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A B S T R A C T

With the increased growth of career opportunities in STEM fields, educators and policymakers have sought to
better understand the nature and development of students’ motivation to pursue science academic and career
pathways successfully. However, our understanding of motivational constructs such as self-efficacy has mostly
been based on studies of predominantly White samples, neglecting the perspectives and experiences of students
from historically marginalized groups underrepresented in STEM academic and career pathways. In the present
study, we examined science motivation in six high school students of color who participated in a brief, near peer
mentoring program with undergraduate mentors of color. Deductive and inductive coding of semi-structured in-
terviews with mentees and mentors revealed that science self-efficacy not only has a salient future-oriented com-
ponent, but also centers around the importance of forming and maintaining interpersonal connections with oth-
ers through proxy agency and help-seeking behaviors. These data point to the utility of a sociocultural perspec-
tive in expanding our understanding of self-efficacy—and motivational processes more generally—in a way that
is more inclusive of the experiences of racial and ethnic minority youth.

1. Introduction

Many students pursue academic and career pathways in STEM (sci-
ence, technology, engineering, and math) based on meaningful per-
sonal experiences and sincere interest in influencing their communities
positively. However, students in many countries express a lack of inter-
est in science, marked by declines in enrollment in high school and uni-
versity science courses (Lyons, 2006). Transmissive pedagogy (e.g., top-
down instruction), decontextualized context (e.g., instruction that does
not resonate with youth), and the perceived difficulty of science course-
work can decrease interest in science (Lyons, 2006). Many levels of in-
fluence—including gender, teachers, curricula, and the broader cul-
ture—interact to form attitudes toward science in school-aged children
and youth (see Osborne, Simon, & Collins, 2003, for a review). These
trends have prompted researchers to better understand the nature and
development of science motivation and to develop strategies for en-
hancing STEM motivation and learning outcomes.

Theories of motivation seek to explain the nature and development
of students’ beliefs about learning and their values and goals for learn-
ing. Our study focuses specifically on self-efficacy, which is particularly
salient in the context of science learning. Self-efficacy reflects one’s be-
liefs that they will be successful in an activity (e.g., Bandura, 2018). Al-
though these beliefs influence academic engagement and performance
broadly, self-efficacy theory has also been applied to the study of moti-
vation within specific achievement domains, such as science.

Much of this research has examined motivation among predomi-
nantly White populations. The motivational beliefs and processes
among diverse groups of individuals in varied learning contexts remain
significantly understudied. In addition to this dearth of knowledge, the
racial and gender inequities in STEM fields that have led to women and
students of color being underrepresented in STEM academic fields and
career pathways remains a persistent challenge (Chemers, Zurbriggen,
Syed, Goza, & Bearman, 2011). These inequities have roots in under re-
sourced schools (Reardon & Robinson, 2007), institutional racism
(McGee, 2016), and lack of visible role models (O’Brien, Bart, & Garcia,
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2020), among other factors. Despite reporting interest in pursuing sci-
ence majors on par with their White peers, students from historically
marginalized groups are less likely to pursue educational and career
pathways in science (e.g., Chang, Sharkness, Hurtado, & Newman,
2014).

In recent years, scholars have increasingly acknowledged the impor-
tance of examining the cultural relevance of motivation research in
ways that are inclusive of the experiences of students from underrepre-
sented groups (Kumar, Zusho, & Bondie, 2018). In contrast to theoreti-
cal models of motivation that propose universal principles and
processes (often described as a “top-down” etic approach), a situative
approach to motivation acknowledges the “complexity of contexts” in-
herent in how individuals perceive and respond to their environments
(Nolen, Horn, & Ward, 2015). A situative approach also acknowledges
the role of relationships and structures in shaping motivation (Nolen,
2020). The present study seeks to better understand the nature of sci-
ence motivation—particularly self-efficacy—by applying a situative
lens that acknowledges the sociocultural factors that shape academic
motivation and achievement, particularly among youth of color. We
employed a qualitative research design to systematically examine how
youth reflect on their motivation to pursue science academic and career
pathways through deductive and inductive coding of in-depth, semi-
structured interviews.

The introduction is organized around several broad themes. We be-
gin with a discussion of how a situative and sociocultural perspective,
which examines and elevates the voices of youth of color, can help ex-
pand and shift our understanding of science motivation during adoles-
cence. We then consider how this perspective might help broaden our
understanding of self-efficacy in particular. Then, we explore how out-
of-school learning environments such as near peer mentoring models
can help us better understand the nature of science motivation outside
of traditional classroom settings. Finally, we argue that small sample
qualitative inquiry can expand our understanding of science motiva-
tion, refine motivational theories to be inclusive of marginalized
groups, and improve current measurement approaches. Closely follow-
ing Usher (2018) framing in her commentary challenging the theoreti-
cal and methodological assumptions guiding motivation research, we
frame the current study through the who, what, where, when, and how of
research on science motivation in diverse student populations.

1.1. The Who: Science Motivation Among Students of Color

There is a growing awareness among psychological scientists re-
garding the overrepresentation of racially homogenous (i.e., White)
samples, with implications for our (mis)understanding of psychological
processes as human universals or cultural specifics (e.g., Henrich,
Heine, & Norenzayan, 2010; Nielsen, Haun, Kartner, & Legare, 2017).
Notably, there have been increasing efforts to achieve greater represen-
tation of racial, ethnic, and cultural minorities within educational psy-
chology (e.g., Matthews & Lopez, 2020) and motivation science in par-
ticular (Usher, 2018). In fact, a special issue in Contemporary Educa-
tional Psychology recently highlighted a dialogue amongst motivation
scholars around issues of diversity as it relates to theory building and
methodological advances in motivation science (Koenka, 2020).

Theories of motivation often situate psychological and learning
processes primarily within the individual. However, empirical research
examining the educational experiences of racial and ethnic minority
youth reveals a more complex picture. Students of color, such as Black
and Latinx youth, often hold a sense of self that reflects a collectivist ori-
entation (Allen & Bagozzi, 2001; Carson, 2009; Vargas & Kemmelmeier,
2013). This perspective suggests that motivation to pursue science de-
pends on the presence and quality of interpersonal relationships and
community ties, particularly for minoritized youth. A mixed-methods
study of undergraduate students from Jamaica revealed that academic
motivation derives largely from sociocultural factors—such as familial

and religious factors—which emphasize interconnections between indi-
viduals and systems (Clayton & Zusho, 2016). Using qualitative and
quantitative research methodologies, King and McInerney (2019) de-
scribed and demonstrated the collectivist, rather than achievement ori-
ented, goals of Filipino adolescence. Specifically, rather than the mas-
tery/performance and approach/avoidance goal distinctions often pre-
sented in etic approaches to goal theory research, open-ended responses
showed that youth identified a goal orientation called family-support
goals that was culturally relevant and important for Filipino youth
(King & McInerney, 2019). A separate study reveals how academic mo-
tivation of Black and Latinx students might derive from communalism,
which emphasizes the importance of social bonds, rather than from self-
oriented reasons. This mixed-methods study showed that a STEM cur-
riculum that emphasized communal learning opportunities was effec-
tive in enhancing student engagement for Black and Latinx youth
(Gray, McElveen, Green, & Bryant, 2020). Curiously, researchers often
conflate the terms collectivist, communal, and interpersonal, perhaps
reflecting the “conceptual clutter” that exists in this research area. Later
in the introduction, we propose a framework that organizes these re-
search themes that could facilitate our understanding of how these
studies fit together.

