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Abstract

Despite significant efforts to broaden participation in postsecondary science, technology,
engineering, and math (STEM) education, students from historically minoritized populations
continue to face systemic barriers related to access, departmental climate, and institutional
practices. Previous research suggests that campus-level STEM diversity programs often serve as
a valuable resource for persistence and completion among students from underrepresented
populations. However, more knowledge is needed to better understand how students experience
STEM diversity programs and identify with their specific practices and activities, how those
practices and activities shape students’ experiences, and how the practices, activities, and
participation influence how students view themselves as members of the STEM community.
Increases in the number of underrepresented students completing STEM degrees would result in
new innovations to address world problems, more varied representations of scientists, and more
individuals who could mentor future generations of learners. This study of 20 underrepresented
students, all of whom participated in the Louis Stokes Alliance for Minority Participation
(LSAMP) program, describes the programmatic influences of LSAMP that support students’
successful progress within STEM disciplines. Data reveal that: (1) students entered the LSAMP
program with self-defined strengths; (2) the LSAMP program provided formal academic support;
and, (3) students experienced evolving forms of scientific and identity development. This study
centers students’ voices to inform educational practices, policies, and future research focused on
the persistent need to broaden participation in STEM careers.

Keywords: Undergraduate research experiences (URE), underrepresented students, STEM,
broadening participation, validation



STEM Validation Among Underrepresented Students:
Leveraging Insights from a STEM Diversity Program to Broaden Participation

Despite significant efforts to broaden participation in postsecondary science, technology,
engineering, and math (STEM) education, students from historically minoritized populations
continue to face systemic barriers related to access, departmental climate, and institutional
practices (Baber, 2020; Burt et al., 2018; Lane, 2016; McGee & Robinson, 2019). As a result,
across multiple STEM sub-fields, disparate outcomes based on demographic background remain.
For example, at all levels in postsecondary education, African American and Latinx students are
significantly underrepresented in the percentage of degrees awarded in science and engineering
(National Science Board, 2016, 2018). For decades, STEM scholars of color have questioned
these persistent patterns of underrepresentation of African American and Latinx populations in
STEM (Hrabowski, 1991; Malcom, 1990). Thirty years ago, Malcom (1990) noted that while
scientists espouse principles of reason and objectivity, historically,

Differential opportunities were extended in science, independent of talent. Examples

abound in which the opportunities for the study of science, the tools needed to do science,

and the recognition within science have been handed out based on consideration of race

and gender. (p. 247)

The persistent inequality of outcomes among underrepresented students of color and
women pursuing STEM education suggests that scientific practices rooted in objectivity and
meritocracy are not reflected in the cultural norms of the scientific community. However,
previous research suggests that campus-level STEM diversity programs often serve as a valuable
resource for persistence and completion among students from underrepresented populations
(Baber, 2015; Rincon & George-Jackson, 2016). Program components and facilitators, including

program staff and departmental faculty, elevate individual strengths while supporting students



during hostile experiences at the campus or department level. Despite some evidence of success
for STEM diversity programs, students of color remain underrepresented in STEM fields,
suggesting the need to deepen our understanding of their experiences in these programs.
Specifically, there is need to identify, from the student perspective, practices and activities that
shape experiences and perceptions which lead to persistence and completion in STEM.

The purpose of this study is to examine the intersectional experiences of
underrepresented students participating in the one of the largest federal STEM diversity
programs—the Louis Stokes Alliance for Minority Participation (LSAMP). Through a
qualitative inquiry into program experiences among twenty participations, we investigate
programmatic influences of LSAMP that support student progress in STEM. Specifically, we
consider the following research questions: How do students participating in a STEM diversity
program (i.e., LSAMP) describe initial and continuing engagement with scientific research and
professions? In what ways, if any, do emerging identities shape (and reshape) individual
perceptions of science? This study centers students’ voices to inform educational practices,
policies, and future research focused on broadening participation in STEM careers.

Fostering Success in STEM: A Literature Review

Previous research on student experiences in STEM reveals a myriad of individual and
contextual factors that contribute to successful outcomes for students from historically
underrepresented backgrounds attending both two-year (Bahr et al., 2017; Starobin et al., 2010;
Zhang et al., 2019) and four-year institutions (Chang et al., 2014; Dika & D’Amico, 2016;
Rincén, 2018). Factors specific to an individual include early exposure to STEM through related
activities, pre-college schooling experiences, positive self-efficacy towards science, and resistant

attitudes towards normative departmental practices grounded in dominant cultures (e.g., white,



male, upper-class). However, factors related to one’s context include encouragement from family
and teachers, formal and informal academic support, a critical mass of underrepresented students
in one’s department, and peer-centered networking systems. Collectively, previous studies
suggest that underrepresented students’ success in postsecondary STEM education is fostered by
nurturing existing individual strengths and creating diverse and supportive departmental
environments. Based on the extant literature, one intervention that may contribute to broadening
participation by leveraging students’ individual strengths and creating supportive STEM learning
environments is providing opportunities to engage in undergraduate research experiences.
Undergraduate Research Experiences

Literature highlights that participation in undergraduate research experiences (UREs)
offers a wide range of outcomes for underrepresented students in STEM, including college
retention, undergraduate degree completion, exposure to advanced degrees, and participation in
the STEM workforce (Bowman & Holmes, 2018; Linn et al., 2015). Students in STEM UREs
experience increased academic confidence, improved research skills, mentorship relationships, a
sense of belonging on campus and within their respective STEM field, and deeper conceptual
understandings of STEM and the STEM community (Hernandez et al., 2018; Hunter et al.,
2007). For instance, Linn and colleagues (2015) found that students who spent 12 months or
more in a URE learned new methodological techniques, formulated research questions,
accumulated their own data, and interpreted their own findings. In addition, networking with
peers and faculty members over an extended period helped them feel more confident in STEM.
Exposure to Graduate School and STEM Careers

Undergraduate students who are exposed to research experiences gain knowledge and

research skills needed for graduate school and STEM careers (Craney et al., 2011). For example,



Maton et al. (2000) found that underrepresented STEM majors who participated in a scholarly
program with research internships attended graduate school at higher rates than other STEM
students. This literature suggests that undergraduates’ research exposure builds confidence in
their abilities, exposes them to what research beyond the baccalaureate entails, and develops
competencies necessary for graduate-level work (Burt, 2017; Lopatto, 2007).

To achieve these outcomes, several practices, described below, appear to be common
components of UREs: incorporating faculty mentoring, exposure to graduate school and STEM
careers, and developing students” STEM identities by encouraging a sense of belonging.
Incorporating Faculty Mentoring

Mentoring has become a national priority (Crisp & Cruz, 2009; Griffin, 2012), especially
in STEM fields where students of color remain underrepresented and offering role models is seen
as one way to broaden participation (May & Chubin, 2003; Mondisa, 2020; Zaniewski &
Reinholz, 2016). Cultural and racial aspects of mentoring relationships have an impact on
students' STEM aspirations and overall career trajectories (Byars-Winston et al., 2020; National
Academies of Sciences, 2019). Byars-Winston and colleagues’ (2020) qualitative study of
mentoring relationships in biological sciences found what they characterized as a “culture of
silence” regarding race and ethnicity in STEM mentoring relationships and scientific work. The
“culture of silence” referred to the perception that STEM is “value free” (Byars-Winston et al.,
2020, p. 248), a perspective suggesting that issues related to race or ethnicity are not applicable
to STEM activities. They emphasize that speaking about such issues is important in mentoring
relationships because they matter to underrepresented mentee students.

