NC
State and have Engineer
Week. We have a career
fair that has been pretty
strong. We have a
partnership with a
community church. We
have some partnerships.

Colr\1/l1par|son Who | Intergllsmpllnary Community and industry Connections with School’s curricular
iddle - project-based 4Cs . .
spoke with - engagement Postsecondary education emphasis?
School learning
7 Instructional | No. It’s part of the strategic plan, | We focus on raising money | Yes. About once a month, That is a good
Resource so it has been woven with the PTA. We have eighth grade students sign up to | question. We focus on
Teacher throughout a lot of what we Future Business Leaders of | tour a college. UNC is a big literacy. Truly
do. The language hasn't been | America where a group of draw so they write an developing strategies
used so much until the students meet and I'm not application for why they want in order to have a
beginning of this year and sure what all they do, but to go. We have a teacher here more literate
end of last year. We’re they go on a field trip. who takes kids about once a population at our
focused on making teachers month, just in Grade 8. school. Not math and
aware that it's happening. science, but more in
literacy with some
integration with
informational text in
other subjects.
8 Guidance I believe so. | There has been a lot of We used to have a business | Every year we take field trips Bring your own device
Counselor know English professional development on | alliance but it has not been in 7th grade. Each team has is our thing. Kids can
worked with 4Cs last year. [Our principal] | active the last two years students do a project on a bring their phones and

university and in 6th grade they
create a profile to find a career.
We talk about SAT, professor
ratio. They go and visit a
college or university in March.
We went to three universities.
In the middle grades, we try to
get them thinking about careers
and career clusters like health
sciences and find careers that
match up and majors in college.

teachers have surveys
and they can download
apps. We are also
PBIS. We have Stand
Up Speak Out, which
is anti-bullying. We
won the green ribbon
award for PBIS
because we are doing
really well.
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Clolipk Uiz Who | Inter(_jlsmpllnary Community and industry Connections with School's curricular
Middle - project-based 4Cs . .
spoke with . engagement Postsecondary education emphasis?
School learning
9 Assistant There has been a It's been a huge push for us This is probably our I would probably say no as Being intentional
Principal huge emphasis on | this year because it's newer weakest area. We do a good | well. We are on the far northern | about reinventing the
this year and last | language. It's always been job communicating but we part of WCPSS and the way we do school, and
year. We had an something we've done. don't have a lot of long term | opportunities are far and few engaging students goes
eighth grade Google apps allow partnerships. between. back to the 4cs. We
language arts and | connectivity and to do stuff did a lot on
social studies at home. Tech is nice but | relationships a few
where students just saw a lesson that we years ago, and now we
read about civil pencil and paper but very are focused on better
rights. The final 4cs. Students were tasked instruction.
product was a with being part of an
culmination of assembly line. They were
their learning. assigned a number and they
replicated an assembly line,
and then they did quality
control. 4Cs gained a lot of
momentum in the last year.
10 Instructional | | would say very I would say we did not as We do some community We used to do college trips but | Our school does not
Resource rarely. There are much as we would have engagement, yes. We put not least year so probably no. have a particular
Teacher a few projects. liked but there are some on a couple of parent emphasis. We are a

For example, |
know that the
social studies and
language arts
groups did a
holocaust unit. It
wasn’t pure
project-based
learning but more
than usual. One
time, the PE
teacher worked
with seventh
grade math
teacher on
calculating
speeds in gym.

classes that do. Critical
thinking what we do the
least, and we do
communication the most.

nights. We have a fund
raiser. We have spirit nights
at different restaurants. Not
industry connections.

traditional school. No
one area of specialty.
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Appendix G: 2014-15 Maps of Grade 8 Students’ Home Addresses

Cohort 1 Grade 3
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Cohort 1 Grade 5
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Cohort 2 Grade 3
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Cohort 2 Grade 5




Table H1

Female Test Score/Attendance Sample Balance Before and After Applying IPW

Appendix H: Subgroup Sample Balance Before and After Applying IPW

Female Students with Grade 8 Test

Score/Attendance Outcomes

Female Students with Grade 8 Test

Score/Attendance Outcomes

(unweighted) (weighted)
Type of Non- Non-

Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference  Bias
EOG Reading Grade
5 402.4 405.1 -2.7 -5.3 4024 4035 -1.1 -2.3
EOG Math Grade 5 405.5 408.2 -2.7 -5.5 4055  406.8 -1.3 -2.8
EOG Science Grade
5 204.0 206.4 -2.4 -4.8 204.0 205.0 -1.0 -2.1
Unexcused abs.
Grade 5 3.0 2.7 0.3 7.3 3.0 3.1 -0.1 -2.1
Male - - -- - -- - - -
Black 0.26 0.19 0.1 15.8 0.26 0.24 0.0 4.9

Student Hispanic 0.24 0.14 0.1 27.6 0.24 0.27 0.0 -7.0

Multi 0.05 0.04 0.0 1.7 0.05 0.05 0.0 -0.1
Asian 0.03 0.08 -0.1 -20.0 0.03 0.03 0.0 1.6
American Indian 0.01 0.00 0.0 6.0 0.01 0.01 0.0 2.5
SWD Grade 5 0.03 0.03 0.0 3.8 0.03 0.03 0.0 -2.5
LEP Grade 5 0.07 0.04 0.0 12.7 0.06 0.09 0.0 -10.9
AIG Grade 5 0.22 0.32 -0.1 -22.4 0.22 0.20 0.0 5.2
Live in neighborhood
with >49% FRL 0.43 0.24 0.2 4.1 0.42 0.46 0.0 -7.9
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Table H1 Continued

Female Students with Grade 8 Test
Score/Attendance Outcomes

Female Students with Grade 8 Test
Score/Attendance Outcomes

(unweighted) (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM  Difference Bias STEM STEM Difference Bias
% Proficient Math 85.2 86.7 -1.5 -23.4 74.6 74.8 -0.2 -2.0
- % Proficient Reading 745 77.9 -3.4 -36.7 85.4 85.7 -0.3 -3.9
gr:ﬁg;";‘ry % FRL 0.41 0.32 0.1 58.0 041 041 0.0 0.1
Characteristics  School Size 668.5 743.9 -75.4 -51.3 669.6 652.7 16.9 12.0
% Black 0.28 0.21 0.1 41.1 0.27 0.27 0.0 5.2
% Hispanic 0.19 0.15 0.0 57.2 0.19 0.19 0.0 7.0
% Proficient Math 80.2 84.6 4.4 -50.3 71.0 70.8 0.2 1.7
% Proficient Reading 70.9 77.4 -6.5 -73.3 80.1 79.6 0.5 4.9
Middle School % FRL 043  0.30 0.1 99.2 043 044 0.0 -9.0
Pretreatment  School Size 892.6 1074.20 -181.6 -97.6 904.9 889.9 15.0 8.0
% Black 0.31 0.24 0.1 67.5 0.31 0.31 0.0 1.2
% Hispanic 0.18 0.12 0.1 122.0 0.18 0.17 0.0 14.2
Mean |bias| 36.6 4.8

N 710 6,839 665 2,781




Table H2

Female Survey Outcomes Sample Balance Before and After Applying IPW
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Female Students with Grade 8 Survey

Outcomes (unweighted)

Female Students with Grade 8 Survey

Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM  Difference Bias STEM STEM Difference  Bias

EOG Reading Grade 5 417.8 4112 6.6 134 417.1 417.6 -0.5 -1.0
EOG Math Grade 5 420.3  414.0 6.3 135 419.7 420.2 -0.5 -1.1
EOG Science Grade 5 2188 2122 6.6 14.0 218.3 218.3 0.0 -0.1
Unexcused abs. Grade 5 2.7 2.6 0.1 4.8 2.7 3.0 -0.3 -1.7
Male -- - - -- -- -- -- --
Black 0.22 0.17 0.1 12.7 0.21 0.17 0.0 9.4
Hispanic 0.22 0.13 0.1 23.6 0.23 0.28 -0.1 -13.2

Student Multi 0.06 0.04 0.0 9.1 0.06 0.04 0.0 8.3
Asian 0.04 0.08 0.0 -16.5 0.04 0.03 0.0 3.2
American Indian 0.00 0.00 0.0 2.3 0.00 0.00 0.0 -0.2
SWD Grade 5 0.04 0.03 0.0 6.8 0.04 0.03 0.0 0.5
LEP Grade 5 0.05 0.04 0.0 5.6 0.05 0.09 0.0 -19.5
AIG Grade 5 0.27 0.33 -0.1 -12.6 0.27 0.25 0.0 5.3
Live in neighborhood
with >49% FRL 0.39 0.22 0.2 38.2 0.37 0.40 0.0 -7.1




Table H2 Continued

Female Students with Grade 8 Survey

Outcomes (unweighted)

Female Students with Grade 8 Survey
Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference  Bias
% Proficient Math 86.3 87.0 -0.7 -9.8 86.8 86.7 0.1 1.8
% Proficient Reading 75.8 78.0 -2.2 -24.1 76.3 76.5 -0.2 -2.2
E'gr:heg;";‘ry % FRL 039  0.32 0.1 46.3 0.38 0.38 0.0 2.2
Characteristics  School Size 679.8 748.5 -68.7 -48.1 676.4 686.2 -9.8 -7.0
% Black 0.25 0.21 0.0 315 0.24 0.24 0.0 2.3
% Hispanic 0.19 0.15 0.0 49.2 0.18 0.17 0.0 12.1
% Proficient Math 815 84.5 -3.0 -33.3 815 814 0.1 11
% Proficient Reading 72.7 77.1 -4.4 -48.9 73.3 72.8 0.5 5.3
Middle School %0 FRL 0.40 0.30 0.1 77.3 0.40 0.42 0.0 -20.2
Pretreatment  School Size 9049 1067.2 -162.3 -87.9 918.5 913.4 5.1 2.8
% Black 0.29 0.24 0.1 48.9 0.28 0.28 0.0 -2.3
% Hispanic 0.17 0.13 0.0 106.2 0.17 0.16 0.0 2.1
Mean |bias| 314 55
N 406 4,396 363 1,999
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Table H3

