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Increasing academic participation among students from ethnic-racial underrepresented
groups in STEM vyields societal benefits including ameliorating economic ramifications of
the labor shortages in STEM, improving scientific innovation, and providing opportunity,
access, and participation in high-status STEM fields. Two longitudinal studies with
students from underrepresented groups investigated the role of active learning
interventions in the development of STEM self-efficacy and intentions to pursue STEM
in the future. Study 1 longitudinally tracked high school students participating in a 4-week
geoscience program that applied active learning techniques ranging from hands on
experiments to peer discussion. High school student participants displayed increases
in self-efficacy and STEM intentions from the start to completion of the program, an effect
that was observed exclusively among those who reported strong program quality. Study 2
examined the role of mentorship effectiveness with a sample of community college STEM
students interested in transferring to a 4-year college. Students’ relatively strong self-
efficacy and STEM intentions at the start of the semester remained stable through the end
of the semester. Altogether, the present research highlights the role of positive, inclusive
educational climates in promoting STEM success among students from underrepresented
group members.

Keywords: STEM interventions, minorities, mentorship, educational climate, STEM education, high school,
community college (Min5-Max 8)

INTRODUCTION

Among all students who enter college with intent to pursue STEM, only 43% of Latinx and 34% of
Black students earn a STEM degree, compared to 58% of White students (Riegle-Crumb et al., 2019).
Indeed, ethnic-racial identification is the strongest predictor of who leaves STEM during college,
above and beyond other relevant characteristics such as gender and socio-economic status (Shaw and
Barbuti, 2010). The relatively high STEM attrition among students who identify with
underrepresented groups (URGs; Black, Latinx, Native American, and women) is caused in part
by relatively unwelcoming atmospheres that impair URG confidence and undermine STEM
intentions (Seymour and Hewitt, 1997). Similarly, the numeric underrepresentation of
individuals from URGs in STEM creates cultural stereotypes that link STEM competence to
White and Asian men (Miller et al., 2015; Eaton et al., 2020), which make stigmatized identities
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FIGURE 1 | Bandura (1978) model of triadic reciprocality applied to STEM environments, personal factors, and STEM intentions.

STEM Intentions

(persistence, cognitive effort
and attention, engagement
with challenging material and
coursework)

salient in STEM classrooms (Cheryan et al.,, 2015), especially
under testing circumstances (Steele, 1997). Finally, stereotype
activation impairs performance (Spencer et al., 2016), diminishes
personal belief in the ability to succeed (self-efficacy) in a
stereotyped domain (Dasgupta, 2011), and drives academic
isolation (Swarat et al., 2004). To address the barriers that
affect STEM attrition among URGs, researchers are seeking to
identify which STEM education settings are conducive for URG
success and why.

Active learning strategies counter challenges associated with
URG numeric underrepresentation in STEM education settings
by facilitating collaborative, inclusive, and self-efficacious
learning environments (Theobald et al, 2020). Furthermore,
active learning strategies prepare students and trainees for the
flexible thinking required among most contemporary careers
(Ahmad, 2019; Hesketh, 1997). Indeed, implementing more
active learning strategies in STEM education increases URG
participation in STEM careers, which in turn promotes
United States economic competitiveness by improving
innovation through increased diversity of thought (Richard,
2000; Lee and Buxton, 2010). The present research couches
active learning within Bandura (1978) triadic reciprocality
among the environment, personal factors, and behavior. As
displayed in Figure 1, and discussed below, positive
educational climates, self-efficacy, and intentions to persist in
STEM are all inextricably linked (Nauta et al., 1998; Nauta et al.,
2002; Vogt, 2008; Zeldin et al., 2008; Byars-Winston et al., 2010).
Positive educational climates adopt active learning and are
supportive and inclusive, thus promoting student dignity and
feelings of agency over their learning (Thapa et al., 2012). These
factors are theorized to disproportionately benefit URG students’
self-efficacy and intentions to persist in STEM (Seymour and
Hewitt, 1997). We test these components and their interrelations
across two longitudinal STEM intervention studies with URG
high school and community college students.

Active Learning
Learning STEM material via traditional, passive classroom

settings is historically popular in the United States (Wise,
1996), but active learning and its processes and benefits are
unparalleled, including in STEM (for a review, see Ishiyama,
2013; for a meta-analyses, see Freeman et al., 2014; Schroeder
etal., 2007). Active learning strategies are rooted in constructivist
theories of learning that position the learner in control of their
own knowledge acquisition, compared to the traditional teacher-
student transmission of knowledge referred to as “teaching by
telling” (Ivancic and Hesketh, 1995; Smith et al., 1997). Instead of
placing the responsibility for learning-based decisions on an
external source, typically the teacher, the learner oversees
choosing information to process while monitoring
physiological arousal including regulating one’s stress response
during the learning process (Iran-Nejad, 1990). Active learning
requires exploration and experimentation with a goal to develop
domain specific skills (Ishiyama, 2013). Though active learning
entails a wide breadth of potential activities that can be
incorporated inside or outside of traditional classrooms, the
central goal is for the learner to be in control of the learning
process to create flexible and adaptive thinking.

Research on educational climates and applied STEM
coursework also support the benefits of active over passive
learning environments (McNeil, 2000; Thapa et al, 2012;
Sublett, and Plasman, 2017). Educational climate research
emphasizes that students experience superior short-term and
long-term  outcomes when embedded in supportive,
cooperative, and respectful educational environments, where
students are encouraged to actively participate in the learning
process (Thapa et al., 2012). Research on applied STEM courses
highlight how hands-on learning opportunities help
contextualize more abstract STEM concepts in real-world
settings, which promote academic engagement and reduces
anxiety (Bozick et al, 2014; Sublett, and Plasman, 2017).

Frontiers in Education | www.frontiersin.org

December 2021 | Volume 6 | Article 668239


https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles

Kuchynka et al.

