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Abstract

A sustainable science, technology, engineering, and math (STEM) workforce is central to U.S.
national interests and policy debates. Researchers and practitioners often overlook non-academic
levers such as early interest and career aspirations. One way to foster these dispositions is
through out-of-school time (OST) programs that provide learning experiences not typically
offered in school settings. However, few causal studies on these programs exist. We field a
randomized controlled trial to understand whether an experiential, space-themed STEM OST
experience provided by the Challenger Center can affect sixth-grade students' STEM attitudes
and beliefs. We find that the experience initially increased students' self-efficacy in performing
STEM activities by 0.12 standard deviations (SD) and attitudes towards STEM careers by 0.16
SD. Exploratory analyses provide suggestive evidence that these effects were larger for students
from underrepresented communities. Initial effects fade six months later and student
participation in science course taking in seventh grade and in STEM OST programs did not
change. Our results suggest short OST experiences can produce effects, but sustained exposure
to novel experiences might be needed to maintain effects and affect behavior.
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1. Introduction

Policymakers, researchers, and industry stakeholders have widely cited a sustainable science,
technology, engineering, and mathematics (STEM) workforce as a national need to ensure the
United States’ economy and technological output remain globally competitive (Tai et al., 2006;
Young et al., 2017; Allen et al., 2019; Saw, 2020; National Science Board [NSB], 2026). The
demand for STEM labor is projected to outpace non-STEM labor threefold between 2024-2034
(Bureau of Labor Statistics, 2025), all while concerns about upholding the nation’s STEM
workforce pipeline remain (NSB, 2026). The latest 8"-grade National Assessment of Educational
Progress (NAEP) science assessment scores in 2024 fell significantly across all percentiles for
the first time (National Center for Education Statistics [NCES], 2024) since it was updated with a
new science framework in 2009 (National Assessment Governing Board, 2008). In both 2009
and 2024, students scored an average 150 points out of 300 points. Additionally, a recent
landscape analysis of science and engineering in the United States by NSB (2026) found that
only 38 percent of 9" graders in 2009 enrolled in a STEM postsecondary certificate or degree
program, and only 55% then completed their degree by 2017. Overall, the NSB (2026) report
argues that such levels of STEM degree attainment may result in a labor force that is unable to
fulfill the STEM needs of the nation.

While policy debates about improving the STEM workforce pipeline largely center on raising
test scores, non-academic factors such as early interest and career aspirations in STEM can play
an equally crucial role (Tai et al., 2006; Maltese & Tai, 2011). For instance, students with eighth-
grade STEM career aspirations are 1.9 times more likely to earn life sciences degrees and 3.4
times more likely to earn physical sciences/engineering degrees than those without these
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attitudes not only predict STEM major uptake in college, but also future STEM career
expectations. Further, key high school indicators such as the number of science courses
attempted and a planned college STEM major in 12th grade predicted STEM degree attainment,
even when controlling for academic achievement. (Maltese & Tai, 2011).

Ages 10-14 are a crucial window in the formation of student STEM aspirations, but students
often find STEM less engaging than other school subjects (Archer et al., 2012). Exposing
students to unique experiential learning opportunities related to real-world STEM settings and
professionals is one way to foster students’ STEM interest (Saw et al.,2019; Young et al. 2017),
engagement (Allen et al. 2019), identity (Sonnert et al, 2025) and career interest (Dabney et al.,
2012). Out-of-school time (OST) programs often offer these types of authentic experiences.
Although there is some evidence that approaches used by OST STEM programs can be effective
in improving students’ STEM-related beliefs and attitudes, there is a dearth of rigorous
evaluations of OST STEM programs (NRC, 2015; Saw et al., 2019; Allen & Noam, 2024;
Sonnert et al., 2025). The few studies that exist have severe limitations: they are largely
descriptive, have small sample sizes, and may not use validated measures of students’ STEM
attitudes or career aspirations (Saw et al., 2019).

In this study, we fielded a block-clustered randomized controlled trial (RCT) to understand
whether an experiential, space-themed OST experience provided by the nonprofit Challenger
Center can affect sixth-grade students’ STEM attitudes and beliefs. Since its inception in 1986,
Challenger Center engaged over 6.5 million students in simulation-based STEM missions
(Challenger Center, 2026). Teachers led class field trips to a local Challenger Learning Center
(CLC), where students stepped into a highly immersive environment to role-play as STEM
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collaboratively on space exploration mission tasks, such as searching for evidence of life on
Mars, exploring lava tubes on the Moon, or redirecting a comet from impacting Earth.

We estimate the effect of Challenger Center mission participation on measures of self-
efficacy in science activities and coursework, attitudes and interest in STEM careers, and STEM
identity immediately after the mission and six months later to assess the persistence of initial
effects. We also estimate effects on two self-reported choices to further engage in STEM:
enrollment in seventh grade STEM electives and subsequent participation in OST STEM
programs or activities (i.e., afterschool and summer STEM programs). We find that Challenger
Center missions increased students’ self-efficacy in performing science activities by 0.12
standard deviations (SD; p <0.05) and attitudes towards STEM careers by 0.16 SD (p <0.01).
Our exploratory analyses also provide suggestive evidence that these effects were larger for
students from communities traditionally underrepresented in STEM (i.e., girls and racial/ethnic
minorities). Initial effects, however, faded six months later and we do not find evidence that
mission participation affected other measures, including seventh grade elective course-taking and
participation in OST STEM activities.

2. Background

2.1 The Theory and Evidence Behind OST Programs

The factors that influence a student’s attitudes towards STEM coursework and careers are
dynamic and multifaceted. However, research indicates that access to high-quality STEM
learning experiences that foster a student’s STEM identity and self-efficacy promotes interest in
STEM coursework and careers (Allen et al., 2019; Young et al., 2017). Practitioners and
policymakers consider OST STEM programs a valuable approach to promoting STEM skills and

dispositions in students because they can provide learning experiences that can be difficult to



incorporate into school settings. These programs come in a variety of forms, from experiences
outside the classroom during the school day (e.g., museum visits) to afterschool programming at
school (e.g., science clubs) or outside the school, to summer programs. These experiences often
include hands-on learning opportunities that can involve meeting and working with STEM
professionals in authentic STEM settings and applying STEM knowledge to real-world situations
(NRC, 2015; Saw et al., 2019; Holian, 2024).

Research suggests that experiential learning, which includes approaches leveraged by
Challenger Center such as simulation, role-play, and narratives, can influence how students view
STEM studies and careers. Computer-driven simulations and game-based learning can help
students test hypotheses, participate in teams, learn to use new technology, and get a sense of
engaging in STEM beyond textbooks and lectures (Barab & Dede, 2007; Barton et al., 2008;
Wills et al., 2007; Meluso et. al 2011; Rutten et al., 2012; Thisgaard & Makransky, 2017).
Further, through simulations of actual environments, students can gain an understanding of real-
world problems (Lunce, 2006). Learners become emotionally engaged when they are personally
involved in a story (Raybourn, 2014), and this emotional involvement or psychological
investment is underlies student engagement in academic learning (Newmann et al., 1992).
Benefits of educational simulation include heightened engagement and motivation (Cantrell &
Sudweeks, 2009), collaboration that teaches life skills (Nugent et al., 2011) and fosters deep
learning (Meluso et al., 2011), and academic self-efficacy (Redmond et al., 2011) that impacts
career choices and goals (Kim, 2011).

The empirical research literature on the effects of OST STEM programs on student outcomes
provides some evidence to support the notion that OST programs and their approaches can

improve student outcomes. A meta-analysis of 15 STEM OST studies found an overall



association between OST STEM programs and student interest in STEM of 0.37 SD, with larger
associations from programs with a social and academic focus (0.45 SD) compared to those with
only an academic focus (0.17SD). Female students, male students, students from
underrepresented communities, and students from represented communities all experienced
similar associations (Young et al., 2017). We see similar findings in other evaluations of STEM
OST programs. In a cross-sectional national study of 158 afterschool STEM programs serving
students in grades 4-12, Allen et al. (2019) found significant positive associations in a range of
STEM attitudes (STEM identity, engagement, career interest, career knowledge) through
retrospective pre-post student surveys on the order of 0.35-0.5 SD.