Male Test Score/Attendance Sample Balance Before and After Applying IPW

Male Students with Grade 8 Test

Male Students with Grade 8 Test

Score/Attendance Outcomes

Score/Attendance Outcomes (unweighted) (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM  STEM Difference Bias

EOG Reading Grade 5 404.1 403.7 0.4 0.8 403.2 403.8 -0.6 -1.2
EOG Math Grade 5 408.2 408.3 -0.1 -0.2 407.3 408.1 -0.8 -1.6
EOG Science Grade 5 207.8 207.3 0.5 1.1 206.9 207.6 -0.7 -1.4
Unexcused abs. Grade5 3.3 2.8 0.5 14.0 3.3 3.3 0.0 -1.4
Male -- - - - - - - --
Black 0.26 0.18 0.1 18.4 0.25 0.25 0.0 0.5
Hispanic 0.23 0.13 0.1 24.7 0.23 0.26 0.0 -5.6

Student Multi 0.04 0.04 0.0 -0.5 0.04 0.04 0.0 2.3
Asian 0.04 0.08 0.0 -19.9 0.04 0.03 0.0 4.2
American Indian 0.00 0.00 0.0 -0.5 0.00 0.00 0.0 2.3
SWD Grade 5 0.07 0.05 0.0 9.3 0.07 0.08 0.0 -3.4
LEP Grade 5 0.08 0.05 0.0 10.1 0.08 0.08 0.0 -0.6
AIG Grade 5 0.26 0.36 -0.1 -20.7 0.26 0.24 0.0 4.0
Live in neighborhood
with >49% FRL 0.4 0.24 0.2 35.2 0.41 0.41 0.0 -0.5
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Table H3 Continued

Male Students with Grade 8 Test

Male Students with Grade 8 Test Score/Attendance Outcomes
Score/Attendance Outcomes (unweighted) (weighted)
Type of Non- Non-

Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference Bias
% Proficient Math 85.2 86.8 -1.6 -22.9 74.4 74.7 -0.3 3.1
% Proficient Reading 74.4 78.0 -3.6 -38.2 85.2 85.6 -04 -5.6
Elementary o, o) 0.41 0.32 0.1 56.5 0.41 0.42 0.0 3.3

SChOOI 0 - . . . . . . . -9.
Characteristics  School Size 668.7  743.0 -74.3 -49.2 664.6 6514 132 90
% Black 0.27 0.21 0.1 414 0.28 0.27 0.0 4.0
% Hispanic 0.19 0.15 0.0 54.8 0.19 0.19 0.0 2.9
% Proficient Math 79.5 845 -5.0 -53.5 70.4 69.9 0.5 5.6
% Proficient Reading 70.4 77.4 -7.0 -75.9 79.4 79.0 0.4 4.3
Middle School % FRL 0.43 0.30 0.1 101.8 0.43 0.45 0.0 17.0
Pretreatment  genoo) Size 864.9  1076.10 2112 1126 872.9  851.6 213 111
% Black 0.31 0.24 0.1 71.7 0.31 0.32 0.0 4.7
% Hispanic 0.18 0.12 0.1 120.0 0.18 0.17 0.0 11.2
Mean |bias| 38.2 4.4

N 756 6,535 732 2,708




Table H4

Male Survey Sample Balance Before and After Applying IPW

Male Students with Grade 8 Survey

Outcomes (unweighted)

Male Students with Grade 8 Survey

Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM  STEM Difference Bias STEM  STEM Difference Bias

EOG Reading Grade 5 416.5 408.9 7.6 15.4 4145 4141 0.4 0.7
EOG Math Grade 5 420.6 4134 7.2 15.4 418.7 4185 0.2 0.4
EOG Science Grade 5 219.9 212.3 7.6 15.0 218.0 217.7 0.3 0.5
Unexcused abs. Grade 5 3.0 2.7 0.3 11.9 3.0 3.1 -0.1 -2.4
Male -- -- -- - -- -- -- --
Black 0.21 0.16 0.1 15.0 0.20 0.23 0.0 -6.5
Hispanic 0.20 0.13 0.1 19.7 0.21 0.21 0.0 -1.8

Student Multi 0.05 0.04 0.0 3.4 0.05 0.04 0.0 0.2
Asian 0.05 0.08 0.0 -12.7 0.05 0.04 0.0 3.7
American Indian 0.00 0.00 0.0 0.3 0.00 0.00 0.0 2.7
SWD Grade 5 0.08 0.05 0.0 13.3 0.08 0.09 0.0 -3.9
LEP Grade 5 0.06 0.04 0.0 6.4 0.06 0.06 0.0 2.2
AIG Grade 5 0.32 0.38 -0.1 -13.3 0.32 0.29 0.0 6.3
Live in neighborhood
with >49% FRL 0.35 0.21 0.1 30.6 0.35 0.33 0.0 3.8
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Table H4 Continued

Male Students with Grade 8 Survey Male Students with Grade 8 Survey
Outcomes (unweighted) Outcomes (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference Bias
% Proficient Math 86.5 87.2 -0.7 -10.1 86.7 86.3 0.4 6.1
% Proficient Reading 76.1 78.3 2.2 -23.5 76.3 75.8 0.5 6.4
Elementary o, ro) 0.38 0.31 0.1 455 0.38 0.39 0.0 6.5
SChOOl 0 . . . . . . . -0.
Characteristics  School Size 683.8 749.1 -65.3 -43.8 685.2 681.2 4.0 2.8
% Black 0.25 0.20 0.1 34.7 0.25 0.26 0.0 -4.1
% Hispanic 0.18 0.15 0.0 42.9 0.18 0.18 0.0 6.1
% Proficient Math 815 84.6 -3.1 -33.8 815 80.7 0.8 7.4
% Proficient Reading 73.1 77.3 -4.2 -45.5 734 72.2 1.2 12.9
0, -
Middle School % FRL 0.39 0.30 0.1 73i.3 0.39 0.42 0.0 26.0
Pretreatment  g.p4) Size 8805 10714  -190.9 1037 8986  889.1 9.5 5.2
% Black 0.28 0.23 0.1 46.9 0.28 0.29 0.0 -9.6
% Hispanic 0.17 0.13 0.0 102.7 0.17 0.17 0.0 -0.1
Mean |bias| 31.2 5.1

N 385 3,661 355 1,397




Table H5

Black Test Score/Attendance Sample Balance Before and After Applying IPW

Black Students with Grade 8 Test

Score/Attendance Outcomes

Black Students with Grade 8 Test

(unweighted) Score/Attendance Outcomes (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference  Bias
EOG Reading Grade 5 394.9 400.2 -5.3 -10.7 397.4 396.6 0.8 1.6
EOG Math Grade 5 397.6 402.9 -5.3 -11.1 400.2 399.5 0.7 1.5
EOG Science Grade 5 197.5 202.0 -4.5 -9.4 199.9 199.2 0.7 1.4
Unexcused abs. Grade 5 3.6 3.3 0.3 7.6 3.6 3.7 -0.1 -2.5
Male 0.52 0.48 0.0 8.1 0.52 0.52 0.0 0.1
Black -- -- -- -- -- -- -- --
Hispanic -- -- -- - - - -- -
Student Multi - - - - - - - -
Asian - -- -- - - -- -- --
American Indian - -- -- - -- -- -- --
SWD Grade 5 0.05 0.05 0.0 -2.5 0.05 0.05 0.0 1.5
LEP Grade 5 0.00 0.01 0.0 -9.3 0.00 0.00 0.0 1.9
AIG Grade 5 0.08 0.11 0.0 -9.0 0.08 0.07 0.0 3.4
Live in neighborhood
with >49% FRL 0.59 0.53 0.1 11.2 0.62 0.63 0.0 -1.7
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Table H5 Continued

262

Black Students with Grade 8 Test

Score/Attendance Outcomes Black Students with Grade 8 Test
(unweighted) Score/Attendance Outcomes (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM  Difference Bias
% Proficient Math 82.2 83.0 -0.8 -10.5 70.8 71.3 -05 -5.0
- % Proficient Reading 70.3 71.9 -1.6 -16.6 82.8 83.3 -0.5 -1.2
gr:ﬁg;";‘ry % FRL 0.48 0.42 0.1 34.2 0.46 0.47 0.0 25
Characteristics  S¢chool Size 646.4 686.9 -40.5 -28.1 651.1 633.9 17.2 12.4
% Black 0.36 0.33 0.0 16.3 0.34 0.33 0.0 3.7
% Hispanic 0.21 0.18 0.0 450 0.20 0.20 0.0 -9.0
% Proficient Math 78.6 80.6 -2.0 -22.2 69.1 68.9 0.2 2.5
% Proficient Reading 68.1 73.2 5.1 -61.6 771 78.1 -1.0 -9.4
Middle School 70 FRL 0.47 0.37 0.1 82.7 0.44 0.46 0.0 -17.7
Pretreatment  School Size 893.3 1052.8 -159.5 -77.9 916.0 880.1 35.9 17.1
% Black 0.35 0.30 0.1 40.6 0.33 0.32 0.0 3.3
% Hispanic 0.19 0.14 0.1 112.1 0.16 0.17 0.0 -67.0
Mean |bias| 29.8 8.2
N 378 2,502 243 1,259