Mentoring in STEM can take many forms. In STEM UREs, faculty mentors assist

students in all aspects of the research process, help students make connections between what



they learn in courses and the work of research, and aid them in understanding their post-
baccalaureate options (e.g., graduate school, full-time STEM careers) (Hernandez et al., 2018).
For example, in a quantitative study of 291 participants, 47.2% of whom were underrepresented
students, Hathaway and colleagues (2002) found that faculty-student interactions not only
influenced the educational aspirations of students, but also increased graduate school enrollment
and participation in future STEM careers. Further, students who participated in URE programs
were more likely to stay in contact with faculty for advice and recommendation letters. For
underrepresented students in STEM, positive faculty mentorship relationships can ameliorate
some barriers to postsecondary success broadly, and STEM in particular (May & Chubin, 2003).
Developing Students’ STEM Identity by Encouraging a Sense of Belonging

Students are better able to see themselves as long-term contributors to the STEM
workforce when they participate—and have positive mentoring experiences—in research
experiences (Haeger & Fresquez, 2016). Seeing oneself as a member of the STEM community is
related to developing a STEM identity. Although still being theorized, STEM identity tends to be
described as an individual’s self-perception of their connection to the STEM community, both
locally (e.g., school/college) and generally (e.g., field of study) (Brickhouse et al., 2000; Burt,
2019; Burt et al., 2018; Carlone & Johnson, 2007).

[Mlustrating students’” STEM identity development, Espinosa’s (2011) quantitative study
comparing 1,250 undergraduate women of color in STEM to 891 White women showed that peer
discussions and experiences outside of the classroom were essential for the development of
STEM identity for women of color. Similarly, Charleston and colleagues’ (2014) study of 15
participants who identified as African American or Black found that women in particular felt

isolated and marginalized in STEM due to their racialized and gendered identities. Not belonging



related in part to a lack of community. More specifically, these participants recounted a hostile
educational climate where gendered comments were often made by their non-Black women peers
(e.g., White and Black men), and a lack of support from faculty members contributed to feeling
isolated in STEM. This growing body of research shows the connection between STEM identity
and sense of belonging in STEM. It also highlights the importance of providing students with
experiences and environments where they can build community in addition to performing their
scientist identities in their STEM courses. When students have a strong sense of their science
identity, they tend to feel like they belong in their science field and community.

The process of developing a STEM identity is complex for students of color; how they
see themselves in STEM is often related to how those within the STEM community respond to
them (Robnett et al., 2015; Rodriguez et al., 2019). Research suggests that students’ social
identities (e.g., gender, race) can influence how they view themselves as belonging in STEM.
This is especially true for women and students of color, who receive direct and indirect messages
that they do not fit existing models (Archer et al., 2013; Neumann et al., 2016). Further, the
“double-bind” experience of racism and sexism is often challenging to navigate for women of
color (Ong et al., 2011; Sanchez et al., 2020). The “double-bind” highlights challenges that
students pursuing STEM degrees and careers face because of their intersecting identities (e.g.,
being a woman and holding an underrepresented racial/ethnic identity).

Taken together, these studies suggest that who students are (e.g., social identities of race
and gender) is related to how they experience STEM and view their current and long-term
participation in the STEM workforce. That is, when students do not feel a sense of belonging in
STEM, they may not view themselves as future contributors to the STEM workforce.

Structured Interventions



Several undergraduate programs have been developed to assist in broadening
participation in STEM (Daniels et. al, 2016; Scripa et al., 2012). Programs like the Ronald E.
McNair Postbaccalaureate Achievement Program (McNair) and Meyerhoff Scholars Program
(Meyerhoff) were designed to increase the number of underrepresented students of color
obtaining STEM degrees and entering STEM careers. These programs include activities designed
to enhance research and academic skills (e.g., study and time management, research writing),
provide workshops and seminars to help prepare for graduate education, and create connections
with mentors and underrepresented peers (Fries-Britt, 1998; Hrabowski, 2001).

Like McNair and Meyerhoff, the Louis Stokes Alliance for Minority Participation
(LSAMP) program was created to increase the number of underrepresented students in the
STEM workforce (Baber & Jackson, 2018; Brothers & Knox, 2013). Funded in 1991 as a
congressional mandate by the National Science Foundation (NSF), LSAMP is a consortium of
two- and four-year institutions across the U.S. Although institutions and alliances—clusters of
partner LSAMP institutions within regions—can enact different activities to achieve their goals,
the overall program is guided by a model of student retention and practices such as institutional
leadership, targeted recruitment, engaged faculty, personal attention, peer support, enriched
research experience, bridging to the next level, continuous evaluation, comprehensive financial
assistance, and evidence-based approaches) (Baber & Jackson, 2018; Chubin & Ward, 2009;
Lane, 2016).

While there is some scholarship on STEM diversity programs, more information is
needed on the array of STEM interventions that aid in broadening participation. In particular,

knowledge is needed about the specific practices and activities that students engage in while



participating in these programs. Such knowledge would contribute to the literature describing
how underrepresented students are encouraged into and supported through STEM pathways.
Conceptual Framework

To consider the research questions for this study, we utilized the validation theory
framework (Rendon, 1994; Linares & Muinoz 2011), which was developed to examine the
experiences of traditionally minoritized students in higher education. Related to Bandura's
concept of self-efficacy (1997), validation is defined as a supportive and confirming process
initiated by validating agents (mentors, teachers, professionals, peers) who foster academic and
interpersonal development. Similar to the concept of self-efficacy, validation theory includes a
focus on the individual processing of external signaling about one’s capacity to succeed in a
particular context. While self-efficacy emphasizes the psychological processing of external
signals, validation theory considers the symbiotic relationship between validated self-efficacy
and validating forms of signaling in a particular context. Specifically, Rendon (1994) focuses on
two forms of validation: academic and interpersonal. Academic validation includes supportive
actions that foster academic development, such as learning opportunities that empower students,
meaningful feedback on academic work, and individualized tutorial attention. Interpersonal
validation includes actions that support personal and social adjustment to institutional settings.