Given the breadth of OST programs, some of which are light touch and short term and some
of which provide services for a longer period of time, the relationship between the length of
services provided to students and effects on student outcomes is an open question. The literature
indicates that programs which are longer in duration may produce larger effects on students, but
with diminishing returns. Allen et al.’s (2019) study of OST STEM programs found the largest
gains in STEM attitudes in programs lasting at least 4 weeks with at least an hour of STEM
activities per week, though effects didn’t differ between 4-8 weeks and more than 8 weeks of
participation. Looking at the larger OST literature beyond STEM oriented programs, Lauer et
al.'s (2006) meta-analysis of the effect 35 OST programs on mathematics and reading
achievement revealed that effects were significantly larger in programs lasting more than 45
hours, though the longest-duration programs (greater than 210 hours) either were not significant
or had smaller effect sizes relative to medium-duration programs (45-210 hours).

Although these results are promising, there are limitations to the cited studies. Maily, many
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student attitudes towards STEM and STEM careers (McCombs, Whitaker, and Yoo; Saw at al.,
2019). Further, while these studies suggest that longer duration programs can produce larger
effects, we could not find any studies that sought to understand whether longer duration
programs also produced effects that persist after the end of OST programs.

Rigorous studies that examine field trips are even scarcer. We identified two studies that
employed causal methods. Whitesell (2016) used a school fixed effects design to understand
whether teacher professional development combined with field trips to informal science learning
opportunities, such as museums, affected student achievement in science. She found that they led
to small improvements in science standardized test scores of 0.026 SD, with effects concentrated
on Hispanic and lower-income students. Outside of the STEM domain, Kisida et al. (2016)
conducted an RCT of an art museum field trip with 7,500 students enrolled in grades 3-12. The
authors found treatment effects ranging from 0.08 to 0.13 SD on students’ critical thinking skills
when evaluating a work of art.

On the whole, there are theoretical reasons to believe that OST programs including field trips
can affect student dispositions towards STEM. Although the evidence to date suggests positive
correlations between OST experiences and student outcomes, the lack of rigorous studies,
particularly RCTs, heightens the importance of continued evaluations.

2.2 Prior Research on Challenger Center

To date, three studies have been conducted on Challenger Center missions and all support the
notion that the program's potential effects on student attitudes towards STEM content and careers
can be sizable. Jarvis & Pell (2002) surveyed elementary school children in England prior to and
after attending a mission and found that 24 percent expressed more interest in science-related
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associations reported for female students’ aspirations to become scientists on the order of 0.14
SD. Chen & Howard (2010) used a similar method to evaluate a mission delivered via distance-
learning technology and found significant post-mission improvements in one subscale of student
science interest with male students experiencing significantly larger gains than female students in
both science attitudes and career interest. Finally, Crawford & Huscroft-D’Angelo (2015) fielded
the largest Challenger Center mission study to date with approximately 3,000 students in grades
6-8 attending a CLC in Colorado. They found significant pre- post- increases in item-level
responses on the order of 0.20 SD to 0.90 SD across all of their eight items on student attitudes
toward math, science, and science careers, with larger effects for male students for most items.

The research base on the effect of Challenger Center missions mirrors that of the larger OST
literature. Observational studies point to potentially large effects, but methodological limitations,
including a lack of control students, necessitate a more rigorous study to confirm the magnitude
of potential effects.

3. Challenger Center Missions

Challenger Center engages hundreds of thousands of fifth through eighth grade students
annually with its Center Mission program—simulated missions to space, developed in
collaboration with subject-matter experts from National Aeronautics and Space Administration
(NASA), the National Oceanic and Atmospheric Administration, and other public and private
partners.

Missions take place at local CLCs as part of a field trip during the school day. Challenger
Center missions are live role-play experiences in which a group of around 20-40 students
(usually children in the same classroom) work together to achieve a unified goal. The centers are

located in communities across the U.S. spanning large cities, suburban communities, and rural



areas. Nearly all CLCs are in communities predominantly populated by underrepresented
minorities, Title I schools, and/or other under-resourced areas. The CLCs recruit student groups
from local public and private schools as well as homeschooled students. As a result of the CLC
network’s geographic range and foci in underserved communities, CLC missions are designed
for the broadest set of students, which includes many individuals who have historically been
excluded, underserved, or underrepresented in STEM, including girls, students from minority
communities, students with physical disabilities, neurodiverse students, and English language
learners (ELL).

Missions take place in a highly immersive environment that allows students to take on real-
life roles such as astronauts working in space or technical experts in mission control. Challenger
Center staff have set up the space to resemble real-life facilities, such as a spacecraft interior, and
contain real science equipment, computer workstations, and audio-visual equipment. Students
role-play as scientists, engineers, medical professionals, and other STEM occupations on
missions to, for example, search for evidence of life on Mars, explore lava tubes on the moon, or
redirect a comet from impacting Earth. Software provides instructions and information students
use to conduct hands-on experiments and analyze data. The mission also includes background
information on specific science topics, data analysis tools, simulations of specific concepts, and
tools for communicating within and between teams (e.g., chat functionality, radio, and video
communications). Challenger Center applies Universal Design for Learning principles and other
strategies to accommodate students from all backgrounds.

Space exploration is naturally interdisciplinary, enabling Challenger Center to address a
range of Next Generation Science Standards and Common Core State Standards. In each CLC

Mission, teams align with a wide range of STEM occupations and topics, including biology,



geology, navigation, weather, robotics, engineering, communications, life support, rover
operations, and medicine. Each team conducts experiments and analyzes data relevant to its topic
(e.g., biology). They share data within the team and with other teams to achieve the simulation's
overall goal.

Figure 1 presents the Theory of Change of the Challenger Center. The Challenger Center
missions are meant to provide opportunities to engage in more authentic science activities that
are tied to the real word. These activities may also change student attitudes towards science
content where they are more likely to find them interesting and exciting. Stepping into the role of
real-life STEM careers and observing the STEM career roles that their classmates engage in can
also change students’ attitudes towards and interest in careers. If attitudes towards activities,
content, and careers change, students may also begin to regard coursework differently. Success
with these authentic experiences is meant to help build of sense of STEM identity

Overall, missions aim at to 1) deepen student engagement and interest in STEM, 2) increase
STEM self-efficacy, and 3) introduce students to a range of STEM careers. Improvements in
these areas will then lead to longer-term outcomes of 1) improved STEM identity, 2) interest in
pursuing STEM careers, 3) greater participation in OST STEM programs, and 4) greater
participation in formal STEM coursework.

In this study, almost all students completed a Mars themed mission called Expedition to Mars
while one district completed a moon-themed mission called Lunar Quest. Prior to the mission,
teachers prepared students by completing a crew manifest to split students into teams, instructing
them on the basic science needed for the missions, and asking students to complete a job
application to rank their top career role for the mission. After the mission, CLCs provided

teachers with activities that are designed to help process the experience. These activities
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addressed misconceptions, reflected on STEM careers, provided follow-up exercises to extend
analytic concepts used in the mission, asked students to write about the experience or create

digital products (e.g., a video), and connected their mission to current NASA missions. While
pre-mission activities were required, post-mission activities were optional and varied by CLC.

4. Setting and Methods

4.1 Setting and Research Questions

We conducted this study in seven districts containing with 25 unique teachers teaching 91
unique sixth-grade science classes across five states (New Mexico, Kentucky, Ohio,
Massachusetts, and Pennsylvania). We worked with Challenger Center and the local CLCs to
recruit the participants. We recruited in two cohorts with five districts and 20 teachers
participating in cohort one and four districts and 12 teachers participating in cohort two. Two
districts and seven science teachers participated in both cohorts.

