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Hispanics are grossly underrepresented in the receipt of STEM Ph.Ds. The National
Science Foundation (NSF) Science and Engineering Indicators (Trapani and Hale, 2019)
suggest that only 7.8% of S and E doctoral recipients are Hispanic while their
representation in the population is more than twice that, and that figure goes even higher
if restricted to those within the college-age range. To address this gap, the NSF has
awarded a grant (the Hispanic Alliance for Graduate Education and the Professoriate,
H-AGEP) to the City College of New York and the University of Texas at El Paso to work
with Hispanic STEM doctoral students to provide teaching training and preparation for
academic positions so they can become role models for Hispanic community college
undergraduates. In working to understand the career-decision making of our Fellows, in-
depth interviews were conducted (n = 13) to understand what put them on the path to
defy the odds and become a STEM doctoral recipient. Interview results suggest that
isolated, critical incidents and chance events were responsible for a number of our
students entering into doctoral programs. This research suggests that for some Hispanic
STEM doctoral students the experience of chance events meant the path to a STEM
doctorate was not assured from a young age and further, that the provision of “planned”
critical incidents may support an increase in Hispanic STEM doctoral enroliment.

Keywords: Hispanic, STEM, doctorate, graduate, career decision making, Latinx

INTRODUCTION

Hispanics are grossly underrepresented in the receipt of STEM Ph.Ds. The National Science
Foundation (NSF) Science and Engineering Indicators (Trapani and Hale, 2019) suggest that only
7.8% of S and E doctoral recipients are Hispanic while their representation in the population is more
than twice that, and that figure goes even higher if restricted to those within the college-age range.
The underrepresentation of Hispanics with Ph.Ds. in STEM fields raises questions as to why this
occurs. The career path to a Ph.D. in STEM can be considered to have three parts: the development
of an interest in STEM, education in STEM, and the decision to engage in a career in STEM. The
objective of this research is to illuminate the first two parts of this pathway among Hispanic STEM
doctoral students. As part of an NSF funded grant (the Hispanic Alliance for Graduate Education
and the Professoriate, H-AGEP) the City College of New York and the University of Texas at
El Paso have worked with Hispanic STEM doctoral students to provide preparation for possible
academic careers, particularly at community colleges. In-depth interviews were conducted with all
participants in the first two cohorts (n = 13) to document how they developed their interest in
STEM and came to study at the Ph.D. level.
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Interview results suggested that isolated, critical incidents and
chance events were responsible for a number of our students
becoming engaged with STEM and ultimately entering into
doctoral programs. These seemingly chance events suggest that
the path for many Hispanic STEM doctoral students is not one
that is assured from a young age. Hispanic student participation
in STEM activities and attainment of STEM degrees may increase
with more “planned” critical incidents that would support their
pursuit of STEM career pathways.

LITERATURE REVIEW

Hispanic Representation in STEM

The United States Census Bureau reported that in August of
2012, Hispanics had become the “nation’s largest ethnic or racial
minority” during the 2011 calendar year (U.S. Census Bureau
[USCB], 2012), reaching 16.7% of the total population. This
growth was expected to continue and researchers project that by
2060 Hispanics will make up 30% of the United States population,
having increased from 55 to 119 million persons (Colby and
Ortman, 2015), reaching minority majority status along the way
(Colby and Ortman, 2015; Preuss et al., 2019).

As the Hispanic population continues to expand nationally,
their presence in higher education has also been noted. For
example, the National Center for Education Statistics [NCES]
(2018) reported that in 2016, Hispanics made up 3.2 million,
or 18.9%, of all undergraduate student enrollees. As the number
of Hispanic students in higher education has increased, so has
their share of all degrees earned. The number of associate degrees
earned by Hispanic students increased by 10 percentage points
(from 10 to 20 percent) between 2000-01 and 2015-16; the count
of bachelor’s degrees earned has also doubled, increasing by 6
percentage points (from 6 to 13 percent) between 2000-01 and
2015-16 (National Center for Education Statistics [NCES], 2018).

An educated Latino community equates to greater economic
opportunities for Hispanics and the greater society at large
(Nora and Crisp, 2009). However, as Garza et al. (2019, p. 2)
noted, “while we have experienced an increase in educational
attainment, the growth in higher education completion rates
has not kept up with the growth of the Hispanic population,
which can have a negative effect on the future of the community
as well as the future of our nation.” Within higher education,
Hispanics are overrepresented in the attainment of associate
degrees but have lower attainment of undergraduate or graduate
degrees, particularly in STEM fields. According to the National
Center for Science and Engineering Statistics, Hispanics are
one of three racial and ethnic groups underrepresented in
STEM (Linley and George-Jackson, 2013). NSF’s 2018 Science
and Engineering Labor Force report states “Overall, Hispanics
accounted for 6% of employment in S and E (science and
engineering) occupations, which is lower than their share of the
United States population age 21 and older (15%).” The statistics
are even worse for females: in 2015, Hispanic women made up
1.8% of the United States S and E workforce, despite representing
7.5% of the United States residential population aged 21 or older
(National Science Foundation [NSF], 2018). These circumstances
led Sharkawy (2015) to characterize the limited presence of

degreed Hispanics and members of other minority groups in the
STEM workforce as “one of the most challenging problems for
science education researchers and policymakers.”

The problem of underrepresentation of race/ethnic minorities
in STEM is particularly evident at the doctoral level. This issue
is magnified by the fact that in comparison with all other STEM
doctoral students, completion rates of racial/ethnic minority
students tend to be lower and attrition rates tend to be higher
(Sowell et al., 2015). For example, time-to-degree, or the length of
time it takes to complete the degree, is an issue of concern among
a wide range of stakeholders in graduate education (Bell, 2010).
According to a study of under-represented minority (URM)
STEM students in 21 doctoral programs, Sowell et al. (2015)
found that the median doctoral time-to-degree for Hispanic
students was 64 months. In terms of attrition, one-half of
engineering, mathematics, and physical sciences URM students
who withdrew from their doctoral studies did so in 21 months
(Sowell et al., 2015).