Validation theory serves as a theoretical framework for research focusing on experiences
of underrepresented students in higher education (Dowd & Bensimon, 2015; Linares & Munoz,
2011). It challenges the persistence of deficit perspectives in higher education contexts (Harper,
2010) and the related concept of banking pedagogy for knowledge and technical skill
development (Adamian & Jayakumar, 2017). As Patton (2016) notes, ideological frames that

support racialized oppression reflect ordinary, rather than abhorrent, discourse in higher
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education. Deeply rooted in forms of patriarchal white supremacy, higher education functions to
support the normativity of whiteness, devaluing other sociocultural frames. In contrast,
validation theory assumes that students enter the postsecondary environment with varied
strengths grounded in previous educational experiences, community culture, and family histories.
The validating process acknowledges and amplifies these strengths through educators who
proactively serve as institutional resources for students. Validation is particularly valuable for
students who experience stressful incongruency between their culturally centered strengths and
institutional norms grounded in dominant perspectives—e.g., forms of hypercapitalism,
patriarchy, and/or whiteness (Squire et al., 2018). This is particularly important in postsecondary
STEM education, which often restricts forms of agency that fall outside “traditional” cultural
norms of science. Recent studies have extended the use of validation theory in postsecondary
STEM contexts, focusing on STEM identity development among Latinx students (Rodriguez et
al., 2019), Black males (Fries-Britt & White-Lewis, 2020), community college students (Johnson
et al., 2016), and students transferring from community colleges to four-year institutions (Lopez
& Jones, 2017). In this study, we use validation theory to help make sense of students’
experiences within the LSAMP program, and their perceptions of the program’s validating
supports that influence their engagement with science and their emerging scientific identities.
Methods

This study examines the experiences of underrepresented students participating in the
Iowa, Illinois, Nebraska Louis Stokes Alliance for Minority Participation (IINSPIRE-LSAMP)
program to better understand their engagement with scientific research and professions, and their
emerging identities and perceptions of science. This particular STEM diversity program was

selected in part because it has created programmatic efforts aimed at broadening participation in
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STEM for nearly a decade. In addition, this alliance comprises multiple institutions, including
both two and four-year institutions, as well as public and private institutions. Specifically,
[INSPIRE-LSAMP connects 15 institutions, including 10 four-year universities and 5 two-year
community colleges, across lowa, Illinois, and Nebraska. Different alliances (i.e., collections of
institutions) receive funding to implement various strategies to meet LSAMP’s goals. One
strategic program the [INSPIRE-LSAMP Alliance offers to broaden participation is the annual
LSAMP conference, attended by LSAMP students within the alliance. At the conference, more
advanced students present their research in poster or paper formats, and students attend
presentations and workshops conducted by STEM practitioners and scholars. Taken together, the
diversity of institutional types, from different states, all within the INSPIRE-LSAMP alliance
provided an opportunity to explore how a STEM diversity program can be effective at the
individual campus and broader alliance levels.

To address this study’s research questions, we conducted interviews with 20 students
from the 2017-18 IINSPIRE-LSAMP Cohort. The majority of these interviews were conducted
at the conference in February 2018; two were piloted at the principal investigators’ (this study’s
first and fourth authors) campus prior to the conference. To recruit participants, the researchers
created and distributed a flyer describing the research team and study goals. Institutional liaisons
(i.e., program directors) encouraged their students to participate, and participants encouraged
their friends to participate (i.e., snowball sampling) (Merriam & Tisdell, 2016).

After the study received IRB approval and before the start of interviews, all participants
completed an eight-item background form. The form included demographic questions to gather
contextual information on individual participants and enable comparisons of participants'

backgrounds across the sample. Students attended one of eight institutions and were majoring in
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a field of study considered to be STEM-related (e.g., biology, computer science, engineering,
forensic science). Students’ educational class levels varied: five identified as being in their first
year of postsecondary study, seven in their second year, three in their third year, and five in their
fourth year (or beyond). Of the 20 participants, 11 identified as female and 9 as male, and all
self-identified with an underrepresented racialized identity. It is worth noting that while females
are generally outnumbered by males in many STEM fields (National Science Foundation, 2017),
slightly more females participated in our study. Two possible explanations for the greater
representation of female participants might be that females outnumber males in the IINSPIRE-
LSAMP program, and that more females self-selected to participate in this study. Also worthy of
note, because we were interested in part in better understanding students’ science identities
related to participation in LSAMP, participants were encouraged to identify themselves in ways
that made them feel whole. As a result, we do not offer number counts for the race and ethnicity
category because of the varied ways that participants identified themselves. For instance, while
some indicated being “Black,” others listed “African American”; similar patterns occurred for
“Hispanic” and “Mexican,” and “Asian” and “Pacific Islander.” We do not assume that these
socially constructed labels are synonymous, as commonly found on most standardized surveys.
See Table 1 for self-reported demographics of study participants.
TABLE 1 HERE

After participants completed the demographic form, individual face-to-face, semi-
structured interviews were conducted (Merriam & Tisdell, 2016). The interview protocol was
designed to understand the effects of participating in the LSAMP program on student
experiences, identification with, and long-term involvement in STEM. Because multiple

researchers conducted face-to-face interviews, the semi-structured protocol offered
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standardization but allowed for flexibility to probe for deeper understanding. Interviews, ranging
from 30-45 minutes, were digitally recorded, then sent to Rev.com for transcription. We checked
the transcripts against the audio to verify that what participants said was accurately captured.

Thematic analysis was used to make sense of the interview data (Braun & Clarke, 2006).
In addition, a social constructivist paradigm was used to acknowledge that individuals hold
multiple realities, and that there can be multiple truths (Creswell & Poth, 2018). Together, the
data analysis method and paradigm allowed us to discover patterns, discuss them with one
another, and make explicit connections to existing literature. Each transcript was assigned to two
researchers; this strategy offered increased opportunities for peer review (Merriam & Tisdell,
2016). We started by reading through the transcripts, paying particular attention to participants’
experiences in STEM, and how their participation in LSAMP influenced other outcomes (e.g.,
STEM identity, long-term participation in STEM). We coded areas that had the potential to
address the research questions, after which we discussed codes from single transcripts, then
across the entire data set. After patterns were identified, they were organized into themes.

At all stages of data analysis, we discussed how our individual and collective multiple
intersecting identities influenced our interpretations of the data (Peshkin, 1988). This study’s
authors include two professors and two doctoral students; all are male, and all self-identify as
Black (three were born in the United States and one was born outside of the United States). In
addition, none of this study’s authors hold degrees in STEM; authors’ degrees are in the fields of
economics, education, English, liberal arts, and psychology. These details about our individual
and collective backgrounds matter as they inform how we experience and see the world, and as a
result, how we also interpreted the data from this study’s participants (Bhattacharya, 2017).

During discussions of the data, we regularly talked about how our interpretations were similar
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and different, and where different, we discussed the nuanced dimensions that led to these
differences, usually related to our multiple and intersecting identities.

For instance, we regularly discussed our assumptions about what it meant to be a student
in STEM (e.g., isolating, difficult curriculum, lacking same-race and same-gender role models).
While these assumptions can be corroborated by existing research (Charleston et al., 2014;
Espinosa, 2011; Ong et al., 2011; Sanchez et al., 2020), these conversations were usually had in
discussions contrasting our experiences in our respective majors as undergraduate collegians.
Acknowledging that not only do we hold different educational backgrounds from our
participants, we also discussed how the eras in which we were undergraduates differ from today
(e.g., less access to information via the internet; greater or lesser presence of historically
underrepresented students at our respective institutions).

