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Science, technology, engineering, and mathematics (STEM) 
expertise is widely viewed by policymakers as both the engine 
for economic prosperity and as necessary for addressing crit-
ical global challenges such as climate change and infectious 
diseases. For individuals, earning a bachelor’s degree in a 
STEM field is positively associated with a higher likelihood 
of employment and higher lifetime earnings (Carnevale, 
Cheah, & Hanson, 2015). At the same time, the likelihood of 
earning a STEM bachelor’s degree is negatively correlated 
with being Hispanic or Black, being female, or coming from 
a low-income or immigrant family (National Science Board, 
2018). Policymakers have used the metaphor of a “perfect 
storm” to describe the threat posed by the combination of a 
world economy increasingly based on STEM expertise and 
U.S. demographic trends marked by declining proportions 
of the subgroups most likely to pursue STEM education and 
careers (i.e., Asian and White males). A National Academies 
of Sciences, Engineering, and Medicine committee con-
cluded that only by enlarging the STEM pipeline and rein-
venting STEM education in a way that attracts, supports, and 
sustains the participation of students from all kinds of back-
grounds can the United States meet its needs for science and 
technology innovation, economic prosperity, and social 

well-being (National Academies, 2005). Moreover, regard-
less of whether or not the predicted macroeconomic conse-
quences hold, disparities in participation rates in STEM 
fields have significant implications for income inequality 
and social mobility in America.

In this context, a number of philanthropic organizations 
began exploring the concept of STEM-focused high schools 
that would recruit students from groups under-represented in 
STEM fields rather than the students with the highest scores 
on competitive examinations (Bill & Melinda Gates 
Foundation, 2005; Carnegie Corporation of New York, 
2009). Such schools began opening in significant numbers 
in the first decade of this century (Means, Confrey, House, & 
Bhanot, 2008), and a number of states launched initiatives to 
create such schools at scale (Lynch, Peters-Burton, & Ford, 
2015). Like many educational innovations, these inclusive 
STEM high schools (ISHSs) caught on because the idea was 
compelling, even though there was little empirical evidence 
at the time supporting the premise that schools accepting 
students on the basis of interest in STEM rather than demon-
strated aptitude or prior achievement could in fact prepare 
those students for a STEM college major (National Research 
Council, 2011).
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We define an ISHS as a secondary school or self-con-
tained school-within-a-school that: (a) enrolls students on 
the basis of interest rather than aptitude or prior achieve-
ment; (b) provides students with more intensive STEM prep-
aration than conventional high schools do; and (c) expresses 
the goal of giving all its students the preparation to succeed 
in a STEM major in college. Note that this definition 
excludes schools with intensive STEM programs in which 
some students participate but others do not. It also excludes 
schools focused on preparing students for technical fields 
and programs that do not require a bachelor’s degree. It does 
include schools focused on a particular STEM field (e.g., 
engineering) as well as those schools preparing students 
for college STEM majors in general. This definition encom-
passes, but is not restricted to, schools using curricula that 
integrate the four STEM disciplines and those that stress 
project-based learning approaches (Honey, Pearson, & 
Schweingruber, 2014). Thus, the curriculum and instruc-
tional practices may vary across different ISHSs, but they 
tend to share some common features: a rigorous STEM-
focused college preparatory curriculum for all students; use 
of project- or problem-based pedagogy; an extensive net-
work of supports for students who need assistance mastering 
the curriculum; incorporation of career, technology, and life 
skills; supportive school climate; and partnerships with 
external organizations to support out-of-school STEM expe-
riences (LaForce, Noble, King, Holt, & Century, 2014; 
Lynch et al., 2018). Some organizations and states, includ-
ing Texas, have codified these features in inclusive STEM 
school design and school designation guidelines (see, for 
example, www.thetrc.org/TSTEM2017/img/TSTEM/tstem-
blueprint.pdf).

Prior Research

A considerable body of work examines the precursors of 
STEM bachelor’s degree attainment and the developmental 
sequence of STEM participation gaps. Female, Hispanic, 
and Black students, as well as those from low-income fam-
ilies, are less likely than Asian and White males and stu-
dents from higher-income families to enter college with 
plans to major in a STEM field (National Academies of 
Sciences, Engineering, and Medicine, 2016). Much of this 
gap can be attributed to differences in the kinds of mathe-
matics and science courses these students take in high 
school and their lower participation in STEM-related activ-
ities, either because their high schools do not offer these 
learning opportunities or because students have not chosen 
or been encouraged to engage in them (Aschbacher, Li, & 
Roth, 2010). ISHSs are a strategy for eliminating gaps in 
STEM learning opportunities and expectations for under-
represented groups during secondary school, and there is 
some evidence to suggest that they do so (Means et  al., 
2017). But even when Hispanic, Black, and low-income 

students enter college with the intention to major in STEM, 
they are more likely than other students to change to a non-
STEM major or leave college altogether (Chang, Eagan, 
Lin, & Hurtado, 2011). Research on the likelihood that 
ISHS graduates will enter and persist in STEM college 
majors has been lacking.

Although test scores are not the best predictor of STEM 
major entry and persistence (Wang, 2013), much of the 
empirical research on the effectiveness of inclusive STEM 
schools has focused on their impacts on test scores. A study 
analyzing achievement test outcomes for students spending 
two years in one of six Ohio ISHSs, compared with conven-
tional high schools drawing from the same middle schools, 
found that only two of the six ISHSs had a positive impact 
on students’ science achievement, with the other four having 
negligible or even negative impacts (Gnagey & Lavertu, 
2016). A much larger study by Saw (2017) used data from 
five student cohorts, comparing test scores of students from 
42 Texas ISHSs (“T-STEM academies”) with those of stu-
dents from all other Texas high schools (1,580 unique 
schools) and found a positive impact of T-STEM attendance 
for Grade 11 mathematics achievement but not for achieve-
ment in other subject areas. Using data from 12 ISHSs in 
North Carolina and 27 T-STEM academies in Texas, Means 
et al. (2017) found small effects on test scores: there was a 
small advantage for North Carolina ISHS attendance in 
terms of science scores on the ACT college entrance test 
(with an effect size of +.17 standard deviation units) but not 
ACT mathematics scores; in the Texas sample, ISHS atten-
dance was associated with slightly higher scores on both 
mathematics and science Grade 11 achievement tests (with 
an effect size of +.19 for both mathematics and science).

Test scores, of course, do not tell the whole story of 
school success. Numerous studies have found that the level 
of mathematics and science courses taken in high school is 
the best predictor of entry into college STEM majors 
(Adelman, 2006; Astin & Astin, 1993; Chen & Weko, 2009; 
Crisp, Nora, & Taggart, 2009; Mendez, Buskirk, Lohr, & 
Haag, 2008; Smyth & McArdle, 2004; Tyson, Lee, Borman, 
& Hanson, 2007; Wang, 2013). Working with large samples 
of ISHSs in two states, Means and colleagues (2017) found 
that both students in general and students from groups under-
represented in STEM have higher likelihoods of taking 
advanced STEM courses in high school, particularly precal-
culus or calculus, if they attended an ISHS.

Theoretical frameworks developed to explain college per-
sistence can be applied to the issue of remaining in the STEM 
pipeline. Social cognitive career theory, as articulated by 
Lent, Brown, and Hackett (1994; 2000), hypothesizes that 
persistence in STEM is a function of an individual’s goals 
(e.g., the desire to obtain a STEM degree and career), self-
efficacy (e.g., belief that you can do the things needed to suc-
ceed in a STEM major), and positive outcome expectations 
(e.g., belief that if you complete a STEM major you will get 

www.thetrc.org/TSTEM2017/img/TSTEM/tstemblueprint.pdf
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a desirable STEM job). Eccles’s (2009) expectancy-value 
theory adds values and identity to this sociocultural model, 
emphasizing the student’s current identity and the identity 
she thinks she may hold in the future, as well as the student’s 
values, and the expected return on efforts.

In line with Eccles’s work, empirical studies confirm the 
importance of interest in and identification with one or more 
STEM subjects as predictors of continued STEM studies. 
Maltese and Tai (2011), for example, found that high-school 
students’ interest in mathematics and science is more predic-
tive of entry into a STEM major than achievement test scores. 
Importantly, analyses predicting entry into STEM college 
majors for students in the NELS:88 longitudinal study by 
Huang, Tadesse, Walter, and Peng (2000) concluded that 
after controlling for differences in students’ attitudes toward 
mathematics and science and the courses they took in these 
subjects during high school, students of different ethnicities 
and socioeconomic backgrounds are equivalent in terms of 
likelihood of entering a college science or engineering pro-
gram. However, recent analyses of High School Longitudinal 
Study of 2009 (HSLS) data by Saw, Chang, and Chan (2018) 
indicate that these students are less likely than higher-SES 
White male high-school students to be interested in STEM 
careers. Moreover, for all ethnicities, socioeconomic levels, 
and genders, students’ interest in STEM is quite volatile dur-
ing the high-school years; only about a third of the HSLS  
students who expressed an interest in a STEM career as high-
school freshmen maintained that interest through the end of 
Grade 11 (Saw, Chang, & Chan, 2018).

The Grade 12 Student Survey instrument designed for the 
present study was influenced by expectancy-value theory 
and includes scales measuring current sense of identity with 
respect to science and mathematics as well as interest in a 
future as a STEM professional. Self-efficacy measures in 
science and mathematics were included as well.