The experiences and perspectives of individuals from historically
marginalized groups can and should inform our understanding of moti-
vation among diverse adolescent youth (Usher, 2018). Indeed, much of
what we know about self-efficacy is based on research with predomi-
nantly White samples and in Eurocentric contexts. In contrast, re-
searchers can ask how these motivational processes play out in individ-
uals from racial/ethnic minority groups that have been historically
marginalized in the United States. In the present study, we worked with
youth from racially diverse backgrounds to better understand whether
and how these individuals define and exhibit science self-efficacy in
ways that might differ from students who identify with the dominant
culture.

1.2. The What: Self-Efficacy in Science

Self-efficacy reflects an individual’s beliefs about their ability to suc-
ceed; self-efficacy beliefs in a task or domain (such as science) and valu-
ing this engagement are foundational components underlying a sense of
personal agency (Bandura, 2018). This focus on the individual is consis-
tent with an enduring tradition in motivation research that examines
how these processes unfold within the self; indeed, concepts such as
self-efficacy, self-determination theory, and individual interest seem to
reinforce this view of motivation as a phenomenon that resides within
the individual. Indeed, one of the primary sources of self-efficacy is per-
sonal experiences of mastery (Usher & Pajares, 2008).

However, it is instructive to note that the origins of self-efficacy
come from Bandura’s work on observational learning. Humans learn
about societal norms and individual skills through observations of other
humans in various naturalistic settings (Bandura, 1986). In addition to
mastery experiences, humans develop beliefs about one’s efficacy
through observations of other successful models. Therefore, it is clear
that interpersonal factors play a role in the development of self-efficacy.
But there is more to the story than this. In the previous section, we de-
scribed how some individuals possess fundamentally different orienta-
tions toward the self (e.g., individualist vs. collectivist) and that some
individuals consider family-oriented and religious-oriented goals to be
as important as personal goals. It is also the case that some cultures are
characterized by a communal orientation in which the self simply can-
not be understood unless it is in relationship with others (Markus &
Kitayama, 1991). Therefore, merely acknowledging that observing oth-
ers can shape self-efficacy is not the same as saying that a collectivist
orientation might change the nature of self-efficacy. That is, the effect
of a collectivist orientation cannot be reduced to an understanding of
the impact of observation. Table 1 summarizes the key differences in
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Table 1
Summary of key differences in emphasis between individualist and collec-
tivist research framings of motivation.

Feature Individualist Collectivist

Self-efficacy One’s beliefs that they
will be successful in
an activity (Bandura,
2018)

Question: How do interpersonal factors
shape understanding of “self” as part of
self-efficacy?

Theoretical
approach

Top-down, “etic”
approach

Bottom-up, “emic” approach

Motivational
processes

Culturally universal
principles; positivist

Situative; interpretivist (Nolen, 2020)

Conceptual
representations
of the self

Self-oriented,
independent (Markus
& Kitayama, 1991)

Interdependence, communalism (Gray
et al., 2020)

Adolescence Period of identity
development (self-
exploration)

Period of increasing sense of
generativity and contribution (serving
others; Fuligni, 2019)

Sampling Predominantly White
samples; reflecting the
dominant culture

Minoritized youth; issues of
assimilation, acculturation, and
discrimination become salient (DeCuir-
Gunby & Schutz, 2014)

Methodology Quantitative, survey
methods, large
samples

Qualitative, interview/ethnographic
methods, small samples

Learning
environment

Top down: Teacher to
student in large
classroom settings

Egalitarian: One-on-one or small group
collaborative learning

emphasis between individualist and collectivist framings of self-efficacy
and other aspects of motivation research.

Therein lies the tension that we are trying to navigate. We ask: Is
there a place to consider not only the observational factors that con-
tribute to self-efficacy development, but also the individualist/collec-
tivist orientations that human beings possess? We believe that the re-
cent trend towards acknowledging the sociocultural factors that influ-
ence development demands that this tension not only be recognized,
but also embraced and better understood. In particular, we anticipate
that examining self-efficacy for future oriented goals is an ideal context
in which to understand self-efficacy with a collectivist framing. Self-
efficacy is future oriented and influences future planning (Bong &
Skaalvik, 2003). Possessing beliefs that one can accomplish a task can
lead students to seek out challenges. In one study, competence beliefs
significantly predicted intentions to pursue future science-related activ-
ities (Lau & Roeser, 2002). Participation in science and math activities
predicted American students’ self-beliefs, which in turn predicted the
number of science and math courses taken in high school (Simpkins,
Davis-Kean, & Eccles, 2006). Research from four OECD countries using
TIMSS data revealed links between high academic achievement in a sci-
ence domain with enhanced motivation in the same domain, which in
turn predicted domain-specific aspirations (Guo, Marsh, Parker, Morin,
& Dicke, 2017). In summary, across differing contexts there is evidence
that self-efficacy also impacts future planning. The present study aims
to broaden our understanding of the nature of the interpersonal factors
that shape the development of self-efficacy beyond an individualist
frame.

1.3. The Where: Near Peer Mentoring Programs

Research on motivation tends to focus on formal school and class-
room contexts, neglecting the out-of-school environments in which
learning and motivational processes develop. Rather than possessing a
stable, domain-general set of motivational beliefs and values that apply
across situations, students’ motivation often depends on features of the
context. A sense of belonging is a critical aspect of motivation among
minoritized youth (O’Brien et al., 2020), particularly for Black adoles-
cents (Gray, Hope, & Matthews, 2018), and results from interpersonal
factors, instruction, and institutional opportunity structures. In addi-

tion to teacher-student relationships and peer friendships, mentoring
programs outside of formal instruction can also support opportunities
for interpersonal connection and motivation. Mentoring programs can
be especially beneficial for underrepresented minorities (Tsui, 2007),
women (McCormick, Barthelemy, & Henderson, 2014), and first-
generation college students (Harrell & Forney, 2003) in STEM fields.
These benefits are thought to operate through increased feelings of be-
longing in school and the development of positive science identities.
For instance, mentoring from a faculty member strengthened female
undergraduate students’ scientific identity development, which in turn
predicted greater intentions to persist in science (Hernandez et al.,
2017).

In contrast to traditional mentoring models, near peer mentoring
programs have emerged as an informative context for studying learning
processes and outcomes. In contrast to adult mentors or teachers who
transmit content knowledge from expert to novice, a near peer is an in-
dividual who occupies the space between peer and expert in a learning
spectrum and has recently gone through a set of experiences that a
mentee will be facing in the near future. Often, a near peer is just a few
years older in age than the mentee, which allows for a greater degree of
affinity between both individuals. Research has shown positive impacts
of near peer mentoring programs on academic outcomes such as first-
semester grades (Zaniewski & Reinholz, 2016) and interest and engage-
ment in STEM learning (Tenenbaum, Anderson, Jett, & Yourick, 2014).

The present study draws from qualitative data collected from high
school mentees and undergraduate near peer mentors who participated
in a brief science mentoring program. While the current study is not in-
tended to examine the program’s effectiveness on motivation or acade-
mic outcomes, we instead seek to understand how students of color re-
flect on their motivation to pursue science within the context of a men-
toring relationship.

1.4. The When: Science Motivation and Near Peer Mentoring in
Adolescence

Adolescence is a developmental period during which motivational
beliefs and values undergo dramatic change. Much has been written
about the observed decrease in academic motivation during middle
school and high school (e.g., Gottfried, Fleming, & Gottfried, 2001;
Wang & Eccles, 2012). However, an often-overlooked aspect of adoles-
cence is that it is often a time in which individual identity exploration
and development concides with a growing disposition among youth to
develop a sense of purpose and to contribute to their communities. In-
deed, we see that as adolescents develop a stronger ability to reason ab-
stractly and as their social worlds expand, they are more likely to be in-
terested in and make generative contributions to their communities and
broader society (Fuligni, 2019). In a series of studies, finding meaning
in and purpose for learning—sometimes known as self-transcendent
purpose—was associated with enhanced academic self-regulation and
better academic outcomes among adolescents and young adults; inter-
estingly, self-oriented motives for learning did not yield academic bene-
fits (Yeager et al., 2014). Taken together, these studies point to how a
collectivist and social lens might expand our understanding of motiva-
tion during this developmental period, especially for youth of color.

