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Abstract: Grounded in a conceptual framework incorporating intersectionality, motivation, self-

determination, and self-efficacy, this empirical study investigated how individuals’ identities, mind-

sets, and resources in educational environments intentionally cultivated to support their decision-

making, development, and connections in the science community, can significantly increase the

recruitment, persistence, and success of low-income, academically talented science students from

diverse backgrounds. Several factors—academic performance in coursework, self-image, self-agency,

financial support, and social integration in the science culture—continue to significantly impact

student retention and persistence in STEM disciplines. Many of these factors are negatively affected

based on a students’ intersecting identities, which can be detrimental to their academic success if not

addressed. We found that additional considerations to factor in concerning low-income students from

diverse backgrounds that is pertinent to supporting their persistence and success in the postsecondary

STEM educational context.

Keywords: low-income students; intersectionality; motivation; self-efficacy; self-determination; social

agency; higher education; STEM education

1. Introduction

The national goal of increasing the proportion of students from diverse low-income
families succeeding in science, technology, engineering, and mathematics (STEM) education
and research enterprise remains paramount to advancing STEM fields in the United States.
However, more than simply having the opportunity to engage in postsecondary STEM
education is required. Students must consider the costs and the resources needed to
enroll and persist in postsecondary education. According to The National Postsecondary
Student Aid Study, there are many equity gaps in postsecondary education, including with
regard to students from low-income households [1]. Many college aspirants, particularly
individuals from low-income families, identified lack of sufficient financial resources
as one of the most significant hurdles affecting their ability to pursue postsecondary
education. Further, statistics show that approximately 43% of students from all racial and
ethnic groups identified as low-income [1]. In particular, students identifying as Hispanic,
Black, and American Indian or Alaska Native had the highest numbers identifying as
low-income at 52.9, 54 and 59.8 percent, respectively. These jarring statistics affirmed
by existing studies illuminate the truth that educational journeys and social mobility
attainment can vary significantly by race, ethnicity, gender, and financial resources for
various student groups [2–4]. Students from low-income backgrounds and who identify as
Black or Hispanic are more likely to leave college without obtaining a credential compared
to their White and Asian counterparts.

Layered with the context of socioeconomic status impacting educational attainment,
the continued trend of underrepresentation of individuals from diverse racial and ethnic
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backgrounds in certain career fields continues to bring into focus the layered challenges
impacting these groups. In particular, science, technology, engineering, and mathematics
(STEM) disciplines show a continued trend of underrepresentation of women and indi-
viduals from diverse racial and ethnic backgrounds [5–7]. The 2023 Diversity and STEM
report released by the National Center for Science and Engineering Statistics (NCSES)
illuminated the disparities based on gender and race and ethnicity within the U.S. STEM
workforce (see Figure 1) [8]. Certain racial and ethnic and gender groups are significantly
underrepresented in specific STEM fields in science and engineering, while other groups
are significantly overrepresented. For instance, women are significantly underrepresented
in S&E occupations, which are typically jobs that require a bachelor’s degree, in five ma-
jor categories: (1) computer and mathematical scientists, (2) biological, agricultural, and
environmental life scientists, (3) physical scientists, (4) social scientists, and (5) engineers.
Women are overrepresented in S&E-related occupations, such as health care workers, S&E
managers, S&E precollege teachers, technologists, and technicians, which are a subset of
STEM occupations that require STEM skills and expertise, but are not classified in the five
main S&E categories [8]. When investigating the statistics in Figure 1 through the lens of
race and ethnicity, notably, white individuals represent over 60% of the S&E workforce in all
occupation categories. In comparison, Black and Hispanic individuals represent between
8 and 10% of the S&E workforce, which is also a lower percentage than their representa-
tion in the general population. Such statistics and reports beg the question of why some
groups are successful in some STEM occupations while others struggle to increase their
representation. This concerning landscape assessment of science and engineering fields
presents educational leaders with the task of evaluating the policies, values, pedagogies,
and resource distribution in their institutional environments that continue to be inequitable
against groups vulnerable to attrition.

tt

tt

Figure 1. Characteristics of the U.S. STEM workforce ages 18–74, by occupation: 2021.

Earlier studies investigating the disparity between population groups and their par-
ticipation in STEM disciplines identified several significant barriers to the participation
of historically underrepresented groups in STEM fields, particularly a lack of a sense
of belonging, a lack of science identity, and a lack of career pathways identified for the
prescribed major [9–12]. However, a longstanding notion foundational to the discourse
regarding the disparity between groups has perpetuated the view that the deficit depends
solely on the student’s abilities, without factoring in the role that STEM culture and envi-
ronments can play in their access to resources and community. This traditional thinking
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and these attitudes towards understanding who participates in STEM and who exits STEM
do not provide a complete picture of the educational experience of individuals from diverse
backgrounds. Centering on the individual’s knowledge and abilities without factoring in
the systematic and structural powers at play severely underestimates the impact of the
educational environment and the exclusionary undertones implied by traditional thinking
and approaches to addressing these challenges [13,14].

In recent years, there has been an increase in empirical research studies and critical
scholarship that has critiqued the traditional notions and dominant narratives of STEM
culture. In particular, scholars have challenged the notion of the deficit solely lying with
the individual and have provided substantial evidence that many of these challenges are
perpetuated by systematic and structural policies, practices, and ideologies interwoven into
the fabric of the STEM enterprise [15–19]. Further, scholars have posited that to broaden
STEM participation for marginalized groups, we must critically disrupt the dominant
STEM culture and narrative rooted in white and male dominance [20–22]. There are
structural and systematic biases that preferentially encourage students from dominant
groups and those who are well-resourced, i.e., in terms of finances, positions of power, and
influence. Among the studies discussing the need for disrupting deficit discourses in STEM
educational contexts, Castro has highlighted that many existing STEM recruitment and
retention programs frame their targeted student population with deficit descriptions such
as “underprepared” and “at risk” and typically focus solely on the student’s deficit [15].
This study brings to light a critical, foundational step for educational equity, starting with
challenging the language and labels we use to describe marginalized students. Like many
others, this study shows how inequities are foundational and interwoven in educational
contexts and must be redressed to support all students interested in pursuing a career
in STEM.

Throughout the higher education literature centered on STEM disciplines, scholars
have shown that science identity, sense of belonging, access to role models and mentors,
social capital and agency, and other factors contribute to undergraduate success and the
development of a science identity [9,23–29]. Within STEM disciplines, it is increasingly
critical to acknowledge the importance of cultivating educational spaces that promote
inclusivity for all individuals, particularly persons that have traditionally been excluded.
These studies suggest that meaningful interventions can support the persistence of students
with talent and the motivation to learn science. Scholars have urged application of the
collective power of the STEM faculty and education discipline researchers to work together
to advance the STEM enterprise. Within the discourse on collaboration and change for
STEM education, Wilson-Kennedy underscores that “the cultivation of talent in the STEM
community belongs to and is the responsibility of the community. . . we must collectively
work together to address systemic barriers” [30]. To support this scholarship and sense of
belonging and to broaden participation in STEM fields, the National Science Foundation
and many other federal, state, and non-profit organizations have offered their support,
resources, and advocacy for investigating and improving the experiences of vulnerable
populations to broaden their participation in the STEM enterprise, specifically examining
the impact of the STEM culture on their persistence and graduation outcomes to shed light
on the structural and systemic inequities stunting the growth of these populations [31,32].

The Present Study

Our study is centered on understanding how diverse intersectional groups of under-
graduate students pursuing science and mathematics majors utilize and leverage their
identities, mindsets, skills, agency, and resources in STEM environments to establish con-
nections to their scientific community that encourage them to remain in their STEM field.
The central research question guiding this study is: How do diverse intersectional groups
of low-income undergraduate STEM students describe their experience navigating and
persisting in their postsecondary STEM environment?
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2. Conceptual Framework

Fundamentally, this empirical study investigates how an individual’s identities, moti-
vation and self-efficacy can be supported by intentionally reimagining STEM postsecondary
spaces to foster a sense of belonging and to support science identity development for low-
income populations and marginalized and historically excluded backgrounds. The concep-
tual framework utilized to situate this study was adapted from integrating intersectionality
theory and three strands of motivation theory (self-determination theory, self-efficacy, and
intrinsic and extrinsic motivation) (See Figure 2). Utilizing these theoretical underpinnings
strengthens our ability to investigate and understand how diverse groups of low-income
students leverage their identities, skillsets, and resources to develop their science identity
and social agency in the scientific community. Further, we couple these theories to depict
the positive impact of high-impact educational practices when situating an individual’s
abilities in environments that are intentionally designed to foster and support their science
identity and social agency development.

ffi
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ffi
ffi

ff

ff

tt

Figure 2. A Conceptual Model Integrating Individual and Environmental Conditions Necessary to

Yield Desired Outcomes for Undergraduate Science Students.