The districts spanned urbanicity categories, with the National Center for Education Statistics
categorizing three districts as rural or remote towns, three districts as suburban, and one district
as urban. To be eligible, schools could not have sent the current class of sixth graders to missions
in the prior, fifth grade year to ensure the study would measure the effect of the exposure of
students to missions instead of the incremental effect of additional missions. The study paid for
the mission for transportation to and from the CLC.

The study aims to answer the below questions (RQs) which speak to the outcomes in the
theory of change. We preregistered the study on the Registry of Efficacy and Effectiveness
Studies (#24480) and ex ante designate confirmatory and exploratory research questions.
Research questions that analyze the effects of the missions “immediately” after students

experience them (i.e., within approximately two weeks) are considered confirmatory. Research
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questions that analyze the effects of the mission approximately six months after the missions as

well as heterogeneity analyses and teacher perceptions of student engagement are exploratory.

We choose one measure from each outcome domain as confirmatory. These distinctions preclude

the need for multiple hypothesis testing on the confirmatory analyses. Exploratory analyses are

designed to guide future research on Challenger Center missions and OST STEM programs and

should be confirmed through additional studies.

Confirmatory:

1.

What is the effect of Challenger Center missions on student-reported self-efficacy in
science, interest in science, and STEM identity/interest in STEM careers immediately

after the mission?

2. What is the effect of Challenger Center missions on student science elective course-
taking in seventh grade?

3. What is the effect of Challenger Center missions on STEM OST participation during the
study period?

Exploratory:

1. What is the effect of Challenger Center missions on teacher perceptions of student
engagement in science immediately after the mission?

2. What is the effect of Challenger Center missions on student-reported self-efficacy in
science, interest in science, and STEM identity/interest in STEM careers six months after
the mission?

3. How do the above effects vary by student and teacher background characteristics?

12



4.2 Study Design

We fielded a block-clustered randomized controlled trial. To maximize sample recruitment,
we worked with districts and used their preferred level of blocking to assign treatment status. In
all but one district, we blocked at teacher-level and randomly assigned class-sections to either
experience the mission or act as the control group. One district preferred teacher-level
randomization, and we randomized teachers and all their classes to either the missions or the
control condition. In this case, the district is the block.! As stated earlier, two districts
participated in both cohorts. In order to avoid the possibility that the field trips would affect
student assignment to teachers or classes, we rerandomized in the second cohort.

Due to equity concerns, school districts requested that classrooms randomized to the control
condition be given a supplementary STEM experience. In all but two districts, control
classrooms were provided with a planetarium show at the CLC. Two districts in cohort 2 had
control classrooms experience the missions after all data collection activities were complete. In
most cases, the planetarium show was provided to the control classes as the treatment classes
participated in the mission to minimize school disruptions and transportation costs. Though
experiencing the planetarium show may affect the student dispositions that we are measuring,
our theory of change hypothesizes that the active component of the missions would drive effects.
We therefore expect that a planetarium experience would have a minimal effect on student

outcomes.

!'In our pre-registration, we envisioned only teacher-level randomization. Due to recruitment challenges, we
approached districts to see if they would be amenable to class-level randomization and all but one district agreed.
Class level randomization allowed us to field a better powered study with fewer participants.
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4.3 Study Procedures

Figure 2 depicts the timeline of the study’s research activities. We administered three surveys
to students: before the treatment (baseline), “immediately” (within approximately two weeks)
after the mission (endline), and approximately six months after the mission (follow-up). In all
survey waves, participating teachers set aside class time for students to complete our surveys.
Teachers completed their own surveys assessing student engagement in class at baseline and
endline. All districts, except one, completed the surveys electronically. One district completed
paper surveys. Student surveys took fifteen minutes or less to complete and teacher surveys took
five minutes or less to complete.

The first cohort completed baseline surveys, randomization, the missions, and endline
surveys in the second semester of the 2024-2025 school year. Their six-month follow-up survey
occurred in the fall of the 2025-2026 school year. The second cohort completed their baseline
surveys, randomization, missions, and endline surveys between October 2025 and February
2026. Six-month follow-up surveys were completed between April and May 2026.

For all classes randomized to treatment, local CLCs provided teachers with the
aforementioned pre-mission activities. Implementation surveys indicated that all teachers
completed the Crew Manifest, 90 percent completed the pre-mission, and 80 percent completed
the student job application. CLC centers were also encouraged to provide post-mission activities.
However, uptake was low with only nine percent of teachers reporting completion.

4.4 Participants

Final recruitment resulted in the randomization of 1,761 students. Our study consists of three
analytic samples: (1) surveys of students immediately after the mission; (2) surveys of students

approximately six months after the mission; and (3) the analysis of seventh grade science
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elective course taking. Fewer students took the six-month surveys, 72.5% of the randomized
students, due to mobility. Only four of the seven districts provided opportunities for students to
choose science electives in seventh grade, representing 66.4 percent of the randomized students.
Following What Works Clearinghouse (WWC, 2022) guidelines, we only analyze students in
classes at the time of randomization and do not include any students who joined the classes later
in the year (i.e., joiners).

Table 1 provides descriptives for the sample of 1,451 students who completed surveys
immediately after the mission. Tables A.1 and A.3 in the online appendix provide analogous
statistics for our other two analytic samples. Students, on average, were 11.75 years old, as is
typical for sixth graders. Approximately half were female; one-third identified as Hispanic; about
half identified as White; one-fifth identified as Black; and 30 percent identified as various races
in smaller numbers, which we combine into an Other category. At baseline, approximately 14
percent participated in an afterschool or summer STEM program (our measure of OST
participation) and students also rated themselves about at the midpoint of the Likert scale in our
surveys. We discuss these measures in more detail in the next section.

4.5 Measures

We field a comprehensive set of measures meant to investigate the impact of Challenger
Center on a variety of student domains listed in the Theory of Change in Figure 1. We chose one
measure per domain for our confirmatory analyses. Table 2 details the survey-based measures,
the source of the measures, an example item in the scale, and the internal consistency in our
analytic samples. For all measures, except our measure of STEM identity, we average the item
responses (e.g., in one through five Likert scale) that compose each subscale and only include

students who responded to all items in the subscale. In all cases, internal consistencies are greater

15



than the 0.6 threshold recommended by WWC (WWC, 2022) and are as high as 0.89 for some
scales. These statistics suggest that these measures are precise enough to support inferences
about program effects. The Single-Item Measure of STEM Identity is a one-item measure and
therefore cannot have a measure of internal consistency. McDonald et al. (2019) provide
evidence of criterion and predictive validity.

We measure student self-efficacy in their ability to do science activities with a four-item
subscale of the Self-Efficacy for Learning and Doing Science Scales (Porticella, Phillips, and
Bonney, 2017). One, five-item subscale of the STEM Semantics Survey (Tyler-Wood, Knezek,
and Christensen, 2010) measures attitudes towards science content (e.g., whether they find
science interesting and exciting). We measure student attitudes towards STEM careers (e.g.,
whether they find STEM careers interesting and exciting) with a second, five-item subscale of
the STEM Semantics Survey and whether students would consider a career in science with a
five-item subscale of the Student Attitudes Towards STEM Survey (Faber, Townsend, and
Weibe, 2013). We measure students’ self-efficacy science coursework with a separate, four-item
subscale of the Student Attitudes Towards STEM Survey. Finally, we leverage the Single-item
Measure of STEM Identity (McDonald et al., 2019) to measure students” STEM identity. All the
above measures take the form of Likert scales that range from five to seven options.