The attrition of underrepresented minority scientists in their
journey from the dreams of youthful scientific exuberance to an
impactful research career should alarm us all (Fadeyi et al., 2020).
This poses an urgent threat to scientific innovation by missing out
on diverse minds and talent, and simultaneously exposes several
ugly cracks in the American developmental journey of a scientist
(Stanford, 2020). The professoriate in particular plays a critical
role in dispensing knowledge to URM STEM students through
course instruction, advancing the field through research, and
mentorship. Like all sectors of the workforce, the professoriate
should resemble the country’s demographics. Unfortunately, this
is far from the case in most STEM departments nationwide.
As a result, talented faculty from URM groups remain a poorly
tapped resource (Fadeyi et al., 2020). The poor representation
of underrepresented minority (URM) faculty in academia also
results in little to no role models for undergraduate students of
color, which may negatively impact their aspirations, persistence,
sense of belonging in undergraduate school, consideration
of graduate school, or entrance into the STEM workforce
(Jacobi, 1991).

Barriers and Supports for Hispanic
Students in STEM

A number of research endeavors have focused on understanding
the barriers and supports to Hispanic engagement and retention
in STEM degrees and careers. Studies have largely focused on
factors located within the relationships students have with family
and faculty, individual factors, and institutional factors. A closer
examination of each factor demonstrates different aspects of the
individual experience and suggests that for Hispanic students,
multiple aspects are interwoven and determine whether the
student will engage and persist in STEM studies and careers.

Relationships

Across multiple research studies there is evidence that the
relationship Hispanic STEM students have are pivotal in entering
and persisting in STEM. Families and faculty members are critical
to engaging and supporting Hispanic students in STEM careers.
The presence or absence of these supportive relationships has
been found to be critical to many Hispanic STEM students.
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Families

Family plays a central role in many Hispanics’ lives so it is
unsurprising that the research found multiple ways in which
families influence the career trajectory of their children. Family
influence ranged from students being encouraged to persist
when experiencing obstacles, to focus on their coursework and
attend college, while also providing emotional and financial
support (Banda, 2012; Peralta et al.,, 2013; Carrandi Molina,
2016). In rich qualitative interviews, Contreras Aguirre et al.
(2020) collected data on how students found parental support
to be crucial, particularly when they doubted their abilities in
school. In a case study of ten undergraduate senior year Hispanic
students enrolled in STEM majors, Contreras noted that “the
encouragement and support parents provided to their daughters’
influence(d) their major choices and persistence in STEM fields”
(p.137). Students voiced how parents had encouraged them to
attend college, offered emotional support when they were stressed
by their academic work, increased their self-confidence and belief
in their ability to do the work, and shared their pride in their
children. As one participant noted, “I think they’ve always been
very supportive, they always said, whatever you want to do we’re
going to support you. . . I know that whatever I do they are proud
of me” (p.140).

Faculty

A further relationship variable found in the Contreras Aguirre
et al. (2020) case-studies was the report by students of the
importance of their relationships with faculty. Students indicated
faculty provided them encouragement to continue onto graduate
studies with them, to come to them with questions or requests
for recommendations, provided interview tips, and motivated
students to stay in difficult classes.

In a different case study research, Sangiago (2012) aimed
to understand the unique experience of low-income Hispanic
students in STEM at an HSI. Student responses included many
who shared that they did not have an adult at the institution that
they felt provided access to “support, social capital, or guidance”
(p. 141). Those students who indicated positive relationships
with faculty noted that the key benefits of those relationships
were the provision by their mentor of “an extensive network,
knowledge, and resources to connect them with high-impact
programs and resources, such as summer research, academic
support, and mentoring experiences” (p.142).

Faculty relationships can be even more important at the
intense doctoral level of study. To prepare Hispanic STEM
majors to enter doctoral programs, the Ronald E. McNair
Post Baccalaureate Achievement Program has been successful
with a program focused on faculty mentoring and academic
preparation activities offered to students in their junior and
senior years, providing additional evidence of the potential
for faculty relationships to support Hispanic STEM graduate
pathways (Fifolt et al., 2014).

Institutional Factors

Studies on Hispanic success in STEM tend to focus most
frequently on research concerning institutional and individual
impacts that hinder or support minority student success in

STEM. Institutional impacts look to understand the factors at
universities that either promote or inhibit URM success in STEM.
A number of researchers have looked across multiple studies
to try to find consistent impact factors that could then guide
universities in developing programs and actions that positively
impact Hispanic participation in STEM.

In a review of 59 studies on what institutional factors
could support academic success in Hispanic college students,
Winterer et al. (2020) found eight factors that influence
success, listed in order by those with the greatest number of
studies supporting the factors. The factors identified were “peer
interactions, cultural climate, advising, coursework articulation,
academic integration, support services, asset-based factors, and
outreach” (p. 8). Of these factors, peer interactions and individual
student-based assets are less able to be influenced by the
institution. However, the other six factors are largely within
institutional control. Cultural climate includes the diversity
of the faculty and students and the support and resources
available for students from diverse backgrounds and identities.
Advising was shown to have either a positive or negative
impact based on how it was received by the student and
based on a positive correlation with frequency and quality.
Academic integration looked at the student involvement with
external academic parts of the college, showing a positive
correlation with student involvement in “study groups, learning
communities, social contact with instructors, meeting with
academic advisors, and academic conversations with instructors”
(p.13). Students suggested that the availability of tutoring centers
and computer labs and similar support services is additionally
important to them. For community college students, coursework
articulation that ensures students are able to transfer their
credits to a 4-year institution, while important, did not come
up in the studies as strongly impacting student success as
the other elements.