The first element of the equation in the conceptual model focuses on the elements
an individual possesses prior to entering the academic environment. In particular, this
model highlights identities and background (demographic characteristics—race, ethnicity,
gender, socioeconomic status, religious affiliation, first-generation status), mindsets and
skillsets (motivation, self-efficacy, self-determination), and cultural wealth and resources.
Salient to each individual is their unique background and identities, which, intertwined,
shape their experiences—also known as intersectionality. Coined by Kimberly Crenshaw,
mainly focusing on African American women, the term intersectionality was initially used
to describe the combination of a person’s social identities which overlap, interplay, and
combine to produce different forms of oppression and empowerment [33,34]. Creshaw’s
work has since expanded to explore how individuals experience multiple oppressive
forces based on their different, overlapping identities, such as class, race, gender, ability,
sexual orientation, etc. This study of the interplay of overlapping identities enables us
to better understand how to combat interwoven injustices in the human experience. In
STEM education, intersectionality theory is used within research studies as a frame for
understanding the complex lived experiences of individuals from marginalized groups in
order to facilitate equity in education and the overall STEM enterprise [35–40].

Further, studies investigating power and oppression in social identities have shown
that individuals from dominant identity groups seldom understand or are aware of the
experiences of those individuals from marginalized identity groups [41–44]. Individuals
in dominant groups can consciously or unconsciously invalidate the experiences of in-
dividuals from non-dominant groups due to a myriad of reasons, including inability to
relate because of a lack of experience with oppression and lack of recognition of differences,
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among others. For instance, STEM fields such as engineering, physics, and the computer
sciences have been known to be, and remain, traditionally white and male-dominated.
Individuals from non-dominant groups, such as women and racial and ethnic marginalized
groups, encounter numerous systematic and structural barriers when attempting to partici-
pate in such fields [45–48]. As such, our understanding of the human experience requires
more thoughtful discussion and understanding of the complexities and intersections of
power and oppression experienced by an individual, particularly in educational contexts
that are often binary and traditional and do not always account for the nuanced nature of
the human experience, which can severely discredit and inhibit their ability to persist.

In addition to the identities and backgrounds of individuals, this conceptual model
brings into focus the mindsets and skillsets developed to support individuals’ goals and
aspirations. Our research utilizes three strands of motivation theory (self-determination the-
ory, self-efficacy, and intrinsic and extrinsic motivation) as elements of our conceptual frame-
work, particularly for its focus on understanding and centering the individual [28,49–52].
These elements provide a vital context for elevating the individual or student voice. Moti-
vation in the dominant STEM culture is ascribed to individuals based on interpretations of
persons in power. Our usage of motivation theory with cultural wealth disrupts traditional
notions in disciplines and frames the student voice to highlight the goals, mindsets, and
assets that students bring to their experiences in STEM.

Intrinsic and extrinsic motivation are established predictors of personal action [50,53–56].
Intrinsic motivation is doing an activity for its inherent satisfaction rather than for some
separable consequence. As Deci and Ryan articulated, “when intrinsically motivated, a
person is moved to act for the fun or challenge rather than because of external products,
pressures, or rewards. . . in contrast, extrinsic motivation is a construct that pertains when-
ever an activity is done in order to attain some separable outcome” [53] (p. 56). Studies
have shown that intrinsically motivated individuals are more likely to expend copious
amounts of effort on an activity they enjoy, whereas extrinsically motivated individuals
exert energy in a task or activity linearly according to what they perceive the return on
investment will yield. While the perceived value gained differs, intrinsic and extrinsic
motivation ultimately foster investment in the task at hand.

Self-determination theory (SDT) seeks to articulate the connection between motivation
and one’s ability to be self-determined. This broad framework presents a meta-theory of
how social and cultural factors support or inhibit an individual’s sense of initiative and
volition. Existing research has posited that the highest quality forms of motivation and
engagement are determined based on the individual’s autonomy (the need to feel ownership
of one’s behavior), competence (the need to produce desired outcomes and to experience
mastery), and relatedness (the need to feel connected to others) [50–52]. The optimal
occurrence of these three conditions promotes an individual’s creativity, persistence, and
performance in an activity. For instance, research has shown that an individual’s perceived
competency in work-related activities increases their motivation and engagement [50,53].

Self-efficacy, a foundational element of theories of motivation, refers to an individual’s
belief in their own ability, knowledge, and skills to accomplish personal goals. Their self-
efficacy is developed through personal performance accomplishments, vicarious learning,
social influences, and physiological and affective states [54–56]. Studies have highlighted
self-efficacy as a predictor of a student’s motivation, engagement, and persistence in STEM
scholarly activities [57–59].

The second element of the equation in the conceptual model is the collegiate and
STEM environment context. In particular, the environment context highlights the role that
learning experiences, opportunities to build community with peers, knowledge and access
to resources, and inclusive STEM environments play in shaping an individual’s science
identity, sense of belonging and, ultimately, their persistence in their STEM discipline.
The climate and culture of STEM disciplines play a significant role in students’ sense of
belonging and science identity development. Notably, the incorporation of recognized
high-impact educational practices and learning experiences in STEM curricula and culture
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have been proven to aid in cultivating spaces that foster a sense of belonging and science
identity [26,60–62].

In addition to understanding the optimal conditions of the educational environment,
it is also important to understand the ways in which the individual and environment
interplay together in a unique way to produce desired outcomes. Studies have shown that
high-impact educational practices provide students with the opportunity to engage in a va-
riety of ways to bolster their social connections, skills development, and self-efficacy, among
other qualities [57,63–68]. Several additive educational practices can be incorporated to
reimagine curricular and co-curricular experiences, such as living learning communities,
communication training, summer intensive bridge experiences, and exposure to profes-
sionals in their specific fields, among others, that can promote the persistence of science
students, particularly those from vulnerable groups [65,69,70].

We posit that an individual’s background and motivations for STEM are supported
and encouraged in STEM learning environments that foster a sense of belonging and science
identity, so that there are expected outcomes and results affirming their persistence in STEM.
In particular, our conceptual model highlights the outcomes achieved are decision-making
(academic choices supporting the actualization of a career in the STEM field), development
(science identity development, social agency development, research and technical skills
development) and connection (within the institution and the science community). The
outcomes achieved show how situating an individual’s abilities, skills, and resources in
environments intentionally cultivated to support their growth significantly affects their
willingness and ability to persist in STEM.

2.1. Key Concepts

In addition to presenting the conceptual framework, this section will define several
key terms fundamental to situating this study.

2.1.1. Community Cultural Wealth

We utilize the term community cultural wealth (CCW), which refers to the six assets
that individuals from marginalized populations utilize to navigate educational environ-
ments [71]. Tara Yosso expanded on Bourdieu’s work on cultural capital to provide a more
inclusionary approach to understanding the cultural assets possessed by marginalized
groups [71]. We chose to utilize the term community cultural wealth as our scholarship
actively seeks to decenter ideologies that promote deficit approaches, maintain the status
quo, and perpetuate inequities impacting individuals from marginalized populations.

2.1.2. Science Identity

As defined by Carlone and Johnson, science identity refers to the factors that affirm
an individual’s belief that they are a scientist. The three factors are their performance
(engagement in relevant scientific practices), recognition (recognizing oneself and being
recognized by others as a science person), and competence (knowledge and understanding
of science content) [9].

2.1.3. Social Agency

Social agency is an individual’s capacity to have the power and resources to fulfill their
potential in their community [72]. In the context of this study, we posit that the combination
of the individual in a supportive STEM environment can assist in cultivating their social
agency in the scientific community. As a result, individuals experience a sense of ownership
and the power to engage and navigate the science community successfully.

3. Methods

3.1. Participants and Research Setting

This study employed a qualitative case study approach to explore the formation of sci-
ence identity and social agency among low-income, academically talented undergraduate
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science students from diverse backgrounds. Case study research allows researchers to com-
prehensively understand complex issues within their real-world context [73,74]. Case study
research explores real-life, bounded cases through multiple forms of data. The setting of the
research study was a large, research-intensive public university in the Deep South region of
the United States. Within this college of science, approximately 1500 undergraduate science
majors are enrolled across seven academic programs. About 16% of the undergraduates
identify as members of a historically underrepresented racial and ethnic group.

The target population of this research study was science and math students who
currently participate in or who participated in a scholarship program for students with
significant academic talent and financial need from Fall 2020 to Spring 2023. The rationale
for engaging this specific participant pool was the diversity in the group and the opportu-
nity for access to collect interviews and other data sources for collection and triangulation.
The term diverse group in this study is defined as individuals with differences in race,
ethnicity, socioeconomic status, religious belief, sexual orientation, academic pursuits, and
life experience, among others.

