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Abstract

Educational environments play a critical role in shaping students’ science-related
social cognitions, such as identity, social belonging, and intentions to pursue sci-
ence, which in turn influence future science pursuits and participation. However,
traditional educational environments provide students from ethnic-racial underrep-
resented groups (URGs) in STEM with limited support in science, potentially un-
dermining their science-related social cognitions. Active learning, which encourag-
es student-driven learning activities and promote an inclusive learning culture, can
be particularly beneficial to URG students’ science-related social cognitions. The
current research adopted a non-randomized quasi-experimental design to examine
whether URG high school students’ science-related social cognitions and ethnic-ra-
cial stereotypes changed after they participated in a four-week active learning-based
geoscience education program. Overall, students who participated in the program
showed higher levels of science-based social belonging and intentions to pursue sci-
ence at the end of the program than at the start of the program. To further validate
the program, we compared participants with two distinct comparison groups, one
at the beginning and one at the end of the program. By the end of the program,
intervention participants reported higher science identity, social belonging, self-
efficacy, and intentions to pursue science than comparison participants. No differ-
ences emerged between intervention participants and comparison participants at the
beginning of the program. The present research underscores the benefits of positive,
inclusive educational climates in promoting science success among students from
URGs in STEM, with implications for educational policies and programs aimed at
improving STEM participation among URG adolescent students.
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Black, Latinx, and Native Americans remain underrepresented groups (URGs) in
STEM compared to their White and Asian American counterparts (National Sci-
ence Board & National Science Foundation, 2024). In 2024, individuals from URGs
accounted for 37.9% of the adult population in the United States (United States Cen-
sus Bureau, 2024), but comprised 21.1% of the STEM workforce and earned 22.9%
of STEM doctoral degrees. (National Science Board & National Science Foundation,
2024). Underrepresentation in STEM reinforces the stereotype that URG members
do not belong in STEM, while the overrepresentation of White and Asian people in
STEM strengthens the automatic association with these groups and STEM (Miller et
al., 2018; Rowley et al., 2007; Starr & Leaper, 2023).

A social-ecological framework (Kuchynka et al., 2022a, 2022b) situates STEM
underrepresentation among minoritized ethnic-racial groups within interconnected
macro- and micro-level socialization processes that shape URG students’ STEM-
related social cognitions (e.g., STEM identification, self-efficacy). Biases and stereo-
types targeting URG individuals in STEM are maintained through macrosystem-level
cultural ideologies and manifested in microsystem contexts such as everyday envi-
ronments and interactions (Kuchynka et al., 2022a, 2022b). Within this framework,
educational environments, such as classrooms, represent critical microsystem con-
texts that shape students’ STEM interests and career trajectories (Wang, 2012).

However, STEM classrooms in elementary and secondary schools that adopt tra-
ditional pedagogical approaches (e.g., lecture-based instruction, drill-and-practice)
often pose barriers for URG students by providing limited support for the devel-
opment of positive STEM-related social cognitions (Asai, 2020; Park-Taylor et al.,
2022; Theobald et al., 2020). From a social-ecological perspective, well-designed
STEM programs and interventions can function as microsystem contexts that coun-
teract the macro- and micro-level sociocultural barriers (Kuchynka et al., 2022a,
2022b). By providing low-stakes, informal, yet supportive learning environments,
these programs may enhance URG students’ science-related social cognitions.

A key component of effective STEM programs, especially for URG students, is
active learning (Freeman et al., 2014; Kuchynka et al., 2022a, 2022b; Theobald et al.,
2020). Unlike traditional pedagogies that emphasize instructor-led knowledge trans-
mission, active learning strategies encourage students to monitor their own learning
through peer collaborations, hands-on engagement, and mentorship (Ballen et al.,
2017; Freeman et al., 2014; Kuchynka et al., 2021, 2022a, 2022b; Theobald et al.,
2020). Thus, STEM programs that incorporate active learning can reshape learning
environments and broaden evaluation criteria that support URG students (Kuchynka
et al., 2022a), potentially serving as effective microsystem-level interventions that
foster positive science-related social cognitions.

Across two papers, Kuchynka et al., (2021, 2022a, 2022b) showed that a science
program that incorporates active learning strategies enhanced URG high school stu-
dents’ science-related social cognitions. However, these studies lacked a comparison
group, limiting their ability to validate the effectiveness of the program. Further-
more, they did not measure the program’s effect on reducing students’ expression
of ethnic-racial STEM stereotypes, a major psychological barrier for URG students.
The current study adopts a non-randomized quasi experimental design to replicate
and extend Kuchynka et al., and and’s (2021, 2022a, 2022b) studies by testing the
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effectiveness of the same science program on science-based social cognitions, while
addressing previous limitations. We measured a broad set of interconnected science-
related social cognitions grounded in Social Identity Theory (Tajfel & Turner, 1979;
Kuchynka et al., 2020), including science-related identity, social belonging, self-
efficacy, attitudes, and intentions, along with stereotype endorsement, among high
school students from URGs.

1 Fostering change in high school students’ science-related social
cognitions

High school is a pivotal educational phase that can either foster or impede participa-
tion in STEM (Kuchynka et al., 2020; Wang, 2013; Wang & Degol, 2017). During
this period, students gain greater autonomy and opportunities to make decisions that
shape their STEM pathways and future careers. For example, enrollment in advanced
STEM courses in high school predicts long-term pursuit and attainment of STEM
degrees (Maltese & Tai, 2011; Tyson, 2011). Importantly, students’ STEM-related
decisions and engagement are guided by a range of social cognitive factors, which
capture how they perceive science and how they see themselves in relation to it
(Eccles, 2009; Kuchynka, Eaton, et al., 2022a; Wang & Degol, 2017).

However, cultural ideologies and systems often favor White and Asian individuals
in STEM while perpetuating negative stereotypes about URG individuals, hinder-
ing the development of positive STEM-related cognitions (Kuchynka, Eaton, et al.,
2022a). URG students’ lower, perhaps negative, science-related cognitions may be
partly shaped by, and simultaneously reinforce, reduced participation in high school
STEM (Cheryan et al., 2013; Leaper, 2015; Ortiz et al., 2019; Tellhed et al., 2017).
For example, URG students tend to complete fewer advanced STEM courses than
their White and Asian peers (National Science Board & National Science Founda-
tion, 2023). Thus, effective STEM interventions are needed to create opportunities
for URG high school students to strengthen science-related social cognitions.

Following Kuchynka et al. (2020), the current research focuses on a range of sci-
ence-related cognitions that reflect how students perceive and situate themselves in
STEM both as a field and community (identity, social belonging), their beliefs about
STEM (attitudes), and their views of future engagement (self-efficacy, intent). These
constructs are distinct yet interconnected constructs grounded in Social Identity
Theory (Chemers et al., 2011; Guan & So, 2016; Kim et al., 2018; Kuchynka et al.,
2020, 2022a, 2022b), which posits that individuals understand themselves and others
through social group memberships. Self-concept and self-image develop from group
memberships, as well as the values and emotional significance attached to theses
memberships (Tajfel & Turner, 1979; Turner et al., 1987; Turner & Reynolds, 2012).
Strong social identities motivate behaviors that strengthen and maintain group con-
nections (Hogg, 2016; Hogg & Terry, 2000). As such, students’ STEM-related social
cognitions — how they view and position themselves within the STEM group — are
shaped by their educational experiences and play a central role in long-term STEM
engagement (Kuchynka et al., 2020, 2022a, 2022b).
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STEM identity is a form of social identity that reflects the extent to which individu-
als associate themselves with (a) STEM disciplines and (b) people in STEM (Kim et
al., 2018; Kuchynka et al., 2020, 2022a, 2022b; Kuchynka et al., 2025). In relation
to Social Identity Theory, STEM identity refers to the sense of self derived from
membership in the STEM group. We further conceptualize and operationalize STEM
identity as the extent to which individuals believe that science is important to them
(i.e., centrality; Settles, 2004) and perceive themselves as prototypical scientists (i.e.,
typicality; Starr, 2018). STEM identity consistently predicts STEM-related decisions
and performance outcomes (Chen et al., 2021; Kuchynka et al., 2020) — specifically,
strong STEM identity predicts high school students’ STEM participation, including
enrollment in advanced STEM courses (Starr & Simpkins, 2021a, 2021b) and pursuit
of STEM careers (Quintana & Saatcioglu, 2022).