Table H6

Black Survey Sample Balance Before and After Applying IPW

Black Students with Grade 8 Survey

Outcomes (unweighted)

Black Students with Grade 8 Survey

Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM  Difference Bias

EOG Reading Grade 5 412.8 407.6 5.2 10.6 410.7 411.8 -1.1 -2.4
EOG Math Grade 5 414.8 410.2 4.6 9.9 413.2 4144 -1.2 -2.5
EOG Science Grade 5 214.7 209.2 55 115 213.0 214.6 -1.6 -2.4
Unexcused abs. Grade 5 3.4 3.0 0.4 8.6 3.3 3.7 -04 -10.1
Male 0.48 0.43 0.1 9.4 0.49 0.54 -0.1 -10.3
Black -- - - -- - - - --
Hispanic -- - - -- - - - --

Student Multi - - - - - - - -
Asian - - - -- - - - --
American Indian - - - -- - - - --
SWD Grade 5 0.08 0.05 0.0 95 0.07 0.09 0.0 -7.8
LEP Grade 5 0.00 0.01 0.0 -13.5 0.00 0.00 0.0 -4.70
AIG Grade 5 0.10 0.13 0.0 -7.3 0.09 0.08 0.0 3.5
Live in neighborhood
with >49% FRL 0.58 0.49 0.1 18.9 0.58 0.60 0.0 -5.2
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Table H6 Continued

Black Students with Grade 8 Survey
Outcomes (unweighted)

Black Students with Grade 8 Survey

Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM  Difference Bias
% Proficient Math 82.9 83.6 -0.7 -9.5 835 83.6 -0.1 -1.3
% Proficient Reading 70.9 72.3 -1.4 -14.8 714 71.9 -0.5 -5.3
E'gr:heg;";‘ry % FRL 047 042 0.1 29.4 0.46 0.46 0.0 05
Characteristics  School Size 653.9 697.4 -43.5 -31.2 645.6 641.6 4.0 2.9
% Black 0.34 0.32 0.0 13.1 0.32 0.32 0.0 2.6
% Hispanic 0.21 0.18 0.0 37.6 0.20 0.20 0.0 3.6
% Proficient Math 79.6 79.7 -0.1 -0.5 79.6 79.6 0.0 -4.4
% Proficient Reading 69.6 72.3 -2.7 -31.5 70.8 70.8 0.0 -4.5
Middle School %0 FRL 0.45 0.38 0.1 59.0 0.44 0.44 0.0 -4.6
Pretreatment  School Size 917.1 10404 -123.3 -59.9 927.7 927.7 0.0 7.3
% Black 0.33 0.31 0.0 235 0.31 0.31 0.0 6.9
% Hispanic 0.18 0.14 0.0 91.9 0.17 0.17 0.0 3.8
Mean |bias| 244 4.6

N 172 1,321 132 813
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Table H7

White Test Score/Attendance Sample Balance Before and After Applying IPW

White Students with Grade 8 Test

Score/Attendance Outcomes

White Students with Grade 8 Test

Score/Attendance Outcomes

(unweighted) (weighted)
Type of Non- Non-
Characteristic Covariate STEM  STEM Difference  Bias STEM STEM  Difference Bias

EOG Reading Grade 5 411.7 406.0 5.7 114 4105 4114 -0.9 -1.7
EOG Math Grade 5 415.0 409.7 5.3 114 413.9 414.8 -0.9 -1.8
EOG Science Grade 5 214.1 208.3 5.8 121 213.0 213.8 -0.8 -1.7
Unexcused abs. Grade 5 2.7 25 0.2 5.8 2.7 2.7 0.0 2.1
Male 0.53 0.49 0.0 7.2 0.52 0.52 0.0 0.9
Black -- - - -- - - - --
Hispanic -- - - -- - - - --

Student Multi - - - - - - - -
Asian - - - -- - - - -
American Indian - - - -- - - - -
SWD Grade 5 0.06 0.04 0.0 11.0 0.06 0.06 0.0 1.7
LEP Grade 5 0.01 0.01 0.0 3.7 0.01 0.01 0.0 -0.2
AIG Grade 5 0.39 0.43 0.0 -8.3 0.38 0.37 0.0 1.2
Live in neighborhood
with >49% FRL 0.15 0.08 0.1 22.0 0.15 0.14 0.0 2.5
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H7 Continued
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White Students with Grade 8 Test
Score/Attendance Outcomes

White Students with Grade 8 Test
Score/Attendance Outcomes

(unweighted) (weighted)
Type of Non- Non-  Differenc
Characteristic Covariate STEM  STEM Difference  Bias STEM STEM e Bias
% Proficient Math 87.2 88.2 -1.0 -17.1 77.2 76.2 1.0 12.4
I % Proficient Reading 77.2 80.2 -3.0 -37.5 87.2 86.8 0.4 7.4
E gTﬁ;‘;?ry % FRL 036  0.27 0.1 66.8 0.37 0.40 00  -22.3
Characteristics  School Size 678.7 768.2 -89.5 -60.1 677.0 644.3 32.7 21.8
% Black 0.23 0.17 0.1 53.3 0.23 0.25 0.0 -13.5
% Hispanic 0.17 0.14 0.0 525 0.17 0.18 0.0 -8.5
% Proficient Math 80.4 86.1 -5.7 -64.5 72.1 70.5 1.6 17.3
% Proficient Reading 721 79.1 -7.0 -79.0 80.4 79.4 1.0 9.0
Middle School %0 FRL 0.40 0.27 0.1 110.8 0.40 0.44 0.0 -35.4
Pretreatment  School Size 868.8  1088.1 -219.3 -119.4 878.8 871.8 7.0 3.8
% Black 0.30 0.21 0.1 87.6 0.29 0.32 0.0 -23.7
% Hispanic 0.17 0.12 0.1 127.4 0.17 0.17 0.0 -7.8
Mean |bias| 46.1 94
N 621 7,380 597 2,442




Table H8

White Survey Sample Balance Before and After Applying IPW

White Students with Grade 8 Survey

Outcomes (unweighted)

White Students with Grade 8 Survey

Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference Bias

EOG Reading Grade 5 422.2 410.3 11.9 24.2 420.7 424.8 -4.1 -8.4
EOG Math Grade 5 425.3 413.8 115 25.1 424.0 427.8 -3.8 -8.2
EOG Science Grade 5 224.4 212.4 12.0 255 223.0 226.8 -3.8 -8.2
Unexcused abs. Grade 5 2.5 2.5 0.0 2.4 2.6 2.9 -0.3 -11.7
Male 0.51 0.46 0.1 8.8 0.51 0.52 0.0 -3.4
Black - - - -- - -- -- --
Hispanic - - - -- - -- -- --

Student Multi - - - - - - - -
Asian - - - -- - -- -- -
American Indian - - - -- - -- -- -
SWD Grade 5 0.07 0.04 0.0 11.9 0.07 0.08 0.0 -1.7
LEP Grade 5 0.01 0.01 0.0 5.9 0.01 0.01 0.0 -1.6
AIG Grade 5 0.42 0.43 0.0 -2.6 0.41 0.42 0.0 -0.3
Live in neighborhood
with >49% FRL 0.14 0.08 0.1 21.1 0.14 0.12 0.0 7.3
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Table H8 Continued

White Students with Grade 8 Survey White Students with Grade 8 Survey
Outcomes (unweighted) Outcomes (weighted)
Type of Non- Non-

Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference Bias
% Proficient Math 88.3 88.2 0.1 0.3 88.3 87.5 0.8 15.1

| % Proficient Reading 78.6 80.1 -15 -18.7 78.7 77.8 0.9 11.0
ariena o FRL 0.35 0.27 0.1 54.9 035  0.36 0.0 6.1
Characteristics S¢chool Size 694.9 770.1 -75.2 -51.8 695.4 706.7 -11.3 -7.8
% Black 0.21 0.16 0.1 42.2 0.21 0.22 0.0 -8.3

% Hispanic 0.17 0.14 0.0 44.3 0.17 0.16 0.0 8.9

% Proficient Math 82.1 86.2 4.1 -47.8 82.1 81.6 0.5 4.4

% Proficient Reading 74.3 78.9 -4.6 -53.0 745 72.8 1.7 17.6
Middle School 70 FRL 0.38 0.27 0.1 85.6 0.38 0.42 0.0 -39.6
Pretreatment  School Size 884.6 1082.1 -197.5 -109.9 899.6 874.1 255 14.6
% Black 0.27 0.21 0.1 63.0 0.27 0.29 0.0 -20.0
% Hispanic 0.16 0.12 0.0 111.7 0.16 0.16 0.0 -15.1

Mean |bias| 38.6 10.7

N 368 4,672 348 1,510




Table H9

Hispanic Test Score/Attendance Sample Balance Before and After Applying IPW

Hispanic Students with Grade 8 Test

Score/Attendance Outcomes

Hispanic Students with Grade 8 Test

Score/Attendance Outcomes

(unweighted) (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference Bias

EOG Reading Grade 5 394.6  400.7 -6.1 -12.3 396.3 393.8 25 4.9
EOG Math Grade 5 399.3 405.2 -5.9 -12.5 400.9 398.8 2.1 4.3
EOG Science Grade 5 1976  203.3 -5.7 -12.0 199.9 197.0 2.9 4.7
Unexcused abs. Grade 5 3.6 35 0.1 35 3.4 3.5 -0.1 -1.9
Male 0.50 0.49 0.0 3.0 0.49 0.52 0.0 -4.6
Black - -- -- - - -- -- -
Hispanic - -- -- - - -- -- -

