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Understanding the experiences of successful diverse science, technology, engineering,
and math (STEM) faculty can facilitate the development of programming that
counteracts barriers and weaknesses from multiple angles. The challenges that students
and professionals report can be broadly identified as either identity-based or institutional.
The lack of diversity in STEM fields in academia can result in narrow viewpoints, limited
student diversity, and missed opportunities to address today’s societal challenges. It is
clear that we must consider programming that has positively impacted successful STEM
faculty in academia in order to create effective programming to recruit and retain future
diverse STEM faculty. Our phenomenological study sought to add to the literature related
to the role that socialization plays in preparing individuals for success in faculty roles
by conducting in-depth interviews with early-career STEM faculty members in under-
represented groups. The phenomena under investigation were experiences leading
to early-career STEM faculty members’ successful career pathways. Seven early-
career STEM faculty from multiple institutions described unique paths to their current
faculty position with some commonalities, including participation in undergraduate or
postdoc research and having some industry experience. The suggestions, advice,
and guidance offered by the participants fell into categories that, while mirrored in
the literature, serve as useful markers for administrators developing programming.
We organized our findings using the conceptual framework of socialization and the
associated competencies for our context. As we strive to encourage and build diverse
representation in populations of STEM academicians, these collective findings are
invaluable. Findings confirm that programming directly impacts the success of early-
career STEM faculty, and it is the success of these individuals that will enable diversity
and inclusion to expand in STEM. Programs, interventions, and additional efforts for
graduate students can also benefit from close examination of these experiences.

Keywords: underrepresented minorities, STEM doctoral students, minority students, early-career faculty
success, programming strategies, pathways, experiences

Frontiers in Education | www.frontiersin.org

1 May 2022 | Volume 7 | Article 767476


https://www.frontiersin.org/journals/education
https://www.frontiersin.org/journals/education#editorial-board
https://www.frontiersin.org/journals/education#editorial-board
https://doi.org/10.3389/feduc.2022.767476
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/feduc.2022.767476
http://crossmark.crossref.org/dialog/?doi=10.3389/feduc.2022.767476&domain=pdf&date_stamp=2022-05-19
https://www.frontiersin.org/articles/10.3389/feduc.2022.767476/full
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles

Murphrey et al.

Paths of Successful Diverse STEM Faculty

INTRODUCTION

Benefits of Diversity in Academia

Faculty and researchers from underrepresented minority (URM)
groups (i.e., women, African of Americans, Hispanics, Native
Americans and Alaskan Natives, and persons with disabilities)
continue to be essential to the STEM fields of study. Research
continually supports the value of diversity in science, technology,
engineering, and math (STEM) research, teaching, and practice
as diverse populations bring strong and innovative ideas
to complex issues (Committee on Equal Opportunities in
Science and Engineering, 2019). Additionally, multiracial faculty
members report being more likely to go beyond monoracial
definitions of race and ethnicity and utilize more inclusive
definitions in their research and classrooms (Harris, 2019).
Particularly in academia, underrepresented minority individuals
play an essential role in identifying potential blind spots in
diversity-based initiatives (Kuchynka et al., 2018). More broadly,
programming and a climate supporting underrepresented
minorities have been shown to improve job satisfaction for all
groups (Smith et al., 2017). In short, when diversity is present
in an organization, it creates an upward spiral of successful
teams and societies.

Challenges to Diversity in Academia

Even though a diverse workforce is advantageous at multiple
levels, underrepresented minority groups have historically been
marginalized in the STEM workforce and in higher education
(Nelson and Madsen, 2018; National Science Foundation, 2020).
While those who are not characterized as being underrepresented
as well as underrepresented minority freshmen declare STEM
majors at similar levels (37.6 and 34.8%, respectively), attrition
disproportionately affects underrepresented minority students
and results in only 10% of STEM positions being held by
underrepresented minority Ph.D. graduates (Allen-Ramdial and
Campbell, 2014). Unfortunately, efforts to increase numbers
of STEM faculty and researchers from underrepresented
groups within higher education have not resulted in the
desired changes (Tanenbaum and Upton, 2014; Blackburn,
2017; Wayne, 2018; Bennett et al., 2020). In some situations,
underrepresented minority academicians are simply found in
less desirable “contingent” positions than their white male
counterparts (Turk-Bicakci et al, 2014). In others, aspiring
young, underrepresented minority STEM faculty are attracted
to industry with high wages and promises to provide optimum
labs and an opportunity to pursue their research without
the burden of publishing and grantsmanship success (McGee,
2016; Roach and Sauermann, 2017). Additionally, a crowded
and competitive job market narrows the opportunities in
academia available to young, underrepresented minority STEM
Ph.D. students (Larson et al, 2013) and pushes STEM
graduates toward industry and government positions (Xue
and Larson, 2015). These reports indicate that barriers must
be overcome for underrepresented minority individuals from
student to professional levels to contribute powerfully to a
diverse STEM workforce.

The challenges that underrepresented minority students
and faculty report can be broadly divided into identity-
based and institutional challenges and are unique to each
population. Underrepresented minority faculty encounter
barriers resulting from racial stereotyping (Charleston et al.,
2014) and sexism (Kuchynka et al., 2018) both blatantly
and subtly (Zambrana et al, 2015). They also report lack of
community and networking opportunities (Charleston et al,
2014) in addition to “uneven and idiosyncratic> (p. 199)
diversity-related communications on their predominantly
white university campuses (Turner et al.,, 2011). Interpersonal
discrimination has been proven to negatively impact STEM
faculty’s health, stress levels, and academic productivity and
performance (O’Brien et al., 2016), and “uncivil treatment
drives some women and people of color out of their places of
work” (Cortina et al., 2013, p. 1596). Clearly, actively supporting
underrepresented minority faculty should remain a priority to
reap the benefits of diverse workforces and support equality in
higher education.

The Path to Academia

For all students, the path to a STEM career in academia was
described as a “longitudinal process” by Ertl et al. (2019).
Minority students in STEM face challenges in the continuous
pursuit of obtaining success regardless of their decision to
pursue faculty positions, including stereotype threat (Steele and
Aronson, 1995). These stereotype threats have been extensively
studied and require unique solutions for affected persons
to overcome (Shapiro and Neuberg, 2007). Allen-Ramdial
and Campbell reported that “the greatest barrier to STEM
persistence and [entry into the STEM] profession. . .occurs at
the undergraduate-graduate interface and reflects the need for
a constant upward, opposing intervention force to maintain
STEM diversity and persistence” for underrepresented minority
students (2014, p. 614). Female students must overcome the
stereotype of STEM success requiring intrinsic ability that they
may not have (Deiglmayr et al, 2019). Additionally, lower
numbers of underrepresented minority students mean that
those who are in a department are “hyper visible” (Figueroa
and Hurtado, 2013, p. 15) and may feel more isolated,
conspicuous, and like they have less room for error (O’Meara
et al,, 2019). Even when underrepresented minority students
are as successful as others in formal learning channels, they
may experience disadvantages in informal learning channels,
more broadly known as the “hidden curriculum” (Elliot et al.,
2016, p. 734). This “hidden curriculum” can significantly
affect students’ success and refers to the personal, social, and
cultural experiences and interactions that faculty, advisors, and
peers provide during a doctoral program (Elliot et al., 2016).
For instance, persons with disabilities face additional unique
challenges both as students (Hartmann, 2019; Jeannis et al,
2020) and professionals post-graduation (Hawley et al., 2014).
Finally, global events such as the COVID-19 pandemic affect
female students and students of color more negatively than male
and white students, respectively; females perceived their learning
environment distractions, stress levels, and severity of COVID-
19 to be higher (while coping skills were perceived lower) than
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males did, and students of color “reported the perceptions of
greater risk for their academic future and higher likelihood of
reducing or withdrawing from online classes” (p. 5) in addition
to a higher perceived severity of infection than white students
(Clabaugh et al., 2021).

Strategies to Support Diversity in

Academia

All these challenges and more have been reported in the
literature. However, efforts to support underrepresented
minority graduate students and increase the number who
become STEM faculty members have shown some ability to
counteract these barriers. Stage and Hubbard (2009) found that
institutions lacking in resources available to Ivy League-level
institutions were still able to produce numbers of graduates
who went on to further degrees in STEM fields. Whittaker
and Montgomery (2012) agreed and found, specifically, that
Historically Black Colleges and Universities (HBCUs) and
Minority Serving Institutions “demonstrated disproportionate
success in graduating URM students with STEM degrees” (p.
A44) who go on to further their education. Moreira et al. (2019)
shared a successful program that supported underrepresented
minority students from multiple angles, including mentoring,
community building, and professional development. Successfully
supporting underrepresented minority STEM graduate students
is possible through programs, supports, and interventions
that counteract barriers and weaknesses from multiple
angles while emphasizing strengths and taking advantage of
opportunities. The literature reveals these supports in four broad
categories: mentorship and faculty involvement, experiences
as future faculty members, campus culture, and academic
supports. Regardless of the nature of interventions proposed or
undertaken, Tsui (2007) suggests an integrated approach with
multiple strategies.

First, support and mentorship from faculty members,
especially established or tenured members, is vital to create a
strong support system for underrepresented minority graduate
students, as noted by Allen-Ramdial and Campbell (2014)
and echoed by Casad et al. (2018). Carter-Sowell et al. (2019)
added that faculty mentors can serve as both advocates and
supports in and outside of an institution with both providing
important guidance. Effective mentoring relationships can
provide underrepresented minorities in graduate school or
early in their faculty career with insights on and connections to
departments, senior faculty, or institutions that would fit their
desired career path best, but an absence of effective mentoring
creates barriers for graduate students and early-career faculty
(Zambrana et al., 2015). “Rewarding and maximizing faculty
involvement” (Allen-Ramdial and Campbell, 2014, p. 612) adds
longevity to positive changes enacted by administration, which
can counteract the finding that long-term sustainability is a
challenge for programs focused in increasing STEM diversity
(Rincon and George-Jackson, 2016). Efforts implemented for
underrepresented minority faculty can provide the foundation
for similar efforts for underrepresented minority graduate
students; institutions can therefore use existing faculty

support programs and initiatives as scaffolding for graduate
student-focused programs.