Case studies and survey data suggest that ISHSs imple-
ment practices that seek to foster STEM interest and identi-
fication with STEM occupations in their students (LaForce 
et al., 2014; Lynch et al., 2018; Means et al., 2016). Means 
et al. (2017) used data from 12th graders in large samples of 
ISHSs in North Carolina and Texas and found positive ISHS 
impacts on sense of identity as a science person and interest 
in entering a STEM career. Positive ISHS impacts on these 
attitudinal outcomes were found for students from under-
represented groups as well as for students overall. Means 
and colleagues did not, however, find any impact of ISHS 
attendance on students’ sense of self-efficacy in either math-
ematics or science.

While the evidence base for ISHS effectiveness is mixed 
with respect to achievement test scores and positive with 
respect to a number of high-school outcomes known to cor-
relate with entry into a STEM major, the research literature 
lacks any evidence with respect to the question of whether 
ISHSs have long-term impacts on whether their graduates 

actually major in a STEM field. College in general, and 
STEM programs of study in particular, pose many chal-
lenges for students, especially those from under-represented 
groups (Chang et al., 2011). Even if ISHSs do provide their 
students with the advanced coursework they need for STEM 
majors and the motivation to go on in STEM, they may not 
have equipped their graduates with the full range of aca-
demic behaviors or the resilience to overcome the challenges 
of STEM coursework. This study is the first to address this 
gap in the literature by using a large dataset to examine the 
impact of attending an inclusive STEM-focused high school 
on postsecondary outcomes.

The overarching research question for the present study 
is: Does attending an ISHS increase the likelihood that a stu-
dent will attend college, take more STEM courses in college, 
and declare a STEM major? Three parallel, more focused 
research questions address the issue of whether the same 
ISHS impacts hold for Hispanic, female, and low-income 
student subgroups, which are traditionally under-represented 
in most STEM fields and were intended beneficiaries of the 
ISHS strategy. (We do not address a comparable research 
question for Black students because their numbers within 
our sample of Texas ISHSs were too small to model reliably. 
Black students are the focus of another of our ISHS studies, 
which uses samples from North Carolina.)

The current study was designed to address this question 
by comparing the likelihood of having declared a STEM col-
lege major two years after high-school graduation for stu-
dents drawn from ISHS and comparison school graduates, 
after accounting for clustering within schools and control-
ling for student demographic characteristics and for achieve-
ment prior to high-school entry. Some STEM majors, such 
as engineering, must be declared in the freshman year at 
many colleges, but most can be declared as late as the spring 
term of the sophomore year. Our main outcome was opera-
tionalized as having a declared STEM major in a baccalaure-
ate program two years after high-school graduation (i.e., at 
the end of the sophomore year for those who entered college 
in the fall after high-school graduation).

This study also examines STEM course-taking in both 
two- and four-year colleges, recognizing that the former can 
be the first stage of working toward a bachelor’s degree. 
Nationally, low-income students and students from under-
served minorities who enter higher education are more likely 
to do so through the community college system (National 
Academies of Sciences, Engineering, and Medicine, 2016), 
but ISHSs typically encourage their students to apply to 
four-year colleges. Degree completion rates generally and 
STEM degree completion rates in particular are higher at 
four-year colleges than at two-year colleges (National 
Academies of Sciences, Engineering, and Medicine, 2016). 
In addition, the bachelor’s degree is the necessary first step 
toward earning a graduate degree, which increases career 
choices and lifetime earnings even further. For these 
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reasons, we examine two-year and four-year college STEM 
majors separately.

General Approach

Using Texas K-12 school-level data, we first identified 
T-STEM academies (ISHSs) and non-STEM comparison 
high schools serving students who were similar in terms of 
academic achievement prior to high-school entry (i.e., Grade 
8 achievement test scores). In spring 2014 a survey was 
administered to graduating seniors at 23 ISHSs and 19 com-
parison schools, of which 10 were comprehensive high 
schools and nine were small schools of choice without a 
STEM focus. Subsequently, the Education Research Center 
at the University of Texas matched the survey data files to 
state K-12 student data records and to higher education data 
for students attending any Texas college, two- or four-year, 
public or private, between fall 2014 and spring 2016. 
Propensity score weighting was used to ensure that students 
in the comparison school sample were very similar to those 
in the ISHS sample in terms of demographic characteristics 
and prior achievement. We then employed hierarchical mod-
eling to estimate the strength of the relationship between 
attending an ISHS and having enhanced achievement and 
postsecondary outcomes as documented in state data 
systems.

Method

School Sample and Recruiting

Identification of ISHSs in Texas was straightforward 
because the requirements for designation as a T-STEM 
include the school design and implementation criteria stipu-
lated in our definition of an ISHS, and the Texas Education 
Agency (TEA) maintains a list of T-STEM schools. In 2013 
there were 77 designated T-STEM schools, 51 of which 
opened prior to 2010–2011, thus making them likely to have 
a senior class in 2013–2014 that could participate in a survey 
of 12th graders. We gathered information about the research 
approval process of the district or charter management orga-
nization governing each of these schools. Several large 
Texas districts were not approving any external non-man-
dated data collections at the time we were recruiting schools, 
reducing the number of potential study schools. Of the 42 
Texas ISHSs invited to participate in our study, 30 agreed 
and 27 of these went on to administer the Grade 12 Student 
Survey in the spring of 2014. In addition, 24 of the 42 
schools also participated in a survey of their freshman class, 
administered in the fall of 2013, and a second survey of this 
same class when they were seniors in the spring of 2017.

For each ISHS agreeing to participate in the study, we 
sought a non-STEM high school serving a similar student 
body. Using state school-level data, we looked for both 
comprehensive high schools serving students in a 

neighborhood attendance zone and small schools of choice 
that did not have a STEM focus. (Most of the latter were 
Early College High Schools, another popular high-school 
reform model in Texas.) District or charter management 
organization offices and schools were recruited for the 
comparison group using procedures identical to those 
employed with the T-STEM schools. Both ISHS and non-
STEM schools were offered a $200 honorarium for a 
school staff member to coordinate survey administration 
and an incentive payment of $800 to $1,500, depending on 
the size of the school and the survey response rate achieved. 
School recruiters worked their way down the list of poten-
tial school matches until they found a comparison school 
willing to participate or until they exhausted the list of 
potential matches.

In identifying potential comparison schools, we sought 
schools serving students similar to those in the ISHS under 
consideration that were not geographically close to a 
STEM school (so students did not have the ready option of 
choosing a STEM-focused high school). Of the 55 com-
prehensive high schools recruited for the study, 14 agreed 
to participate and 10 returned Grade 12 Student Surveys. 
Of the 45 non-STEM small schools of choice that we 
approached about study participation, 13 agreed and nine 
returned the Grade 12 Student Surveys, giving us a total of 
19 comparison schools, roughly balanced between com-
prehensive high schools and small schools of choice with-
out a STEM focus. Online Supplemental Table S1 shows 
school characteristics for the 27 ISHSs and 19 comparison 
schools in the study as well as those of all Texas T-STEM 
academies and all non-T-STEM academies with a 12th 
grade in 2013–2014. The ISHSs in our study sample were 
very similar to the universe of T-STEM academies in terms 
of their percentages of minority and low-income students, 
attendance rates, and average Grade 8 achievement scores 
for their incoming ninth graders. The percentages of 
minority and low-income students were higher in T-STEM 
academies than in Texas high schools as a whole, but the 
mean Grade 8 mathematics and science scores for their 
incoming ninth graders were very similar. The study’s 
sample of comparison schools was selected to match the 
ISHSs in our sample as closely as possible, and the two 
samples are quite similar with respect to percentages of 
minority and low-income students. The average Grade 8 
science scores for incoming students were modestly higher 
for the study ISHSs, while the study comparison schools 
had a slight edge in terms of average Grade 8 mathematics 
scores for incoming freshmen.

Instruments and Data Sources

Grade 12 Student Survey.  The student survey was designed 
to collect data on variables shown to predict entry into STEM 
college majors in prior empirical research. Survey items and 
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scales addressed students’ high-school experiences in their 
STEM courses; extracurricular and leisure-time activities 
related to STEM; overall academic and STEM orientation; 
academic and personal supports received through their high 
school; plans for the year following graduation; and interest in 
STEM careers. Further detail on the survey scales and analy-
ses of survey responses from students at ISHSs and compari-
son schools can be found in Means et al. (2017).

Grade 9 Student Survey.  The survey administered to enter-
ing ninth graders elicited reports of their level of interest in 
STEM subjects, interest in pursuing a STEM career, and 
their STEM-related activities and interest levels during mid-
dle school.

Texas K-12 Administrative Data.  The Texas Education 
Research Center (ERC) at the University of Texas at Austin 
linked our survey data to the state’s K-12 education data col-
lected by the TEA. We used student enrollment and demo-
graphic data from the Public Education Information 
Management System (PEIMS) and student eighth-grade 
achievement scores on the Texas Assessment of Knowledge 
and Skills (TAKS). TEA Grade 8 achievement score records 
were found for 974 of the 1,132 ISHS students who took the 
Grade 12 Student Survey (86%) and for 2,128 of the 2,400 
comparison school students who took the survey (89%). 
From the state K-12 administrative data records, we obtained 
student demographic information and eighth-grade achieve-
ment scores in reading, mathematics, and science for use as 
covariates in our analytic models. Because of the importance 
of Grade 8 achievement scores in controlling for achieve-
ment level prior to high school, we deleted from our sample 
any students who had not taken the regular form of at least 
one of the Grade 8 state tests (i.e., students who were not 
tested or were given modified tests that were simplified or 
developed using alternate academic achievement standards). 
This reduced our sample to 2,864 students: 867 from ISHSs 
and 1,997 from comparison schools. We refer to these stu-
dents as the Grade 12 Survey Sample.

