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Abstract: Current racial disparities in STEM degree attainment threaten America’s ability to be globally competitive. As the
need for a more diverse STEM workforce persists, faculty leadership at many Historically Black Universities and Colleges
(HBCUs) continue to support, nurture and prepare the next generation of diverse scientists to meet the demands of the 21st
century. However, messages of Black student intellectual inferiority are salient in society, perpetuated by widespread emphasis
on the achievement gap and low representation in STEM. Believing that intelligence can be developed through effective effort,
resources and support—growth mindset—has been found to support positive student outcomes and to mitigate the negative
effects of stereotypes leading to increased achievement, particularly for Black students. To date, mindsets have not been
examined through the lens of Critical Race Theory (CRT) and the four frames of academic leadership. Therefore, this
qualitative study examines the experiences of 13 students and 17 faculty members at 4 HBCUs and their perspectives on their
STEM programs. The analysis of focus group data suggests that student fixed mindsets may deter students from persisting as
STEM majors while faculty growth mindset and support, which fall within the human resources frame of leadership, can help

to mitigate those effects. Implications for HBCU leaders are discussed.
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1. Introduction
1.1. Lack of Diversity in STEM

Preparing and producing a diverse science, technology,
engineering and mathematics (STEM) workforce is a critical
component in United States’ global competitiveness and
future national security. However, there are many challenges
(e.g., stereotypes, fixed mindsets) that stifle our ability to
equitably educate and employ Americans in STEM fields [1,
2]. Historically Black Colleges and Universities (HBCUs)
have helped the US compensate for the educational
disparities in STEM [3, 4] This is demonstrated by their
history of successfully recruiting, retaining, and graduating
significant numbers of students who enrolled in college while

underprepared in mathematics and science or are from
racial/ethnic groups that are underrepresented in STEM. We
theorize that the success of HBCUs on this front is partially
due to their ability to create more growth mindset
(intelligence is malleable) -oriented environments for
students that counter the fixed mindset (intelligence is innate)
messages, abound in STEM.

With professors having significant levels of direct contact
with students, their leadership is crucial to supporting the
cultivation of adaptive environments where students can
thrive. Recent studies on mindsets in higher education have
explored the mindset of professors and revealed that they
have the potential to positively impact the achievement and
motivation of STEM students, and more so for STEM
students from underrepresented groups [2, 5]. This highlights
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the importance of exploring effective academic faculty
leadership styles and how different styles may support
growth mindset learning-oriented environments. Yet, to date,
“mindset” research has not been explored within the context
of the four frames of academic leadership and has lacked the
robust inclusion of HBCUs. Using a critical race theory
(CRT) lens, this qualitative study addresses the gap in
mindset research by exploring the experiences of faculty and
students at four HBCUs to determine the presence of
“mindset” messages in relation to STEM participation.

1.2. Critical Race Theory

More generally, American beliefs about intelligence being
a fixed, inherent trait, historically have had detrimental
effects on many, especially those from marginalized groups
[6]. These beliefs influenced public policy, sparking a range
of movements including eugenics and educational sorting [6].
The eugenics movement, developed by Sir Francis Galton,
posited that individuals who possess ‘superior genes’ should
reproduce, whereas those who possess ‘inferior genes’ should
not. Similarly, education sorting aimed to test children for the
purpose of determining who were intellectually superior and
inferior, so that resources could be allotted appropriately to
support those ‘superior’ children [7]. Aligned with the largely
accepted rhetoric of that time, African American, Latinx and
other marginalized groups were overly identified as
genetically and intellectually inferior. This whieh had a
significant impact on the questions that researchers of that
time asked, the interpretation of their findings and the
policies written and enforced that disproportionately affect
underrepresented groups negatively.

The current study is guided by Critical Race Theory (CRT)
[8-11] a theoretical framework grounded in the belief that
there is great value in the voices of those who have been
oppressed. Critical Race Theory, “dares to treat race as
central to the law and policy of the United States” [12] and
posits that the educational inequalities that are present in
America are due to the presence of systemic and institutional
racism, often muted and pushed aside [10, 13]. CRT is built
on six themes [11] two of which are most salient to the
current study. Those themes are:

1. the recognition of the historical context and role of

racism in racial advantage and disadvantage seen today;

2. the value placed on the stories and voices of people of

the oppressed.

This framework emphasizes the need for the voice of the
marginalized and oppressed to be heard in order to better
understand their realities through their lens and unique set of
experiences, constructing social reality [9-11]. As such,
HBCUs present a unique opportunity to qualitatively explore
the experiences of faculty and students, as they enroll and
prepare a significant percent of students who experience
intersecting systems of oppression.