Finally, a meta-analysis of 225 studies that directly compared the
performance of students participating in active versus passive
(traditional) STEM courses showed that not only does active
learning significantly improve student performance, students in
active learning settings were 1.5 times more likely to pass STEM
courses (Freeman et al., 2014).

Another factor central to active learning environments is an
inclusive and respectful community of peers, mentors, and
teachers (Theobald et al., 2020). Active learning environments
characterized by a “culture of inclusion” close achievement gaps
between URG and non-URG students in STEM, because they
provide dignity, collaboration, and communication of confidence
in student ability (Theobald et al., 2020). Engaging with peers on
relevant material improves performance, retention, and critical
thinking (Stefanou, and Salisbury-Glennon, 2002; Kudish et al.,
2016). For example, small group interactions in a traditional
lecture hall gateway course increased performance and retention
of Black students in STEM, compared to Black students who
participated in a control group (Treisman, 1992). Discussing
science promotes expert-like thinking (Hammer, 1994; Otero
and Gray, 2008) and reduces academic isolation, which promotes
performance and persistence among URG students (Swarat et al.,
2004). Mentors and teachers guide learners through active
learning by teaching techniques to regulate physiological
arousal, attention, and effort, while encouraging students to
construct their own conceptual understanding of tasks and
constructs (Bell, and Kozlowski, 2008). Even though active
learning emphasizes the learners’ role in knowledge
acquisition, learners still need guidance from mentors to learn
effective strategies while receiving feedback on their progress.
Mentoring programs even present the capacity to close self-
efficacy gaps between URG and non-URG college students
(MacPhee, Farro, and Canetto, 2013).

Given the evidence for active learning as an effective mode of
learning, research questions now center on the efficacy of
different types of strategies (Bell and Kozlowski, 2008; Dou
et al, 2018), who they benefit (Ballen et al, 2017), and the
mechanisms that underlie them (Ballen et al., 2017; Cleveland
etal., 2017). We contributed to this research by testing the role of
active learning in promoting self-efficacy in STEM and in
strengthening intentions to pursue STEM.

Self-Efficacy

Performance in STEM gateway courses is repeatedly found to be a
primary predictor of STEM persistence during college, and URG
students typically underachieve in these notoriously rigorous
courses relative to non-URG students (Chen and Soldner,
2013; Aulck et al, 2017), even after controlling for prior
performance and preparation, suggesting that performance
gaps are attributed to psychological processes instead of ability
(Haak et al., 2011). One such psychological process linked to
STEM performance is self-efficacy, which refers to an individual’s
belief in their capabilities in a certain domain, as well as being able
to exercise control over their success in said domain (Bandura,
1977, 1982). Self-efficacy predicts future performance above and
beyond past performance (Bandura and Locke, 2003). Among
students who intend to major in STEM during college, those who

Underrepresented Students’ STEM Self-Efficacy

leave STEM demonstrate lower self-efficacy than those who
persist in STEM (Shaw and Barbuti, 2010).

Self-efficacy is a malleable source of domain-specific
motivation and it covaries with appraisals of personal
experiences, such as past performance, and situational factors,
such as salient stereotypes (Fogliati, and Bussey, 2013; Schuck,
1989). Weak self-efficacy results in impaired academic
performances (Pajares, 2005; Vogt, 2008), thereby creating a
feedback loop such that personal interpretations of past
performances alter self-beliefs and interactions with their
environments, which then influence future performances
(Pajares, 1996). As depicted in Figure 1, Bandura (1978)
originally conceptualized this reinforcing cycle as triadic
reciprocality in which environmental, behavioral, and personal
factors continuously interact to either bolster or diminish
performance. Active learning can increase self-efficacy via
Bandura (1978) sources of self-efficacy-mastery experiences,
psychological  arousal, vicarious learning, and social
persuasion. Mastery experiences such as hands-on guided
exercises can increase self-efficacy over time, because the
learner first decides how to approach the task, then
continuously observes themself developing the skill, while
simultaneously receiving positive feedback on their progress
from teachers and mentors. For URG students pursuing
STEM, mentorship enhances self-efficacy and intentions to
persist because supportive mentors represent a powerful
source of social persuasion by providing encouragement and
recognition as a STEM group member (Betz and Schifano,
2000; Carlone and Johnson, 2007; Stout, Dasgupta, Hunsinger,
and McManus, 2011). Mentors can also engage in intellectual
discussions with the learners, which is a simple, yet effective
active learning strategy that boosts self-efficacy and performance
(Hammer, 1994; Otero and Gray, 2008).

Once a sufficient level of self-efficacy is achieved, it serves as a
source of domain specific motivation where people put forth
more mental effort (Rittmayer and Beier, 2008) and persist longer
(Bandura, 1977). Low self-efficacy results in avoidance of tasks
and relevant domains, whereas high self-efficacy promotes
engagement, active participation, and sustained pursuit of
challenging tasks (Pajares, 1996; Komarraju and Nadler, 2013).
Self-efficacy is the mechanism underlying the relation between
engaging in active learning strategies and superior performance
among URG students in STEM (Ballen et al., 2017). Furthermore,
the theorized link between self-efficacy and improved
performance is due to increased self-regulation during
performance such that one becomes more cognitively engaged,
experiences lower physiological arousal, and involves continual
self-evaluations during and after the task (Bandura, 1991;
Zimmerman, 2000). Put another way, self-efficacious students
are more likely to display the positive affect, attitudes, and self-
directed behaviors needed for active learning (Pajares, 1996;
Pajares and Schunk, 2001).