Texas Higher Education Data.  Both public and private 
higher education institutions in Texas submit individual stu-
dent reports electronically to the Texas Higher Education 
Coordinating Board (THECB) every semester documenting 
college attendees’ enrollment and graduation status. Two 
sets of THECB student-level datasets were used in this 
study. One set is college enrollment status and major reported 
at the beginning of each semester. The other is courses taken 
and grades for each student as of the final day of each semes-
ter. We merged survey data, TEA data, and college enroll-
ment and course-taking pattern files together. THECB 
enrollment records were found for 621 of the 867 students in 
the ISHS Grade 12 Student Survey sample (72%) and for 
1,313 of the 1,997 comparison school survey takers (66%). 

We refer to these students as the College-going Sample. 
Similarly, THECB course-taking records in one or more of 
the fall 2014 to spring 2016 terms were found for 593 of the 
867 students in the ISHS Grade 12 Survey Sample (68%) 
and for 1,268 of the 1,997 comparison school survey takers 
(63%). We assume that survey sample members without 
either type of THECB record did not attend a Texas higher 
education institution during this time period. College courses 
taken earlier than fall 2014, while students in our sample 
were still in high school, were not included in the analysis. 
(Doing so would likely have advantaged the ISHSs, because 
the T-STEM Academies Blueprint called for mechanisms 
enabling students to earn 12 or more college credits during 
high school.)

Coding for Applied and Core STEM Courses and Majors

Any empirical investigation of STEM postsecondary out-
comes must develop an operational definition of STEM, 
given the fact that the research literature continues to debate 
its meaning as a construct (Honey et al., 2014). Because this 
study deals with STEM outcomes rather than STEM as a 
philosophy of curriculum and instruction, we started with 
the simple approach of treating STEM as a course of study 
in science, technology, engineering, or mathematics.

We examined a variety of occupational and field of 
study classification systems: The Bureau of Labor’s 
Standard Occupation Classification System (www.bls.
gov/soc/soc_structure_2010.pdf); the National Center for 
Education Statistics’ Classification of Instructional 
Programs (CIP) codes (https://nces.ed.gov/pubs2002/
cip2000/) and its glossary definition of STEM (https://
nces.ed.gov/programs/raceindicators/glossary.asp); the 
Georgetown Center on Education and the Workforce col-
lege major and occupational classifications (Carnevale 
et  al., 2015); the National Science Board science and 
engineering indicators (National Science Board, 2016); 
the classification of STEM majors and occupations used 
in ACT’s Conditions of STEM report series (ACT, 2014); 
the STEM-designated degree program list used by the 
Department of Homeland Security (www.ice.gov/sites/
default/files/documents/Document/2016/stem-list.pdf); 
and prior STEM education research studies (e.g., 
Aschbacher et al., 2010; Tyson et al., 2007).

Different organizations and researchers have applied dif-
ferent criteria in deciding what counts as STEM. The science 
and engineering indicators reports of the National Science 
Board, for example, treat psychology and other social sci-
ences as STEM and exclude medical studies, while many 
other sources do not. We considered using the definition of a 
STEM major in the science and education indicators, which 
reflect the fields of study that the National Science 
Foundation supports. But because our interest centers on 
issues of social mobility, equity, and economic value, we 

www.bls.gov/soc/soc_structure_2010.pdf
www.bls.gov/soc/soc_structure_2010.pdf
https://nces.ed.gov/pubs2002/cip2000/) and its glossary definition of STEM (https://nces.ed.gov/programs/raceindicators/glossary.asp); the Georgetown Center on Education and the Workforce college major and occupational classifications (
https://nces.ed.gov/pubs2002/cip2000/) and its glossary definition of STEM (https://nces.ed.gov/programs/raceindicators/glossary.asp); the Georgetown Center on Education and the Workforce college major and occupational classifications (
https://nces.ed.gov/pubs2002/cip2000/) and its glossary definition of STEM (https://nces.ed.gov/programs/raceindicators/glossary.asp); the Georgetown Center on Education and the Workforce college major and occupational classifications (
https://nces.ed.gov/pubs2002/cip2000/) and its glossary definition of STEM (https://nces.ed.gov/programs/raceindicators/glossary.asp); the Georgetown Center on Education and the Workforce college major and occupational classifications (
https://nces.ed.gov/pubs2002/cip2000/) and its glossary definition of STEM (https://nces.ed.gov/programs/raceindicators/glossary.asp); the Georgetown Center on Education and the Workforce college major and occupational classifications (
www.ice.gov/sites/default/files/documents/Document/2016/stem-list.pdf); and prior STEM education research studies (e.g., 
www.ice.gov/sites/default/files/documents/Document/2016/stem-list.pdf); and prior STEM education research studies (e.g., 
www.ice.gov/sites/default/files/documents/Document/2016/stem-list.pdf); and prior STEM education research studies (e.g., 
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chose instead to adopt the taxonomy used by the Georgetown 
Center on Education and the Workforce, which defines 
STEM as four groups of majors with subgroups within each: 
biology and life sciences; computers, statistics, and mathe-
matics; engineering; and physical sciences (Carnevale et al., 
2015). We refer to these as “Core STEM” majors. In addi-
tion, we identified a set of STEM-related occupationally 
focused majors that are common in two-year colleges (and 
increasingly available in baccalaureate-awarding colleges as 
well) and that qualify degree- or certificate-earners for 
employment in the relevant occupation, such as medical or 
dental technician and cybersecurity. We refer to this latter set 
of majors as “Applied STEM.” In classifying individual 
courses as Core STEM, we relied on the CIP codes, which 
are incorporated into the Texas higher education data sys-
tem, and then mapped these codes to the Georgetown major 
groupings.

Students who took our Grade 12 Student Survey subse-
quently attended 112 different Texas institutions of higher 
education. Their course records contained 7,830 different 
courses, subsumed under 704 different prefixes, and 271 
different major fields of study. While the majors were 
reported consistently across campuses using CIP codes, 
course names were campus specific. Since it would be 
resource-prohibitive to obtain and examine the syllabi of 
7,830 individual courses, we coded only course prefixes, 
which were fewer in number and quite consistent across 
campuses. For example, it was assumed that all courses 
listed under Chemistry (“CHEM,” “CH,” or “CHE,” 
depending on the campus) were courses in chemistry, 
which would be Core STEM. One of the researchers identi-
fied what each of the course prefixes stood for using pub-
licly available resources, and subsequently applied the 
Core STEM, Applied STEM, and Non-STEM classifica-
tion scheme to each course.

Two researchers coded each major listed in the data set 
as Core STEM, Applied STEM, or Non-STEM. For those 
majors with ambiguous names that made them difficult to 
categorize, we used publicly available resources to iden-
tify the specific courses required for the major to see 
whether they were predominantly in Core STEM subjects 
or were more practical and occupational in nature. Cases 
in which the two researchers applied different codes to a 
major were discussed with the lead author, who cast a tie-
breaking vote.

Analysis Approach

Descriptive Analysis.  As a first analytic step, we calcu-
lated means for the characteristics of students from our 
ISHS and comparison school survey samples to ascertain 
the extent to which students in the ISHS and comparison 
school survey samples were similar to each other at the 
start of high school.

Propensity Score Weighting.  Two sets of propensity score 
weights were applied to create comparison school samples 
as similar as possible to the ISHS student sample in terms of 
eight demographic variables (including gender, ethnicity, 
English proficiency, parents’ education, and parent employ-
ment in STEM) and five achievement variables (mainly 
Grade 8 achievement test scores). The first set of propensity 
score weights was applied to the 1,997 comparison school 
students in the Grade 12 Student Survey Sample. Using the 
same procedures, a second set of propensity score weights 
was developed for the 1,313 comparison school students 
with records in the Texas higher education data system (i.e., 
the College-going Sample). The objective of this two-step 
process was to make sure that among those students with 
higher education records the demographics and Grade 8 
achievement levels of the comparison group were well-
matched with those of the ISHS students, despite possible 
variations attributable to different college-going rates. When 
the analysis moved to student subgroups (Hispanic, female, 
economically disadvantaged), we followed the same proce-
dure to compute propensity score weights to create equiva-
lent ISHS and comparison school samples. The full set of 
variables used for weighting is listed in Table 1.

Hierarchical Modeling.  Because students are clustered 
within high schools, we performed analyses using hierarchi-
cal modeling to compare outcomes for students who were 
12th-graders in ISHSs with those who were in comparison 
schools, adjusting for student demographic characteristics 
and eighth-grade achievement scores using propensity score 
weights.

For each set of comparisons, we posited a hierarchical 
model with student and school levels for the same set of out-
comes. The ISHS impact was estimated at the school level. 
The hierarchical model for student-level outcomes took the 
form:

y ISHS kth-student covariate

th-school

ij j k ij

l l

= + + +β β β

β
0 1( ) ( )

(   covariate j ij je r) + +

where i is students, j is schools, Y
ij
 is a student outcome, and 

ISHS equals 1 for students in an ISHS school and 0 for stu-
dents in a comparison school. e

ij
 and r

j
 are student and school 

random effects. β1  is the estimated ISHS impact on the stu-
dent outcome. We included as student-level covariates being 
female, Black, Hispanic, economically disadvantaged, lim-
ited in English proficiency, special education designation, 
either parent having a bachelor’s degree, eighth-grade desig-
nation as gifted, and Grade 8 mathematics, science, social 
studies, and reading achievement scores. We incorporated 
school-level covariates including Title I improvement status 
(controlling for accountability pressure) and percent eco-
nomically disadvantaged students in the school. We only 
included students with at least one Grade 8 achievement test 
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score in the analysis. For student-level predictors, we used 
multiple imputation, applying the MIANALYZE procedure 
in SAS to impute each missing value five times. We calcu-
lated the model-predicted values for students in ISHSs and 
comparison schools, respectively. The model-predicted val-
ues represent the expected values for the average student, 
assuming attendance in an ISHS or comparison school 
respectively, and the difference between the ISHS and com-
parison outcomes.