Second, hopeful future faculty members should be properly
socialized “through many diverse experiences occurring over
a time period” with “many different people” involved to
provide opportunities to “interact with faculty in ways that
help them wunderstand faculty life” (Austin et al, 2009,
p. 84). MacLachlan (2006) survey of 33 African American
graduate students noted that, if students are to be successful
(particularly as faculty members), their graduate education
should include training “focused on long-term development
after the student leaves graduate school” (p. 7), which is
one of the key places where women of color are dropping
out of the academic pipeline (Ginther and Kahn, 2012).
Additionally, some argue that future faculty members need more
opportunities to learn “other responsibilities, such as advising,
serving on institutional committees, and engaging in outreach
that connects scholarly expertise with societal problems” (Smart,
2006, p. 84).

Third, campus culture can support or undermine
underrepresented minority graduate students. Researchers
have noted that “student identification with both the institution
and science does not happen by chance but is nurtured
through some key student experiences” (Hurtado et al,
2011, p. 13) and that a positively perceived school climate
improves student achievement (Maxwell et al,, 2017). Perna
et al. (2009) agreed that structural characteristics of an
institution can alleviate the impact of barriers to black
women in STEM. Another study of 33 graduate students -
20 of whom served as faculty either immediately or some
years after graduation - noted changing jobs to find a
“reasonable fit between themselves and their institutions”
(MacLachlan, 2006, p. 10), indicating that campus culture is
important both for students and after graduation. A culture
lacking community but heavy with “individualism and
competition” (p. 210) isolates underrepresented minority
graduate students and tends to exist in many STEM
environments (O’Meara et al., 2019). This isolation, lack
of work-life balance, and “feelings of accomplishment and
recognition” (Amon, 2017, p. 1) undermine both students’ and
professionals’ success.

Fourth, academic supports have also been shown to empower
underrepresented minority students to succeed as long as
environmental and cultural barriers are addressed (Whittaker
and Montgomery, 2012), and a survey of successful African-
American STEM professionals advised that underrepresented
minority graduate students should focus on academic success
(MacLachlan, 2006). Additionally, inadequate academic
preparation can become an issue later in the student’s
career, when they encounter more challenging courses
(Lancaster and Xu, 2017). Academic supports can take the
shape of faculty viewing “students as potential scientists
who must be fostered and guided” academically instead of
“present[ing] a series of tests and trials” resulting in few
becoming successful scientists (Stage and Hubbard, 2009,
p- 87) or a bridge program or summer orientation (Tsui, 2007;
Whittaker and Montgomery, 2012).
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Research Related to Experiences of
Underrepresented Minority Faculty in
Science, Technology, Engineering, and
Math

The research on the experiences of underrepresented minority
faculty in STEM often emphasizes specific aspects that can
impact success. Campos et al. (2021) focus on three areas
that require attention: increasing the number of candidates
for positions, improving the hiring process, and ultimately
providing support once individuals are in positions. Mendez
et al. (2021) focus on how the environment impacts the
career path of a specific group, Latinx. Wilkins-Yel et al.
(2021) focus on women of color and reveals the impact of
advisors and personal challenges on these individuals’ success.
Each study points to areas that need to be addressed by
leaders of institutions or practices that have the potential to
improve the likelihood of an individual’s success. Webb et al.
(2022) emphasizes “the need for minority scientists to take
an active role in advocating for diversity, engaging mentors,
and taking responsibility to face rather than avoid institutional
obstacles” (p. 197).

Diversity, equity and inclusion efforts require “deliberate
efforts” (Amonoo et al, 2021, p. 4). However, within STEM,
the practices employed have not achieved the desired level of
diversity sought (Campos et al., 2021). While the academic job
market is a fluid environment and the attention to recruitment
of diverse faculty changes with time, there is a continuous need
to ensure that those who are recruited are able to be successful
within the academic setting.

CONCEPTUAL FRAMEWORK

Austin and McDaniels (2006) articulate a summary of “graduate
student socialization for faculty roles” (p. 397) in an effort to
pull together literature and frameworks to provide a starting
point for those interested in building programming to support
faculty success. The authors define socialization as “internalizing
the expectations, standards, and norms of a given society”
(p. 400). Austin and McDaniels (2006) base this definition
upon the works of Merton (1957), Merton et al. (1957),
Brim (1966), Bullis and Bach (1989), and Weidman et al.
(2001). However, Austin and McDaniels (2006) further explain
that socialization can be viewed as either a one-way or bi-
directional process. As supported by Tierney and Bensimon
(1996), socialization within the context of faculty success should
encourage both community and individuality, meaning both
a learning of the expected norms and retaining ones own
uniqueness. Based upon multiple frameworks and literature,
Austin and McDaniels (2006) propose four sets of competencies
needed for doctoral students who wish to succeed within
academia: “(1) conceptual understandings; (2) knowledge and
skills in key areas of faculty work; (3) interpersonal skills; and
(4) professional attitudes and habits” (p. 417). We believe that
organizing our findings into these categories can add to the
body of literature.

PURPOSE OF THE PRESENT STUDY

As described, the lack of diversity in the STEM fields in
academia can result in narrow viewpoints, limited student
diversity, and missed opportunities to address today’s societal
challenges. Factors that can encourage or discourage success
in STEM are myriad, ranging from pragmatic financial
constraints to institutional support programs to deeply personal
assumptions and perceptions. A summary of these factors
is available in Table 1 and informed this study’s interviews.
It is evident that we must consider programming that has
positively impacted underrepresented minority STEM faculty
in academia in order to create effective programming to
recruit and retain future underrepresented minority STEM
faculty. Our phenomenological study sought to add to the
literature by conducting in-depth interviews with early-career
underrepresented minority STEM faculty across a variety of
institutions to determine elements that enabled their success and
provide guidance for programming.

MATERIALS AND METHODS

Our study was phenomenological research as it “describes
the common meaning for several individuals of their lived
experiences of a concept or a phenomenon” (Creswell and
Poth, 2018 p. 75). The phenomena under investigation were
experiences leading to early-career faculty success for diverse
faculty within STEM. We defined “success” as maintaining a
position as a productive faculty member doing some combination
of research and teaching at their college or university. We sought
to understand the experiences that lead to their current faculty
positions so that “practices or policies” (p. 79) could be developed
to assist others. Institutional review board approval was received
to conduct the study. The research team consisted of individuals
with extensive academic experience, diverse backgrounds, and
interest in the subject which contributed to the quality of the
research. We were specifically interested in the lived experience
of early-career underrepresented minority STEM faculty. The
following questions guided our research: How did the individuals
secure their position? What experiences led to this position?
Which experiences contributed and why? What was their journey
to their current position and what did it look like?

The selection of individuals to interview was critical as we
sought to understand a specific group within a specific context.
We were specifically interested in under-represented, diverse
faculty members who were early in their career, working within
STEM fields. We included agricultural-related departments in
our definition of STEM fields. Our definition of diverse faculty
followed the National Science Foundation definition which
“includes African Americans, Hispanics, American Indians,
Alaska Natives, Native Hawaiians, other Pacific Islanders, and
individuals reporting more than one race in this definition”
(Guenther and Didion, 2014, p. 1). Further, we defined early-
career faculty as individuals with 10 years or less of employment
in a faculty position. We specifically recruited participants
from different types of institutions, recognizing that experiences
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TABLE 1 | Summary of factors in the literature that encourage and discourage STEM success in academia for underrepresented minority students.

Encourage success

Discourage success

e Cooperative peer culture
(National Academies of Sciences Engineering and Medicine, 2019)

e Transportation and housing assistance, healthcare, and food pantries
(National Academies of Sciences Engineering and Medicine, 2019)

e Faculty mentorship (Gonzélez, 2006; McGee, 2016;

Guy and Boards, 2019;
National Academies of Sciences Engineering and Medicine, 2019)

o Availability/use of academic supports (intervention for low performers,
career guidance, transition to further degrees, peer mentoring)
(National Academies of Sciences Engineering and Medicine, 2019)
Use of transitional orientation programs (Tsui, 2007)

o Availability of research opportunities (Perna et al., 2009;

Guy and Boards, 2019;
National Academies of Sciences Engineering and Medicine, 2019)

e Small class sizes (Perna et al., 2009)

e Accessible faculty offices and office hours
(National Academies of Sciences Engineering and Medicine, 2019)

e “Accountable leadership. . .proactive institutional leaders” who support
through their actions (Armstrong and Jovanovic, 2017)

e Familial and partner support (Gonzalez, 2006)

o Competitive peer culture (Perna et al., 2009)

e Financial challenges (Perna et al., 2009)

e Being a “non-traditional” student (commuter, financially independent, transfer
student) (Perna et al., 2009)

e Small URM populations seen as a “signal to give up”
(Armstrong and Jovanovic, 2017) p. 224

¢ URM women'’s needs and obstacles being overshadowed by barriers faced by
non-URM women (Armstrong and Jovanovic, 2017)
o Assumptions and stereotypes (Charleston et al., 2014)

e Isolation from peers (Charleston et al., 2014)

o Lack of social life due to heavy course load (Charleston et al., 2014)

e Racial bias within programs (Figueroa and Hurtado, 2013)

e Lack of academic preparation, especially from K-12 education (Gonzalez, 2006)

o Need for newcomers to “establish their validity” (p. S234) to become a full member
of their department (McGee, 2016)

o Lack of diverse faculty members (Whittaker and Montgomery, 2012)

e Search for support interpreted by faculty as inability to succeed in the program
(Whittaker and Montgomery, 2012)

e Assumption that “minority researchers study minorities” (Guy and Boards, 2019
p. 360)

e Opportunities to interact with other underrepresented minority students
(Petersen et al., 2020)
e Strong cultural background/identity (Gonzalez, 2006)
e Programs that develop self-efficacy (Whittaker and Montgomery, 2012)
e High numbers of student-faculty interactions
(Whittaker and Montgomery, 2012)

across different types of institutions offer unique challenges and
opportunities and we captured these differences to inform our
findings.

