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Abstract

Background: Inclusive STEM high schools seek to broaden STEM participation by accepting students on the
basis of interest rather than test scores and providing a program sufficient to prepare students for a STEM
major in college. Almost nonexistent before the present century, these high schools have proliferated over
the last two decades as a strategy for addressing gaps in STEM education and career participation. This
study uses a meta-analytic approach to investigate the relationship between attending an inclusive STEM
high school and a set of high school outcomes known to predict college entry and declaration of a STEM
college major.

Results: Combining effect estimates from five separate datasets of students from inclusive STEM high
schools and matched comparison schools, the analysis reported here used data from administrative records
and survey data for 9719 students in 94 high schools to obtain estimates of the average impact of
attending an inclusive STEM high school on STEM-related high school outcomes. Positive effects for
inclusive STEM high schools were found for completion of key STEM courses and for likelihood that
students would engage in self-selected STEM activities. Students who attended an inclusive STEM high
school also identified more strongly with mathematics and science and were more likely as high school
seniors to be very interested in one or more STEM careers. Importantly, these positive impacts were found
for low-income, under-represented minority, and female students as well as for students overall. Attending
an inclusive STEM high school appeared to have a small positive impact on science test scores for students
overall and for economically disadvantaged students, but there were no discernible impacts on
mathematics test scores.

Conclusions: These findings suggest that the inclusive STEM high school model can be implemented
broadly with positive impacts for students, including low-income, female, and under-represented minority
students. Positive impacts on the odds of taking advanced mathematics and science courses in high school
and on interest in entering a STEM profession are of particular importance, given the strong association
between these variables and entry into a STEM major in college.

Keywords: Broadening participation, Meta-analytic models school effects, State policy, STEM schools

* Correspondence: bmeans@digitalpromise.org

'Learning Sciences Research, Digital Promise, 2955 Campus Drive, San Mateo,
CA 94403, USA

Full list of author information is available at the end of the article

. © The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
@ SPrlnger Open which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
— appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40594-020-00260-1&domain=pdf
http://orcid.org/0000-0001-5400-0960
http://creativecommons.org/licenses/by/4.0/
mailto:bmeans@digitalpromise.org

Means et al. International Journal of STEM Education (2021) 8:4

Introduction

Historically, secondary education programs to prepare
students for the STEM pipeline—such as selective STEM
programs and high schools or selective courses like Ad-
vanced Placement science, mathematics, and computer
science in regular high schools—have targeted students
who could demonstrate a high level of prior academic
achievement or aptitude. Recently, however, thinking
has changed about how to build America’s STEM work-
force. The National Academies of Sciences, Engineering,
and Medicine, for example, have drawn attention to the
clash between the growing need for STEM (science,
technology, engineering, and mathematics) expertise on
the one hand and US demographic trends on the other
(, 2011; National Academies, 2005). Those demographic
groups most likely to pursue STEM studies and ca-
reers—middle and high socioeconomic status white and
Asian males—comprise a dwindling proportion of the
country’s population. A 2010 report from the President’s
Council of Advisors on Science and Technology (PCAS
T) made the case for moving away from the idea that we
can fulfill our needs by selecting for STEM talent to the
idea that we must develop STEM talent:

[S]tudies suggest that achieving expertise is less a
matter of innate talent than of having the opportun-
ity and motivation to dedicate oneself to the study
of a subject in a productive, intellectual way — and
for sufficient time — to enable the brain develop-
ment needed to think like a scientist, mathemat-
ician, or engineer. This has important implications
for STEM education; it underscores the need to mo-
tivate students for long-term study of STEM, and
points to the potential for many more students to
excel in STEM. (PCAST, 2010)

President Obama’s White House developed policies
based on this line of thinking, including $80 million in
the 2017 federal budget for the creation of “next-gener-
ation” high schools (White House Office of Science and
Technology Policy, 2016).

The concept of an inclusive STEM high school (ISHS)
entails (1) accepting interested students without applying
admissions test score or other academic achievement
criteria and (2) providing a secondary education pro-
gram sufficient to prepare all of their students for a
STEM major in college.

Almost nonexistent before the present century, inclu-
sive STEM high schools (ISHSs) have proliferated over
the last two decades. A 2008 survey of specialized STEM
high schools identified over 100 public high schools that
described their mission as preparing under-represented
minority youth to successfully pursue postsecondary
STEM studies (Means, Confrey, House, & Bhanot,
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2008). By 2011, the Texas High School Project reported
having more than 70 inclusive STEM high schools,
North Carolina had at least two dozen according to the
North Carolina New Schools Project, and the nonprofit
research organization Battelle had teamed with partners
in the states of Ohio, Tennessee, and Washington to cre-
ate and support ISHSs in a STEM learning network
within each state. More recently, Rogers-Chapman
(2014) generated a list of 221 inclusive STEM high
schools in the USA.

There is no single model or accrediting body for inclu-
sive STEM high schools. Some arise from state initia-
tives, some from district-level strategies, and some from
charter school networks. Descriptive studies have found
considerable variation across schools that consider
themselves ISHSs (LaForce, Noble, King, Holt, & Cen-
tury, 2014; Lynch et al,, 2018), but there are some com-
monalities. Inclusive STEM high schools are typically
small in size (600 or fewer students), with the intent of
fostering close relationships among students and be-
tween students and their teachers (Lynch, 2015). While
they are public schools, most ISHSs are “schools of
choice” accepting students from across a school district
or geographic area. Case studies of ISHSs (LaForce et al.,
2014; Lynch et al,, 2018; Scott, 2012) have identified key
components characterizing many of them: a rigorous
STEM-focused college preparatory curriculum taken by
all students; use of project- or problem-based pedagogy;
an extensive network of supports for students who need
assistance mastering the curriculum; incorporation of
career, technology, and life skills into school activities
and practices; a supportive school climate; and partner-
ships with external organizations to support out-of-
school STEM experiences.

Published studies of the effectiveness of this high
school model have used different samples and analytic
approaches and have come to conflicting conclusions.
Although test scores are not the best predictor of enter-
ing and persisting in STEM majors (Wang, 2013), most
of the empirical research on the effectiveness of inclusive
STEM schools has focused on test score impacts. Young
et al. (2011) examined student outcomes for “T-STEM”
high schools in Texas and found slightly but significantly
higher 9th-grade math and 10th-grade math and science
test scores compared to other Texas schools, after con-
trolling for demographic and prior achievement vari-
ables. In contrast, a study analyzing achievement test
outcomes for students spending 2years in one of six
Ohio ISHSs, compared to conventional 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 negli-
gible or even negative impacts (Gnagey & Lavertu,
2016). A study by Saw (2017) used a statewide sample
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with five student cohorts, comparing test scores of stu-
dents from 42 Texas T-STEM Academies with those of
students from all other Texas high schools (1580 unique
schools) and found a positive impact of T-STEM attend-
ance for grade 11 mathematics achievement but not for
achievement in other subject areas.

The present study contributes to research on the ef-
fectiveness of inclusive STEM high schools by (1) apply-
ing meta-analytic techniques to a large inclusive STEM
high school data set with five student cohorts drawn
from three different states, (2) looking at a range of high
school outcomes known to be predictive of entry into a
STEM college major rather than just mathematics and
science test scores, and (3) examining outcomes for stu-
dent subgroups under-represented in STEM (i.e., low-
income, under-represented minority, and female
students).

Conceptual framework

Non-test high school outcomes that predict entry into
STEM in college include completion of advanced math-
ematics and science courses in high school (Adelman,
2006; Chen & Weko, 2009; Federman, 2007; Trusty,
2002; Wang, 2013), a high level of interest in STEM and
involvement in STEM-related activities during high
school (Andersen & Ward, 2014; Chang, Eagan, Lin, &
Hurtado, 2011; Maltese & Tai, 2011; Regan & DeWitt,
2015), and aspiring to enter a STEM career (Legewie &
DiPrete, 2014; Radunzel, Mattern, & Westrick, 2016;
Tai, Liu, Maltese, & Fan, 2006). If the rationale behind
the ISHS model (that it can increase the likelihood that
students will become STEM majors in college) is correct,
we would expect ISHSs to have a positive impact on
these more proximal indicators that can be measured at
the end of high school. These relationships are
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illustrated in the conceptual framework that guided our
data collection, shown in Fig. 1.

Prior work

Our research team has been studying the relationship
between attending an inclusive STEM high school and
these high school outcomes since 2012. We have sought
to address the policy-relevant question of whether inclu-
sive STEM high schools implemented at scale can in fact
prepare a diverse student population for STEM college
majors. We have conducted parallel analyses employing
propensity score weighting for five student samples
drawn from North Carolina, Texas, and Ohio, three
states that have large numbers of inclusive STEM high
schools. Replicating studies in multiple state contexts is
important if research findings are to play a role in guid-
ing education policy. Running parallel studies in the
three states allows us to observe the generality of ISHS
impacts in multiple student and school samples under
different conditions. Previously, we (Means et al., 2017)
have described impacts of ISHS for the two most mature
samples in our program of research (the Class of 2013 in
North Carolina and the Class of 2014 in Texas). The
analyses reported here combine data from these cohorts
with data from three additional student cohorts—for a
total of five cohorts from three states—to obtain esti-
mates of the average ISHS impact on the STEM-related
high school outcomes in Fig. 1.