Identification is interrelated with, and mutually reinforced by, social belonging
(Tajfel & Turner, 1979; Turner et al., 1987; Turner & Reynolds, 2012). A strong
social identity fosters feelings of connection and belonging with the group (Chemers
et al., 2011), while belonging simultaneously promotes positive attitudes toward the
group, maintaining and strengthening social identity (Hogg & Terry, 2000). In STEM
contexts, social belonging refers to feeling welcomed, appreciated, and supported by
the STEM community (Strayhorn, 2018). Unlike STEM identity, which reflects how
individuals mentally associate themselves with STEM and its members (Kuchynka
et al., 2021; Starr, 2018), STEM belonging emphasizes feelings of social connection
with STEM groups and their members (Strayhorn, 2018). Students with a strong
sense of belonging in STEM tend to identify more closely with STEM (Kuchynka
et al., 2019), hold more positive attitudes toward and express a stronger interest in
STEM and STEM careers (Xu & Lastrapes, 2022), and demonstrate better STEM
performance (Chen et al., 2021). Social belonging is especially critical for STEM
persistence among URG students (Espinosa, 2011), yet these students often receive
less support in STEM and have fewer ingroup role models in STEM than their White
and Asian peers (Ortiz et al., 2019). Thus, finding alternative ways to foster belong-
ing in STEM is particularly important for URG students (Banchefsky et al., 2019;
Estrada et al., 2011).

While STEM identity and social belonging capture how individuals cogntively
and emotionally associate themselves with the STEM discipline and group mem-
bers, STEM attitudes refer to valenced views of STEM, ranging from favorable to
unfavorable (Dennehy & Dasgupta, 2017). Within Social Identity Theory, attitudes
reflect affective and evaluative associations individuals hold about their group mem-
berships; positive group attitudes reinforce identification, which in turn enhances
favorable attitudes toward the groups (Doosje et al., 1995; Hogg, 2016; Hogg &
Terry, 2000). Thus, positive STEM attitudes are critical for fostering identification,
engagement, achievement, and persistence in STEM education and careers (Eccles,
2009; Maltese & Tai, 2010; Wang et al., 2015).

Positive identity-based self-concepts and judgments also motivate behaviors con-
sistent with group identity (Hogg, 2016; Hogg & Terry, 2000). STEM self-efficacy
and intentions to pursue and persist in STEM careers are two interconnected con-
structs that influence individuals’ likelihood of engaging in STEM (Kim et al., 2018;
Kuchynka et al., 2020, 2021; Starr & Leaper, 2019). Self-efficacy refers to the belief

@ Springer



Enhancing science-related social cognitions: effects of an active... Page 50f32 101

in one’s ability to succeed and to exert control over the outcomes in a certain domain
(Bandura, 1977, 1982). In STEM contexts, strong self-efficacy reflects confidence
in performing well in STEM learning activities (Luo et al., 2021) and predicts suc-
cess in STEM and favorable attitudes toward STEM (Lent et al., 2008; Kuchynka
et al.,, 2021; Shaw & Barbuti, 2010). Self-efficacy lays the groundwork for inten-
tions to engage in and persist in STEM both short- and long-term (Brown et al.,
2016; Kuchynka et al., 2021). URG students with strong STEM self-efficacy are
more likely to choose STEM majors, achieve higher academic performance (Lin et
al., 2018), and demonstrate greater commitment and persistence in STEM careers
than those with lower STEM self-efficacy (Estrada et al., 2018).

Rooted in Social Identity Theory, the above STEM-related social cognition factors
examined in this study — identity, social belonging, attitudes, self-efficacy, and inten-
tions — serve as critical psychological mechanisms underlying students’ academic
decisions and achievement in STEM (Eccles, 2009; Maltese & Tai, 2011; Starr &
Simpkins, 2021a, 2021b; Wang, 2013; Wang et al., 2017). Together, these interrelated
cognitions provide a framework for evaluating the effectiveness of educational pro-
grams designed to support URG students’ engagement and achievement in STEM. To
this end, we tested these STEM-related social cognitions in an intervention program
with a sample of URG high-school students.

1.1 STEM programs enhance STEM-related social cognitions through the
incorporation of active learning approaches

The development of STEM-related social cognitions occurs within students’ day-
to-day educational environments (Del Toro & Wang, 2023; Wang, 2012), but URG
students frequently encounter structural disadvantages in traditional lecture-based
classrooms. Compared to their White and Asian peers, URG students have less access
to advanced STEM courses (Lewis & Diamond, 2015; Tyson et al., 2007), receive
fewer sources of support (e.g., peers, institutional resources, role models; Gross-
man & Porche, 2014; Ortiz et al., 2019), are viewed as less intelligent by teachers
and peers (Lewis & Diamond, 2015; Musto, 2019), and experience more frequent
expressions of biases in STEM (Grossman & Porche, 2014). Further, traditional
classroom settings tend to evoke STEM stercotypes that alienate URG students and
undermine their STEM interests (Cheryan et al., 2009, 2015; Cheryan & Markus,
2020). Together, these educational barriers and experiences embedded in traditional
classrooms can negatively impact URG students’ STEM-related cognitions, hinder-
ing their STEM engagement, pursuit, and persistence in STEM (Park-Taylor et al.,
2022; Riegle-Crumb et al., 2019).

Given the import of STEM-related social cognitions, providing URG students
with alternative or supplemental pedagogical support that fosters positive change in
these cognitions is essential. Well-designed STEM-related pedagogical programs can
benefit students’ STEM learning experiences and outcomes beyond traditional class-
rooms through informal learning opportunities and environments (Abramowitz et al.,
2024; Alexandre et al., 2022; Goff et al., 2020). These programs may be particularly
beneficial and valuable to URG students by exposing them to STEM learning materi-
als across non-traditional contexts (e.g., fieldwork, laboratories) and within inclusive
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and supportive environments of peers and mentors (Ballen et al., 2017; Cheryan &
Markus, 2020; Kuchynka, Eaton, et al., 2022a; Kuchynka et al., 2020). Thus, effec-
tive STEM programs may help combat the barriers present in traditional classrooms
for URG students (e.g., Ortiz et al., 2019; Park-Taylor et al., 2022; Starr & Leaper,
2024).

Early evidence demonstrates that STEM programs incorporating active learning
can particularly benefit URG students by enhancing their STEM-related social cogni-
tions (Kuchynka, Eaton, et al., 2022a). Active learning has long been positioned as
a dominant alternative to traditional lecture-based instruction (Doolittle et al., 2023;
Lombardi & Shipley, 2021). Grounded in the constructivist theory of learning (Iran-
Nejad, 1990), active learning is an umbrella term for a wide range of instrumental
approaches that promote and support students’ active participation and engagement
in learning processes (Bonwell & Eison, 1991; Prince, 2004).