Student Multi - - - - - - - -
Asian - - -- - - -- -- -
American Indian - - -- - - -- -- -
SWD Grade 5 0.05 0.04 0.0 5.3 0.05 0.04 0.0 3.7
LEP Grade 5 0.26 0.24 0.0 3.6 0.24 0.27 0.0 -6.1
AIG Grade 5 0.11 0.13 0.0 -6.4 0.11 0.10 0.0 2.0
Live in neighborhood
with >49% FRL 0.75 0.59 0.2 34.4 0.73 0.75 0.0 -5.8
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Table H9 Continued

Hispanic Students with Grade 8 Test

Score/Attendance Outcomes

Hispanic Students with Grade 8 Test
Score/Attendance Outcomes

(unweighted) (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference Bias
% Proficient Math 84.1 84.9 -0.8 -10.2 735 735 0.0 -0.3
% Proficient Reading 72.8 74.2 -1.4 -14.9 84.8 84.7 0.1 1.7
E";Tﬁg;";‘ry % FRL 043  0.39 0.0 24.8 0.42 0.42 0.0 2.3
Characteristics  School Size 6637 7142 505  -35.0 665.7  656.7 9.0 6.3
% Black 0.29 0.26 0.0 18.6 0.27 0.27 0.0 -1.0
% Hispanic 0.21 0.19 0.0 34.1 0.21 0.20 0.0 10.8
% Proficient Math 79.3 81.9 -2.6 -26.5 70.3 69.5 0.8 8.8
% Proficient Reading 69.7 74.4 -4.7 -50.1 79.2 78.4 0.8 7.5
Middle School % FRL 045 035 0.1 75.2 0.43 0.45 0.0 146

Pretreatment . 1041.

School Size 884.4 5 -157.1 -82.4 876.1 856.0 20.1 10.7
% Black 0.32 0.27 0.1 47.2 0.31 0.32 0.0 -9.5
% Hispanic 0.18 0.14 0.0 94.2 0.17 0.17 0.0 10.5
Mean |bias| 28.9 5.8

N 344 1,795 311 1,084
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Table H10

Hispanic Survey Sample Balance Before and After Applying IPW

Hispanic Students with Grade 8 Survey

Outcomes (unweighted)

Hispanic Students with Grade 8
Survey Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM  Difference  Bias STEM STEM Difference Bias

EOG Reading Grade 5 407.7 407.3 0.4 0.7 407.8 4075 0.3 0.6
EOG Math Grade 5 412.0 411.4 0.6 14 412.2 412.3 -0.1 -0.2
EOG Science Grade 5 209.9 209.7 0.2 0.6 210.4 209.9 0.5 1.1
Unexcused abs. Grade 5 3.4 3.2 0.2 4.3 3.1 3.4 -0.3 -9.7
Male 0.46 0.44 0.0 3.4 0.48 0.47 0.0 2.9
Black -- -- -- -- -- -- -- --
Hispanic -- -- - - - - - --

Student Multi - - - - - - - -
Asian -- -- - -- -- -- -- --
American Indian -- -- - -- -- -- -- --
SWD Grade 5 0.05 0.04 0.0 34 0.05 0.04 0.0 6.4
LEP Grade 5 0.20 0.22 - -4.7 0.23 0.23 0.0 1.4
AIG Grade 5 0.13 0.13 0.0 0.4 0.13 0.13 0.0 -0.3
Live in neighborhood
with >49% FRL 0.73 0.56 0.2 34.6 0.69 0.71 0.0 -5.2
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Table H10 Continued

272

Hispanic Students with Grade 8 Survey
Outcomes (unweighted)

Hispanic Students with Grade 8
Survey Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM  Difference  Bias STEM STEM Difference Bias
% Proficient Math 85.1 85.0 0.1 1.1 84.8 84.2 0.6 8.7
% Proficient Reading 73.8 74.4 -0.6 -6.3 735 72.5 1.0 101
E'gr:heg;";‘ry % FRL 042 039 0.0 15.0 043 043 0.0 0.1
Characteristics  School Size 667.4 718.3 -50.9 -35.6 663.6 657.4 6.2 4.4
% Black 0.27 0.26 0.0 10.9 0.27 0.29 0.0 -12.6
% Hispanic 0.21 0.19 0.0 25.8 0.20 0.20 0.0 6.8
% Proficient Math 81.1 81.8 -0.7 -7.8 79.6 79.3 0.3 3.3
% Proficient Reading 71.9 74.2 -2.3 -25.4 715 70.4 1.1 121
Middle School %0 FRL 0.42 0.35 0.1 50.8 0.41 0.44 0.0 -19.1
Pretreatment  School Size 903.3 1037.4 -134.1 -71.9 916.9 935.5 -18.6 -10.2
% Black 0.30 0.27 0.0 27.2 0.30 0.32 0.0 -16.8
% Hispanic 0.18 0.14 0.0 80.1 0.16 0.17 0.0 -21.0
Mean |bias| 19.6 7.3
N 168 1,056 116 537




Table H11

Asian Test Score/Attendance Sample Balance Before and After Applying IPW

Asian Students with Grade 8 Test

Score/Attendance Outcomes

Asian Students with Grade 8 Test
Score/Attendance Outcomes

(unweighted) (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM  Difference Bias STEM  STEM Difference Bias

EOG Reading Grade 5 411.9 409.5 2.4 4.8 407.3 403.2 4.1 7.8
EOG Math Grade 5 418.6 416.2 2.4 4.9 414.2 411.6 2.6 5.3
EOG Science Grade 5 216.1 213.3 2.8 5.9 212.5 209.4 3.1 6.3
Unexcused abs. Grade 5 2.1 2.0 0.1 5.8 1.9 1.3 0.6 25.9
Male 0.53 0.50 0.0 6.6 0.65 0.58 0.1 154
Black - - - - - - -- --
Hispanic - - - - - - -- --

Student Multi - - - - - - - -
Asian - - - - - - -- -
American Indian - - - - - - -- -
SWD Grade 5 0.02 0.01 0.0 12.6 0.04 0.01 0.0 16.9
LEP Grade 5 0.14 0.08 0.1 18.3 0.19 0.16 0.0 8.1
AIG Grade 5 0.45 0.63 -0.2 -35.4 0.38 0.50 -0.1 -24.3
Live in neighborhood
with >49% FRL 0.20 0.09 0.1 31.3 0.27 0.30 0.0 -7.3
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Table H11 Continued

Asian Students with Grade 8 Test
Score/Attendance Outcomes

Asian Students with Grade 8 Test
Score/Attendance Outcomes

(unweighted) (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference Bias
% Proficient Math 89.4 89.2 0.2 3.3 76.1 76.6 -0.5 5.4
| % Proficient Reading 80.9 82.7 -1.8 -19.6 86.0 86.1 -0.1 -2.3
E gr:ﬁg;";‘ry % FRL 0.29 0.25 0.0 285 0.37 0.36 0.0 6.9
Characteristics  School Size 7343 7637 294 -20.2 6851 6602 249 171
% Black 0.18 0.18 0.0 1.6 0.25 0.24 0.0 45
% Hispanic 0.15 0.12 0.0 39.0 0.17 0.15 0.0 23.2
% Proficient Math 84.3 88.1 -3.8 -50.3 72.0 70.7 1.3 13.5
% Proficient Reading 775 80.8 -3.3 -38.8 79.9 78.7 1.2 13.6
0, -
Middle School 0% FRL 0.32 0.26 0.1 5(3.6 0.40 0.42 0.0 14.4
Pretreatment  gepoo) Size 810.9 11043  -2934  219.0 8359 8644  -285  -17.6
% Black 0.23 0.23 0.0 -2.5 0.29 0.31 0.0 -13.6
% Hispanic 0.15 0.10 0.1 165.2 0.16 0.16 0.0 2.0
Mean |bias| 36.4 12.0
N 51 1,084 26 502
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Table H12

Asian Survey Sample Balance Before and After Applying IPW

Asian Students with Grade 8 Survey

Outcomes (unweighted)

Asian Students with Grade 8 Survey

Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM  STEM Difference Bias

EOG Reading Grade 5 419.9 4186 1.3 25 386.0 397.8 -11.8 19.2
EOG Math Grade 5 426.6  424.8 1.8 3.7 395.0 406.6 -11.6 -21.1
EOG Science Grade 5 223.8 222.1 1.7 3.6 189.7 203.4 -13.7 -22.8
Unexcused abs. Grade 5 2.0 19 0.1 1.7 1.0 14 -0.4 -21.0
Male 0.54 0.46 0.1 16.0 1.00 0.63 0.4 105.0
Black -- -- -- -- -- -- -- -
Hispanic -- - - -- - -- -- -

Student Multi -- -- -- -- -- -- -- --
Asian - - - - - - - -
American Indian - - - - - - - -
SWD Grade 5 0.03 0.00 0.0 185 0.00 0.01 0.0 -12.1
LEP Grade 5 0.09 0.08 0.0 3.8 0.00 0.11 -0.1 -58.1
AIG Grade 5 0.54 0.6 -0.1 -12.2 0.67 0.59 0.1 14.5
Live in neighborhood
with >49% FRL 0.11 0.11 0.0 2.4 0.00 0.17 -0.2 -66.8
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Table H12 Continued

Asian Students with Grade 8 Survey

Outcomes (unweighted)