Intentions to Pursue and Persist in STEM

STEM intentions reflect students’ short- and long-term goals to
pursue a STEM major, attend and complete graduate school in
STEM, and establish a career in STEM, which are consistently
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associated with STEM persistence (Shaw and Barbuti, 2010;
Maltese and Tai, 2011). Self-efficacy is intrinsically linked to
career intentions, because students must first believe in their
ability to produce a desired outcome in a given domain before
they become motivated to pursue a career pathway (Bandura,
1991; Bandura, Barbaranelli, Caprara, and Pastorelli, 2001).
Unsurprisingly, self-efficacy is a consistent predictor of STEM
intentions among all students (Brown et al, 2016; Lent et al,
2016), and long-term engagement among URG students (Estrada,
Woodcock, Hernandez, and Schultz, 2011). Some research even
finds that STEM self-efficacy explains why participation in an
academic support program is related to long-term intentions to
pursue STEM careers (Syed et al, 2011). STEM self-efficacy
appears to be a stronger predictor of career choice among
URGs compared to non-URGs, at least among female students
(Larose, Ratelle, Guay, Senécal, and Harvey, 2006).

STEM Educational Interventions: High

School and Community College

STEM interventions with URG students in secondary and higher
education settings often focus on developing self-efficacy because of
its relation to performance and persistence (Betz and Schifano, 2000;
Rittmayer, and Beier, 2008; Ballen et al., 2017; Liu, 2018; Kuchynka,
Gates, and Rivera, 2020). In high school, STEM participation is
pivotal for long-term STEM engagement (Alkhasawneh and
Hargraves, 2014; Chang, et al, 2014; Lee and Luykx, 2006;
Mendez, Buskirk, Lohr, and Haag, 2008; Shaw, and Barbuti, 2010;
Terenzini and Pascarella, 1980; Wang, 2013), but most students in the
United States report a relative dislike and avoidance of STEM by high
school (Chen and Soldner, 2013). Low STEM engagement during
high school is believed to be caused by inadequate exposure to varied
STEM materials (Kuchynka, Gates, and Rivera, 2020) and a lack of
applied STEM courses that bridge abstract concepts to real-world
applications (Bozick et al, 2014; Sublett, and Plasman, 2017).
Furthermore, because they are more likely to attend high schools
with inadequate resources (Duncombe and Cassidy, 2016) and
encounter cultural stereotypes that undermine their STEM
competence (Dasgupta, 2011), URG students are at an increased
risk for avoiding versus approaching STEM during high school.
Fortunately, active learning environments can counteract each of
these barriers and in turn promote STEM self-efficacy and intentions
to pursue STEM. Study 1 examines these hypotheses with URG high
school students in a science education program.

Study 2 investigates these same hypotheses with URG
community college students in a STEM mentoring program.
More than half of URG students who received a STEM degree
from a 4-year university transferred from community colleges
(National Research Council Academy of
Engineering, 2012). Consistent with the above literature
review, self-efficacy is associated with future career decisions
among community college students (Collins and Bissell, 2004;
Amelink, Artis, and King Liu, 2015). Qualitative studies have
identified socio-cultural issues (e.g., first generation status) and
inadequate advising as two of the largest barriers to a successful
transfer to a 4-year university (Gard, Paton, and Gosselin, 2012).
Guidance from mentors, however, can improve community

and National
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college students’ self-efficacy over time, because mentors teach
mentees strategies for a successful transfer (e.g., frequently asking
clarification questions) and coping mechanisms, and they provide
social support (Amelink, Artis, and King Liu, 2015).

OVERVIEW OF THE PRESENT RESEARCH

Two longitudinal studies adopted active learning strategies to increase
STEM engagement among URG students. The interventions targeted
two different phases of students’ educational development, high
school students participating in a 4-week intensive geoscience
summer program (Study 1) and community college students
participating in a mentoring program (Study 2). Both studies
investigate changes in STEM self-efficacy and future intentions to
pursue STEM goals among URG students, and the reciprocal relation
between these variables.

STUDY 1

Study 1’s longitudinal design tested if a 4-week geoscience summer
program yields positive changes in STEM self-efficacy and intentions
to pursue STEM with a sample of URG high school students. Past
educational interventions that focus on developing self-efficacy
include one or more of the following three components - social
persuasion (positive and constructive feedback from important
others), vicarious experience (learning STEM from observing peers
or mentors), or mastery experience (hands-on exercises)—and all
demonstrate varying degrees of success in cultivating self-efficacy (for
a review, see Rittmayer and Beier, 2008). Study 1’s geoscience
program combines these intervention components, so we
hypothesized that student participants will exhibit stronger STEM
self-efficacy (Hypothesis 1) and its correlate stronger intentions to
pursue STEM in the future (Hypothesis 2) from start to end of the
program. Further, we explored whether the hypothesized changes in
STEM self-efficacy explained increases in STEM intentions or vice
versa. Finally, we explored if any observed changes in both criteria
were qualified by perceptions of program quality. Previous research
indicates that satisfaction with one’s learning environment moderates
psychological benefits and performance (Tinto, 1993; Allen and
Robbins, 2008). A test of program quality also allowed us to
demonstrate that any changes in STEM psychological outcomes as
function of completing the program are not simply due to a
longitudinal aging effect, which is when variables change as a
result of a cohort aging as opposed to participation in the
intervention itself (Blanchard, Bunker, and Wachs, 1977).

Method

Participants and Design

The study adopted a one-factor three-level (Time: 1/Day 1, 2/Day
9, 3/Day 19) within-participants repeated-measures design. We
invited all high school students enrolled in a 4-week geoscience
program at a northeastern university during the summers of 2018
(n = 53) and 2019 (n = 45) to participate in the study. Students
participated in the program during each weekday for the duration
of the 4-weeks from 8am to 2pm. Due to attrition, the total
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TABLE 1 | Participants’ Demographics.