Participants were recruited from institutions within a
university system in the southern region of the United States.
Institutions within the system include Hispanic-serving (HIS),
very high research activity (R1), and Historically Black Colleges
and Universities (HBCU). The research team worked with
administrators and faculty at four system institutions to identify
underrepresented minority STEM early-career faculty who
successfully obtained faculty positions within the last 10 years,
5-8 years ideally, at the identified system institutions. Each
administrator was encouraged to submit two to four faculty
members.

Fourteen faculty were invited to participate in the study by
an email invitation outlining the scope of the research. The goal
to better understand the needs of underrepresented minority
graduate students who are preparing for faculty positions was
shared with the individuals and they were asked to respond
if they would be willing to participate. An information sheet
was provided via email that explained the purpose of the study
and the expectations should the individual choose to participate.
Those who indicated a willingness to participate were scheduled
at a day and time convenient for the participant. All interviews
were conducted by phone to enable maximum convenience for
the participant.

For phenomenological studies, between five and 25 people
are suggested for interview by Polkinghorne (1989) and Creswell
and Poth (2018) recommend between three to 15 people. Thus,
we interviewed seven individuals as we felt we had reached data
saturation upon conclusion of the seventh interview. The code

numbers of P01 through P07 were immediately assigned to the
data to maintain confidentiality. We used the code numbers
throughout analysis and when writing the conclusions in order
to allow the reader to track individuals across themes.

Credibility was strengthened in the way in which data was
collected and analyzed by involving the same two researchers
in all interviews; one researcher led the conversation, asking
questions provided on the interview protocol and one researcher
took detailed notes, asked clarifying questions and then shared
those notes with the participant for member-checking.

After the researchers introduced themselves, the participant
provided an overview of their area of interest and expanded
on their current position. Next, the following guiding questions
were used: (a) Can you describe activities that you participated
in that prepared you for your current faculty position, other than
traditional coursework? (b) Did you visit academic institutions
(other than the one you graduated from) during your time as
a Ph.D. student? (c) What advice can you give us regarding
programming that would help underrepresented minority graduate
students who are preparing for faculty positions? (d) Do you
have any suggestions for us regarding how to best assist students?
The interview concluded with follow-up questions to provide
clarification about items they had shared.

Interviews were semi-structured allowing participants the
opportunity to share comments, suggestions, and provide input
outside of the stated original questions. This also allowed each
participant to share their journey to their current faculty position.
It is important to point out that the interviews were very focused
on aspects that influenced the experience of the underrepresented
minority faculty. We specifically sought to understand the
participants’ perspective regarding their experience rather than
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merely recording the experience. For example, attendance at a
conference was an experience - but it was the actions taken by
the individual at the conference that added value to the findings.

It is important to share that we interviewed early career faculty
with the intent of understanding how they had obtained and
been successful in academia and more specifically within a STEM
field. We intentionally wanted to learn from our participants
so that we could use what we learned to improve mechanisms
we were currently putting in place to assist underrepresented
minority doctoral students and those moving into early careers
in academia. One of the questions in our protocol related to
their recommendations based on their own experience. Thus,
our participants’ experiences as a graduate and undergraduate
student were relevant to the purpose of the research.

“Conversational mode” (Yin, 2016, p. 143) was used to allow
the researchers to avoid directing the participants toward a
particular response. The individuals being interviewed were
extremely willing to share what they had learned from their
experiences, which experiences had benefited them the most, and
how the journey to their current position took place.

Key elements from the literature (Table 1) were not mentioned
until the end of the interview at which time the researchers sought
to clarify any items from the perspective of the participant. At the
conclusion of the interview, participants were asked if they would
be willing to share a copy of their vita with the research team.

Immediately following the conclusion of the interview, the
note-taking researcher finalized the notes and shared them with
the second researcher for review and confirmation of what was
documented. The two researchers also debriefed to ensure that
the notes reflected what had been shared. These notes were
then sent to the participant for confirmation and to allow the
participant to correct any misunderstandings. This member-
checking allowed us to have confidence in our data as the session
was purposefully not recorded out of respect for the participants.
As noted by Lincoln and Guba (1985), “advantages [of recording]
are, in our judgment, more than offset by respondent distrust”
(p. 272). Six of the seven participants participated in member-
checking by reviewing the notes and providing edits. Participant
P06 did not respond to the request to provide feedback on
the notes. Interviews lasted approximately 57 min each and
yielded an average of four pages of single-spaced notes (2,390
words) per interview.

Data analysis consisted of initial review by the researchers
beginning with inductive open coding following a four-step
process. We looked at “what” (Creswell and Poth, 2018, p. 77)
the individuals experienced and “how” (Creswell and Poth, 2018,
p. 77) they experienced it as we sought the “essence” (Creswell
and Poth, 2018, p. 77) of what led to their successful attainment
of a faculty position. We then triangulated this with the literature.
Care was taken “to avoid imposing external criteria or categories
prematurely on the real-world conditions being studied” (Yin,
2016, p. 83). The initial review started with our review of the data
as a whole, looking for overall themes and noteworthy statements.
These statements were compared with one another and with
the literature. Those that matched literature were grouped
accordingly. Second, we grouped the statements into themes to
represent “clusters of meaning” (Creswell and Poth, 2018, p. 79).

This was accomplished using the constant-comparative method
in which each set of notes was read and as a theme emerged
it was recorded and color-coded. The listing of themes which
emerged from the first review was used as the starting point
for the second review and so forth until a final list of themes
was reached. The complete listing of themes was then reviewed
by two additional researchers to ensure accurate representation
of participant ideas. Third, we sought to determine how “the
context or setting influenced how participants experienced the
phenomenon” (Creswell and Poth, 2018, p. 80) by looking at
examples and context provided by the participants. Finally, we
developed a “composite description” (Creswell and Poth, 2018,
p. 80) where we articulated a summary of common experiences
across participants related to the phenomenon.

Trustworthiness relates to the degree to which a reader
can trust that the methods used to collect the data as well
as the data themselves are valid and reliable. We established
trustworthiness by documenting the exact procedures used to
collect the data, conducting member-checks, and triangulating
our findings. Triangulation was accomplished by looking for
“converging lines of inquiry” (Yin, 2016, p. 87) throughout the
data collection process. The same two researchers participated in
all seven interviews and debriefed following each session. This
enabled immediate sharing of impressions and understandings.
This was followed by a review of the detailed notes to enable
edits and corrections from both the second researcher and the
participant (i.e., member-checking). Maxwell (2013) provides
strategies to combat threats to validity within qualitative research.
Of those strategies, we employed four of them: “rich data,
“respondent validation,” “triangulation,” and “comparison” (pp.
126-129). The notes taken during the interviews were extremely
detailed resulting in rich data. Six of the seven participants
provided feedback regarding their associated notes. The data was
compared and triangulated with the literature (Yin, 2016).

We ultimately interviewed four female and three male
participants who had been in their faculty position for an
average of 4.8 years (range from 1 to 9 years). These participants
represented three institution types as defined by The Carnegie
Classification of Institutions of Higher Education (2021):
Hispanic-Serving Institutions (n = 3), R1 (n = 2), and Historically
Black Colleges and Universities (n = 2). Undoubtedly, they
had different experiences that reflect the diversity of their
backgrounds as is noted in Table 2. Participants included three
African-American and four Hispanic individuals.

RESULTS

Participants’ Backgrounds

Of the seven (four female and three male) faculty members
interviewed, six were assistant professors and one was an
associate professor; they had spent an average of 4.86 years
in their position with a range of 1-10 years. Faculty were
from science departments (i.e., geology, chemistry, biology, and
engineering) or agriculture-related departments (i.e., agronomy,
agricultural and biological engineering). Three currently work
at Hispanic-Serving Institutions, two work at an R1 Institution,
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TABLE 2 | Individual journeys: Descriptions of each path to a faculty position.

Code Description of journey

PO1 Path: BS > Ph.D. > Faculty position
B Involved in undergraduate research

B Completed internships in industry

B Encouraged by a graduate student to apply to graduate school
B Conference attendance during graduate school was important
B Visits to universities during graduate school were important

B Completed NSF fellowship

B Not able to secure post-doc — would have liked to
P02

B Involved in undergraduate research

B Doctorate at international university

Path: BS > MS > Ph.D. > Center work > Faculty position

B Conference attendance during graduate school was important

B Worked at a research center while pursuing PHD

B Worked in research center after PHD for 6 years before securing faculty job (compared it to a postdoc)

PO3
B Involved in undergraduate research

Path: BS > MS > Ph.D. > Postdoc > Industry > Faculty position

B Attendance at conferences during graduate school was important

B Visits to universities were important

B Worked in industry for 2-3 years before academia
P04

B Involved in undergraduate research

B 2 years medical school before PHD

B NIH-RISE fellowship

Path: BS > Medical school (2 years) > Ph.D. > Postdoc > Faculty position

B Attendance at conferences during graduate school was important

B Adjunct at university while a postdoc

Path: BS > MS > Ph.D. > Postdoc > Faculty position
B Involved in undergraduate (UG) research

B Worked in a national lab while UG

P05

B Graduate student encouraged me when | was an undergraduate student.
B Strongly recruited by institution (original plan was law school)

B Participated in targeted programming

B Attendance at conferences during graduate school was important

P06
B Involved in undergraduate research
B Worked at a national research center (Lab manager)

Path: BS > MS > Center work > Family emergency > Ph.D. > Adjunct faculty > Industry > Postdoc > Staff position > Faculty position

B Alfred sloan scholarship, a USDA national needs scholarship

PO7
B Doctorate at international university

Path: BS > Industry > MS > Industry > Ph.D. > Postdoc > Faculty position

B Attendance at conferences during graduate school was important
B Participated in European educational approach: research/publishing instead of traditional courses

and two work at a HBCU Institution. Most (n = 5) had some
type of industry experience prior to their current faculty position:
as interns (P01), researchers (P03, P05, P06), or other types of
work (P07). Two had little to no industry experience. In their
current faculty positions, four have a strong focus on research
(P01, P02, P06, P07), two focus equally on research and teaching
(P03, P05), and only one has a stronger focus on teaching
than research (P04).