The unique developmental capacities and needs of adolescents also
point to the promise of near peer mentoring programs. Adolescents be-
come more interested in developing their own sense of identity and pur-
pose along with a greater need for affiliation among same-aged peers
(McLean, 2005). The closeness in roles between near peer and mentee,
often referred to as social congruence, allows for a greater degree of trust
and informality between individuals (e.g., Lockspeiser, O’Sullivan,
Teherani, & Muller, 2008; Schmidt & Moust, 1995). Near peers also pos-
sess greater knowledge in the learning spectrum. While this knowledge
can be content-specific, it can also refer to institutional knowledge re-
garding unspoken norms and expectations—particularly salient for stu-
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dents who experience marginalization in school and other contexts.
Cognitive congruence refers to the closeness in maturity and age between
near peer and mentee that allows the near peer to use language and ex-
amples that the mentee readily understands (e.g., Cornwall, 1980;
Lockspeiser et al., 2008). This congruence creates greater accessibility
between near peer and mentee, as the near peer is perceived as being
“just like them,” providing a foundation of shared experiences upon
which to build a meaningful relationship. However, the role of cultural
congruence, or similarities in experience of race, culture, and marginal-
ization for near peer adolescents of color, has been understudied. Given
the increasing salience of ethnic and racial identity that also emerges
during this developmental period, the present study examines science
motivation during the critical years of adolescence.

1.5. The How: Qualitative Inquiry

Traditional methods for testing well-defined hypotheses and gener-
ating results that characterize between-group differences in motivation
mask considerable intra-individual complexity in motivational
processes. While these approaches continue to be important in expand-
ing our understanding of how motivational beliefs and values shape
learning and achievement, these methods are limited in their ability to
expand our understanding of how the sociocultural context influences
motivation, learning, and achievement (Nolen, 2020). What are the
roles of identity and group membership in how individuals perceive
themselves and their futures in science? How do experiences of gender
and racial discrimination shape motivation to learn and future acade-
mic and career aspirations? How might self-efficacy take shape and
manifest differently for students of color in science? These are just some
of the questions that cannot readily be examined using currently avail-
able self-report, Likert-type survey assessments alone (e.g., DeCuir-
Gunby & Schutz, 2014). Moreover, many of these measurement tools
continue to reflect a self-oriented understanding of these motivational
processes, which might mask the interpersonal or communal aspects of
motivation that students in certain racial and ethnic groups might find
to be more important or salient. Qualitative approaches can elevate stu-
dent voices and experiences and provide detailed insights to help the
field understand science motivation in a more inclusive manner. In the
present study, we examined whether and how students’ open-ended re-
flections around science motivation and achievement resembled (or dif-
fered from) the content of commonly used survey questions in self-
efficacy, interest, and future plans.

1.6. Study aims

By examining the who, what, where, when, and how of research on
science motivation in diverse student populations, we have sought to
present a concise but comprehensive picture regarding some of the limi-
tations inherent in much of the theoretical and empirical work in this
area. We have highlighted the potential misapplication of motivation
theory—grounded mainly in research on White samples—to racial, eth-
nic, and cultural minority students (the who). We have considered how
a sociocultural perspective can expand our understanding of self-
efficacy and its future-oriented nature (the what). We have considered
differences in motivation beyond the classroom, such as near peer men-
toring programs (the where). We have focused our attention on adoles-
cence and emerging adulthood, critical periods of identity development
that intersect with the development of motivation for academic and ca-
reer pursuits (the when). Finally, we have considered the role of quali-
tative inquiry as particularly well suited to understanding the complex-
ity of motivational processes such as self-efficacy in youth of color (the
how). In summary, the present study seeks to advance our understand-
ing of science motivation in a small sample of diverse youth by consid-
ering how motivational processes unfold in nontraditional learning en-

vironments characterized by relationship building and interpersonal as-
pects. We pursued the following three research aims:

1. Using semi-structured interviews, characterize how high school
students describe their efficacy and future plans in science.
Examine the degree to which students’ open-ended responses align
with the content of traditional Likert-type survey questions
commonly used to assess these motivational processes, with an eye
to understanding the students’ framing of “self” in the context of
their efficacy beliefs.

2. Using an adapted grounded theory and constant comparison
approach, identify other themes related to self-efficacy and future
plans that emerged around the students’ experience in the near
peer mentoring relationship.

3. Use interview data from mentors to triangulate evidence from
mentee interview data to better understand the interpersonal
dimensions of science motivation.

2. Method

2.1. Participants

The current investigation was part of a larger study designed to de-
velop and test a video-based classroom intervention to enhance science
motivation, identity development, and learning outcomes among ado-
lescent youth from groups underrepresented in STEM. As part of this
larger study, the research team designed and hosted a brief summer sci-
ence mentoring program. Participants were recruited from two sepa-
rate summer research programs at the University of Oregon in the
United States; the study was approved by the University of Oregon In-
stitutional Review Board, and informed consent and assent were ob-
tained from all students as well as from parents of minor youth. One
program was designed for undergraduates to gain hands-on experience
in scientific research in various natural science labs. The other program
was a residential academic experience for high school students. Both
programs were designed to reach and support students from racial/eth-
nic minority or low-income backgrounds. In consultation with program
directors, we identified a group of six undergraduate mentors that pos-
sessed qualities that would make them personable and effective men-
tors, as well as a group of six high school mentees that would be recep-
tive to one-on-one mentoring.

Mentors prepared a short biographical profile of themselves with in-
formation about their personal and educational backgrounds, academic
and career interests and goals, and fun facts about themselves. Mentors
and mentees were matched together using a multi-method process.
Based on previous research on near peer mentoring programs, we
matched individuals by gender (e.g., Destin, Castillo, & Meissner,
2018). We also used information from the written biographical profiles
to inform our decisions about matching. These profiles were provided
to mentees before their first interaction together to help mentees learn
about the person who would mentor them. An interesting aspect of the
present study was that the mentors were, in a way, mentees themselves
as part of their summer research experience in university science labs.
This “double-identity” will be considered later when interpreting the
results. Due to the small number of mentors and mentees (i.e., six
pairs), matching on other dimensions beyond gender and interests was
not possible. Table 2 presents self-reported descriptive, non-identifying
demographic information from the mentor and mentee surveys.

2.2. Procedure

Near peer mentors and mentees engaged in a series of coordinated
activities during the four-day mentoring program. Activities included
structured time for mentees to shadow their near peer mentors working
in their science labs. Mentors guided mentees through informal hands-
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Table 2
Mentors and mentees participating in the science mentoring program.

Mentoring
pair

Near peer mentor Mentee

Pair #1 Male, Asian, biology major Male, Native Hawaiian or Other
Pacific Islander, high school
freshman

Pair #2 Female, Black, biology major Female, Black, high school
sophomore

Pair #3 Female, race/ethnicity unreported,
human development and health
major

Female, Black, high school senior

Pair #4 Male, White, human physiology
major

Male, race/ethnicity unreported,
high school sophomore

Pair #5 Female, White, human physiology
major

Female, Asian, high school senior

Pair #6 Male, Black, doctorate in chemistry Male, White, high school
freshman

Note. Some students who self-reported their racial identity as “White” or left
that question blank referred to their Hispanic/Latino descent during the men-
toring program and the interviews. However, a standalone ethnicity question
was not originally included in the student survey.

on lab experiences, such as pipetting and looking through microscopes.
Activities also included structured and unstructured time for mentors
and mentees to socialize and share meals. It was presumed that mentor-
ing would unfold naturally as part of these activities. A sample schedule
is provided in Fig. 1. Mentors and mentees completed a research ques-
tionnaire at the beginning of the program. In addition, the research
team conducted individual semi-structured interviews with each men-
tor and mentee.