In a second study that looked at summarizing findings
from multiple articles, Martin et al. (2019) looked at 74
studies that considered how to improve pathways of success
for Hispanic students. Positive outcomes were found for
a number of institutional practices, including “mentoring,
counseling, advising, study groups, tutoring, scholarships,
orientations, career services, undergraduate research, articulation
agreements, and transfer programs” (p. 3). However, the authors
concluded none of the interventions had enough support to
recommend wider adoption.

While the degree of support is uneven for the multiple
interventions suggested in the reviews of the literature, the three
areas advocated by the Hispanic Association of Colleges and
Universities [HACU] (2020) task force have been frequently
supported in research articles. The HACU formed a task force
to create recommendations that would increase the participation
and success of Hispanic students in STEM. For the community
college and university level they recommended that there be
“effective articulation programs, stronger laboratory STEM. ..
(and) expanded undergraduate research opportunities” (p.13).
Increasing articulation programs to keep 2-year STEM graduates
from being discouraged or financially unable to complete a
bachelor’s degree is essential and is supported in the literature
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(Jackson et al., 2013; Boatman and Soliz, 2018; Martin et al., 2019;
Taylor, 2019; D’Amico et al., 2021).

Similarly, the recommendation to encourage institutions to
use research and project-based experiences as a means to increase
URM engagement in STEM has also been well-supported in the
literature (Hackler, 2011; Slovacek et al., 2012; Foertsch, 2019; Jin
etal., 2019; Ing et al., 2021).

Individual Factors

A number of studies have focused on factors within the individual
to explain Hispanic student retention and progress on a STEM
pathway. Some of the newer research studies examining these
individual-focused factors take an asset-based approach and
suggest that Hispanic students possess traits, experiences, or
abilities that support their STEM trajectories (Gallard et al,
2016). Other studies focus on more of a deficit approach such
as inadequate academic preparation. Individual factors that have
been studied include; number and level of science and math
coursework (Wang, 2012; Borman et al., 2017), SAT and ACT
math scores (Crisp et al., 2009), achievement in middle school
and high school (Borrego et al., 2018), levels of self-eflicacy
(Wang, 2012; Borrego et al., 2018), persistence, networking,
and race (Frett, 2018), gender stereotypes (Cunningham, 2017),
exposure to math and science Wang, 2012), gender and
ethnicity (Borrego et al., 2018), personality type, and genuine
interest in the field.

A growing number of scholars critique much of the research
and institutional approaches to URM student retention in STEM
that uses a deficit model that locates the problem within the
student rather than the institution (Harper, 2010; Valencia, 2010;
Martin et al., 2019). The adoption of the Community Cultural
Wealth model (Yosso, 2005) is an attempt to resituate how
we conceptualize URM student success in higher education.
In talking about cultural capital there are two distinct types
discussed in the literature. Cultural capital is seen as that
knowledge and experience that is generally available to majority
members of the population with middle or high SES incomes.
A newer form of cultural capital that is considered is Yosso’s
(2005) Community Cultural Wealth (CCW) model. Yosso’s
model focuses on “the forms of capital that draw on knowledge
students of color bring with them from their homes and
communities (Yosso, 2005, p.69).”

More recent studies have begun to use Yosso’s lens to consider
how these types of knowledge and experiences found in URM
communities provide resistance to oppression and resilience,
allowing URMs to persist and thrive in STEM pathways. Drawing
on two previous research studies, the authors Rincén and
Rodriguez (2021) summarized the six forms of CCW as seen
in Hispanic students pursuing STEM pathways. The forms
of CCW they documented are; aspirational capital (hopes for
STEM future), familial capital, linguistic capital, resistance capital
(challenging inequality through oppositional behavior), and
social capital (leveraging networks) thus providing support for
Yosso’s theory of CCW.

In a phenomenological study that involved interviewing 16
STEM major Hispanic students, results further supported Yosso’s
notion of the importance of Community Capital Wealth (CCW)

(Rincon et al., 2020). In this research they found that second-
generation college students had access to both traditional cultural
capital and CCW, while first-generation college students only
have access to CCW. The second- gen students spoke of the
additional need to navigate between these two forms of capital.
In a third studying looking at CCW among URMs at
a Primarily White Institution (PWI), Chavez (2018) found
that “aspirational, familial, navigational, and resistant capital”
(p. 141) were the most often used forms of Yossos CCW
among her research participants. Students indicated that they
used their navigational and resistant capital to deal with
“instances in which participants described their response to a
discouraging event or what their experience was like as a Hispanic
STEM major, involved the feeling of being underprepared for
STEM college courses, and the culture shock of attending a
predominantly White university” (p 144). Students reported that
their classmate(s) had come from well-resourced schools with AP
courses in addition to having greater financial resources available
to support themselves. Hispanic students used their CCW to deal
with these challenges and were able to persevere and remain on a
STEM pathway. The two approaches to cultural capital are useful
as they both offer means of supporting students in STEM success.

Next Research

Despite the many studies that have outlined the basic contours of
barriers and supports for Hispanic participation and success in
STEM, there remain calls for additional research. Crisp and Nora
(2012) noted the need for deeper research into the “socio-cultural
variables influencing Hispanic students’ decisions to major and
persist in STEM (p.12).” Winterer et al. (2020) suggest that
key barriers and supports have been clearly identified, however,
there is a need for research that emphasizes how “institutional
policies, practices, and programs” are experienced by individual
students (p.20). Qualitative research with deep rich narratives
is well suited to gain that greater degree of description of
participant experiences.

BACKGROUND

The City College of New York (CUNY) and the University
of Texas at El Paso (UTEP) were awarded a 5-year grant (H-
AGEP) to develop a model program for preparing Hispanic
STEM doctoral students to teach at 2-year colleges. The
grant program includes three main components; teaching
training, undergraduate mentoring, and workshops for
professional development.