Table 1 summarizes the profiles and demographics of the participants in this research
study. The participants included five women, four men, and one non-binary individual.
The academic classifications of the group ranged from sophomores to graduating seniors.
The racial makeup of the group was Asian, Black/African American, and White. All the
participants identified as low to moderate income in their socioeconomic status. Four
participants identified as first-generation students—neither parent had attended college or
a university. The students actively participated in several high-impact educational practices
and engagement opportunities that holistically supported and encouraged their academic
and social integration into scientific and university culture.

Table 1. Participants’ profiles.

Pseudonym Classification STEM Discipline Gender Race/Ethnicity
First

Generation

Marie Junior Biological Sciences Woman
Black or
African

American
N

William Junior
Physics-Astronomy,

Mechanical
Engineering

Man White N

Alex Junior
English Literature

(previously Physics)
Non-binary

Two or more races
(White and Asian)

Y

Irene Junior
Biological

Sciences-Marine Biology
Woman

Asian or Pacific
Islander

N

Louis Sophomore Microbiology Man White Y

Ruth Sophomore Microbiology Woman
Black or
African

American
Y

Mary Sophomore Mathematical Statistics Woman White N

Rachael Sophomore
Biological Sciences

(Pre-Med)
Woman White N

Malcolm Senior
Biochemistry

(Pre-Med)
Man

Black or
African

American
Y

Davis Senior Biological Sciences Man Asian N
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3.2. Data Collection and Analysis

Aligned with the case study methodology, we collected multiple forms of data, inclu-
sive of documents and interviews [75]. We posit that the collective evaluation of these data
points paints a detailed picture of our scholars’ experiences, particularly giving a more
in-depth understanding of how they developed and utilized their science identity and
social agency in connection with their involvement in the mentoring scholarship program
to integrate into their scientific community. The primary sources of data collected in this
study were one-on-one, semi-structured interviews. The interviews lasted approximately
45 min and were conducted through the Zoom video platform. The interview protocol for
this study can be found in the Supplementary Materials. Each participant provided verbal
informed consent prior to participating in the research study. This study was approved by
the Institutional Review Board at a research university in the Deep South region of the U.S.
Participants were assigned pseudonyms to ensure their identity remained confidential and
to provide a means of reference in the findings and discussion portion. The interview pro-
tocol questions for the research study were developed from the conceptual framework. In
particular, the questions explored participants’ transition to college, social agency develop-
ment, science identity formation, participation in curricular and co-curricular experiences,
and their perceptions of race and gender within the science community. The interview
protocol questions are provided in the Supplementary Materials.

In addition to interviews, the researchers evaluated each participant’s success metrics
collected yearly. The success metrics included grade point average (G.P.A), professional
development engagement, awards/honors, and individual development plan development
and progress. This study’s third source of data was annual evaluation reports provided
by the external program evaluator. The annual evaluation report provided an overall
summation of the program’s efficacy in relation to outcomes, student and staff feedback
and suggestions for areas of improvement. We posit that the collective review of these data
points paints a detailed picture of our scholars’ experiences, particularly giving a more
in-depth understanding of how they developed and utilized their science identity and
social agency in connection to their involvement in the mentoring scholarship program to
integrate into their scientific community.

The data analysis process was grounded in an inductive coding strategy that allowed
the researchers to identify patterns and assign codes to concepts of interest in the interview
data [76,77]. The first step in this analysis process was reading through the transcripts
to ensure accuracy, to correct grammatical errors, and to gain an initial understanding of
each participant in the case study. Next, each transcript was uploaded into the Dedoose
qualitative analysis software for coding. Each transcript was open-coded using an inductive
strategy: reading and interpreting raw data to develop themes and concepts via interpre-
tations based on data [74]. In this phase, the codes produced are tentative and subject to
evolve and change as the analysis continues. After initial open-coding of all transcripts, the
first iteration of the codebook was completed. In subsequent rounds of axial coding and
refining the codebook, the final codebook was completed, which included 76 codes.

The reporting of the data analysis was two-fold. We conducted a narrative analysis
to understand how participants interpreted their own lives through their identities as
they navigated the academic and social environment in college, utilizing multiple data
sources, including student metrics, evaluation reports and interview data, to deepen our
understanding of each participant and the context of their environment [78,79]. Secondly,
we examined the data across the group by identifying relationships and patterns across
the ten participants. Utilizing these groupings of relationships and patterns, we labeled
the emerging themes shared by the participants [80]. The final themes presented in the
results section are the key outputs produced by the identified patterns or trends between
the participants’ experiences. We utilized peer debriefing sessions and concept mapping
throughout the study development, implementation, and execution phases to ensure
trustworthiness [81,82].
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3.3. Researchers’ Positionality

Our individual research agendas and collective interests focus on justice, equity, diver-
sity, and inclusion (JEDI) systemic change, and education models in chemistry education.
We investigate topics regarding faculty and student recruitment, retention, and success in
STEM. The first author is a Black woman, a postdoctoral fellow in chemistry education
at a public PWI. As a trained forensic scientist and qualitative educational researcher,
her lived experiences as a student and professional have informed her scholarship and
practice, which examines the narratives and lived experiences of historically excluded and
marginalized populations, particularly investigating critical points in their transition to
and navigation of the STEM educational pipeline. The second author is a faculty member
in chemical education research and practice and an administrator within the College of
Science at a PWI. As a leader on almost $30 million in extramural support from NSF, NIH,
USDoEd, and philanthropic agencies, she has designed and implemented over 20 edu-
cation projects, which have employed mentoring models to create and test development
structures that cultivate self-efficacy and agency, particularly for groups historically under-
represented in STEM. Her research centers on studies of the persistence of individuals from
all backgrounds in STEM higher education and careers, with a primary focus on faculty
and student recruitment, retention, and success. Her lived experience as a woman of color
in STEM influences her passion for studying students from diverse backgrounds and their
pathways in STEM higher education and careers.

4. Results

The data analysis revealed three salient themes that emerged across the ten partici-
pants in relation to the central research question. We found that our participants discussed
the ways in which their intersecting identities significantly shaped how they were nav-
igating their collegiate STEM experience. Additionally, we found that our participants
attributed their persistence in their STEM discipline to their motivation sources (intrinsic
and extrinsic), support from their community (peers and mentors), and intentional en-
gagement in academic activity and access to well-resourced environments (academic and
social opportunities).

4.1. Intersecting Identities Significantly Shaping Their Collegiate Experience

As participants discussed navigating their educational experience, many of them
discussed an awareness of the realities of the privilege and oppression of their intersecting
identities as they moved through academic and social spaces. In particular, each participant
described the most salient identities they were most conscious of as they navigated their
educational spaces. In our discussions about the ways in which their identities were shaping
their collegiate experience, Ruth, a Black woman and first-generation college student in
her sophomore year of the microbiology program, shared her experience of developing
awareness when she participated in a panel discussion during her freshman year about
being Black at a predominantly white institution. She explains:

I was on a panel last year about being black and the PWI, and how you felt about that. . .
after that panel I started seeing things I didn’t really notice before. . . like the fact that an
average class has about two hundred people and there is usually only maybe ten to fifty
of us [Black people]. . . if there’s ten of us here, we tend to group together based on that
[race]. . . but then sometimes I think about this underlying thing which is in a job force
only one of us can succeed.

Ruth also discussed the dichotomy she experienced when she sought out a Black
science-based organization:

I am a member of a Black science-based organization. I went to a couple of events, and
it was really cool to see so many people in my major, who looked like me . . . however,
when I talked to my aunt, she said try not to get pigeon hole into just going to black
organizations, because whenever you graduate, or you go into the workforce. Everyone’s
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not going to be black and you want to have experiences outside of that [being Black], and
not just be so uncomfortable in branching out because of that [race].

Conversely, Malcolm, a Black man and first-generation college student in his senior
year of the biochemistry program, shared how the representation of Black and Brown
students has increased since his freshman year at this institution. For him, the growth in
these specific student populations has become a form of motivation for his persistence.

From freshman year to now, there is a lot more color around campus. . .Sometimes I’d
be the only black or minority person in a classroom. . . I would notice it, but it wouldn’t
be that big of an issue. Now, when I go into class, there’s a bunch of other black and
brown people, and it makes me feel good. . . even against odds and what anyone else thinks
they’re doing this too, which drives me. I don’t want them to feel like they’re alone in this,
so I’m going to keep going too.

In addition to the discussion about race, other participants focused on the dichotomy
of their identities in academic and social spaces and how their academic spaces seemed
neutral and erased their identities and human essence. Irene and Alex discussed how
their experience navigating their identities was much more challenging socially than
academically. Irene, a South Asian woman in her junior year of a biological sciences, marine
biology concentration program, discussed how identifying as South Asian and Hindu was
most apparent in the social settings of her collegiate experience. Particularly, she shared
how she was negatively impacted by being in an institution with a dominant Christian
student population:

There are a lot of people here identifying as Christian. . . so my religious identity and
growing up Hindu has definitely impacted my social experience here. . . there are a lot of
Christian-centered organizations and a lot of Christian-centered talk in some classes. . . it
affected it a little negatively, just because I grew up in a very diverse community. . . Here
everyone is either Catholic or Protestant and if you don’t like fit that, it can be a little
isolating. . . but in terms of feeling supported in my academic life, that’s never affected
me. . . people don’t bring up religion in my Bio lab.