Relatedly, we discussed how our gendered and racialized identities (male and Black) in
the United States shape how we think about education as an equalizer for systemic oppression in
the United States. We share common perspectives that reforming education, and its policies and
practices, can help alleviate some of the effects of racism. However, through these discussions,
we had to acknowledge our own privilege of traversing undergraduate education and now
retrospectively recalling our experiences. In addition, this conversation forced us to interrogate
assumptions about how we navigated predominantly White educational spaces, and the potential
privileges afforded to men compared to challenges that women may face (e.g., proving that they
belong in fields historically dominated by men, like STEM).

Our intentional regular conversations about our positionalities allowed us to consistently
interrogate our thinking and assumptions, and where possible, reduce the biases in our analyses

of the data. Further, our ongoing peer review (Merriam & Tisdell, 2016) made certain that
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various perspectives were considered throughout data analysis, and that our findings and themes
were thoroughly scrutinized.

Several limitations should be considered. First, students' experiences in STEM vary due
to a host of factors, including social identities other than racialized and gendered identities, fields
of study, institution type (e.g., four-year public research-intensive, four-year private, two-year),
and how LSAMP staff implement programs and practices at their respective campuses. Thus, we
were cautious not to generalize across all students but rather aimed to identify patterns in their
experiences. In addition, because all students were members of LSAMP, we do not generalize
their experiences to other historically underrepresented students in STEM, as LSAMP’s
programmatic interventions are likely to influence students' experiences in ways that non-
LSAMP participants may not encounter. Finally, the LSAMP conference was selected for data
collection partly because a critical mass of underrepresented students within the eight-campus
alliance would be present. However, it is possible that interviewing students at the same time that
they were experiencing the conference could have influenced their immediate thinking about the
LSAMP program’s contributions to their STEM development. This possibility, similar recency
and primacy effects on individuals’ short and long-term learning (see for example, Greene et al.,
2000), warrants consideration. We were thus careful to identify both complementary and
contradictory data, as to not unintentionally lean toward more positive or negative student
experiences influenced by their immediate presence at the conference. Despite these limitations,
we are confident that this exploratory study captures the wide range of students' experiences.

Findings
Our findings, based on interviews with 20 participants of the LSAMP program, illustrate

how participation in the LSAMP program facilitates students’ engagement with scientific
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research and professions, and influences their identities and perceptions of science. Specifically,
our data reveal that: (1) students entered the LSAMP program with self-defined strengths; (2) the
program provided formal academic support; and, (3) students experienced evolving forms of
scientific and identity development. While there is overlap in the findings, we present these
patterns separately for better clarity.
Students Entered the LSAMP Program with Self-Defined Strengths

Intervention programs that promote participation in STEM have been shown to have
positive outcomes for underrepresented students (Hernandez et al., 2018). However, preparatory
programs sometimes have an underlying assumption that underrepresented students do not enter
with the necessary skills or strengths to succeed. That deficit-based assumption is counter to the
asset-based perspective we took. Our data illustrated several self-defined strengths around STEM
that were accessed prior to entering the LSAMP program. Examples included students reflecting
upon their personal experiences, which showed a desire for further knowledge, and developing
self-interests to motivate their current and future STEM participation. Students often said they
were interested in STEM from an early age, before entering college. For example, Rachael, a
Latinx female biology major from a four-year private liberal arts college, described being
introduced to biology as a child by her parents:

Both of my parents are doctors...they always introduced me to biology. I was always

walking around with them, having the hospital life, because sometimes I had to wait to

my parents, or we were in a party and like, "Oh yeah, a patient just showed up. I need to

go, I need to be in the hospital." So that I wouldn't be bored, he would take me to see the

patients, and listen to patients' hearts. I've been always doing that since I was a kid.
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Her personal experience of being in the hospital, and being incorporated into scientific activities
(e.g., listening to patients’ hearts), exposed Rachael to a related environment with people who
shared her cultural identity. For Rachael and other students, childhood experiences of observing
other people like them reinforced the possibility that they could work in this environment as
well. Rachael emphasized this idea, saying: “I wanted to study STEM since I was nine years
old.” Likewise, Aretha, a Black female biology major from a four-year private liberal arts
college, displayed an interest in STEM at "probably about eight or nine, so elementary.”

This interest in STEM at a young age allowed students like Rachel and Aretha to enhance
varied strengths as well. For example, Rose, a bi-racial neuroscience major from a four-year
institution, summarized her self-motivation: "‘Can I really do this?” And you know, you have to
face that struggle with yourself every day, but once you get past that, it's just the challenge of
how hard the courses actually are, and getting the grades...” Even though college was
challenging, and she had occasional moments of self-doubt, Rose understood what it would take
to excel. Her self-defined strength appeared to be the capacity to be self-reflective, to process
challenges and then determine appropriate steps needed to complete her work. In Rose’s
example, her internal dialogue, prompted by her motivation, was a form of self-validation of her
abilities to succeed in STEM. Other participants also described having internal dialogues as ways
to motivate and validate themselves. For instance, Terry, an international Black male student
(with an unidentified STEM major) at a four-year public university who was aiming to get into
medical school, described having to motivate and tell himself every day that “I need to make it
into medical school, again.” Terry had been in medical school for two years in a foreign country
before coming to the U.S. after he won the immigration lottery. Even though Terry had gotten

into medical school before, having that internal dialogue motivated him and validated his belief
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in himself that he could succeed. Reflective dialogues appear to allow students to tap into their
interests for motivational purposes, and independently recognize potential challenges that lie
ahead and think about ways to navigate them.

Another student strength was self-awareness. Self-awareness appeared to help students
envision their future STEM pathways. For example, students such as Ellie, a biracial female
biochemistry major, saw themselves going to “medical school, or graduate school after I finish
my undergraduate degree” and were confident in these next steps. Her interest in graduate school
and self-confidence connected to her overall future goals. Visualizing herself in graduate school
was an important step in validating her belonging in the STEM community. In another example,
Mason, a Black male second-year student in biomedical engineering at a two-year public
community college, discussed how participating in LSAMP prepared him for conferences and
internship interviews. “I remember the last [LSAMP] conference at Indianapolis. I couldn't stand
up and speak in front of people. They tell us how to stand, how to speak, how to present yourself
if you've got an interview.” He explained that being an international student presented
challenges, especially because English was not his first language. Mason knew that he needed
more knowledge to navigate the challenges ahead of him. Participating in LSAMP allowed him
to apply to numerous internship opportunities and to learn to speak publicly, likely making him
more confident—and competitive—in interviews and conference presentations.