Asian Students with Grade 8 Survey

Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference Bias
% Proficient Math 914 88.8 2.6 419 86.6 87.3 -0.7 -12.9
% Proficient Reading 83.7 82.1 1.6 17.8 75.0 76.5 -1.5 -19.9
Elementary
School % FRL 0.26 0.26 0.0 0.3 0.33 0.37 0.0 -39.0
Characteristics  School Size 769.9 759.6 10.3 7.7 619.3 675.6 -56.3 -47.0
% Black 0.15 0.18 0.0 -26.1 0.17 0.24 -0.1 -72.4
% Hispanic 0.14 0.13 0.0 23.6 0.17 0.18 0.0 -15.7
% Proficient Math 87.3 87.6 -0.3 -5.1 74.7 80.8 -6.1 -75.5
% Proficient Reading 81.1 80.0 1.1 142 66.2 72.6 -6.4 -94.3
0,
Middle School % FRL 0.28 0.28 0.0 3;3 0.48 0.40 0.1 83.2
Pretreatment  g.po01 Size 816.1  110.3 7058 2184 948.0  904.0 44.0 215
% Black 0.19 0.24 -0.1 -45.0 0.36 0.29 0.1 78.2
% Hispanic 0.15 0.11 0.0 134.6 0.16 0.16 0.0 -2.9
Mean |bias| 29.0 43.0
N 35 638 3 248
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Table H13

Multi-Racial Test Score/Attendance Sample Balance Before and After Applying IPW

277

Multi Students with Grade 8 Test
Score/Attendance Outcomes

Multi Students with Grade 8 Test

(unweighted) Score/Attendance Outcomes (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference  Bias
EOG Reading Grade 5 4104  405.8 4.6 9.1 4154 411.2 4.2 8.4
EOG Math Grade 5 413.8  409.0 4.8 10.2 417.9 414.0 3.9 8.4
EOG Science Grade 5 212.9 208.1 4.8 10.2 217.5 213.3 4.2 8.7
Unexcused abs. Grade 5 3.3 3.1 0.2 4.4 3.0 3.0 0.0 -1.9
Male 0.48 0.48 0.0 0.4 0.41 0.48 -0.1 -14.0
Black - -- - -- - -- -- --
Hispanic - -- - -- - -- -- --
Student Multi - - - - - - - -
Asian - -- - -- - -- -- --
American Indian - -- - -- - -- -- --
SWD Grade 5 0.05 0.04 0.0 4.9 0.07 0.08 0.0 -4.2
LEP Grade 5 0.02 0.01 0.0 10.1 0.00 0.00 0.0 -3.2
AIG Grade 5 0.33 0.30 0.0 5.8 0.34 0.34 0.0 0.0
Live in neighborhood
with >49% FRL 0.41 0.26 0.2 31.5 0.36 0.45 -0.1 -17.2
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Table H13 Continued

Multi Students with Grade 8 Test

Score/Attendance Outcomes Multi Students with Grade 8 Test
(unweighted) Score/Attendance Outcomes (weighted)
Type of Non- Non-

Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference Bias
% Proficient Math 85.4 86.9 -15 -20.5 76.9 75.7 1.2 14.6

% Proficient Reading 74.9 77.8 -2.9 -30.5 86.8 86.1 0.7 11.2

E";Tﬁg;";‘ry % FRL 041  0.33 0.1 45.1 0.36 0.40 0.0 24.0
Characteristics  School Size 667.8 730.5 -62.7 -43.1 658.4 635.9 22.5 16.6
% Black 0.28 0.22 0.1 36.4 0.24 0.27 0.0 -19.5

% Hispanic 0.19 0.15 0.0 45.0 0.16 0.18 0.0 -23.1

% Proficient Math 80.1 83.8 -3.7 -38.6 72.0 70.9 1.1 11.8

% Proficient Reading 70.5 76.8 -6.3 -70.7 79.5 79.5 0.0 0.3

) % FRL 0.44 0.31 0.1 104.3 0.40 0.43 0.0 -28.7

Middle School ° 1058.

Pretreatment  genoo) Size 905.2 0 1528  -785 9189 9183 0.6 0.3
% Black 0.32 0.24 0.1 73.9 0.30 0.31 0.0 -12.9

% Hispanic 0.18 0.12 0.1 122.9 0.15 0.16 0.0 -45.0

Mean |bias| 37.9 13.0

N 64 568 44 194




Table H14

Multi-Racial Survey Sample Balance Before and After Applying IPW

Multi Students with Grade 8 Survey

Outcomes (unweighted)

Multi Students with Grade 8 Survey
Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM  Difference  Bias

EOG Reading Grade 5 423.6 410.9 12.7 25.9 422.1 412.0 10.1 20.7
EOG Math Grade 5 426.1 413.8 12.3 26.8 423.7 414.9 8.8 19.3
EOG Science Grade 5 225.5 212.9 12.6 27.3 223.4 214.1 9.3 19.9
Unexcused abs. Grade 5 3.0 2.9 0.1 1.7 2.9 3.1 -0.2 -5.7
Male 0.42 0.45 0.0 -5.2 0.26 0.56 -0.3 -64.0
Black -- -- - -- - - - -
Hispanic -- -- - -- - - - -

Student Multi - - - - - - - -
Asian - - - -- - - - -
American Indian - - - -- - - - -
SWD Grade 5 0.04 0.04 0.0 2.0 0.00 0.08 -0.1 -45.0
LEP Grade 5 0.02 0.01 - 10.9 0.00 0.00 0.0 -3.3
AIG Grade 5 0.38 0.32 0.1 13.1 0.37 0.33 0.0 9.1
Live in neighborhood
with >49% FRL 0.33 0.24 0.1 20.6 0.26 0.36 -0.1 -22.0
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Table H14 Continued

Multi Students with Grade 8 Survey

Outcomes (unweighted)

Multi Students with Grade 8 Survey

Outcomes (weighted)

Type of Non- Non-

Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference  Bias
% Proficient Math 85.5 87.5 -2.0 -27.6 87.4 86.2 1.2 19.4
% Proficient Reading 75.3 78.3 -3.0 -30.2 77.7 75.3 2.4 27.0
E'gr:rfg;";‘ry % FRL 0.39 0.32 0.1 41.3 0.35 0.40 0.1 -28.3
Characteristics  School Size 662.7 735.6 -72.9 -50.8 670.7 673.2 -25 -1.7
% Black 0.28 0.21 0.1 44.8 0.23 0.28 -0.1 -34.4
% Hispanic 0.18 0.15 0.0 38.9 0.17 0.18 0.0 -16.1
% Proficient Math 81.0 83.5 -25 -25.4 80.3 77.3 3.0 23.9
% Proficient Reading 71.6 76.5 -4.9 -51.6 725 69.4 3.1 30.9
Middle School %0 FRL 0.42 0.30 0.1 90.5 0.40 0.44 0.0 -31.6
Pretreatment  School Size 895.1 1041.6 -146.5 -72.6 912.3 886.9 25.4 11.9
% Black 0.30 0.23 0.1 64.2 0.29 0.32 0.0 -25.2
% Hispanic 0.18 0.13 0.1 112.8 0.16 0.16 0.0 -23.2
Mean |bias| 37.3 23.0

N 45 346 27 77




Table H15

SWD Test Score/Attendance Sample Balance Before and After Applying IPW

SWD Students with Grade 8 Test

Score/Attendance Outcomes

(unweighted)

SWD Students with Grade 8 Test
Score/Attendance Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM  Difference Bias

EOG Reading Grade 5 4474 4458 1.6 16.1 447.0 446.5 0.5 4.3
EOG Math Grade 5 4475 447.0 0.5 5.9 447.7 447.0 0.7 6.3
EOG Science Grade 5 249.6 247.0 2.6 26.4 249.4 250.2 -0.8 -6.6
Unexcused abs. Grade 5 35 3.3 0.2 6.4 3.4 4.1 -0.7 -19.1
Male 0.70 0.64 0.1 12.2 0.7 0.75 -0.1 9.4
Black 0.23 0.25 0.0 -6.8 0.22 0.28 -0.1 -14.3
Hispanic 0.23 0.14 0.1 21.6 0.23 0.20 0.0 7.9

Student Multi 0.04 0.04 0.0 -1.4 0.05 0.08 0.0 -16.9
Asian 0.01 0.01 0.0 0.9 0.02 0.01 0.0 6.9
American Indian 0.01 0.01 0.0 7.1 0.00 0.00 0.0 -1.7
SWD Grade 5 - -- - -- -- - -- --
LEP Grade 5 0.14 0.08 0.1 19.1 0.14 0.10 0.0 11.0
AIG Grade 5 0.09 0.09 0.0 2.1 0.08 0.03 0.1 16.9
Live in neighborhood
with >49% FRL 0.40 0.31 0.1 19.3 0.41 0.39 0.0 2.6
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Table H15 Continued

SWD Students with Grade 8 Test
Score/Attendance Outcomes
(unweighted)

SWD Students with Grade 8 Test
Score/Attendance Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference Bias
% Proficient Math 87.5 86.9 0.6 1.7 77.8 76.7 1.1 12.8
| % Proficient Reading 77.6 78.3 -0.7 -7.5 87.8 86.7 1.1 15.8
E gr:ﬁg;";‘ry % FRL 033 031 0.0 19.0 0.33 0.36 0.0 -20.4
Characteristics  School Size 673.0 736.7 -63.7 -39.2 682.5 648.6 33.9 21.1
% Black 0.21 0.20 0.0 8.7 0.20 0.22 0.0 -13.5
% Hispanic 0.16 0.15 0.0 22.1 0.17 0.17 0.0 -4.9
% Proficient Math 81.9 83.9 -2.0 -21.8 73.9 70.8 3.1 31.6
% Proficient Reading 73.8 76.8 -3.0 -33.2 81.6 79.7 1.9 17.7

0, - -

Middle School 0% FRL 0.38 0.30 0.1 6%.3 0.38 0.44 0.1 46.0
Pretreatment  gepoo) Size 850.2 10624 2122 1104 8865  862.4 24.1 13.1
% Black 0.28 0.23 0.1 44.1 0.27 0.32 -0.1 -36.8
% Hispanic 0.16 0.13 0.0 99.0 0.16 0.17 0.0 -17.8
Mean |bias| 24.8 15.9