While Irene appreciates the neutrality of her STEM academic space, Alex, a White and
Asian non-binary person and first-generation college student in their junior year of the
English literature program and formerly in the physics program, interpreted the neutral
approach of their STEM academic environment as an erasure of their identities and put
more of an emphasis on their ability to produce quality work as the determinant of their
value. Alex shared: “The physics department faculty were very supportive of my identity and
my transition. . . however I always say being queer in STEM is a double-edged sword because, on
the one hand, your identity doesn’t really matter that much, and it just depends on the quality of
the work that you put out. . . But, on the other hand, there isn’t necessarily an explicit validation of
identity. . . I think that both helped and hurt.

Louis, a first-generation, White queer man with a speech disability in his sophomore
year of the microbiology program, eloquently discussed the intersectionality of privilege
and oppression experienced through his identities.

To start off with being first-gen. I don’t feel like I’m good enough sometimes, and like
I don’t deserve a spot at college. . . I come from a disadvantage background, and it puts
me in a spot where I feel like they have advantages. I’m going to kind of let them keep
having those, and I’m going to sit back. . . As a queer person. . . I feel isolated sometimes
because it’s hard to judge someone’s acceptance of me. . . I don’t bring up certain things
about myself, because I don’t know how they’ll react and it’s a safety thing. . . which kind
of leads me to not having any full interactions, because that’s such a big part of me. And
I’m a white man. I acknowledge that I’m a white man and the privilege that comes with
that. . . I also have a speech impediment. . . It’s kind of hard for me to communicate. I also
hold back sometimes if someone’s not taking the time to understand or if people are going
to make fun of it.
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Conversely, students from dominant identity groups did not explicitly view their
experience through their own identities of race, ethnicity, gender, and religion but rather
through the lens of being low-income or being accepting of others’ differences. Particularly,
Davis, an Asian man in his senior year in the biological sciences program, shared his
sentiments about the work ethic as the main factor influencing his educational experience:

I’ve interacted with a lot of people of different races, genders, genders, and like classes as
me. . . I’ve learned to just respect people. For me, my race, class or gender do not limit me
from what I want to be because it’s about mindset, you know. I feel like it’s about your
grind. The harder you work, the more opportunities you have.

Similarly, William, a White man in his junior year of physics and mechanical engineer-
ing programs, shared that his focus was not on identities but instead on connecting with
peers over the shared student experience in the collegiate environment:

Every time I walk into an environment on campus, there’s a wide variety of different
types of races, genders and religions and a lot of different types of people. I think that’s a
great thing. I don’t really feel I get that effect of there’s too little or too much of this one
specific group. . . it kind of blends to the point where I look past that stuff [identities]. . . I
think we’re all students trying to make it through our days so how can we help each other,
or how can we share experiences, or get to know each other, and our differences, and all
the stuff that makes us the same.

Rachael and Mary, White women in their sophomore year in the biological sciences and
mathematical statistics programs, respectively, discussed identities from the perspective of
accepting others without acknowledging how they view their education journey through
their own identities. For instance, when asked how her identities or perceptions of race,
class, or gender have shaped her experience, Rachael said, “I wouldn’t say it has influenced
it as much. . . I’ll talk to anybody. It doesn’t bother me. It’s nothing wrong with your identity. . .
everybody’s unique.”

4.2. Motivation Powering Their Pursuits

In a discussion about their educational experience in their STEM academic program,
participants explored and shared several topics and concepts rooted in actively remember-
ing their motivation to pursue science. All the students discussed some degree of intrinsic
motivation and self-reliance as the primary driving force for their direction and success
academically. For all the students, their intrinsic motivation was cultivated from a belief in
self, curiosity, and interest in the specific science discipline and achieving their definition of
success. When asked to share their definition of success that motivated them to pursue their
goals, three common themes emerged from their definitions of success: (a) accomplishing
their goals; (b) being able to comfortably live the life that they envisioned for themselves;
and (c) progression in developing their skills, abilities, and knowledge. Louis and several
others brought into focus how their progression to becoming better was a demarcation of
their success on their journey to their career. Specifically, Louis reflected on how he viewed
his academic progression as a source of affirmation and motivation:

I reaffirm myself . . . that’s why a lot of my validation comes from academics because there’s
an active scale . . . it’s a double edge because sometimes, for example, I was struggling
with organic chemistry, but for me, I’m succeeding because I understand more than I
thought I would. In reality, I may not be my best, but I’m succeeding because I’m passing
the class.

In addition to their shared attributes of motivation and success, several participants
discussed another layer to their motivation to pursue their career path: their commitment
to serve and support their communities and society at large. Malcolm, Irene, and several
others, stated that their motivations were rooted in their desire for civic responsibility to
their communities. It is this connection to something greater than self that these participants
found a source of fuel to their motivation to pursue their science degrees. Malcolm shared



Educ. Sci. 2023, 13, 888 12 of 19

that his motivation was rooted in creating access for individuals from underserved and
economically disadvantaged backgrounds and encouraged him to be persistent in his
pursuit of becoming a neurosurgeon with experience in hospital administration.

I want to create more access for folks. . . people shouldn’t have to risk the quality of
their life even more so getting surgery. . . I definitely do want to go into the policy and
procedures. . . I find there is a large disconnect between the admin and the people that
are actually practicing medicine when the admin has not been in the doctor’s shoes, and
they’re trying to implement things that they think could work instead of things that
they’ve seen in practice. . . I want to limit the need for spinal surgery to begin with, and
then, if someone does need spinal surgery, I want to develop methods that are going to
reduce the risk associated with it.

Similar to Malcolm, Irene conveyed that one of her motivations to pursue a career in
environmental science was being able to connect science to society through educational
resources. In particular, she discussed her love for documentaries and the ways in which
documentaries are used to educate the general population about complex science matters.
“Film (documentaries) is what made me want to go into environmental science. . . it was seeing really
good documentaries or seeing TV personalities like Steve Erwin. . . That’s what I think connected me
to nature. When documentaries like plastic ocean came out. . . these environmental documentaries
really attracted me. I’ve always really liked what they did in terms of public outreach about bringing
the science to large-scale audiences.”

For others, their motivation to persist in their STEM programs was fueled by an
initial curiosity in their specific discipline and motivated their initial pursuit, while the
opportunities, freedom, and encouragement to explore and refine what their career path
could be fueled their motivation and enthusiasm to continue to persist and navigate their
educational experience. William, Louis, and Ruth all discussed the ways in which their
persistence in their specific discipline had been sparked by their initial curiosity and
sustained by their ability to refine their path to their own niche. For instance, William’s
childhood love for sci-fi movies piqued his interest in physics. Once he came to start his
education journey, he added an engineering major to allow him to bring his theoretical
physics training to life through an engineering design background. He explained, “When I
was a lot younger, I would always watch the sci-fi movies. . . I set my path initially for just purely
physics, but then I started realizing that I wanted to go into a field where I could do more design
and try to apply these concepts. . . realized that in order to get that design background, you would
ideally, you’d want to have an engineering background”.

4.3. Community and Connection Matters

A notable commonality among all participants was their active engagement in various
academic and social opportunities that supported their sense of belonging in the science
and university community. As the students shared about their engagement outside of
classes, they discussed participating in at least one student organization and one academic
experience (i.e., conferences, undergraduate research, shadowing, etc.). Table 2 represents
data from the student metrics collected on their participation in undergraduate research,
academic organizations, social organizations, and academic co-curricular experiences
for the ten students in this study. Utilizing a ranking scale from the activity with the
highest participation to the lowest participation, science-related academic organizations,
undergraduate research, and social organizations were the top three engagement activities
in which most participants engaged. Notably, all the participants reported participating in
at least one science-related academic organization.
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Table 2. Engagement in Specific Academic and Social Activities.

Engagement Activity Total Participation Percentage

STEM-Related Academic Organizations 10 100%
Undergraduate Research 7 70%

Social Organizations 7 70%
STEM Conference Participation 6 60%
STEM Conference Presentations 5 50%

Shadowing/Internships 3 30%

When asked about their engagement experiences, many participants discussed how
their participation in various engagement activities had supported their personal and
professional growth, provided a community of like-minded peers, and affirmed their sense
of belonging in the science community. Davis, Mary, and Rachael discussed at length the
positive impact that their engagement outside of the classroom had in supporting them. For
Davis, his engagement in academic and social opportunities had been the linchpin in his
persistence in his discipline. He expounded, “These experiences give me like a buffer between
science classes because I feel sometimes science can be a little bit overwhelming no matter how
interested you are in the subject. . . It gives me an opportunity to destress and come back better than
ever, ready to focus, ready to take on science.” Further, when discussing his social connections,
he shared his appreciation for his peers, “It’s so necessary for the college experience. I don’t
think I would have made it. . . The people in the program are already accomplished people. I talk
to them about stuff, and conversational pieces are in the back of my head. . . I wanted to be around
like-minded people and to be able to engage in that type of space”.