Variable Study 1 Study 2
Age (mean years) 16.27 (1.01) 22.65 (5.16)
Gender — —
Male 56.8 41.8
Female 43.2 58.2
Ethnic-Racial Group
Black or African-American 63.6 291
Latinx or Hispanic 21.6 43.6
Middle Eastern or North African 0.0 15.5
White or European American 0.0 2.7
Asian or Asian American 4.5 4.5
American Indian or Alaska Native 23 0.0
Other Identity 5.6 45
High School/College Status - -
First year or Freshman 22.7 18.2
Second year or Sophomore 375 70.9
Third year or Junior 27.3 8.2
Fourth year or Senior 10.2 1.8
Parents Level of Education
GED 4.5 2.7
High School 25.0 34.5
Some College 13.6 22.7
College Graduate 27.3 26.4
Unknown 26.1 13.7

Note. Figures represent percentages, unless otherwise noted in parentheses after
variable. For means, standard deviations are in parentheses.

sample size of students who completed all measurements varied
across the three time points (Times 1-3 Ns = 97, 95, 88).
According to G Power, a repeated measures MANCOVA with
one group and three time-points yields a sample size of 86 to
detect a small to medium effect size. Thus, our sample presents
sufficient statistical power. Table 1 lists all participants’
demographics. Participation was voluntary, but students
received a stipend for completing the program. We obtained
both parental consent and child assent. This research was
approved by the Rutgers University Institutional Review Board
and was part of a larger preregistered study (see Open Science
Foundation #32267; https://osf.io/a63m5/).

Program and Procedure

The summer geoscience program was a 4-week intervention
that educated high school students from a major urban city
about earth resources, energy, and the environment (Gates,
2019). Student participants received mentorship from teachers
and undergraduate college students and were immersed in a
community of mostly Latinx and Black peers.! To the extent
possible, the undergraduate student mentees were
purposefully selected to match the demographics of the
student participants (e.g., most were URG and from the
same urban area) and were recruited from the Garden State
Louis Stokes Alliance for Minority Participation (GSLSAMP;

"The third author (Gates) was one of the teachers, but he did not participate in the
design and administration of, and was blind to students’ performance on, the
measured variables

Underrepresented Students’ STEM Self-Efficacy

http://gslsamp.rutgers.edu/). The high school students actively
participated in applied science exercises, such as taking water
and soil samples, analyzing them with professional equipment
in the laboratory, and observing geoscience in its natural
environment during field trips. More specifically, active
learning components included rock and mineral
identification as applied to everyday and industrial use,
seismic refraction profiling, radioactivity of rocks and radon
in soil, assaying magnetite ore, gauging stations and flooding
on a stream table, and geothermal energy. Instead of learning
about abstract theoretical concepts, the geoscience program
provided real-world applications for earth science material.

The measured variables listed below were completed online
through Inquisit Web 5.0 (Millisecond software, 2018) in a
computer classroom, three times across the 4-week program,
unless otherwise noted in parentheses. Time 1 was the very first
activity on day 1 of the program, Time 2 occurred around day 9,
which was around the mid-point, and Time 3 was measured on
day 19, the final day of the program. Participants completed the
measures in the order listed below. Finally, at the end of Time 3,
participants were provided with a full description of the study
goals and the researchers’ contact information.

Measured Variables

STEM Self-Efficacy

Adapted from Stout, Dasgupta, Hunsinger, and McManus
(2011), participants responded to two items that assessed their
appraisals of their talent and confidence in science—1) “Do you
think you have a talent for science?” and 2) “How confident do
you feel about your science ability?”—on 7-point scales ranging
from 0 (not at all) to 6 (very much so). Higher scores indicate
stronger STEM self-efficacy (Times 1-3 rs = 0.86, 0.78, 0.79).

STEM Intentions

Adapted from research by Dasgupta and colleagues (Dasgupta,
2011; Stout et al., 2011), participants responded to two items that
assessed their future intentions and aspirations in science—1) “If
given the opportunity, how likely are you to pursue classes and
courses in science in high school or college in the future?” and 2)
“If given the opportunity, how likely are you to pursue a future job
or career in science?” on 7-point scales ranging from 0 (not at all
likely) to 6 (very likely). Higher scores indicate stronger future
STEM intentions (Times 1-3 rs = 0.91, 0.92, 0.88).

Program Evaluation (Time 3 only)

Three items evaluated participants’ perceived quality of the
program - 1) “Overall, how satisfied were you with the science
summer program?,” 2) “Overall, how would you rate the quality of
the science summer program?,” and 3) “Overall, how would you
rate your learning in the science summer program?” on a 5-point
scale ranging from 0 (very poor) to 4 (excellent), with 2 (average) as
the midpoint. Higher scores indicate more favorable program
evaluations (« = 0.86).

Demographics
Participants completed a demographics and background
questionnaire at all three time points, which included gender,
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TABLE 2 | Study 1: Zero-Order Correlations (N = 75).
Variable 2 3 4

1. GPA
2. Program Quality -
3. HS Year - -

4. SES — — —
5. Future Intentions - Time 1 — — —
6. Future Intentions - Time 2 - - -
7. Future Intentions - Time 3 — — —
8. Self-Efficacy - Time 1 — — -
9. Self-Efficacy - Time 2 — — -
10. Self-Efficacy - Time 3 - - -

by < .05.
“p <.07.

TABLE 3 | Study 2: Zero-Order Correlations (N = 85).
Variable 2 3 4 5 6

GPA
SES -
. Future Intentions Time 1 — — 0.10
. Future Intentions Time 2 - - - 0.27° 017
. Self-Efficacy Time 1 — — — — 0.742
. Self-Efficacy Time 2 — — — — —

0.412
-0.03
0.07

0.20
-0.02

o0 N =

by < .05.
p <.07.

grade point average (GPA), age, parents’ education level, and
ethnic-racial identification.