2.3. Survey measures

The research questionnaire included questions about students’ self-
efficacy for science and future plans in science using well-validated
measures. Self-efficacy was measured using a six-item scale used in a
study of motivation in American Indian adolescents in Hoffman and
Kurtz-Costes (2018) and adapted from the Motivated Strategies for
Learning Questionnaire (Pintrich, Smith, García, & McKeachie, 1991).
A sample item was: “Even if the work in science class is hard, I can learn
it.” Future plans (or intentions to pursue science pathways) was mea-
sured using a four-item measure used in Hulleman and Harackiewicz
(2009). A sample item was: “I want to have a job that involves science
someday.” As shown in Table 4, we found that mentees participating in
the summer mentoring program reported high levels of science self-

efficacy and future plans related to science. Because the participants
were a self-selected group of high school students (i.e., they chose to
spend part of their summer doing science in a university setting), it is
not surprising that the means were relatively high. Therefore, we focus
the rest of our attention on the qualitative coding of the students’ open-
ended interview responses, to understand whether and how students’
reflections mapped onto the self-focused aspects of self-efficacy and fu-
ture plans that were assessed using the survey measures, and what in-
terpersonal aspects emerged.

2.4. Interview Protocol

In addition to the survey, all mentees and mentors participated in a
video-recorded individual interview. Each student was interviewed by
two members of the research team, which included four of the authors.
Interviews were conducted using a semi-structured protocol in which
questions were followed up with probes depending on the students’ re-
sponses. The interviews with mentees took place at the end of the men-
toring experience. Interview questions focused on the students’ reflec-
tions of their mentoring experience (e.g., After participating in this
summer experience, have any of your previous thoughts or perceptions
about studying and pursuing STEM changed?), lessons learned from
working with their mentor (e.g., When thinking about the mentor that
you worked with, what do you think were the most important lessons
you were able to learn from them today?), potential barriers that stu-
dents might face in pursuing a science career (e.g., What do you think
will be things that might be barriers to your interests?), and whether
and how the mentoring experience has changed their academic and ca-
reer plans (e.g., After working with your mentor this summer, are there
other future roles in STEM you can see yourself pursuing?). Addition-
ally, we interviewed the mentors on Day 2 of the mentoring experience,
with questions prompting reflections on what they experienced and ob-
served with their mentees (e.g., Is there anything that you wish you
could do with your mentee to understand their scientific work or their
pathway in science better?) and their own process of being mentored
and supported along their science pathway (e.g., When you think about
your own future pursuits in science, what do you think will be things
that will best support those pursuits?)

2.5. Analysis Plan

Commensurate with the aims of the study, we analyzed data in mul-
tiple phases using Dedoose software (Dedoose Version 8.3.45, 2020).
First, we provided descriptive information about each case, including

Fig. 1. Sample schedule for mentees.
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students’ self-reported levels of science self-efficacy and future plans in
science at the beginning of the mentoring program. Second, we coded
data across the mentee cases using a deductive process informed by the
two motivational constructs examined in this study—self-efficacy and
future plans. Third, we used an inductive adapted grounded theory
process of constant comparison to develop additional codes within each
construct that emerged from the data across mentee cases (Charmaz,
2014). During initial coding of the first transcript from a randomly se-
lected mentee, the second author, experienced in the grounded theory
approach, used line-by-line coding to identify subthemes within each
thematic code. For instance, the researcher identified help-seeking as a
potentially significant subtheme under self-efficacy, reflecting an inter-
personal dimension. The researcher used memoing techniques to ask
questions of the data within each theme to probe deeper and compare
coding from transcript to transcript. For instance, the researcher consid-
ered whether developing agency through the vicarious experience and mod-
eling of others was an important theme across all the mentees and men-
tors.

In the next step, the third author recoded the mentee data with ex-
isting codes to ensure full saturation of codes across cases, which may
have been missed in the initial coding, and to add, inductively, any ad-
ditional subcodes deemed important. This collaborative approach to
grounded theory research can enrich theory development through the
integration of the reflexivity of two distinct researchers (Author, 2016).
This author modified one sub-code, “support from adults,” to be more
inclusive of “support from others,” showing that participants were sup-
ported in their science self-efficacy by friends and near peers in addi-
tion to teachers, family members, and other adults. Additionally, this
author analyzed the mentor data, using the self-efficacy and future
plans codes, to triangulate the findings from mentee data and explore
collectivist versus individualist themes around the pursuit of science
pathways further. Two codes were added focusing on “observation of
competence/confidence” to code for instances where mentors observed
the mentee doing well, and “mentor supports” to capture the supports
that influence the mentor’s mentorship.

2.6. Researcher Reflexivity

Each of the authors reflected on their experiences and identities and
how they might influence the research process, particularly the coding
and interpretation of student responses. The first author is a develop-
mental psychologist, and the second author is an educational scientist.
The lead author was trained as a developmental psychologist in a posi-
tivist scientific tradition; therefore, the study’s broad framing proceeds
linearly, with etic theoretical and methodological approaches serving
as a starting point for the research. However, the project team’s intel-
lectual diversity ensured that this top-down conceptual organization
was also combined with research approaches that were able to capture
the nuance associated with different conceptualizations and opera-
tionalizations of motivation from minoritized youth. The first author
identifies as Asian American and male, and the second author identifies
as White and male. Both first and second authors participated in the in-
dividual interviews with students and have extensive research experi-
ence in adolescent development, motivation, and identity. The second
author, who conducted the initial grounded theory coding and analysis,
has training and experience in grounded theory and phenomenological
qualitative methodological traditions and research on motivation in
adolescent development from both psychological and sociocultural per-
spectives. The third author identifies as a white, working class woman
who has experience working with racially and culturally diverse stu-
dents of all ages, youth program development, and qualitative research.
The fourth author identifies as Black and male, was involved in inter-
viewing students, and has extensive experience in conducting inter-
views around sensitive topics. The fifth author identifies as White, first-
generation, Queer, and female, and has extensive experience conduct-

ing research and developing programs focused on supporting marginal-
ized students’ STEM career pathways. Together, the team engaged in
collaborative sensemaking that sought not to elevate a particular ap-
proach but sought to negotiate different research perspectives while
honoring and elevating the students’ voices that were the primary focus
of this study.

3. Results

Because well-defined motivation theories were driving this inquiry,
qualitative coding and analysis did not follow a complete grounded the-
ory approach. Instead, we adopted a modified grounded theory approach
to identify salient themes for a small sample of high school students of
color experiencing a brief, intensive near peer mentoring experience.
The second author identified salient ideas as subthemes within each of
the two major themes—self-efficacy in science and future plans to pur-
sue science. These subthemes were developed inductively during the
first coding across transcripts of the six high school mentees. Subtheme
codes added late into coding were applied to the first transcripts ana-
lyzed to ensure full saturation. These perspectives of high school stu-
dents of color informed exploration of each major theme, with the aim
of expanding the current theorizing in each area and understanding the
potential role of near peer mentorship in science motivation. A list of in-
ductive codes within each motivation construct is presented in Table 3.
After completing a second round of coding by the third author, addi-
tional codes were added to that table, including those reflecting the
mentor perspective. Table 4 includes a descriptive profile of each
mentee. All names are pseudonyms to protect student privacy.