Davis, Rachael, and Mary shared how engaging with peers in social settings had been
one of the highlights of their collegiate experience to help them balance the rigor of being
a science major. Rachael explained, “. . . doing fun activities definitely helps lighten the load
and makes this experience feel a little better. For instance, we went bowling, and I had an exam the
next day, but I like planning ahead, and I was like, I’m still going to this event because It’s going
to be a nice relaxation before having to go take an exam.” Mary shared how her engagement
with her peers had served as extrinsic motivation to persist in STEM. “Having people doing
similar things like me or making sure that I’m staying on track has definitely motivated me to keep
working at this degree and to keep up with my other friends in STEM. Also, to not let people down,
you know. . . Its motivation being around similar like-minded people”.

In addition to being in a community with like-minded peers, students who participated
in undergraduate research discussed the ways in which their ability to understand the
course content and growth in their research skills and academic decision-making were
significant benefits of this opportunity. For instance, William participated in a summer
undergraduate research experience, the summer before his sophomore year, and shared:
“I did my research after my freshman year. . .everything I had to learn in the research project
over that summer was stuff that I was going to be learning in courses down the road. . . I’m still
coming across content I learned in that research experience that’s coming up in the courses I’m
taking now. . . it’s extremely helpful getting involved in research.” For Irene, her undergraduate
research experience had strengthened her research skills and supported her career plans
and actualization in her STEM field.

Everything I’ve done outside of the classroom has been pushing me in this direction
that I think I’ve always been headed, which is like just wanting to do something either
service-oriented, or for climate change, or something that feels urgent. . . Everything is
set to give me skills that I will apply in the future. . . It’s really been good to know that I
can see how this was applied in the lab.

5. Discussion

The purpose of this present study was to explore the ways in which low-income
undergraduate science students from diverse backgrounds describe navigating their post-
secondary educational experience, particularly the contexts, skills, and supports that have
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encouraged their persistence to remain in their desired STEM field. Particularly for our
ten participants in this study, their educational journey was investigated with a focus on
their intersecting identities and how these intersecting identities shape how they connect
with peers, access resources, engage in activities, develop skills, and actualize their place
within the science community. Considering the experiences shared by the ten students,
several streams of understanding emerged to answer the central research question guiding
this study.

Foundational in this study, our participants shared the identity of being classified as
low-income in terms of socioeconomic status. Through conversations with the students, we
found that many of them shared similar work-ethic philosophies that their hard work can
pay off and their goals would be met. Their sentiments affirmed the common societal belief
that individuals from low-income backgrounds can achieve upward economic and social
mobility with their hard work [2–4,83]. While this belief may be a common assumption,
research has shown that individuals from low-income backgrounds face and consistently
contend with prolonged challenges that impact their ability to achieve economic stability,
particularly those from marginalized racial and ethnic groups.

The existing literature asserts that the dominant culture and narratives in STEM
disciplines prefer individuals who identify as either white, Asian, male, cisgender, or
a combination [20–22]. As such, individuals from these identity backgrounds are more
likely to achieve their desired goals and careers in STEM. Conversely, those individuals
departing STEM disciplines are the students from non-dominant groups in STEM. In this
present study on low-income science students, we, too, found evidence of the dominant
culture and narratives in several of our participants. Also, we noted stark differences
in the participants’ navigation of their academic environments through the lens of race,
ethnicity, gender, and religion, and how the intersection of these identities shaped their
ability to navigate academic and social spaces and actively shaped their development,
connection, and persistence in their STEM discipline. For instance, the Black women in
this study discussed how operating in academic spaces with their Black identity at the
forefront produced feelings of inadequacy, lack of belonging, and unequal performance
expectations. The White women in this study did not even acknowledge their whiteness as
a salient identity when navigating their educational spaces and often took the approach
of blindness to diversity when discussing and engaging with diverse groups of people
in their academic and social settings. Aligned with existing studies on student percep-
tions of their identities in the science community and specific disciplines, we know that
students from historically underrepresented groups can experience feelings of inferiority,
tokenism, unequal performance expectations, and not belonging at higher rates than their
counterparts [62–66]. As students navigate their educational experience through the lens
of their intersectional identities, they often navigate oppressive systems, policies, and
practices that perpetuate inequities and barriers for marginalized groups. As such, it is
imperative to account for nuanced considerations and, in some cases, the layering effect of
their intersectional identities, when supporting students in STEM disciplines.

Regarding motivation powering their pursuits, Deci and Ryan suggested that mo-
tivation for one’s goals should be self-directed and grounded in one’s reasoning as the
most satisfying and successful approach to success and accomplishment [53]. Aligned
with existing studies and theoretical frameworks centered on motivation, self-efficacy, and
self-determination [51,53,58,59,84], our participants affirmed the importance of one’s moti-
vation and self-efficacy to pursue and actualize their educational and career goals regardless
of the challenges one encountered. Several participants discussed extrinsic motivation
connected to civic responsibility—a calling more significant than themselves—usually to
their communities, families, and the betterment of the human experience. In line with
extrinsic motivation, our participants’ self-defined success goals and additional external
elements encouraged and supported their success to date and, in the long-term, influenced
their desired end goal of success [50]. Motivation in this context not only supported the
students in focusing their attention on their personal goals but encouraged several of them
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through the inspiration of their communities. These varied sources of intrinsic and extrinsic
motivation were notable factors that supported and encouraged their persistence in STEM.

This study also brings to the forefront how consequential inclusive, affirming, and
welcoming environments are in supporting the persistence of low-income, diverse student
groups in STEM. The existing literature clearly articulates the importance of connection
to peers and faculty and how engagement in academic and social activities outside of
classes is valuable for developing their social agency and strengthening their relationship
with the science community [16,19,85–88]. When exploring the impact of peer support
and motivation, many of the participants discussed the value and benefits of being in a
community with peers with similar goals and pursuits. Many of the students in this study
discussed the benefits of having financial support for tuition and engagement opportunities
and how access to such opportunities was critical to developing their social and professional
networks that enriched their educational experience. The students highlighted that being
in a community of peers with similar goals provided a source of motivation, increased
their sense of belonging, and expanded their access to social networks, opportunities, and
resources. Their participation in various engagement activities also supported their career
and academic decision-making, career preparation, research skills development, and sense
of belonging.

Across our participants’ extracurricular engagement experiences, we noted that sev-
eral of them discussed their engagement in STEM academic organizations connected to
one or more of their salient identities. The desire to be in identity-centered educational
spaces was four-fold: representation of professionals in their field, expansion of their social
network, supporting their academic and career decision-making outcomes, and being in
a space that affirmed an identity or intersecting identities seen as a barrier in the larger
educational setting. For instance, the National Organization for the Professional Advance-
ment of Black Chemists and Chemical Engineers (NOBCChE) is an organization with
the expressed purpose of supporting the development and training of Black scientists in
academic, development, leadership, and philanthropic endeavors throughout college, and
careers in chemistry and chemical engineering. Our findings further affirm the importance
for STEM environments to be intentionally cultivated to foster a sense of belonging and to
promote inclusivity for students from diverse backgrounds, linking increased engagement
in the STEM curricular and extracurricular experience to increased persistence in the STEM
discipline [11,12,67,89,90].

Limitations

The participants’ sensemaking of intersectionality varied significantly across the group.
While most of them could list their salient identities, we recognize that our participants
varied in their understanding of how their identities shaped the navigation of their STEM
academic experience. As such, including a secondary interview in the research design
would be beneficial to investigate the concept of intersectionality and to support our
participants’ sensemaking process more comprehensively.

6. Conclusions

Our study explored how diverse low-income students leverage their identities, skillsets,
and resources within supportive STEM academic environments. Students enter postsec-
ondary educational spaces with unique identities and backgrounds, mindsets and skillsets,
cultural wealth, and resources. Our research shows the importance of the relationship
between low-income diverse student groups and their academic environment for their
persistence in their STEM discipline.