Data-sharing agreements with agencies managing state
education data systems precluded combining student-
level data from the different states into a single data set
for analysis. But by employing a meta-analytic approach,
we can increase the total sample size and provide more
precise impact estimates than were available from any
one of the five individual cohort studies. This is
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particularly useful when looking at ISHS impacts for
various student subgroups, such as low-income or
under-represented minority students. Tests of statistical
significance within individual cohort studies are highly
influenced by sample sizes, which were relatively small
for subgroups of interest in some cohorts. In addition, a
meta-analytic approach allows us to inspect the variabil-
ity of outcome estimates across different state contexts
and student cohorts. It may be that the ISHS model has
positive impacts under some circumstances (e.g., strong
state supports in terms of professional development for
school leaders) but not others (e.g., when many of the
local alternatives to STEM high schools are also schools
of choice). If we observe significant heterogeneity in
terms of impacts across states and cohorts, we need to
worry about generalizing from findings in these three
states to possible initiatives in other states and should
direct our attention to searching for conditions or prac-
tices particular to a state or time period that can help us
understand the prerequisites for effective implementa-
tion of ISHSs at scale.

The present study
The analyses reported here combine data from two stu-
dent cohorts each in North Carolina and Texas along
with data from a single cohort from Ohio. The findings
for the two younger student samples in North Carolina
and Texas are of particular interest because these stu-
dents were surveyed first as 9th graders in the fall of
their freshman year of high school and then as seniors in
the spring before graduation, allowing us to use their
grade 9 reports of STEM-related activities and interests
during middle school (as well as the grade 8 achieve-
ment covariates used in analyses for all cohorts) as co-
variates in analyzing their high school outcomes.

The analyses reported here use the combined data from
all five student samples to address two research questions:

RQ 1. When findings from the study’s five student
cohorts are combined, do ISHSs appear to have
positive impacts for the STEM course-taking, out-
of-class activity, attitude, achievement, and aspir-
ational outcomes in the inclusive STEM high school
conceptual framework?

RQ 2. When findings from the study’s five student co-
horts are combined, do ISHSs appear to enhance
STEM-related high school outcomes for low-income,
under-represented minority (African American, His-
panic, and Native American), and female students?

State contexts for inclusive STEM high schools
To contextualize our meta-analysis of five student co-
horts from three states, we examined aspects of the state
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environments and policies that could be expected to in-
fluence the way in which ISHSs were implemented.
These included the demographic and geographic charac-
teristics of their student populations, financial resources,
requirements for high school graduation, strength of the
K-12 education accountability system, state financial
supports for establishing and supporting ISHSs, teacher
union presence, charter school policy, and connections
between state education and economic development pol-
icies. We addressed these issues during interviews with
education policymakers at the state, regional, and local
levels within each of the three states in our study.
During the timeframe of our study, North Carolina’s
600 public high schools were serving a population of
around 460,000 students, of whom over 40% were from
an under-represented minority (predominantly African
American) and half were designated as economically dis-
advantaged. Roughly 2 out of 5 high schools in North
Carolina had been designated as in need of program im-
provement. In 2006, all of the state’s high schools desig-
nated as in need of improvement were invited to
compete for one of ten $40,000 grants issued by the
State Board of Education to support a planning year for
creating a new, autonomous STEM-focused high school.
The resulting STEM school could be an entirely new
school sharing a campus with a larger, traditional high
school or it could be a conversion of the entire pre-
existing high school. The nonprofit North Carolina New
Schools Project was designated as the professional ser-
vices provider for the ISHS planning process. The New
Schools Project, founded in 2003 with funding from the
Bill & Melinda Gates Foundation and later known as NC
New Schools, offered technical assistance services to
support STEM-focused curriculum development and in-
struction and to connect new STEM high schools to
higher education and industry partners. The state De-
partment of Public Instruction had relatively little direct
involvement in the creation of North Carolina’s ISHSs.
These schools emerged instead from a combination of
school district initiatives and support from NC New
Schools and other nongovernmental education support
agencies as well as business and higher education part-
ners (Young et al, 2017). North Carolina ISHSs in our
study were all district-run public schools and eight of
them were schools-within-a-school created as part of a
conversion effort for a larger school previously identified
as in need of improvement. The North Carolina school
sample did not include any charter schools. (At the time
we were recruiting North Carolina schools for our study,
North Carolina had a cap of 100 on the total number of
charter schools in the state.) Another important piece of
the North Carolina context was the state’s receipt of one
of the first Race to the Top education grants in 2010,
bringing in roughly $400 million for educational
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improvement, including funds for learning technology
and for establishing four STEM “anchor schools” fo-
cused on career areas important to the state’s economy.
These schools and their associated “affinity networks”
were established subsequent to the school recruiting and
the first round of survey data collection for our research,
but prior to the second student survey for cohort 2 con-
ducted in 2016. Race to the Top spending may have re-
duced the contrast between ISHS and comparison
school experiences for this second cohort of North Car-
olina students.

During the same period, Texas had a much larger edu-
cation system with 1450 public high schools serving
nearly 1.5 million students. More than half of these stu-
dents were designated as coming from low-income
homes, and 65% were from under-represented minorities
(primarily Hispanic). Texas is a charter friendly state,
but one with a strong accountability system. Interest in
establishing ISHSs (which are called T-STEM Academies
in Texas) arose during conversations between the gov-
ernor’s office and representatives from the Bill & Me-
linda Gates Foundation. T-STEM was envisioned as a
public-private partnership from the beginning, with ex-
tensive support from both the Texas Education Agency
and the Community Foundation of Texas. The intended
nature of an ISHS was more highly specified in Texas
than in North Carolina. Detailed T-STEM design and
implementation requirements were set forth in a T-
STEM Academy Blueprint, and T-STEM Academies
risked loss of their funding if they did not comply with
blueprint requirements, which included serving a stu-
dent body of which at least 50% were low-income and
under-represented minority students. To support the ef-
fective implementation of inclusive STEM high schools,
Texas established seven T-STEM Centers dispersed
throughout the state to provide needs assessments and
tailored technical assistance.

Ohio had the fewest number of public high schools,
506, serving around 520,000 students. These students
were 53% low income and 35% minority. Ohio offers an-
other example of ISHSs promoted through a partnership
between a state education agency and a private entity: In
this case, the Battelle Memorial Institute teamed with
the Ohio STEM Learning Network (OSLN). OSLN also
received support from the Gates Foundation for estab-
lishing ISHSs in Ohio. The state’s strategy for supporting
ISHSs was to have well-established ISHSs, such as
Metropolitan High School in Columbus, Ohio, serve as
models for new schools within a regional hub. Each re-
gional hub had higher education and business/industry
partners. The OSLN hubs provided technical assistance
in the form of collaborations, joint classes, site visits,
and educator-to-educator professional learning oppor-
tunities (Young et al., 2017). The Ohio Department of
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Education developed a STEM school designation
process, but the designation requirements were less
strict than the Texas T-STEM Academies Blueprint.
With respect to the student body, for example, a STEM
designation in Ohio required that it have a “racial, eth-
nic, socio-economic, and gender balance reflective of the
region” in contrast to the Texas stipulation of explicit
representation targets. During the years of our study,
Ohio public schools were experiencing reductions in
state funding and increased teacher accountability based
on their students’ test scores in reading and mathemat-
ics. Under Governor Kasich, Ohio was friendly to char-
ter schools, and there was considerable tension between
public school districts and charter proponents, with both
sides claiming that state funding practices advantaged
the other sector (Strauss, 2016).

A more extended treatment of the education environ-
ment and policies in the three states can be found in
Young et al. (2017).

Method

School sampling and recruiting

In each state, our recruiting process began with identify-
ing high schools within the state that met our definition
of an inclusive STEM high school and that would have
both a grade 12 and a grade 9 class during the year when
we planned our survey data collection. For this purpose,
we defined an inclusive STEM high school as a second-
ary school or self-contained school-within-a-school that
(a) enrolls students on the basis of interest rather than
aptitude or prior achievement, (b) provides students with
more intensive STEM preparation 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. Following school and district or charter man-
agement organization requirements for approval of re-
search participation, we enlisted as many inclusive
STEM high schools as we could in North Carolina and
Ohio. In Texas, where there were many more such
schools, we continued recruiting until we had 38 willing
ISHSs. Study participation in North Carolina and Texas
entailed administering surveys to incoming 9th graders
and to graduating seniors in the first year of a school’s
participation in the research and then re-surveying the
first of these groups 3.5 years later when they were about
to graduate. In Ohio, resources were available for just
one study cohort, and surveys were administered to
graduating seniors only.

Next, for each ISHS agreeing to participate in our re-
search, we used publicly available school-level data to
identify high schools without a STEM focus that served
student bodies as similar as possible in terms of demo-
graphics and prior achievement profiles for their enter-
ing 9th graders. These non-STEM comparison schools
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were then recruited using the same research application
and incentive offers extended to ISHSs. The monetary
compensation for school participation depended on
school size, with an honorarium of $500 for a small
school (enrollment of 600 students or fewer) and $1000
for a larger school (enrollment greater than 600).
Supplementary Figures 1, 2, and 3 in Appendix A-1
provide details on the stages in the recruiting and data
collection process and the number of schools remaining
in the sample at each stage for each of the three states.

Instruments

Grade 9 student survey

The main purpose of surveying students entering high
school was to obtain reports with as little time lag as
possible of students’ STEM-related activities and atti-
tudes during middle school. These measures could be
used as covariates in analyses of the same students’ re-
sponses to the Grade 12 Student Survey that they would
take in the future. Entering 9th graders were asked to
identify the subject of their favorite course in middle
school and to indicate whether they had participated in
each of eight types of STEM-related activities, such as
math and science clubs, competitions, camps, and study
groups.