The teaching training program involves seven modules related
to undergraduate STEM teaching and learning (CIRTL) which
leads to Fellows creating a STEM course syllabus, lesson plan,
teaching, philosophy, and diversity statements by the end of the
semester. At the same time, Fellows participate in a practicum
at a local community college where they are paired with a CC
mentor from a similar background and major. The fellow initially
observes their mentor but eventually teaches at least twice in
that CC classroom, though some students have taught more
frequently. The Fellows are provided continual feedback and
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mentoring from their CC mentor. Fellows also have a chance to
work more closely with CC students by partnering with them
to conduct research. Further, Fellows are provided a range of
professional development workshops to support additional skills
such as preparing for academic interviews and grant writing.
Fellows also participate in evaluation and research activities
as well as retreats and networking events throughout their
participation in the H-AGEP program.

RESEARCH METHODS

The research being conducted as part of this NSF-funded grant
seeks to understand how H-AGEP Fellows make career decisions,
particularly to understand the paths these Fellows took to
be in a STEM doctoral program, on the cusp of successful
graduation. Social cognitive career theory (SCCT), developed
by Lent et al. (1994), was the theoretical framework used in
the development of semi-structured interview questions used to
gather qualitative data about Fellow’s career decision-making.
SCCT looks to explain three aspects of career decision making:
(1) how individuals develop their academic and career interests;
(2) how individuals make educational and career decisions; (3)
how individuals attain academic and career success. This lens was
useful in addressing the following research questions in our study:

Research Question 1: How did Fellows develop an initial
interest in STEM?

Research Question 2: How did Fellows end up in STEM Ph.D.
programs?

Study Design

This study used a qualitative research design based on a
grounded theory approach developed by Glaser and Strauss
(1967), whereby researchers were interested in exploring a social
construct from the perspective of the individuals being studied.
In this research, we were particularly interested in learning
about the career decision-making processes of Hispanic STEM
doctoral students and how these influence their decisions to
pursue academic careers. The findings generated seek to add
rich descriptions of participants experiences and perceptions of
their experiences.

The NSFs Alliances for Graduate Education and the
Professoriate (AGEP) program contributes to the National
Science Foundations objective to foster the growth of a
more capable and diverse research workforce (National Science
Foundation [NSF], 2018). Through this solicitation, the NSF
seeks to build on prior AGEP work, and other research and
literature concerning racial and ethnic equity, to address the
AGEP program goal to increase the number of historically
underrepresented minority faculty in STEM. Furthering the
AGEP goal requires advancing knowledge about new academic
STEM career pathway models (Alliances for Graduate Education
and the Professoriate [AGEP], 2021). The use of the term
“historically underrepresented minority” reflects language from
Congress, and in the context of the AGEP program, the
AGEP populations are defined as STEM doctoral candidates,
postdoctoral scholars, and faculty who are African Americans,

Hispanic Americans, American Indians, Alaska Natives, Native
Hawaiians, and Native Pacific Islanders. At the graduate student
level, only doctoral candidates are included because they
have greater potential to enter a faculty position within the
project duration time frame. Therefore, in terms of participant
recruitment for this study, a non-probabilistic, purposive
sampling approach was used, as only H-AGEP participants were
selected according to predetermined criteria (Hispanic STEM
doctoral students) relevant to our research objective related to the
analysis of career decision-making.

Participants

Participants in this study consisted of thirteen Hispanic STEM
doctoral students from both the first and second cohort of the
H-AGEP NSF-funded grant. The demographic characteristics of
these participants, referred to as H-AGEP Fellows, are shown in
Table 1.

Participants represent a range of Hispanic subgroup identities.
Seven H-AGEP Fellows are from Mexican backgrounds and
the other six are from Colombia (2), Ecuador (1), Peru (1),
and Puerto Rico (2). A third of the Fellows (4) attended non-
United States institutions as undergraduates. Of the nine who
attended United States institutions, four received Pell grants
and five did not. Six of these students had attended a 2-year
college at some point in their academic journey. Most students
were not first-generation college students (9), though four were.
Students represented a range of STEM majors with a heavier
emphasis in engineering (Electrical Engineering-2, Mechanical
Engineering- 2, Civil Engineering-2, Environmental Science and
Engineering-1), followed by Earth and Environment majors
(Earth and Oceanographic Sciences -1, Environmental sciences
-2, and Ecology and Evolutionary Biology-1) in addition to three
students majoring in Biological Sciences.

Fellows were initially recruited to this grant by H-AGEP
Alliance members. These grant team members are faculty at
CCNY and UTEP who teach in STEM fields. To qualify to
be a Fellow, Hispanic STEM students had to have completed
all of their doctoral coursework, be at the dissertating stage,
have advisor permission, and have an openness to completing
the components of the program. At the time interviews were
conducted, these Hispanic doctoral STEM students were in

TABLE 1 | Demographic characteristics of H-AGEP fellows (N = 13).

Gender Hispanic Sub-Group 1st Gen/2nd Gen Major

Male Mexican 2nd Gen Civil Engineering
Male Mexican 2nd Gen Electrical Engineering
Male Colombian 2nd Gen Electrical Engineering
Male Colombian 2nd Gen Mechanical Engineering
Male Ecuadorian 1st Gen Environmental Sciences
Male Puerto Rican 2nd Gen Mechanical Engineering
Female Peruvian 2nd Gen Biology

Female Puerto Rican 2nd Gen Oceanographic Sciences
Female Mexican 2nd Gen Environmental Sciences
Female Mexican 2nd Gen Biology

Female Mexican 1st Gen Biology

Female Mexican 1st Gen Ecology/Biology
Female Mexican 1st Gen Civil Engineering
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the mid-phase of their program, where most had taken their
comprehensive exams and had, or were in the process of,
defending their dissertation proposal.