While no single unified definition of active learning exists to date (Doolittle et
al., 2023; Lombardi & Shipley, 2021), a recent review of 547 active learning articles
has shown that active learning is most broadly defined as student-centered instruc-
tional approaches that engage students in constructing knowledge (Doolittle et al.,
2023). Specifically, Doolittle et al. (2023) identified three core elements of active
learning strategies: (1) student-centered knowledge construction through individual
interpretation (i.e., cognitive constructivism) or peer communications (i.e., social
constructivism); (2) promoting higher-order thinking and deeper learning (e.g., ana-
lyzing, organizing, critiquing); and (3) involving strategies that foster activity, par-
ticipation, and engagement, allowing students to “learn by doing.” Unlike traditional
lecture-based instructional approaches that treat students as passive recipients, active
learning positions students as active agents who construct knowledge through direct
experiences and take responsibility for regulating the learning processes (Bonwell &
Eison, 1991; Doolittle et al., 2023; Iran-Nejad, 1990).

Active learning may be especially advantageous for students from URG back-
grounds in STEM in three key ways. First, active learning fosters the development
of higher-order thinking. As students engage in and monitor their own learning, they
develop higher-order cognitive skills (e.g., problem solving), metacognitive abili-
ties (e.g., self-reflections), and an ability to adapt to environmental changes (Bell
& Kozlowski, 2008; Ishiyama, 2013), all of which contribute to enhanced STEM
learning outcomes (Theobald et al., 2020; Wang, 2012). Second, active learning pro-
vides structured support through mentorship and scaffolding. While active learning
values students’ agency, it does not simply imply promoting unstructured explora-
tion. Rather, effective active learning approaches incorporate appropriate instructor
support to help students regulate attention, effort, and emotions throughout the learn-
ing process (i.e., scaffolding; Bell & Kozlowski, 2008; Theobald et al., 2020). Third,
active learning emphasizes a “culture of inclusion” (Theobald et al., 2020), where
teachers treat students with dignity and respect while trusting their intellectual abili-
ties. In these ways, active learning approaches can be particularly beneficial for URG
students who are often marginalized in traditional educational settings (Theobald et
al., 2020).

We posit that the beneficial effects of active learning extend to URG students
STEM-related beliefs and experiences by addressing the sociocultural and structural

B
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barriers present in traditional lecture-based learning environments. Embedded within
a social-ecological framework, active learning approaches should strengthen STEM-
related cognitions — including identity, social belonging, attitudes, self-efficacy, and
persistence — among URG students through interrelated pathways at the macrosystem
and microsystem (for a review, see Kuchynka et al., 2022a, 2022b).

At the macrosystem level, active learning may help counter broader STEM-related
stereotypes about URG students by creating inclusive environments that allow URG
students to feel valued and supported (Del Toro & Wang, 2023; Durante & Fiske,
2017; Theobald et al., 2020). As stercotypes about STEM and ethnicity/race are a
major sociocultural barrier that prevents URG students’ short- and long-term partici-
pation in STEM (Eaton et al., 2020; Starr & Simpkins, 2021a, 2021b), addressing ste-
reotypes through active learning may foster broader positive shifts in STEM-related
social cognitions — that is, URG students may be more likely to see themselves as a
capable STEM learner (i.e., stronger STEM identity; Starr & Leaper, 2024), to feel a
stronger sense of belonging in STEM learning communities (Chen et al., 2021; Ortiz
etal., 2019), to view STEM positively (Cheryan et al., 2013), to believe they can suc-
ceed in STEM (i.e., self-efficacy; Luo et al., 2021), and to have stronger intentions to
purse and persist in STEM (Jones et al., 2013).

At the microsystem level, active learning may foster positive shifts in URG stu-
dents’ STEM-related social cognitions through both their individual development
and interpersonal interactions. First, active learning approaches engage students in
their own learning through hands-on, experiential activities (e.g., role play) that allow
them to develop greater autonomy (Chiu et al., 2023) and self-expectancy (Eccles &
Wigfield, 2020). The low-stakes educational and test environments of active learning
may also reduce the risk of URG students facing stereotype threat — which frequently
emerges in traditional learning and assessment settings (Davies et al., 2005; Galdi
et al., 2014). Thus, active engagement and low-stakes environments may enhance
URG students’ self-efficacy in succeeding in STEM-related tasks, foster more posi-
tive attitudes toward STEM, and strengthen intentions to pursue and persist in STEM
(Kuchynka et al., 2022a, 2022b). Second, at the interpersonal level in the microsys-
tem, active learning provides peer collaboration and mentorship scaffolding. These
connections often foster a greater sense of social belonging and identification with
STEM (Kuchynka et al., 2025; Kuchynka et al., 2022a, 2022b), as well as stronger
intentions to pursue STEM (Riegle-Crumb & Morton, 2017).

Together, the above review suggests that active learning strengthens URG stu-
dents’ STEM-related cognitions and supports their continued participation in STEM.
Importantly, as active learning is a pedagogical concept that involves a range of
instructional approaches that, in practice, function interactively within programs
(Doolittle et al., 2023; Prince, 2004), active learning approaches are expected to col-
lectively foster overall positive changes in STEM-related outcomes (Li et al., 2023;
Prince, 2004).

1.2 Replicating and extending past research

The current research examines how a STEM-based educational intervention designed
to incorporate active learning strategies promotes STEM-related social cognitions
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over a four-week period. Kuchynka et al., (2021, 2022a, 2022b) reported on a geosci-
ence program using active learning strategies to provide immersive learning environ-
ments, inclusive mentorship, and real-world applications of earth science materials.
The geoscience program effectively enhanced URG high school students’ science-
related identity, social belonging, attitudes, self-efficacy, as well as behavioral inten-
tions to pursue and persist in science. The current research aims to both replicate and
extend Kuchynka et al.’s (2021) Study 1 and Kuchynka et al., (2022a, 2022b).

Replication is essential in psychological research to test the reliability of observed
effects (Derksen & Morawski, 2022). We thus conducted a direct replication of
Kuchynka et al.’s work in four key ways. First, we adopted a geoscience intervention
program identical in context and implementation (fully described under the Geosci-
ence Program). Second, we sampled from the same population of Black and Latinx
high school students in an urban setting. Third, we employed the same three-level
repeated-measures design for the intervention group, measuring science-related cog-
nitions at the start, midway, and end of the program. Finally, we administered the
same measures of science self-efficacy and science intentions from Kuchynka et al.
(2021), as well as science identity, science belonging, and science attitudes from
Kuchynka et al., (2022a, 2022b). In addition, we administered a measure of ethnic-
racial stereotypes about science — one major barrier to URG students in STEM — to
test for intervention changes in stereotype expression.

Another key goal of this research is to strengthen the internal validity by address-
ing a key limitation of prior work—the lack of a comparison group. Here, we had the
opportunity to recruit two comparison groups of students who did not participate in
the program, one at the beginning and one at the end of the program. This allows us to
compare science-related cognitions between the intervention and a comparison group
at the beginning of the program, and the intervention and a comparison group at the
end of the program. These between-subject analyses enable us to test, and rule out,
the possibility that the positive changes observed in previous research may result, at
least partly, from maturation effects, where students’ psychological constructs natu-
rally change over time.

By both replicating and addressing key limitations in Kuchynka et al., and (2021,
2022a, 2022b) work, we provide a more rigorous and comprehensive evaluation of
the robustness of the geoscience program while offering additional empirical insights
into the benefits of active learning strategies on STEM-related cognitions among
URG adolescents.

2 Overview of the present research

The present research examines the effectiveness of a four-week active learning geo-
science program with a group of URG high school students from an urban area where
Black and Latinx children make up 90% of the population in public schools. We
adopted a non-randomized quasi-experimental design, examining whether science-
related cognitions changed over time among students participating in our geoscience
intervention program and compared these changes to the science-related cognitions
of participants in alternative programs.
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Because active learning generally refers to and is reflected through a range of
instructional approaches that often function interactively within programs (Doolittle
et al., 2023; Prince, 2004), we test the general hypothesis that these approaches foster
positive changes in STEM-related social cognitions (as opposed to testing the effects
of specific active learning approaches on cognitions).