Results

Table 2 reports the descriptive statistics for all measured variables
as a function of Time and the zero-order correlations among
these variables. In the analyses below, we sought to understand
the role of the intervention over time in STEM self-efficacy and
future STEM intentions above and beyond any explained
variance of year in high school and parents’ level of education.
More advanced students may start the program with stronger
STEM self-efficacy and future STEM intentions due to their
advanced experiences with high school science courses.
Similarly, students from higher socio-economic status (SES)
backgrounds may also start the program with stronger STEM
self-efficacy and future intentions because of their access to
greater academic and extracurricular resources in STEM.

Effect of Time on STEM Self-Efficacy and STEM
Intentions

To test our two main hypotheses, we ran a repeated measures
MANCOVA in which Time was the within-subject three-level
factor (Times 1-3), with the covariates discussed above included.
Table 4 lists means and standard errors of the outcome variables
as a function of Time. The multivariate effect of Time was
marginally significant [F (4, 67) = 2.16, p = 0.083, ﬂpz =
0.114]. Next, we ran pairwise comparisons to decompose the
effect of Time on each of the two outcome variables.

Underrepresented Students’ STEM Self-Efficacy

5 6 7 8 9 10
0.09 0.09 0.04 0.03 0.06 0.15
0.04 0.18 0.412 0.21 0.28° 0.26°
0.05 0.05 0.01 -0.04 -0.02 -0.05
0.05 0.03 0.01 0.01 -0.02 -0.14
— 0.812 0.572 0.62° 0.542 0.442
— — 0.63% 0.482 0.522 0.46%
— - — 0.39% 0.49% 0.532
— — — — 0.66% 0.55%
— — — — - 0.712

First, STEM self-efficacy increased significantly from Time 1
to Time 3 [My;7=0.37 SE = 0.15, p = 0.013, 95% CI (0.08, 0.66)],
marginally increased from Time 2 to Time 3 [Mgyr = 0.21 SE =
0.11, p = 0.07, 95% CI (-0.02, 0.43)], and the change from Time 1
to Time 2 was not significant (p > 0.20). Second, and similar to
STEM  self-efficacy, future STEM intentions increased
significantly from Time 1 to Time 3 [Mgy = 0.41 SE = 0.18,
p=0.021, 95% CI (0.07, 0.76)], marginally increased from Time 2
to Time 3 [M ;= 0.29, SE = 0.17, p = 0.089, 95% CI (-0.05, 0.63)],
and the change from Time 1 to Time 2 was not significant (p >
0.35). Thus, Hypotheses 1 and 2 were supported when we tested
changes in the STEM psychological constructs from start to end
of the program.

Exploratory Tests

Relation Between STEM Self-Efficacy and STEM Intentions
Next, we explored if changes in STEM self-efficacy mediates
changes in future STEM intentions or vice versa. To this end,
we used Montoya and Hayes’ (2017) MEMORE macro for
repeated measures mediation, using Time as the predictor in
both analyses. In the first analysis, STEM self-efficacy was the
repeated measures mediator and future STEM intentions was
the outcome variable, then this order was reversed in the
second analysis.

Results showed that STEM self-efficacy indirectly predicted
future STEM intentions, b = 0.15, SE = 0.10, 95% CI (0.01,
0.39). As per Figure 2, strengthening STEM self-efficacy from
Time 1 to Time 3 appears to explain changes in student
participants’ intentions to pursue STEM in the future. Further,
the direct effect of the duration of the intervention on future STEM
intentions was not significant, b = 0.21, SE = 0.16, p = 0.21, 95% CI
[-0.12, 0.53], and the total effect reached significance, b = 0.36, SE =
0.17, p = 0.039, 95% CI [0.02, 0.70]. Similarly, results also showed
that future STEM intentions indirectly predicted STEM self-
efficacy, b = 0.11, SE = 0.07, 95% CI (0.002, 0.28). As per
Figure 3, strengthening future STEM intentions bolstered their
STEM self-efficacy from Time 1 to Time 3. Further the direct effect
of the duration of the intervention on STEM self-efficacy was non-
significant, b = 0.22, SE = 0.13, p = 0.09, 95% CI (-0.04, 0.48), and
the total effect reached significance b = 0.33, SE = 0.14, p = 0.017,
95% CI (0.06, 0.60).
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FIGURE 2 | Statistical model depicting effects of the summer geoscience program on future STEM intentions, mediated by STEM self-efficacy.
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FIGURE 3 | Statistical model depicting effects of the summer geoscience program on STEM self-efficacy, mediated by future STEM intentions.

Moderating Role of Program Evaluation in STEM
Self-Efficacy and STEM Intentions Changes

Finally, we submitted program evaluation as the moderator, and
STEM self-efficacy and STEM intentions (Times 1 and 3) as the
repeated measures outcome variables in two separate models,
using Montoya and Hayes’ (2017) MEMORE (macro Model 2).
First, program evaluation significantly moderated changes in
STEM self-efficacy from Time 1 to Time 3, b = 091, SE =
0.22, p < 0.001, 95% CI (0.47, 1.35). STEM self-efficacy
increased from start to end of program among participants
who reported high program quality, b = 1.01, SE = 0.22, p <
0.001, 95% CI (0.57, 1.45), but this was not the case among
participants who reported low program quality, b = 0.20, SE =
0.19, p = 0.29. Although the omnibus model did not exhibit a
statistically significant interaction on STEM intentions, b = 0.17,
SE = 0.19, p = 0.35, 95% CI (-0.55, 0.20), the conditional effect
was significant-STEM intentions strengthened from start to end
of program among participants who reported high program
quality, b = 0.46, SE = 0.19, p < 0.05, 95% CI (0.07, 0.89), but
this was not the case among participants who reported low
program quality, b = 0.29, SE = 0.22, p = 0.18.