1.3. HBCUs and Broadening Participation

HBCUs are well prepared and positioned to address some

of the educational inequities that exist in the current US
System [4, 14] Black students who attend HBCUs are more
likely to major in STEM than those who attend
Predominantly White Institutions (PWIs) [15]. About 30% of
Black students who earned their PhDs in STEM in 2010,
earned their undergraduate degree from an HBCU. Upton and
Tanenbaum [15] attribute HBCUs’ high rates of #t+-educating
Black, female and first-generation PhDs, to these institutions’
focus on student support and their ability to socially and
academically integrate students into STEM fields.

When Black people were refused admittance and access to
institutions of higher education, HBCUs were founded to
provide an opportunity to educational advancement that they
would not have had otherwise. HBCUs were founded around
the time of the Civil War until about the 1960s, specifically
to educate Black people; when institutions of higher learning
at the time; denied them an education [3, 16]. The first
HBCU, Cheyney University of Pennsylvania was founded in
1837. However, most HBCUs were founded after the Civil
War, during the first part of the 1860s [16]. It was only until
the 1960s (approximately 60 years ago) that other institutions
became viable options for many Black people, in part, due
the Civil Rights movement [3].

Although HBCUs were initially established to serve Black
students, its service has since extended to those from other
marginalized groups (e.g., women, the poor, people with
disabilities) [3-4, 16]. HBCUs have increased their number of
Latinx students and Asian Americans served in the last few
decades [17]. They have a higher enrollment of female
undergraduate students than the national average [17] and
have increasingly embraced and provided support for the
LGBT community, through LGBT student organizations [3].

The graduation rates at HBCUs are relatively low
compared to PWIs;; however, context helps to paint a clearer
picture of strength and resilience of HBCUs’ students. The
majority of students that HBCUs serve are also first-
generation college students and Pell Grant-eligible, and these
students are less likely to complete their degrees regardless
of the institution [18]. HBCUs have higher acceptance rates
than PWIs; and many of their students have lower levels of
preparation; for higher education than those enrolled at PWIs
[3]. When comparing data of HBCUs to PWIs within the
same states, HBCUs, enroll approximately 60.0% more
minorities, students with lower SAT scores (188 - 245 SAT
points lower), with more Pell Grant recipients (14.9 - 42.3
percentage points more);; however, 6-year graduation rates
are lower by only 14.1%-22.1% [19]. The data demonstrate
that today, similarky to the time of their inception, HBCUs
continue to provide opportunities for all students, regardless
of their level of academic preparation. Furthermore, HBCUs
are often the best and most affordable option for those who
do not come from affluent backgrounds [16].

Although there are few HBCUs in America, compared to
PWIs, these institutions hold the potential to significantly
mitigate the current STEM diversity crisis. Today there are
approximately 105 HBCUs in the US, including the District of
Columbia and the United States Virgin Islands [17]. Although
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HBCUs only make up about 3% of the US higher education
institutions, they educate, support and produce a significant
number of America’s top Black students in STEM [4, 15].

1.4. Four Academic Leadership Frames

The approach taken by academic leaders (e.g., Deans,
Department Chairs, Professors) in higher education can
create environments that either support or hinder student
success. In the current study, academic leadership is
examined through the lens of the framework developed by
Bolman, Deal, and Gallos [20, 21]. This paper applies the
framework to identify academic leadership behaviors that
lead to broadening participation in STEM. The framework
consists of four frames: (a) structural, (b) human resources,
(c) political, and (d) symbolic. Clark and Lindahl [22]
examined the academic leadership of department chairs and
found human resources to be the preferred orientation. This
was followed by structural and then symbolic. The least
utilized frame was political. An overview of the four frames
is provided below.

In the structural frame, academic leaders view the
institution as a factory. The focus of leadership is on ensuring
that clarity of roles, rules, procedures, and lines of authority
exist. A clear structure is evident in all aspects of the
institution. This includes the management of time and
identification of priorities.

Within the human resource frame academic leaders view
the institution as an extended family, maintain a focus on
productive workplace, and provide opportunities and
resources to aid in advancement of those within the system.
Relationships are maintained and open communication
occurs. The leader is viewed as a coach or servant.

The political frame differs in that academic leaders have a
political orientation. They are focused on allies and coalition-
building. These leaders engage in a large amount of
bargaining and negotiating.