In addition to student self-report attitudinal measures, we include two self-reported measures
of their choice to pursue more STEM learning opportunities. The first is whether students
participate or plan to participate in any organized STEM afterschool or summer activities. These
activities include camps with math, science, robotics, engineering, invention, or computer
projects. We ask about afterschool and summer activities separately and combine them into one

variable that indicates a student participated or planned to participate in at least one of the two
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types of activities. Both cohorts were asked retrospectively about their summer activities prior to
the mission at baseline. In the six-month follow-up surveys, we asked students in cohort 1
whether they participated in these activities in the summer after their mission and students in
cohort 2 whether they plan to participate in these activities in the coming summer. We asked
both at baseline and in the six-month follow-up surveys about their current afterschool activities.
The final measure is whether students chose a science elective in seventh grade. Four of the
seven districts allow for a choice of electives in seventh grade, one of which can be a science
elective. We obtain an indicator for whether a student chose a science elective as part of the
administrative data from those districts. In all cases, the behavioral measures are binary measures
for either participating in the OST program or elective or not.

Finally, to complement the student self-reports, we asked teachers to judge each class section
of their science course on their engagement using the Math and Science Engagement Scales
(Wang et al., 2016). With only 91 class sections, this analysis is underpowered; however, we
included them to provide an in-class student outcome that was not self-report and consider it an
exploratory analysis.

4.6 Analysis Models

The randomization of classes (or teachers) to the Challenger Center mission allows us to, in
expectation, attribute any differences in student outcomes to the missions. We formally use
ordinary least squares models of the following form to estimate student level outcomes:

Yieen = Bo + BiMissiong, + XicenBz + WeenBs + BaYicen + Vo + €icen (1)
where Yies represents the student-level outcome, 7, in class section, ¢, of teacher, ¢, in cohort, 4.
Missioneq 1s an indicator for a class section being randomly assigned to the Challenger Center

mission; Xien are student-level background characteristics, Wen are classroom section aggregates
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of student background characteristics, Y2, is a baseline measure of the outcome, where
available, y are block fixed effects to account for the randomization scheme, and &en is a
stochastic, student-level error term. Student-level covariates included age, gender, race/ethnicity,
an indicator for special education status, an indicator for English language learner status, an
indicator for free or reduced priced lunch status, an indicator for whether the student reports any
previous interaction with Challenger Center programming, and fifth grade statewide math and
English language arts scores standardized by district-cohort which were all collected from
district administrative records.

We explored two types of analysis when looking at overall effects. Our preferred models
include all teachers and classes in one model, and we define the blocks as teachers-year cells
where class-level randomization occurred and defined the block as the district-year cell where
teacher-level randomization occurred. Standard errors are clustered by class-year to account for
the correlation of student experiences in a class in a given cohort. In our second approach, we
estimate separate models by randomization scheme and cluster our standard errors at the
respective level of randomization (class-year or teacher-year). We then take a fixed-effects meta-
analytic average of the two estimates. We present this second approach as a robustness check.

When examining heterogeneity by student characteristics, we include in equation 1 an
interaction between Mission..» and the student characteristic of interest. Our estimate of the effect
of students in the subgroup of interest is the sum of the coefficients on Mission.s and the
interaction term. We present point estimates of all continuous measures in effect sizes that take
the form of Hedges’ g. We use linear probability models to analyze binary outcomes, as they are
more interpretable.

Similarly, models analyzing teacher reports of engagement took the following form:
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Yeen = Bo + BiMissione, + XenBz + WeenBs + B4Yi2th + Vb + Eicen (2)
where Y., now represents teacher ¢'s judgment of class section ¢ in cohort 4. Missiones is an
indicator for a class section being randomly assigned to the Challenger Center mission; Xu are
teacher-level background characteristics, W are classroom section aggregates of student
background characteristics (described above), Y2, is a baseline measure of the engagement
outcome, y are block fixed effects to account for the randomization scheme, and & is a
stochastic, class section-level error term. Teacher-level covariates included gender, years of
experience, race/ethnicity, and an indicator for self-reported certification in science. We cluster
standard errors at the teacher level to account for the multiple class ratings per teacher. Estimates
are expressed as effects sizes in the form of Hedges’ g. Given that these analyses are
underpowered, we do not explore heterogeneity by teacher or student characteristics.

Our data include some missing baseline survey data (if a student was absent on the day the
surveys were given) and background characteristics from the district administrative data. We
employ multiple chained imputation (Raghunathan et al., 2001) and include an indicator for
treatment status to aid the imputation, as recommended by WWC (2022). We only impute
baseline characteristics and do not impute outcome variables. For each sample, we include
students (or classes) for which we have all outcomes (i.e., complete-case analysis).

5. Results

5.1 Baseline Balance and Attrition

Table 1 shows that all but one of the 18 background and baseline variables were balanced
between treatment and control conditions. Treatment students expressed poorer attitudes towards
STEM careers at baseline, with that difference significant to the 5 percent level. With nearly 20

statistical tests of baseline balance, one would expect one test to yield a statistically significant
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results by chance and, and all effects sizes are within WWC boundaries that allow for correction
by their inclusion in the models. Our preferred models include all covariates to correct for any
imbalance and increase the precision of our estimates. Further, because the treatment group rated
themselves lower on attitudes towards science content, correcting for the imbalance would likely
increase point estimates, making unconditional estimates a lower bound.

Table 3 presents the attrition statistics for the endline survey sample, which includes student
surveys taken after the mission. Student, class, and teacher level attrition were within WWC
(2022) cautious boundaries both overall and differentially between treatment and control
contrast. At the student level we experienced 17.6 percent overall attrition and a 2.7 percent
differential attrition, at the class level we experienced 1.1 percent overall and 2.2 differential
attrition, and at the teacher level we experienced 3.1 percent overall and 4.5 percent differential
attrition.

Tables A.2 through A.4 show the balance and attrition for the follow-up survey given about
six months after the missions and the sample of students with electives choices. The follow-up
survey sample has similar balance to the endline survey sample and student responses are once
again within WWC cautious boundaries. Slightly more control attrition puts the class and teacher
level attrition within the WWC optimistic boundary.? The science elective sample has more
imbalance, potentially due to the smaller sample size, though attrition is within WWC cautious
boundaries for students and classes and the optimistic boundary for teachers. Given the level of

imbalance, the elective outcomes should be interpreted cautiously.

2 As an OST program that occurred during the middle of the year, WWC optimistic boundaries are likely to hold.

20



5.2 Main Results

Table 4 details the estimated treatment effects of the missions on student attitudes at endline
(confirmatory outcomes) and follow-up after about six months (exploratory outcomes) and
teacher reports of class engagement (exploratory outcome). We present estimates from
unconditional models and those that include student- and class-level covariates.

At endline we find that students report that the missions produced positive and statistically
significant effects on two of the six confirmatory student outcomes. Immediately after the
mission, students who experienced the missions rate their self-efficacy in science activities
higher by 0.118 SD (p < 0.05) and their attitudes towards STEM careers higher by 0.159 SD (p <
0.01). We did not observe statistically significant treatment effects in student reports of attitudes
towards science content, interest in science careers, self-efficacy in science coursework, or
STEM identity, though most of the observed differences were consistent with the expected
direction of the treatment. Point estimates are generally stable when including covariates, with
the exception of attitudes towards STEM careers. That point estimate increases when including
covariates, which is expected given that treatment students rated themselves lower than control
students on this dimension at baseline. Estimates of the effect of the mission on teacher reports
of science class engagement are also positive but not statistically significant. Point estimates
become about one third the size after controlling for teacher and class level characteristics. The
lack of significance of the results is not surprising as we were not powered to detect effects of
this size.

To put our effects into context, at endline the control and treatment group rated themselves
3.4 and 3.5 on a five-point Likert scale, with a three indicating they neither agree nor disagree

with statements on their self-efficacy to engage in science activities and a four agreeing with
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those statements. The Challenger missions therefore moved students from the midpoint between
these two sentiments to closer to agreeing with those sentiments. Likewise at endline, the control
and treatment groups rated themselves an average of 4.3 and 4.5 on a seven-point Likert scale
where a rating of one indicated sentiments such as STEM jobs were boring, unexciting, and
mundane and seven indicated sentiments such as STEM jobs were interesting, exciting, and
fascinating. Again, the Challenger missions moved student ratings from close to the midpoint of
that scale closer to the more positive end of the scale. Collectively, these results indicate that the
two-hour mission experience nudged students from more neutral responses to responses with a
more positive valence.