Looking deeper at low-income populations, we acknowledge that it is not a “one size
fits all” approach. Much of the rhetoric surrounding low-income populations focuses on
their work ethic as the sole determinant of success. However, our participants’ interviews
and narratives illustrate clearly that additional considerations must be considered when
supporting the success of diverse low-income students, particularly regarding how their
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intersectional identities, skillsets, and resources are acknowledged and engaged in the col-
legiate environment. Their stories illuminate that their persistence in their STEM discipline
is primarily attributed to their motivation sources (intrinsic and extrinsic), support from
their community (peers and mentors), and intentional engagement in academic activities
and access to well-resourced environments (academic and social opportunities). Thus, one
implication of this study is for leaders and professionals supporting diverse students in
STEM to actively consider how they are accounting for and factoring in students’ iden-
tities, skillsets, and resources to best support them in developing a sustainable STEM
ecosystem to encourage their persistence in STEM collegiate environments through to the
STEM workforce.

As scholars, practitioners, and leaders in the STEM enterprise addressing the call
for broadening participation, we encourage consideration of the realities of low-income
students and other marginalized groups when establishing initiatives and engagement
opportunities. For instance, participation in supplemental science-based activities has
been long touted as beneficial to strengthen credentials and connection to the science
community at little to no cost. However, we present two critical considerations for low-
income populations. The first is that several immersive opportunities, such as conference
participation and international undergraduate research experiences, are typically available
to students with the time and financial resources to participate. The second is that many
low-income students support themselves financially through college and, therefore, do not
have the time to engage in supplemental activities. With this context in mind, we implore
STEM program leaders to consider how their initiatives can be equity-minded. An example
is the provision of dedicated funding sources for economically disadvantaged students to
support their engagement in professional development and science-based activities. This
approach removes the financial burden and potential stigma low-income students may
experience regarding finances and encourages their involvement in learning experiences
similar to their well-resourced counterparts.

Finally, our research encourages using high-impact educational practices adapted
to account for the diverse student populations our institutions serve. In addition to the
guidance on high-impact educational practices, we also posit that consideration can be
given to program operation, logistics, cultural competence, and accessibility, among others.
For instance, undergraduate research experiences are considered a high-impact educational
practice. When designing such experiences for students with marginalized identities, we
offer the following considerations as examples: paying undergraduate researchers, provi-
sion of culturally relevant training approaches, and connection to a mentor. It is incumbent
that educators and leaders consider how we can intentionally and thoughtfully engage
students who have the desire and willingness to pursue their desired STEM career path.

Supplementary Materials: The following supporting information can be downloaded at: https:

//www.mdpi.com/article/10.3390/educsci13090888/s1.

Author Contributions: Conceptualization, R.D.D. and Z.W.-K.; methodology, R.D.D. and Z.W.-K.;

investigation, R.D.D. and Z.W.-K.; resources, R.D.D. and Z.W.-K.; data curation, R.D.D.; writing—

original draft preparation, R.D.D.; writing—review and editing, R.D.D. and Z.W.-K.; visualization,

R.D.D. and Z.W.-K.; supervision, Z.W.-K.; project administration, R.D.D. and Z.W.-K.; funding

acquisition, Z.W.-K. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by National Science Foundation, grant number 1930474.

Institutional Review Board Statement: This study was approved by the Institutional Review Board

at Louisiana State University, IR-BAM-22-0129.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data and analysis codes for this study are available by emailing

the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/educsci13090888/s1
https://www.mdpi.com/article/10.3390/educsci13090888/s1


Educ. Sci. 2023, 13, 888 17 of 19

References

1. Taylor, M.; Turk, J. Race and Ethnicity in Higher Education: A Look at Low-Income Undergraduates; American Council on Education:

Washington, DC, USA, 2019.

2. Bastedo, M.N.; Jaquette, O. Running in place: Low-income students and the dynamics of higher education stratification. Educ.

Eval. Policy Anal. 2011, 33, 318–339. [CrossRef]

3. Berg, G.A. Low-Income Students and the Perpetuation of Inequality: Higher Education in America; Routledge: London, UK, 2016.

4. Jack, A.A. The privileged poor. In The Privileged Poor; Harvard University Press: Cambridge, MA, USA, 2019.

5. Alfred, M.V.; Ray, S.M.; Johnson, M.A. Advancing women of color in STEM: An imperative for US global competitiveness. Adv.

Dev. Hum. Resour. 2019, 21, 114–132. [CrossRef]

6. Betancur, L.; Votruba-Drzal, E.; Schunn, C. Socioeconomic gaps in science achievement. Int. J. STEM Educ. 2018, 5, 38. [CrossRef]

7. Blackburn, H.; Heppler, J. Women in STEM in Higher Education: A Citation Analysis of the Current Literature. Sci. Technol. Libr.

2019, 38, 261–271. [CrossRef]

8. National Center for Science and Engineering Statistics (NCSES). Diversity and STEM: Women, Minorities, and Persons with Disabilities

2023; Special Report NSF 23-315; National Science Foundation: Alexandria, VA, USA, 2023.

9. Carlone, H.B.; Johnson, A. Understanding the science experiences of successful women of color: Science identity as an analytic

lens. J. Res. Sci. Teach. 2007, 44, 1187–1218. [CrossRef]

10. Graham, M.J.; Frederick, J.; Byars-Winston, A.; Hunter, A.-B.; Handelsman, J. Increasing persistence of college students in STEM.

Science 2013, 341, 1455–1456. [CrossRef]

11. O’Keeffe, P. A sense of belonging: Improving student retention. Coll. Stud. J. 2013, 47, 605–613.

12. Rainey, K.; Dancy, M.; Mickelson, R.; Stearns, E.; Moller, S. Race and gender differences in how sense of belonging influences

decisions to major in STEM. Int. J. STEM Educ. 2018, 5, 10. [CrossRef]

13. Hatfield, N.; Brown, N.; Topaz, C.M. Do introductory courses disproportionately drive minoritized students out of STEM

pathways? PNAS Nexus 2022, 1, pgac167. [CrossRef]

14. Asai, D.J.; Bauerle, C. From HHMI: Doubling Down on Diversity. CBE-Life Sci. Educ. 2016, 15, fe6. [CrossRef]

15. Castro, E.L. “Underprepared” and “at-risk”: Disrupting deficit discourses in undergraduate STEM recruitment and retention

programming. J. Stud. Aff. Res. Pract. 2014, 51, 407–419. [CrossRef]

16. Martin, J.P.; Stefl, S.K.; Cain, L.W.; Pfirman, A.L. Understanding first-generation undergraduate engineering students’ entry and

persistence through social capital theory. Int. J. STEM Educ. 2020, 7, 37. [CrossRef]

17. Ortiz, N.A.; Morton, T.R.; Miles, M.L.; Roby, R.S. What about us? Exploring the challenges and sources of support influencing

black students’ STEM identity development in postsecondary education. J. Negro Educ. 2019, 88, 311–326. [CrossRef]

18. Peck, F. Towards anti-deficit education in undergraduate mathematics education: How deficit perspectives work to structure

inequality and what can be done about it. Primus 2021, 31, 940–961. [CrossRef]

19. Rincón, B.E.; Rodriguez, S. Latinx students charting their own STEM pathways: How community cultural wealth informs their

STEM identities. J. Hisp. High. Educ. 2021, 20, 149–163. [CrossRef]

20. Barton, A.C.; Menezes, S.; Mayas, R.; Ambrogio, O.; Ballard, M. What Are the Cultural Norms of STEM and Why Do They Matter.

Center for Advancement of Informal Science Education. 2018. Available online: https://resources.informalscience.org//what-

are-cultural-norms-stem-and-why-do-they-matter (accessed on 1 June 2023).

21. Kanny, M.A.; Sax, L.J.; Riggers-Piehl, T.A. Investigating forty years of STEM research: How explanations for the gender gap have

evolved over time. J. Women Minor. Sci. Eng. 2014, 20, 127–148. [CrossRef]

22. Watkins, J. “That is Still STEM”: Appropriating the Engineering Design Process to Challenge Dominant Narratives of Engineering

and STEM. Cogn. Instr. 2023, 41, 1–31. [CrossRef]

23. Campbell, C.M.; Smith, M.; Dugan, J.P.; Komives, S.R. Mentors and college student leadership outcomes: The importance of

position and process. Rev. High. Educ. 2012, 35, 595–625. [CrossRef]

24. Killpack, T.L.; Melón, L.C. Toward inclusive STEM classrooms: What personal role do faculty play? CBE—Life Sci. Educ. 2016,

15, es3. [CrossRef]

25. Metzner, B.S. Perceived quality of academic advising: The effect on freshman attrition. Am. Educ. Res. J. 1989, 26, 422–442.

[CrossRef]

26. Peters, A.W.; Tisdale, V.A.; Swinton, D.J. High-impact educational practices that promote student achievement in STEM. In

Broadening Participation in STEM; Emerald Publishing Limited: Leeds, UK, 2019.

27. Robinson, K.A.; Perez, T.; Carmel, J.H.; Linnenbrink-Garcia, L. Science identity development trajectories in a gateway college

chemistry course: Predictors and relations to achievement and STEM pursuit. Contemp. Educ. Psychol. 2019, 56, 180–192.