N 80 523 64 231




Table H16

SWD Survey Sample Balance Before and After Applying IPW

SWD Students with Grade 8 Survey

Outcomes (unweighted)

SWD Students with Grade 8 Survey
Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM  Difference  Bias

EOG Reading Grade 5 448.3  446.6 1.7 6.6 447.2 445.4 1.8 20.0
EOG Math Grade 5 4498 44738 2.0 215 448.9 447.6 1.3 15.7
EOG Science Grade 5 251.2 247.4 3.8 38.0 249.8 249.1 0.7 7.6
Unexcused abs. Grade 5 3.1 3.0 0.1 3.0 3.3 3.7 -0.4 -10.6
Male 0.64 0.57 0.1 14.3 0.72 0.69 0.0 5.7
Black 0.26 0.21 0.1 10.5 0.25 0.35 -0.1 -22.0
Hispanic 0.16 0.13 0.0 7.3 0.13 0.12 0.0 0.8

Student Multi 0.04 0.04 0.0 -1.8 0.06 0.04 0.0 9.2
Asian 0.02 0.01 0.0 8.8 0.00 0.01 0.0 -11.8
American Indian 0.02 0.00 0.0 8.8 0.00 0.00 0.0 -1.9
SWD Grade 5 -- -- -- -- - -- -- --
LEP Grade 5 0.10 0.06 0.0 13.70 0.09 0.09 0.0 1.7
AIG Grade 5 0.12 0.10 0.0 5.4 0.13 0.07 0.1 18.0
Live in neighborhood
with >49% FRL 0.36 0.24 0.1 26.3 0.28 0.39 -0.1 -24.6
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Table H16 Continued

SWD Students with Grade 8 Survey
Outcomes (unweighted)

SWD Students with Grade 8 Survey
Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference  Bias
% Proficient Math 87.9 87.7 0.2 3.3 87.2 86.1 11 17.1
% Proficient Reading 78.1 79.2 -1.1 -11.9 76.9 75.1 1.8 19.9
E'gr:heg;";‘ry % FRL 033 030 0.0 26.2 0.35 0.39 0.0 -25.7
Characteristics  School Size 678.3 743.8 -65.5 -39.6 664.7 628.6 36.1 22.1
% Black 0.21 0.18 0.0 18.0 0.22 0.24 0.0 -17.2
% Hispanic 0.16 0.15 0.0 19.2 0.17 0.18 0.0 -8.7
% Proficient Math 83.2 84.2 -1.0 -11.3 81.2 79.9 1.3 12.9
% Proficient Reading 75.5 76.9 -1.4 -16.0 73.6 715 2.1 225
Middle School %0 FRL 0.35 0.30 0.1 435 0.38 0.43 -0.1 -39.8
Pretreatment  School Size 8575 1045.7 -188.2 -100.4 906.9 944.1 -37.2 -20.2
% Black 0.26 0.23 0.0 336 0.28 0.31 0.0 -28.7
% Hispanic 0.16 0.13 0.0 83.8 0.15 0.17 0.0 -39.3
Mean |bias| 22.9 17.8

N 50 321 32 169
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Table H17

LEP Test Score/Attendance Sample Balance Before and After Applying IPW

LEP Students with Grade 8 Test

Score/Attendance Outcomes

LEP Students with Grade 8 Test
Score/Attendance Outcomes

(unweighted) (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM  Difference  Bias STEM STEM Difference Bias

EOG Reading Grade 5 388.5 394.3 -5.8 -12.0 393.8 395.1 -1.3 -2.6
EOG Math Grade 5 394.5 400.2 -5.7 -12.1 399.8 401.2 -1.4 -2.9
EOG Science Grade 5 192.0 197.8 -5.8 -12.3 196.9 197.6 -0.7 -1.3
Unexcused abs. Grade 5 3.6 3.3 0.3 6.6 3.5 3.7 -0.2 -6.7
Male 0.54 0.55 0.0 -2.3 0.55 0.48 0.1 14.1
Black 0.01 0.04 0.0 -20.5 0.01 0.01 0.0 3.1
Hispanic 0.85 0.73 0.1 29.5 0.86 0.89 0.0 -8.7

Student Multi 0.01 0.01 0.0 5.3 0.00 0.00 0.0 -1.6
Asian 0.07 0.15 -0.1 -25.7 0.08 0.06 0.0 8.5
American Indian 0.01 0.00 0.0 105 0.00 0.00 0.0 -6.3
SWD Grade 5 0.10 0.07 0.0 12.9 0.10 0.08 0.0 4.0
LEP Grade 5 - - -- - - - - --
AIG Grade 5 0.01 0.03 0.0 -14.8 0.01 0.01 0.0 3.8
Live in neighborhood
with >49% FRL 0.84 0.69 0.2 35.5 0.81 0.86 0.0 -13.3
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Table H17 Continued

LEP Students with Grade 8 Test

Score/Attendance Outcomes

LEP Students with Grade 8 Test

Score/Attendance Outcomes

(unweighted) (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference Bias
% Proficient Math 83.3 83.9 -0.6 -8.0 73.3 73.9 -0.6 6.1
% Proficient Reading 72.0 73.3 -1.3 -13.3 84.5 85.0 -0.5 -75
E";Tﬁg;";‘ry % FRL 0.45 0.40 0.1 25.3 043 043 0.0 15
Characteristics  School Size 648.5 708.0 -59.5 -40.7 653.0 644.9 8.1 55
% Black 0.31 0.27 0.0 26.4 0.28 0.28 0.0 2.8
% Hispanic 0.20 0.19 0.0 19.3 0.20 0.19 0.0 0.6
% Proficient Math 78.4 81.0 -2.6 -26.2 69.3 69.6 -0.3 -3.3
% Proficient Reading 68.5 74 -55 -60.7 77.8 78.8 -1.0 10.0
Middle School %0 FRL 0.46 0.35 0.1 96.0 0.44 0.46 0.0 15.4
Pretreatment  School Size 894.8 1044.2 -149.4 -78.0 876.7 864.7 12.0 11.1
% Black 0.33 0.27 0.1 57.7 0.32 0.32 0.0 -0.2
% Hispanic 0.19 0.14 0.1 106.6 0.17 0.17 0.0 12.2
Mean |bias| 30.3 6.1

N 105 599 84 328




Table H18

LEP Survey Sample Balance Before and After Applying IPW

LEP Students with Grade 8 Survey

Outcomes (unweighted)

LEP Students with Grade 8 Survey
Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference  Bias

EOG Reading Grade 5 406.1 401.2 4.9 10.0 411.2 408.5 2.7 5.6
EOG Math Grade 5 411.6 406.7 4.9 104 416.5 413.7 2.8 6.1
EOG Science Grade 5 209.3 204.1 5.2 111 213.6 211.2 2.4 5.2
Unexcused abs. Grade 5 3.3 3.2 0.1 3.0 3.4 3.6 -0.2 -4.7
Male 0.52 0.49 0.0 7.2 0.47 0.45 0.0 3.6
Black 0.00 0.04 0.0 -27.7 0.00 0.04 0.0 -29.0
Hispanic 0.81 0.72 0.1 20.6 0.81 0.85 0.0 -12.1

Student Multi 0.02 0.01 0.0 11.3 0.00 0.01 0.0 -8.6
Asian 0.07 0.15 -0.1 -24.6 0.08 0.05 0.0 11.9
American Indian 0.00 0.00 0.0 -7.9 0.00 0.00 0.0 0.0
SWD Grade 5 0.12 0.06 0.1 19.9 0.14 0.10 0.0 13.8
LEP Grade 5 -- - -- - -- -- - --
AIG Grade 5 0.02 0.02 0.0 1.5 0.03 0.01 0.0 8.4
Live in neighborhood
with >49% FRL 0.79 0.69 0.1 22.1 0.75 0.74 0.0 1.3

287



Table H18 Continued

LEP Students with Grade 8 Survey

Outcomes (unweighted)

LEP Students with Grade 8 Survey
Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference  Bias
% Proficient Math 84.3 84.2 0.1 1.2 85.8 84.3 1.5 19.7
| % Proficient Reading 73.2 73.6 -0.4 -4.0 75.0 72.6 2.4 22.4
E gr:rfé‘;";‘ry % FRL 0.44 0.40 0.0 19.1 0.41 0.45 0.0 21.4
Characteristics  School Size 667.5 716.6 -49.1 -34.8 659.1 635.5 23.6 16.6
% Black 0.30 0.26 0.0 20.4 0.27 0.31 0.0 -23.1
% Hispanic 0.20 0.19 0.0 13.8 0.19 0.20 0.0 -8.3
% Proficient Math 81.4 80.7 0.7 6.5 81.4 80.2 1.2 11.2
% Proficient Reading 725 73.8 -1.3 -13.6 73.7 71.3 24 24.3
Middle School % FRL 0.41 0.35 0.1 47.6 0.38 0.43 -0.1 -32.5
Pretreatment  School Size 912.6 1035.1 -1225 -66.1 913.3 913.9 -0.6 -0.3
% Black 0.29 0.27 0.0 21.7 0.28 0.31 0.0 -28.1
% Hispanic 0.17 0.14 0.0 74.0 0.16 0.17 0.0 -21.6
Mean |bias| 20.0 14.3

N 42 324 36 219
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Table H19

AIG Test Score/Attendance Sample Balance Before and After Applying IPW

AIlG Students with Grade 8 Test
Score/Attendance Outcomes

AIG Students with Grade 8 Test

Score/Attendance Outcomes

(unweighted) (weighted)
Type of Non- Non-
Characteristic Covariate STEM  STEM Difference Bias STEM STEM Difference Bias