For our main research question concerning likelihood of 
pursuing a STEM major, we used the survey sample and 
coded a “0” for students not found in the higher education 
data (indicating that they had not declared a STEM major in 
a Texas college). For analyses of postsecondary credit accu-
mulation, grade point average, and course-taking patterns, 
we used the smaller sample of students in the higher educa-
tion database for our analyses, dropping students who did 
not attend a Texas higher education institution from the 
denominator.

Results

Student Variable Balance

Grade 12 Survey Samples.  The demographic and Grade 8 
achievement data for the survey samples from ISHS and 

comparison high schools prior to weighting are shown in 
columns 2 and 3 of Table 1. As can be seen from the data, 
students from the ISHS and comparison high schools were 
similar in terms of ethnic backgrounds and English profi-
ciency, but there were some differences between the two 
groups. A larger proportion of the comparison school stu-
dents were female (54% compared with 48%) and compari-
son school students were more likely to report having a 
parent in a STEM profession. ISHS students, on the other 
hand, were more likely to report that one or more of their 
parents had earned a bachelor’s degree. In terms of Grade 
8 test scores, students in our sample of comparison schools 
had higher scores in science (ironically) while ISHS stu-
dents had higher scores in math, reading, and social stud-
ies. Although significant statistically at p < .05, these 
differences were all less than .25 standard deviation units 
in magnitude and thus amenable to statistical control in our 
models.

After propensity score weighting as described above, 
there were no statistically significant or substantial differ-
ences between the ISHS Student Survey Sample and the 
weighted comparison school Grade 12 Student Survey 
Sample (compare columns 2 and 4 in Table 1). The propen-
sity score weighted sample was used in the hierarchical 
modeling of ISHS impacts.

Table 1
Descriptive Key Information on ISHS vs. Comparison Class of 2014 Students Who Participated in 12th-Grade Survey, Before and After 
Propensity Score Weighting

ISHSs
(n of students = 751 to 867; 

n of schools = 23)

Comparison schools
(n of students = 1,811 to 1,997;  

n of schools = 19)

  Original Original Weighted a

Demographic background
Female .48 .54** .48
Black .11 .11 .11
Hispanic or Latino .66 .67 .68
Economically disadvantaged .63 .66 .60
Limited English proficiency .04 .04 .04
Special education .02 .01 .01
A parent with a bachelor’s degree .31 .24*** .30
A parent in STEM .28 .34** .29
Grade 8 achievement
Gifted .16 .10*** .17
Eighth-grade science achievement 2342.00 (242.93) 2386.43*** (238.24) 2342.61 (164.30)
Eighth-grade math achievement 799.39 (97.04) 779.35*** (102.65) 798.24 (66.34)
Eighth-grade reading achievement 836.68 (105.41) 822.10** (111.72) 836.29 (70.50)
Eighth-grade social studies achievement 2386.08 (193.53) 2365.61* (197.58) 2386.69 (128.63)

*Comparison schools differ from ISHSs at p < .05; ** p < .01; ***p < .001.
Propensity score weighting was conducted to weight comparison students to match ISHS students.
aWeighted column descriptive statistics use weights generated from ISHS vs. comprehensive propensity score weighting model.
ISHS: inclusive STEM high schools.
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Similar patterns of differences in the unweighted descrip-
tive data for students who had attended the two types of high 
school were found for the Hispanic, female, and economi-
cally disadvantaged student subsamples. Again, we applied 
propensity score weighting to create a comparison high 
school graduate sample that did not differ from the ISHS 
graduate sample on any of the measured characteristics. The 
original descriptive data and weighted data for these sub-
groups within the Grade 12 Student Survey Sample are avail-
able in Tables S2–S4 in the online supplemental material.

College-going Samples.  We went through the same process of 
propensity score modeling and weighting for the subset of the 
survey-taking sample that had records in the Texas higher edu-
cation data system. A limitation of this study is that the Texas 
higher education records do not include students from our 
sample schools who went to college outside of Texas. How-
ever, available data suggests that this was a very small group. 
According to the Integrated Postsecondary Education Data 
System (IPEDS) Enrollment Survey by the National Center for 
Educational Statistics, 58.7% of Texas students graduating 
high school in spring 2014 (the year our survey was adminis-
tered to seniors) entered college somewhere in the U.S. the 
next fall. The Texas Education Agency reports that 57% of all 
Texas high-school graduates in the Class of 2014 attended a 
Texas college that fall (Texas Higher Education Board, n.d.). 

Although possible sample differences or differences in how 
college attendance was measured by the two agencies may 
introduce some error when these estimates are combined, the 
difference of less than 2% between these two estimates sug-
gests that only a small percentage of Texas 2014 high-school 
graduates went to out-of-state colleges the next fall.

Table 2 shows the original and weighted samples for those 
students in our survey sample who had Texas higher educa-
tion records. Since the samples in Table 2 include the major-
ity of students in the samples in Table 1, it is not surprising 
that differences between graduates of the two kinds of high 
schools are similar to those in Table 1 prior to weighting. 
Again, after propensity weights are applied to the comparison 
school sample, the two samples are very similar, and there are 
no significant differences in any of the measured characteris-
tics. The descriptive data and weights for the college-going 
Hispanic, female, and low-income subgroups are available in 
Tables S5–S7 in the online supplemental material.

Impact Analyses

College Entrance.  Table 3 shows the proportion of students in 
the ISHS and comparison high-school survey samples found in 
Texas higher education records as college attendees in fall 
2014. It also shows the percentage found in Texas higher edu-
cation records at any point between fall 2014 and spring 2016.

Table 2
Descriptive Key Information on ISHS vs. Comparison Class of 2014 Students Who Participated in 12th-Grade Survey Who Attended Any 
Postsecondary Institution in Texas, Before and After Propensity Score Weighting

ISHSs
(n of students = 547 to 621; 

n of schools = 23)

Comparison schools 
(n of students =1,209 to 1,313;  

n of schools = 19)

  Original Original Weighteda

Demographic background
Female .50 .56* .50
Black .13 .12 .12
Hispanic or Latino .66 .68 .67
Economically disadvantaged .63 .65 .64
Limited English proficiency .03 .02 .02
Special education .02 .01 .02
A parent with a bachelor’s degree .32 .25** .32
A parent in STEM .29 .33 .30
Grade 8 achievement
Gifted .18 .13** .18
Eighth-grade science achievement 2347.67 (239.05) 2312.01** (235.96) 2347.93 (171.02)
Eighth-grade mathematics achievement 801.12 (93.53) 791.83* (97.94) 801.13 (63.92)
Eighth-grade reading achievement 841.11 (101.53) 835.46 (102.91) 842.49 (65.56)
Eighth-grade social studies achievement 2388.53 (185.92) 2386.59 (180.94) 2394.02 (111.75)

*Comparison schools differ from ISHSs at p < .05; ** p < .01. Propensity score weighting was conducted to weight comparison students to match ISHS 
students.
aWeighted column descriptive statistics use weights generated from ISHS vs. comprehensive propensity score weighting model.
ISHS: inclusive STEM high schools.
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Although the raw sample means in Table 3 appear to sug-
gest that ISHS graduates are more likely than their counter-
parts from comparison schools to enter a four-year college in 
the fall after high-school graduation, after adjusting for the 
many demographic, prior achievement, and school charac-
teristics in the analytic model, there is no significant differ-
ence. Nor does the type of high school attended make a 
difference in the four-year-college-going rate for Hispanic 
and female students. There is a statistically significant ISHS 
impact, however, for economically disadvantaged students. 
The odds of their entering a Texas four-year college the fall 
after high school or any time from 2014 to spring 2016 are 
increased by 75% and 80%, respectively, for economically 
disadvantaged students who went to an ISHS (p < .05).

STEM College Major.  The central research questions for this 
study are addressed by the data in Table 4. The model-adjusted 
impact estimates indicate that having attended an ISHS does 
indeed increase the likelihood that two years after high school an 
individual will have declared a major in a Core STEM field at a 
four-year college. ISHS graduates were nearly three times more 
likely (odds ratio = 2.80) than their peers who graduated from 

comparison high schools to declare a STEM major in a four-year 
college. Importantly, given the inclusion mission of ISHSs, the 
likelihood of having declared a STEM major at a four-year col-
lege is significantly higher also for Hispanic, female, and eco-
nomically disadvantaged students if they attended an ISHS. For 
Hispanic, female, and low-income students who attended four-
year colleges, those who had gone to ISHSs all had odds of 
declaring a STEM major that were more than triple those for 
their peers who had gone to a comparison high school (with 
odds ratios of 3.53, 3.29, and 4.31 for Hispanic, female, and eco-
nomically disadvantaged students, respectively).