Grade 12 student survey

The survey for graduating seniors was designed to col-
lect data on sociocognitive constructs highlighted in ex-
pectancy theory (i.e., science and math identity,
interests, academic expectations, and self-efficacy) and
on variables shown to predict entry into STEM college
majors in prior empirical research. Survey items and
scales addressed students’ high school experiences and
outcomes including STEM courses taken, extracurricular
and leisure-time activities related to STEM, overall aca-
demic and STEM orientation, academic and personal
supports received through their high school and at
home, plans for the year following graduation, and inter-
est in STEM careers.

Sources of items and scales for both the Grade 9 and
the Grade 12 Student Surveys included the National
Center for Education Statistics’ High School Longitu-
dinal Study, the Consortium for Chicago School
Research’s Biennial Chicago Public School Student Sur-
vey, and surveys used in SRI’s Program Evaluation of the
Innovative Technology Experiences for Students and
Teachers Program and its Evaluation of the Texas High
School Project. Survey scales from these instruments
have demonstrated predictive validity with respect to
variables such as high school graduation rates (Allens-
worth, Healey, Gwynne, & Crespin, 2016). Attitudinal
constructs were measured through scales of 4 or 5 items
using a Likert scale format. The reliability (Cronbach’s
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alpha) of the Grade 12 Student Survey item scales
ranged from .71 to .92. The Grade 12 Student Survey
measures are provided in Appendix A-2.

Administrative data

For our North Carolina cohorts, student demographic
information, grade 8 test scores, high school grade point
average, ACT scores, and graduation status were ob-
tained from the North Carolina Education Research
Center (NCERDC). With the exceptions of high school
GPA and ACT scores, the same kinds of administrative
data were available for students in our Texas samples
from the Education Research Center at the University of
Texas, Austin. For the Ohio sample, we worked directly
with the Ohio Department of Education, which linked
our survey files to student longitudinal records, stripped
personally identifying information, and then returned
the linked data sets to us for analysis.

Outcome measures

Most of the high school outcome measures in this re-
search, such as STEM course-taking, out-of-class activ-
ity, attitude, aspirations, and mathematics and science
grades, were derived from the Grade 12 Student Survey,
which was essentially identical across the five individual
studies. Mathematics and science achievement test mea-
sures, on the other hand, were obtained from state data
systems and differed across the three states. North Caro-
lina and Ohio had ACT scores for nearly all of the 12th
graders in our samples. The Texas student data system
does not include ACT or SAT scores, but it did have
subject area Texas Assessment of Knowledge and Skills
(TAKS) scores for students in the Class of 2014 (cohort
3). Texas students in cohort 4 (Class of 2017) did not
take the TAKS test in grade 11, and no science and
math test scores were available for a majority of this
sample. In addition, some of the covariates in our ana-
lytic models, such as special education status or English
proficiency, were operationalized slightly differently
across the three states.

Analytic approach for within-state impact estimates

For analyses of each of the five cohorts, we applied pro-
pensity score weighting to make the comparison school
student sample as similar as possible to the ISHS student
sample in terms of students’ prior achievement (mainly
grade 8 achievement test scores) and demographic char-
acteristics (including gender, ethnicity, English profi-
ciency, parents’ education, and parent employment in
STEM). For cohort 2 and cohort 4 studies, where stu-
dents had been surveyed previously in 9th grade, we also
included two prior STEM experience variables from the
9th-grade survey—namely whether STEM was a favorite
subject and participation in STEM activities in middle
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school—in the propensity score weighting and as
covariates.

For propensity score weighting, we first posited a lo-
gistic regression model with being an ISHS student as
the outcome and included the abovementioned set of
student variables as predictors. For each student, we
then calculated a propensity score p; which is the prob-
ability of being in an ISHS, based on the estimated pro-
pensity score model. We weighted each comparison
student by the odds of being in an ISHS, calculated as
pi/(1 - p;), and assigned a weight value of 1 to each ISHS
student. These weights were used in the subsequent
analysis.

Because students are clustered within high schools,
our analyses used hierarchical modeling with school and
student levels to compare outcomes for 12th graders in
ISHSs to those of 12th graders in comparison schools,
adjusting for student demographic characteristics and
eighth-grade achievement scores through propensity
score weighting as described above. We also adjusted for
middle school STEM subject interest and STEM activ-
ities for cohorts 2 and 4.

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

Y; = By + By (ISHS;) + f3; (kth - student covariate;;)
+ By (Ith - school covariate;) + e; + r;

where i is students, j is schools, Yj; is a student outcome,
and ISHS equals 1 for students in an ISHS school and 0
for students in a comparison school. e; and 7; are stu-
dent and school random effects. j; is the estimated ISHS
impact on the student outcome. We included as
student-level covariates being female, African American,
Hispanic, economically disadvantaged, limited in English
proficiency, special education designation, either parent
having a bachelor’s degree, and grade 8 mathematics,
science, and reading achievement scores. We also in-
cluded eighth-grade social studies score in cohort 3 and
cohort 4 since it was available in the Texas administra-
tive data. We only included students with at least one
grade 8 achievement test score in the analysis. For
student-level predictors, we used multiple imputation,
applying the MIANALYZE procedure in SAS to impute
each missing value 5 times. Our model also incorporated
school-level covariates, including urbanicity, title I im-
provement status (controlling for accountability pres-
sure), percent minority students, percent economically
disadvantaged students, and average incoming students’
eighth-grade test scores in the school.
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Meta-analytic approach

Because we wanted to test for average effects on out-
comes for inclusive STEM high schools as a conceptual
model across the three states with a total of five datasets,
we performed a fixed-effect meta-analysis that calculates
the average effect across the five cohorts. We applied the
metan commands in Stata. For each outcome, the
weighted mean effect was computed by weighting the ef-
fect estimate for each study cohort by the inverse of its
variance. Log odds estimates were used for dichotomous
outcomes from a logit function. In working with
achievement test data, we converted ACT scores (in
North Carolina and Ohio for cohorts 1, 2, and 5) and
TAKS scores (in Texas for cohort 3) into standardized
effect sizes using Hedge’s G, and conducted a meta-
analysis across the studies on the mathematics and sci-
ence test score outcome constructs.

Results and discussion

Sample characteristics

Table 1 provides basic information on the five student
samples (cohorts) in the meta-analysis, identifying their
state, graduation year, high school achievement test
measure, and the number of schools and students in the
ISHS and comparison groups. Characteristics of the high
schools in each of the five ISHS samples compared to all
high schools in their state in the focus year are shown in
Table 2. These school-level descriptive data characterize
all the students in each school in the study, not just
those students in our analytic samples. These school-
level data suggest that the ISHSs in each of the five stud-
ies were serving higher proportions of low-income and
under-represented minority students than were public
high schools in their state as a whole, suggesting that
ISHSs are indeed expanding the diversity of students ex-
posed to a STEM-focused curriculum. The other major
school-level difference apparent in Table 2 is in average
school size. One of the essential components of an ISHS
is the creation of a close-knit school community, which
many educators believe is possible only in a school of
relatively small size.

Table 3 summarizes key student characteristics for
each ISHS and comparison student analytic sample, both
before and after propensity score weighting. Before the
propensity score weighting, there were some significant
differences in the characteristics of ISHS and compari-
son school student samples in each of the five cohorts.
There were more females in comparison schools than in
ISHSs for example in cohorts 3 and 4. There was a sig-
nificantly larger proportion of under-represented minor-
ity students in ISHSs than in comparison schools in
cohorts 1, 2, 4, and 5. There was a higher proportion of
economically disadvantaged students in the ISHS sample
in cohort 1 and 5. Differences in grade 8 test scores were



Means et al. International Journal of STEM Education (2021) 8:4 Page 8 of 19
Table 1 Five ISHS impact study cohort samples
State Graduation Treatment n of Comparison n of Primary under- High school Control for prior  Control for
year schools/ schools/students represented achievement STEM prior STEM
students minority test achievement interest
Cohort NC 2013 12/574 16/1851 African American ACT Yes No
1
Cohort  NC 2016 11/294 9/837 African American ACT Yes Yes
2
Cohort  TX 2014 23/867 19/1997 Hispanic Grade 11 TAKS  Yes No
3
Cohort  TX 2017 21/1067 11/1475 Hispanic None Yes Yes
4
Cohort OH 2015 10/385 8/470 African American ACT Yes No
5

not large (which would be expected since similarity of
incoming students’ grade 8 test scores was a major cri-
terion in selecting schools to recruit for the comparison
sample) and favored the comparison school students and
the ISHS students equally often. After propensity
weighting, the comparison school student sample did
not differ from the ISHS student sample for any student
characteristic in any of the five studies with the excep-
tion of the percentage of females in the school in
the Ohio sample (Cohort 5).

High school outcomes

Figures 2, 3, 4, and 5 display the results of the five indi-
vidual cohort analyses and the meta-analysis for the set
of high school outcomes in the ISHS conceptual model
(Fig. 1). In each of these figures, squares to the right of
the solid vertical line labeled 0 denote positive impacts
on the log odds of obtaining the outcome for the student
cohort; the ISHS impact for that cohort was statistically
significant if the “whiskers” (demonstrating the confi-
dence interval for the impact estimate) extending out
from the square do not cross 0. The shaded diamond at
the bottom of each figure shows the overall impact esti-
mate obtained in the meta-analysis for that outcome; a
dotted vertical line running through the diamond is
shown to facilitate comparing impact estimates for indi-
vidual cohorts to the overall impact estimate. The values
for each impact estimate, its confidence interval, and its
weight in calculating the overall impact are shown to the
right of the figure.