Symbolic is the fourth frame. Academic leaders with this
orientation focus on purpose, culture, and rituals. Significant
time and energy are dedicated to fostering a connection to the
institution. For this reason, symbolic leaders consider it
important to create experiences, typically through rituals, that
will create the connection.

According to Bolman and Deal [20], leadership is not
limited to one frame. Based on a particular situation, one
frame might be more appropriate to use than another frame.
Therefore, the frames could be combined at times for a multi-
frame approach to leadership.

1.5. Mindsets and Broadening Participation

Mindsets refer to belief systems that individuals hold about
the nature of our intelligence [23]. A fixed mindset is a belief
that intelligence is a fixed trait--something one was either
born with or not. A growth mindset is the belief that one’s
intelligence is malleable and can be developed over time with
effort. These mindsets have been found to have different
motivational patterns [24, 25]. For example, holding a fixed

mindset is negatively associated with challenge seeking
behavior, performance goals, and positive effort beliefs. Also,
a fixed mindset leads to one attributing failures to a lack of
ability. Conversely, a growth mindset has been found to be
positively associated with challenge seeking, learning goals,
and positive effort beliefs. Additionally, a growth mindset
leads to one attributing failure to a lack of effort and effective
strategies.

The mindsets individuals hold significantly impact their
motivational patterns and ultimately, their academic
achievement [23, 24, 26 — 28]. Research has shown
significant achievement gains from students exposed to
growth mindset interventions. These gains tend to be steeper
for Black students and other students from marginalized and
underrepresented groups [24, 26, 29]. Moreover, mindset
beliefs that professors hold affect their classroom practices
and the achievement of their students [2]. Research
conducted by Canning and colleagues [2], utilizing data from
a population of all students (N=15,466) enrolled in courses
taught by STEM professors at an institution, found that
students with professors who believed intelligence to be fixed
received lower grade point averages (GPAs) compared to
students in STEM courses with professors who held a growth
mindset. The relationship between professors’ mindset beliefs
and student GPAs was stronger for Black, Latinx and Native
American students. In this study, in cases where faculty
members endorsed a growth mindset, the performance gap in
courses between students from underrepresented minority
groups in STEM and those from non-underrepresented
minority groups, decreased significantly (nearly by half).
Findings from this study demonstrate that professors’
mindset beliefs have a stronger impact on student
achievement than factors like professors’ race, age and
gender. The results of this study suggest that the beliefs that
faculty hold regarding the nature of intelligence may be an
important factor in influencing student's decision to pursue
post baccalaureate degrees in STEM. Thus, the academic
leadership that faculty provide can prove significant in efforts
to increase STEM diversity.

2. Method

2.1. Procedure

The Center for the Advancement of STEM Leadership
(CASL), conducted qualitative analysis of focus groups data
as part of research funded by the National Science
Foundation (NSF). Four focus groups were conducted at
HBCUs and included faculty and students. The focus groups
discussed a range of questions on participants’ perceptions
of: (a) their STEM programs, (b) the role that leadership play
in broadening participation in their STEM programs, (c) the
challenges and success for STEM at their institution, and (d)
what they believed could help to broaden participation in
STEM at their university.

Researchers obtained Institutional Review Board (IRB)
approval prior to the implementation of the study.-Members
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of the CASL research team facilitated the in person focus
groups. The lead researcher provided a brief overview of the
study’s purpose. Due to having students and professors, some
of which were from different departments, the researchers
consistently encouraged all participants to share after each
question was posed. The four main questions that guided
each focus group discussion were as follows:
1. What are your impressions of your institution’s STEM
offerings?
2. How does the leadership of the university help, if at all,
to broaden participation in the STEM programs?
. What are the challenges and successes for STEM here?
4. What else do you think would help to broaden STEM
participation at this university?
5. Each focus group was recorded and audio files were
uploaded to a secure database. A transcription company

W

was contracted to transcribe the recordings and a
member of the research team reviewed the transcription
to de-identify the files.

2.2. Participants

Both STEM professors (N=17) and STEM students (N=13)
at four CASL Affiliate Institutions participated in the focus
groups (see Table 1). A greater proportion of professors than
students participated in the focus groups due to the limitation
of using snowball sampling. Participants were recruited by
the CASL Liaison at the institution. The participants in the
study were made aware that their participation in this study
was completely voluntary and that at any time they could
withdraw or not answer a particular question. All participants
submitted consent forms.

Table 1. University Demographic Information.