In addition to self-awareness, students’ passion for STEM as a strength was important.
One notable example is Rachael, a Latinx female biology major, who described giving a group
presentation as an example of how her passion drove and prepared her:

The thing is that I like exploring and want to be ready for the next task and challenge. I'm

always ready for the extra pressure. I remember doing a presentation with a group, and
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then we had a basal serotonin, but in there was no definition. The professor asked, "What

is the definition on serotonin?" Everyone in the group was like, "What is serotonin?"...I

just looked to everyone, I was like, "You were not expecting this question at all?"...Then

I just answered it and the professor was like, "At least someone is prepared”...If I have

an interview and I just show them the passion, I know what I can do.
It appears that Rachael’s passion prepared her for any challenges that may come her way.
Rachael’s passion motivated her to learn more so that she could always be ready for any
question. Her last statement, “I know what I can do,” was a way of validating herself and saying
that she is capable of succeeding.

The ways in which students talked about their strengths varied from student to student.
Some, such as Mary, a bi-racial forensic science major from a four year-institution, took a
developmental approach. Mary summarized her self-motivation (“I feel like I am a basic
scientist”) and her need to gain more experience in labs and research (“I think I need to learn a
little bit more. Just keep learning, do some more research, work with more groups and work in
the lab environment more”). Mary was describing the importance of seeing herself as a scientist
but also having the desire to learn more in her STEM field. This affirmation and desire to learn
more encouraged Mary to see herself in graduate school in the future: “If I end up going to
graduate school, I feel like I would be getting my Ph.D. during that time.” In this instance, Mary,
displayed the confidence and ability to have more than one career option, which allowed her to
see herself pursuing multiple career paths that include graduate school in STEM. Even though
graduate school was not her only option, Mary visualizing herself in graduate school further
illustrates patterns of self-confidence and its connections to future goals.

LSAMP Program Provided Validation through Formal, Academic Support
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Across institutions and LSAMP programs, students described positive memories of
experiences in the LSAMP program. Collectively, their narratives highlight how the program and
each partner institution worked together to create formative learning experiences. Jordan, an
African American male fourth-year student studying biology, shared how he was benefitting:

If it wasn't for LSAMP, I don't know how I would have these resources because I've met

so many people, been introduced to so many people that I wouldn't have known. I've

gotten a lot of information that I wouldn't have known because a lot of times no one is
talking to you about how to prepare for graduate school or medical school or any of that
stuff. With LSAMP we're constantly being talked to about it, so I feel a lot more
prepared.
In the quotation above, Jordan, who was at a four-year private liberal arts college, highlighted
one of LSAMP’s key components, exposure to graduate school. But notably, he affirmed an
LSAMP practice: consistent and ongoing conversations about graduate school, rather than a one-
time workshop. It appears that these ongoing conversations made students feel more confident
about the possibility of attending graduate school. Similarly, Heather, a Black female second-
year biochemistry major, described benefits of participating in the LSAMP program:

LSAMP helps you network, which is the biggest thing. It teaches you tools that are

otherwise not taught to you. For example, the seminar last night was talking about how to

communicate correctly. How to communicate and get your point across or understand
different personalities, which is key. Especially when you're trying to collaborate on
projects with other human beings.

In her quotation, Heather referenced how attending a seminar on scientific communication at the

annual LSAMP conference was beneficial to her future work. Not only did she learn new
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information by attending that particular seminar, she became more confident in her capacity to
communicate about the work she was doing, a valuable competency should she choose to attend
graduate school upon graduation (Burt, 2017). Worthy of note, like Jordan, Heather also
commented that what she was learning about research (e.g., communicating to interdisciplinary
and diverse audiences) had not been taught in other educational contexts (e.g., classroom). These
findings suggest that if not for participating in the LSAMP program, some students may not
receive important information about navigating and succeeding in STEM pathways.

Diversifying participants’ communication skills was not the only program component
that made students feel validated. All LSAMP students referred to program faculty as being an
asset to their experiences. Specifically, students described experiences where faculty supported
their learning and development as researchers. For example, Kylie, a bi-racial second-year
student double majoring in biology and Spanish at a four-year private liberal arts college, shared
the following:

Really the most support is being able to just go to my professors and ask them questions.

[Faculty mentor] has been super supportive, as well...He's like, "I trained her...I want her

to stay because I spent so much time training her." My professors at [my institution], are

encouraging me. I feel very supported in LSAMP.
Kylie acknowledged the investment her faculty mentor made to train her. She not only feels
encouraged and “super” supported, but also that she can openly ask her professor for help. It also
appears that Kylie’s support did not rest with one faculty member; she referenced positive
experiences with several professors.

Mary, a biracial female fourth-year student in forensic science who attends a four-year

private university, asserted that talking to professors alleviated stressful situations. Likewise,
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Aretha, a Black female, first-year student majoring in Biology, mentioned her professor when
discussing a time when she felt encouraged to push herself: “My professor encouraged me to
even apply for this internship, even though it was for psychology. He's like, I think you would
really enjoy it. And just having that support...that was really cool.” Aretha reflected that she felt
supported and encouraged to step outside of her specific area of study. As seen from the
illustrative examples above, LSAMP participants across institutions, across class levels (e.g.,
first year, fourth year) and across fields of study described supportive and encouraging LSAMP
program faculty. As documented in the literature (Wilson et al., 2012) being able to ask for help
and having faculty support is crucial for the development of underrepresented students,
especially those in STEM majors. In the case of LSAMP participants, having a constellation of
support from several professors contributed to feeling valued and validated in STEM.

Peer support was also important to students’ feeling validated in STEM. The students'
narratives were rich with stories not only of helping each other through classes, homework
assignments, and figuring out how to conduct research in the laboratory, but also of how their
LSAMP participation helped them develop groups of friends with whom to "hang out" and
attend social functions. Mary conveyed that speaking with her peers enhanced her network and
motivated her to continue on the STEM path: “It's very good for networking. I like how I can
talk with different people who are going through the same thing I am, and...to people who have
been through it and have gotten success....It gives me inspiration.” Mary affirmed that she liked
being able to “network™ and engage with her peers about what she was going through. As stated
by Bowman and Holmes (2018), URE experiences tend to provide students with critical thinking
and communication skills that aid in their retention. Not only did LSAMP provide opportunities

for undergraduates to support one another, it also was effective in connecting them with graduate
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students. For instance, Terry, a junior and international Black male student (unidentified STEM)
described his experience working with a graduate student:

I think the graduate student I worked with...actually made me like [research]. He was

really good at communication. I learned a lot from him. The graduate student was there

for me all the time...He helped me prepare my poster. I attended four or five different
conferences. And last conference I won first place for the experimental research.
Terry stated that the graduate student in his research lab supported him in various ways while he
prepared for a research poster presentation. By participating in LSAMP, students received
mentoring, support, and encouragement from peers across different levels (i.e., graduate student,
and undergraduate peers) within their URE experience. This intergenerational and interclass-
level support contributed to the quantity and quality of relationships within STEM.