EOG Reading Grade 5 418.8 411.7 7.1 14.3 417.6 414.9 2.7 55
EOG Math Grade 5 423.4 416.7 6.7 14.2 422.2 419.7 25 5.2
EOG Science Grade 5 221.0 214.1 6.9 14.4 219.9 217.5 2.4 5.0
Unexcused abs. Grade 5 2.5 2.2 0.3 11.6 2.6 2.4 0.2 5.3
Male 0.56 0.52 0.0 8.4 0.55 0.56 0.0 -1.7
Black 0.09 0.06 0.0 10.5 0.09 0.08 0.0 2.7
Hispanic 0.10 0.05 0.1 20.1 0.11 0.13 0.0 -9.0

Student Multi 0.06 0.04 0.0 10.0 0.06 0.05 0.0 2.4
Asian 0.06 0.15 -0.1 -27.8 0.07 0.04 0.0 9.8
American Indian 0.01 0.00 0.0 7.3 0.01 0.00 0.0 7.3
SWD Grade 5 0.02 0.01 0.0 7.3 0.02 0.01 0.0 6.0
LEP Grade 5 0.00 0.00 0.0 -2.0 0.00 0.00 0.0 2.1
AIG Grade 5 - - - - - -- -- --
Live in neighborhood
with >49% FRL 0.19 0.08 0.1 31.1 0.19 0.20 0.0 -3.4
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Table H19 Continued

AIG Students with Grade 8 Test
Score/Attendance Outcomes

AIG Students with Grade 8 Test
Score/Attendance Outcomes

(unweighted) (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM  Difference Bias
% Proficient Math 87.1 88.2 -11 -17.0 77.3 75.7 1.6 17.2
% Proficient Reading 77.2 80.5 -3.3 -37.0 87.1 86.6 0.5 8.3
Elementary o0 0o 0.36 0.28 0.1 60.8 0.37 0.41 0.0
School 0) ) ) . ) . . . -29.1
Characteristics  School Size 682.2 755.6 -73.4 -48.7 680.1 643.4 36.7 255
% Black 0.24 0.18 0.1 43.2 0.24 0.26 0.0 -15.0
% Hispanic 0.17 0.14 0.0 54.4 0.18 0.19 0.0 -13.7
% Proficient Math 80.8 86.3 55 -61.2 72.8 71.0 1.8 18.3
% Proficient Reading 72.7 79.2 -6.5 -72.2 80.8 80.0 0.8 7.6
Middle School %0 FRL 0.39 0.28 0.1 94.4 0.39 0.44 -0.1 -40.8
Pretreatment  School Size 8419  1084.7 -2428  -137.3 851.2 853.9 2.7 -1.5
% Black 0.29 0.23 0.1 56.6 0.28 0.30 0.0 -15.6
% Hispanic 0.16 0.11 0.1 140.3 0.16 0.17 0.0 -15.6
Mean |bias| 42.0 10.9
N 354 4,510 339 1,530
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Table H20

AIG Survey Sample Balance Before and After Applying IPW

AIG Students with Grade 8 Survey

Outcomes (unweighted)

AIG Students with Grade 8 Survey
Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference  Bias

EOG Reading Grade 5 430.3 417.0 13.3 27.6 4295 422.7 6.8 14.0
EOG Math Grade 5 4345 421.7 12.8 28.2 433.7 4275 6.2 13.6
EOG Science Grade 5 232.2 219.2 13.0 28.1 2315 225.4 6.1 13.3
Unexcused abs. Grade 5 2.2 2.1 0.1 4.6 2.2 2.2 0.0 2.0
Male 0.53 0.49 0.0 7.1 0.53 0.52 0.0 2.6
Black 0.08 0.06 0.0 7.1 0.08 0.07 0.0 2.4
Hispanic 0.09 0.05 0.0 18.1 0.09 0.12 0.0 -9.2

Student Multi 0.07 0.04 0.0 15.2 0.07 0.06 0.0 4.6
Asian 0.08 0.14 -0.1 -17.4 0.09 0.07 0.0 5.0
American Indian 0.00 0.00 0.0 5.4 0.00 0.00 0.0 7.1
SWD Grade 5 0.03 0.01 0.0 10.5 0.03 0.01 0.0 9.7
LEP Grade 5 0.00 0.00 0.0 3.2 0.00 0.00 0.0 3.2
AIG Grade 5 - -- - - - -- - -
Live in neighborhood
with >49% FRL 0.16 0.08 0.1 22.5 0.15 0.17 0.0 -4.4
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Table H20 Continued

AIG Students with Grade 8 Survey

Outcomes (unweighted)

AIG Students with Grade 8 Survey
Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference  Bias
% Proficient Math 88.1 88.3 -0.2 -2.2 88.3 87.2 1.1 19.1
% Proficient Reading 78.7 80.4 -1.7 -19.5 79.0 76.7 2.3 25.7
Elementary g, o) 035  0.28 0.1 47.1 0.34 0.39 -0.1 -28.4

School

Characteristics  School Size 698.6 756.2 -57.6 -39.1 698.1 655.0 43.1 30.5
% Black 0.22 0.17 0.1 33.7 0.21 0.24 0.0 -24.4
% Hispanic 0.17 0.14 0.0 41.9 0.17 0.17 0.0 -3.1
% Proficient Math 82.4 86.3 -3.9 -43.9 82.4 80.8 1.6 15.4
% Proficient Reading 74.8 79.0 -4.2 -47.0 74.9 72.3 2.6 27.1
Middle School % FRL 0.37 0.28 0.1 72.1 0.37 0.42 -0.1 -47.6
Pretreatment School Size 855.2 1078.1  -2229  -127.1 860.7 882.9 -22.2 -12.3
% Black 0.26 0.22 0.0 38.2 0.26 0.29 0.0 -25.2
% Hispanic 0.16 0.12 0.0 122.9 0.16 0.17 0.0 -20.8
Mean |bias| 33.2 15.6

N 232 2,833 223 1,201
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Table H21

Live in Neighborhood with >49% FRL Students Test Score/Attendance Sample Balance Before and After Applying IPW

Live in Neighborhood with >49%
FRL Students with Grade 8 Test
Score/Attendance Outcomes

Live in Neighborhood with >49% FRL
Students with Grade 8 Test

(unweighted) Score/Attendance Outcomes (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference Bias
EOG Reading Grade 5 396.4  399.3 -2.9 -5.7 3994 395.1 4.3 8.6
EOG Math Grade 5 400.0 4028 -2.8 -5.9 403.0 399.1 3.9 8.1
EOG Science Grade 5 199.2 201.6 -2.4 -5.1 202.0 1980 4.0 8.2
Unexcused abs. Grade 5 3.8 3.8 0.0 0.9 3.8 3.8 0.0 -0.9
Male 0.5 0.49 0.0 2.2 0.49 0.49 0.0 0.9
Black 0.36 0.41 -0.1 -10.0 0.36 0.36 0.0 0.9
Hispanic 0.42 0.33 0.1 19.5 0.41 0.44 0.0 -6.2
Student Multi 0.04 0.05 0.0 -15 0.04 0.04 0.0 0.4
Asian 0.02 0.03 0.0 8.7 0.02 0.02 0.0 2.0
American Indian 0.01 0.01 0.0 0.4 0.01 0.00 0.0 4.1
SWD Grade 5 0.05 0.05 0.0 11 0.05 0.05 0.0 3.9
LEP Grade 5 0.14 0.13 0.0 4.7 0.13 0.16 0.0 -8.0
AIG Grade 5 0.11 0.12 0.0 -2.3 0.11 0.10 -- 34

Live in neighborhood
with >49% FRL
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Table H21 Continued

Live in Neighborhood with >49%
FRL Students with Grade 8 Test
Score/Attendance Outcomes
(unweighted)

Live in Neighborhood with >49% FRL
Students with Grade 8 Test
Score/Attendance Outcomes (weighted)

Type of

Non-

Non-

Characteristic Covariate STEM STEM Difference Bias STEM STEM Difference Bias
% Proficient Math 82.8 824 0.4 5.6 71.8 719 -0.1 -1.1
- % Proficient Reading 71.1 70.9 0.2 1.9 83.6 83.6 0.0 0.3
gr:rfg;";‘ry % FRL 047  0.45 0.0 9.9 046  0.45 0.0 1.8
Characteristics School Size 663.4 670.9 -75 -5.1 656.2 662.0 -5.8 -4.0
% Black 0.33 0.33 0.0 2.1 0.31 0.31 0.0 -0.7
% Hispanic 0.21 0.19 0.0 28.3 0.21 0.20 0.0 7.2
% Proficient Math 78.7 80.2 -15 -16.1 69.3 69.0 0.3 3.7
% Proficient Reading 68.9 724 -3.5 -40.4 78.5 77.8 0.7 6.3
Middle School % FRL 0.45 0.39 0.1 555 0.44 0.45 0.0 -8.0
Pretreatment  School Size 8789 1036.3 -157.4 -77.4 876.0 862.9 13.1 6.4
% Black 0.33 0.31 0.0 20.4 0.33 0.32 0.0 35
% Hispanic 0.18 0.14 0.0 90.0 0.18 0.17 0.0 9.9
Mean |bias| 17.9 4.3

N 611 3,227 550 1,986




Table H22

Live in Neighborhood with >49% FRL Students Survey Sample Balance Before and After Applying IPW

Live in Neighborhood with >49% FRL

Students with Grade 8 Survey

Live in Neighborhood with >49% FRL
Students with Grade 8 Survey Outcomes

Outcomes (unweighted) (weighted)