In contrast, among the students we surveyed in grade 12, 
the type of high school they had attended had no relationship to 
likelihood of declaring a STEM major in a two-year college.  
Nevertheless, the ISHS impact on likelihood of declaring a 
STEM major in a four-year college was large enough that the 
impact on likelihood of being in a STEM Core major in any 
college was also significantly positive, as shown in Table 4.

STEM Credits and GPA.  As noted above, the higher educa-
tion course-taking records contained 593 of the 974 students 
surveyed in ISHSs and 1,268 of the 1,997 comparison school 

Table 3
ISHS Impact on College Enrollment for Class of 2014 Students Who Participated in the 12th-Grade Survey, Propensity Score Weighted 
HLM Model-Estimated Values

Sample/outcome

Unweighted raw mean (SD)
Fixed effects 
estimate (SE)

Odds ratio for 
dichotomous variablesISHS Comparison

All students n = 867 n = 1,997  
Attended a Texas 4-year college in fall 2014 .41 (.49) .31 (.46) .31 (.25) 1.36
Attended a Texas 2-year college in fall 2014 .22 (.41) .25 (.43) .07 (.19) 1.07
Ever attended a Texas 4-year college .45 (.50) .34 (.48) .33 (.26) 1.39
Ever attended a Texas 2-year college .34 (.47) .36 (.48) .21 (.20) 1.23
Hispanic students n = 575 n = 1,311  
Attended a Texas 4-year college in fall 2014 .43 (.50) .31 (.46) .57 (.29) 1.77
Attended a Texas 2-year college in fall 2014 .20 (.40) .26 (.44) −.16 (.15) .85
Ever attended a Texas 4-year college .46 (.50) .34 (.47) .63 (.31) 1.88
Ever attended a Texas 2-year college .32 (.47) .38 (.48) −.10 (.15) .90
Female students n = 414 n = 1,079  
Attended a Texas 4-year college in fall 2014 .45 (.50) .34 (.47) .50 (.30) 1.65
Attended a Texas 2-year college in fall 2014 .21 (.41) .25 (.43) −.19 (.26) .83
Ever attended a Texas 4-year college .49 (.50) .37 (.48) .52 (.32) 1.68
Ever attended a Texas 2-year college .34 (.47) .36 (.48) −.16 (.26) .85
Economically disadvantaged students n = 548 n = 1,294  
Attended a Texas 4-year college in fall 2014 .43 (.50) .30 (.46) .56* (.24) 1.75
Attended a Texas 2-year college in fall 2014 .21 (.41) .26 (.44) −.13 (.20) .88
Ever attended a Texas 4-year college .46 (.50) .33 (.47) .59* (.25) 1.80
Ever attended a Texas 2-year college .32 (.47) .37 (.48) −.13 (.21) .88

*ISHS students differ from comparison school students at p < .05.
Source: Texas longitudinal student data; predicted values from hierarchical linear models (HLM) for each of the dependent variables shown in the left-hand 
column, adjusting for differences in school and student characteristics between ISHS and comparison schools. Separate analyses were conducted for two-year 
college and four-year college entrants. Covariates data obtained from Texas Education Research Center data.
ISHS: inclusive STEM high schools.



10

survey takers. We used propensity score weighting to make 
sure the ISHS students and the comparison school students 
in the higher education course-taking records were very 
closely matched in terms of demographic background and 
Grade 8 achievement measures. Propensity score-weighted 
hierarchical modeling was conducted to examine the accu-
mulation of STEM course credits and grades for graduates 
of the two types of high schools. Table 5 shows the impact 
of ISHS attendance on STEM coursework and grades for 
those who started at two-year colleges and for those who 
started at four-year colleges. These data, like the STEM 
college major data, suggest that the positive effect of ISHS 
attendance is confined to those students who attend four-
year colleges. Among students who go to four-year col-
leges, there is a positive advantage related to ISHS 
attendance in terms of the number of Core STEM courses 
completed between fall 2014 and spring 2016. There was 
no significant ISHS effect on total number of courses com-
pleted in four-year colleges or on grades in Core STEM 
courses. With respect to the latter null finding, it should be 
kept in mind that this GPA was computed over a larger 
number of courses, and presumably more advanced STEM 
courses, for the ISHS graduates than for the comparison 
high-school graduates.

For those ISHS and comparison school graduates who 
went to two-year colleges, there was no significant differ-
ence in terms of number of Core STEM courses taken, total 
number of courses completed, or GPA in STEM courses.

Separate analyses for Hispanic, female, and low-income 
students, shown in Table 6, generally reveal the same pattern 
of positive ISHS impacts only for number of Core STEM 
courses taken for those attending four-year colleges, with the 
exception of a positive advantage in terms of STEM GPA for 
female students who graduated from ISHSs and then 
attended a two-year college.

Limitations and Sensitivity Analyses

Although our statistical model controlled for a host of 
school-level and student-level variables potentially affecting 
high school and postsecondary outcomes, our design could 
not rule out selection bias. We did not have a measure of 
the level of interest in STEM subjects for ISHS and com-
parison school students before they started high school. 
Logically, one would expect students choosing to go to an 
ISHS to have more interest in STEM than other students 
with similar demographic characteristics and academic pro-
files. Could pre-existing differences in STEM interest and 

Table 4
ISHS Impact on Latest Declared Major in a STEM Field for Students Who Participated in the 12th-Grade Survey, Propensity Score 
Weighted HLM Model-Estimated Values

Sample/outcome

Unweighted raw mean (SD)
Fixed effects 
estimate (SE)

Odds ratio for 
dichotomous variables

Fixed effects 
p valueISHS Comparison

All students n = 867 n = 1,997  
STEM major at any college .13 (.34) .06 (.25) .89** (.28) 2.44 .003
STEM major at 4-year college .12 (.32) .05 (.22) 1.03*** (.27) 2.80 .0008
STEM major at 2-year college .02 (.13) .02 (.13) .25 (.50) 1.28 .621
Hispanic students n = 575 n = 1,311  
STEM major at any college .14 (.35) .06 (.24) 1.22*** (.25) 3.39 .0001
STEM major at 4-year college .12 (.33) .05 (.22) 1.26*** (.27) 3.53 .0001
STEM major at 2-year college .02 (.15) .01 (.12) .93 (.61) 2.53 .130
Female students n = 414 n = 1,079  
STEM major at any college .10 (.30) .05 (.22) .80 (.40) 2.23 .056
STEM major at 4-year college .10 (.30) .04 (.19) 1.19* (.44) 3.29 .012
STEM major at 2-year college .002 (.05) .01 (.11) −1.52 (1.14) .22 .184
Economically disadvantaged students n = 548 n = 1,294  
STEM major at any college .14 (.35) .05 (.23) 1.33** (.27) 3.78 .001
STEM major at 4-year college .12 (.33) .04 (.20) 1.46** (.30) 4.31 .001
STEM major at 2-year college .02 (.13) .01 (.12) .89 (.66) 2.44 .191

*ISHS students differ from comparison school students at p < .05; ** p < .01; *** p < .001.
Source: Texas longitudinal student data; predicted values from HLM models for each of the dependent variables shown in the left-hand column, adjusting for 
differences in school and student characteristics between ISHS and comparison schools. Separate analyses were conducted for two-year college and four-year 
college entrants. Covariates data obtained from Texas Education Research Center data. Seventeen ISHS and 24 comparison students who attended Texas 
private colleges that do not report college major to ERC were removed from the analytic sample.
ISHS: inclusive STEM high schools.
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Table 5
ISHS Impact on Postsecondary STEM Course-taking Patterns for Class of 2014 Students Who Participated in the 12th-Grade Survey 
and Took College Classes in Texas from Fall 2014 to Spring 2016, by College Type

Outcomes

Unweighted raw mean
Fixed effects 
estimate (SE)

Fixed effects 
p valueISHS Comparison

4-year college enrollees n = 317 n = 565  
Number Core STEM courses from fall 14 to spring 16 7.83 (6.12) 5.96 (5.15) 2.59** (.82) .004
Number other courses from fall 14 to spring 16 11.70 (5.78) 12.33 (6.21) −1.24 (.67) .077
Total number of courses from fall 14 to spring 16 19.53 (6.33) 18.29 (6.51) 1.30 (.76) .099
Core STEM GPA from fall 14 to spring 16 2.70 (.73) 2.63 (.76) .21 (.11) .065
2-year college enrollees n =276 n =703  
Number Core STEM courses from fall 14 to spring 16 3.33 (3.52) 3.20 (3.11) .12 (.45) .793
Number other courses from fall 14 to spring 16 8.55 (5.23) 8.67 (5.26) .32 (.73) .667
Total number of courses from fall 14 to spring 16 11.87 (6.90) 11.87 (6.73) .46 (.97) .640
Core STEM GPA from fall 14 to spring 16 2.53 (.95) 2.40 (.81) .13 (.13) .305

**ISHS students differ from comparison school students at p < .01.
Source: Texas longitudinal student data; predicted values from HLM models for each of the dependent variables shown in the left-hand column, adjusting for 
differences in school and student characteristics between ISHS and comparison schools. Separate analyses were conducted for two-year college and four-year 
college entrants. Covariates data obtained from Texas Education Research Center data.
ISHS: inclusive STEM high schools.

experiences account for what appears to be a positive impact 
of ISHS attendance on the odds of entering into a STEM col-
lege major?