Tables 4, 5, 6, and 7 provide the meta-analysis esti-
mates of ISHS effects for the same set of outcomes
for student subgroups—i.e., under-represented minor-
ities, economically disadvantaged, and female students.
(Effect estimates for subgroups in the five individual
student cohorts are available from the authors upon
request.)

Course-taking

As shown in Fig. 2, ISHSs appear to make a difference in
the level of mathematics courses students take in high
school. Because students need to be ready for calculus
when they enter college if they are to complete a STEM
college major within 4 years, completion of precalculus
or calculus in high school is an important outcome. The
estimated ISHS effect on this outcome was positive with
log odds of .84, p < .001, corresponding to an odds ratio
(OR) of 2.3. This odds ratio suggests that attending an
ISHS more than doubles the likelihood that a student
will complete precalculus or calculus while in high
school. In addition, there was a significant impact across
the five cohorts on the OR for having taken chemistry in
high school (log odds = .94, OR = 2.6, p < .001), but
there was no significant impact on the odds of complet-
ing physics (log odds = .19, OR = 1.2, p > .05). Attending
an ISHS appeared to increase the odds that a student
would complete some kind of technology course in high
school (log odds = .47, OR = 1.6, p < .01) and to have a
very large impact on the likelihood of taking an engin-
eering course (log odds = 2.29, OR = 9.9, p < .001). Im-
portantly, every ISHS impact estimate for course-taking
that was significantly positive for students overall was
also significantly positive for under-represented minor-
ity, economically disadvantaged, and female students, as
shown in Table 4.

In summary, ISHS attendance appeared to impact
STEM courses completed in high school. Specifically,
positive ISHS effects were found for mathematics
(completing calculus or precalculus), chemistry, tech-
nology courses, and engineering. These positive im-
pacts were found for low-income, under-represented
minority, and female students as well as for the ISHS
student sample as a whole. The enrollment of low-
income, under-represented minority, and female stu-
dents in such advanced mathematics and science clas-
ses within ISHSs contrasts with reports of their
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Completed Calculus / Pre-Calculus

Study ID ES (95% Cl)
Cohort 1 — 1.23 (0.58, 1.88)
Cohort 2 —_— 1.49 (0.63, 2.35)
Cohort 3 —o— 0.45(-0.02, 0.92)
Cohort 4 e 0.85 (0.04, 1.65)
Cohort 5 RN R S 0.83 (-0.58, 2.24)
Overall 0.84 (0.53, 1.16)
(I-squared = 36.0%, p = .18)
T

Completed Chemistry
Study ID
Cohort 1 [—
Cohort 2
Cohort 3 1w
Cohort 4 @
Cohort 5 —

ES (95% Cl)

2.11(1.07,3.15)
021 (-1.83, 2.25)
051 (-0.18, 1.20)
0.90 (0.22, 1.59)
1.17 (:0.67, 3.01)

Overall 0.94 (0.52, 1.36)

(I-squared = 42.4%, p = .14)

235 0 235
Estimated Impact on Log Odds

Note: Across the five cohorts the ISHS effect size for log odds of
completing a calculus or precalculus course was +.84, p < .001.

T - T
-3.15 0 3.15
Estimated Impact on Log Odds

Note: Across the five cohorts the ISHS effect size for log odds of
completing a chemistry course was +.94, p < .001

Took Technology Course

Study ID ES (95% CI)
Cohort 1 S — 0.38 (-0.09, 0.85)
Cohort 2 B I 0.31(-0.77,1.39)
Cohort 3 N S 0.66 (0.11, 1.21)
Cohort 4 e 074(002,151)
Cohort 5 [ S — 0.02 (-0.88,0.92)
Overall 0.47 (0.18,0.76)
(I-squared = 0.0%, p = .71)

Took Engineering Course

Study ID ES (95% ClI)

Cohort 1 4
Cohort 2 :

1.26 (-0.33, 2.85)
1.87 (0.16, 3.58)
2.70 (1.87,3.52)
251 (1.04, 3.98)
1.96 (0.51, 3.14)
2.29 (1.72, 2.85)

Cohort 3 RIS
Cohort 4
Cohort 5

Overall
(I-squared = 0.0%, p = .55)

! :
-1.51 0 1.51
Estimated Impact on Log Odds

Note: Across the five cohorts the ISHS effect size for log odds of
completing a technology course was +.47, p < .01.

T : T
-3.98 0 3.98
Estimated Impact on Log Odds

Note: Across the five cohorts the ISHS effect size for log odds of
completing an engineering course was +2.29, p <. 001.

Fig. 2 Estimates of ISHS impacts on STEM course-taking

typically low participation rates in these courses in
US high schools (see https://ocrdata.ed.gov/). These
findings for 77 ISHS senior classes across three states
appear to confirm the conclusions of earlier qualita-
tive research on ISHSs suggesting that they provide a
more rigorous STEM curriculum than do regular high
schools (Lynch et al., 2018).

STEM-related activities and attitudes
Figure 3 presents the analytic results for student reports
of their participation in STEM activities outside of
courses and their attitudes toward mathematics and sci-
ence. Students who attended ISHSs reported participat-
ing in more STEM extracurricular activities overall
(estimated difference = .28 on a 4-point scale, p < .001)
and engaging in more self-selected STEM-related activ-
ities outside of school, such as visiting a science museum
(estimated difference = .13 on a 4-point scale, p < .001).
Again, the positive ISHS impact estimates obtained for
students overall were seen also for under-represented
minority, economically disadvantaged, and female stu-
dents, as shown in Table 5. The level of engagement in
STEM activities for these groups of students contrasts
with reports of the lower participation rates of under-
represented minority and female students in out-of-
school STEM activities nationally (see, for example, the
responses of 12th graders on the questionnaire adminis-
tered with the National Assessment of Educational Pro-
gress available at https://www.nationsreportcard.gov/sq_
students_views_2015/).

However, the ISHS impacts on these outcomes for co-
horts 2 and 4, for which we were able to control for

middle school engagement in STEM activities, were not
statistically significant with the exception of participation
in informal STEM activities by the Texas Class of 2017
(cohort 4), suggesting that this differential inclination to
engage in voluntary STEM activities may have pre-dated
entry into an ISHS.

In terms of students’ attitudes toward science and math-
ematics, the ISHS experience appears to have a positive
influence on students’ affinity for these subjects but not
on their confidence in their ability to do well in them.
ISHS students are more likely than comparison school
students to report that their favorite high school subject
was in a STEM area (log odds = .52, OR = 1.7, p < .001),
and the meta-analysis effect estimates were significantly
positive also for under-represented minority, low-income,
and female students (see Table 5). ISHS seniors also
expressed a stronger identity as a science person (esti-
mated difference = .16 on a 4-point scale, p < .001) and as
a mathematics person (estimated difference = .11 on a 4-
point scale, p < .001). These positive impacts too held for
the three student subgroups. In contrast, ISHS students’
sense of efficacy in science and mathematics (expectation
that they can do well in the subject) was no higher than
that of comparison school students in the overall meta-
analysis or in any of the five cohorts (not shown in figure),
nor was it significant for any of the subgroups in the
meta-analysis (see Table 5).

While it seems clear that ISHS students demonstrate a
stronger sense of identification with both science and
mathematics than do their peers in other high schools, it
may be that this heightened interest is something they
brought to their high schools. In those analyses where
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Identity as a Science Person

Identity as a Math Person

Study ID ES (95% CI) Study ID ES (95% Cl)
Cohort 1 = 0.27 (0.07, 0.47) Cohort 1 0.11(0.01, 0.21)
Cohort 2 —_. 0.22 (0.02, 0.42) Cohort 2 —_— 0.06 (-0.18, 0.30)
Cohort 3 e 0.17 (0.0, 0.28) Cohort 3 — 0.11(0.01, 0.21)
Cohort 4 S 0.04 (012, 0.19) Cohort 4 — 0.08 (-0.10, 0.25)
Cohort 5 74&7 0.19 (-0.12, 0.50) Cohort 5 JH T S 0.19 (-0.03, 0.41)
Overall : 0.16 (0.08, 0.24) Overall 0.11 (0.05, 0.17)
(I-squared = 0.0%, p = .41) (I-squared = 0.0%, p = .93) H

-.504 0 .5IO4 —.4I106 0 .4‘06

Estimated Impact on Scale

Note: Across the five cohorts the ISHS effect size for identity as a
science person was +.16, p < .001.

Estimated Impact on Scale

Note: Across the five cohorts the ISHS effect size for identity as a math
person was +.11, p < .001.