3.1. Self-Efficacy in Science

As can be seen in the mentee profiles in Table 4, students possessed
relatively high levels of science self-efficacy before being mentored,
and each experienced unique hands-on mentoring experiences. The
analysis of the data within the theme of self-efficacy produced six sub-
themes: sense of agency, proxy agency, help-seeking, collaboration,
support from adults, and leadership. Sense of personal agency, proxy
agency, and help-seeking were the most salient ideas across the
mentees, reflecting both individualistic and collectivist orientations.
Five of the six mentees felt their confidence to succeed buoyed by the
experiences shared by their mentors and their hands-on engagement in
the lab. For instance, the youngest female student in our sample, Nova,
shared that her mentor’s stories of struggle boosted her own self-beliefs:

… she struggled in high school, and because people would say, oh no, you
won't be able to do this, oh, maybe you should go to a community college.
But instead of her listening to what they had to say, she knew that she
would be able to succeed. And, so, because of her belief, she was able to
make it … and, so, I thought that that was very inspiring, because for me,

Table 3
Inductive codes within each motivation construct.

Motivation construct Codes

Science self-efficacy Sense of agency
Proxy agency
Help seeking
Collaboration
Support from others
Leadership
Observation of competence/confidence*
Mentor supports*

Future plans in science Getting multiple perspectives
Persevering
Taking pride
Self-transcendent purpose

Note. *Denotes that code was only used for mentor data.
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Table 4
Profiles of High School Student Cases.

Mentee
Name

Gender,
Race/Ethnicity,
Grade

Subscale
Means

Lab
Experience

Illustrative Quote

Franco Male, Native
Hawaiian/Other
Pacific Islander,
9th grade

Self-
efficacy:
6.00
Future
plans:
6.00

In a biology
lab studying
fish

“we used this paraffin stuff
for the fish tails of the zebra
fish…we had to try and fold
it up, but that was difficult.
We kept breaking them..if
they're folded up…we can
put it so that it turns into
wax….eventually we can use
that data for tests, RNA, and
that stuff…The lab was a lot
messier than I thought it
would be

Nova Female, Black,
10th grade

Self-
efficacy:
5.17
Future
plans:
5.67

In a biology
lab studying
fish

“I learned a lot more about
fish than I ever thought I
could. So, I learned that they
have like a little hatchery, so
there's two different
room…theyalsohaveeggshatch
inside, like a little miniature
refrigerator…I learned about
how exactly you're able to
see the bone…they inject the
fish…it stains their bones
red. So it's easier to see their
bones…I thought that that
was really cool.

Destiny Female, Black,
12th grade

Self-
efficacy:
5.67
Future
plans:
5.33

In a biology
lab studying
worms

The lab was different…I had
like higher expectations like,
Oh it's gonna be
like…organizedandcleanbut…it
was likea real
environment…therewas likesomany
numbers of everything….I
felt kind of like
realistic…Likebeingintheremademe
feel like ready to be a
scientist and try new things.

Miguel Male,
Hispanic/Latino,
10th grade

Self-
efficacy:
5.17
Future
plans:
4.00

Neuroscience
lab working
with EEG

“…being able to study the
brain like that is really
interesting … we had 64
cables that were like
networks and we plugged
them into certain sections
and … they'd run [data]
through code which I
learned yesterday…”

Table 4 (continued)
Mentee
Name

Gender,
Race/Ethnicity,
Grade

Subscale
Means

Lab
Experience

Illustrative Quote

Kim Female, Asian,
12th grade

Self-
efficacy:
5.30
Future
plans:
6.00

In a biology
lab studying
worms

“My first impression was
like, wow this person seems
really devoted to science.
This is awesome. I'll get to
work with someone who is
really passionate about
science…it was just a very
open experience and every
step that she helped me with
whether it be like getting a
plate and like scooping
worms and or like, plating
them and trying to adjust the
microscope to my liking… I
felt really close to her and
also her mentor as well.

Rafael Male,
Hispanic/Latino,
9th grade

Self-
efficacy:
4.33
Future
plans:
3.67

In a
chemistry lab

“[The lab] was very full of
beakers and boxes of
people's stuff…we were
measuring the Aluminum
and Gallium minerals on the
scale in the lab and then
putting them into the
mixture into the water
aluminum compound and
then putting them into the
centrifuge and letting them
do its thing…[it was]
exhilarating.”

Note. Subscale scores ranged from 1 to 6, with 6 indicating higher motivation.
Student names are pseudonyms.

sometimes for myself, I'm like, ‘Oh, I can't do this or I can't do that’ … I
limit myself.
In this way, self-efficacy in science may develop for students of

color, in part, through proxy agency, where the vicarious experience of
hearing about self-efficacy beliefs, success, and competence of a near
peer like them becomes a component of their own self-efficacy beliefs.
This perspective was shared by all three female mentees—Nova, Des-
tiny, and Kim. Of the male mentees, all of whom were younger than
their female counterparts, only Miguel focused on the role of proxy
agency, sharing how he watched his brother succeed in high school and
how that modeling made an impression on his own self-efficacy and
choices. Destiny, who already possessed high levels of science self-
efficacy and future plans, reflected on how her mentor’s confidence to
succeed, even when others doubted her, affected her own thinking:

Well she was a first-generation college student, so, like everything she
was saying I can relate to. So, like, she had a lot of perseverance …
even if someone tells you no, like, the worst thing you can hear is ‘no’
… but once you, like, hear ‘no’, like, it doesn't mean stop, it just means,
like, find another way to try something new or go after something else.
Examining the reflections of the mentors helped us triangulate inter-

view data from mentees and added to our understanding of interper-
sonal dimensions of science motivation. The mentors in our study high-
lighted the different ways that mentoring had on their own self-efficacy
and motivation and what they observed in their high school mentee.
Hearkening back to the idea of how mentees observed the confidence of
their mentors, many of the mentors themselves also marveled at the
confidence and competence of their mentees. Miguel’s mentor shared:
“I was really surprised. I don’t know if it was just me in high school but,
[Miguel] is this like so focused most of the day, like I would have been
zoning out but it’s like the level of maturity.” Rafael’s mentor was also
impressed with his confidence, performing a quick calculation in his
head as his mentor reached for his phone calculator. The mentors also
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reflected on how they saw their own self-efficacy development follow
an unexpected path. Nova’s mentor shared,

It was mainly about like school, like going through school and how you
don't have to really like fit into a certain box to become a scientist. You
don't have to get straight A's. There's not like a specific path that you
have to follow to be successful. Everyone has their own journey and gets
to a certain place that they are in their own way and so if it takes you …
because [Nova] was explaining to me that she's not good at math and
I'm not either, but I'm still pursuing a pre-med track and I'm doing what I
need to do to accomplish my goal. So it's perfectly, it's possible.
Other mentors shared a similar sentiment with their mentees, sup-

porting the mentees’ self-efficacy development, in part, through chal-
lenging key beliefs—that someone has to be a certain kind of student to
pursue science and those seemingly successful science students, like
themselves, do not have their own academic struggles.

For the young women of color in the sample, the shared experience
at the intersection of gender and race played a role. The oldest of the fe-
male mentees—Destiny and Kim—who were entering their senior year,
had both faced lower expectations and beliefs from others regarding
their potential. When they heard these shared experiences from their fe-
male mentors of color, it bolstered their own self-efficacy to succeed in
the challenges that lay ahead. The signals that came from their experi-
ence in the external world, such as feeling stupid for not understanding
concepts quickly or feeling like they do not belong in science because
they are from an underrepresented group, affected their own internal
sense of agency in science. Hearing about these shared experiences
from their mentors, who were on their way toward a successful career
in science, provided an important reinforcing perspective and shift in
framing the challenge as an opportunity. For instance, Kim shared the
following reflections from her mentor.