The significant treatment effects we found immediately after the missions faded and lost
significance about six months later in follow-up survey. Point estimates for self-efficacy in
science activities and attitudes towards STEM careers are about a third to half as large as those
from the endline surveys. Other estimates, which were not significant at endline, also diminished
in magnitude. Once again, most point estimates are stable with the inclusion of covariates.

Table 5 presents the results of our two confirmatory outcomes on further engagement with
STEM. The estimate on student self-report of participating in an afterschool or summer STEM
activity is in the unconditional model and attenuates slightly when controlling for covariates; in
all models, no point estimate is statistically significant. Effect estimates on seventh grade science
elective taking is small in magnitude and statistically insignificant in both specifications. There is
little evidence that the missions affected the behavior of students.

Overall, the few short-term positive effects on attitudes we see on endline surveys do not
persist after six months, nor do they translate to differences in observed behavior.

5.3 Heterogeneity Analyses
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We probe whether the missions were differentially effective for groups that are traditionally
underrepresented in STEM coursework and careers, which include girls and students who are a
part of racial/ethnic minority communities. We also look at effects by baseline ratings of the
outcome measures to understand whether missions build on high baseline attitudes or whether
they could inspire students with lower baseline attitudes.

Given the number of statistical tests possible, we limit our analyses to confirmatory
outcomes. Even with this limitation, we performed a considerable number of tests. For this
reason, and because we are not powered ex ante to detect differences by subgroup, we consider
these analyses to be exploratory. In interpreting the effects in Table 6, we focus on general
patterns of statistical significance to guide future research on effects of OST programs.

Looking at the two outcomes for which we found positive overall effects, the missions
potentially increased self-efficacy in science activities for students who identified as Black by
0.303 SD (p< 0.05) and the highest estimates on attitudes towards STEM careers are for students
who identify as Hispanic (0.236 SD; p<0.01), Black (0.220 SD; p < 0.10), and girls (0.184 SD; p
< 0.05). Attitudes towards STEM careers may be particularly malleable by the missions. We
detected effects for boys, non-Hispanic students, White students, and students who scored above
and below the median at the 10 percent level or less.

Looking at the outcomes for which we saw no overall effects, we only detected effects on
attitudes towards science content in students from underrepresented communities. Girls (0.132
SD, p < 0.10), Hispanic students (0.222 SD, p < 0.01), and Black (0.255 SD, p < 0.05)
experience larger effects while their peers saw quantitatively small and statistically insignificant
effects. We see few differential effects in the remainder of the outcomes except self-efficacy in

science coursework where Hispanic students saw a 0.152 SD (p < 0.05) effect and students who
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rated themselves in the top half the baseline distribution saw a 0.129 SD effect (p < 0.10). The
only estimate that is negative and statistically significant, is the effect of the mission on girls’
OST participation. We estimate the mission decreased their propensity to participate in these
activities by seven percentage points (p < 0.05). However, given the number of statistical tests
we performed and that this is the sole statistically significant negative result, we do not place a
great deal of weight on this finding.

Overall, our results provide suggestive evidence that missions could be particularly effective
with populations that are historically underrepresented in STEM coursework and careers.
However, there is little evidence that effects could differ by baseline reports of the outcomes,
indicating that missions are equally (in)effective for all students regardless of their starting point.

5.4 Robustness Check

Our main models combine two randomization strategies, class-section randomization in six
of the seven districts and teacher-level randomization in the seventh district. As a robustness
check, we estimate effects separately by randomization strategy and generate an overall effect by
calculating a fixed-effect meta-analytic average (WWC, 2022). The intuition is that each
randomization scheme will produce unbiased estimates of the effects of the mission which can be
considered pulls from the distribution of possible mission effects. A fixed-effect meta-analytic
average combines the two estimates to provide an estimate of the overall, underlying effect,
giving more weight to the more precisely measured effect.

Table 7 presents the results on our confirmatory outcomes for our models that include
covariates. We present results from models analogous to equation 1 run separately by
randomization scheme, the meta-analytic average of those effects, and the effects generated by

our preferred specification which we presented above. Overall, results from the meta-analytic
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averages are largely similar to results from our preferred specification. Looking at the two
confirmatory analyses for which we detect significant effects, point estimates from our preferred
specification and the meta-analytic average are identical for the attitudes towards STEM careers
measure. For the self-efficacy in science activities measure, the meta-analytic average is slightly
attenuated compared to our preferred specification. Despite the smaller standard errors in the
meta-analytic average, the p-value is 0.054. In this case, the districts that underwent class-level
randomization produced a smaller and more precise effect estimate compared to the district that
underwent teacher level randomization, which had a larger but less precise effect estimate.’

Overall; however, the robustness check leads to similar inferences regarding the effect of the
missions on student outcomes.

6. Discussion

This study serves as the first causal evaluation of Challenger Center missions and adds to a
scant body of causal evidence of the effectiveness of STEM OST programs. We conducted a
block-clustered RCT to assess whether participation in Challenger Center missions, a two-hour
experiential, space-themed OST experience, can affect sixth-grade students’” STEM attitudes and
beliefs. We found that the Challenger Center missions improved students’ self-efficacy in
science activities by 0.12 SD and attitudes towards STEM careers by 0.16 SD immediately
following the missions. These effects, however, faded after six months and are no longer
statistically significant. We also did not find effects on student reports of OST participation in

afterschool or summer STEM programs nor on their propensity to choose seventh grade science

® The district with teacher randomization produced qualitatively larger effect estimates on four of the eight
outcomes. This district participated in both cohorts with 366 total students in the endline analytic sample. An
analysis of district specific effects in the six districts that comprise the class randomization estimate in Table 7 show
variation in effect estimates across district, though they are very imprecisely estimated. The available evidence
therefore suggests natural variation in district-level effects. Given the small sample sizes and imprecise estimates,
we do not hypothesize drivers of that possible heterogeneity.
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electives. Our heterogeneity analyses put forth suggestive evidence that effects immediately after
the mission were more pronounced for girls, students who identified as Hispanic, and students
who identified as Black, all of which are traditionally underrepresented in STEM coursework
and careers.

One framework which may help interpret our results is Hidi and Renninger’s (2006) four-
phase model of interest development, for which researchers have provided some empirical
evidence of support (Knogler et al., 2015; Rotgans & Schmidt, 2017). In this framework,
external stimuli spark a student’s interest in a subject or task, called triggered situational interest.
The external stimuli can take the form of groupwork, puzzles, social situations, or formal
instruction. If the stimuli are fleeting, the situational interest may stop there. If these experiences
are supported with external stimuli over time, the student may shift to maintained situational
interest and might begin to internalize the interest. Project based learning, tutoring, and other
meaningful activities are examples of continued external stimuli. Eventually, the student may
begin to have positive dispositions towards the subject or task, accumulate stored knowledge and
value, and opt-in to learning when given a choice. This stage of more self-generated interested is
called emerging individual interest. External stimuli still play an important role in this stage, and
over time as predispositions becomes more relatively enduring, the student may embark on
sustained long-term endeavors as the self-generated interest grows. In this last stage, the well-
developed individual interest stage, external stimuli can still support this self-generated process.

Applying this framework to our results suggests that the two-hour Challenger Center mission
experience is likely a novel external stimulus that provides students with triggered situational
interest. After the mission is complete, students likely largely return to traditional STEM

instruction. At this stage, because interest is largely maintained externally and students have not

26



developed an internal drive to seek out more experiences, the effects wane without a sustained
novel external stimulus.