[CrossRef]

28. Trujillo, G.; Tanner, K.D. Considering the role of affect in learning: Monitoring students’ self-efficacy, sense of belonging, and

science identity. CBE—Life Sci. Educ. 2014, 13, 6–15. [CrossRef] [PubMed]

29. Strayhorn, T.L. Bridging the pipeline: Increasing underrepresented students’ preparation for college through a summer bridge

program. Am. Behav. Sci. 2011, 55, 142–159. [CrossRef]

30. Wilson-Kennedy, Z. Omwana Ni Wa Bhone . . . It Takes a Village; American Association for the Advancement of Science: Washington,

DC, USA, 2023.

https://doi.org/10.3102/0162373711406718
https://doi.org/10.1177/1523422318814551
https://doi.org/10.1186/s40594-018-0132-5
https://doi.org/10.1080/0194262X.2019.1645080
https://doi.org/10.1002/tea.20237
https://doi.org/10.1126/science.1240487
https://doi.org/10.1186/s40594-018-0115-6
https://doi.org/10.1093/pnasnexus/pgac167
https://doi.org/10.1187/cbe.16-01-0018
https://doi.org/10.1515/jsarp-2014-0041
https://doi.org/10.1186/s40594-020-00237-0
https://doi.org/10.7709/jnegroeducation.88.3.0311
https://doi.org/10.1080/10511970.2020.1781721
https://doi.org/10.1177/1538192720968276
https://resources.informalscience.org//what-are-cultural-norms-stem-and-why-do-they-matter
https://resources.informalscience.org//what-are-cultural-norms-stem-and-why-do-they-matter
https://doi.org/10.1615/JWomenMinorScienEng.2014007246
https://doi.org/10.1080/07370008.2022.2156512
https://doi.org/10.1353/rhe.2012.0037
https://doi.org/10.1187/cbe.16-01-0020
https://doi.org/10.3102/00028312026003422
https://doi.org/10.1016/j.cedpsych.2019.01.004
https://doi.org/10.1187/cbe.13-12-0241
https://www.ncbi.nlm.nih.gov/pubmed/24591497
https://doi.org/10.1177/0002764210381871


Educ. Sci. 2023, 13, 888 18 of 19

31. National Center for Science and Engineering Statistics. Women, Minorities, and Persons with Disabilities in Science and Engineering;

National Center for Science and Engineering Statistics: Alexandria, VA, USA, 2017.

32. National Science Board. Higher Education in Science and Engineering; National Science Board: Alexandria, VA, USA, 2019.

33. Crenshaw, K. Beyond racism and misogyny: Black feminism and 2 Live Crew. In Feminist Social Thought: A Reader; Meyer, D.T.,

Ed.; Routledge: New York, NY, USA, 1997; pp. 245–263.

34. Crenshaw, K. Demarginalizing the Intersection of Race and Sex: A Black Feminist Critique of Antidiscrimination Doctrine,

Feminist Theory and Antiracist Politics. Univ. Chic. Leg. Forum 1989, 140, 139–167.

35. Cochran, G.L.; Boveda, M. A framework for improving diversity work in physics. In Proceedings of the Physics Education

Research Conference 2020, Virtual Conference, 22–23 July 2020; p. 2021.

36. Cochran, G.L.; Boveda, M.; Prescod-Weinstein, C. Intersectionality in STEM education research. In Handbook of Research on STEM

Education; Routledge: London, UK, 2020; pp. 257–266.

37. Charleston, L.J.; Adserias, R.P.; Lang, N.M.; Jackson, J.F. Intersectionality and STEM: The role of race and gender in the academic

pursuits of African American women in STEM. J. Progress. Policy Pract. 2014, 2, 273–293.

38. Armstrong, M.A.; Jovanovic, J. The intersectional matrix: Rethinking institutional change for URM women in STEM. J. Divers.

High. Educ. 2017, 10, 216. [CrossRef]

39. Ibourk, A.; Hughes, R.; Mathis, C. “It is what it is”: Using Storied-Identity and intersectionality lenses to understand the trajectory

of a young Black woman’s science and math identities. J. Res. Sci. Teach. 2022, 59, 1099–1133. [CrossRef]

40. Sparks, D.M.; Przymus, S.D.; Silveus, A.; De La Fuente, Y.; Cartmill, C. Navigating the intersectionality of race/ethnicity, culture,

and gender identity as an aspiring Latina STEM student. J. Lat. Educ. 2021, 22, 1355–1371. [CrossRef]

41. Kozlowski, D.; Larivière, V.; Sugimoto, C.R.; Monroe-White, T. Intersectional inequalities in science. Proc. Natl. Acad. Sci. USA

2022, 119, e2113067119. [CrossRef]

42. Bhopal, K. Confronting White privilege: The importance of intersectionality in the sociology of education. Br. J. Sociol. Educ. 2020,

41, 807–816. [CrossRef]

43. DeMarrais, E.; Castillo, L.J.; Earle, T. Ideology, materialization, and power strategies. Curr. Anthropol. 1996, 37, 15–31. [CrossRef]

44. Allen, B.J. Difference Matters: Communicating Social Identity; Waveland Press: Long Grove, IL, USA, 2023.

45. Mim, S.A. Women Missing in STEM Careers: A Critical Review through the Gender Lens. J. Res. Sci. Math. Technol. Educ. 2019, 2,

59–70. [CrossRef]

46. Harris, C.M. Quitting science: Factors that influence exit from the STEM workforce. J. Women Minor. Sci. Eng. 2019, 25, 93–118.

[CrossRef]

47. Cheryan, S.; Ziegler, S.A.; Montoya, A.K.; Jiang, L. Why are some STEM fields more gender balanced than others? Psychol. Bull.

2017, 143, 1–35. [CrossRef]

48. Kricorian, K.; Seu, M.; Lopez, D.; Ureta, E.; Equils, O. Factors influencing participation of underrepresented students in STEM

fields: Matched mentors and mindsets. Int. J. STEM Educ. 2020, 7, 16. [CrossRef]

49. Abbott, L.E.; Andes, A.; Pattani, A.C.; Mabrouk, P.A. Authorship Not Taught and Not Caught in Undergraduate Research

Experiences at a Research University. Sci. Eng. Ethics 2020, 26, 2555–2599. [CrossRef]

50. Ryan, R.M.; Deci, E.L. Intrinsic and extrinsic motivation from a self-determination theory perspective: Definitions, theory,

practices, and future directions. Contemp. Educ. Psychol. 2020, 61, 101860. [CrossRef]

51. Deci, E.L.; Ryan, R.M. Self-determination theory. In Handbook of Theories of Social Psychology; Sage Publications: Thousand Oaks,

CA, USA, 2012.

52. Deci, E.L.; Olafsen, A.H.; Ryan, R.M. Self-determination theory in work organizations: The state of a science. Annu. Rev. Organ.

Psychol. Organ. Behav. 2017, 4, 19–43. [CrossRef]

53. Ryan, R.M.; Deci, E.L. Intrinsic and extrinsic motivations: Classic definitions and new directions. Contemp. Educ. Psychol. 2000, 25,

54–67. [CrossRef]

54. Bandura, A. Self-Efficacy: The Exercise of Control; Worth Publishers: New York, NY, USA, 1997.

55. Bandura, A. Social Foundations of Thought and Action: A Social Cognitive Theory; Prentice Hall: Englewood Cliffs, NJ, USA, 1986.

56. Lent, R.W.; Brown, S.D. Social cognitive model of career self-management: Toward a unifying view of adaptive career behavior

across the life span. J. Couns. Psychol. 2013, 60, 557. [CrossRef]

57. McCoy, W. Black Girls Accepting the Grand Challenge: A Qualitative Exploration of a Summer Engineering Program’s Influence

on Black Girls’ Racial Identity, Engineering Identity, and STEM Self-Efficacy. Ph.D. Thesis, North Carolina State University,

Raleigh, NC, USA, 2020.

58. Tellhed, U.; Bäckström, M.; Björklund, F. Will I Fit in and Do Well? The Importance of Social Belongingness and Self-Efficacy for

Explaining Gender Differences in Interest in STEM and HEED Majors. Sex Roles 2017, 77, 86–96. [CrossRef] [PubMed]

59. Macphee, D.; Farro, S.; Canetto, S.S. Academic self-efficacy and performance of underrepresented STEM majors: Gender, ethnic,

and social class patterns. Anal. Soc. Issues Public Policy 2013, 13, 347–369. [CrossRef]

60. Brownell, J.E.; Swaner, L.E. Five High-Impact Practices: Research on Learning Outcomes, Completion and Quality; Association of

American Colleges and Universities: Washington, DC, USA, 2010.