… she is half Latin and half White and so I asked her if that ever both-
ered her, if she felt excluded. And she said it was weird not, like being,
being like the minority in this … it's not the most diverse place … even for
me at [my high school], there's only a 5 percent diversity rate. So, it's
hard for I guess us to connect with other people … But as she grew up, she
saw other people saying you always have to step outside your comfort
zone to grow up and explore options. I think because I've always been the
minority for my whole entire life. And it gets to me sometimes, saying
like, ‘Oh why do I not see other people like me.’ But I think her idea of …
stepping outside your comfort zone, it gets to me because I myself I get
uncomfortable in many situations, but I realize when I'm uncomfortable I
should live up to it and just go forward no matter how awkward I get.
Mentors also shared the ways in which their experiences of being

mentored by others taught them how to be a mentor. It is illuminating
to see how Kim’s mentor described her own self-efficacy and sense of
competence in being a mentor to Kim. Importantly, both Kim and her
mentor spoke about their own identities as marginalized individuals as
part of their reflections on self-efficacy. For instance, Kim’s mentor
shared,

Freshman year I joined this program for underrepresented minorities in
STEM careers so that actually got me into a lab itself. So that was very
helpful. That whole program and now that I am in my lab Heather is re-
ally an amazing mentor and she kind of sets the standard for how sup-
portive and cohesive mentee and mentor role should be. You really are
like one person who works together and steps each step together. So she
was a great role model for me and it really helps me. And encourages me
to do the same as I get older and become a mentor role.
An interesting part of our study was that the undergraduate mentors

were themselves mentees in the university science labs where they were
spending their summers. Consistent with this “double identity,” men-
tors commented on how their own mentors in the lab equipped them
with the tools to help their own mentee develop a greater sense of self-

efficacy. Nova’s mentor shared that the first thing she did with Nova in
the lab was introduce her to her own mentor, which illustrates a multi-
generational mentorship process. Destiny’s mentor shared about how
her experience with a mentor helped give her the tools to help her own
mentee.

Destiny had a hard time picking the worms at the beginning. She would
gouge into the Eiger plate and stuff which really reminded me of like
when I was first starting because I couldn't get one worm and then it
would get stuck on the pick and then it was like frustrating. And then I re-
member [my mentor] being like no okay … like do this gently and try
again and take a deep breath. So, I found myself saying a lot of what she
told me at the beginning to [Destiny]. And just at the end … she got it af-
ter a couple like “Ahh I can't do this!”
An important proactive and agentic component to generate self-

efficacy in science was help-seeking, a communal dimension of self-
efficacy. This strategy related to overcoming the tendency to be too shy
to ask for help. As Nova shared about her mentor,

… She also struggles with asking for help, because she says that she's an
introvert. And so for her it's hard … she tries to build enough courage to
ask, because she knows that her mentor could help her. And so for me,
that's exactly what I want to have happen for me is for me to build up
enough courage for me to be able to go and ask for help. And it doesn't
have to be a teacher, like it could be a friend that knows what's going on,
or my parent if she knows what to do. And, so, I don't have to be over-
whelmed when I'm trying to figure stuff out.
Franco shared the perspective that other things that get in the way

of seeking help are pride, ego, and the belief that a lack of knowledge or
skill indicates an inadequacy to succeed in science. He shared,

… it's like so many people think it's about pride and ego. And, like, that
science has to be, you have to be really smart. You have to know every-
thing. But it's not true. I mean, when I was with [my mentor], he didn't
know some things. He asked … we have to be open to find people and get
answers because if we don't we're stuck. And just searching and searching
…

Central to the development of self-efficacy is that modeling and ob-
servation of others can enhance one’s beliefs that they can also be suc-
cessful. Interviews from mentors revealed how their own self-efficacy
development was supported by the modeling and guiding of others
alongside them through challenges. For instance, Miguel’s mentor
shared,

Whenever I thought about mentorship when I was younger I always
thought kind of like a [parent] … someone kind of in the background is
watching everything. But in my experiences … [mentoring is] almost a
peer led discussion and having the mentor kind of just being there to an-
swer questions and kind of you know keep everything on the right path
but not … leading the path … like a smaller power differential between
like who says what … You know whenever I meet with my mentor she'll
tell me something and I'll say in my own words she's like that's close but
not quite. I think that's a valuable thing and … I hope I can inspire
mentees I have in the future …

Other aspects of developing self-efficacy in science, which were not
as consistent across mentees, included making decisions to not procras-
tinate, not being too critical and harsh with oneself, shifting into the at-
titude and perspective of a leader, feeling confident to take on harder
classes, and the importance of collaboration to complement one’s skills
with the skills of others.

3.2. Future Plans in Science

Prior work with predominantly White samples has demonstrated
that beliefs about one’s abilities to be successful are inherently future-
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oriented. As Table 3 indicates, the analysis of the data within the theme
of future plans to pursue science produced four subthemes: getting mul-
tiple perspectives on plans, persevering, taking pride, and self-
transcendent purpose. All mentees, except for Franco and Miguel, de-
scribed a self-transcendent purpose in their pursuits or the pursuits of
their mentors in science. All mentees described how the firsthand expe-
rience in the lab and the exposure to their mentors’ stories helped them
clarify new possibilities for their own futures. Students talked about
short-range plans, such as courses they would like to take in high
school, and long-range plans, such as the primary field they want to
pursue or the kind of job they seek.

Often, those short-range plans tied into their long-range pursuits.
For instance, the younger female mentee, Nova, who had shared her
dreams of pursuing a veterinarian career, shared how she wanted to
take more courses in biology and chemistry because she realized how
both can tie into her dream career path. Another older female mentee,
Destiny, recognized how her focused high school experience in photog-
raphy and web design left her curious about more integration of science
and technology and more exposure to technology in science in the men-
toring program:

… I kind of wish to touch more on the technology part of it because, like,
I’m leaving my high school, we do majors so I’m leaving with photogra-
phy and web design, and so I wish you would touch a little bit more on
the technology part of everything … but I do see myself doing that and
science and I do like engineering … any AP Science class honestly would
just be like really fascinating … you can always ask why and why and
why and why forever, and just honestly … that’s just so intriguing to me
…

The scale means presented in Table 4 indicated that most of the high
school mentees already possessed plans to pursue futures in science
prior to entering the mentoring experience. However, the experience in
the program seemed to reinforce or solidify plans and intentions for
most of the students. For instance, Miguel, who reported a mean of 4.0
(out of 6.0) on the future plans scale, shared,

I mean I came in here with science being locked away like something I
wasn't interested in … But I feel like I can walk out of here knowing,
knowing a field of science that I'm actually really interested to [pursue],
which is being a meteorologist. I'm really interested in becoming that, but
that was like fourth grade me. But now its slowly coming back because I
was able to see all these fields.
Even though students were not necessarily engaged in the science

domain of highest interest for them, their experience in the lab and en-
gaging with a mentor served as a catalyst for connecting their past and
present interests to their future plans.