Several aspects of our results are in line with this framework. First, the survey measures for
which we see effects are conceptualized as short-term outcomes in the Theory of Change in
Figure 1. Absent the intervention, the control group reports neutral attitudes with respect to their
self-efficacy in doing science activities and attitudes towards STEM career. After practicing
STEM activities in an authentic setting, treatment student reports of self-efficacy in doing
science activities are moved in the more positive direction. After stepping into a career role and
observing other career roles, treatment students express a more positive attitude towards those
roles. However, we do not detect effects on measures of longer-term outcomes such as attitudes
towards science content, interest in pursuing science careers, self-efficacy in science coursework,
and STEM identity. This pattern of results is in line with triggered situational interest stopping
short of students internalizing the interest to potentially move those more distal attitudinal
measures. Measures of STEM OST participation and science elective choices, which can be seen
as more internally initiated behavior, are also unaffected. Additionally, without continued novel
learning experiences these short-term effects fade.

The implication for Challenger Center and other OST programs is that their novel settings
and learning experiences can move student attitudes and dispositions. However, to be effective in
the longer-term, OST programs must provide these experiences for a more extended period.
Lauer et al.’s (2006) meta-analysis that shows that effects were larger for math and reading OST
programs lasting more than 45 hours and Allen et al.’s (2009) study finding larger gains for
programs that lasted at least four weeks supports this notion. While summer programs and

afterschool programs may provide a sufficient dosage of experiences to begin to trigger more
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lasting individual interest, shorter duration OST programs such as field trips might need to be
supplemented with other experiences to maintain any short-term effects they impart. Rotgans and
Schmidt (2017) argue that recurring external triggers should vary over time and be organized
around one topic of interest to maintain continuity. Knogler et al. (2015) concur that stimuli
should revolve around a shared topic and add that each new activity should have their own
appeal and tied to the learner’s interest. A continuity of learning experiences over time are likely
more effective at promoting individual interest.

Specific to Challenger Center, our implementation survey noted that post-mission activities
are rarely used. A more uniform implementation of these activities could be a first step to
maintain the short term-effects seen in this study. Additionally, CLC virtual programming could
follow field trips in an attempt to sustain effects. This virtual programming could serve as
avenues to provide varied activities and experiences that revolve around the core theory of action
of Challenger Center while minimizing transportation costs. Another avenue of extending
interest would be for providers of short-term OST experiences to work together to provide
students with several different OST experiences that, collectively, could have lasting effects. Key
to this approach is that the OST programs have a shared theory of action so that varied the
activities build on the same topic and target the same short-, medium-, and long-term outcomes.
In this way, the programs provide the varied activities around the same topic that builds on
triggered student interest.

This study, however, shows that even very short-term immersive activities can impact
student self-efficacy in science activities and attitudes towards STEM careers. This can then be
the foundation for further activities that build on the spark of interest created by OST programs

such as Challenger Center.

28



7. Limitations

There are several limitations to this study. One threat to internal validity is spillover between
treatment and control students. At the teacher level, if any teacher, against our advice, had shared
pre- and post-lesson plans with control classrooms (or teachers), it could affect student
outcomes. We see this possibility as low and even in cases where materials were shared with
control classes or teachers, we hypothesize they would have had limited utility, since those plans
are meant solely to prepare students for and debrief them on the mission. At the student level,
treatment students may have talked to control students about the inspiration they received from
the mission. This is more likely, though we again hypothesize that this type of communication is
unlikely to move attitudes and outcomes in an appreciable manner given that the main
component of the treatment was its experiential aspect of being in an immersive environment
that allowed students to step into real-life STEM roles.

A more germane limitation is that all but the seventh-grade science elective course-taking
outcomes came from self-reported surveys. Though we note that we developed all student
constructs with questions from validated measures that are commonly used in the field, we
acknowledge the possibility of social-desirability bias in responses and differential survey effort.
Surveys, however, remain the best available tool to measure student dispositions and attitudes,

which are difficult to measure observationally, especially at scale.
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Inputs/Activities

PRE-MISSION
Centers provide to teachers Pre-Mission
activities that may include:
e Student applications for mission
roles
* Lesson plans about mission
content
*  Team building exercises

MISSION
Challenger Center creates and
disseminates, and Challenger Learning
Centers run simulated STEM missions that
involve:
e A pre-briefing about mission content
e Student role play
* Videos from a wide range of Subject
Matter Experts
e STEM activities in the context of a
real-world challenge
e Group and independent work
e Group and individual reflections on
the roles and the mission

POST-MISSION
Centers provide to teachers Post-Mission
activities that may include:
e Exploration of STEM career paths
e Opportunities to explore STEM topics

Activities

Students reflect on their strengths and interests in the
context of nine STEM roles.

Students participate in activities that require
teamwork.

Students participate in a lesson about space science
concepts.

e Students experience a realistic, exciting STEM
challenge.

e Students apply STEM concepts taught in school to
real-world STEM challenges.

e Students role-play in a STEM role during the
mission and interact with their peers, who are
playing other STEM roles.

e Students bring their own identity to successful
engagement in STEM tasks.

e Students see STEM professionals from a variety of
backgrounds (e.g., race, gender, ethnicity, etc.).

Students succeed in completing challenging STEM
tasks.

Students complete activities that introduce them to
STEM careers.

Students practice communication,
teamwork/collaboration, critical thinking/problem
solving, information literacy, and responsible
decision-making skills.

Students participate in a lesson about space science
concepts.

Students participate in additional educational
activities about STEM careers.

Students participate in a lesson about space science
and other STEM concepts connected to the mission.

Short-term outcomes

(Immediately post mission)

STEM SELF EFFICACY

e Students feel capable of engaging in

STEM activities.

STEM ENGAGEMENT & INTEREST

e Students report increased interest in

STEM after the mission.

STEM CAREER AWARENESS & INTEREST

e Students report increased interest in
STEM careers after the mission.

Figure 1: Challenger Center Theory of Change

Longer-term outcomes

(Middle & High School)

STEM IDENTITY

e Students see themselves as
STEM people.

STEM CAREER AWARENESS &
INTEREST

e Students report increased
interest in STEM careers.

PARTICIPATION IN STEM OST
PROGRAMS

e Students participate in
more extracurricular STEM
activities throughout their
K-12 education.

GREATER STEM COURSETAKING

e Students choose to pursue
more formal STEM
education.
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Experience
Pre-Register Missions
Study Mar-Apr
Jan 2025 2025
Onboard C1
Districts
Baseline
Surveys
Randomize
Feb — Mar
2025

Note: C1 = Cohort 1; C2 = Cohort 2

C1 Follow-Up
Survey
Apr —May
2025

Onboard C2
Districts

C2 Baseline
Surveys

Randomize

C1 Second
Follow-Up
Surveys
Oct — Nov
2026

C2 Second

Follow-up
Surveys
Apr-May
2026
c2
Experience
Missions and
Follow-Up
Survey
Dec 2026-
Feb 2027

Figure 2: Timeline of the research activities
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Table 1: Descriptive Statistics and Balance: Endline Survey Sample

N Treat N Control Hedges o/ P-value
e Cox Index
Characteristic (T-C (T-C
(Treat) Average (Control) Average Difference) Difference)
Demographics
Age (Years) 741 11.75 681 11.76 -0.03 0.51
Female 737 0.5 678 0.48 0.06 0.39
Hispanic 741 0.31 681 0.38 -0.03 0.71
White 741 0.51 678 0.5 -0.05 0.56
Black 741 0.2 678 0.17 0.08 0.60
Other 741 0.28 678 0.33 0.00 0.97
Special Education 687 0.13 633 0.16 -0.19 0.14
Free/Reduced Priced Lunch 687 0.73 633 0.73 0.06 0.48
English Language Learner 687 0.13 633 0.16 -0.03 0.82

Baseline Variables
Afterschool or Summer

STEM Activity 721 0.13 665 0.15 -0.11 0.27
Self-Efficacy in Science Activities 712 3.56 655 3.57 -0.03 0.61
Self-Efficacy in Science 696 3.45 647 343 0.04 0.5