Some students said they were able to use LSAMP to launch into other STEM
opportunities that contributed to their retention in the field. Mike, a Black male third-year student
in electrical engineering at a four-year public university, mentioned that his LSAMP experience
led him to the McNair program: “So yeah, I think McNair—I think LSAMP contributed to that
somehow, just because that's how I got introduced to research, through LSAMP, and that's how |
decided to go to grad school.” For Mike, the exposure to research and program staff and faculty
provided by LSAMP assisted in his pursuit of and acceptance into the McNair Program.
According to Mike, both LSAMP and McNair further solidified his interest in STEM work and
influenced his goal to attend graduate school. Not only did he begin pursuing additional STEM
opportunities (e.g., more research, conferences, internships), he insisted that his friends from the
programs do so as well. This finding is worth noting because Mike not only explained what he

individually got from participating in LSAMP, he also described having a friend group that also
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benefitted. His comments highlight that he wanted to promote and celebrate the collective
progress of his peers. This finding is illustrative of students from underrepresented populations,
who have been shown to have community-focused and altruistic reasons for pursuing STEM
(Burt & Johnson, 2018), compared to their White male counterparts who have been described as
being more individualistic and competitive (Seymour & Hewitt, 1997). LSAMP provided
students with cohorts of talented, motivated, and supportive peers to learn from and with.

Mason, a Black male second-year student in biomedical engineering at a two-year public
community college, also explained how participating in LSAMP opened doors for him to apply
for additional research endeavors away from his own university:

I have applied for different internships at different universities through LSAMP. If T get

in, I'll...have a chance to do research....It will help...with the career that I'm going for. It

gives me...motivation. Because I see a lot of other people do it, I want to do it.
Because of the foundation of research gained through LSAMP, Mason now saw how he could
further his research skills at another research site and felt confident enough to apply for
additional research endeavors.

Participation in LSAMP served as a building block for continued participation in STEM-
related activities. With increased participation in the STEM community, some students appeared
to feel more connected to their STEM field, research, and the potential to remain in STEM.
Based on existing literature, it is possible that students felt more confident in and connected to
STEM because of their exposure to other talented, high-achieving students from
underrepresented backgrounds. This finding relates to the work of Fries-Britt (1998), who found
that high-achieving Black students thrive when connected to other high-achieving students. Like

those in the current study, the students in Fries-Britt’s were in the STEM-focused Meyerhoff
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program for historically underrepresented students of color. These students were highly capable
and motivated to succeed. Like LSAMP, the Meyerhoff program provided structure, practices
and activities that helped students make progress, feel valued and see themselves in STEM.
Thus, there appear to be cumulative positive effects of participating in (multiple) STEM-related
programs, especially those designed for underrepresented students. Most notably, participation
helped students to better see themselves as long-term participants in STEM (i.e., STEM identity).
Students Experienced Evolving Forms of Scientific and Identity Development

Throughout their STEM experiences, student participants were self-aware about how
they interacted with their various forms of identity. Researchers have noted how students
describe their own identities (Kim et al., 2018; Lu, 2015). Students in this study indicated that, at
times, they experienced both positive and negative growth. One way in which they experienced
growth was through discovering that their identity created barriers for them in their STEM fields.
Students in the study often disclosed that they felt barriers existed in relation to their
participation and retention in STEM. As an ongoing process of their identity development,
students encountered tensions and challenges to their growth. For example, Samantha, an Asian
female computer science major at a two-year public community college explained:

I’'m from a different country. The most important thing here is the language and that is

really difficult for me. It is a lot of work. I really struggle with the vocabulary. For

example, coding in the same words so everybody can use it.
Samantha stated that a barrier for her is the language difference between her home country
(Cambodia) and the United States. Samantha’s difficulties communicating were not exclusively
related to classroom experiences. Rather, she described her limitations to fully participating in

STEM activities (e.g., working on team projects, engaging in the research lab) as being due to
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difficulty translating her native language to English. Rachael, a third-year Biology student at a
four-year private liberal arts college, had a similar experience pertaining to her international
status. Rachael, who was originally from Brazil, said, “Until last year, I was the only
international student who was in biology [aiming for] medical school, and it kind of weirded me
so much, like why I'm the only one?”” Rachael’s quotation illustrates how being
underrepresented—in her case, as an international student—prompted her thinking of her
international status as a salient identity in STEM. Being the sole international student in her
major made her feel uncomfortable and “weird.” Further, her awareness of her identity made her
question her field of study, goal of attending medical school, and sense of self. Her identity in
STEM was not validated by the presence of international peers. This highlights how one’s
identity within an educational environment can hinder feelings of belonging and validation.

The process of questioning one’s self due to one’s identity did not only apply to Rachael
as an international student. Aretha, a Black female also majoring in biology, reflected on her
gendered and racialized identities and how they functioned as challenges to thriving in STEM:

For me, yeah [my identities are challenges]. Just 'cause I'm a minority and I'm a female.

But I know that if I keep working hard and proving myself—I know it's harder for a

woman of color to get hired in some places just because of how they're perceived, such as

maybe the way they act or think. So, I would say that would definitely be a huge
challenge just to get through [STEM].
In the quotation above, Aretha realized that she confronts two barriers. She shared her opinion
that as a woman who is also Black, she is held to different standards. In addition, she highlighted
the role her gender played in how others validated her. She acknowledged that it is difficult for

women to succeed in STEM and identified others’ response to her gender as something that she



27

had to overcome. At times, it appeared that she was not describing experiences that she has had,
but rather describing what she has come to know about the experiences of women—and Black
women, in particular—in today’s U.S. society. Her words illustrate added self-pressure to work
harder in order to be recognized as legitimate in the STEM community.

When asked if they considered themselves to be a scientist or not, students’ responses
varied; some accepted a scientific identity, others denied it, and others still were not sure. Cahya,
an Asian male studying software development at a public community college, stated: “I don't
know—what is a scientist?”” Cahya was unsure that the term “scientist” related to his field. Part
of Cahya’s uncertainty related to a misalignment between what he envisioned scientists to be and
the kinds of work and interests he was currently engaged in. Further, he wrestled with whether
scientists create discoveries to help others or develop products for financial gain. Mark, a
Hispanic male in architecture at a four-year public university, also grappled with the idea of
being or not being a scientist: “That's a tough one. Probably not. Well, I guess you could say
kind of, 'cause I have to analyze data, which is part of the process.” Like Cahya, Mark attempted
to make sense of what scientists do, based on his understanding of the research process.

Danielle, an international Black female majoring in environmental science at a four-year
private liberal arts college, suggested that to her, becoming a scientist would occur over time and
through workload completion: “I don't think I'm a scientist now, but I feel like I will probably
never feel like a scientist...I don't think I will ever just sit back and be like, dang, I have
done enough.” Danielle, who was not yet convinced of her scientific identity, offered a sobering
revelation; she might never feel validated as a scientist. This sentiment appears to echo what
previous literature suggests about women of color in science and how they may not always feel

like they belong within STEM environments (Archer et al., 2013; Neumann et al., 2016).
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Danielle seemed hesitant to name herself as a scientist because of the expectation of needing to
achieve notable results. This was evident when Danielle stated that maybe in the future when she
has “done enough,” she will feel like a scientist, implying that individuals need a certain number
of accomplishments or to achieve an unspecified criteria to claim a science identity. Although
Danielle indicated that her identity as a scientist was developing, it is possible that she did not
yet see herself as a scientist because of the lack of other underrepresented people in STEM.