Kim shared an important insight she gained through the experience
with her mentor. As the excerpt below details, she recognized that the
future is uncertain, interests may change, and choices in the present can
lead in many directions:

I know college students even, a lot of them don't know what they want to
do yet because there's so many careers out there that once you to kind of
stick to one, that's your path. Of course, you can always change it and
go back to school and find a new passion … It's like, ‘oh my gosh I have
to choose one career and I have to stick with it.’ But that's never the case
… It’s your path. You can go wherever you want. You are able to, if you
don’t like your major, switch it! … You’re not restricted to what one
person says you have to. I believe like having multiple inputs is always
nice because I’ve had a lot. It’s an adventure.
Intentions and plans to pursue science in the future were tied to

ideas about broadening what it takes to do science, who does science,
and what purpose drives people to pursue science. For instance, Nova
shared, “I would say for a scientist, you can't be afraid to make mistakes
because people make mistakes all the time. We're human. That's what

we do.” Carrying a self-transcendent purpose with a collectivist orienta-
tion to their goals was a consistent driver for the high school mentees
plans to pursue science, and several mentees also recalled similar rea-
sons from their mentors. Purposes varied considerably. Nova wanted to
help animals as a veterinarian and Franco wanted to support his family.
Rafael thought becoming a good scientist meant doing work that was
beneficial toward society and the environment, and Kim wanted to put
her time, skills, and effort toward helping her community with issues of
food insecurity.

Mentors also reflected on how their roles as mentors might influence
their own sense of purpose and future plans. Along the thread of a col-
lectivist orientation to future plans and purpose in pursuing science,
mentors presented a common thread of self-transcendent purpose and
modeling for others, as key to their self-efficacy and motivation to suc-
ceed. For instance, Franco’s mentor shared, “So I want to be that role
model for my siblings that want to eventually go to college and kind of
guide a path for them to follow if they want to. And definitely I want to
help them understand like life is hard, but you find a way to make it
through things. And if you're passionate about something then you can
definitely achieve it.” Similarly, Destiny’s mentor shared, “I definitely
want to do it again. I love being someone that someone else can look up
to and be like okay … ‘She has done this. I can do this, too’ … I love be-
ing that person and I love being able to give advice or help others out.
Yeah just providing that support that mentorship. I like it. I want to like
help other generations do what they can.”

All mentees mentioned facing some internal challenges in pursuing
their future plans in science, such as losing focus with the distraction of
peers or social media. Two female mentees and one male mentee identi-
fied the biased expectations as one of the biggest external barriers they
could potentially face. As Kim shared,

Most of the people here, they're an older generation and their mindsets
more like a male-dominated society. And we can't get away from that un-
til that generation retires and it's a little hard because it also influences
my generation as well … For me, personally, yes it's my race. And it's
also my gender because I'm very much the minority. A female Vietnamese
woman trying to pursue something that is also a very competitive field.
Generally, all mentees, especially the young women, developed an

awareness of the potential societal challenges they will confront along-
side a heightened passion for their pursuits and self-efficacy to be
strategic and succeed.

4. Discussion

The present study sought to better understand the nature of science
motivation among a small, racially-diverse group of high school
mentees who participated in a brief near peer science mentoring pro-
gram with undergraduate mentors. Descriptive, deductive, and induc-
tive approaches to coding and analyzing semi-structured interview data
with mentees and mentors revealed new insights into the nature of self-
efficacy in science and future plans in science. Results indicated that
our understanding of these motivational constructs, particularly among
adolescent youth of color, might be enhanced by moving away from an
individual-centered understanding of motivation (consistent with find-
ings from Clayton & Zusho, 2016, Gray et al., 2020, and King &
McInerney, 2019) and toward the interpersonal factors and social con-
nections that influence motivation to pursue science pathways. Data
from mentors triangulated mentee data and provided additional layers
to our understanding of the interpersonal dimensions of science motiva-
tion. We organize our discussion around three broad themes that reflect
a collectivist approach to self-efficacy. We conclude with limitations
and directions for future research.
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4.1. A Collectivist Approach to Understanding Self-Efficacy

The high school students in our study emphasized the importance of
hearing stories about the struggles their mentors managed, the road-
blocks they overcame, and the unique perspectives and experiences in
STEM pursuits as students of color, generally, and women of color in
STEM, specifically. Illustrated by our qualitative analysis, most mentees
saw themselves and their futures in relation to those experiences shared
by their mentors. This interpersonal aspect of present and future selves
in science resonates with the cultural foundations of collectivist and in-
terpersonal identity in African American, Latinx, and Asian American
communities, among others (Allen & Bagozzi, 2001; Morton, Gee, &
Woodson, 2020; Vargas & Kemmelmeier, 2013). Cultural psychologists
use the distinction of individualistic versus collectivistic based on
whether people emphasize personal or social identities (e.g., Markus &
Kitayama, 1991). Results from the present study reveal the contrast of
conceptualizing motivation constructs from an individualistic and in-
trapersonal orientation to a collectivistic and interpersonal orientation.

Recent conceptualizations of culturally responsive teaching
(Hammond, 2015) suggest that this collectivist perspective is highly
salient for most marginalized communities, including communities of
color in the United States, requiring that schools and educators consider
how to reframe their content and instruction through a collectivist lens
to be more culturally responsive for non-White students. In her research
on African American college students, Carson (2009) identified a chal-
lenging incongruence between the collectivist orientation of African
American students and the individualistic orientation of faculty and the
university setting as a whole. To understand the motivations and pur-
pose of academic pursuits for students of color, Carson implored institu-
tions and faculty to learn how the collectivist orientation plays out in
the cultural and racial identities of students. Similarly, in our study,
both mentees and mentors expressed a range purposes—mostly tran-
scending self-interest—as a driving force for their interest and future
plans in science. Emphasizing this point, mentees reported building
self-efficacy through the vicarious confidence-building experiences of
their racially or culturally similar mentors. Their desire to help others
and contribute to the social good further illuminates the vital impor-
tance of the collectivist and interpersonal in their sense of self and moti-
vations in science. We turn now to three interpersonal dimensions of
self-efficacy—proxy agency, help seeking, and future orientation—that
emerged from our data and may be particularly salient among adoles-
cent youth of color as these individuals consider and pursue academic
and career pathways in science.

Proxy agency. Bandura (2018) suggested that proxy agency plays a
role in the social cognitive development of the self and motivation. In
our study, proxy agency developed through shadowing mentors in a
lab, hearing stories of overcoming adversity and the biases of others,
learning about strategies firsthand, and taking proactive steps to take
control of one’s present and future. Proxy agency also appeared to have
a reciprocal, reaffirming, and intergenerational quality for the mentors,
who expressed the opportunity to model for others was meaningful for
their own self-efficacy and was reinforced by the modeling they re-
ceived from their mentors.

From a collectivist orientation, the development of one’s self-
efficacy may be inseparable from the proxy agency developed and
demonstrated by culturally- or racially-similar near peer mentors. In
our sample of students of color, the mentoring experience made visible
the importance of hearing stories from mentors who became confident
and avoided internalization of the doubts, discouragement, pressure, or
lower expectations of others. Within these near peer mentoring rela-
tionships, some racial and gender affinity helped to establish cultural
congruence, which may be just as important as social and cognitive
congruence for effective near peer mentoring for students of color.
Agentic engagement has been promoted as a distinct form of engage-
ment that relates to how students proactively foster motivationally sup-

portive environments around them, regardless of the conditions (Reeve,
2013). In many instances, the proxy agency of mentors channeled by
their mentees reflected ideas about how students intended to take ac-
tion to increase and act on their confidence in science and other acade-
mic demands. These results suggest that to understand self-efficacy in
students of color, researchers should add or adapt items or scales to in-
clude the interpersonal and collectivist dimensions of proxy agency.

Help seeking. For racial and ethnic minority students, many of
whom come from cultural and family backgrounds that emphasize
strong family and community ties, academic motivation might depend
not primarily on personal, trait-like characteristics, but rather environ-
mental features that reflect the broader ecology of the developing per-
son. In fact, research has revealed that for undergraduate Hispanic
women, interest and persistence in STEM was most closely correlated
with family and school experiences, as well as support from their fami-
lies (Talley & Ortiz, 2017). Indeed, one of the themes that emerged
from the interview data from mentors revealed the importance of
multi-generational mentoring as a necessary ingredient for academic
and career success. We also know that whom students are able to con-
nect with is important as well. Research illustrates that Black students
who are randomly assigned to a Black teacher in elementary school are
more likely to graduate from high school and enroll in college com-
pared to Black students who did not have a Black teacher (Gershenson,
Hart, Hyman, Lindsay, & Papageorge, 2018). Hearkening back to our
discussion of cultural congruence (i.e., similarities in experience of
race, culture, and marginalization), students of color who can form
meaningful relationships with same-race mentors and teachers can pro-
mote greater help-seeking behaviors and lead to enhanced learning
outcomes.