Demographic Information

Institution 1

Institution 2

Institution 3

Institution 4

Sector

Undergraduate Enrollment

Average High School GPA among Freshman

% Underrepresented Minority Students

% Black Students

% Pell Recipients Among Freshman

% STEM Degrees Awarded to Underrepresented Minorities

Public Private' Public Public
9,000 1,000 2,000 1,000
2.48 2.78 2.62 2.60

85.8% 91.0% 81.2% 82.4%
82.1% 90.4% 78.8% 79.3%
64.2% 81.0% 67.1% 87.1%
72.2% 85.7% 74.2% 57.1%

Note. The Education Trust, College Results Online, 2017. ' Not for profit.

2.3. Data Analysis

Focus group transcripts were analyzed utilizing methods
recommended by Strauss and Corbin [30]. Focus group
transcripts were analyzed utilizing open coding, leading to
the development of broad categories and themes. There were
three main phases that guided the analysis process.

Phase one included the individual analysis where
researchers first familiarized themselves with one of four
focus group transcripts, selected at random. The researchers
read the transcripts without coding. Following this,
researchers individually read through the transcript, engaging
in open-coding [30] where an exhaustive list of themes were
developed. For the final step in phase one, a collaborative
analysis was conducted. Utilizing the themes that emerged
from individual analysis, researchers met to share,
consolidate and define those themes.

Phase two began with more individual analyses of all
focus group transcripts, utilizing the coding scheme that was
developed in phase one to code appropriate portions of text.
Next, utilizing individual codes, researchers came together,
using the consensus method to contend with any
discrepancies in coding across researchers. The final coding
after a consensus was reached was recorded using MAXQDA
Software.'

Phase three involved reviewing the themes through the
lens of the four frames of academic leadership which are
structural, human resources, political, and symbolic. Bolman

1 https://www.maxqda.com/products/maxqda-standard

and Deal [20] recommended using a multi-frame approach
when appropriate. Therefore, the themes were segmented into
the four academic frames, and combination of frames when
needed.

3. Results

The thematic analysis resulted in twenty-eight codes
including, faculty support, financial resources, minority
status and academic support. However, the present study
focused on unpacking one code, ‘mindset’, that emerged
from all focus groups. Analysis of the qualitative data
resulted in four themes that emerging fer within the code
‘mindset’: (a) students’ fixed mindsets about STEM;; (b)
students’ perceptions of professors’ mindsets; (c) professors’
growth mindsets;; and, (d) cultivating a growth mindset
learning environment. The next sections discuss each theme
that emerged.

3.1. Students’ Fixed Mindsets About STEM

Many underrepresented students enter higher education
with limited exposure to and preparation in STEM [3, 4].
This suggests that the country is failing to educate, most
starkly African American students, in a way that prepares
them for higher education STEM courses as they navigate
through the K-12 to college pipeline. Added to this, the
pervasive stereotypes about marginalized groups and
students' experiences in STEM courses, students can develop
counterintuitive narratives about who can and cannot succeed
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in STEM, which in turn can limit their STEM interests and
persistence [32]. Focus group transcripts revealed that this
counterintuitive ~ narrative =~ was  present. Students
acknowledged the presence of beliefs of STEM courses being
perceived as ‘hard’ and thus only available for a certain
group of students (i.e., ‘smart’) to excel in. Student A shared
their experience as a freshman mentor and described how
freshmen perception of STEM as ‘hard’ can lower
participation in the field. Student A said:

I'm a freshman mentor for the incoming freshmen. [...] A

lot of them will say like, STEM, that's so hard. Why would

1 take that?"You know. I'll take-- I'll just stick with my art

major." You know, [inaudible] something that's easier

because they don't want to put in the work. So I feel like
the students kind of have a lot to do with the, um, you
know, participation as far as their motivation.

Expressing more perceptions of student fixed mindsets
about STEM, Student B said:

[...] a lot of people say they don't go into science because
it's [...] like super hard. [They tell me,] “You're super
smart.” I'm not super smart. I [am] just-- discipline[d]. So
you have to teach them, like, how to discipline themselves
in order to study, to be able to go into the medical field or
the science field in order to make it...

Student B described many of their peers’ fixed mindsets
about STEM; and the recognition of the importance of a
counter growth mindset response.; This highlights the value
of student effort over ability beliefs, an important contributor
to success in STEM. Student B also helps to demonstrate the
support that peers can provide to one another, as models and
mentors. The perception of STEM as challenging deters
students from pursuing those majors. There is also an
assumption that STEM subjects are reserved for ‘smart
people’ and if students hold a fixed mindset regarding their
intellectual capabilities, this will limit them from pursuing
STEM as a major. Murphy and Dweck [31] refer to a ‘culture
of genius’, which is pervasive in the STEM fields. These
preconceived notions about STEM are a major obstacle for
many students.