Specifically, hypothesized that the four-week geoscience program would elicit
stronger science identities (H;), increased social belonging in the sciences (H;),
increased positive attitudes toward science (H;;), greater science self-efficacy (H;,),
stronger intent to pursue science (H,), and reduced ethnic-racial stereotypes about
science (H,;). We evaluated these hypotheses in two ways’by examining changes in
these variables (a) within participants throughout the four-week intervention, and (b)
between participants in the intervention group and those a comparison group (see
Comparison Groups below for more detailed explanations of our two-comparison-
group structure).

3 Method
3.1 Participants, design, and procedure

Participants were high school students enrolled in various four-week summer youth
employment programs (described below). Parental consent and student assent were
obtained prior to participation. Participants were part of either the geoscience inter-
vention or one of two comparison groups. Because the research occurred in a natu-
rally occurring youth setting, methods such as random assignment were not feasible
(we return to this in the General Discussion).

All participants were instructed not to speak to anyone while completing the mea-
sures and were informed that their responses would remain confidential and that there
were no right or wrong answers. All study procedures were reviewed and approved
by the Rutgers University Institutional Review Board (Protocol # Pro2018001101).
Due to agreements with the school districts, data and codes are available only upon
request from the corresponding authors. Table 1 presents participants’ demographics.

3.1.1 Intervention group

The intervention included 42 students enrolled in the geoscience program, one of
several summer youth employment program offerings in an urban area that provided
paid summer work experiences for youth aged 14 to 24. The program recruits city-
wide through an online portal, with additional support from teachers who promoted
the program within schools. The geoscience program specifically targeted second-
and third-year high school students. Eligible students applied online, and placements
were offered on a first-come, first-served basis to those in good academic standing.
All 42 students in the geoscience program were invited to participate and complete
our measures at three different time points: Time 1 (start of the program on day 1),
Time 2 (midway through the program on day 9), and Time 3 (end of the program on
day 19), always at the start of the day. A total of 37 students (88.10%) completed all
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Table 1 Sample Demographics

Variable Intervention Time 1 Compari- Time 3
Group son Group Com-
parison
Group
(n=17-23) (n=29) (n=13)

Age 15.29 (.85) 16.48 (.88) 16.39
(1.04)

Gender

Girls 68.75 55.17 38.89

Boys 37.5 44.83 61.11

Other .00 0

Race/Ethnicity

White/Anglo or European 5.82 6.9 7.69

American

Black/African American, 70.59 31.03 84.62

Caribbean

Asian, Asian American, .00 .00 .00

Pacific Islander

Latino or Hispanic or 17.65 58.62 7.69

Chicano or Puerto Rican

Multiracial 5.88 3.45 .00

Native American .00 .00 .00

Middle Eastern or North .00 .00 .00

African

Other .00 .00 .00

School Year

Last year of middle school 5.88 .00 .00

Ist year of high school 70.59 31.03 15.38

2nd year of high school 29.41 20.69 38.46

3rd year of high school .00 47.62 46.15

4th year or higher of high .00 48.28 .00

school

Parent Education Level

Elementary school .00 6.9 .00

Middle school 5.88 10.34 7.69

High school 35.29 17.24 46.15

Some college .00 17.24 7.69

Complete college 17.65 31.03 7.69

Some graduate school 5.88 3.45 7.69

Complete graduate school 25.53 10.24 7.69

Other 5.88 .00

I do not know 11.76 3.45 15.38

Program Enrollment Status

Enrolled in the Geoscience Summer Program 100 0 0

Enrolled in a Non-Geoscience Summer Program 0 72.41 100

Not Enrolled in a Summer Program 0 27.59 0

Note. Figures represent percentages, except for Age, which reports Ms followed by SDs in parentheses
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measures for at least two time points — Times 1 and 2 (n=24), Times 1 and 3 (n=23),
and Times 2 and 3 (n=27) — and were retained for analyses.

3.1.2 Comparison groups

Due to the organization of the summer youth employment program, students in the
comparison groups at Time 1 (beginning of the program) and at Time 3 (end of the
program) were distinct, and there was no comparison group at Time 2. Like the inter-
vention students, participants in the two comparison groups were also second- and
third-year high school students recruited with the assistance of school administrators
at a local high school. All students in the Time 3 comparison group and the major-
ity (72.41%) of participants in the Time 1 comparison group were also enrolled in a
summer youth employment program offering (e.g., administrative work, community
service) that was not the geoscience intervention or a program with STEM-related
content. The remaining Time 1 comparison participants were enrolled in a non-sum-
mer youth employment program directly administered by a local high school.

Participants in the comparison groups completed the survey online at Time 1 (start
of the program on day 1) and Time 3 (end of the program on day 19), at any point
during the day. We tested the demographic compositions of Times 1 and 3 compari-
son groups. Chi-square tests demonstrate that participants across the two comparison
groups were not different in age (x*(4, N=42)=.81, p=94), gender (* (2, N=42)=1.59,
p=245), and school year (x* (2, N=42)=1.86, p=.39; see Table 1). Although partic-
ipants across Times 1 and 3 comparison groups were predominantly from groups
unrepresented in STEM (93.10% and 92.31%, respectively), there were some differ-
ences in some ethnic-racial groups (> (3, N=42)=8.77, p=.03). Time 1 comparison
group participants were 58.62% Latinx and 31.03% Black, while Time 3 comparison
group participants were 7.69% Latinx and 84.62% Black.

3.1.3 Geoscience program

The geoscience program, held at a northeastern urban university, was a paid sum-
mer youth employment program designed to provide URG high school students with
hands-on, experiential learning opportunities in applied geoscience (Gates, 2019).
The program aimed to help students apply scientific concepts to their lives, commu-
nities, and local environments through active learning strategies that emphasize self-
regulated, student-centered learning (Iran-Nejad, 1990; Prince, 2004)." Specifically,
the program leveraged four key active learning strategies: (1) active engagement, (2)
higher-order thinking, (3) peer instruction and collaboration, and (4) inclusive scaf-
folded instruction (Bell & Kozlowski, 2008; Bonwell & Eison, 1991; Prince, 2004;
Smith et al., 2009; Theobald et al., 2020). These strategies were embedded through-
out the program and operationalized through exercises such as hands-on activities,
games, field trips, and a team-based research project. All exercises involved stu-
dents solving problems or building models step by step, designed to promote active

"From the outset, A. Gates (second author) designed the geoscience program around the pedagogical
principles of active learning.
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engagement (Bonwell & Eison, 1991; Gates, 2019). Second, by participating in these
activities, including a multi-step research project, students engaged in complex,
higher-order thinking such as problem-solving, analysis, synthesis, and evaluation.
Third, to foster peer collaboration and instruction, students were placed in groups
on the first day and worked together throughout the program, explaining ideas and
solving problems.

Active engagement, or learning by doing (Bonwell & Eison, 1991), was central to
all exercises (Gates, 2019). For example, students attended seven off-campus field
trips to nearby environmental sites — local rivers, beaches, an urban estuary, and iron
mines — where they observed, explored, and collected environmental data (e.g., water
and soil samples). On campus, students participated in daily activities and games,
such as identifying minerals and rocks, testing soil samples for radioactivity, and
observing and experiencing geological phenomena by engaging in a range of hands-
on analog models. For example, water pollution was simulated by tracking the move-
ment of dye in a groundwater aquifer (Gates et al., 1996), and students interpret how
pollution contaminates drinking water and surface water. The program also included
other analog simulators, such as a tank that generates lateral waves to demonstrate
what happens when tsunamis hit the shore, an earthquake stimulator in which stu-
dents build block towers to learn the importance of base isolation, and a volcano
experience that uses melted glass to simulate and demonstrate the formation and
activities of lava (Gates, 2016). Taken together, these experiences of active engage-
ment in the field, lab, and classrooms aim to help students construct and reinforce
their geoscientific knowledge firsthand.