The next logical question specifically concerns the likeli-
hood that self-selection into ISHSs would introduce this 
much bias or more into our impact estimates. Although we 
don’t have prior STEM interest measures for the Class of 
2014 students for whom we have postsecondary outcome 
data, we do have such measures for students in the Class of 
2017 in the same high schools. These students were sur-
veyed as entering high-school freshmen and then again as 
graduating seniors. Online Supplemental Table S8 shows the 
characteristics of ISHS and comparison school students in 
this younger student cohort before and after propensity score 
weighting. Two survey factors were used to measure STEM 
interest prior to high school: STEM as a favorite subject in 
middle school and the number of middle school STEM 
activities (sum of eight items on attending math and science 
clubs, competitions, camps, and study groups or a program 
where a student was tutored in math and science). When sur-
veyed at the start of high school, 39% of ISHS students and 
35% of the comparison student sample (weighted) cited a 
STEM subject as their favorite in middle school. The aver-
age number of middle school STEM activities they reported 
was 1.05 and .83 for ISHS and comparison students, respec-
tively. These data suggest that students who chose to attend 
ISHSs were somewhat more active in STEM in middle 
school, but the difference was not large. We next examined 
the coefficients of these prior STEM interest and activity 
variables in a model estimating the impact of ISHS atten-
dance on STEM career interest at the end of high school. We 

found that for this younger cohort, students who indicated on 
the Grade 9 Student Survey that STEM was their favorite 
middle school subject and that they had participated in more 
STEM activities during middle school were significantly 
more likely to be interested in a STEM career at the end of 
high school, even after controlling for ISHS attendance 
(fixed effects estimates of .05 and .41, and odds ratios of 
1.05 and 1.50, respectively). These findings support the 
hypothesis that middle school STEM interest plays a role in 
explaining longer-term STEM-related outcomes. Although 
this second cohort of students has not moved along its edu-
cation trajectory far enough to provide the postsecondary 
measures that we were able to analyze for the Class of 2014, 
we do have their Grade 12 outcomes. Using the same predic-
tive model incorporating Grade 8 achievement scores, 
demographic variables, and school-level variables applied to 
look at postsecondary outcomes in Table 4, we examined 
these younger students’ Grade 12 outcomes. The results are 
shown in the Model A column of Table 7. Class of 2017 stu-
dents who attended ISHSs experienced significantly better 
outcomes in terms of number of advanced math courses 
taken, likelihood of taking a technology course, likelihood 
of taking an engineering course, number of high-school 
STEM extracurricular activities participated in, number of 
informal STEM activities participated in, and STEM career 
interest at the end of high school.

We then added the middle school STEM activity and sci-
ence interest scales into the model, with the results shown in 
the Model B column of Table 7. The same six Grade 12 out-
comes, and no others, are statistically significant using the 
model that controls for STEM activity and interest prior to 
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high school. Three of the impact estimates are slightly 
smaller in magnitude, two are slightly larger, and one remains 
the same. For interest in a STEM career at the end of high 
school, for example, comparing Model B with Model A 
reveals that the log odds for the impact of ISHS attendance 
changed only slightly from .31 (with an odds ratio of 1.38) 
to .28 (odds ratio of 1.34), both statistically significant at the 
p < .01 level. To sum up, after controlling for all of the stu-
dent-level characteristics in Model A, adding controls for 
prior STEM interest and activity does not change inferences 
about ISHS impacts on Grade 12 outcomes.

If adding prior STEM interest and activity variables to the 
model used to generate the findings in Table 4 relating ISHS 

attendance to the likelihood of declaring a STEM major in a 
four-year college were possible and had the same degree of 
influence as that observed in the analyses predicting Grade 
12 outcomes for the Class of 2017, the odds ratio for being 
in a STEM baccalaureate major in Table 4 would drop from 
2.80 to 2.72, and the statistical significance would stay the 
same. This suggests that controlling for middle school 
STEM interest and activity would not substantively change 
inferences about ISHS impacts on more downstream, post-
secondary outcomes.

Next, we applied the method described by Frank et  al. 
(2013) to quantify the amount of bias associated with non-
random assignment to treatment that would be necessary to 

Table 7
ISHS Impact on Grade 12 Outcomes for Students in Class of 2017 Who Participated in the 12th-Grade Survey, With and Without 
Controlling for Prior STEM Interest and Activity

Outcome

Model A
(1,120 ISHS vs. 1,521 comparison)

Model B
(1,120 ISHS vs. 1,521 comparison)

Fixed effects 
estimate (SE) Odds ratio

Fixed effects 
estimate (SE) Odds ratio

Completed calculus or precalculus .69 (.39) 1.99 .65 (.38) 1.92
Number advanced math courses 

completed
.13* (.05) .13** (.05)  

Completed chemistry .41 (.29) 1.51 .45 (.29) 1.57
Completed physics −.21 (.34) .81 −.23 (.33) .79
Number advanced science courses 

completed
−.004 (.009) −.001 (.008)  

Participation in high-school science 
activities (scale)

.02 (.10) .02 (.10)  

Took technology course .78* (.33) 2.18 .82* (.37) 2.27
Took engineering course 2.44** (.66) 11.47 2.46** (.66) 11.70
Favorite course was STEM .34 (.18) 1.40 .31 (.17) 1.36
Number high-school extracurricular 

STEM activities
 .28* (.11) .24* (.11)  

Number high-school informal STEM 
activities

 .14** (.05)  .12* (.05)  

Identity as a science person .04 (.08) .02 (.07)  
Identity as a math person .13 (.08) .12 (.08)  
Got mostly As or As and Bs in science .21 (.29) 1.23 .21 (.28) 1.23
Got mostly As or As and Bs in math .19 (.25) 1.21 .18 (.24) 1.20
Science self-efficacy −.09 (.09) −.09 (.09)  
Math self-efficacy .05 (.08) .05 (.07)  
Plan to attend 4-year college next year −.18 (.28) .84 −.14 (.28) .87
Plan to earn master’s or higher degree .15 (.24) 1.16 .19 (.24) 1.21
STEM career interest  .31** (.10) 1.38  .28** (.10) 1.34

Model A: This analysis controls for school characteristics (PI status, percent minority, percent low income, average eighth grade science, average eighth 
grade math, urbanicity) and student demographic characteristics. It uses the sample of students with non-missing values on baseline STEM interest and 
middle school STEM activity level.
Model B: This analysis controls for school characteristics (PI status, percent minority, percent low income, eighth grade science, eighth grade math, urbanic-
ity) and student demographic characteristics, baseline STEM interest, and middle school STEM activity level. It uses the same sample as Model A.
*p < .05; ** p < .01.
ISHS: inclusive STEM high schools; PI: program improvement status.
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invalidate the inference that ISHS attendance increases the 
odds of entry into a STEM major. In this framework, the 
robustness of an inference is a function of the percentage of 
the impact estimate that exceeds a threshold that would ren-
der the estimate statistically not significant. The estimated 
log odds for the impact of ISHS on entry into a STEM major 
in a four-year college is 1.03, with a standard error of .27. 
The threshold for statistical significance of this estimate at 
the .05 level is therefore .53 (.27*1.96). Using Frank et al.’s 
formula (estimate−threshold)/estimate, we calculated the 
percent bias that would invalidate the inference to be 49% 
((1.03–.53)/1.03). This indicates that to invalidate the infer-
ence that ISHS attendance has an impact on declaring a 
STEM major in a four-year college on the full sample of 
students, 49% of the estimated effect would have to be due 
to bias.1 In other words, 49% of the ISHS student sample 
would have to be replaced with students for whom ISHS had 
an effect of zero to invalidate the inference that ISHS atten-
dance has a positive impact on likelihood of declaring a 
STEM major in a four-year college. This analysis provides 
evidence of the relative robustness of the estimated impact. 
In combination with the findings regarding the modest influ-
ence of prior STEM interest on high-school outcomes for the 
younger student cohort when the other student characteris-
tics in the model are controlled for, the bias analysis suggests 
that the association between ISHS attendance and entry into 
STEM bachelor’s degree programs is not just an artifact of 
selection bias.

Discussion

The analyses reported here reflect positively on a major 
state education policy initiative addressing under-represen-
tation in STEM programs and careers. A large portion of 
the T-STEM academies with graduating classes in 2014 
were included in the analyses. This study used a rigorous 
propensity score weighting approach to equate student 
samples from these STEM high schools with graduates of 
comparison high schools in order to estimate the strength 
of the relationship between attending an ISHS and enhanced 
postsecondary STEM academic outcomes. ISHS graduates 
were nearly three times as likely as their peers who had 
attended a non-STEM high school to be in a STEM bach-
elor’s degree program in a Texas four-year college or uni-
versity two years after high-school graduation. What’s 
more, the relationship between attending an ISHS and 
being in a four-year college STEM major appears even 
stronger for Hispanic students, females, and economically 
disadvantaged students.

To put these findings in perspective, nationally 71% of 
students graduating from high school attend a four-year 
college the next fall (Fry & Taylor, 2013), but the figure is 
considerably lower for low-income, Black, and Hispanic grad-
uates. Taking Hispanic students as an example, only 56% of 

Hispanic high-school graduates enter directly into a four-
year college the next fall (Fry & Taylor, 2013). Among stu-
dents who do go directly to a four-year college after high 
school, roughly equal proportions of Hispanic and White 
students (around 35%) indicate an intention to major in 
STEM on surveys taken as entering freshmen (Eagan, 
Hurtado, Figueroa, & Hughes, 2014). However, less than 
25% of students who enter four-year colleges expecting to 
major in STEM actually complete a STEM degree within 
four years, and the completion percentage for Hispanic stu-
dents with STEM intentions is lower at 12.3% (Eagan et al., 
2014). Applying these estimates from prior research to 
Hispanic high-school graduates, the expected STEM pipe-
line yield of STEM bachelor’s degrees would be less than 
2.5% (.56*.35*.12). Not all the students in our data set with 
a declared STEM major in a four-year college two years 
after high-school graduation will complete their course of 
study, of course, but most of the shifting out of STEM majors 
occurs in the first two years of college after taking an initial 
course in mathematics, engineering, or science (PCAST, 
2010). The proportions of ISHS graduates, overall and for 
Hispanics and other subgroups, with declared STEM majors 
two years into their postsecondary experiences (shown in 
Table 4) suggest that Texas ISHS graduates will “beat the 
odds” for STEM degree completion.