Interviews

Prior to initiating interviews with the H-AGEP Fellows, the
lead researcher developed interview questions using a SCCT
lens that sought to elicit aspects of Fellow’s career decision-
making processes. Interview questions were centered around
six key areas thought to influence career decision-making: (a)
the development of STEM interest at home and at school;
(b) interactions within K-12 and higher education systems
around their STEM interest and developing STEM identity; (c)
experiences in their doctoral program; (d) impacts of Hispanic
and gender identities; (e) influences of geographic mobility;
and (f) Fellow’s experiences in the H-AGEP program. Interview
questions were semi-structured to allow for both formal and
informal discussions about each topic or to expand onto
a related topic.

H-AGEP Fellows were contacted by the Graduate Student
Research Assistant in late 2019 to inform them of the
purpose of the study and to obtain their written consent
for participation. Students were assured that participation was
voluntary, confidential, and that they could choose to stop
the interview at any time. IRB approval was granted from
the lead author’s institution (University of Massachusetts at
Amberst) as well as from the partner institutions (UTEP and
CCNY). Interviews were conducted by the Research Lead and the
Research Assistant in January and February 2020 either in person
or by the Zoom online platform depending on convenience for
the student. A semi-structured interview protocol was used to
ensure that all students were asked the same questions, though
Fellows were able to digress from the questions and add material
not requested. Interviews lasted anywhere from 50 to 90 min and
were recorded and then transcribed for accuracy.

Data Analysis

Interviews were recorded on the Zoom platform and later
transcribed by Rev.com. Once the transcriptions were completed,
data was downloaded onto the MAXQDA qualitative and
mixed methods data analysis software program. A grounded
theory methodological approach was used to identify themes
related to Fellow’s development and support of their STEM
interests and how these experiences affected their decision to
pursue a Ph.D. in STEM.

Grounded theory refers to a set of systematic inductive
methods for conducting qualitative research aimed toward theory
development (Given, 2008). A grounded theory approach was
chosen because it (a) provides explicit, sequential guidelines
for conducting qualitative research; (b) offers specific strategies
for handling the analytic phases of inquiry; (c) streamlines and
integrates data collection and analysis; (d) advances conceptual
analysis of qualitative data; and (e) legitimizes qualitative research
as scientific inquiry (Given, 2008).

Data analysis was an iterative process whereby each researcher
collected and analyzed the interview data and used inductive
reasoning to create codes as each transcript was read. For

each interview, the researchers recorded new codes developed
and noted code characteristics, including the code name, code
definition, type of code (inductive or deductive), any notes
about the new code (e.g., clarity of the issue, completeness of
the code definition). New codes were generated and grouped
within the following categories: development of STEM interests
in k-12 schools, development of STEM interests outside of
school, undergraduate experiences, pursuit of graduate degree,
mentorship experiences, impacts of gender and/or ethnic
identity, and H-AGEP experiences. Documentation of code
development and iterative refinement of codes continued for each
interview individually until all thirteen interviews were reviewed
and the codebook was complete. Areas of disagreement were
discussed and reconciled so that there was agreement on all codes
and coding. After two transcripts there was sufficient consistency
for the two coders to work independently. As new codes emerged
the coders met to discuss and work backward to see if they applied
to any previously coded transcripts. After all the transcripts were
coded, a review of the codes was pursued to develop initial themes
which were used to answer our research questions.

Using a grounded theory approach, conducting a rigorous
data analysis generally results in the identification of all available
codes relevant to the research inquiry. Achieving this end point
is often referred to as saturation, where no additional issues or
insights emerge from the data and all relevant conceptual themes
have been identified, explored, and exhausted (Hennink et al.,
2017). This signals that conceptual categories are “saturated,” and
the emerging theme, or theory, is comprehensive and credible.
Sample sizes recommended for qualitative research vary, but
previous studies have found that saturation, based on the extent
of theme development and theme importance in the data, can
be achieved at twelve interviews (Guest et al., 2006; Hennink
et al., 2017). Therefore, our dataset of thirteen interviews was
considered sufficient for pursuing our research objectives.

RESULTS

Results were analyzed to see what themes developed surrounding
each of the research questions. In response to the first research
question, how did Fellows develop an initial interest in STEM, we
found five distinct areas of influence in how Fellows developed
their initial interest in STEM. The respondents overwhelmingly
indicated interest development at an early age. The key areas
noted by participants included: the influence of parents as
teachers, engagement with family construction companies, the
outdoors, access to taking things apart, and access to books.
Through these varied activities we found that the Fellows
developed a passion for STEM.

Parents as Teachers

A number of Fellows discussed how their parents acted as
teachers and increased their knowledge, skill, and interest in
STEM. However, these parents were not acting in traditional
teaching with lecture modes with large groups of students but
instead were engaging their children in hands-on science or
individualized tutoring in mathematics.
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e One Fellow noted, “My mom, she’s actually very good at it,
and she was the one.” You know like when you have the
breaks, she was always like, okay, let’s go further. Let’s take
it a little bit. So, she was teaching me (math) so that when I
was going to the next year, I was ready. And I never had an
issue, never fought with her because of that. I liked it.

e Since I was little, my mom’s a science teacher. So, I grew up
with science lessons if I wanted to or not. So, I grew up with
learning science and doing science projects always. For me
it was doing experiments at home, so she would bring stuff
that she would teach in the class and then do it at home with
me. And, when I was younger, I would go to class with her.
So, I grew up dissecting stuff in her classroom.

Construction Companies

Other Fellows discussed going to work with parents or other
family members who owned or were involved in construction
companies. Through their family connections they built informal
networks that provided access to experiences others without
those connections would not have. Authentic engineering
experiences in the world intrigued our students as they
participated in these family business activities.

e One of my uncles is an electrical engineer and my dad is
an architect. He had a construction company, and so since
I was a little kid, I was around them. I always liked that.
I liked building and doing. .. we would always be doing
projects at home. We had a pretty big house and land, so
we were always building stuff there. Then with my uncle,
we would do some electrical work, but that was when I
was older, in middle school. That’s where I got shocked few
times, helping there.

e Before high school. I have an uncle, well, it's not really a
direct uncle, but he’s part of the family and he has a business.
He sells materials for construction. And I think that was
something that when I talked to him, I got interested in
civil engineering especially. . ., when I was in high school,
I had to do some service hours, so I decided to do my hours
with my uncle. I was able to go to different construction
sites and talk to people at different projects and talk to those
guys and see how they were doing it, and what is what
they were doing. And so, I was able to go to their field and
interact with people and talk to them. .. and just from that
experience I was like, “Oh yeah, I think this is something
that I enjoy and I like.”