However, students also described how important academic
support, a sense of belonging and a growth mindset is in
STEM persistence beyond the first year. Student C said:

I think that [in] the introductory classes [...], mentoring

and the advisement that you have is very important. It's

very crucial because I think that your first year is, for
some people, their ‘make or break’ year. So if you don't do
well, and if you don't feel supported, if you don't feel like
you belong or you're capable of succeeding, then it causes

a lot of self-doubt, and I think [...] at that point is when a

lot of people will either choose to stay in it and stick

through it, or they choose to say that, you know, this is not
for me.

Student C highlighted the importance of the introductory
courses as a STEM student and the factors that can deter or
support successful completion to a STEM degree. Factors
that may hinder participation in STEM are mentioned by
Student C, that were frequent across all 4 focus groups

including experiences of failure, faculty and academic
support, a sense of belonging and mindset. For students who
do not believe in their ability to succeed, who hold more of a
fixed mindset, those challenges deter them from pursuing
careers in STEM fields. This aligns with Blackwell and
colleagues [24] who posit that the experience of challenge
that we typically see in transitions, like the one from
elementary to middle school, is often necessary to see
differences in the academic trajectories of those who hold a
growth versus a fixed mindset.

3.2. Student Perceptions of Professors’ Mindsets

Results from the focus groups suggest that one powerful
factor that can support students as they navigate these
challenges, is the support that professors provide. Professors
holding a growth mindset about the nature of their students’
intelligence and ability to succeed, can provide the necessary
support for students to consider the STEM field as a viable
option and persist despite the challenges that arise [2, 33].
Student D shared,

But Dr. [X], uh, told me I could do it, and I've been doing

it very well. And I didn't, I didn't even know I liked

chemistry that much [laughter], until I got in it and started
doing it and getting As in classes that people are extremely
afraid of.

The professors’ belief in Student D’s ability to succeed and
their direct communication of it, led the student to apply
themselves more and actively work towards success. Student
D expressed not knowing that they liked chemistry, until
working through challenges and succeeding. This speaks
directly to the value of mastery experiences. According to
Bandura [34], mastery experiences are the most powerful
source of self-efficacy (the belief in your ability to
accomplish a particular task). This is where students work
hard at a task over time and with effort, achieve. Mastery
experiences are also related to one of the motivational
constructs associated with student growth mindset, positive
effort beliefs [24]. The aforementioned quote reflects the
benefit of professors directly communicating their belief in
students' potential to achieve, coupled with master
experiences, leading to student motivation and success.

Throughout the focus groups, student participants made
mention of professors' high expectations for them and their
belief in students’ unlimited potential. Students expressed
that this increased their motivation and their belief in their
own abilities, which provided support, leading them to excel
in courses that initially, they were not sure that they could.
Another student expressed these sentiments as they shared,
“it doesn't matter what level you learn at, or where you're at,
[our professors] expect you to get that because they know
that you can.” Regardless of where students were, it was
expressed that a huge factor that supported STEM
participation and success was knowing that professors
believed in their ability to grow and succeed. As such, when
students perceive that high expectations are held for them,
they are empowered to rise to meet them.

Students shared the academic value of professors directly
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communicating that they believed in their potential to
succeed. However, students also perceived professors' growth
mindsets through their recommendations of students for
opportunities. Student E shared,

[...] 1 feel like if my professor recommends an internship to
me and, you know, asks me to apply, that means you've
seen potential in me. [...] it makes me feel better as a, you
know, a student, because I'm like, Okay, you've seen
potential in me, let me live up to [it]. [...] it's like a great
feeling to know that the STEM department believes in you
because, you know, you sometimes don't get that support,
you know, from other people or your family. And to know
that your professors or mentors or anybody believes in
you, it just really helps throughout your, you know, college
experience.

Students being recommended for opportunities from their
professors, (e.g., internships, scholarships and research
opportunities) can communicate to students a belief in their
ability and potential, which in turn can motivate students to
succeed and live up to the high expectations that are held for
them. Even in the absence of support from other sources,
such as family, students perceiving professors’ belief in their
potential can serve as a great motivator.