Journey Descriptions

Each of the participants described unique pathways to their
current faculty position with some commonalities. Four of
the participants (P01, P03, P05, P06) completed their doctoral
degree at a 4-year R1 domestic institution while three of the
participants (P02, P04, P07) completed their doctoral degree at an
international institution. It is common for students to accumulate
some debt while attending a college or university. This debt can
cause financial challenges (P01, P02, P03, P04, P06, P07) which

can cause “students [to]go to industry” rather than moving onto a
graduate degree simply because “they have too much debt” (P07).
The majority of our participants had engaged in undergraduate
research (P01, P02, P03, P04, P06) and/or a postdoc experience
(P03, P04, P05, P06, P07) prior to their faculty appointment,
completed a Masters degree before starting their Ph.D. (P02, P03,
P06, P07), and had at least some experience with industry (P01,
P03, P05, P06, P07). While each had successfully secured a faculty
position, some had direct interest in academia with little interest
in industry (P01, P03, P04, P07) while others had not planned on
entering academia (P02, P05, P06). Table 2 provides a detailed
summary of each path shared that resulted in the participant
securing a faculty position.

Elements Impacting Success

Regardless of the path taken to obtain a faculty position,
data analysis revealed several common themes expressed as
important to their success that included: preparation for
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research, conference attendance, networking, preparation for
teaching, visits to institutions, role of mentorship, and soft skill
development. In addition, topics of bias, financial challenges, and
individual attributes were shared. Each of these themes point
to marginalized professional visibility, networking challenges,
resilience and independence, skill acquisition, and understanding
the hidden curriculum. These themes are presented below
according to Austin and McDaniels (2006) published framework.

Conceptual Understandings

Austin and McDaniels (2006) note four major components
of conceptual understanding. Of these, participant interviews
supported three: “understanding of the types of higher education
institutions and their missions,” “understanding of ones
professional identity as a professor and scholar;” and “knowledge
of the discipline” (p. 418).

While not all participants took part in formal institutional
visits, many of them revealed that these visits could be
extremely impactful if coordinated and executed in effective
ways. The importance of presenting/teaching at the institution
(P01, P05, P06), meeting with colleagues/administration (P01,
P05), and gaining an understanding of diverse cultures and
approaches (P05) was highly valued as this can encourage future
collaborations (P02). One participant noted that being exposed to
and understanding differences between institution types can be a
marketable characteristic as one will be able to use that experience
to create their own programs at new institutions (P07). One
participant recommended that “STEM students need to think
about all the different academic institutions that exist...and
understand the differences so that they can see what these
academic positions would look like” (PO1). Similarly, another
mentioned that “there is a need for awareness of the paths - it
may not be a direct path [to a faculty position]” (P03).

Forming a professional identity heavily relies on socialization
and mentorship for aspiring faculty members (Austin and
McDaniels, 2006). For our interview participants, socialization
came from peers (P01, P02), faculty members (P01, P02, P03,
P04, P05, P06), and events like workshops and seminars (P02,
P03, P04, P05). One participant (P03) summarized the value of
mentorship for graduate students considering faculty positions
by stating, “just having the examples of faculty like myself would
be valuable for those making a decision” (P05). Elements of
mentorship were communicated as having a direct impact on
professional identify. As noted by participants, “Finding the
right mentor is very important” (P04), “Students need to talk to
people to understand expectations [for faculty]” (PO1). As stated,
“I had no way to navigate the academic waters. . .[mentorship]
set me on the awesome path that I have been blessed to be
on.” “[My mentor] was like the bumpers in bowling, he would
get me re-aligned” (P06). Similar to mentorship, conference
attendance was also indicated as influencing professional
identity: “A part of [conference attendance] is that you see
a lot of professors at these meetings. You hear about the
research and have respect for them, and you want to be a
professor yourself” (P02). Additionally, the feelings of imposter
syndrome are a reality for many. Students need to learn to
engage in self-promotion (P01) and embrace “hard work and

determination” (P03) to help address impostor syndrome (P05)
feelings. One participant described they “definitely felt imposter
syndrome” and “felt isolated,” but once it was recognized they
further explained that “I cannot let this impact me...
though my question might feel like a dumb question - it is
ok to ask” (P05).

Professional identity is directly connected with discipline
knowledge. Multiple participants indicated that individuals
must have confidence in their knowledge, skills and abilities
(P03, P05, P06, P07).

even

Knowledge and Skills in Areas of Faculty

Work

Austin and McDaniels (2006) articulate that faculty work
includes “teaching, research, public service, and institutional
citizenship” (p. 422). Interviews revealed that our participants
strongly agreed with the importance of understanding
teaching, research, and service but did not emphasize
institutional citizenship.

All participants expressed the value of being prepared to
teach — even those in a research-focused position. Participants
indicated that this preparation made one more marketable to
hiring committees. As one stated, this “allowed me to be an
adjunct” and teach (P04). Teaching experience was described as
making a person “well rounded” (P02) and providing a skillset
important to succeed as a faculty member (P01). This was
demonstrated as one participant described that as a mentor, “You
have to help them see how to be an effective teacher early so
that they can do well at teaching and enjoy the process — or
they will be turned off teaching. . .in science we are not always
trained to be teachers” (PO1). As one participant stated, “I did
all my teaching prep outside of normal work hours” (P07),
indicating that more teaching preparation would have been
valuable. Teaching preparation included serving as a teaching
assistant (P01, P04, P06) and creating their own opportunities
to gain these skills (P03, P05). The importance related to
understanding the mentality of students (P06), being able to
create activities (P06), understanding course development (P01,
P05), and being an effective teacher (P01). It was shared that not
having this experience could negatively impact success in a faculty
role regardless of the position’s effort distribution.

Given that our study focused on early-career
underrepresented minority faculty in STEM, we were not
surprised that comments related to research were mentioned. In
fact, for graduate students in STEM fields, research is an integral
part of the degree. In their doctoral program, P07 noted that
“your Ph.D. is validated by your publications, where you publish,
the quality of your work.”

Participants expressed that “A positive and supportive student
culture is important and interaction among students is critical”
(P01) especially in regard to research. They further shared that
“Being able to be confident to do research as an undergraduate
will provide you the experience so that by the time you go
into a Ph.D. program - you are a co-author - you have the
experience of learning how to present your research” (P02).
The connection to undergraduate experiences was strongly
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supported, “I participated in undergraduate research - this got
me hired at NASA - because of my work” (P06). The importance
of research preparation was emphasized by the statement, “I
think students waste a lot of time taking classes instead of doing
research” (P07). It is important to note that these individuals
also specifically mentioned grant identification and grant writing
(P01, P02, P03) as elements needed for programming. It was
notable, as mentioned earlier, that undergraduate research (P01,
P03, P04, P05, P06) appears to have played a significant role
in their path to a faculty position. The importance of gaining
confidence in one’s own research (P02) and the overall research
experience (P06) were noted as critical.

While not mentioned as frequently, service was addressed by
our participants. PO1 acknowledged that service was one of the
three items aspiring faculty are “graded on,” sharing an example
of how aspiring faculty “need to learn how to develop a broader
impact program from the very beginning, [such as] working
with high school students - these are not taught within Ph.D.
programs.” Others mentioned their service involvements such as
leading study abroad (P04), advising student organizations (P04,
P06), and supporting student conferences (P05). P06 mentioned
leaving a position because “I did not feel like I was making an
impact” (in reference to public service). This participant (P06)
reported finding their niche in a postdoc position that was
strongly service-based.

Interpersonal Skills

Interpersonal skills are described as supporting faculty
work (Austin and McDaniels, 2006). These can include
communication, teamwork, collaboration, and recognizing the
importance of diversity. In our present study, the development
of these soft skills was expressed as an important area of
consideration. A participant with industry experience stated,
“The biggest thing that helps you survive in industry is the soft
skills — that was my biggest take away. . .soft skills and working
well with people helps you keep those jobs” (P03). As shared by
P05, the ability to interact with people is important.

Specific to communication, presentation skills (P01, P04),
writing skills (P01, P04, P06), problem-solving skills (P06),
and the ability to work with different populations (P01) were
each mentioned. “Workshops on how to present are needed”
and “students should attend writing workshops” (P03). “You
can be very smart but...not be mentally prepared to handle
politics. . .and that may make you say the wrong things and put
people off, so being aware is important” (P03). Several shared that
submitting to and attending conferences (P01, P02, P03), writing
grants (P01, P02, P03), and visiting other academic institutions
(P01) was a valuable way to practice such skills. As noted by a
participant, presentation skills can have considerable impact. “If
a person is declined for a tenure track position, they need to think
about how they presented to the search committee” (PO1). As
noted by P02, “When we interview people, a lot of the things they
are looking for is someone who has experience with grant writing
and publications.”

Austin and McDaniels (2006) note that time management is
also important in this section, and participants mentioned this as
a particularly important research skill. “Without my experiences

as a research scientist — it would have been very tough — managing
your time can be a challenge” (P03), in reference to serving
as a faculty member. Participants did not explicitly mention
teamwork or collaboration skills but they did refer to these
skills indirectly. As stated by one participant, being a faculty
member means that work is done in “a true interdisciplinary
environment. . .in academia we touch everything” (P06).

Working and interacting with diverse groups was stated as
important for our participant group. As stated in one interview,
“early career faculty need this exposure [to new environments]”
(P01). Another mentioned that they “had opportunities to sit
on boards as a graduate representative...it was a great and
wonderful experience, I had colleagues in other disciplines with
other experiences” (P05).

Several of the participants indicated that they had experienced
bias (P01, P02, P07). Unfortunately, one of the participants
experienced racial bias and stated that “A visiting professor
assumed I was from another country and told me that I speak well
for being from Mexico. ..I am a fifth generation American, and
English is my native language. It was blatant racial bias” (P01).

Professional Attitudes and Habits

Austin and McDaniels (2006) describe professional attitudes and
habits as including “ethics and integrity” (p. 428), “motivation for
lifelong learning” (p. 429), “cultivating professional networks” (p.
430), and “nurturing one’s passion while maintaining balance in
life” (p. 430). Participant interviews revealed strong support for
lifelong learning, cultivating professional networks, and passion
and life balance but did not discuss ethics and integrity.