Outdoors

Other Fellows were drawn into STEM through their experiences
with the outdoors, an opportunity provided by their families. The
Fellows™ experiences in nature varied but they all spoke of how
this had connected them to STEM in a deep way.

e When I was a child, I always used to go to my grandparents’
farm. They have a pair of forests and pair of farms there.
That’s the way I remember I like nature. I always see how
life moved when I was there. So, I was interested how this
happens, why this happens. This was at age 6-8 years old.

e So, I actually always loved being in nature. I think the
thing is, my parents always loved to be outdoors. We'll go
camping or having a picnic in the river. And in (country
name redacted), it’s very easy to go just from the beach to
the mountains, so it was always at that time when I was
young, I was very privileged. We had the opportunity to
travel also to the countryside. And then I think when I
was in school, I remember I really loved my natural science
class. And I remember when I was a kid, I wanted to be
maybe a geographer or, I always dreamed about traveling to
new places. And being like an explorer, right?

e My family is really outdoorsy. We go camping a lot. Go
hiking a lot. We were always looking at animals and plants
and rocks and stuff like that. It was just really having a
childhood where we were outdoors a lot and going hiking
and going all over the place.

Taking Things Apart

For some Fellows their interest was sparked by curiosity about
how things worked and the occasional opportunity to pull
things apart and see. Families that provided these opportunities
to their children stimulated and supported their child’s deep
interest in STEM.

e So, I liked to be fixing things, moving things, see how
they work when I just take apart some equipment and put
it back together.

e Maybe when I was 10 years old, and I had my first video
game console and it got me curious about electronics. .. a
curiosity of understanding how they worked.

Books

For some Fellows, literature was the key introduction to a love
for STEM. Through the pages of books provided by parents they
became drawn into STEM. Parents were also seen as instrumental
in providing additional materials and experiences stimulated
with literature.

e I was very young, I would say. So, even in elementary
school, T guess. I was interested in like space... Kind of
always had a fascination with it (since) third grade. I think
I did read children’s books but space oriented. And then I
feel like my parents would try. (Parents took her to space
observatory and Cape Canaveral as child).

e I wanted to do airplanes. I remember it developed
because my parents had. if you remember the almanacs,
if you remember those books, my parents had that and I
remember looking, just flipping through one of them and I
saw a picture of helicopter and that’s where I remember that
first bird. And I remember I turned the pages very slowly in
that section. And so that’s where my interests were, and then
I didn’t really pursue kind of at that time the whole idea of
STEM, it was not in my verbiage. But I knew I wanted to do
something with science and math, I knew I liked it.

Varied

A few of our students had unique triggers for the passion for
STEM. In one case it was their AP classes, in another their love
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of bridges, and lastly a family illness. These triggers had the same
impact as the previously listed categories in that Fellows reported
these events was where their desire to pursue STEM originated.

e HS CLASSES: It was the classes that I was taking. So, I had
the AP courses, so all the biology (sic) and chemistry courses
were a little advanced so I that's why I wanted to learn it
because I really enjoyed it more than math. And. .. all of
the science fairs, I really liked the science fairs.

e BRIDGES As a child (I was) in love with bridges. Later
realized that meant engineering and since (I) liked math (I)
wanted to do something with bridges.

e FAMILY ILLNESS... (my) grandma got diagnosed with
breast cancer when I was very young and that changed my
perspective on medicine. So that’s when I wanted to become
a doctor.

Both researchers noted that when the interviewees discussed
their pathways to STEM, we heard a passion for STEM. Students
appeared emotionally motivated by the intrinsic joy they received
from engaging with STEM. These early life activities appear
to have ignited an interest in STEM that has continued into
their doctoral programs. In discussing their academic choices
and journey, students all seemed to assume they would pursue
a bachelor degree in STEM. They did not hold the same
assumption, however, when the transition was to doctoral studies.

Research question two, how did Fellows end up in STEM
Ph.D. programs, provided insight into how Hispanic students
with a demonstrated interest in STEM described their individual
journeys from a student with a passion for STEM to being
doctoral candidates in STEM. Five emergent themes that
influenced their pursuit of a Ph.D. included; chance encounters
with peers, issues of employment, interactions with professors,
coursework, and self-initiation.

Chance Encounters With Peers

More advanced peers in their doctoral program provided Fellows
with cultural capital through the information they provided
about the doctoral process or which professors to seek out.
Peers who were similar in age or ethnicity to the Fellow were
particularly valued.

e One of the reasons I decided to do a Ph.D. is because
when I joined this lab as a graduate student, my advisor
had a Ph.D. student who was Peruvian so we kind of had
a good connection right there. A doctorate honestly back
then sounded out of reach for me, I hadn’t even considered
it but after meeting this guy, I kind of identify (with him)
and basically, I thought that I could do it as well because I
saw a lot of similarities. He did his undergrad back home, he
came here (to the United States) for grad school, he’s been in
the lab so having that connection with him and also having
similar backgrounds pretty much brought the idea closer to
me, into consideration.

e And when I would go to get help with homework from his
TA, who was a Chinese student, an international student, I
was asking him about the Ph.D. and things like that, and it
was like, “Oh wait, you're getting paid to do this? You're

getting your tuition taken care of?” And then I literally
asked him, “so you're saying that I can say that I want to
do a Ph.D. and I don’t want to pay for it and I could be
arrogant about it?” And he’s like, “yeah, yeah, you can, you
can get paid to go to school.” I'm like, “what?”

e So, I didn’t interact with anyone, not even the professors,
but one professor, I think it was almost when I was finishing
my senior year (of the undergraduate), Dr B. my advisor,
well one friend recommended me to go talk to him to start
doing research. I talked to him and he offered me (a research
position) to start as a volunteer. And again, everything
changed after that because I got more involved.