61. Carter, D.F.; Ro, H.K.; Alcott, B.; Lattuca, L.R. Co-Curricular Connections: The Role of Undergraduate Research Experiences

in Promoting Engineering Students’ Communication, Teamwork, and Leadership Skills. Res. High. Educ. 2016, 57, 363–393.

[CrossRef]

https://doi.org/10.1037/dhe0000021
https://doi.org/10.1002/tea.21753
https://doi.org/10.1080/15348431.2021.1958332
https://doi.org/10.1073/pnas.2113067119
https://doi.org/10.1080/01425692.2020.1755224
https://doi.org/10.1086/204472
https://doi.org/10.31756/jrsmte.221
https://doi.org/10.1615/JWomenMinorScienEng.2019021205
https://doi.org/10.1037/bul0000052
https://doi.org/10.1186/s40594-020-00219-2
https://doi.org/10.1007/s11948-020-00220-6
https://doi.org/10.1016/j.cedpsych.2020.101860
https://doi.org/10.1146/annurev-orgpsych-032516-113108
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1037/a0033446
https://doi.org/10.1007/s11199-016-0694-y
https://www.ncbi.nlm.nih.gov/pubmed/28725103
https://doi.org/10.1111/asap.12033
https://doi.org/10.1007/s11162-015-9386-7


Educ. Sci. 2023, 13, 888 19 of 19

62. Kuh, G.D. Excerpt from high-impact educational practices: What they are, who has access to them, and why they matter. Assoc.

Am. Coll. Univ. 2008, 14, 28–29.

63. Carpi, A.; Ronan, D.M.; Falconer, H.M.; Lents, N.H. Cultivating minority scientists: Undergraduate research increases self-efficacy

and career ambitions for underrepresented students in STEM. J. Res. Sci. Teach. 2017, 54, 169–194. [CrossRef]

64. Chen, S.; Binning, K.R.; Manke, K.J.; Brady, S.T.; McGreevy, E.M.; Betancur, L.; Limeri, L.B.; Kaufmann, N. Am I a science person?

A strong science identity bolsters minority students’ sense of belonging and performance in college. Personal. Soc. Psychol. Bull.

2021, 47, 593–606. [CrossRef] [PubMed]

65. Leary, M.; Tylka, A.; Corsi, V.; Bryner, R. The effect of first-year seminar classroom design on social integration and retention of

stem first-time, full-time college freshmen. Educ. Res. Int. 2021, 2021, 426290. [CrossRef]

66. Kim, A.Y.; Sinatra, G.M.; Seyranian, V. Developing a STEM Identity Among Young Women: A Social Identity Perspective. Rev.

Educ. Res. 2018, 88, 589–625. [CrossRef]

67. Ong, M.; Smith, J.M.; Ko, L.T. Counterspaces for women of color in STEM higher education: Marginal and central spaces for

persistence and success. J. Res. Sci. Teach. 2018, 55, 206–245. [CrossRef]

68. Davis, R.D.; Wilson-Kennedy, Z.S.; Spivak, D. International Research Experiences in the Development of Minority Scientists.

Front. Educ. 2021, 6, 674673. [CrossRef]

69. Cabrera, N.L.; Miner, D.D.; Milem, J.F. Can a summer bridge program impact first-year persistence and performance?: A case

study of the New Start Summer Program. Res. High. Educ. 2013, 54, 481–498. [CrossRef]

70. Indiana University–Purdue University Indianapolis. Program Review for Summer Bridge, First-Year Seminars, and Themed Learning

Communities, 2014th ed.; Indiana University–Purdue University Indianapolis: Office of Institutional Research & Decision Support:

Indianapolis, IN, USA, 2014; pp. 1–123.

71. Yosso, T.J. Whose culture has capital? A critical race theory discussion of community cultural wealth. Race Ethn. Educ. 2005, 8, 69–91.

72. Silver, C.A.; Tatler, B.W.; Chakravarthi, R.; Timmermans, B. Social Agency as a continuum. Psychon. Bull. Rev. 2021, 28, 434–453.

[CrossRef] [PubMed]

73. Yin, R.K. Case study methods. In APA Handbook of Research Methods in Psychology; Cooper, H., Camic, P.M., Long, D.L., Panter,

A.T., Rindskopf, D., Sher, K.J., Eds.; American Psychological Association: Washington, DC, USA, 2012.

74. Yin, R.K. Case Study Research: Design and Methods, 5th ed.; SAGE Publications: Los Angeles, CA, USA, 2014.

75. Stake, R.E. The art of Case Study Research; Sage: Los Angeles, CA, USA, 1995.

76. Strauss, A.; Corbin, J. Basics of Qualitative Research Techniques; Citeseer: University Park, PA, USA, 1998.

77. Yin, R.K. Case Study Research and Applications: DESIGN and Methods; Sage Publications: Los Angeles, CA, USA, 2017.

78. Nie, Y. Combining narrative analysis, grounded theory and qualitative data analysis software to develop a case study research. J.

Manag. Res. 2017, 9, 53–70. [CrossRef]

79. Thorne, S. Data analysis in qualitative research. Evid.-Based Nurs. 2000, 3, 68–70. [CrossRef]

80. Creswell, J.W.; Poth, C.N. Qualitative Inquiry and Research Design: Choosing among Five Approaches; Sage Publications: Los Angeles,

CA, USA, 2016.

81. Denzin, N.K.; Lincoln, Y.S. The Sage Handbook of Qualitative Research; Sage Publications: Los Angeles, CA, USA, 2011.

82. Lincoln, Y.S.; Guba, E.G. Establishing trustworthiness. Nat. Inq. 1985, 289, 289–327.

83. Yarrow, A. Hard Work, Hard Lives; Oxfam: Washington, DC, USA, 2013.

84. Green, A.; Sanderson, D. The Roots of STEM Achievement: An Analysis of Persistence and Attainment in STEM Majors. Am.

Econ. 2018, 63, 79–93. [CrossRef]

85. Fries-Britt, S.L.; Onuma, F.J. The Role of Family, Race, and Community as Sources of Motivation for Black Students in STEM. J.

Minor. Achiev. Creat. Leadersh. 2020, 1, 151–187. [CrossRef]

86. Dagley, M.; Georgiopoulos, M.; Reece, A.; Young, C. Increasing Retention and Graduation Rates Through a STEM Learning

Community. J. Coll. Stud. Retent. Res. Theory Pract. 2016, 18, 167–182. [CrossRef]

87. Palmer, R.; Gasman, M. “It takes a village to raise a child”: The role of social capital in promoting academic success for African

American men at a Black college. J. Coll. Stud. Dev. 2008, 49, 52–70. [CrossRef]

88. Nolan, J.R.; McConville, K.S.; Addona, V.; Tintle, N.L.; Pearl, D.K. Mentoring Undergraduate Research in Statistics: Reaping the

Benefits and Overcoming the Barriers. J. Stat. Educ. 2020, 28, 140–153. [CrossRef]

89. Dennehy, T.C.; Dasgupta, N. Female peer mentors early in college increase women’s positive academic experiences and retention

in engineering. Proc. Natl. Acad. Sci. USA 2017, 114, 5964–5969. [CrossRef] [PubMed]

90. Dasgupta, N.; Stout, J.G. Girls and Women in Science, Technology, Engineering, and Mathematics: STEMing the Tide and

Broadening Participation in STEM Careers. Policy Insights Behav. Brain Sci. 2014, 1, 21–29. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/tea.21341
https://doi.org/10.1177/0146167220936480
https://www.ncbi.nlm.nih.gov/pubmed/32659167
https://doi.org/10.1155/2021/4262905
https://doi.org/10.3102/0034654318779957
https://doi.org/10.1002/tea.21417
https://doi.org/10.3389/feduc.2021.674673
https://doi.org/10.1007/s11162-013-9286-7
https://doi.org/10.3758/s13423-020-01845-1
https://www.ncbi.nlm.nih.gov/pubmed/33289061
https://doi.org/10.5296/jmr.v9i2.10841
https://doi.org/10.1136/ebn.3.3.68
https://doi.org/10.1177/0569434517721770
https://doi.org/10.5325/minoachicrealead.1.2.0151
https://doi.org/10.1177/1521025115584746
https://doi.org/10.1353/csd.2008.0002
https://doi.org/10.1080/10691898.2020.1756542
https://doi.org/10.1073/pnas.1613117114
https://www.ncbi.nlm.nih.gov/pubmed/28533360
https://doi.org/10.1177/2372732214549471

	Introduction 
	Conceptual Framework 
	Key Concepts 
	Community Cultural Wealth 
	Science Identity 
	Social Agency 


	Methods 
	Participants and Research Setting 
	Data Collection and Analysis 
	Researchers’ Positionality 

	Results 
	Intersecting Identities Significantly Shaping Their Collegiate Experience 
	Motivation Powering Their Pursuits 
	Community and Connection Matters 

	Discussion 
	Conclusions 
	References