Higher-order thinking was heavily emphasized and embedded throughout the pro-
gram, but especially through a final group-based research project. During the pro-
gram, students collected water and soil samples in field trips, analyzed the samples in
the labs, and collaboratively interpreted and synthesized the findings. At the end of
the program, groups presented their projects as posters at their schools. This process
pushed students to engage in advanced cognitive skills—including problem-solving,
critical thinking, and evaluation—thereby strengthening their higher-order thinking
abilities. These skills and thus higher-order thinking was also incorporated through
geoscientific classroom games, in which teams of students strategized the purchases
and interpretation of data to identify the best drilling locations; students gained a
better understanding of the science behind oil accumulation and production (Gates
& Kalezynski, 2016).

Peer collaboration and instruction were embedded from the start to the end of
the program by placing students into small groups. Students collaborated on all exer-
cises, from daily activities and games to the final research project, iteratively explain-
ing ideas and solving problems with their peers. These exercises also fostered social
connections with peers.

Finally, inclusive scaffolded instruction was provided throughout the program.
Students received mentorship, guidance, and support from a diverse group of educa-
tors, including three high school science teachers (two men and one woman; two
Black and one Middle Eastern) and five undergraduate mentors (three women and
two men; three Latine, one Black, and one White). Prior to the program, all mentors
received training on topics such as how to handle high school student concerns and
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how to lead students in the fields. Students were not assigned to a specific teacher or
mentor; all participants received instruction and support from all teachers and men-
tors, who provided learning support (e.g., teaching concepts, answering questions,
leading activities, and providing feedback) and guidance throughout the students
experiences. Moreover, students attended presentations by geoscience profession-
als from diverse backgrounds, intentionally selected to reflect the experiences of the
students from groups underrepresented in the geosciences.

3.2 Measures
A list of all measures and their items is included in the supplementary materials.”
3.2.1 Science identity

Four items adapted from Starr (2018) and three items adapted from Stout et al. (2011)
measured science identity typicality and centrality on a 7-point scale ranging from 1
(Strongly disagree) to 7 (Strongly agree). A sample typicality item was, “I feel like I
am just like people who are good at the sciences,” and a sample centrality item was,
“How important are the sciences to you” Higher scores indicate stronger science
identity (Times 1, 2, 3 as=.81, .82, .92).

3.2.2 Science social belonging

Four items from Good et al. (2012) measured social belonging in science on a 5-point
scale ranging from 1 (Strongly disagree) to 5 (Strongly agree). A sample item was, “I
feel accepted in the sciences.” Higher scores indicate a stronger belonging in science
(Times 1, 2, 3 as=.76, .69, .44).,**

3.2.3 Science attitudes

Four 7-point semantic differentials from Dennehy and Dasgupta (2017) measured
feelings about science. The anchor labels were dislike-like, hate-love, boring-fun,
and bad-good, and the corresponding scale values ranged from -3 to 3. Higher scores
mean stronger positive attitudes toward science (Times 1, 2, 3 0s=.80, .83, .82).

2For all measures, Time 1 and Time 3 reliability scores were calculated on data collected from participants
in both the intervention and comparison groups. For Time 2, reliability scores were calculated on data col-
lected from participants only in the intervention group.

3 Cronbach’s alpha for Time 3’s measure of science belonging suggests low internal reliability. Exploratory
factor analysis identified a single-factor solution (eigenvalue>1) with two items (“I feel accepted in the
sciences’ and “I feel connected to the science community”; 7=.70; A=.80). Therefore, Time 3 analyses only
used these two items.

4Correlation tables for all participants respectively at Time 1 and Time 3 across both intervention and
comparison groups are provided in the supplemental materials.
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3.2.4 Science self-efficacy

Two items adapted from Stout et al. (2011) measured science self-efficacy on a 5-point
scale ranging from 1 (Not at all talented/confident) to 5 (Very talented/confident). The
items were, “To what extent do you think you have a talent for the sciences” and “To
what extent do you feel confident about your abilities in the sciences” Higher scores
indicate higher self-efficacy in science (Times 1, 2, 3 rs=.80, .84, .81).

3.2.5 Intent to pursue and persist in science

Two items adapted from Stout et al. (2011) measured intentions to pursue and persist
in science on a 5-point scale ranging from 1 (Not at all likely) to 5 (Extremely likely).
The items were, “If given the opportunity, how likely are you to pursue science in
college” and “If given the opportunity, how likely are you to pursue science as a
future job or career” Higher scores indicate higher intent to pursue and persist in sci-
ence (Times 1, 2, 3 rs=80, .83, .82).

3.2.6 Ethnic-racial science stereotypes

Two items adapted from BlaZev et al. (2017) and Mog¢ et al. (2021) measured beliefs
about the science talent and abilities of underrepresented relative to overrepresented
ethnic-racial groups in the sciences on a 7-point scale ranging from (1) Strongly dis-
agree to (7) Strongly agree (7). The items were, “Do you think that in general White
and Asian people have more talent at the sciences than Black and Latino people”
and “Do you think that in general White and Asian people have more ability in the
sciences than Black and Latino people” Higher scores indicate stronger ethnic-racial
STEM stereotypes (Times 1, 2, 3 rs=.63, .52, .79).

3.3 Data analysis plan

Our analysis plan to test Hypotheses i-vi consisted of two main steps. First, we
directly replicated the previous studies and tested the within-subject changes in sci-
ence-related cognitions among students in the intervention condition across three
time points throughout the geoscience program. Here, we ran three repeated-mea-
sures multivariate analysis of variance (MANOVA) that treated Time as a two-level
within-participant factor.® Specifically, each MANOVA compared changes in mea-
sured variables across three pairs of time points: (1) Time 1 to Time 2, (2) Time 2 to
Time 3, and (3) Time 1 to Time 3. We then conducted a series of repeated-measures
analyses of variance (ANOVA) on each measure to unpack changes over time.
Second, we analyzed data from comparison group participants who completed
the measures at Time 1 and Time 3. Here, we ran a MANCOVA to examine group

SWe also examined within-subject changes across all three time points (Time 1, Time 2, and Time 3) by
adopting a three-level repeated measures MANOVA. However, due to the small number of participants
who completed all measures across all three time points, and given that the observed pattern is consistent
with the analyses reported above, we report these results in the supplemental materials only.
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Table2 Time 1: Zero-Order Correlations among all Measured Science-Related Social Cognition Variables

Variable 1 2 3 4 5 6

1. Science Identity - .05 .39% S52%* 50% 31
2. Science Social Belonging .10 - .09 23 .35 .04
3. Science Attitudes A44* .06 - 46* O5HH* -.35
4. Science Intent 23 1 .04 - O2¥** .06
5. Science Self-Efficacy A40%* .20 36 18 - 18
6. Ethnic-Racial Science Stereotypes -.18 .10 36* .09 -.17 -

Note. Zero-order correlations for intervention group at Time 1 who completed all measures at Times 1
and 2 or Times 1 and 3 (n=30) are displayed below the diagonal, and correlations for comparison group
at Time 1 (n=13) are displayed above the diagonal

*p<.05, ¥¥p<.01, ***p<.001

Table 3 Time 2: Zero-Order Correlations among all Measured Science-Related Social Cognition Variables
Variable 1 2 3 4 5
1. Science Identity

2. Science Social Belonging -

3. Science Attitudes AS5* 39% -

4. Science Intent 60 ** A2% 13 -

5. Science Self-Efficacy 49% 24 A41%* 33 -
6. Ethnic-Racial Science Stereotypes .09 —-.09 -.12 36* 22

Note. Zero-order correlations for intervention group at Time 2 who completed all measures at Times 1
and 2 or Times 2 and 3 (n=35) are displayed

"p<.05, #¥p<.01, ¥+¥¥p< 001

differences across all science-related cognition measures between students in the
intervention group and those in the comparison group at Time 1 and again those
in the comparison group at Time 3, followed by a series of analyses of covariance
(ANCOVAs) to unpack changes between groups. For these tests, group was treated
as the independent variable, and age, school year, and ethnicity/race were entered
as covariates. To ensure that any observed between-participant differences were not
driven by systematic variations between the two comparison groups, we adopted
one-way ANOVAs testing for differences between Times 1 and 3 comparison groups.