In one case a student finds that seeing another Hispanic
student doing doctoral work provided him with the self-
confidence to recognize he is also capable of doing that. Another
student found that doctoral studies would not be the financial
struggle they envisioned and was thus something they could
consider. And lastly, through a peer pointing them to a professor
that would provide research opportunities for undergraduates,
a student became involved with a professor who would further
support him into pursuing doctoral studies.

Employment

For some students, transitional points in employment offered
them the opportunity to consider applying to school. Students
at these transitional points seemed equally happy to continue
working or return to school to obtain a masters and
doctoral degree-.

e The engineering students here take an exam at the end of
their careers called the FE from the. .. engineering. So, my
first step was to sign up for that exam. . . so I did (the) exam,
I passed and my plan was after the exam, look for job or
apply to school. And I was working, so in the meantime I
was applying for school for the masters and I waited until I
had my certification from the exam to apply for engineering
jobs. But I guess maybe since I started the application
process for school earlier maybe I got a response sooner. So,
I was testing my options and I guess I got the response from
the graduate schools first before I was able to find a job.

e Thats a little. I guess it was. I didn’t plan for it. Honestly,
I never thought of. I mean, I maybe had slight idea of
applying for a (graduate degree). It wasn’t in my first option.
But then I was working in (foreign country) for a company,
then they had some changes there. .. my contract was up
and they told me that I have to wait to renew the contract.
Again, I had thought about the Ph.D., and then at that point
I was like, “You know what, 'm thinking this might be a
good opportunity to pursue it,” and then I applied, and I got
accepted.

Professors

Professors were key to some students in the networking they
provided, and in others, in the critical cultural information about
the Ph.D. process that was provided. In the first example, the
seamless transition from one advisor to another at a different
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institution was facilitated by the networking of the first professor
for her students. In the second example a student gained critical
knowledge, that while not deployed immediately, in the end
served to lead the student to entering a STEM doctoral program.

e My undergrad advisor knew my current advisor M. And so,
she knew she was looking for students, so that’s kind of how.
And then I stayed with M through the Ph.D. program.

e There was a professor here, her name was Dr. X.... But at
that point in time I didn’t know what to do (at end of BA)
and since my parents didn’t go to college, I didn’t know
that there was anything other than a bachelor’s degree. So,
she was really nice and she took an hour and a half just
explaining to me that there is a Master’s program, there’s a
Ph.D. program. I later took up a job at (retail job), and I was
up for a promotion because I was the only employee who
had six of six standards. And when I got my promotion, it
was 65 cents so I said, “You guys can’t just add 65 cents.”
The very next day I called in sick, I applied. .. I came here, I
found out I only had a week to turn everything in (for Ph.D.
application). But I wouldn’t have known about a Ph.D.
program if it wasn’t for Dr. X, and that’s because she took
the time to tell me. In my science courses there was never
people saying, “There’s much more than just a bachelor’s
degree, you can do science research, or you can do this, or
you can do that.”

Coursework

For one student, an exciting experience in a community college
biology class engaged them so much with biology that from that
experience, they started on the path to the Ph.D.

e Taking a class at CC. I took my intro to biology courses
there. Which I had put off, because I didn’t like. I almost
failed biology in high school. And I really hated it. That’s
one of the reasons why I took biology at CC, because they
said it was easier. And I had a really good professor that
made me like biology. For sure taking that course with
that professor that I had at CC (led to entering doctoral
program). Because I thought to myself, “If only my high
school teacher was like that, then maybe I would have
decided along time ago that this is what I wanted to do. And
I wouldn’t have wasted so much time doing other stuff.”

Self-Initiated

A number of students indicated that they were their own
motivator to pursue a Ph.D. One student decided that his home
country did not offer the resources to pursue the type of doctoral
work he was interested in. A second student indicated their desire
to learn propelled them back into academia.

e When I was getting my undergrad, I got involved with some
research. But we didn’t have enough instruments so that we
can fully do research. And that’s when I decided to relocate
to the United States I always wanted to go for higher
education, but at that point I wanted to go for a Master’s.
I actually wanted research, and I knew that going toward
higher education probably will get me to that point. And

then I came to the United States, and I got into a master’s
program. While I was doing the master’s program, I was
actually able to do research (that led to pursuing the Ph.D.).

e I moved to NYC and after completing my undergraduate
degree and I decided to apply for a graduate degree. I was
not pushed by a person. I would describe it as, “Because I
like to learn more things.”

Additional Finding

While this study looked at critical incidents on the path to the
STEM doctorate, we also found an unexpected finding that may
provide further corroboration of the Sowell et al. (2015) study
results. As of year four, all of the Fellows are persisting toward
their doctoral degree or have graduated. Three of the four critical
factors that were found as central to URM student persistence to
degree are central parts of this grant program; financial support,
mentoring/advising, and peer group support.

Students are provided a stipend for participating in the
program and additional funds when they participate in
the teaching practicum in a partnering community college.
Additional funds are made available for those Fellows
who provide research mentoring to undergraduates and for
conference travel expenses.

The development of a strong mentorship and networking
program to support Fellows during their transition to academic
careers in community colleges and in their professional lives is
another key pillar of this intervention. Mentorship is provided by
grant faculty, the Fellow’s dissertation advisors and community
college faculty. All work in concert to ensure that the Fellows
are supported in gaining the skills needed for transitioning
successfully to a career and while in the program.