These findings have important implications for education 
policy. They reinforce prior research (Huang et  al., 2000; 
Maltese & Tai, 2011; Russell & Atwater, 2005) suggesting 
that high-school experiences are important in fostering con-
tinued STEM study among under-represented groups and 
demonstrate that a coordinated state strategy of fostering 
ISHSs (Young et al., 2017) can in fact make headway toward 
the national goal articulated by the President’s Council of 
Advisors on Science and Technology (PCAST, 2010):

We must prepare all students, including girls and minorities who are 
under-represented in these fields, to be proficient in STEM subjects. 
And we must inspire all students to learn STEM and, in the process, 
motivate many of them to pursue STEM careers. (p. 6)

The major limitation of this study results from the inabil-
ity to assign students to different kinds of high schools. 
Although a large number of student characteristics were 
controlled for using propensity score weights, and the ana-
lytic model included both high school and individual charac-
teristics known to relate to education outcomes, there may 
have been unmeasured self-selection bias that was not 
adjusted in our model. Students and families opting for 
ISHSs have chosen this nontraditional environment. While 
half of the comparison schools in our study were also small 
schools that students and parents had opted into, a majority 
of the comparison school students in our sample attended the 
neighborhood high school for their attendance zone. 
Although we were not able to control for students’ STEM 
interest and activities prior to high-school entry in our 
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analyses of postsecondary outcomes, we did examine the 
influence of these factors on educational and interest out-
comes using a second cohort of students who were surveyed 
as ninth graders as well as in Grade 12. These latter analyses 
suggest that the inclusion of middle school STEM interest 
and activity variables in the analytic model has little influ-
ence on impact estimates based on the same set of covariates 
we used in our analysis of postsecondary outcomes.

A smaller limitation is the fact that postsecondary data 
were available only for students who went to a Texas college 
between 2014 and 2016. Students who went to college out of 
state are not included in our analyses. However, as noted 
above, statistics provided by IPEDS and the Texas Education 
Agency suggest that only something in the neighborhood of 
2% of 2014 high-school graduates attended an out-of-state 
college the next fall. Moreover, the low-income and Hispanic 
students, who are of a particular concern in policies to 
broaden STEM inclusion, are less likely than more affluent 
students to leave their home state for college.

Finally, our study is limited by the fact it was simply 
too soon to capture the full course of these students’ higher 
education experiences, including transfers between com-
munity college programs and four-year colleges. Many 
students take more than four years to earn a bachelor’s 
degree and more than two years to earn an associate’s 
degree. And increasingly, college-goers attend more than 
one institution. For many low-income students especially, 
a community college is their first higher education experi-
ence, and there are gaps in college attendance. We also 
know that some students begin their studies at four-year 
institutions and then transfer to two-year institutions 
(Chen & Soldner, 2013). Future analyses should look at 
individual student trajectories across institution types and 
different programs of STEM study, including Applied as 
well as Core STEM.

The analyses presented here suggest several future direc-
tions for research on the transition between high school and 
postsecondary STEM education. One question concerns the 
characteristics of ISHSs, which prepare students for the 
rigor of STEM courses at the postsecondary level. Interview 
data collected by House, Iwatani, and Peters (2017) from 
small samples of ISHS and comparison school graduates 
who had declared an interest in STEM careers and the inten-
tion to enter a four-year college at the end of high school 
suggest several factors. ISHS graduates appeared to have 
entered college with a more realistic appraisal of the rigors 
of STEM courses and with a greater inclination to seek assis-
tance proactively when encountering academic difficulties. 
The interviewed ISHS students were also more likely to be 
in the same college they had enrolled in initially and to be in 
a STEM program two years after high-school graduation.

If the “active ingredients” of the ISHS model that contrib-
ute to positive postsecondary outcomes can be identified, the 
next step would be to explore ways of embedding those 

ingredients into the school culture and STEM curriculum 
and instruction of larger neighborhood high schools. It is 
important also to relate the attitudinal and academic out-
comes associated with ISHS attendance to more fine-grained 
analyses of individual students’ educational trajectories. We 
do not know why positive effects of attending an ISHS are 
found for students who attend four-year colleges and univer-
sities but not for those who attend two-year colleges. ISHSs 
generally promote attendance at four-year higher education 
institutions, but the same academic and attitudinal factors 
should be useful at both kinds of college. Students going 
from ISHSs to community colleges may be dealing with 
more responsibilities and stresses than their peers who go 
straight into four-year colleges in the fall after high-school 
graduation. Since so many students from low-income fami-
lies and from under-represented groups do start at two-year 
colleges, it is important to understand the extent to which 
their goals are for Applied STEM certificates or associates 
degrees versus a stepping stone to a Core STEM bachelor’s 
degree, and the nature of their two-year college experiences 
and evolving education and career aspirations.
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year college if they attended an ISHS are 58% for Hispanic stu-
dents, 28% for females, and 60% for economically disadvantaged 
students.

ORCID iDs

Barbara Means  https://orcid.org/0000-0001-5400-0960
Emi Iwatani  https://orcid.org/0000-0001-5948-858X

References

ACT. (2014). The condition of STEM 2013: National. Retrieved from 
www.act.org/content/dam/act/unsecured/documents/National 
-STEM-Report-2013.pdf

Adelman, C. (2006). The toolbox revisited: Paths to degree comple-
tion from high school through college. Retrieved from www2 
.ed.gov/rschstat/research/pubs/ toolboxrevisit/index.html

Aschbacher, P. R., Li, E., & Roth, E. J. (2010). Is science me? 
High school students’ identities, participation and aspirations 
in science, engineering, and medicine. Journal of Research in 
Science Teaching, 47(5), 564–582.

Astin, A. W., & Astin, H. S. (1993). Undergraduate science 
education: The impact of different college environments on the 

https://orcid.org/0000-0001-5400-0960
https://orcid.org/0000-0001-5948-858X
www.act.org/content/dam/act/unsecured/documents/National-STEM-Report-2013.pdf
www.act.org/content/dam/act/unsecured/documents/National-STEM-Report-2013.pdf
www2.ed.gov/rschstat/research/pubs/
www2.ed.gov/rschstat/research/pubs/


Means et al.

16

educational pipeline in the sciences. Final report. Los Angeles, 
CA: Higher Education Research Institute, UCLA.

Bill & Melinda Gates Foundation. (2005). Prepared remarks 
of Bill Gates for the National Education Summit on High 
Schools. Retrieved from www.gatesfoundation.org/Media 
-Center/Speeches/2005/02/Bill-Gates-2005-National 
-Education-Summit

Carnegie Corporation of New York. (2009). The opportunity equa-
tion: Transforming mathematics and science education for 
citizenship and the global economy. New York, NY: Carnegie 
Corporation of New York and Institute for Advanced Study 
Commission on Mathematics and Science Education.

Carnevale, A. P., Cheah, B., & Hanson, A. R. (2015). The eco-
nomic value of college majors. Washington, DC: Georgetown 
University, Center on Education and the Economy. Retrieved from 
https://cew.georgetown.edu/cew-reports/valueofcollegemajors 
/#full-report

Chang, M. J., Eagan, M. K., Lin, M. H., & Hurtado, S. (2011). 
Considering the impact of racial stigmas and science identity: 
Persistence among biomedical and behavioral science aspirants. 
The Journal of Higher Education, 82(5), 564–596.

Chen, X., & Soldner, M. (2013). STEM attrition: College students’ 
paths into and out of STEM fields. Washington, DC: National 
Center for Education Statistics, Institute of Education Sciences, 
U.S. Department of Education.

Chen, X., & Weko, T. (2009). Students who study science, technol-
ogy, engineering, and mathematics (STEM) in postsecondary 
education. Stats in brief. Washington, DC: U.S. Department of 
Education.

Crisp, G., Nora, A., & Taggart, A. (2009). Student characteris-
tics, pre-college, college, and environmental factors as predic-
tors of majoring in and earning a STEM degree: An analysis 
of students attending a Hispanic serving institution. American 
Educational Research Journal, 46(4), 924–942.

Eagan, K., Hurtado, S., Figueroa, T., & Hughes, B. (2014). 
Examining STEM pathways among students who begin col-
lege at four-year institutions. Paper commissioned for the 
Committee on Barriers and Opportunities in Completing 2- and 
4-Year STEM Degrees. Washington, DC: National Academies 
Press. Retrieved from http://sites.nationalacademies.org/cs 
/groups/dbassesite/documents/webpage/dbasse_088834.pdf

Eccles, J. S. (2009). Who am I and what am I going to do with my 
life? Personal and collective identities as motivators of action. 
Educational Psychologist, 44(2), 78–89.

Frank, K. A., Maroulis, S., Duong, M., & Kelcey, B. (2013). 
What would it take to change an inference? Using Rubin’s 
causal model to interpret the robustness of causal inferences. 
Educational Evaluation and Policy Analysis, 35(4), 437–460.