All analyses of variance described above were conducted with 10,000 bootstraps
because it offers the advantage of making more accurate inferences when a sample
size is not large (Fox, 2015). Finally, we report findings with p-values between .05
and .10 to assess their consistency with previous results. However, we treat these
findings as descriptive trends only and do not draw definitive conclusions.

4 Results

Tables 2, 3, 4, 5 report the zero-order correlations among all measured variables
across the three time points, including data from both the intervention and compari-
son groups at Times 1 and 3 (see Tables 2 and 4), as well as from the intervention
group at Time 2 (see Table 3).
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Table4 Time 3: Zero-Order Correlations among all Measured Science-Related Social Cognition Variables

Variable 1 2 3 4 5 6

1. Science Identity - 17 34 .65% .80* —.11
2. Science Social Belonging 38* - .06 13 A1 -11
3. Science Attitudes S5T7* 45% - .30 22 43
4. Science Intent TOF** 34% 23 - JT2EE* .00
5. Science Self-Efficacy .68%* 32 39% - - —.04
6. Ethnic-Racial Science Stereotypes -.05 .07 -.20 - 12 -

Note. Zero-order correlations for intervention group at Time 3 who completed all measures at Times 1
and 3 or Times 2 and 3 (n=35) are displayed below the diagonal, and correlations for comparison group
at Time 3 (n=29) are displayed above the diagonal

*p<.05, ¥¥p<.01, ***p<.001
4.1 Did science-related social cognitions change throughout the program?
4.1.1 Within-subject analyses: intervention group only

We first examined if science-related identity, belonging, attitudes, self-efficacy, inten-
tions, and stereotypes changed from Time 1 (start of the program) to Time 3 (end of
the program) among participants who completed all measures across both time points
(n=23). We ran one MANOVA with the six science-related social cognition variables
entered as the criteria and Time as the fixed-effects factor. The multivariate effect of
Time was significant, F (1, 22)=8.40, p<.0001, p2=.28.

As summarized in Table 5, a series of ANOVAs revealed that, compared to the
beginning of the program, intervention participants at the end of the program reported
higher social belonging in science (|M,;;5|=0.44, SE=.19, p=.03, 95% CI [.04, .85],
p2=.19) and stronger intentions to pursue and persist in science (|M,;41=0.46, SE=.18,
p=202, 95% CI [.09, .83], p2=.23). The scores of measures on science identity were
higher at the end of the program than at the beginning (|M,,;=0.27, SE=.14, p=.07,
95% CI [-.02, .56], p2=.14), but this was not statistically significant. No other changes
from Times 1 to 3 emerged, ps=.39.82.

Next, we conducted two sets of analyses to further investigate the descriptive
within-subject changes at Time 2 (midpoint) of the program. We first used the same
MANOVA approach reported above to test if changes in the science-related social
cognitions emerged from Time 1 (start of the program) to Time 2 (middle of the
program) among participants who completed all measures across both times (n=24).
The multivariate effect of Time was significant, F' (1, 23)=11.47, p<.001, p2=.33.
As summarized in Table 5, compared to program start, participants at the middle of
the program exhibited weaker science identity, (|M;; [=0.44, SE=.13, p=.002, 95%
CI[.17, .72], p2=.33), less positive attitudes about science, (|M; [<0.83, SE=.29,
p=.008, 95% CI [.24, 1.43], p2=.27), weaker intentions to pursue and persist in sci-
ence (|Myy [=0.29, SE=.13, p=.04, 95% CI [.01, .57], p2=.17), and weaker science
self-efficacy (|M,;;[=0.53, SE=.15, p=.002, 95% CI [.23, .85], p2=.36). No other sig-
nificant changes emerged from Times 1 to 2, ps=.19.69.

Finally, we used the same MANOVA approach reported above to test for changes
in the science-related social cognitions from Time 2 (middle of the program) to Time
3 (end of the program) among participants who completed all measures across both
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time points (n=27). The multivariate effect of Time was significant, F' (1, 26)=23.64,
p<.001, p2=.48. As summarized in Table 5, compared to the middle of the program,
participants at the end of the program reported stronger science identity (|M;;[=0.40,
SE=.14, p=.008, 95% CI [.12, .69], p2=.24), stronger intentions to pursue and persist
in science (|M;[=0.59, SE=.17, p=.001, 95% CI [.25, .93], p2=.33), stronger science
self-efficacy (|M [<0.56, SE=.12, p=.0001, 95% CI [.30, .81], p2=.44). The scores
on measures of science attitudes (|My;; [=0.41, SE=.19, p=.051, 95% CI [-.003, .81],
p2=.14) and science social belonging (|My [=0.32, SE=.18, p=.09, 95% CI [-.05,
.68], p2=.1 1) were higher at the end of the program than at the middle, but these were
not statistically significant. Also, no changes were evident on ethnic-racial science
stereotypes, p=.83.

4.1.2 Between-subject analyses: intervention group vs. comparison groups

To address the alternative explanation that the observed changes were driven by
longitudinal time effects as opposed to participation in the geoscience program, we
conducted an additional test of our hypotheses by comparing the differences in the
science-based social cognitions between the intervention and comparison groups (see
Table 6). We first tested the differences between the two groups at Time 1 as a base-
line check — i.e., whether participants in both groups held similar levels of social
cognitions about STEM at the outset of all summer programs. We then tested group
differences at Time 3 (end of the program) — i.e., if differences in STEM social-
cognitive variables were present at Time 3. Differences at Time 3 would provide
descriptive evidence supporting the effectiveness of the program.

As a baseline check at Time 1, the MANCOVA suggests that science-related
social cognitions did not differ significantly between the intervention and compari-
son groups, F (7, 50)=1.96, p=.08, np2=.24. Furthermore, ANCOVA results revealed
that participants in both groups at Time 1 reported similar levels of identity, social
belonging, attitudes, self-efficacy, and intentions to pursue and persist in science
(ps=.11.82).

We then tested for group differences at the end of the program. At Time 3, the MAN-
COVA suggests significant differences in science-related social cognitions between
the intervention and comparison groups, F (7, 34)=2.83, p=.02, np2=.41. Specifi-
cally, participants in the geoscience program reported stronger science identity (|M;;
|=1.16, SE=.33, p=.001, 95% CI [.51, 1.83], np2=.27), greater sense of social belong-
ing in science (|Myy [<0.78, SE=.29, p=.01, 95% CI [.02, 1.36], np2=.18), higher
self-efficacy in science (|M,;; [=0.88, SE=.32, p=.009, 95% CI [.23, 1.53], np2=.18),
and stronger intentions to pursue and persist in science (|M ;;[=0.79, SE=.35, p=.03,
95% CI .09, 1.50)), np2=.13), relative to participants in the comparison group. No
difference emerged in science attitudes at Time 3, p=.88.

Unexpectedly, ethnic-racial science stereotypes at Time 1 were higher among the
intervention group participants relative to the comparison group participants, [M;
[=1.02, SE=.40, p=.01, 95% CI [.21, 1.83], np2=.13. However, this difference disap-
peared at Time 3, p=.14.