Number of Extracurricular STEM Activities

Study ID v ES (95% Cl)
Cohort 1 " 0.33 (-0.00, 0.66)
Cohort 2 R 0.12 (-0.41, 1.65)
Cohort 3 — 0.34 (0.06, 1.61)
Cohort 4 B ? 0.17 (-0.04, 1.39)
Cohort 5 — 0.44 (0.11,0.77)
Overall 0.28 (0.14, 0.41)
(I-squared = 0.0%, p = .66) :

Number of Informal STEM Activities

Study ID ES (95% CI)
Cohort 1 0.20 (0.04, 0.36)
Cohort 2 1 0.17 (-0.07, 0.41)
Cohort 3 S 0.12 (-1.02, 0.25)
Cohort 4 0.11 (0.02, 0.21)
Cohort 5 — 0.09 (-0.16, 0.34)
Overall : 0.13 (0.07, 0.20)
(I-squared = 0.0%, p = .89) :

T
=773 0 773
Estimated Impact on Log Odds

Note: Across the five cohorts the ISHS effect size for participation in
STEM extracurricular activities was +.28, p < .001.

. .
-.405 0 405
Estimated Impact on Scale

Note: Across the five cohorts the ISHS effect size for participation in
informal STEM activities was +.13, p < .001.

Science Self-efficacy

Study ID ES (95% Cl)
Cohort 1 — 0.10 (-0.10, 0.30)
Cohort 2 — 0.03 (-0.15, 0.21)
Cohort 3 T -0.05 (-0.15, 0.05)
Cohort 4 . o -0.13 (-0.30, 0.05)
Cohort 5 0.09 (-0.20, 0.38)
Overall § -0.02 (-0.09, 0.05)
(-squared = 2.8%,p = .39) |

-.384 0 .384
Estimated Impact on Scale

Note: Across the five cohorts the ISHS effect size for science
self-efficacy was -.02, p > .05.

Math Self-efficacy

Study ID ES (95% CI)
Cohort 1 N 0.03 (-0.11, 0.17)
Cohort 2 ] 0.07 (-0.17, 0.31)
Cohort 3 _ 0.04 (-0.06, 0.13)
Cohort 4 N -0.00 (-0.16, 0.16)
Cohort 5 SR I -0.04 (-0.22, 0.14)
Overall 0.02 (-0.04, 0.08)
(I-squared = .0%, p = 0.94) 3

\ .

-.305 0 .305
Estimated Impact on Scale

Note: Across the five cohorts the ISHS effect size for math self-efficacy
was +.02, p > .05.

Favorite Course was STEM

Study ID ES (95% CI)
Cohort 1 1T 0.36 (-0.19, 0.91)
Cohort 2 T 1.01(0.23, 1.79)

Cohort 3 - 0.56 (0.21, 0.92)

Cohort 4 T 0.29 (-0.09, 0.66)
Cohort 5 —s 0.72 (0.29, 1.15)

Overall ; 0.52 (0.32, 0.72)

(I-squared = 5.3%, p = .38) :

T T
-1.79 0 1.79

Estimated Impact on Log Odds

Note: Across the five cohorts the ISHS effect size for having a favorite
course be STEM was +.52, p < .001.

Fig. 3 Estimates of ISHS impacts on STEM activities and attitudes
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Got Mostly As or As and Bs in Science

Got Mostly As or As and Bs in Math

Estimated Impact on Log Odds

Note: Across the five cohorts the ISHS effect size for log odds of
getting mostly As or As and Bs in science was +.28, p > .05.

Study ID ES (95% Cl) Study ID ES (95% Cl)
Cohort 1 041(-0.20,1.02) Cohort 1 0.28 (-0.15,0.71)
Cohort 2 — 0.09 (-0.79, 0.97) Cohort 2 — 0.30(-0.92, 1.52)
Cohort 3 —t= 0.17 (-0.32, 0.66) Cohort 3 0.1 (-0.32, 0.55)
Cohort 4 —te 0.18 (-0.45, 0.80) Cohort 4 — 0.09 (-0.40, 0.58)
Cohort 5 R - 0.99 (-0.11, 2.09) Cohort 5 — 0.13(-0.61, 0.87)
Overall 0.28(-0.02, 0.57) Overall 0.17 (-0.07, 0.41)
(I-squared = 0.0%, p = .69) (I-squared = 0.0%, p = .98)
2.00 0 200 152 0 1.52

Estimated Impact on Log Odds

Note: Across the five cohorts the ISHS effect size for log odds of
getting mostly As or As and Bs in math was +.17, p > .05.

ACT / TAKS Science

Study ID ES (95% CI)
Cohort 1 0.12(-0.07, 0.31)
Cohort 2 0.15 (-0.08, 0.37)
Cohort 3 0.09 (-0.08, 0.25)
Cohort 5 0.14(-0.13, 0.41)
Overall 0.12(0.02, 0.22)
(I-squared = 0.0%, p = .97)

T T
-.413 0 413
Estimated Impact on Scale

Note: Across the four cohorts with state test scores the ISHS effect
size on science scores was +.12, p < .05.

Fig. 4 Estimates of ISHS impacts on STEM achievement

ACT / TAKS Math
Study ID ES (95% Cl)
Cohort 1 0 0.03(-0.11, 0.16)
Cohort 2 0.04 (-0.26, 0.34)
Cohort 3 — -0.01(-0.14,0.13)
Cohort 5 I 0.11(-0.16, 0.38)
Overall 0.02 (-0.06, 0.11)
(I-squared = 0.0%, p = .89)
T

T
-.381 0 .381
Estimated Impact on Scale

Note: Across the four cohorts with state test scores the ISHS effect
size on science scores was +.02, p > .05.

we were able to control for the extent to which students
identified with science and mathematics when they
began high school (i.e., in cohorts 2 and 4), the ISHS im-
pact estimate was significantly positive in one case (co-
hort 2) but not in the other (cohort 4). It makes sense
that students who identify with mathematics and science
in middle school are more likely to choose to attend an
ISHS, and the mixed findings for cohorts 2 and 4 leave
uncertainty as to whether attending an ISHS deepens
that sense of identity.

Our analyses indicate that ISHS attendance did not
enhance students’ sense of self-efficacy in mathemat-
ics or science relative to that of their peers attending
other kinds of high schools. It should be remembered,
however, that students tend to take more advanced
math and science courses within ISHSs, and it may
well be that ISHS students have a better understand-
ing than students taking less advanced courses do of
what they do not know. While self-efficacy is
regarded as an important predictor of high school

Plan to Attend 4-year College Next Year

Study ID ES (95% CI) % Weight
Cohort 1 034(-039,107) 11.54
Cohort2 0.02(-0.67,0.63) 14.51
Cohort 3 0.44(-0.17,1.05) 1644
Cohort 4 0.06(-0.47,059)  21.68
Cohort 5 0.15(-0.26,056)  35.83
Overall 0.17(-0.07,0.42)  100.00
(-squared = 0.0%, p = 0.830) v

T

Very Interested in a STEM Career

Study ID ES(95%Cl) % Weight
Gohort 1 0.80(0.25,1.35) 605
Cohort 2 071(0.10,1.32) 494
Cohort 3 B 045(0.24,067) 3922
Cohort 4 - j‘ 0.27 (0.08, 0.47) 47.45
Cohort 5 ———f+————  o21(067,109 234
Overall 040(0.26,053)  100.00
(squared = 21.8%, p = 0.276) :

T

-1.07 0 107
Estimated Impact on Log Odds

Note: Across the five cohorts the ISHS effect size for log odds of planning to attend a
4-year college next year was +.17, p > .05.

-1.35 o 135
Estimated Impact on Log Odds

Note: Across the five cohorts the ISHS effect size for log odds of being very interested in
a STEM carrer was +.40, p <. 001.

Plan to Earn Master’s or Higher Degree

Study ID ES (95% CI) % Weight
Cohort 1 063(0.02,1.24) 1867
Cohort2 027 (-0.42,096) 14.65
Cohort 3 0.29(-020,0.78)  28.71
Cohort 4 028(-021,077) 28.71
Cohort 5 088(0.02,1.74) 927
Overall
e - 00%. p— 0579) i 0.40(0.14,066)  100.00
. T
-1.74 1.74

Estimated Impact on Log Odds

Note: Across the five cohorts the ISHS effect size for log odds of planning to complete a
master's or higher degree was +.40, p <. 01.

Fig. 5 Estimates of ISHS impacts on educational and career aspirations
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Table 4 Meta-analysis impact estimates for high school advanced course-taking, by student subgroup

Outcome All students

Under-represented
minority students

Economically Female students

disadvantaged students

3092 ISHS; 6627
comparison students

2165 ISHS; 3377
comparison students

2023 ISHS; 3929
comparison students

1506 ISHS; 3491
comparison students

Estimate SE Estimate SE Estimate SE Estimate SE
Completed precalculus or calculus .84*** 16 1.00 *** 16 T4FEE 14 1.17%** 19
Completed chemistry 94 21 1.00 *** 23 1.06*** 25 1.20%** 33
Completed physics 19 20 22 21 24 20 31 25
Took technology course AT** 15 A Hxx 10 AQ*** RN Ar* 18
Took engineering course 2,297 29 1.92 *** 29 1.53%%* 27 2.95%%% 40

Under-represented minority students African American, Hispanic/Latino, or Native American, ISHS inclusive STEM high school, SE standard error

ISHS differs from comparison school sample at *p < .05, **p < .01, and ***p < .001

course-taking and postsecondary engagement and suc-
cess in STEM studies in several theoretical models
(Lent, Brown, & Hackett, 1994; Simpkins, Davis-Kean,
& Eccles, 2006), results from some studies and from
international assessment programs suggest that
achievement and sense of efficacy do not necessarily
go hand in hand (Andersen & Ward, 2014; Chiu,
2017; Maltese & Tai, 2011).