Type of Non- Non-
Characteristic Covariate STEM  STEM Difference  Bias STEM STEM  Difference  Bias
EOG Reading Grade 5 4111 407.2 3.9 8.0 408.7 408.0 0.7 14
EOG Math Grade 5 413.8 4105 3.3 7.1 412.0 411.3 0.7 1.6
EOG Science Grade 5 213.2 209.8 3.4 8.3 211.2 210.5 0.7 14
Unexcused abs. Grade 5 3.6 3.5 0.1 3.8 3.4 3.6 -0.2 -6.3
Male 0.46 0.45 0.0 2.1 0.46 0.46 0.0 0.5
Black 0.34 0.37 0.0 -5.8 0.32 0.35 0.0 -5.3
Hispanic 0.41 0.34 0.1 155 0.43 0.43 0.0 -0.2
Student Multi 0.05 0.05 0.0 1.6 0.04 0.04 0.0 1.3
Asian 0.01 0.04 0.0 -15.8 0.01 0.01 0.0 1.8
American Indian 0.01 0.01 0.0 0.6 0.00 0.00 0.0 0.3
SWD Grade 5 0.06 0.04 0.0 7.7 0.06 0.06 0.0 0.1
LEP Grade 5 0.11 0.13 0.0 -4.70 0.12 0.13 0.0 -2.8
AIG Grade 5 0.12 0.13 0.0 -3.4 0.13 0.12 0.0 2.3

Live in neighborhood
with >49% FRL
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Table H22 Continued

296

Live in Neighborhood with >49% FRL

Students with Grade 8 Survey

Live in Neighborhood with >49% FRL
Students with Grade 8 Survey Outcomes

Outcomes (unweighted) (weighted)
Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM STEM Difference  Bias
% Proficient Math 83.5 829 0.6 8.4 84.4 83.8 0.6 8.4
% Proficient Reading 71.7 71.2 0.5 47 72.6 721 0.5 5.0
Elementary o, o) 0.46 0.45 0.0 4.7 0.44 0.45 0.0 5.1
SChOOl 0 . . . . . . . =-J.
Characteristics  School Size 669.9 677.8 -7.9 -5.7 677.3 665.5 11.8 8.5
% Black 0.32 0.32 0.0 0.1 0.29 0.31 0.0 -10.4
% Hispanic 0.21 0.20 0.0 23.0 0.20 0.20 0.0 4.0
% Proficient Math 80.22 79.9 0.3 4.0 79.9 78.9 1.0 10.1
% Proficient Reading 70.5 71.9 -1.4 -16.2 724 70.6 1.8 20.4
Middle School %0 FRL 0.44 0.39 0.1 35.1 0.40 0.43 0.0 -29.1
Pretreatment  School Size 900.0 1028.7 -128.7 -63.8 907.0 906.1 0.9 0.4
% Black 0.32 0.31 0.0 5.7 0.29 0.31 0.0 -17.5
% Hispanic 0.18 0.15 0.0 78.4 0.16 0.16 0.0 -31.2
Mean |bias| 134 7.0
N 295 1,755 212 1,225




Table H23

Medium/High Implementing Schools Test Score/Attendance Sample Balance Before and After Applying IPW

Students at High Implementing

Schools with Grade 8 Test
Score/Attendance Outcomes

(unweighted)

Students at High Implementing

Schools with Grade 8 Test
Score/Attendance Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM  STEM  Difference Bias STEM STEM Difference  Bias

EOG Reading Grade 5 411.8 404.4 7.4 14.8 410.2 410.9 -0.7 -1.4
EOG Math Grade 5 414.9 408.3 6.6 13.9 412.9 413.6 -0.7 -1.4
EOG Science Grade 5 214.1 206.8 7.3 15.1 212.3 213.1 -0.8 -1.8
Unexcused abs. Grade 5 3.1 2.8 0.3 9.9 3.5 3.7 -0.2 -5.2
Male 0.55 0.49 0.1 124 0.54 0.59 0.0 -10.0
Black 0.20 0.19 0.0 3.8 0.26 0.33 -0.1 -15.0
Hispanic 0.22 0.13 0.1 23.6 0.22 0.24 0.0 -3.8

Student Multi 0.04 0.04 0.0 -3.2 0.04 0.03 0.0 4.8
Asian 0.06 0.08 0.0 10.1 0.03 0.03 0.0 1.5
American Indian 0.01 0.00 0.0 4.4 0.01 0.00 0.0 5.9
SWD Grade 5 0.07 0.04 0.0 12.6 0.06 0.06 0.0 0.7
LEP Grade 5 0.06 0.04 0.0 7.7 0.07 0.07 0.0 -1.7
AIG Grade 5 0.31 0.34 0.0 -6.5 0.28 0.27 0.0 2.6
Live in neighborhood
with >49% FRL 0.39 0.24 0.2 31.8 0.44 0.51 -0.1 -13.7
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Table H23 Continued

Students at High Implementing
Schools with Grade 8 Test
Score/Attendance Outcomes
(unweighted)

Students at High Implementing
Schools with Grade 8 Test
Score/Attendance Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM  STEM  Difference Bias STEM STEM Difference  Bias
% Proficient Math 86.9 86.8 0.1 2.1 72.6 70.1 2.5 21.7
% Proficient Reading 77.2 77.9 -0.7 -7.3 83.6 81.6 2.0 29.0
Elementary % FRL 0.35 0.32 0.0 21.0 0.42 0.43 0.0 -8.1
School -
Characteristics ~ School Size 680.5 743.5 -63.0 405 628.0 595.1 32.9 21.6
% Black 0.22 0.21 0.0 4.7 0.28 0.31 0.0 -21.4
% Hispanic 0.17 0.15 0.0 30.4 0.19 0.19 0.0 0.6
% Proficient Math 80.4 84.6 -4.2 40.3 67.5 64.1 3.4 34,7
% Proficient Reading 73.7 77.4 -3.7 36.1 75.2 74.1 1.1 8.2
Middle School % FRL 0.36 0.30 0.1 46.2 0.43 0.50 -0.1 -56.5
Pretreatment -
218.
School Size 734.7 1075.1 -340.4 1 693.1 625.6 67.5 35.6
% Black 0.26 0.24 0.0 21.7 0.33 0.39 -0.1 -55.0
% Hispanic 0.15 0.12 0.0 95.3 0.16 0.16 0.0 -20.8
Mean |bias| 28.1 16.0
N 772 13,374 497 1,827




Table H24

Medium/High Implementing Schools Survey Sample Balance Before and After Applying IPW

Students at High Implementing Schools
with Grade 8 Survey Outcomes
(unweighted)

Students at High Implementing
Schools with Grade 8 Survey
Outcomes (weighted)

Type of Non- Non-  Differenc
Characteristic Covariate STEM STEM Difference  Bias STEM  STEM e Bias

EOG Reading Grade 5 424.0 410.1 13.9 28.4 428.3 428.5 -0.2 -0.3
EOG Math Grade 5 426.8 413.7 13.1 28.5 430.9 430.8 0.1 0.2
EOG Science Grade 5 226.1 212.3 13.8 29.6 229.8 230.0 -0.2 -0.6
Unexcused abs. Grade 5 2.7 2.6 0.1 1.9 3.4 4.0 -0.6 -18.4
Male 0.52 0.45 0.1 14.1 0.55 0.57 0.0 -3.6
Black 0.16 0.16 0.0 -2.0 0.26 0.26 0.0 1.3
Hispanic 0.19 0.13 0.1 16.7 0.19 0.19 0.0 0.3

Student Multi 0.05 0.04 0.0 4.4 0.06 0.06 0.0 0.3
Asian 0.07 0.08 0.0 -2.1 0.03 0.02 0.0 2.3
American Indian 0.00 0.00 0.0 2.9 0.01 0.01 0.0 2.4
SWD Grade 5 0.08 0.04 0.0 16.4 0.08 0.07 0.0 0.8
LEP Grade 5 0.05 0.04 0.0 3.6 0.04 0.04 0.0 -1.1
AIG Grade 5 0.37 0.35 0.0 4.4 0.36 0.37 0.0 -2.5
Live in neighborhood
with >49% FRL 0.32 0.22 0.1 22.8 0.43 0.47 - -7.0
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Table H24 Continued

Students at High Implementing Schools
with Grade 8 Survey Outcomes

(unweighted)

Students at High Implementing
Schools with Grade 8 Survey

Outcomes (weighted)

Type of Non- Non-
Characteristic Covariate STEM STEM Difference  Bias STEM  STEM Difference Bias
% Proficient Math 89.0 87.1 1.9 28.5 82.0 81.9 0.1 1.6
% Proficient Reading 79.9 78.1 1.8 18.7 70.3 70.5 -0.2 -2.6
Elementary o, ) 0.32 0.32 0.0 3.6 043 042 0.0 2.6
School 0
Characteristics  School Size 704.3 748.8 -44.5 -29.6 628.8 612.2 16.6 11.2
% Black 0.19 0.21 0.0 13.2 0.31 0.30 0.0 4.2
% Hispanic 0.17 0.15 0.0 22.6 0.18 0.18 0.0 -3.8
% Proficient Math 83.7 84.5 -0.8 -8.8 72.2 73.7 -15 -11.7
% Proficient Reading 775 77.2 0.3 2.9 63.8 64.3 -0.5 55
Middle School % FRL 0.32 0.30 0.0 11.3 0.48 0.49 0.0 -9.3
Pretreatment  School Size 759.4 1069.1 -309.7 -197.2 665.2 636.2 29.0 16.4
% Black 0.22 0.24 0.0 -12.6 0.38 0.39 0.0 -12.0
% Hispanic 0.15 0.13 0.0 72.2 0.17 0.16 0.0 124
Mean |bias| 24.8 5.1
N 421 8,057 145 1,636
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