Finally, Fellows often described the social support they
received from the frequent interactions with their peers within
and across the two lead institutions. The social support
and extended peer network developed over the course of
the program—as Fellows graduated and a new cohort was
welcomed—provided Fellows with role models of successful
URM STEM peers that they may not have otherwise seen in their
programs or at their institutions. The connections established
between the Fellows reinforced to them the similarities in
the challenges URM STEM doctoral students face as they
contemplate pursuing academic careers, while also reinforcing
the values these Hispanic Fellows prioritized in being role models
for the next generation of Hispanic, URM undergraduates.

DISCUSSION

Research has shown that Hispanic students are interested in
STEM majors and careers at the same level as White students.
However, many fewer Hispanics end up graduating with STEM
degrees and this is especially so at the doctoral level where only
three percent of STEM doctorates are awarded to Hispanics (U.S.
Department of Education [USDE], 2012). It raises the obvious
question of what happens between the development of interest
in a STEM major and degree attainment. This research is unique
in looking in particular at the varied pathways to the doctorate

Frontiers in Psychology | www.frontiersin.org

March 2022 | Volume 13 | Article 734307


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

Horton and Torres-Catanach

Hispanic STEM Doctoral Journey

in STEM. In reviewing the data, it appears that while there are
commonalities in how the Hispanic students surveyed developed
their STEM interests, there was a wide range of non-structured,
random events leading to Hispanic STEM student participation
in doctoral programs.

Consistent with prior researchers (Banda, 2012; Peralta et al,,
2013; Carrandi Molina, 2016), we found that family support
was instrumental in students engaging and continuing in STEM
pathways. Similarly, we found agreement with Contreras Aguirre
et al’s (2020) work that found that positive relationships with
faculty could similarly support students on their STEM pathway.
While prior research studies have indicated the importance of
faculty mentoring and contact with instructors (Martin et al.,
2019; Winterer et al., 2020) and we found that was an important
factor for some of our Fellows, the presence of such a supportive
faculty member was inconsistently present for our students and
instead they more often relied on families, peers, and the cultural
capital (or CCW) they brought with them to succeed.

While family support and CCW were critical to participants
developing a passion for STEM at a young age and leading to
student enrollment in STEM baccalaureate programs, the CCW
they developed then did not include gains in CCW that would
support entry into doctoral programs. As a result, while all our
students spoke of their early goals of pursuing STEM bachelor’s
degrees, the doctorate was not assumed by our Fellows. The
decision to pursue a doctorate seemed to require the majority
of students to engage with faculty or peers in such a way that
then the path opened up to them. In looking at this doctoral
engagement process, we found that there seemed to be critical
chance incidents that occurred and ended with students entering
doctoral programs. We define critical incidents as something that
happens that leads to a bifurcation in the direction of the Fellow’s
career path, and with them pursuing a path that was less likely or
not available prior to the critical event.

e Example: Professor X met with a Fellow for 90 min to
explain the structure of advanced study (BA - > Masters-
> Ph.D.) Later, this knowledge allowed the Fellow to pursue
the path to the Ph.D.

Further, these critical incidents often occurred by chance and
were not planned or part of a structured event. These were not
events experienced by all undergraduate STEM majors.

e Example: A number of Fellows by chance were in labs when
a peer, with critical knowledge or serving as a role model,
was present.

The probability of the occurrence of these critical events, that
led our Fellows to doctoral programs, are a concern as there
is a strong element of uncertainty to these chance events. This
leads to the question of how many more Hispanic students
might have continued on the path to a doctorate if they had
experienced these types of events. It also suggests that the critical
cultural knowledge that was represented in these events may be
essential to disseminate to all Hispanic STEM undergraduates
and other students underrepresented in STEM. Institutions
that wish to increase Hispanics in STEM graduate work may

want to consider how to institutionalize the sharing of cultural
capital about STEM pathways in programmatic rather than
provisional ways.

These research results do not appear to support the idea
seen in many K-12 interventions that STEM programs,
offered in varied amounts across school systems and
within local communities, are the primary catalyst for
students developing a passion for STEM. Instead, we
found that families that respond to their childs interests
and support that development is what was effective
with our participants in putting them on a direct path
to STEM careers.

Future research is needed to understand the parenting
practices that have so frequently been seen in our Hispanic
Fellows’ experiences. Is it possible to share those practices within
different types of URM communities? Additionally, research
on creating effective interventions that explore sharing key
cultural knowledge about the graduate school pathways to
STEM with Hispanic undergraduates is also desirable. This
research demonstrates that, as others have found, cultural
capital is of great importance in Hispanic student academic
engagement. We did not collect data on CCW but it would be
worthwhile in the future to see how CCW provides the cultural
capital beneficial for student success beyond attainment of the
bachelor’s degree.

Limitations

As with any case study our findings are limited by the small
size of our sample. Our findings cannot be generalized to
other Hispanic doctoral STEM students or other URM students
pursuing doctoral degrees. We will be repeating this study
with the next two cohorts and look to see whether future
data supports our initial findings or whether new themes are
identified that influence career decision-making. Additionally,
we may not be able to draw conclusions about the STEM
pathways for all Hispanic students, particularly for those that
do not have and will never have an interest in graduate
studies. There may be differences in motivation and curiosity,
that our Fellows showed an abundance of, and that make
them more likely to wish to engage in doctoral studies where
they can continue to think and explore ideas and questions.
However, identifying children with a passion for STEM may
be a useful first step in finding and supporting future STEM
college graduates.

CONCLUSION

This research has found that Hispanic families and
the manner in which they engaged their children in
STEM activities or supported their childs interests was
uniquely effective in leading to doctoral Fellows with self-
motivation to pursue their passion—STEM. Additionally,
the importance of critical cultural knowledge about
the academic process of graduate school should not be
assumed to be known or available to many Hispanic
undergraduate students. Without this knowledge, even Hispanic
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students who have a passion for STEM may be lost to engagement
in graduate STEM pathways.
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