STEM achievement and standardized test scores

Estimates of the ISHS impacts on science and mathematics
achievement test scores and self-reported grades are shown
in Fig. 4. Although impact estimates did not reach statistical
significance for individual cohorts, the overall ISHS impact
estimate in the meta-analysis was significantly positive for
science achievement test scores (g + = .12, p < .05). The
student subgroup impact estimates in Table 6 show that
the positive relationship between ISHS attendance and sci-
ence test scores is found for economically disadvantaged
students as well (¢ + = .13, p < .05) but fails to attain statis-
tical significance for under-represented minority (g + = .10)
or female students (g + = .11). The meta-analysis found no
ISHS impact on mathematics test scores (¢ + = .02). Nor

was there a statistically significant relationship between
ISHS attendance and math test score for any of the student
subgroups. In summary, ISHS attendance appeared to have
a small positive impact on science test scores for students
overall and for economically disadvantaged students. There
were no discernible impacts on mathematics test scores in
any of the meta-analyses.

Achievement can also be measured by course grades,
and this was one area where the pattern of statistically
significant ISHS effects differed for student subgroups
compared to the overall student sample. The meta-
analysis found that for students overall the likelihood of
earning high grades (all As or As and Bs) in science and
mathematics classes was not significantly greater for
ISHS students than for students from comparison high
schools (log odds = .28, OR = 1.3 for science and log
odds = .17, OR = 1.2 for mathematics). But there were
significant ISHS advantages for some subgroups, as
shown in Table 6. Under-represented minority students
were more likely to report earning high grades in science
classes if they attended an ISHS (log odds = .37, OR =
1.4, p < .01). Economically disadvantaged students were
more likely to report earning high grades in both science

Table 5 Impact estimates for high school STEM activity and attitudes, by student subgroup

Outcome All students

Under-represented
minority students

Economically Female Students

disadvantaged students

3092 ISHS; 6627
comparison students

2165 ISHS; 3377
comparison students

2023 ISHS; 3929
comparison students

1506 ISHS; 3491
comparison students

Estimate SE Estimate SE Estimate SE Estimate SE
Extracurricular STEM 28%%* 07 27%** 07 35%x* 08 22% 09
Informal STEM activities ~ .13*** 03 2% 04 08* 04 8% 04
Favorite course was STEM .52*** .10 S50%** 12 53%x* A A7HR A3
Science identity J6*** 04 8% 14 207 04 19** 05
Math identity e 03 2% 03 3% 04 2% 05
Science self-efficacy -.02 04 -.02 04 01 05 - 01 04
Math self-efficacy 02 03 05 04 06 04 -02 05

Under-represented minority students African American, Hispanic/Latino, or Native American, ISHS inclusive STEM high school, SE standard error

ISHS differs from comparison school sample at *p < .05, **p < .01, and ***p < .001
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Table 6 Impact estimates for high school achievement, by student subgroup

Outcome All students

Under-represented
minority students

Economically Female students

disadvantaged students

3092 ISHS; 6627
comparison students

2165 ISHS; 3377

comparison students

2023 ISHS; 3929
comparison students

1506 ISHS; 3491
comparison students

Estimate SE Estimate SE Estimate SE Estimate SE
Science mostly As or Bs .28 15 37 14 AQF* 15 36 19
Math mostly AsorBs .17 12 13 13 A1 15 12 15
Science test score 2% 05 10 05 13* 06 A 06
Math test score 02 04 02 05 -.02 05 01 05

Under-represented minority students African American, Hispanic/Latino, or Native American, ISHS inclusive STEM high school, SE standard error

ISHS differs from comparison school sample at *p < .05, **p < .01, and ***p < .001

(log odds = .40, OR = 1.5, p < .001) and mathematics
classes (log odds = .40, OR = 1.5, p < .01) if they
attended an ISHS. The meta-analysis findings for the
other three combinations of subgroup and grades were
null. Thus, students overall did not report earning higher
grades in science and mathematics classes if they
attended an ISHS, but again, ISHS students were more
likely than their peers in comparison schools to be tak-
ing advanced courses in these subjects. Economically
disadvantaged students did report earning higher grades
in both science and mathematics classes if they attended
an ISHS. In addition, under-represented minority stu-
dents were more likely to report earning high grades in
science if they attended an ISHS. One of the tenets of
the ISHS model is that all students, including those who
are under-represented minority students, can excel in
STEM, and this finding is congruent with prior research
showing that high expectations enhance academic
achievement (Hattie, 2009). It appears that ISHS attend-
ance offers some enhancement of STEM course per-
formance among the kinds of students this educational
innovation was intended to benefit.

Education and career aspirations

Figure 5 displays the impact estimates for three key vari-
ables related to likelihood of entering and completing a
STEM college major. The first of these is going directly
to a 4-year college in the fall after high school gradu-
ation. Many low-income students and students of color

begin their postsecondary work at two-year colleges. Un-
fortunately, statistics show that students who start at a
2-year college, like those who delay college entry
altogether, have a lower probability of ever earning a
bachelor’s degree. Attending an ISHS did not increase
the odds of reporting the intent to go directly into a 4-
year degree program for students overall or for low-
income or under-represented minority students. One ex-
ception to this overall pattern was a significant relation-
ship between ISHS attendance and planning to enter a
4-year college the next fall for female students (log odds
=.33,OR = 1.4, p < .05).

There was a positive ISHS impact on our other meas-
ure of educational aspiration. Students who had attended
an ISHS were more likely to report that they expect to
earn a master’s or higher degree (log odds = .40, OR =
1.5, p < .01), and this significant effect was found for
under-represented minority, low-income, and female
students as well, as shown in Table 7.

Finally, ISHS students were more likely to report
that they were very interested in entering a STEM
career (log odds = .40, OR = 1.5, p < .001). This
latter positive impact was found not only for the
combined meta-analytic sample but also for four of
the five cohorts, including the two cohorts for
which the statistical model controlled for STEM
interest during middle school. The positive ISHS ef-
fect on STEM career interest was found also for
under-represented minority (log odds = .42, OR =

Table 7 Impact estimates for education and career aspirations, by student subgroup

Outcome All students

Under-represented
minority students

Economically Female students

disadvantaged students

3092 ISHS; 6627
comparison students

2165 ISHS; 3377
comparison students

2023 ISHS; 3929
comparison students

1506 ISHS; 3491
comparison students

Estimate SE Estimate SE Estimate SE Estimate SE
Plan to attend 4-year college in fall 18 13 15 09 10 09 33* 16
Plan to earn master's or higher degree .40** 13 A4 13 A1 13 35* 14
STEM career interest AQ¥** 07 AQxH* 08 AQ*** 08 AZFxx 10

Under-represented minority students African American, Hispanic/Latino, or Native American, ISHS inclusive STEM high school, SE standard error

ISHS differs from comparison school sample at *p < .05, **p < .01, and ***p < .001
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1.5, p < .001), economically disadvantaged (log odds
= .40, OR = 1.5, p < .001), and female students (log
odds = .43, OR = 1.5, p < .001). This finding is im-
portant because interest in a STEM career at the
end of high school is a strong predictor of entering
and persisting in a STEM major in college (Radun-
zel et al,, 2016).

In summary, ISHS attendance had a positive impact
on several key measures of STEM aspirations. Students
who attended an ISHS were more likely to expect to
earn a graduate degree and were more likely to be very
interested in one or more STEM careers. These positive
ISHS effects were found in the three student subgroup
meta-analyses as well.

Tests of sensitivity and heterogeneity of effects
Additional analyses were run to examine the sensitivity
of our findings to choice of analytic model and to differ-
ences in state context or timeframe. For cohorts 2 and 4
(students who had taken a survey in grade 9 as well as
grade 12), we conducted a sensitivity analysis by model-
ing the high school outcomes without using these two
middle school STEM experience indicators as covariates
and found that after controlling for all of the student-
level characteristics used in all five studies, adding con-
trols for prior STEM interest and activity did not change
any inferences about ISHS impacts on grade 12
outcomes.

To examine the sensitivity of our results to the choice
of a fixed-effects model, we also conducted a random-
effects meta-analysis and found the results to be quite
similar to those of the fixed-effect analysis, with the dir-
ection and statistical significance of all the effect esti-
mates remaining the same.

Given the lack of a definitive, national model of
what an inclusive STEM high school is and the likeli-
hood that both the choices of individual school
leaders and communities and the policies of different
states will affect ISHS designs and the ways they op-
erate, we wanted to assess the consistency of the
ISHS impacts across the five study cohorts. We con-
ducted tests of the heterogeneity of the distribution
of the effect estimates using Cochran’s Q for each
outcome variable, and did not detect statistically sig-
nificant heterogeneity for any of them." We also
looked at I squared values, representing the percent-
age of total variation across studies that is due to het-
erogeneity rather than chance for the overall sample.
All outcomes have I squared values less than 25% ex-
cept for completed calculus or precalculus (36%),
completed chemistry (42%), and science self-efficacy
(30%). Heterogeneity in the first two of these vari-
ables was likely related to differences in state course-
taking requirements, as discussed below.
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Conclusions

Across the five study cohorts, our data show first that, as
intended, ISHSs attract students from groups under-
represented in STEM. The proportion of ISHS students
who came from low-income homes was 63% and the
proportion from under-represented minorities was 69%
across the five study samples. Moreover, the proportions
of under-represented minority and low-income students
in the ISHSs exceeded those in public high schools in
their states as a whole in every state and for every study
cohort.