Discussion

Over the course of the 4-week science program, URG high school
student participants’ STEM self-efficacy and future STEM
intentions increased from the program’s start to its
culmination. Furthermore, program evaluations moderated

these effects—increases in STEM self-efficacy and STEM
intentions emerged only among participants who reported
high program quality. These findings suggest that only those
who were satisfied with their participation in the active learning
environment benefitted psychologically, which is consistent with
past educational climate research (Tinto, 1993; Allen and
Robbins, 2008). Finally, changes in self-efficacy mediated
increases in future intentions to pursue STEM and vice versa.
These findings shed light on the interconnected relation between
STEM self-efficacy and the desire to pursue STEM goals - they
seem to continuously reinforce each other over time.

STUDY 2

Study 2 sought to examine the role of an isolated active learning
component-mentoring-in URG community college students’
STEM self-efficacy and future STEM intentions. Because
mentors  provide vicarious learning experiences and
encouragement through verbal social persuasion, mentor-
mentee relationships offer the potential to boost confidence in
one’s abilities, motivation, and academic goals. More than half of
URG students who received a STEM degree from a 4-year
university transfer from community colleges (National Science
Foundation, 2012). Transferring from a community college to a
4-year university poses many obstacles, particularly ineffective
advising and lack of information regarding the policies and
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TABLE 4 | Means and Standard Errors.

Variable Time 1 Time 2 Time 3

Study 1 — — —
STEM Self-Efficacy 3.76 (0.16) 3.93 (0.15) 413 (0.14)
Future STEM Intentions 3.73 (0.22) 3.85 (0.21) 415 (0.17)

Study 2 - - —
STEM Self-Efficacy 4.65 (0.11) 4.71 (0.13) —
Future STEM Intentions 5.75 (0.06) 5.75 (0.07) —

expectations of 4-year universities (Packard, Gagnon, LaBelle,
Jeffers, and Lynn, 2011). Mentoring programs are one effective
method for promoting transfer rates from community colleges to
4-year degree programs, because mentors ease anxiety and
increase confidence (Townsend and Wilson, 2006). Study 2’s
semester-long mentoring program paired community college
students interested in majoring in STEM (mentees) with
undergraduate students majoring in STEM at a 4-year university.

Method

Participants and Design

The study adopted a one-factor two-level (Time: 1/beginning of
program, 2/end of program) within-participants repeated-measures
design. All URG students participating in the semester-long peer
mentoring program in the spring 2019 (N = 77) and spring 2020 (N =
59) enrolled in the study. Due to attrition, the total final sample size of
those who completed all measures at both time points was N = 87.
Similar to Study 1, G Power indicates that a repeated measures
MANCOVA with one group and two time-points yields a sample size
of 92 to detect a small to medium effect size at 95% power. Table 1
lists all participants’ demographics. Participants received a small
stipend for completing the mentoring program and participation
in this study was a requirement of the mentoring program, but the
informed consent notified them that their participation was voluntary
and that they could withdraw at any time. We obtained informed
consent from all participants. This research was approved by the
Rutgers University Institutional Review Board and was part of a larger
preregistered study (see As Predicted, https://aspredicted.org/q77vd.
pdf, #38543).

Program and Procedure

The mentorship program occurred over the course of one semester
(Smart and Gates, 2018). Similar to Study 1, the mentors were
recruited from GSLSAMP and selected to mirror the
demographics of the mentees such that they were mostly Black
and Latinx students pursuing 4-year STEM degrees who transferred
from a community college. Mentees and mentors were expected to
communicate for at least 30 min per week through emails, phone
calls, video calls, or text messages. The mentors were trained prior to
the program on how to be a role model, friend, guide, coach, and
advocate for community college students. A program administrator
(none of the authors served this role) provided initial guidance to
address topics such as challenges and important lessons for college,
mentoring and networking experiences, tips to prepare and apply to
4-year programs, and management of course schedule. Importantly,
mentees were trained prior to the start of the intervention on how to

Underrepresented Students’ STEM Self-Efficacy

actively communicate, problem solve, and set goals with their mentor.
Mentees were instructed to take an active role in the relationship and
to work jointly with mentors to address academic challenges.

Mentees completed the below measured variables online
through Inquisit Web 5.0 (Millisecond software, 2018) at two
time points, at the beginning and the end of the program. All
students received an email from the research team that included
information and instructions about the study. The email included
a link to the study, a unique participant ID, and a date by which
the study should be completed. The research team monitored the
completion rate of the study and sent reminder emails when
necessary. Participants were instructed to complete each time
point in one session without interruptions. Participants first
provided their online consent and then completed the
measures of STEM self-efficacy and STEM intentions, and the
demographics questionnaire, all in this order.

Measured Variables

STEM Self-Efficacy

We administered the same measure from Study 1, except that the
items referred to “STEM” rather than “science” abilities and
talents (Times 1-2 rs = 0.80, 0.88).

STEM Intentions

Adapted from research by Dasgupta and colleagues (Stout et al.,
2011; Dasgupta et al., 2015), participants responded to three items
that assessed their intentions and aspirations to pursue STEM in
the future—1) “At this time, how likely are you to transfer to a 4-
years college or university in the future?” 2) “At this time, how
likely are you to pursue a bachelor’s degree in the future?” and 3)
“At this time, how likely are you to pursue a STEM degree at a 4-
years college or university in the future?”—on 7-point scales
ranging from 0 (not at all likely) to 6 (very likely). Higher scores
indicate stronger STEM intentions (Times 1-2 as = 0.66, 83).

Demographics

We administered the same measure from Study 1, in addition to
items requesting information about participants’ annual family
income, employment, and marital status.

Results

Table 3 reports the descriptive statistics for all measured variables
as a function of Time and the zero-order correlations among
these variables. In the analyses below, we sought to understand
the role of the intervention over time in STEM self-efficacy and
future STEM intentions above and beyond any explained
variance of students’ SES. Students from higher SES
backgrounds may start the program with stronger STEM self-
efficacy and future intentions because of their access to greater
academic and extracurricular resources.