Coursework
Science Career Interest 698 3.07 646 3.02 0.06 0.27
Attitudes Towards Science Content 692 4.53 641 4.54 0.00 0.95
Attitudes Towards STEM Career 684 4.38 638 4.54 -0.11 0.02*
STEM Identity 700 3.56 651 3.65 -0.04 0.39
Fifth Grade Math (standardized) 640 0.05 594 0.08 -0.03 0.67
Fifth Grade ELA (standardized) 637 0.1 591 0.05 0.05 0.45

Notes: Samples change due to missing data. Hedges g/ Cox indices and p-values are derived from regression models
regressing the covariate denoted in the row headers on an indicator for treatment and block fixed effects. Standard errors
are clustered by class. * indicates p < 0.05
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Table 2:

Survey Measures by Domain

Domain Source Example Cronbach’s
Alpha

1 Self-Efficacy in Self-Efficacy for Learning and Doing | Compared to other people 0.60-0.68

Science Activities Science Scales (Porticella, Phillips, my age, I think I can do
and Bonney, 2017) science activities pretty well

2 Self-Efficacy in Student Attitudes Towards STEM I am sure I can do advanced | 0.68-0.73
Science Survey work in science
Coursework (Faber, Townsend, and Weibe, 2013)

3 Interest in Science I would consider a career in | 0.82-0.89
Careers science

4 Attitudes Towards STEM Semantics Survey To me, science is boring 0.78-0.84
Science Content (Tyler-Wood, Knezek, and

5 Attitudes Towards | Christensen, 2010) To me a job in STEM is 0.81-0.85
STEM Careers boring

6 STEM Identity Single-item measure of STEM Venn diagrams as N/A

identity (McDonald et al., 2019) representation of self and
scientist

7 Teacher Ratings of | Math and Science Engagement What proportion of your 0.87-0.89
Class Science Scales class puts effort into
Engagement (Wang et al., 2016) learning science?
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Table 3: Student, Teacher, and Class Level Attrition, Endline Survey Sample

Treatment Control Total

Student Level
Randomized 903 858 1761
Sample 756 695 1451
Attrition (Count) 147 163 310
Attrition (percent) 16.3 19.0 17.6
Differential Attrition 2.7

Class Level
Randomized 46 45 91
Sample 46 44 90
Attrition (Count) 0 1 1
Attrition (percent) 0.0 2.2 1.1
Differential Attrition 2.2

Teacher Level
Randomized 24 22 46
Sample 24 21 1
Attrition (Count) 0 1 1
Attrition (percent) 0.0 4.5 2.2
Differential Attrition 4.5

Note: Teacher counts are greater than the number of teachers because randomization in six of the seven cohorts was
class section within teacher.



Table 4: Effect of Missions on Student Attitudes, Endline and Follow-up Surveys

Endline
Self-Efficacy in Science Activities 0.106+ 0.118*
(0.055) (0.051)
Attitudes Towards Science Content 0.068 0.065
(0.053) (0.050)
Attitudes Towards STEM Careers 0.087 0.159**
(0.053) (0.052)
Interest in Science Careers 0.042 0.045
(0.057) (0.050)
Self-Efficacy in Science Coursework 0.074 0.067
(0.056) (0.0406)
STEM Identity -0.004 -0.015
(0.051) (0.050)
Teacher Reports of Class Engagement 0.308 0.120
(0.120) (0.097)
Covariates v

Follow-Up
0.054 0.046
(0.057) (0.038)
0.071 0.045
(0.056) (0.051)
0.010 0.080
(0.056) (0.054)
-0.012 -0.031
(0.062) (0.042)
0.014 -0.003
(0.055) (0.048)
-0.023 -0.008
(0.059) (0.052)
N/A N/A

v

Notes: Estimates are expressed as Hedges g. Each cell represents and estimates from a regression of
the outcome, as indicated by the row header, on an indicator for being randomly assigned to treatment
and block fixed effects. Data collection survey wave is indicated by column headers. Covariates are
additionally included in models as indicated by the checkmark. Covariates include: student age,
gender, race/ethnicity, special education status, free/reduced priced lunch status, English language
learner status, baseline summer and afterschool science participation status, a self-report indicator of
completing any Challenger Center related activity prior to the study, fifth grade math and English
language arts scores (standardized), baseline measure of the outcome, and class aggregates of these
variables. Standard errors are clustered at the class-year level. N = 1,451 for endline survey outcomes
and 1,276 for follow-up survey outcomes. + indicates p < 0.10; * p < 0.05; ** p< 0.01
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Table 5: Effect of Missions on Student STEM Activities and Science Electives

Afterschool or Summer STEM Activity -0.034 -0.021
(0.021)  (0.022)

Seventh Grade Science Elective 0.005 -0.002
(0.019)  (0.020)

Covariates v

Notes: Each cell represents and estimates from a linear probability model where the
outcome, as indicated by the row header, on an indicator for being randomly
assigned to treatment and block fixed effects. Afterschool and summer STEM
activities were collected as part of the follow-up surveys Science elective data
came from district administrative data. Covariates are additionally included in
models as indicated by the checkmark. Covariates include: student age, gender,
race/ethnicity, special education status, free/reduced priced lunch status, English
language learner status, baseline summer and afterschool science participation
status, a self-report indicator of completing any Challenger Center related activity
prior to the study, fifth grade math and English language arts scores (standardized),
and class aggregates of these variables. Standard errors are clustered at the class-
year level. N = 1,276 for afterschool and summer STEM activities and 1,170 for
science elective outcomes. + indicates p < 0.10
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Table 6: Heterogeneity Analysis, Confirmatory Outcomes

Above Below

Female Male Hispanic HNOH_ . Black White Other  Baseline  Baseline
1spanic Median Median
Self-Efficacy in Science Activities 0.122+  0.113+ 0.119 0.118+  0.303* 0.059 0.104 0.138+ 0.146*
(0.065)  (0.069)  (0.084) (0.061)  (0.133) (0.065) (0.089)  (0.078) (0.073)
Attitudes Towards Science Content 0.132+ 0.007 0.222%* -0.008 0.255* 0.015 0.023 0.069 0.091
(0.073)  (0.068) (0.08) (0.061)  (0.113) (0.066) (0.077)  (0.078) (0.078)
Attitudes Towards STEM Careers 0.184* 0.136+  0.236** 0.122+  0.220+ 0.171* 0.096 0.199* 0.168+
(0.079)  (0.075)  (0.088) (0.064)  (0.123) (0.073)  (0.095) (0.076) (0.086)
Interest in Science Careers 0.04 0.05 0.053 0.042 0.179 0.031 -0.019 0.053 0.053
(0.068)  (0.065)  (0.097) (0.057)  (0.118) (0.063)  (0.097)  (0.079) (0.082)
Self-Efficacy in Science Coursework 0.097 0.039 0.152* 0.027 0.135 0.041 0.067 0.129+ 0.009
(0.068)  (0.061)  (0.075) (0.055) (0.118) (0.056)  (0.081) (0.07) (0.067)
STEM Identity -0.014 -0.016 0.035 -0.042 0.143 -0.012 -0.12 -0.019 0.000
(0.069)  (0.076)  (0.089) (0.061)  (0.125) (0.063)  (0.096)  (0.086) (0.074)
N 689 726 487 935 268 735 433 569-665  662-774
Afterschool or Summer STEM Activities -0.070* 0.023 -0.028 -0.026 -0.026  -0.009 -0.041 N/A N/A
(0.031)  (0.025)  (0.025) (0.056)  (0.056) (0.023)  (0.029)
N 597 669 382 890 256 660 352
Seventh Grade Science Electives -0.018 0.014 -0.039 0.020 0.044 -0.033 -0.003 N/A N/A
(0.031)  (0.035)  (0.031) (0.027)  (0.038) (0.030) (0.031)
N 572 598 390 780 330 463 374