Although pursuing lifelong learning was not specifically
mentioned by participants, the aspect of keeping a flexible career
mindset was frequently noted as a valuable skill. “These days in
the applied sciences, it is difficult to go straight into faculty. . .it
is good to prepare the minds of students to be flexible with
how these things go” (P03). Similarly, P06 noted that “my
journey to get a Ph.D. was not a planned process. . .my path was
haphazard”, and P05 shared that “industry was my first choice.”
P03 recommended that programs “prepare students for both
industry and academia, otherwise they don’t have the tools for
one or the other - they need to be prepared to step into both
roles.”

Participants constantly referred to networking as crucial to
their success, as the importance of general networking was
mentioned specifically by all but one participant (P01, P02, P04,
P05, P06, P07). One participant noted that this activity takes
time and effort, saying “If it was not for the networking I did I
would not be where I am. .. real networking does not start at a
poster, that is not enough” (P04). Furthermore, having “a positive
and supportive student culture is important and interaction
among students is critical” (P01). However, as shared by P02,
“students need guidance on networking”. This “guidance” for
networking skills was expressed by multiple participants. One
individual stated, “I squandered so many opportunities to make
connections because I did not know how and did not recognize
the importance [of networking]” (P06). They went on to state,
“Coming from the socio-economic [background] that I came
from - I did not know what networking meant” (P06).
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Mentorship is closely related to networking as mentors
often introduce their mentees to networks and provide tips for
navigating relationships and careers. Similar to networking in
general, mentoring was expressed as a key contributor to success
throughout the path to a faculty position (P01, P02, P03, P04,
P06, P07). “A mentor needs to give you encouragement and
stability — to help you when things are not going well - the
role of that person is to guide you and tell you it is ok and
help you be resilient” (P03). This illustrates why “finding the
right mentor is important” (P04) and that “the mentor will
promote their students and introduce them to others: it is about
helping them develop relationships” (P07). One of the challenges
with mentorship was matching mentors to students. “When [a
mentor] is assigned to you it is not as beneficial - it needs to be
organic” (P01).

One major opportunity for networking is conference
attendance, and both domestic and international conferences
were indicated as important (P02, P04, P05). All participants
emphasized the importance of conference attendance for
networking and success (P01-P07). As one individual stated,
“this is where we meet the people who we would end up
working with” (P04). Specific reasons for importance included
the opportunity to connect with other students (P01, P02),
the opportunity to experience presenting (P02, P03, P06),
connecting with future colleagues (P02), networking (P07), and
overall exposure (P07). As one participant stated, “my professors
guided me to attend the conferences... I did not realize how
valuable it was” (P06). Participants indicated that attendance
did not need to be formal (P01). As shared by one participant,
“Attendance at conferences in groups is better because it allowed
us to share — some people are natural in introducing themselves
but overall, it is hard to interact with people - going as a
group helps” (P02).

In the next category, participants (P01, P04, P05, P07) noted
their passion for and enjoyment in their positions: “the beauty
of seeing a student understand a concept, there is nothing better
than that” (P04), “[being a faculty member] is the best job in the
world” (P05), and “in academia, I have freedom” (P07). Work-
life balance was seen as a benefit of faculty positions compared
to industry positions (P04, P06). However, having a passion for
work can be difficult for some because “there are no positions
that I am specifically qualified for, it is stiff competition” (P01).

While the topic of “ethics and integrity” as noted by Austin
and McDaniels (2006, p. 418) was not addressed by our
participants, they did address the concept of hard work. As noted
by one, “students need coping skills and resiliency” (P01) to be
successful in faculty positions.

DISCUSSION

Connection to Conceptual Framework

Our findings support the framework of skills and abilities
articulated by Austin and McDaniels (2006) that can be obtained
through choreographed socialization within the academic
context. Participants expressed specific items that are reflected
in each of the four categories: “(1) conceptual understandings;

(2) knowledge and skills in key areas of faculty work;
(3) interpersonal skills; and (4) professional attitudes and
habits” (p. 417).

While our participants provided direct statements that
support several aspects reflected in “conceptual understandings”
(Austin and McDaniels, 2006, p. 417), it is important to note
that participants did not overtly mention items that relate to
consideration of the history and purpose of higher education or
specific reference to knowledge of one’s discipline. We believe
that knowledge of one’s discipline may be seen as a given and
that is why participants did not mention it. Regarding history and
purpose of higher education overall, we believe this is an area that
may need to be considered in programming as it does not appear
our participants received training in this area. As noted by Austin
and McDaniels (2006), understanding of history and purpose can
enable understanding of culture, norms and expectation which
then impacts socialization.

“Knowledge and skills in areas of faculty work” (p. 422)
was directly addressed by our participants regarding teaching,
research, and service. However, institutional citizenship was not
directly mentioned. Perhaps this is due to our research focus
and line of questioning. This could also be a result of our
target population which was early-career faculty. Engagement
in institutional governance and modeling such behavior may
be more prevalent in faculty further along in their careers.
Regardless, this topic may be worthy of future study.

“Interpersonal skills” (p. 427) in relation to communication
skills, collaboration and teamwork were addressed by our
participants. However, the concept of “appreciation of diversity”
(p. 418) was not directly addressed in the way noted by Austin
and McDaniels (2006). Instead, this topic was touched upon
through conversations about bias and lack of inclusion. This
is likely due to our focus on diverse faculty who were looking
at it from a different angle. They experienced what happens
when diversity is not emphasized and rewarded. This is a culture
shift in departments.

Concepts within the area of “professional attitudes and
habits” (Austin and McDaniels, 2006, p. 428) were indicated
by participants to be obtained primarily through networking,
mentorship and attendance at conferences. This engagement
with successful peers through these mechanisms encouraged
awareness of the culture of their field and provided serendipitous
opportunities that impacted each participant’s career path. It
is likely that the reason “ethics and integrity” (Austin and
McDaniels, 2006, p. 418) did not emerge in our interviews was
due to our line of questions. However, that area might be worthy
of further study.

Impactful Experiences

As we strive to build programming to support underrepresented
minority STEM graduate students to secure faculty positions
in academia, the impactful experiences illuminated in the
paths illustrated in our study are worthy of consideration.
Each of the following experiences directly impacted success:
undergraduate research engagement, postdoc positions,
and working in centers/labs/industry. As noted in previous
research (Perna et al, 2009; Guy and Boards, 2019;
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National Academies of Sciences Engineering and Medicine, 2019), research experience and research assistantships are more likely to

we found that undergraduate research experience played a role
for five out of seven of those interviewed. Not surprising, but
notable, is the role that postdoc positions played in the success
of the majority of those interviewed. Further, participants shared
specific input regarding ways to support students including
preparation for research, conference attendance, networking,
preparation for teaching, visits to institutions, role of mentorship,
and soft skill development.

Undergraduate Research Experience

Given that the majority of our participants expressed value
in the undergraduate research experience, we recommend that
programming target undergraduate students in STEM as a
recruitment tool to increase the diversity of graduate students
and faculty. Previous research has identified that students who
participated in undergraduate research have better research skills
as STEM graduate students (Gilmore et al., 2016). This experience
is essential in building a sense of self-efficacy and interest in
STEM research, which then encourages the continuing success
through the academic pipeline. Based upon our data, it appears
to be carried over into their performance toward the completion
of a STEM graduate degree and ultimately contributed to these
participants’ successful careers as STEM faculty.

Role of Postdoc Positions

Postdoctoral positions are integral for both the training of Ph.D.
graduates and improving the research productivity of faculty
members. For the participants in this study, involvement in
postdocs allowed more time within academia, which may have
provided them with additional scholarly training and mentorship
to advance in the professoriate. Though all participants did not
obtain postdocs (e.g., PO1), most participants had post-doctoral
or equivalent positions. These positions are often limited in
duration, minimally represented in departments, and their roles
within departments may be ill-defined (van der Weijden et al.,
2016; Hudson et al., 2018).

There are some interesting demographic trends within
certain STEM fields. For instance, within biotechnology in the
United States, those who are temporary residents or Asian are
more likely to take on a postdoc position than White and
other ethnic minorities (Kahn and Ginther, 2017). This finding
is mirrored in the more extensive National Postdoc Survey,
where non-United States citizens are more likely to opt for
an academic position than citizens (McConnell et al., 2018).
However, this survey also highlights White or those not in the
category of underrepresented minorities hold the majority of
postdocs. Future research should ascertain why these positions do
not attract more United States citizens who are underrepresented
minorities, given the value of postdocs to our study participants
in their pathway to academia. These findings also speak to a
general lack of research on experiences of underrepresented
minority postdocs within the United States.

There is also a possibility that postdoc positions are attractive
to those who are interested in academic positions with more
emphasis on research than teaching. Some studies highlight this
possibility in their findings; STEM academics with undergraduate

pursue postdocs than those who do not have such experiences
(Kahn and Ginther, 2017; Martinez et al., 2018). Given that
faculty positions require equal or more investment in teaching,
those passionate about research may opt to spend more time
in research-focused positions in academia before transitioning
to a faculty position. However, because postdoc positions are
undervalued in distinct ways (e.g., a backup option for those
who did not receive tenure-track positions), the importance of
postdocs in the development of those interested in research may
be overlooked. The inclusion of postdoctoral scholars within the
scope of programming is important as it can provide an avenue
to elucidate the barriers to getting and moving on from postdocs.

Programming Recommendations

The suggestions, advice and guidance provided by these
successful early-career faculty fell into categories that mirrored
those found in the literature. Socialization in the context of
academia and faculty positions and the associated competencies
(Austin and McDaniels, 2006) can directly impact an individual’s
success. Further, results of our study support literature shared
in Table 1 which articulates factors that can encourage and
discourage success.