Changes in STEM Self-Efficacy and Future STEM
Intentions

To test the same two main hypotheses in Study 1, we ran a
repeated measures MANCOVA in which Time was the repeated
measures two-level factor (Times 1-2), with the covariates
discussed above included. Table 4 lists means and standard
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errors of the outcome variables as a function of Time. The
multivariate effect of Time was not significant (F(2, 81) =
0.22, p = 0.803, 77,° = 0.005)—that is, student participants’
STEM self-efficacy and future intentions to pursue STEM
remained stable over time.

Discussion

In retrospect, Study 2’s data are consistent with past STEM
intervention research indicating that URG students do not
consistently show changes in cognitive, motivational, and
attitudinal changes throughout college (Dennehy and
Dasgupta, 2017; Estrada et al, 2019). First, students who
enter college in pursuit of STEM typically demonstrate high
STEM self-efficacy, but often experience a decrease in self-
efficacy when they are exposed to the rigors of STEM
coursework and expectations (Liu, 2018; Kuchynka et al,
2019). It appears that self-efficacy drops are explained in
part by the anxiety and self-doubt experienced during the
transition from high school to college (Rosenthal et al., 2011),
and the stress experienced when transferring from a 2-years to
4-years institutions (Laanan, 2001). Moreover, URG students
may be at an increased risk of fluctuating self-efficacy during
college, because they are more likely to experience academic
isolation (Malone and Barbino, 2009; Grossman and Porche,
2014), bias (Swim, Hyers, Cohen, Fitzgerald, and Bylsma,
2003; Rankin and Reason, 2005), and a lack of support and
recognition (Carlone, and Johnson, 2007).

It should be noted, however, that the community college
student participants reported relatively strong STEM self-
efficacy and future intentions to pursue STEM at the
beginning of the program, and that the strength of these
psychological constructs were maintained through the end of
the program (from Table 4, means were 4.65 and 4.71, and 5.75
and 5.75, both on 0 to 6 scales, respectively). The future STEM
intention scores indicate that the students who joined the
program already intended to transfer to a 4-year university.
Thus, these participants represent students committed to
STEM goals as measured by their strong STEM intentions
from the start to completion of the program even though
these students are going through a potentially stressful
transition period. Mentorship during this time may have
helped to buffer URG students STEM self-efficacy and
intentions to pursue STEM in the future.

GENERAL DISCUSSION

Two longitudinal studies with URG students examined the role of
two STEM interventions with active learning components in
increasing STEM self-efficacy and intentions to pursue STEM
in the future. In Study 1, high school URG students exhibited
stronger STEM self-efficacy and stronger future STEM intentions
over a 4-week geoscience program, and these two constructs were
mutually related. In Study 2, community college URG students
showed stable STEM self-efficacy and future STEM intentions
across a semester-long mentorship program.

Underrepresented Students’ STEM Self-Efficacy

High School

High school represents the first time most students are exposed to
advanced STEM content and given the opportunity to select or
“opt-out” of a STEM pathway by avoiding advanced STEM
classes. To facilitate a positive STEM self-concept and
approach orientation toward STEM, high school students need
low-stakes STEM exposure, where they can actively explore the
material under the guidance of peers, mentors, and teachers
without the pressure of testing, picking a major or a career
(Kuchynka, Gates, and Rivera, 2020). Accordingly, Study 1
immersed high school URG students in a collaborative
community of like-minded peers as well as mentors and
teachers, who guided them through various active learning
exercises including hands-on applications, group projects, and
field trips. This out-of-school intervention provided students with
opportunities to repeatedly experience three sources of self-
efficacy - task mastery, vicarious learning experiences, social
persuasion - in an inclusive environment for 4 weeks under
the guidance of mentors and teachers. Students witnessed their
peers and undergraduate student mentors engage with hands-on
material (vicarious learning experiences), and received immediate
feedback including encouragement and validation (social
persuasion) as they worked independently and collaboratively
on STEM tasks (task mastery) in a low stress environment
without the pressures of testing. In sum, this engaging and
inclusive environment played a positive role in STEM self-
efficacy and intentions to pursue STEM in the future STEM.

Consistent with past research, the mutual relation between
self-efficacy and future intentions observed in Study 1 suggests
that these constructs are self-reinforcing (Nauta, Epperson, and
Kahn, 1998; Nauta, Kahn, Angell, and Cantarelli, 2002; Zeldin,
Britner, and Pajares, 2008; Byars-Winston et al., 2010). Before
someone commits to pursuing a career goal, they must first
believe in their ability to achieve success (Bandura, 1991;
Bandura, Barbaranelli, Caprara, and Pastorelli, 2001), which,
in turn, motivates them to pursue and achieve short-term and
long-term goals related to that career (Pajares, 1996). Our data
suggest that the development of future career intentions and self-
efficacy are intertwined and continuously reinforce each other
across time, enhancing approach motivation toward relevant
tasks. Highly self-efficacious STEM students might be more
likely to actively seek support from teachers or professors by
attending office hours, as well as seeking out research
opportunities in which they also collaborate with more
advanced STEM students (Pajares, 1996; Pajares and Schunk,
2001). Moreover, they might join clubs or study groups that
provide opportunities for extending their network of STEM peers,
trainees, and researchers. Under the wrong conditions, students
can be caught in a negatively reinforcing cycle, such that
encountering one or more negative experiences with STEM
promote early feelings of avoidance and self-doubt that reduce
the likelihood of reengaging with STEM material. However,
providing high school students with positive and satisfying
educational climates to learn STEM material can foster an
early approach orientation that promotes reengagement with
STEM material over time.
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Notably, only high school student participants who reported
high program quality yielded the expected psychological gains,
highlighting the importance of being satisfied with one’s
academic environment. It appears that greater exposure to
STEM material does not automatically result in enhanced self-
efficacy over time if the learning environment does not fulfill
students’ perceived needs for competence, autonomy, and
belonging (Liu et al., 2014). This is doubly important for
URG students because they are more likely to attend
schools with inadequate resources (Duncombe and Cassidy,
2016), encounter cultural stereotypes that diminish STEM
competence (Dasgupta, 2011), and be exposed to STEM
educational climates harmful to the development of self-
efficacy (Betz and Schifano, 2000).