3.3. Professors’ Growth Mindset

The analysis revealed professors’ expression of their
beliefs about the unlimited potential of their students (growth
mindset) and how they communicate those beliefs to students
through multiple modes. These modes include opportunities
that they share with students, the high expectations that they
communicate directly to students and by taking time to
explicitly identify student growth and progress over time,
even when students themselves are not conscious that growth
and progress are occurring. Communicating the view of
students’ potential to succeed in STEM, Professor A shares:

Now, the blessing is that there are a lot of diamonds in the

rough. They have mad potentials, STEM potentials that

have never been tapped. So it's a great opportunity to
teach them. [I] firmly believe that every student is gonna

[sic] learn. Not in the same way, not on the same day.

Okay. Every student can learn.

This statement demonstrates that Professor A believes in
the potential of students to learn and the recognition that the
learning process will look different for each student. The
professor also described teaching students with great
potential as an opportunity. This description expresses
teaching as more than a ‘job’ or ‘task’, it is communicated
more as a privilege. This also speaks to the passion that the
professor has for the work that they do. Similarly, Professor
B expressed that:

Uh, to me every student actually, they have talent. Okay?

They have potential, but you need to enhance that

potential. It's like driving, you teach somebody to drive

something.

Okay? Uh, everybody can read a book, how to drive a car,

but by reading the book, actually, they will not give you a

license to drive. So this is the way we do it here. You have

to put the student behind the wheel to drive the car. Before,

they used to say, Well, this type of research is too much for

our students. [...] Once they start really taking classes in
the field, this will be too late for a student, really, to do
meaningful research.

This is why we start from freshmen. Freshmen |[...] allowed

to do research will make them involved with more studies.

Because [of these early experiences], they [will] know the

basics.

Professor B echoed the sentiments of many professors in
the focus groups. There is a belief that regardless of where
students currently are, they have the potential and the ability
to succeed in STEM. Thus, professors support students from
their freshman year to participate in research, so that they can
build the skills that they need to succeed and be competitive
in STEM. Again, this demonstrates what students express.
Being provided with opportunities is one way professors can
communicate high expectations to students. Adding to the
expression of growth mindset beliefs in students, Professor C
shared: “scores of the students would rise to the level of
teacher expectations.” This statement directly speaks to the
importance of the beliefs that professors hold. If there is a
belief of students’ unlimited potential to achieve and these
beliefs are communicated through high expectations, with
support, students have the capacity to meet those
expectations.

Focus groups participants also expressed that many
students enrolled are coming from secondary schools where
they were not adequately prepared. Current statistics support
that schools where there are larger numbers of
underrepresented and marginalized groups of students tend to
not offer opportunities for them to take higher level
mathematics and science courses [35]. According to the Civil
Rights Data Collection (CRDC), conducted by the ED [35],
high schools where more than 75% of students enrolled are
Black and Latinx, offer advanced mathematics, Calculus, and
Physics at lower rates, compared to the national population.
Thus schools with high populations of underrepresented
students often lack access for students to take rigorous math
and science courses, allowing them to be competitive and
prepared for STEM majors and courses [36, 37]. Professor C
shared these sentiments, “Sometimes we just have kids in
high school who don't have the background that they need.
[...] but it's not that they don't have the capabilities.”. The
acknowledgement of the academic realities of many students
that are enrolled in STEM majors at HBCUs are a clear
challenge for these institutions. However, a professor’s being
awareness that “students lack opportunities to succeed” is not
synonymous with “students not having the ability to succeed”
is fundamental to supporting STEM success.

3.4. Cultivating a Growth Mindset-Oriented Learning
Environment

Throughout the focus groups, professors acknowledged
many of the financial and academic disadvantages (e.g., low
SES, limited upper-level math courses offered at their high
school) that students faced as they entered into the learning
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environment. The recognition of challenge and historical
context led professors to take more of a strengths-based
perspective versus one of deficit. Not having the
‘Opportunity to Learn’ is a major barrier for many students
[1] and this is what many STEM professors are trying to
provide at their respective HBCUs, because they believe that
students have the potential to thrive, despite the many
challenges that they face (e.g., poverty, lack of preparation).
In this vein, Professor D shared:

[...] let them know that they can do [it]. And despite the

fact that as most of them come from schools where they

haven't had the most important thing, I think, is OTL — the

Opportunity To Learn. [...] They haven't had the

opportunity to learn math in the way they can understand

it.

Believing that students need the opportunity to learn,
places responsibility on professors and school leaders to
provide the resources and support necessary to optimize the
learning environment for students to thrive.