Research opportunities, as noted in our study and the
literature (Perna et al.,, 2009; Guy and Boards, 2019; National
Academies of Sciences Engineering and Medicine, 2019), are
critical and an integral part of the STEM environment. Grant
writing is a critical part of the research process and should be
addressed through programming. Further, to perform well in the
academic teaching environment, we recommend complimenting
those opportunities with opportunities to develop teaching skills
so that individuals enter a faculty position with knowledge and
skills to engage in teaching without additional burden. All our
participants expressed the need for training in teaching so that
teaching activities would not distract from or slow their research.
This is supported by Austin and McDaniels (2006).

Interpersonal relationships can result in networks which
can be formed through mentorship, conference attendance and
visits to institutions. While each of these areas emerged as
separate themes within our data, it is important to recognize
the interplay among them. Networking was emphasized by
six of the participants. As we consider networking, it is
critical to consider not only providing networking opportunities
but also guidance on how to network, protocols to network
effectively, and awareness of how individual actions can impact
future opportunities. Mentorship, as noted in the literature
(Gonzilez, 2006; McGee, 2016; Guy and Boards, 2019; National
Academies of Sciences Engineering and Medicine, 2019), is
critical but must be approached carefully to be successful. As
noted in our study, successful mentorship requires an organic
element. Conference attendance and visits to institutions can
directly expand one’s network; however, if not approached with
purpose there can be missed opportunities. These areas deserve
increased attention; our participants indicated the importance
of attendance at professional conferences with reasons including
networking, presentation practice, and connections. Many
participants expressed that they were not fully prepared to take
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advantage of the opportunities in these situations. The area of
soft skill development is an overlooked area within STEM. The
ability to communicate one’s ideas in a way that is received
positively, overcome stereotypes and misinterpretations, and
successfully express confidence in one’s ideas requires inner
strength and fortitude. We must continue to create programming
that will instill these attributes. The incorporation of soft skill
development into the undergraduate research experience may be
one way to address this need. Austin and McDaniels (2006) does
not specify how interpersonal skills should be obtained but their
framework does support the development of these skills.

While the purpose of our study was not one of recruitment
into STEM, it is interesting that one of the participants had
originally pursued medicine and one law prior to entering a
STEM faculty position. These individuals expressed that once
they were exposed to STEM and the potential pathway, they
could see how they fit within STEM. Therefore, we need to find
ways to show students possibilities. These findings are in line
with empirical work showing that early engagement in activities
related to STEM (e.g., informal learning of science and math)
promotes interest in and motivation to pursue STEM (Master
et al,, 2017; Goff et al., 2020).

LIMITATIONS

We conducted this study prior to the pandemic (i.e., COVID-
19) and several nationwide instances of racial bias and social
injustices occurring in 2020. It is important to note that these
events resulted in a renewed focus on the need to address diversity
issues. The individuals interviewed for this study may not have
had the same experiences or experienced the same environment
as today’s aspiring faculty members. Although our findings
supporting the value of certain experiences is still valid, additional
research to describe the current environment is needed.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because participants of this study did not agree for their data to
be shared publicly, so supporting data is not available. Inquires
about datasets should be directed to TM.

REFERENCES

Allen-Ramdial, S. A., and Campbell, A. G. (2014). Reimagining the pipeline:
advancing STEM diversity, persistence, and success. Bioscience 64, 612-618.
doi: 10.1093/biosci/biu076

Amon, M. J. (2017). Looking through the glass ceiling: a qualitative study of STEM
women'’s career narratives. Front. Psychol. 8:236. doi: 10.3389/fpsyg.2017.00236

Amonoo, H. L., Levy-Carrick, N. C., Nadkarni, A., Grossman, S. J., Green,
D. W, Longley, R. M., et al. (2021). Diversity, equity, and inclusion
committee: an instrument to champion diversity efforts within a large academic
psychiatry department. Psychiatr. Serv. 73, 223-226. doi: 10.1176/appi.ps.20200
0934

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Texas A&M University, TAMU 1186,
College Station, TX 77843 (https://vpr.tamu.edu/human-
research-protection-program/). Written informed consent
for participation was not required for this study
in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

KB-P and ER contributed to financial backing and initial
project funding acquisition for the overall project. TM and
CC conducted the data collection activities that included
interview scheduling, interview conducting, and note-taking.
TM, CC, and AR analyzed data that included interview
notes and curriculum vitae of participants. TM, AR, AG,
and AC-S contributed substantially to initial manuscript
writing. KB-P, LC, ER, and AG contributed substantially
to the manuscript editing. KB-P, ER, and AC-S critically
revised this work for important contextual topics. All authors
contributed to the article and approved the submitted
version.

FUNDING

This work was supported by the National Science Foundation -
Alliances for Graduate Education and the Professoriate (AGEP)
(NSF 16-552) under award numbers 1723255 and 1723260.
Any opinions, findings, and conclusions or recommendations
expressed in this article are those of the author(s) and do not
necessarily reflect the views of the National Science Foundation.

ACKNOWLEDGMENTS

We would also like to thank all involved with the TxARM
AGEP Program for supporting this work. We would also like
to thank the participants for sharing their personal experiences
with us and the National Science Foundation for their strong
support of this topic.

Armstrong, M. A., and Jovanovic, J. (2017). The intersectional matrix: rethinking
institutional change for URM women in STEM. J. Divers. High. Educ. 10,
216-231. doi: 10.1037/dhe0000021

Austin, A. E., Campa, H. III, Pfund, C., Gillian-Daniel, D. L., Mathieu, R., and
Stoddart, J. (2009). Preparing STEM doctoral students for future faculty careers.
New Dir. Teach. Learn. 2009, 83-95. doi: 10.1002/t1.346

Austin, A. E., and McDaniels, M. (2006). “Preparing the professoriate of the future:
graduate student socialization for faculty roles,” in Higher Education: Handbook
of Theory and Research, Vol. 21, ed. ]. C. Smart (Dordrecht: Springer), 397-456.
doi: 10.1007/1-4020-4512-3_8

Bennett, C. L., Salinas, R. Y., Locascio, J. J., and Boyer, E. W. (2020). Two decades
of little change: an analysis of U.S. medical school basic science faculty by sex,

Frontiers in Education | www.frontiersin.org

May 2022 | Volume 7 | Article 767476


https://vpr.tamu.edu/human-research-protection-program/
https://vpr.tamu.edu/human-research-protection-program/
https://doi.org/10.1093/biosci/biu076
https://doi.org/10.3389/fpsyg.2017.00236
https://doi.org/10.1176/appi.ps.202000934
https://doi.org/10.1176/appi.ps.202000934
https://doi.org/10.1037/dhe0000021
https://doi.org/10.1002/tl.346
https://doi.org/10.1007/1-4020-4512-3_8
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles

Murphrey et al.

Paths of Successful Diverse STEM Faculty

race/ethnicity, and academic rank. PLoS One 15:0235190. doi: 10.1371/journal.
pone.0235190

Blackburn, H. (2017). The status of women in STEM in higher education: a review
of the literature 2007-2017. Sci. Tech. Lib. 36, 235-273. doi: 10.1080/0194262x.
2017.1371658

Brim, O. G. Jr. (1966). “Socialization through the life cycle, in
Socialization After Childhood: Two Essays, eds O. G. Brim Jr. and
S. Wheelter (New York: Wiley), 1-49. doi: 10.1039/9781847559463-0
0001

Bullis, C., and Bach, B. (1989). “Socialization turning points: an examination
of change in organizational identification,” in Paper Presented at the Annual
Meeting of the Western Speech Communication Association, Spokane, WA,
306607.

Campos, J. S., Wherry, E. J,, Shin, S., and Ortiz-Carpena, J. F. (2021). Challenging
systemic barriers to promote the inclusion, recruitment, and retention of URM
faculty in STEM. Cell Host Microbe 29, 862-866. doi: 10.1016/j.chom.2021.04.
001

Carter-Sowell, A. R,, Vaid, J., Standley, C. A., Petitt, B., and Battle, J. S. (2019).
ADVANCE scholar program: enhancing minoritized scholars’ professional
visibility. Equal. Divers. Incl. Int. ]. 38, 306-327. doi: 10.1108/EDI-03-2018-
0059

Casad, B.]., Oyler, D. L., Sullivan, E. T., McClellan, E. M., Tierney, D. N., Anderson,
D. A, et al. (2018). Wise psychological interventions to improve gender and
racial equality in STEM. Group Process. Intergroup Relat. 21, 767-787. doi:
10.1177/1368430218767034

Charleston, L. J., George, P. L., Jackson, F. L., Berhanu, J., and Amechi, M. H.
(2014). Navigating underrepresented STEM spaces: experiences of black women
in U.S. computing science higher education programs who actualize success.
J. Divers. High. Educ. 7, 166-176. doi: 10.1037/a0036632

Clabaugh, A., Duque, J. F., and Fields, L. J. (2021). Academic stress and emotional
well-being in United States college students following onset of the COVID-19
pandemic. Front. Psychol. 12:628787. doi: 10.3389/fpsyg.2021.628787

Committee on Equal Opportunities in Science and Engineering (2019). Biennial
Report to Congress 2017-2018: Investing in Diverse Community Voices.
Alexandria, VA: National Science Foundation.

Cortina, L. M., Kabat-Farr, D., Leskinen, E. A., Huerta, M., and Magley, V.]. (2013).
Selective incivility as modern discrimination in organizations: evidence and
impact. J. Manage. 39, 1579-1605. doi: 10.1177/0149206311418835

Creswell, J. W., and Poth, C. N. (2018). Qualitative Inquiry and Research Design:
Choosing Among Five Approaches, 4th Edn. Thousand Oaks, CA: SAGE
Publications.

Deiglmayr, A., Stern, E., and Schubert, R. (2019). Beliefs in “brilliance” and
belonging uncertainty in male and female STEM students. Front. Psychol.
10:1114. doi: 10.3389/fpsyg.2019.01114

Elliot, D. L., Baumfield, V., Reid, K., and Makara, K. A. (2016). Hidden treasure:
successful international doctoral students who found and harnessed the hidden
curriculum. Oxford Rev. Educ. 42, 733-748. doi: 10.1080/03054985.2016.
1229664

Ertl, B., Luttenberger, S., Lazarides, R., Jones, M. G., and Paechter, M. (2019).
Editorial: gendered paths into STEM. Disparities between females and males in
STEM over the life-span. Front. Psychol. 10:2758. doi: 10.3389/fpsyg.2019.02758

Figueroa, T., and Hurtado, S. (2013). Underrepresented Racial and/or Ethnic
Minority (URM) Graduate Students in STEM Disciplines: A Critical Approach to
Understanding Graduate School Experiences and Obstacles to Degree Progression.
Los Angeles, CA: University of California.