In contrast to those who were unsure of their scientific identities, some students excitedly
shared that they saw themselves as scientists. Ellie, a biracial female majoring in biochemistry at
a four-year private liberal arts college, explained how she defined the work of scientists: “Just
answering the questions of ‘Why’ and ‘How?’ things work. And finding that tough question that
maybe other people have asked but haven't answered.” Ellie’s quotation connects how she sees
herself and others labeled as scientists in her field. Asking questions and thinking about the
process of “how” and “why” things happen, she is able to assert herself as a scientist. Leonardio,
a biochemistry major at a four-year private liberal arts college, had a similar understanding:

Yes! I just find science very exciting. When you actually figure out how something

works. All this time you're sitting there, "Oh, how does this work?" and then you finally

figure it out and you're like, "Man, this totally makes sense!" Then you wanna take it
even farther, you wanna learn even more about it.
Leonardio shared that science excited him. He explained that understanding “how” something
works justifies science. Additionally, Leonardio shared that he had a desire to learn and better
understand “how” science works. He went on to say, “I have considered myself a scientist since

probably as I entered high school. In my free time I read books on science. I was just always
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trying to learn more and more about science.” Leonardio implied that scientists always want to
learn more; they are “inquisitive and have this hunger for knowledge.”

In whole, although participants ranged in their understandings of what a scientist was in
their field of study and whether they saw themselves as scientist or not, often seeking more
appropriate labels to describe themselves, their responses highlighted the complex ways in which
they made sense of their scientific identities. Further, these findings highlight a connection
between how students view their current scientific identity and what it would take to have a
stronger scientific identity (e.g., more years, more research, more scientific accomplishments).

DISCUSSION

Students of color who participate in undergraduate research diversity programs tend to
have positive experiences and exposure to STEM, are more likely to attend graduate school, and
are more likely to enter the STEM workforce (May & Chubin, 2003). Although existing
literature highlights the benefits of STEM diversity programs (e.g., McNair, Myerhoff) for
students of color, their underrepresentation in the STEM field and workforce remains constant.
In this study, we aimed to focus on one STEM diversity program, LSAMP, and in so doing, gain
a more nuanced understanding of how participation in LSAMP facilitates students’ engagement
with scientific research and professions, and influences students’ emerging identities and
perceptions of science. The federally funded LSAMP has served as a validating intervention
aimed at broadening participation in STEM for individuals historically underrepresented in
STEM fields for more than three decades (Baber & Jackson, 2018). With a focus on one LSAMP
program from both a campus-level and an alliance-level perspective, we investigated how
validating experiences in the LSAMP program contributed to underrepresented students’

participation in STEM. Our findings, based on 20 students in various STEM fields of study
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across eight institutions, shed light on programmatic efforts that provided validating experiences
as students transitioned into or matriculated through STEM majors. In particular, there was
evidence that some students entered the LSAMP program with strong self-efficacy and validated
feelings towards their STEM field. For them, a validating process that encouraged intellectual
curiosity and hands-on development of research skills was connected to the identity of being a
scientist. Others, however, did not connect themselves to a science identity. This finding is
intriguing given that validating activities supporting broader STEM participation aim to foster
affective feelings towards students’ fields of study and becoming long-term, skilled participants.
While participants described positive experiences in their LSAMP program and its
programs and activities, it is unclear why the majority did not yet see themselves validated as
scientists. Our findings offer a sober reminder that some underrepresented students, even those
already participating in typical scientific behaviors and norms in a STEM environment, may
experience a delayed feeling of affective connection with a science identity. Their perceptions of
what it means to be a scientist may be rooted in traditional scientific epistemology, which
stresses detached observation. For emerging scientists from underrepresented backgrounds, the
traditional perspective on objectivity misaligns with experiences of cultural particularism in
STEM fields, shaping how they view themselves as participants and how others make them feel
as members of the STEM community. Existing research describes how hostility in a STEM
community, including microaggressions that underrepresented students face, can make it
challenging for students to see themselves validated in STEM (Burt et al., 2019; Burt et al.,
2018). Difficulty seeing themselves in STEM might be especially challenging for women of
color (e.g., Black women) who are often subjected to “double bind constructs” within STEM

(Charleston et al., 2014; Ong et al., 2011; Sanchez et al., 2020). This finding raises questions: Do
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some students question their science identity, not because of lack of technical confidence, but as
a result of observing disconnections between the objective process of scientific inquiry and the
subjective culture of scientific communities? Further, does growing into a science identity reflect
damaging assimilation or complex resistance? If growth into a science identity is possible, future
research needs to investigate this phenomenon, and intervention programs like LSAMP should
consider ways to assist participants in developing a science identity. These might include
programming and activities to support participants’ sense of self and feelings of science identity.
Necessary in this recommendation, however, is helping students to reimagine what they perceive
a scientist to be. While their perceptions of science and the work of scientists are likely to vary
across fields, helping them think about scientific work as an outcome (e.g., a product resulting
from research; a community-based, altruistic use of research to help people) might be useful.
Additionally, helping them see how their identities are examples of those of scientists could
increase their self-confidence and validation and reduce their concerns about belonging in
STEM.

IMPLICATIONS FOR RESEARCH AND STEM DIVERSITY PROGRAMS

Existing research highlights numerous efforts to broaden participation in STEM fields for
historically underrepresented students (e.g., McNair; Meyerhoff) (Fries-Britt, 1998; Hrabowski,
2001; NAS, 2019). More research is needed to identify the unique characteristics embedded in
these programs that help students to see themselves as members of the STEM community. While
we were able to capture a critical mass of students at the LSAMP conference, more sustained
interactions with participants would provide more evidence of the evolutionary nature of
students’ STEM identities and identification with STEM. Scholars taking this approach might

design a study that captures students’ academic lifespan in STEM. A study of this nature would
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follow students from their entry into their STEM diversity program through their graduation
from college or graduate school. Granted, this type of study may not capture all of students’
experiences and predispositions to STEM (e.g., early interests in STEM; pre-intervention
program experiences). However, in efforts to more fully understand how participation in STEM
diversity programs influences students’ development over time, this longitudinal design focused
on the intervention would be beneficial. In addition, this type of research design that captures
students’ experiences across their academic lifespan could address some concerns of recency and
primacy effects (Greene et al., 2000) that might result from one-time interviews or surveys,
especially if conducted immediately after an invigorating or detrimental occurrence. Overall,
future research that pinpoints the magic of intervention efforts, in conjunction with the existing
skills and characteristics students bring with them to campus, will contribute to the development
of promising practices for other STEM diversity programs, as well as assist STEM academic
departments in reforming their policies and practices to be more inclusive.