Our findings suggest that nonselective STEM-focused
high schools may increase the likelihood that students,
including those from groups under-represented in
STEM, will leave high school with stronger STEM aca-
demic experiences and greater interest in STEM careers
than they would have had if they had attended secondary
programs without a STEM focus. However, we acknow-
ledge the limitations of propensity score modeling as a
basis for causal inference and the possibility that our
models did not fully control for a greater initial interest
in STEM careers on the part of students who self-
selected into ISHSs.

While very consistently positive, the size of the ISHS
impact estimates varied for different kinds of outcomes.
They appear large for STEM course-taking, STEM iden-
tity, and interest in pursuing a STEM career; moderate
for general education aspirations; small for science
achievement test scores; and absent for mathematics
achievement scores and STEM self-efficacy.

These findings have important implications for educa-
tion policy. They suggest that the inclusive STEM high
school model can be implemented broadly with positive
impacts for students, including low-income, female, and
under-represented minority students. These findings
underscore the assumption expressed in the PCAST re-
port that a much broader cross-section of students can
experience sustained, advanced instruction in STEM if
given the opportunity and suitable support structures.

An important question is whether the ISHS impacts
are large enough to have practical import. In particular,
policymakers would want to know whether attending a
STEM high school increases the likelihood of entering
and completing a STEM degree program in college.
Postsecondary outcome data were not available for most
of the five cohorts included in this meta-analysis. But, as
noted above, strong interest in a STEM career at the end
of high school predicts entry into a STEM major in col-
lege. In addition, as reported elsewhere (Means, Wang,

!Cochran’s Q is calculated as the weighted sum of squared differences
between individual study effects and the pooled effect across studies. It
is distributed as a chi-square statistic with number of studies minus 1
degrees of freedom.
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Wei, Iwatani, & Peters, 2018), we have analyzed postsec-
ondary data for cohort 3 and found that the odds of be-
ing in a STEM bachelor’s degree program 2 years after
finishing high school were nearly triple for these Texas
ISHS graduates compared to matched graduates of com-
parison high schools.

These findings also suggest that the ISHS model that
emerged over the last 15 years is robust enough to yield
similar positive outcomes across a wide range of state
contexts. The five cohorts in our analyses incorporate 77
ISHS school samples from three states and 4 graduation
years. As described earlier, student demographics, edu-
cation policies, and the specific strategy for starting and
supporting inclusive STEM high schools varied across
the three states. Nevertheless, the overall picture pre-
sented by the impact estimates in Figs. 2, 3, and 5 is one
of consistent impacts across different contexts and
graduation cohorts. For most of the 21 high school out-
comes, ISHS impact estimates for all five study cohorts
were positive in direction. While the size of the positive
impact and of the standard error (and therefore the sig-
nificance level) differed from sample to sample, the
consistency in the direction of the effect suggests that
inclusive STEM high schools with the characteristics
shown in Fig. 1 do typically enhance STEM course-
taking and career interest across a range of different
state contexts. The consistency of the direction of im-
pacts observed across the five cohorts suggests that des-
pite lack of any national accrediting process or control
of the ISHS model, the emergent practice is consistent
enough that impacts are equivalent across a range of
different state contexts. Several factors may have
contributed to the observed consistency across state
contexts.

First, all three of the states where we conducted stud-
ies received funding from the Bill & Melinda Gates
Foundation to support the creation of inclusive STEM
high schools. Funding and ideas came from organiza-
tions within each state (legislature, governor’s office,
education department, science and technology organiza-
tions, local foundations) as well, but the Gates Founda-
tion investment was certainly an impetus for starting
this work at scale and came with a set of core ideas
about the need for new designs for small high schools
promoting rigor, relevance, and relationships for stu-
dents from underserved communities (Gates, 2005).
Comparing our findings for inclusive STEM high schools
within North Carolina, Ohio, and Texas to those in
other states as described by other research teams
(LaForce et al., 2014; Lynch et al, 2018; Scott, 2012)
does not suggest that there are systematic differences be-
tween the two, but we need to acknowledge the role of
the Gates Foundation and the legitimacy of the question
of whether implementation of these schools would have
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been more variable absent the foundation’s involvement
in early planning for all three state initiatives.

Another likely contributor to the consistency of ISHS
impacts across states was our use of phone interviews to
screen potential schools for our ISHS sample to make
sure they really were nonselective and had a schoolwide
STEM-focused program that all students were expected
to complete. Some schools have rebranded themselves
as STEM without making any substantive changes in ex-
pectations, curriculum, or pedagogy (Eisenhart et al,
2015; Weis et al,, 2015) or involve some but not all of
their students in intensive STEM coursework. Our
screening of potential study schools was designed to ex-
clude such superficial school reform efforts from our
study samples, but may have screened out some variants
of broad-access STEM schools and programs related to
different state policies and incentives (e.g., around career
technical education pathways).

One high school outcome category that did seem to be
sensitive to state context effects was STEM course-
taking. By virtue of the way impacts are estimated, the
estimated ISHS impact on likelihood of taking a specific
STEM course was influenced both by practices in ISHSs
and by practices in non-STEM high schools. The latter
can change over time as a result of state policy initiatives
or other educational trends. For example, the “4 X 4”
policy operating in Texas from 2007 to 2014 meant that
in those years every high school student had to take 4
years of science and 4 years of math to graduate, and this
policy likely reduced the ISHS impact on science and
math course-taking for cohort 3. The Texas state legisla-
ture repealed this policy during the second year of high
school for cohort 4.

In summary, these meta-analysis findings provide a
positive example of an equity-oriented educational im-
provement effort with measurable positive impacts. Co-
hen and Mehta (2017) argue that the weak central
control and loosely coupled nature of American public
education make system-wide change in core instruction
difficult but do open up possibilities for more limited,
niche reforms that deviate from usual practices with re-
spect to teaching and learning. Inclusive STEM high
schools appear to be one such niche reform—manipulat-
ing curriculum, instructional practices, expectations for
nondominant student subgroups, and school size and
culture in ways that in combination pay off in terms of
high school outcomes. The ISHS data suggest that re-
gardless of their demographic background, students who
have an interest in STEM can benefit from a rigorous
STEM-focused curriculum if provided with the kinds of
instruction and supports emphasized in the ISHS model.
The next critical question for policy and practice is
whether this kind of educational approach can travel be-
yond its niche—becoming something that low-income,
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under-represented minority, and female students who
are interested in STEM can experience within the typical
American high school.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/540594-020-00260-1.

Additional file 1: Appendix A-1. School Identification, Recruiting, and
Participation. Supplementary Figure A-1. School identification and recruit-
ing for Cohorts 1 and 2 in North Carolina. Supplementary Figure A-2.
School identification and recruiting for Cohorts 3 and 4 in Texas. Supple-
mentary Figure A-3. School identification and recruiting for Cohort 5 in
Ohio

Additional file 2: Appendix A-2. Outcome Measures Used in the
Meta-Analysis

Abbreviations

ERC: Education Research Center; ISHS: Inclusive STEM high school; NCER

DC: North Carolina Education Research Center; OR: Odds ratio; SE: Standard
error; STEM: Science, technology, engineering, and mathematics; TAKS: Texas
Assessment of Knowledge and Skills; T-STEM Academies: Texas (inclusive)
STEM academies

Acknowledgements
Not applicable.

Authors’ contributions

BM served as principal investigator for the design and conduct of the
inclusive STEM high school research project and was the main author for the
manuscript. HW led the school sampling, propensity score matching, and
design and running of the analytic models. XW ran all analytic models
incorporating data from the Texas Education Research Center. VY led the
collection of qualitative data concerning state and local policy contexts for
inclusive STEM high schools and was chiefly responsible for those portions
of the manuscript. El served as a data analyst and reviewed and contributed
to the manuscript. All authors read and approved the final manuscript.

Funding

This work was funded under National Science Foundation grants DRL-
1817513 to Digital Promise Global and DRL-1316920 to SRI International. Any
opinions, findings, conclusions, or recommendations are those of the authors
and do not necessarily reflect the position, policy, or endorsement of their
organizations or the funding agency.

Availability of data and materials

The datasets that support the findings of this study were created my
merging survey data collected by SRI International with student-level demo-
graphic and test score data obtained from three state organizations. Demo-
graphic data for students in the survey samples and their Grade 8 and 10
state test score data were obtained from the North Carolina Education Re-
search Center (NCERDC) at Duke University, the Texas Education Research
Center (ERC) at the University of Texas Austin, and the Ohio Department of
Education. Because of state restrictions on access to these data and agree-
ments made to obtain access to them, the merged data files used for ana-
lysis are not available.

Ethics approval and consent to participate

All ethics were overseen by the Institutional Review Board; participants were
invited to consent to participate and allowed to opt out of participation with
no consequence at any time.

Competing interests
The authors declare that they have no competing interests.

Page 18 of 19

Author details

'Learning Sciences Research, Digital Promise, 2955 Campus Drive, San Mateo,
CA 94403, USA. SRI Education, 333 Ravenswood Avenue, Menlo Park, CA
94025, USA.

Received: 12 June 2020 Accepted: 7 December 2020
Published online: 19 January 2021

References

Adelman, C. (2006). The toolbox revisited: Paths to degree completion from high
school through college. Washington, DC: U. S. Department of Education.

Allensworth, E. M., Healey, K, Gwynne, J. A, & Crespin, R. (2016). High school
graduation rates through two decades of district change: The influence of
policies, data records, and demographic shifts. Chicago, IL: University of
Chicago Consortium on School Research.