Gilmore, J., Wofford, A. M., and Maher, M. A. (2016). The flip side of the attrition
coin: faculty perceptions of factors supporting graduate student success. Int. J.
Doctoral Stud. 11, 419-439. doi: 10.28945/3618

Ginther, D. K., and Kahn, S. (2012). “Education and academic career outcomes for
women of color in science and engineering,” in Proceedings of the Conference for
the Committee on Women in Science, Engineering, and Medicine, Washington,
DC. doi: 10.1007/s11307-021-01663-4

Goff, E. E., Mulvey, K. L., Irvin, M. J., and Hartstone-Rose, A. (2020). The effects of
prior informal science and math experiences on undergraduate STEM identity.
Res. Sci. Technol. Educ. 38, 272-288. doi: 10.1080/02635143.2019.1627307

Gonzélez, J. C. (2006). Academic socialization experiences of Latina doctoral
students. J. Hispanic High. Educ. 5, 347-365. doi: 10.1177/1538192706
291141

Guenther, C. J., and Didion, R. S. (eds) (2014). Advancing Diversity in the
US Industrial Science and Engineering Workforce: Summary of a Workshop.
Washington, DC: National Academy of Engineering.

Guy, B., and Boards, A. (2019). A seat at the table: exploring the experiences of
underrepresented minority women in STEM graduate programs. J. Prev. Interv.
Community 47, 354-365. doi: 10.1080/10852352.2019.1617383

Harris, J. C. (2019). Multiracial faculty members experiences with teaching,
research, and service. J. Divers. Higher Educ. 13, 228-239. doi: 10.1037/
dhe0000123

Hartmann, A. C. (2019). Disability inclusion enhances science. Science 366:698.
doi: 10.1126/science.aaz9045

Hawley, C. E., McMahon, B. T., Cardoso, E. D., Fogg, N. P., Harrington, P. E,,
and Barbir, L. A. (2014). College graduation to employment in STEM careers:
the experience of new graduates at the intersection of underrepresented
racial/ethnic minority status and disability. Rehabil. Res. Policy Educ. 28, 183
199. doi: 10.1891/2168-6653.28.3.183

Hudson, T. D., Haley, K. J., Jaeger, A. J., Mitchall, A., Dinin, A., and Dunstan, S. B.
(2018). Becoming a legitimate scientist: science identity of postdocs in STEM
fields. Rev. High. Educ. 41, 607-639. doi: 10.1353/rhe.2018.0027

Hurtado, S., Eagan, M. K., Tran, M. C., Newman, C. B., Chang, M. J., and Velasco,
P. (2011) “We Do science here”: underrepresented students’ interactions with
faculty in different college contexts. J. Soc. Issues 67, 553-579. doi: 10.1111/j.
1540-4560.2011.01714.x

Jeannis, H., Goldberg, M., Seelman, K., Schmeler, M., and Cooper, R. A. (2020).
Barriers and facilitators to students with physical disabilities’ participation in
academic laboratory spaces. Disabil. Rehabil. Assist. Technol. 15, 225-237. doi:
10.1080/17483107.2018.1559889

Kahn, S., and Ginther, D. K. (2017). The impact of postdoctoral training on early
careers in biomedicine. Nat. Biotechnol. 35, 90-94. doi: 10.1038/nbt.3766

Kuchynka, S. L., Salomon, K., Bosson, J. K., El-Hout, M., Kiebel, E., Cooperman,
C., et al. (2018). Hostile and benevolent sexism and college women’s STEM
outcomes. Psych. Women Q. 42, 72-87. doi: 10.1177/0361684317741889

Lancaster, C., and Xu, Y. J. (2017). Challenges and supports for African American
STEM student persistence: a case study at a racially diverse four-year institution.
J. Negro Educ. 86, 176-189. doi: 10.7709/jnegroeducation.86.2.0176

Larson, R. C., Ghaffarzadegan, N., and Xue, Y. (2013). Too many PhD graduates or
too few academic job openings: the basic reproductive number RO in academia.
Syst. Res. Behav. Sci. 31, 745-750. doi: 10.1002/sres.2210

Lincoln, Y. S., and Guba, E. G. (1985). Naturalistic Inquiry. Thousand Oaks, CA:
SAGE Publications.

MacLachlan, A. J. (2006). Developing Graduate Students of Color for the
Professoriate in Science, Technology, Engineering and Mathematics (STEM).
Available online at: https://escholarship.org/uc/item/1n18c3wp (accessed on
January 6, 2022).

Martinez, L. R., Boucaud, D. W., Casadevall, A., and August, A. (2018). Factors
contributing to the success of NIH-designated underrepresented minorities in
academic and nonacademic research positions. CBE Life Sci. Educ. 17:ar32.
doi: 10.1187/cbe.16-09-0287

Master, A., Cheryan, S., Moscatelli, A., and Meltzoff, A. N. (2017). Programming
experience promotes higher STEM motivation among first-grade girls. J. Exp.
Child Psychol. 160, 92-106. doi: 10.1016/j.jecp.2017.03.013

Maxwell, J. A. (2013). Qualitative Research Design: An Interactive Approach, 3rd
Edn. Thousand Oaks, CA: SAGE Publications.

Maxwell, S., Reynolds, K. J., Lee, E., Subasic, E., and Bromhead, D. (2017). The
impact of school climate and school identification on academic achievement:
multilevel modeling with student and teacher data. Front. Psychol. 8:2069. doi:
10.3389/fpsyg.2017.02069

McConnell, S. C., Westerman, E. L., Pierre, J. F., Heckler, E. J., and Schwartz,
N. B. (2018). united states national postdoc survey results and the interaction
of gender, career choice and mentor impact. eLife 7, e40189. doi: 10.7554/eLife.
40189

McGee, R. (2016). Biomedical workforce diversity: the context for mentoring to
develop talents and foster success within the ‘pipeline.’. AIDS Behav. 20(Suppl.
2),231-237. doi: 10.1007/s10461-016- 1486-7

Mendez, S. L., Starkey, K. E., Cooksey, S. E., and Conley, V. M. (2021).
Environmental influences on the STEM identity and career intentions of Latinx
STEM postdoctoral scholars. J. Hispan. High. Educ. 0, 1-19. doi: 10.1177/
1538192721992436

Frontiers in Education | www.frontiersin.org

May 2022 | Volume 7 | Article 767476


https://doi.org/10.1371/journal.pone.0235190
https://doi.org/10.1371/journal.pone.0235190
https://doi.org/10.1080/0194262x.2017.1371658
https://doi.org/10.1080/0194262x.2017.1371658
https://doi.org/10.1039/9781847559463-00001
https://doi.org/10.1039/9781847559463-00001
https://doi.org/10.1016/j.chom.2021.04.001
https://doi.org/10.1016/j.chom.2021.04.001
https://doi.org/10.1108/EDI-03-2018-0059
https://doi.org/10.1108/EDI-03-2018-0059
https://doi.org/10.1177/1368430218767034
https://doi.org/10.1177/1368430218767034
https://doi.org/10.1037/a0036632
https://doi.org/10.3389/fpsyg.2021.628787
https://doi.org/10.1177/0149206311418835
https://doi.org/10.3389/fpsyg.2019.01114
https://doi.org/10.1080/03054985.2016.1229664
https://doi.org/10.1080/03054985.2016.1229664
https://doi.org/10.3389/fpsyg.2019.02758
https://doi.org/10.28945/3618
https://doi.org/10.1007/s11307-021-01663-4
https://doi.org/10.1080/02635143.2019.1627307
https://doi.org/10.1177/1538192706291141
https://doi.org/10.1177/1538192706291141
https://doi.org/10.1080/10852352.2019.1617383
https://doi.org/10.1037/dhe0000123
https://doi.org/10.1037/dhe0000123
https://doi.org/10.1126/science.aaz9045
https://doi.org/10.1891/2168-6653.28.3.183
https://doi.org/10.1353/rhe.2018.0027
https://doi.org/10.1111/j.1540-4560.2011.01714.x
https://doi.org/10.1111/j.1540-4560.2011.01714.x
https://doi.org/10.1080/17483107.2018.1559889
https://doi.org/10.1080/17483107.2018.1559889
https://doi.org/10.1038/nbt.3766
https://doi.org/10.1177/0361684317741889
https://doi.org/10.7709/jnegroeducation.86.2.0176
https://doi.org/10.1002/sres.2210
https://escholarship.org/uc/item/1n18c3wp
https://doi.org/10.1187/cbe.16-09-0287
https://doi.org/10.1016/j.jecp.2017.03.013
https://doi.org/10.3389/fpsyg.2017.02069
https://doi.org/10.3389/fpsyg.2017.02069
https://doi.org/10.7554/eLife.40189
https://doi.org/10.7554/eLife.40189
https://doi.org/10.1007/s10461-016-1486-7
https://doi.org/10.1177/1538192721992436
https://doi.org/10.1177/1538192721992436
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles

Murphrey et al.

Paths of Successful Diverse STEM Faculty

Merton, R., Reader, G., and Kendall, P. (1957). The Student Physician. Cambridge,
MA: Harvard University Press.

Merton, R. K. (1957). Social Theory and Social Structure. Glencoe, IL: The Free
Press.

Moreira, R. G., Butler-Purry, K., Carter-Sowell, A. R., Walton, S., Juranek, I. V.,
Challoo, L., et al. (2019). Innovative professional development and community
building activity program improves STEM URM graduate experiences. Int. J.
Stem Educ. 6:34. doi: 10.1186/540594-019-0188-x

National Academies of Sciences Engineering and Medicine (2019). Minority
Serving Institutions: Americas Underutilized Resource for Strengthening the
STEM Workforce. Washington, DC: National Academies Press. doi: 10.17226/
25257

National Science Foundation (2020). The State of U.S. Science and Engineering
2020. National Center for Science and Engineering Statistics. Available online at:
https://ncses.nsf.gov/pubs/nsb20201/u-s-s-e-workforce (accessed on June 16,
2021).