Finally, since we used two distinct comparison groups (see Participants, Design,
and Procedure above), the observed differences above may be due to variations in
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the measured variables between the two comparison groups. Thus, to rule out this
alternative explanation, we conducted a MANCOVA, which yielded no significant
differences in the science-based social cognition measures between Times 1 and 3
comparison groups, F (6, 40)=.69, p=.66.

5 Discussion

Overall, our high-school participants, all of whom were from URGs in the geosci-
ences, reported higher levels of most science-related social cognitions from the
beginning to the end of the geoscience program. Over the course of their four-week
participation, students in the geoscience program exhibited higher levels of science-
related social belonging (H;;) and intentions to pursue and persist in science (H,)
by the end of the program. The observed decline-then-rebound pattern across the
duration of the program is consistent with our past work (Kuchynka et al., 2022a,
2022b). However, in the absence of a comparison group at Time 2, all within-subject
comparisons with Time 2 should be interpreted as descriptive.

Additional evidence for the effect of the geoscience program emerged when
students in the geoscience program were compared to students in the comparison
groups. At the beginning of the program, students in the intervention and comparison
groups showed similar levels across all science-related cognitions (except sterco-
types). However, at the end of the program, the intervention participants showed
stronger science identity (H;), a greater sense of social belonging in science (H;),
stronger science self-efficacy (H;,), and stronger intentions to pursue and persist in
science (H,), relative to students who did not participate in the program. These results
suggest that the observed boosts in science-related social cognitions were less likely
to be driven by longitudinal time effects (Kuchynka et al., 2021, 2022a, 2022b).

Lastly, while we did not observe any longitudinal changes in ethnic-racial sci-
ence stereotypes (H,,), the geoscience program students initially displayed stronger
stereotypes than the comparison group, but this difference disappeared by the end of
the program.

5.1 General discussion

STEM-related cognitions, including identity, social belonging, attitudes, self-efficacy,
and intentions to pursue STEM, predict adolescent students’ short- and long-term
STEM aspirations and engagement (e.g., Maltese & Tai, 2011; Starr & Simpkins,
2021a, 2021b; Wang et al., 2022). However, URG students in traditional educational
settings tend to receive less support and resources in STEM compared to their non-
URG peers, potentially hindering URG students’ development of positive STEM-
related cognitions. Thus, identifying educational interventions that facilitate positive
changes in STEM-related cognitions is an important step to broadening URG stu-
dents’ participation in STEM. The current research adopted a non-randomized quasi-
experiment design in a naturalistic environment to test whether participation in a
four-week geoscience summer program incorporating active learning facilitated pos-
itive changes in science-related cognitions among URG high school students.
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From the beginning to the culmination of the four-week program, participants in
the intervention group exhibited a stronger sense of social belonging in science and
greater intentions to pursue and persist in science stronger identification with science.
Science-related self-efficacy and attitudes demonstrated a decline-then-rebound pat-
tern —i.e., they decreased in the first half of the program, then increased in the second
half. These effects were further corroborated when we compared participants in the
intervention group to those in the comparison groups. By the end of the program, stu-
dents exhibited higher levels of science identity, social belonging in science, science
self-efficacy, and intentions to pursue and persist in science compared to those who
did not participate in the program.

Notably, the observed decline-then-rebound pattern is squarely consistent with
Kuchynka et al., (2022a, 2022b), who showed that boosts in some science-related
cognitions primarily occurred from the middle to the culmination of the program.
The convergent evidence is informative for understanding students’ experiences in
a STEM program that incorporates active-learning approaches as opposed to tradi-
tional instructional approaches. However, the decline-then-rebound pattern should
also be interpreted with caution due to the absence of a comparison group at Time 2.
At best, the data are descriptive within-group trends rather than effects attributable
to the program.

Within- and between-subject analyses converged in showing that participation in
the program was linked to greater science social belonging and stronger intentions
to pursue science. Stronger social belonging may be driven by the program’s incor-
poration of peer instruction and collaboration — a key element in the active learning
approach. Specifically, attending the program provided students with repeated oppor-
tunities to engage with similarly-aged peers from their ethnic-racial ingroup across
a range of activities, from daily science games to fieldwork. This notion aligns with
Social Identity Theory, which suggests that frequent interaction with ingroup mem-
bers and similar others can strengthen feelings of inclusion (Hogg & Terry, 2000).
Peer collaboration may also help explain students’ greater intentions to pursue sci-
ence, as exposure to similar ingroup peers can signal who belongs in the field and
whether one fits within that community. Thus, immersion in an environment where
many peers and instructors share students’ ethnic-racial backgrounds may support
stronger intentions to pursue and remain in science. However, as reviewed in the
Introduction, active learning in practice involves a range of approaches that often
operate interdependently (Doolittle et al., 2023; Prince, 2004), making it difficult to
isolate the specific role of any single component in the current study. Therefore, we
interpret these changes as reflecting the broader program experience rather than the
effect of one isolated feature.

The expression of ethnic-racial stereotypes by student participants in the geo-
science program did not change over time. Interestingly, students in the program
expressed stronger stereotypes than students in Time 1’s comparison group. How-
ever, stereotypes were similarly expressed by students in the geoscience program and
those in Time 3’s comparison group. One possible explanation is that the students
who chose to participate in the geoscience program had more learning experiences
with science in general compared to those who did not. Their richer exposure to sci-
ence may have coincided with more experiences with facing stereotypes about URGs
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in science (e.g., from peers, teachers), which could perpetuate the expression of these
same stereotypes. Another possible explanation is the fact that the program did not
explicitly target stereotypes. Past effective stereotype-reducing classroom interven-
tions showed that a multi-step persuasion approach that includes elaborate training
about the inaccuracy of stereotypes could effectively reduce gender-math stereotypes
(Cyr et al., 2023).

5.2 Limitations and future directions

One limitation of the present research is participant attrition, as some students in the
intervention group did not complete measures across all three time points, result-
ing in a relatively small final sample size. This was partly due to the research being
conducted in a natural urban setting where adolescent participants were enrolled in
a citywide summer youth program organized and managed exclusively by the local
workforce division. Although the smaller sample sizes, and resulting reduced sta-
tistical power, may have limited our ability to detect changes over time, and thus
findings should be interpreted with caution, the results nevertheless replicated prior
work (Kuchynka et al., 2021, 2022a, 2022b), underscoring the effectiveness of this
geoscience intervention and its role in fostering positive changes in science-related
social cognitions among the URG students over time.

Given the logistical constraints of data collection in this natural learning setting,
we were limited to recruiting two distinct comparison groups, one at Time 1 and
another at Time 3. We addressed the potential confounds from this limitation in two
ways. First, using two comparison groups may raise concerns that observed differ-
ences in science-related social cognition variables at Time 3 reflect pre-existing dif-
ferences rather than intervention effects. However, our data showed no differences
in the social-cognitive measures between students in the intervention and those in
the comparison group at Time 1. Second, the two comparison groups did not differ
in demographic characteristics or science-related social cognitions when comparing
Time 1 to Time 3. These findings suggest that differences between the intervention
group and the comparison group at Time 3 were likely driven by the intervention
itself rather than by underlying pre-existing differences.

The absence of comparison group data at Time 2 limited our ability to interpret
changes in the intervention group across the full duration of the program, particu-
larly given the decline-then-rebound pattern observed for several variables. How-
ever, because the two comparison groups at Time 1 and Time 3 were similar in
demographic and social-cognitive factors, it is unlikely that non-participation in
the intervention would produce changes in the science cognition variables at Time
2. Importantly, the longitudinal pattern we observed, including the decline-then-
rebound pattern, replicates findings from Kuchynka et al., (2022a, 2022b), who
tested the identical intervention program. Thus, despite these limitations, our work
contributes to consistent evidence supporting the effectiveness and robustness of the
program in enhancing URG students’ science-related social cognitions. To strengthen
causal inference, future research should adopt a mixed-factorial experimental design
that randomly assigns participants to either the intervention or comparison group and
tracks changes in each group over all time points. Such a design would also allow
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researchers to isolate and manipulate the specific active learning components of the
intervention that drove the observed effects. These data could contribute to refining
active learning programs.