Andersen, L, & Ward, T. J. (2014). Expectancy-value models for the STEM
persistence plans of ninth-grade, high-ability students: A comparison
between Black, Hispanic, and White students. Science Education, 98(2), 216—
242.

Chang, M. J, Eagan, M. K, Lin, M. H, & Hurtado, S. (2011). Considering the impact
of racial stigma and science identity: Persistence among biomedical and
behavioral science aspirants. The Journal of Higher Education, 82(5), 564-596.
https://doi.org/10.1353/jhe.2011.0030.

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

Chiu, M. M. (2017). Self-concept, self-efficacy, and mathematics achievement in
65 regions including the US and Asia. In J. W. Son, T. Watanabe, & J. J. Lo
(Eds.), What matters? Research trends in international comparative studies in
mathematics education, (pp. 267-288). New York: Springer.

Cohen, D. K, & Mehta, J. D. (2017). Why reform sometimes succeeds:
Understanding the conditions that produce reforms that last. American
Educational Research Journal, 54(4), 644-690. https;//doi.org/https.//doi.org/
10.3102/0002831217700078

Eisenhart, M., Weis, L., Allen, C. D, Cipollone, K, Stich, A, & Dominguez, R. (2015).
High school opportunities for STEM: Comparing inclusive STEM-focused and
comprehensive high schools in two US cities. Journal of Research in Science
Teaching, 52, 763-789.

Federman, M. (2007). State graduation requirements, high school course taking
and choosing a technical college major. Topics in Economics Analysis & Policy,
7. https://doi.org/10.2202/1935-1682.1521.

Gates, B. (2005). Prepared remarks for the National Education Summit on High
Schools. Downloaded from https://www.gatesfoundation.org/media-center/
speeches/2005/02/bill-gates-2005-national-education-summit

Gnagey, J, & Laverty, S. (2016). The impact of inclusive STEM high schools on
student achievement. AERA Open, 2(2), 1-21.

Hattie, J. (2009). Visible learning: A synthesis of over 800 meta-analyses relating to
achievement. London and New York: Routledge.

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.

Legewie, J, & DiPrete, T. A. (2014). Pathways to science and engineering
bachelor's degrees for men and women. Sociological Science, 1, 41-48.

Lent, R. W, Brown, S. D,, & Hackett, G. (1994). Toward a unifying social cognitive
theory of career and academic interest, choice, and performance. Journal of
Vocational Behavior, 45(1), 79-122. https://doi.org/10.1006/jvbe.1994.1027.

Lynch, S. J. (2015). Science for all: A new breed of schools is closing achievement
gaps among students and may hold the key to a revitalized 21st-century
workforce. Scientific American, 313(2). Retrieved from http://www.
scientificamerican.com/article/science-for-all/

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 underrepresented students: Critical components. Journal of
Research in Science Teaching. https://doi.org/10.1002/tea.21437.

Maltese, A. V., & Tai, R. H. (2011). Pipeline persistence: Examining the association
of educational experiences with earned degrees in STEM among U.S.
participants. Science Education Policy, 95(5), 877-907. https://doi.org/https.//
doi.org/10.1002/sce.20441

Means, B, Wang, H., Wei, X, Iwatani, E, & Peters, V. (2018). Broadening
participation in STEM college majors: Effects of attending a STEM-focused
high school. AERA Open, 4(4), 1-17. https;//doi.org/10.1177/
2332858418806305.


https://doi.org/10.1186/s40594-020-00260-1
https://doi.org/10.1186/s40594-020-00260-1
https://doi.org/10.1353/jhe.2011.0030
https://doi.org/10.3102/0002831217700078
https://doi.org/10.3102/0002831217700078
https://doi.org/10.2202/1935-1682.1521
https://www.gatesfoundation.org/media-center/speeches/2005/02/bill-gates-2005-national-education-summit
https://www.gatesfoundation.org/media-center/speeches/2005/02/bill-gates-2005-national-education-summit
https://doi.org/10.1006/jvbe.1994.1027
http://www.scientificamerican.com/article/science-for-all/
http://www.scientificamerican.com/article/science-for-all/
https://doi.org/10.1002/tea.21437
https://doi.org/10.1002/sce.20441
https://doi.org/10.1002/sce.20441
https://doi.org/10.1177/2332858418806305
https://doi.org/10.1177/2332858418806305

Means et al. International Journal of STEM Education (2021) 8:4

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 &Velinda Gates Foundation.
Menlo Park, CA: SRI International. Retrieved from http://ctl.sri.com/
publications/displayPublicationResults.jsp

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, 681-715. https://doi.org/10.1002/sce.21281.

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 Academies (National Academy of Sciences, National Academy of
Engineering, & Institute of Medicine) (2011). Expanding underrepresented
minority participation: America’s science and technology talent at the
crossroads. Washington, DC: National Academies Press.

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

Radunzel, J, Mattern, K, & Westrick, P. (2016). The role of academic preparation
and interest on STEM success. ACT Research Report Series, 2016-8. lowa City, IA:
ACT.

Regan, E, & DeWitt, J. (2015). Attitudes, interest and factors influencing STEM
enrolment behaviour: An overview of relevant literature. In E. K. Henriksen, J.
Dillon, & J. Ryder (Eds.), Understanding student participation and choice in
science and technology education (pp. 63-88). Dordrecht: Springer. http://dx.
doi.org/https://doi.org/10.1007/978-94-007-7793-4_5.

Rogers-Chapman, M. F. (2014). Accessing STEM-focused education: Factors that
contribute to the opportunity to attend STEM high schools across the United
States. Education and Urban Society, 46(6), 716-737.

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.

Scott, C. (2012). An investigation of science, technology, engineering and
mathematics (STEM) focused high schools in the U.S. Journal of STEM
Education: Innovations and Research, 13(5), 30-39.

Simpkins, S. D., Davis-Kean, P. E, & Eccles, J. S. (2006). Math and science
motivation: A longitudinal examination of the links between choices and
beliefs. Developmental Psychology, 42, 70-83. https://doi.org/10.1037/0012-
164942.1.70.

Strauss, V. (2016). The education mess in Ohio under Governor John Kasich. The
Washington Post. Retrieved from https://www.washingtonpost.com/news/
answer-sheet/wp/2016/02/10/the-education-mess-in-ohio-under-gov-john-
kasich/?noredirect=on&utm_term=.89fadf2dec04

Tai, R. H, Liu, C. Q, Maltese, A. V., & Fan, X. (2006). Planning early for careers in
science. Science, 312, 1143-1144.

Trusty, J. (2002). Effects of high school course-taking and other variables on
choice of science and mathematics college majors. Journal of Counseling and
Development, 80, 464-474.

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.

Weis, L, Eisenhardt, M, Cipollone, K, Stich, A, Nikischer, A, Hanson, J, ...
Dominguez, R. (2015). In the guise of STEM education reform: Opportunity
structures and outcomes in inclusive STEM-focused high schools. American
Educational Research Journal, 52(6), 1024-1059.

White House Office of Science and Technology Policy. (Feb 11 2016). STEM for
All. Available at https.//obamawhitehouse.archives.gov/blog/2016/02/11/
stem-all.

Young, V., Adelman, N, Cassidy, L, Goss, K, House, A, Keating, K, et al. (2011).
Evaluation of the Texas High School Project. Third comprehensive annual report.
Austin, TX: Texas Education Agency.

Young, V, Lynch, S, Means, B, House, A, Peters, V., & Allen, C. (2017). Bringing
inclusive STEM high schools to scale: Lessons from three states. Menlo Park, CA:
SRI Education.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 19 of 19

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://ctl.sri.com/publications/displayPublicationResults.jsp
http://ctl.sri.com/publications/displayPublicationResults.jsp
https://doi.org/10.1002/sce.21281
https://doi.org/10.1007/978-94-007-7793-4_5
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
https://doi.org/10.1037/0012-1649.42.1.70
https://doi.org/10.1037/0012-1649.42.1.70
https://www.washingtonpost.com/news/answer-sheet/wp/2016/02/10/the-education-mess-in-ohio-under-gov-john-kasich/?noredirect=on&utm_term=.89fadf2dec04
https://www.washingtonpost.com/news/answer-sheet/wp/2016/02/10/the-education-mess-in-ohio-under-gov-john-kasich/?noredirect=on&utm_term=.89fadf2dec04
https://www.washingtonpost.com/news/answer-sheet/wp/2016/02/10/the-education-mess-in-ohio-under-gov-john-kasich/?noredirect=on&utm_term=.89fadf2dec04
https://obamawhitehouse.archives.gov/blog/2016/02/11/stem-all
https://obamawhitehouse.archives.gov/blog/2016/02/11/stem-all

	Abstract
	Background
	Results
	Conclusions

	Introduction
	Conceptual framework
	Prior work
	The present study
	State contexts for inclusive STEM high schools

	Method
	School sampling and recruiting
	Instruments
	Grade 9 student survey
	Grade 12 student survey

	Administrative data
	Outcome measures
	Analytic approach for within-state impact estimates
	Meta-analytic approach

	Results and discussion
	Sample characteristics
	High school outcomes
	Course-taking
	STEM-related activities and attitudes
	STEM achievement and standardized test scores
	Education and career aspirations
	Tests of sensitivity and heterogeneity of effects

	Conclusions
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Competing interests
	Author details
	References
	Publisher’s Note