Fry, R., & Taylor, P. (2013). Hispanic high school graduates pass 
whites in rate of college enrollment. Washington, DC: Pew 
Research Center, Pew Hispanic Center. Retrieved from www 
.pewhispanic.org/2013/05/09/hispanic-high-school-graduates 
-pass-whites-in-rate-of-college-enrollment/

Gnagey, J., & Lavertu, S. (2016). The impact of inclusive STEM 
high schools on student achievement. AERA Open, 2(2), 
2332858416650870.

Honey, M., Pearson, G., & Schweingruber, H. (2014). STEM inte-
gration in K-12 education: Status, prospects, and an agenda for 
research. Washington, DC:: National Academies Press.

House, A., Iwatani, E., & Peters, V. (2017). College preparation 
and persistence of inclusive STEM-focused high school gradu-
ates. Paper presented at the annual meeting of the American 
Educational Research Association, San Antonio.

Huang, G., Tadesse, N., Walter, E., & Peng, S. S. (2000). Entry 
and persistence of women and minorities in college science and 
engineering education. Washington, DC: National Center for 
Education Statistics, U.S. Department of Education.

LaForce, M., Noble, E., King, H., Holt, S., & Century, J. (2014). 
The 8 elements of inclusive STEM high schools. Chicago, IL: 
The University of Chicago.

Lent, R. W., Brown, S. D., & Hackett, G. (1994). Toward a uni-
fying social cognitive theory of career and academic interest, 
choice, and performance. Journal of Vocational Behavior, 
45(1), 79–122.

Lent, R. W., Brown, S. D., & Hackett, G. (2000). Contextual sup-
ports and barriers to career choice: A social cognitive analysis. 
Journal of Counseling Psychology, 47(1), 36–49. 

Lynch, S. J., Peters-Burton, E., Behrens, T., House, A., Ford, M., 
Spillane, N., …Means, B. (2018). Understanding inclusive 
STEM high schools as opportunity structures for underrepre-
sentedstudents: Critical components. Journal of Research in 
Science Teaching, 55(5), 712–748.

Lynch, S. J., Peters-Burton, E., & Ford, M. (2015). Building STEM 
opportunities for all. Educational Leadership, 72(4), 54–60.

Maltese, A. V., & Tai, R. H. (2011). Pipeline persistence: Examining 
the associations of educational experiences with earned degrees 
in STEM among U.S. students. Science Education Policy, 
95(5), 877–907.

Means, B., Confrey, J., House, A., & Bhanot, R. (2008). STEM 
high schools: Specialized science technology engineering and 
mathematics secondary schools in the U.S. Report prepared for 
the Bill & Melinda Gates Foundation. Menlo Park, CA: SRI 
International. Retrieved from www.sri.com/work/publications 
/stem-high-schools

Means, B., Wang, H., Wei, X., Lynch, S., Peters, V., Young, V., 
& Allen, C. (2017). Expanding STEM opportunities through 
inclusive STEM-focused high schools. Science Education, 
101(5), 681–715.

Means, B., Wang, H., Young, V., Lynch, S., & Peters, V. (2016). 
STEM-focused high schools as a strategy for enhancing readi-
ness for postsecondary STEM programs. Journal of Research in 
Science Teaching, 53(5), 709–736.

Mendez, G., Buskirk, T. D., Lohr, S., & Haag, S. (2008). Factors 
associated with persistence in science and engineering majors: 
An exploratory study using classification trees and random for-
ests. Journal of Engineering Education, 97(1), 57–70.

National Academies of Sciences, Engineering, and Medicine. 
(2016). Barriers and opportunities for 2- and 4-year STEM 
degrees. Malcolm, S., & Feder, M. (Eds.). Washington, DC: 
National Academies Press.

National Academies (National Academy of Sciences, National 
Academy of Engineering, & Institute of Medicine). (2005). 
Rising above the gathering storm. Washington, DC: National 
Academies Press.

National Research Council. (2011). Successful K-12 STEM edu-
cation: Identifying effective approaches in science, technol-
ogy, engineering, and mathematics. Washington, DC: National 
Academies Press.

www.gatesfoundation.org/Media-Center/Speeches/2005/02/Bill-Gates-2005-National-Education-Summit
www.gatesfoundation.org/Media-Center/Speeches/2005/02/Bill-Gates-2005-National-Education-Summit
www.gatesfoundation.org/Media-Center/Speeches/2005/02/Bill-Gates-2005-National-Education-Summit
https://cew.georgetown.edu/cew-reports/valueofcollegemajors/#full-report
https://cew.georgetown.edu/cew-reports/valueofcollegemajors/#full-report
http://sites.nationalacademies.org/cs/groups/dbassesite/documents/webpage/dbasse_088834.pdf
http://sites.nationalacademies.org/cs/groups/dbassesite/documents/webpage/dbasse_088834.pdf
www.pewhispanic.org/2013/05/09/hispanic-high-school-graduates-pass-whites-in-rate-of-college-enrollment/
www.pewhispanic.org/2013/05/09/hispanic-high-school-graduates-pass-whites-in-rate-of-college-enrollment/
www.pewhispanic.org/2013/05/09/hispanic-high-school-graduates-pass-whites-in-rate-of-college-enrollment/
www.sri.com/work/publications/stem-high-schools
www.sri.com/work/publications/stem-high-schools


Broadening Participation in STEM College Majors

17

National Science Board. (2016). Science and engineering indica-
tors 2016. Arlington, VA: National Science Foundation (NSB 
2016–01).

National Science Board. (2018). Science and engineering indica-
tors 2018. Arlington, VA: National Science Foundation (NSB 
2018–01).

PCAST (President’s Council of Advisors in Science and 
Technology). (2010). Prepare and inspire: K-12 education in 
science, technology, engineering, and mathematics (STEM) 
for America’s future. Washington, DC: White House Office of 
Science and Technology Policy.

Russell, M. L., & Atwater, M. M. (2005). Traveling the road to 
success: A discourse on persistence throughout the science 
pipeline with African American students at a predominantly 
white institution. Journal of Research on Science Teaching, 
42, 691–715.

Saw, G. (2017). Policy brief: The impact of inclusive STEM high 
schools on student outcomes: Evidence from Texas STEM 
academies. University of Texas at Austin Education Research 
Center. Retrieved from https://texaserc.utexas.edu/wp-content 
/uploads/2017/12/70-Brief-Guan-Saw-PB-11.16.17.pdf

Saw, G., Chang, C-N., & Chan, H-Y. (2018). Cross-sectional 
and longitudinal disparities in STEM career aspirations at 
the intersection of gender, race/ethnicity, and socioeco-
nomic status. Educational Researcher. Advance online 
publication. doi:10.3102/0013189X18787818

Smyth, F. L., & McArdle, J. J. (2004). Ethnic and gender differ-
ences in science graduation at selective colleges with impli-
cations for admission policy and college choice. Research in 
Higher Education, 45(4), 353–381.

Texas Higher Education Board. (n.d.). Academic year 2013-2014 
Texas public high school graduates 1 enrolled in Texas higher 
education, academic year 2014-2015. Retrieved from www 
.thecb.state.tx.us//Reports/PDF/7514.PDF

Tyson, W., Lee, R., Borman, K. M., & Hanson, M. A. (2007). 
Science, technology, engineering, and mathematics (STEM) 
pathways: High school science and math coursework and post-
secondary degree attainment. Journal of Education for Students 
Placed at Risk, 12(3), 243–270.

Wang, X. (2013). Why students choose STEM majors: Motivation, 
high school learning, and postsecondary context of support. 
American Educational Research Journal, 50(5), 1081–1121.

Young, V., Lynch, S., Means, B., House, A., Peters, V., & Allen, 
C. (2017). Bringing inclusive STEM high schools to scale: Policy 
lessons from three states. Retrieved from https://inclusivesteminsights 
.sri.com/downloads/inclusive-stem-high-schools-to-scale-policy 
-lessons-brief.pdf

Authors

BARBARA MEANS directs learning sciences research at Digital 
Promise. Her work explores the implementation and effectiveness 
of innovations designed to broaden educational opportunities.

HAIWEN WANG is a senior research analyst at SRI Education. 
Her work employs statistical modeling to disentangle the influ-
ences of treatment and selection effects.

XIN WEI is a senior research analyst at SRI Education. She applies 
quantitative analysis to both experimental studies and analyses of 
large-scale administrative data sets.

EMI IWATANI is a research scientist at Digital Promise. Her 
research interest is in culturally responsive evaluation approaches 
to studying educational innovations.

VANESSA PETERS is a senior learning sciences researcher at 
Digital Promise. She focuses on how to implement digital learning 
approaches effectively.

https://texaserc.utexas.edu/wp-content/uploads/2017/12/70-Brief-Guan-Saw-PB-11.16.17.pdf
https://texaserc.utexas.edu/wp-content/uploads/2017/12/70-Brief-Guan-Saw-PB-11.16.17.pdf
www.thecb.state.tx.us//Reports/PDF/7514.PDF
www.thecb.state.tx.us//Reports/PDF/7514.PDF
https://inclusivesteminsights.sri.com/downloads/inclusive-stem-high-schools-to-scale-policy-lessons-brief.pdf
https://inclusivesteminsights.sri.com/downloads/inclusive-stem-high-schools-to-scale-policy-lessons-brief.pdf
https://inclusivesteminsights.sri.com/downloads/inclusive-stem-high-schools-to-scale-policy-lessons-brief.pdf