Notes: Effects on afterschool and summer STEM activities and seventh grade electives are expressed in percentage points. All other effects are
expressed as Hedges g. Each cell represents and estimates from a regression of the outcome, as indicated by the row header, on an indicator for being
randomly assigned to treatment, block fixed effects and the following covariates: student age, gender, race/ethnicity, special education status,
free/reduced priced lunch status, English language learner status, baseline summer and afterschool science participation status, a self-report indicator of
completing any Challenger Center related activity prior to the study, fifth grade math and English language arts scores (standardized), baseline measure
of the outcome, and class aggregates of these variables. Standard errors are clustered at the class-year level. + indicates p < 0.10; * p < 0.05; ** p<0.01
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Table 7: Robustness Check, Effects by Randomization Scheme and Meta-Analytic Average

Meta-
Class Teacher Analytic Preferred
Randomization Randomization  Average  Specification
Self-Efficacy in STEM Activities 0.055 0.249* 0.085+ 0.118*
(0.048) (0.113) (0.044) (0.051)
Attitudes Towards STEM Content 0.016 0.201* 0.058 0.065
(0.053) (0.098) (0.047) (0.050)
Attitudes Towards STEM Careers 0.136* 0.242%* 0.159%** 0.159%**
(0.057) (0.110) (0.051) (0.052)
Interest in STEM Careers -0.025 0.118 -0.003 0.045
(0.047) (0.109) (0.043) (0.050)
Self-Efficacy in STEM Coursework 0.022 0.053 0.027 0.067
(0.048) (0.104) (0.043) (0.0406)
STEM Identity -0.038 0.037 -0.079 -0.015
(0.057) (0.109) (0.052) (0.050)
Afterschool or Summer Activities -0.032+ 0.060 -0.025 -0.021
(0.018) (0.063) (0.017) (0.022)
Seventh Grade Science Elective -0.056 -0.008 -0.021 -0.002
(0.038) (0.024) (0.020) (0.020)

Notes: Effects on afterschool and summer STEM activities and seventh grade electives are expressed
in percentage points. Each cell represents and estimates from a regression of the outcome, as
indicated by the row header, on an indicator for being randomly assigned to treatment and block
fixed effects. Covariates include: student age, gender, race/ethnicity, special education status,
free/reduced priced lunch status, English language learner status, baseline summer and afterschool
science participation status, a self-report indicator of completing any Challenger Center related
activity prior to the study, fifth grade math and English language arts scores (standardized), baseline
measure of the outcome, and class aggregates of these variables. Standard errors are clustered at the
class-year level in class randomization and our preferred specification and teacher-year in the teacher
randomization models. N = 1,451 for endline survey outcomes and 1,276 for follow-up survey
outcomes. + indicates p < 0.10; * p < 0.05; ** p<0.01
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Online Appendix

Table A.1: Descriptive Statistics and Balance: Follow-up Survey Sample

Hedges g/ P-value
Characteristic N Treat N Control Cox Index (T-C
(Treat) Average (Control) Average (T-C .
) Difference)
Difference)
Demographics
Age (Years) 656 11.77 616 11.76 0.01 0.78
Female 652 0.48 614 0.46 0.06 0.39
Hispanic 656 0.28 616 0.32 -0.07 0.45
White 656 0.54 615 0.50 -0.05 0.61
Black 656 0.21 615 0.19 0.14 0.30
Other 656 0.25 615 0.31 -0.06 0.52
Special Education 611 0.13 572 0.17 -0.25 0.03*
Free/Reduced Priced Lunch 611 0.73 572 0.70 0.08 0.30
English Language Learner 611 0.11 572 0.12 -0.01 0.94
Baseline Variables
Afterschool or Summer STEM Program 628 0.13 595 0.14 -0.07 0.45
Self-Efficacy in Science Activities 618 3.56 584 3.57 -0.02 0.69
Self-Efficacy in Science Coursework 604 3.45 571 3.43 0.03 0.58
Science Career Interest 609 3.03 572 2.99 0.05 0.45
Towards Science Content 601 4.58 571 4.55 0.02 0.67
Towards STEM Career 596 4.37 566 4.56 -0.13 0.01%*
STEM Identity 609 3.52 578 3.58 -0.03 0.54
Fifth Grade Math (standardized) 572 0.05 542 0.11 -0.06 0.50
Fifth Grade ELA (standardized) 569 0.10 540 0.05 0.05 0.43

Notes: Samples change due to missing data. Hedges g and p-values are derived from regression models regressing the covariate
denoted in the row headers on an indicator for treatment and block fixed effects. Standard errors are clustered by class. * indicates
p <0.05
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Table A.2: Student, Teacher, and Class Level Attrition, Follow-Up Survey Sample

Treatment Control Total

Student Level
Randomized 903 858 1761
Sample 656 620 1276
Attrition (Count) 247 238 485
Attrition (percent) 27.4 27.7 27.5
Differential Attrition 03

Class Level
Randomized 46 45 91
Sample 46 42 88
Attrition (Count) 0 3 3
Attrition (percent) 0 6.7 33
Differential Attrition 6.7

Teacher Level
Randomized 24 22 46
Sample 24 20 44
Attrition (Count) 0 2 2
Attrition (percent) 0 9.1 43
Differential Attrition 9.1

Note: Teacher counts are greater than the number of teachers because randomization in six of the seven cohorts was

class section within teacher.
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Table A.3: Descriptive Statistics and Balance: Science Elective Sample

P-value
. N Treat N Control  Hedges &/ Cox (T-C
Characteristic (Treat) Average (Control) Average Index Differen
(T-C Difference) ce)
Demographics
Age (Years) 586 11.76 584 11.78 -0.03 0.56
Female 586 0.51 584 0.47 0.09 0.30
Hispanic 586 0.30 584 0.36 0.07 0.44
White 586 0.39 584 0.40 -0.12 0.34
Black 586 0.32 584 0.24 0.07 0.68
Other 586 0.29 584 0.35 0.07 0.52
Special Education 586 0.10 584 0.19 -0.48 0.00**
Free/Reduced Priced Lunch 586 0.77 584 0.75 0.17 0.10+
English Language Learner 586 0.11 584 0.12 0.18 0.14
Baseline Variables
Afterschool or Summer STEM Program 546 0.14 555 0.13 0.07 0.54
Self-Efficacy in Science Activities 534 3.53 547 3.55 -0.02 0.70
Self-Efficacy in Science Coursework 516 3.42 539 341 0.01 0.90
Science Career Interest 519 3.05 538 3.05 0.00 0.99
Towards Science Content 513 4.49 524 4.57 -0.06 0.30
Towards STEM Career 504 4.35 522 4.59 -0.17 0.00**
STEM Identity 522 3.60 542 3.83 -0.12 0.05%*
Fifth Grade Math (standardized) 549 -0.04 552 0.03 -0.07 0.48
Fifth Grade ELA (standardized) 549 0.03 552 -0.03 0.06 0.47

Notes: Samples change due to missing data. Hedges g and p-values are derived from regression models regressing the
covariate denoted in the row headers on an indicator for treatment and block fixed effects. Standard errors are clustered by

class. * indicates p < 0.05
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Table A.4: Student, Teacher, and Class Level Attrition, Science Elective Sample

Treatment Control Total

Student Level
Randomized 903 858 1761
Sample 586 584 1170
Attrition (Count) 317 274 591
Attrition (percent) 35.1 31.9 33.6
Differential Attrition 32

Class Level
Randomized 46 45 91
Sample 30 30 60
Attrition (Count) 16 15 31
Attrition (percent) 34.8 333 34.1
Differential Attrition 1.4

Teacher Level
Randomized 24 22 46
Sample 17 14 31
Attrition (Count) 7 8 15
Attrition (percent) 29.2 36.4 32.6
Differential Attrition 7.2

Note: Teacher counts are greater than the number of teachers because randomization in six of the seven cohorts was

class section within teacher.
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