In addition to student beliefs and the beliefs that professors
hold about the intellectual capabilities and potential of their
students to succeed, strategies that help build a growth
mindset-oriented environment were shared. Professor D
shared: “how do you teach or reach the students, and how do
you get them? They need one success, right? They need
success to break the point that I can do this." This statement
describes this professor’s belief in creating mastery
experiences as integral to supporting students. According to
Bandura, mastery experiences are the most powerful source
of self-efficacy. It can be argued that providing mastery
experiences can cultivate a growth mindset-oriented learning
environment, where students take on challenges and exert
effective effort, believing that their efforts (versus innate
ability) will maximize success.

Acknowledging that many students enrolled at HBCUs
enter with limited exposure to rigorous STEM curriculum,
but believing that students have the potential to be successful
utilizing evidence-based practices also emerged as integral to
supporting students. In addition, strategies to directly support
student learning of STEM content were shared. Professor F
expressed:

They haven't had the opportunity to learn the math in the

way they can understand it. [Previously, it has been] pretty

much, you just sit there quietly and Let me fill your head,
and then regurgitate it back to me when we have a test."

But, [...] here we have the freedom to teach in ways that

research is currently saying [are] best practices.

Professor F not only acknowledged that STEM students
often have been lacking the opportunity to learn in ways that
are student centered, but emphasized the importance of
utilizing evidence-based practices. Although programs do
exist to prepare doctoral students to teach (E.g., Preparing
Future Faculty Programs) oftentimes, college professors are
not trained in pedagogy prior to entering the classroom as
professors [38]. However, it is important that professors,
particularly those in STEM, not only believe that students
can achieve, but also lean on research supported strategies to

teach and facilitate learning in the classroom. It is not enough
for professors to believe that their students can learn and
grow. It is the responsibility of professors to look beyond
antiquated methods that may have been used when they were
taught and lean on the science of teaching and learning to
support their practice.

3.5. Mindset and Leadership

The growth mindset exemplified by professors in the study
aligned most closely with the human resource academic
leadership  frame. Professors discussed how they
communicated their beliefs about students’ unlimited
potential to students in multiple forms. Core aspects of the
human resource frame are encouragement and
communication. As academic leaders in STEM, the
professors in this study, served as a coach and emphasized
motivating and empowering students. By openly
communicating their honest opinions, academic leaders
create an environment that allow students to demonstrate
their best abilities. This is exemplified in Professor B’s
statement, “To me every student actually, they have talent.
Okay? They have potential, but you need to enhance that
potential.”

Furthermore, the human resource frame is concerned with
nurturing an adequate workforce. As such, the frame also
focuses on the development of skills and opportunities for
growth and development. Professors in the focus groups
talked about providing students with research opportunities
to be competitive in STEM fields. At some institutions,
opportunities were provided to freshmen.

Moreover, professors acknowledge that students attending
their HBCU institutions may be underprepared-in STEM by
their secondary schools. Comments on the racial inequities in
the educational system reflected components of the structural
frame mixed with the political frame. The inequities in the
secondary schools could have impacted students’ mindset
and performance in STEM. The misalignment that existed in
the curriculum at secondary schools attended by
underrepresented students exemplified the structural frame.
Policies, rules, and programs were not created to provide
students with a quality education. Also, the political frame
was evident by the lack of resources at the secondary
schools. The lack of adequate programs in secondary schools
placed students at a disadvantage in college. However, the
creation of evidence-based practices to support student
learning was evidence of the human resource frame
overcoming deficits caused by the structural and political
frames to prepare students to excel in STEM.

4. Conclusion

4.1. Discussion and Implications

The purpose of this study was to use a qualitative
methodology to explore the experiences of STEM faculty and
students at HBCUS to better understand the role that mindsets
and academic leadership styles of faculty play in broadening
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STEM. Analysis of focus group data revealed that there is a
pervasive belief held by HBCU students that STEM courses
are extremely difficult and thus, only the most intellectually
adept (i.e., ‘smart people’), can succeed and should enter
these fields. With this belief, students who hold a fixed
mindset about their own intellectual abilities are more likely
to disqualify themselves from STEM majors, especially once
presented with challenges or even worset, failures. With
students' fixed beliefs about STEM and their abilities, factors
that emerged as potential alleviators were support of student
peers in STEM through sharing effective effort strategies that
lead to their success, debunking the myth that ‘STEM is only
for smart people’ and STEM professors holding a growth
mindset for their students.