Nelson, D. J., and Madsen, L. D. (2018). Representation of Native Americans in US
science and engineering faculty. MRS Bull. 43:5. doi: 10.1557/mrs.2018.108
O’Brien, K. R., McAbee, S. T., Hebl, M. R,, and Rodgers, J. R. (2016). The impact
of interpersonal discrimination and stress on health and performance for early
career STEM academicians. Front. Pscyh. 7:615. doi: 10.3389/fpsyg.2016.00615

O’Meara, K., Griffin, K. A., Nyunt, G., and Lounder, A. (2019). Disrupting ruling
relations: the role of the PROMISE program as a third space. J. Divers. High.
Educ. 12, 205-218. doi: 10.1037/dhe0000095

Perna, L., Lundy-Wagner, V., Drezner, N. D., Gasman, M., Yoon, S., Bose, E., et al.
(2009). The contribution of HBCUs to the preparation of African American
women for STEM careers: a case study. Res. Higher Educ. 50, 1-23. doi: 10.1007/
s11162-008-9110-y

Petersen, S., Pearson, B. Z., and Moriarty, M. A. (2020). Amplifying voices:
investigating a cross-institutional, mutual mentoring program for URM women
in STEM. Innov. High. Educ. 45, 317-322. doi: 10.1007/s10755-020-09506-w

Polkinghorne, D. E. (1989). “Phenomenological research methods,” in Existential-
Phenomenological Perspectives in Psychology, 1st Edn, eds R. S. Valley and S.
Halling (Berlin: Springer), 41-60. doi: 10.1007/978-1-4615-6989-3_3

Rincon, B. E., and George-Jackson, C. E. (2016). STEM intervention programs:
funding practices and challenges. Stud. High. Educ. 41, 429-444. doi: 10.1080/
03075079.2014.927845

Roach, M., and Sauermann, H. (2017). The declining interest in an academic career.
PLoS One 12:¢0184130. doi: 10.1371/journal.pone.0184130

Shapiro, J. R., and Neuberg, S. L. (2007). From stereotype threat to stereotype
threats: implications of a multi-threat framework for causes, moderators,
mediators, consequences, and interventions. Pers. Soc. Psychol. Rev. 11, 107-
130. doi: 10.1177/1088868306294790

Smart, J. C. (ed.) (2006). Higher Education: Handbook of Theory and Research, Vol.
11. Berlin: Springer.

Smith, J. L., Handley, I. M., Rushing, S., Belou, R., Shanahan, E. A., Skewes,
M. C,, et al. (2017). Added benefits: how supporting women faculty in STEM
improves everyone’s job satisfaction. J. Divers. Higher Educ. 11, 502-517. doi:
10.1037/dhe0000066

Stage, F. K., and Hubbard, S. (2009). Undergraduate institutions that foster women
and minority scientists. J. Women Minor. Sci. Eng. 15, 77-91. doi: 10.1615/
JWomenMinorScienEng.v15.i1.50

Steele, C. M., and Aronson, J. (1995). Stereotype threat and the intellectual test
performance of African Americans. J. Pers. Soc. Psychol. 69, 797-811. doi:
10.1037/0022-3514.69.5.797

Tanenbaum, C., and Upton, R. (2014). Early Academic Career Pathways in STEM:
Do Gender and Family Status Matter?. Arlington, VA: American Institute for
Research.

The Carnegie Classification of Institutions of Higher Education (2021). Basic
classification description. Available online at: https://carnegieclassifications.iu.
edu/classification_descriptions/basic.php (accessed on December 7, 2021).

Tierney, W. G., and Bensimon, E. M. (1996). Promotion and Tenure: Community
and Socialization in Academe. Albany, NY: State University of New York Press.

Tsui, L. (2007). Effective strategies to increase diversity in STEM fields: a review of
the research literature. J. Negro Educ. 76, 555-581.

Turk-Bicakei, L., Berger, A., and Haxton, C. (2014). The Nonacademic Careers of
STEM PhD Holders. Arlington, VA: American Institutes for Research.

Turner, C. S. V., Gonzalez, J. C., and Wong, K. (2011). Faculty women of color:
the critical nexus of face and gender. J. Divers. High. Educ. 4, 199-211. doi:
10.1037/20024630

van der Weijden, I, Teelken, C., de Boer, M., and Drost, M. (2016).
Career satisfaction of postdoctoral researchers in relation to their
expectations for the future. High. Educ. 72, 25-40. doi: 10.1007/s10734-015-
9936-0

Wayne, K. S. (2018). Keeping them in the STEM Pipeline: A Phenomenology
Exploring the Experiences of Young Women and Underrepresented Minorities
in a long-term stem Enrichment Program. Des Moines, IA: Drake University.

Webb, T. J., Guerau-de-Arellano, M., Jones, H. P., Butts, C. L., Sanchez-Perez, L.,
and Montaner, L. J. (2022). The minority scientists’ experience: challenging
and overcoming barriers to enhancing diversity and career advancement.
J. Immunol. 208, 197-202. doi: 10.4049/jimmunol.2101077

Weidman, J. C., Twale, D. ., and Stein, E. L. (2001). Socialization of graduate
and professional students in higher education—a perilous passage? ASHE ERIC
High. Educ. Rep. 28:3.

Whittaker, J. A., and Montgomery, B. L. (2012). Cultivating diversity and
competency in STEM: challenges and remedies for removing virtual barriers
to constructing diverse higher education communities of success. J. Undergrad.
Neurosci. Educ. 11, A44-A51.

Wilkins-Yel, K. G., Bekki, J., Arnold, A., Bernstein, B., Okwu, C.,
Natarajan, M., et al. (2021). Understanding the impact of personal
challenges and advisor support on stem persistence among graduate
women of color. J. Divers. High. Educ 15, 97-110. doi: 10.1037/dhe00
00236

Xue, Y., and Larson, R. C. (2015). STEM crisis or STEM surplus? Yes and yes.
U.S. Bureau of Labor Statistics: Monthly Labor Review. Available online at:
https://www.bls.gov/opub/mlr/2015/article/stem- crisis- or- stem-surplus-yes-
and-yes.htm (accessed on June 24, 2021)

Yin, R. K. (2016). Qualitative Research From Start to Finish, 2nd Edn. New York,
NY: Guilford Publications.

Zambrana, R. E., Ray, R., Espino, M. M., Castro, C., Cohen, B. D., and
Eliason, J. (2015). “Don’t Leave Us Behind”: the importance of mentoring for
underrepresented minority faculty. Am. Educ. Res. ]. 52, 40-72. doi: 10.3102/
0002831214563063

Author Disclaimer: Any opinions, findings, and conclusions or recommendations
expressed in this article are those of the author(s) and do not necessarily reflect the
views of the National Science Foundation.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Murphrey, Carter, Regisford, Carson, Butler-Purry, Carter-
Sowell, Ganesan and Richburg. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Education | www.frontiersin.org

May 2022 | Volume 7 | Article 767476


https://doi.org/10.1186/s40594-019-0188-x
https://doi.org/10.17226/25257
https://doi.org/10.17226/25257
https://ncses.nsf.gov/pubs/nsb20201/u-s-s-e-workforce
https://doi.org/10.1557/mrs.2018.108
https://doi.org/10.3389/fpsyg.2016.00615
https://doi.org/10.1037/dhe0000095
https://doi.org/10.1007/s11162-008-9110-y
https://doi.org/10.1007/s11162-008-9110-y
https://doi.org/10.1007/s10755-020-09506-w
https://doi.org/10.1007/978-1-4615-6989-3_3
https://doi.org/10.1080/03075079.2014.927845
https://doi.org/10.1080/03075079.2014.927845
https://doi.org/10.1371/journal.pone.0184130
https://doi.org/10.1177/1088868306294790
https://doi.org/10.1037/dhe0000066
https://doi.org/10.1037/dhe0000066
https://doi.org/10.1615/JWomenMinorScienEng.v15.i1.50
https://doi.org/10.1615/JWomenMinorScienEng.v15.i1.50
https://doi.org/10.1037/0022-3514.69.5.797
https://doi.org/10.1037/0022-3514.69.5.797
https://carnegieclassifications.iu.edu/classification_descriptions/basic.php
https://carnegieclassifications.iu.edu/classification_descriptions/basic.php
https://doi.org/10.1037/a0024630
https://doi.org/10.1037/a0024630
https://doi.org/10.1007/s10734-015-9936-0
https://doi.org/10.1007/s10734-015-9936-0
https://doi.org/10.4049/jimmunol.2101077
https://doi.org/10.1037/dhe0000236
https://doi.org/10.1037/dhe0000236
https://www.bls.gov/opub/mlr/2015/article/stem-crisis-or-stem-surplus-yes-and-yes.htm
https://www.bls.gov/opub/mlr/2015/article/stem-crisis-or-stem-surplus-yes-and-yes.htm
https://doi.org/10.3102/0002831214563063
https://doi.org/10.3102/0002831214563063
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles

	An Examination of the Paths of Successful Diverse STEM Faculty: Insight for Programming
	Introduction
	Benefits of Diversity in Academia
	Challenges to Diversity in Academia
	The Path to Academia
	Strategies to Support Diversity in Academia
	Research Related to Experiences of Underrepresented Minority Faculty in Science, Technology, Engineering, and Math

	Conceptual Framework
	Purpose of the Present Study
	Materials and Methods
	Results
	Participants' Backgrounds
	Journey Descriptions
	Elements Impacting Success
	Conceptual Understandings
	Knowledge and Skills in Areas of Faculty Work
	Interpersonal Skills
	Professional Attitudes and Habits

	Discussion
	Connection to Conceptual Framework
	Impactful Experiences
	Undergraduate Research Experience
	Role of Postdoc Positions
	Programming Recommendations

	Limitations
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