One of the aims of the present study was to examine how commonly
used survey measures designed to assess self-efficacy overlap with the
open-ended responses provided by our diverse sample of adolescent
youth. None of the six questions in our self-efficacy scale makes any ref-
erence to the influence or impact of others on their beliefs about their
ability to succeed. For example, items such as “I can do even the hardest
work in science if I try” or “I am certain I can figure out how to do the
most difficult science problems” imply that one’s ability to succeed re-
sides primarily or exclusively within the individual. However, our find-
ings reveal the important roles that proxy agency and help seeking play
in the development of individual self-efficacy. In fact, we argue that for
some individuals, these interpersonal dimensions are inextricably
linked to their individual pursuit of academic and career pathways in
science. Future survey development work could seek to explicitly ac-
knowledge and examine the ecological influences of self-efficacy devel-
opment, alongside the qualitative work that is integral to our under-
standing of these motivational processes. For instance, items reflecting
proxy agency and help seeking could include, “I can rely on my friends
and family to support me to complete even the hardest work in science
if I try hard” and “I am certain that with modeling from an adult or
peer, I can figure out how to do the most difficult science problems.”
Future measurement work can identify how these items relate to exist-
ing individualistic self-efficacy items.

Future orientation. Our findings lend support to the complexity of
how high school students conceptualize their future plans and inten-
tions as it relates to science. In fact, the themes that emerged from stu-
dents’ open-ended responses—getting multiple perspectives, persever-
ing, taking pride, and self-transcendent purpose—reflect a complex
web of cognitive, affective, and social processes.

Our students’ descriptions of their future plans and interests reflect
themes that might seem incongruent from an individualistic perspec-
tive of motivation but cohere well when considered from a perspective
that emphasizes the importance of relationships, social bonds, re-
silience, and adaptability. Put another way, rather than an individualis-
tic framing of motivation that can perpetuate the idea of scientific “bril-
liance” that situates interest and success in science as a characteristic
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that resides within the individual, emphasizing interpersonal connec-
tions, relationships, and collaborative achievement as an important as-
pect of motivation might resonate more with certain learners, particu-
larly students of color. Further, experiences of racism, microaggres-
sions, and poverty are often faced by youth from marginalized groups.
Understanding how passion, interest, and pursuits evolve as students of
color experience setbacks and adversity, yet remain resilient, will con-
tinue to remain an important area for future research.

We might also consider how students navigate the process of choos-
ing between different academic and career pathways. Vocational inter-
ests reflect trait-like preferences for activities, also known as general in-
terest orientations (Holland, 1997; Rounds & Su, 2014). There are six
general interest orientations, collectively known as RIASEC—realistic,
investigative, artistic, social, enterprising, and conventional. In this
framework, the social interest orientation is of particular relevance to
our findings. Social interest orientation is defined as “a preference for
the manipulation of others to inform, train, develop, cure, or enlighten”
(Wille et al., 2020)—reflecting a self-transcendent purpose. A strong so-
cial vocational orientation would likely predispose a student to a future
pathway that serves others. For instance, vocational interests were
stronger predictors of STEM major choice for German high school stu-
dents compared to expectancy and value beliefs (Wille et al., 2020). An
integrative framework that incorporates the role of social motivation
could help illuminate the processes by which adolescent youth of color
navigate academic and career pathways in high school and college.

It is instructive to examine the quantitative scale of future plans
used in this study. The four-item scale assesses students’ future plans to
pursue academic and science career pathways but does so at a superfi-
cial level. For example, the item, “My experience in this summer pro-
gram makes me want to take more science courses” does not provide
students with an opportunity to explain the nature of their experience
and relationships developed. Enrolling in courses may be a proximal ac-
tion, but it remains entirely individualistic. Our research shows that
students are motivated due to the importance of a task to one’s commu-
nity and to broader society—that is, a self-transcendent purpose. Stu-
dents—both high school mentees and their undergraduate men-
tors—spoke about how their interest in science is service-oriented and
connected to a collectivist purpose beyond their self-interest. Our study
suggests that conceptualizing future plans to reflect interpersonal fac-
tors that emphasize engaging in science socially and contributing in a
meaningful way to one’s family, community, and the world, at large,
may be more inclusive of adolescent youth to envision future plans in
science.

4.2. Limitations and directions for future research

Given the small sample used in the present study, our findings do
not generalize to a broader population of high school students. Al-
though demonstrating generalizability was not an aim of the study, it
would nonetheless be important to broaden aspects of our approach to
examine which aspects of mentoring are perceived as meaningful for
which groups of students. As previously noted, we were only able to
match mentors and mentees on same gender. It would be important to
examine the influence of intersectional identities in the mentor–mentee
matching process on student motivation. Although we observed some
students specifically reflecting on their dual identities as women of
color, would a different mentor–mentee matching process prompt simi-
lar or different themes around motivation and achievement? This
would be an important question for future research.

Although we used individual interviews in the present study, we
also see considerable value in conducting focus groups with students.
Our study revealed the importance of interpersonal connections in the
development of science motivation; encouraging students to share their
views in an interactive social setting might yield insights inaccessible in
an individual setting. To better understand the role of race, ethnicity,

and culture in science motivation, caucus groups might provide addi-
tional space for students of color to openly share their perceptions and
insights about science with other students who share their identity.
Race-based caucusing has become an increasingly common technique
in teacher education programs to help educators reflect on their shared
experiences and how their identity might shape their perspectives and
beliefs about education (Varghese, Daniels, & Park, 2019). Similarly,
focus groups that adopt a caucusing method might yield additional in-
sights into self-efficacy through an identity lens.

Recruitment for the brief summer near peer mentoring program was
targeted and not drawn from a broader participant pool. As previously
noted, we consulted with program directors to identify a group of un-
dergraduate mentors that possessed qualities that would make them
personable and effective mentors, as well as a group of high school
mentees that would be receptive to one-on-one mentoring. All students
already had some preexisting interest in science. Therefore, our youth
sample might not reflect the broader population of high school and un-
dergraduate students. Future research could adopt stratified purposeful
sampling techniques to examine the nature of science motivation for
students who do not already possess an initial interest in science, or for
students who are identified by their teachers as poor performers in sci-
ence, as examples. Examining motivation for science among a broader
pool of students would expand understanding of how to shape STEM
motivation for students, more generally. We also noted earlier that
mentors in our study were mentees themselves as part of a university
science lab in which they were mentored by professors and research
staff. It would be illuminating to further examine this potential “double
identity” amongst mentors and how such an identity could shape their
understanding of what it takes to succeed in science.

5. Conclusion

In the present study, we used a qualitative approach to examine the
nature of science motivation among six high school students of color
who participated in a brief, near peer mentoring program with under-
graduate student mentors of color. Deductive and inductive coding of
semi-structured interviews revealed that science self-efficacy has a
salient future-oriented component and centers around the importance
of forming and maintaining interpersonal connections with others.
These data expand our understanding of motivational phenomena in a
way that is inclusive of the experiences of racial and ethnic minority
youth and adds to the growing body of literature that calls for greater
attention to the collectivist dimensions of motivational processes that
may be particularly salient for minoritized youth.
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