Two ways students expressed professors communicating
their belief in students’ potential to succeed was through
direct verbal communication and the opportunities (E.g.,
internships, research, co-ops) that professors share with
students. Professors also directly expressed their belief in
student potential, driving their high expectations of students
and providing them with opportunities to meet the high
expectations. These behaviors aligned with the human
resource frame of academic leadership.

Additionally, professors acknowledged the challenges of
students being underprepared upon entering undergraduate
STEM courses. Professors communicated their belief that
students are capable of success, but have simply been lacking
the opportunity to learn. This places the onus of providing
learning opportunities on professors and university leaders.
Strategies that professors utilize that support a growth
mindset learning environment were shared. These strategies
included providing mastery experiences for students and
looking to the extant literature for evidence-based practices
to support teaching and learning.

Empirical mindset research has been consistent in showing
that holding a growth mindset and being taught by educators
who hold a growth mindset and communicate them through
feedback and praise, have significant benefits for all students,
but more impactfully for those that have been traditionally
marginalized [2, 23, 24, 28, 39]. This qualitative study
supports and extends prior findings. This research holds
significant implications for the impact that faculty, who have
direct and consistent contact with students, can have on
student participation and success in STEM at HBCUs.
Specifically, the beliefs that we hold about students’ and their
potential, can impact the environments that we create for
them, and the beliefs that they internalize for themselves as
they pursue a STEM degree.

4.2. Limitations

Although focus group moderators made deliberate efforts
to include both students and professors in discussions by
directing questions at each group when necessary, there was
an imbalance in the number of students and professors in
each focus group and, potential that neither group felt
comfortable providing their open and honest thoughts.
Additionally, the study’s purpose was not explicitly focused

on mindsets. As such, probing to understand the implications
of mindset beliefs on student success, classroom experiences
and culture did not occur.

4.3. Increasing Diversity Through Mindsets

As a matter of national security, America must prepare a
competitive {STEM) workforce, but is grappling with a race
problem in education while contending with an increasingly
diversified citizenry. Despite millions of dollars that have
been allotted to support programs and initiatives aimed to
address the disparities that exist within the STEM pipeline
and workforce [40, 41] these disparities still exist. Although
there are few HBCUs in America, compared to PWIs,
HBCUs demonstrate great promise at continuing to increase
the participation of marginalized groups in STEM [4, 14, 15,
18, 42]. They enroll greater numbers of underrepresented
students; and support and nurture a larger proportion of
students; from marginalized and underrepresented groups;
entering the US STEM workforce [3, 4, 17]. The universities
in this study created growth mindset-oriented learning
environments that counter the fixed mindset messages
pervasive in American media, school systems, research and
policy.

Despite the appearance of the government investing
considerable amounts of financial capital towards
diversifying the STEM workforce, “In the academic year of
20162017, three TWIs [Traditionally White Institutions]
received more federal revenue from grants and contracts than
did all HBCUs [Historically Black Colleges and Universities]
combined” [4]. In fact, according to 2018 United States
Department of Education (ED) data, “on average, each
HBCU received $15 million from the federal government for
grants and contracts annually, whereas the total annual
average for all institutions of higher education was $21.1
million.” [4]. Despite not having a “Research Very High” 1
(R1) Carnegie classification, many HBCUs are among the
top producers of Black college graduates who later become
science and engineering doctorate degree holders (NSF,
2019) --arguably as successful as Ivy Leagues and more
successful than colleges with larger numbers of Black
undergraduates enrolled (e.g., other colleges with RI1
designations). In the face of this level of STEM success, this
supports the need for continued and increase funding for
HBCUs, to support STEM education and research.

Through decades of research, growth mindset has been
shown to play an integral role in increasing academic
achievement for students in higher education [2, 5, 26, 27] by
increasing motivational constructs like challenge seeking
behavior, learning goals and positive effort beliefs. HBCUs
may be pioneers in countering preexisting fixed mindset
messages and promoting growth mindsets about Black
intelligence and Black students’ STEM capabilities.
Increasing more equitable investments for HBCUs, while
aiming to better understand and document the practices their
academic leaders at all levels (i.e., professors and
administrators) engage in to cultivate a growth mindset-
oriented learning environment, can help create models for all
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institutions as they support STEM degree attainment of
marginalized and underrepresented minorities.

If educational leaders applying human-centered
approaches;-can develop and strengthen a growth mindset in
students, educators, and administrators--creating a growth
mindset-oriented learning environment--the potential is
maximized to create a more equitable future. A future where
all people regardless of race, ethnicity, nationality, or poverty
level are supported and empowered to unleash their
unlimited, unknowable potential on the world.
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