Community College

Study 2 found that self-efficacy and STEM intentions remained
stable across the semester-long mentoring program. The brevity
of 2-year degree programs at community colleges presents a
unique life transition, such that (traditional) students are
simultaneously learning new norms and expectations, while
preparing to transition to a 4-year university with its own set
of norms and expectations (Terenzini, et al., 1994). Most students
participating in Study 2 recently transitioned to community
college from high school, and they are already planning their
transition to a 4-year institution. Transitioning from high school
to community college and community college to a 4-year
institution is characterized by stress and self-doubt about
“fitting in” and whether one will be successful, especially
among first-generation college students (Terenzini, et al,
1994). Guidance from mentors can ease transitions, because
they are trustworthy confidants and they teach mentees how
to handle unforeseen challenges while providing emotional
support and validation. Mentorship can maintain students’
confidence in their abilities and goals during stressful
transition periods.

Study 2’s community college students were trained at the
start of the program to take an active role in the mentee-
mentor relationship. Mentees were taught what questions to
ask, how to communicate with their mentor, and how to work
jointly to solve their academic problems. In other words, the
mentees were taught active learning strategies at the start of the
intervention to maximize its benefits. Past research has
demonstrated that mentorship improves community college
students’ self-efficacy over time because mentors teach
mentees strategies to regulate physiological arousal, provide
a social support system, and offer positive validation (social
persuasion) of skills and future success (Amelink, Artis, and
King Liu, 2015; Terenzini, et al., 1994). Mentors also serve as a
role model for mentees to emulate behaviors and align goals
(Morgenroth, Ryan, and Peters, 2015). More specifically,
mentees observe (vicarious experiences) mentors pursue a
4-year STEM degree, which teaches the mentees about the
norms and expectations of 4-year STEM programs. Lastly,
because mentors are typically selected to mirror the
demographics of the mentees, mentors represent an
inclusive exemplar, which counters cultural notions about
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who belongs and succeeds in STEM (Dasgupta, 2011;
Dennehy and Dasgupta, 2017).

Instead of exclusively focusing on how to increase self-efficacy
and future intentions, researchers should also address research
questions about how to protect these psychological constructs
during critical periods of development. Past research highlights
the instability of self-efficacy during transition periods and
college (Estrada et al., 2019; Kuchynka et al., 2019; Liu, 2018;
Rosenthal et al, 2011). The community college students
participating in Study 2’s mentorship program sought to
transfer to a 4-year university, and started the intervention
with relatively strong intentions to pursue STEM and high
self-efficacy levels. Even though these students had set goals
and felt confident about their STEM abilities, they needed
continued guidance and validation from mentors to persist in
reaching their academic and career goals.

Implications

Together with research showing that self-efficacy is linked to
STEM persistence and performance across all educational phases
(Collins and Bissell, 2004; Estrada, Woodcock, Hernandez, and
Schultz, 2011; Amelink, Artis, and King Liu, 2015; Lent et al.,
2016), our data have implications for closing performance and
persistence gaps between URG and non-URG students. Ethnic-
racial group differences in STEM participation are observed
starting in high school with URG students taking less
advanced STEM courses (Tyson, Lee, and Borman, 2007). Low
STEM engagement during high school can be effectively
ameliorated by immersing students in inclusive and
collaborative communities, while providing students with
repeated opportunities to learn varied STEM content that
applies STEM concepts to real-world applications (Bozick
et al,, 2014; Plasman et al., 2017; Sublett, and Plasman, 2017).
Active learning environments that encourage students to
construct their own understanding of STEM material via
hands-on exercises under the guidance of mentors and
teachers promote self-efficacy and the pursuit of STEM goals.
The relative brevity of Study 1’s summer science program
(4 weeks) demonstrates the ease of developing self-efficacy
among URG high school students if placed in the right
educational climate.

Limitations

Study 1 and Study 2 did not include comparison groups, so we
cannot account for possible self-selection (ie., students who
decided to participate in these programs may be more self-
motivated than the average high school or community college
students) or longitudinal time effects (i.e., the sheer passage of
time can influence participants’ psychological constructs). To
address this limitation, Study 1 tested if program quality
moderated increases in STEM self-efficacy and future
intentions; because program quality was a significant
moderator, increases in self-efficacy and STEM intentions can
be attributed to participation in the STEM program. Study 2 did
not include a parallel measure of program quality, so we were
unable to consider longitudinal time effects. Future studies should
experimentally control for the possibility of selection effects by
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randomly assigning URG students to either a STEM intervention
or a control group. Another future direction is to isolate specific
aspects of active-learning programs that yield the most benefits
for students.

Conclusion

Research spanning the past 3 decades repeatedly identify the
following barriers for URG students in STEM: academic
isolation (Malone and Barbino, 2009; Grossman and Porche,
2014), bias (Swim, Hyers, Cohen, Fitzgerald, and Bylsma, 2003;
Rankin and Reason, 2005; Brown et al,, 2016; Kuchynka et al.,
2018), lack of mentorship (Pfund, Byars-Winston et al., 2015), lack
of role models (Dasgupta, 2011, 2014), and a general lack of support
(Swarat et al., 2004). All of these findings coalesce to suggest that
URG students need immersion in welcoming educational
environments that fulfill their needs for belongingness and
validate their abilities and goals. Active learning environments
work to satisfy belongingness, autonomy, and competence
needs, which are all required for adaptive and healthy academic
motivation (Gagné and Deci, 2005). Consistent with this, our
research demonstrates that STEM self-efficacy and the pursuit
of future STEM goals are dependent on providing a supportive
and inclusive educational environment.
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