The findings from our study also offer implications for STEM diversity programs.
Specifically, students consistently mentioned that a highlight of their LSAMP program was its
formal, academic support. In diversity programs like LSAMP, formal efforts to increase the
participation and academic performance of underrepresented students tend to be intentionally
included in their programmatic design (Fries-Britt, 1998; Hrabowski, 2001). This support in our
study usually came in the form of mentoring. However, we realized that “mentoring” was being
discussed in different nuanced ways. The majority referred to “mentoring” as the programmatic
component of LSAMP where a student is assigned a research “mentor”; importantly, in some
LSAMP programs, students also referred to their LSAMP program staff as mentors. The research

mentor, in particular, held the responsibility of shepherding students through their research
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experience and exposing students to science and graduate school (Byars-Winston et al., 2020;
Maton et al., 2000). However, participants suggested that they needed more mentoring, but not
necessarily that which their assigned “research mentor” could provide. That is, while most
students did not speak negatively about their experiences with their research mentors, many—
particularly women and those from historically underrepresented racial and ethnic
backgrounds—described wanting additional mentoring from individuals holding their social
identities. This insight from study participants suggests that mentoring around a research project
might not be enough for, nor meet the full needs of, students in diversity programs. This might
be especially true for those who desire a stronger connection between their social identities and
what it means to be a scientist. Similarly, scholarship focused on underrepresented students’
mentoring experiences highlights that students who see themselves in STEM are more likely to
attend graduate school (NAS, 2019). Diversity programs that facilitate connections to additional
mentors—even if informally—that link students’ social identities to their scientific field would
help validate students’ sense of belonging in STEM. Further, this connection between STEM
mentors and students’ social identities could assist students in seeing themselves as long-term
participants in and contributors to STEM. This recommendation supports existing scholarship on
the importance of creating mentoring networks (Griffin, 2012), which asserts that no one mentor
can provide an individual with everything needed. Instead, students should be encouraged to—
and diversity program staff can help to facilitate—build constellations of mentors who can help
meet their needs. Based on the needs described by our participants, diversity programs that
include this kind of mentoring team might include a research mentor, a mentor to help the
student gain a better understanding of graduate school and the application process, and finally,

another mentor who might help the student balance the pressures of the academy while holding
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an underrepresented social identity. Encouraging—and helping to facilitate—formation of a
mentoring team might help reduce the pressure on any one faculty member, administrator, or
staff member. In addition, encouraging this type of mentoring team might help students to learn
how to assess their unique needs and identify human resources to help meet those needs.

Mentoring should also come in the form of peer support. In the present study, some
students described having to work harder to be seen and validated because of their identities
(e.g., gender, race, international status). It was not evident from our data that the LSAMP
program—across partner institutions—offered programming to combat the microaggressions
students might face in STEM. However, students regularly described their LSAMP peers as
sources of support in navigating isolating STEM communities that were incongruent with their
multiple identities. Diversity programs aiming to reduce the impacts of being underrepresented
in STEM should incorporate programmatic efforts that connect students with each other. Some
studies have shown and discussed how mentors encourage underrepresented students to rely on
each other and participate in peer mentoring, emphasizing the roles of peer interaction and
forming connections (May & Chubin, 2003; Mondisa, 2020). Such programming—and/or
informal interactions—should be framed around support and not competition. That is, the rare
opportunities for underrepresented students to interact with each other should mitigate and not
propagate the competitive ethos already found within the STEM community (Palmer et al.,
2011). Intentional and frequent opportunities for students to see other students who hold similar
social identities will further help to validate students’ sense of belonging and presence in STEM.

CONCLUSION
Since its inception in the early 1990s, LSAMP has served as a key program for increasing

persistence and completion rates among underrepresented students pursuing STEM (Baber &
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Jackson, 2018). This study, aimed at examining the practices and activities that contribute to
broadening participation of underrepresented students within one LSAMP alliance (IINSPIRE-
LSAMP), discovered patterns of positive experiences among students historically marginalized
by normative practices in postsecondary STEM education. As opposed to focusing on deficit
perspectives around individual dispositions, institutions would be better served by leveraging
insights offered from this study’s findings and scaling sustainable practices and activities
students identified. To be clear, although much of the focus of this study was on the
programmatic elements of students’ LSAMP programs, students were not empty vessels upon
arriving to college. That is, many were self-aware of their existing strengths. Effective LSAMP
practices, then, validated and further nurtured those strengths. These practices, which were not
necessarily LSAMP-based program goals, might have been created by individual LSAMP
administrators. Leveraging this insight with a validation-centered philosophy, STEM educators
should consider how to more consistently help students see their strengths. Helping students see
their strengths, especially when transferable to their STEM practice, may help to improve and/or
further strengthen their science identities.

One strength mentioned by some participants was the ability to navigate in STEM despite
obstacles. We are not suggesting that students should have to negotiate obstacles in STEM (e.g.,
racism, sexism, underrepresentation). In fact, we argue that the flat rate of growth in broadening
participation in STEM for historically underrepresented populations is in part due to the
obstacles they encounter. Centering a validating educational process throughout students” STEM
pathways (both in the curriculum and co-curriculum) may allow students to bring their whole

beings to their desired STEM profession. By more intentionally validating students, this
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suggested change to STEM education would challenge the impersonal culture of postsecondary

STEM education that is neither fully meritocratic nor value neutral.



Table 1

Self-Reported Student Demographic Information

Pseudonym | Institution Age | Race and/or Gender | Academic | Academic Major
Ethnicity Status
Aretha 4-year private | 19 | Black Female | Freshman Biology
Cahya 2-year public | 41 Asian Male Sophomore | Software
Danielle 4-year private | 19 | African (Nigerian) | Female | Freshman Environmental
Sciences
Ellie 4-year private | 18 | African American | Female | Freshman Biochemistry
& White
Heather 2-year public | 24 | Black Female | Sophomore | Biochemistry
Jordan 4-year private | 23 | African American | Male Senior Biology
Juan 2-year public | 24 | Mexican Male Sophomore | Conservation
Kylie 4-year private | 19 | Hispanic & Female | Sophomore | Bio & Spanish
Caucasian
Leonardio 4-year private | 19 | White & Hispanic | Male Freshman Biochemistry
Marissa 4-year public | 25 | Black African Male Senior Mechanical &
Materials Engineering
Mark 4-year public | 23 | Hispanic/Latinx Male Senior Architecture
Mary 4-year private | 21 | White & Puerto Female | Senior Forensic Science
Rican
Mason 2-year public | 21 Black Male Sophomore | Biomedical
Engineering
Matthew 4-year public | 23 | Pacific Islander Female | Senior Mechanical
Engineering
Mike 4-year public | 23 | Black Male Junior Electrical Engineering
Rachael 4-year private | 20 | Latinx Female | Junior Biology
Rose 4-year private | 19 | Bi-racial Female | Sophomore | Neuroscience
Samantha 2-year public | 27 | Asian Female | Freshman Computer Science
Susan 4-year private | 19 | Black & Hispanic | Female | Sophomore | Pre-Vet
Terry 4-year public | 23 | Black Male Junior STEM
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