Furthermore, participation in the geoscience program and in the program from
which comparison group participants were recruited was self-selected rather than
randomly assigned. Although the naturalistic setting of the present study provides
strong ecological validity, the absence of random assignment limits the ability to
draw causal inferences regarding the effects of program participation on social-cog-
nitive outcomes. To complement the present findings and establish strong causal evi-
dence, future research could employ experimental designs with random assignment
in more controlled settings.

Furthermore, because participants self-selected into the geoscience program,
selection bias may have influenced both program enrollment and outcomes. How-
ever, intervention and comparison participants were drawn from the same high school
population and were similar in age, grade level, ethnic-racial identity, and geographic
location. In addition, no significant baseline differences in science-related cognitions
were observed between groups at the start of the program. This convergent evidence
across analyses strengthens confidence in the robustness of the findings. Neverthe-
less, unobserved and unmeasured characteristics may still confound the results. To
minimize selection bias and strengthen causal inferences, future research could adopt
more rigorous designs and analytical strategies with larger samples as alternatives
to experimental designs. For example, matching or weighting participants (e.g., pro-
pensity score methods) on theoretically or empirically relevant variables prior to the
intervention (Pan & Bai, 2015; Shadish et al., 2002). Additionally, systematically
documenting factors that drive participation decisions may help account for potential
confounding influences (King & Nielsen, 2019).

Finally, we did not include a formal implementation fidelity assessment, which
could reveal risks to internal validity and the program’s ability to replicate prior stud-
ies (Martella et al., 2023). However, we took steps to ensure consistent implementa-
tion across participants. All students completed the same structured program at a
single university site, received guidance from the same group of trained instructors
and mentors, and participated in field- and lab-based activities in the same space.
Importantly, we adopted the same activities, curriculum, structure, and training pro-
tocols as Kuchynka et al., (2021, 2022a, 2022b), enhancing confidence in the pro-
gram fidelity and replication capacity. Thus, the program was delivered as intended
to align with the designs of Kuchynka et al., (2021, 2022a, 2022b).

Notably, the absence or inconsistent use of fidelity implementation assessments
is a widely recognized challenge in active learning research (Martella et al., 2023),
as well as in the broader field of educational and behavioral intervention research
(Nunes et al., 2025; Toomey et al., 2026). Thus, although the lack of a formal fidel-
ity assessment is a limitation of the present study, it should be understood within
this broader methodological context. Importantly, future research on educational pro-
grams and intervention evaluations would benefit from incorporating comprehensive
and rigorous fidelity measures to verify implementation of the program components
and strengthen internal validity.
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5.3 Practical implications

Notwithstanding its limitations, the present work, combined with our past research
(Kuchynka et al., 2021, 2022a, 2022b), underscore the potential benefits of imple-
menting active learning strategies in science education settings. Active learning
approaches are less common than traditional, passive instructional approaches in
classrooms, particularly in those with predominantly URG students (Rubel & Chu,
2012; Lareau, 2018; Heath et al., 2017; Musto, 2019). For example, high school
teachers of predominantly Latinx and Black students from urban cities tend to adopt
low cognitive-level math tasks characterized by procedural execution and memo-
rization (e.g., memorizations of facts without connections to the contexts) and to
emphasize the preparation for standardized tests over challenging students with more
complex materials (Rubel & Chu, 2012). Further, compared to their White and Asian
peers, URG students have fewer opportunities to take part in educational experiences
incorporating active learning strategies, such as advanced-level courses and extracur-
ricular activities (Lareau, 2018; Heath et al., 2017; Musto, 2019).

Taken together, findings across three studies — Kuchynka et al., (2021, 2022a,
2022b) and the current study — suggest that educational institutions and educators,
particularly those serving predominantly URG students, should incorporate more
active learning approaches (e.g., case studies, hands-on science activities, group
projects) because they foster strong STEM-related cognitions that may broaden par-
ticipation in STEM. Further, institutions should provide instructors, especially newer
ones, with the necessary support and resources (e.g., professional development) to
effectively integrate active learning strategies into their classrooms. One key barrier
to adopting active learning approaches is instructors’ lack of knowledge and per-
ceived difficulties in implementing these practices (Auerbach et al., 2018; O’Grady
etal., 2014).

Finally, our findings suggest that policymakers responsible for childhood edu-
cation should promote effective STEM programs for URG students to boost their
participation and achievement. Over the years, U.S. federal agencies have invested
in numerous congressionally funded programs for URG students at all educational
levels, aiming to increase their STEM participation. For instance, NASA’s Minority
University Research and Education Project (MUREP) Pre-college Summer Institute
prepares URG high school students for STEM degrees through hands-on, NASA-
based STEM learning activities. At the college level, the Louis Stokes Alliances for
Minority Participation (LSAMP), funded by National Science Foundation (NSF),
supports URG students through research experiences, mentoring, and scholarships.
By adopting evidence-based educational strategies and active learning approaches,
these programs can create equitable and effective learning environments for URG
students, optimizing their potential in STEM (Holmes et al., 2025).

However, at the time of penning this manuscript, programs face an unprecedent-
edly precarious future. On January 21, 2025, the U.S. President Donald J. Trump
signed an executive order to terminate or significantly curtail policies and programs
that adopt “dangerous, demeaning, and immoral race- and sex-based preferences
under the guise of so-called ‘diversity, equity, and inclusion’ (DEI) or ‘diversity,
equity, inclusion, and accessibility’ (DEIA)” (The White House, 2025). This order
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has led to cutting or terminating federal funding (e.g., LSAMP) for countless equity-
based STEM academic and research programs (Gewin, 2025; Witze, 2024). Also,
the Trump administration’s newly developed Department of Government Efficiency
(DOGE) announced $900 million in budget cuts to the U.S. Department of Edu-
cation, including cutting the Institute of Education Sciences (IES), which provides
essential data for evidence-based policies addressing educational inequities (Mon-
tague & Goldstein, 2025).

Although academic and research initiatives aimed at supporting STEM diversity
are at significant risk of disappearing, a growing body of research (e.g., Kuchynka
et al., 2021, 2022a, 2022b; Theobald et al., 2020; Wang, 2012), including the cur-
rent study, demonstrates the critical role of effective, equitable instruction in URG
students’ STEM achievement. The lack of demographic diversity (e.g., ethnicity/
race, gender, ability) in STEM may restrict the talent pool, constrain innovation, and
weaken economic growth (National Science Board & National Science Foundation,
2024; Holmes et al., 2025). Taken together, dismantling equity and diversity initia-
tives in STEM may not only pose immediate risks to individual students by hinder-
ing their ability to achieve their full potential but also have upstream detrimental
consequences for the United States by restricting STEM innovation and shrinking the
STEM workforce (Holmes et al., 2025).

6 Conclusions

The current intervention research demonstrates that participation in a four-week sci-
ence educational program that incorporated active learning strategies was generally
linked to enhanced science-related social cognitions among URG high school stu-
dents. By the end of the program, URG students showed higher science-related social
belonging, intentions, and identity compared to the start of the program. Although
participation in the program was not linked to stereotypes, these positive changes
in science-related social cognitions may buffer against negative effects rooted
in stereotypes. These findings suggest that active learning strategies can promote
URG students’ engagement and persistence in science. The research underscores
the need for institutions and policymakers to provide URG students with more’not
fewer’opportunities to engage in active learning activities and to allocate adequate
resources that enable teachers to effectively implement instructional methods incor-
porating active learning.
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