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ABSTRACT

Although careers in science, technology, engineering, and mathematics
(STEM) fields are widely acknowledged as central to the future, women
remain largely underrepresented in these spheres. This is particularly true
for Black women, highlighting the necessity of support systems and resources
designed to promote their success in STEM. Ideally, these supports should
begin during the K-12 years and continue throughout the course of their
educational journeys. Current research indicates that Black women in STEM
achieve greater, lasting success when they have access to structured support
systems. As the career paths of Black women in STEM continue to evolve, there
remains a need for adaptable structures and resources that are applicable to
their unique needs. Yet, these supports often do not exist for those pursuing
nontraditional STEM career paths. Therefore, this chapter underscores the
need for Black women in STEM to establish their own support systems, aligned
with their specific career paths.
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Creating Support Systems for Black Women in Nontraditional STEM Career Paths

INTRODUCTION

A mere 2% of all current, practicing scientists and engineers are Black
women (National Science Foundation, 2015). Despite the fact that careers
in science, technology, engineering, and mathematics (STEM) fields are
widely acknowledged as essential to the future, Black women remain
underrepresented in most of these spaces. This severe underrepresentation
can be linked to the numerous issues that Black women face early in and
well throughout the STEM career pipeline. The low number of Black women
in STEM college courses can be attributed in part to the limited STEM
course offerings typical of the institutions in which low-income schools and
students of color disproportionately attend (Carlone & Johnson, 2007; Ong,
Wright, Espinosa, & Orfield, 2011). In addition, the presence of pervasive
racial and gender stereotypes likely discourages some Black women from
pursuing STEM pathways (Perry, Link, Boelter, & Leukefeld, 2012; Riegle-
Crumb & Grodsky, 2010). Similar stereotypes of this nature also underlie
instructor bias, which undermines both the educational experience and the
outcomes of many Black women who do pursue STEM fields and pathways
(Hill, Corbett, & St Rose, 2010). Numerous studies show the tendency of
educational professionals to steer Black girls towards classes in social work
and sociology, instead of encouraging them to excel in the sciences. In
general, black women who are steered away from the rigor of mathematics
and science courses in high school (e.g., Advanced Placement and Honors
courses) later face limited collegiate and professional prospects related to
these same courses of study (Willingham & Cole, 2013).

Notwithstanding all of these imbedded structural and societal obstacles,
many black girls and women do persist in K-20+ STEM courses, majors,
and careers (Espinosa, 2011; Johnson, 2011; Collins et al., 2009). Existing
research sheds light on the ways in which some students are able to cope with
racial and gender stereotypes and other forms of bias while still maintaining
high progress and achievement in the STEM fields (Cole & Espinoza, 2008;
Museus, Palmer, Davis, & Maramba, 2011; McGee, 2014, 2015; Perna et al.,
2009). There are two primary reasons for the existence and persistence of bias
against black women in the STEM. First, documented studies of tokenism
show that bias tends to occur more often in fields where women make up
less than 15-20% of students (i.e., burgeoning professionals). Biology aside
(Kanter, 1977), this is common in the majority of STEM-based disciplines.
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Second, studying the paradox of meritocracy in organizations, Castilla and
Benard (2010) found that bias is more common in fields like science and
engineering, spheres which are viewed as highly meritocratic by practitioners.
Their work revealed that attempts to reduce bias might actually trigger it; this
is particularly the case in organizational contexts that place special emphasis
on the values of meritocracy. According to Castilla and Benard (2010), this
“paradox of meritocracy is of theoretical relevance because it provides an
insight into why gender and racial disparities persist within job titles and
work establishments, especially given the recent shift to employer procedures
emphasizing merit and pay for performance” (p. 572)

We emphasize the importance of promoting the successes of black women
in STEM. Connectedly, it is just as important to note the varying proclivities
of their experiences while working to achieve success in the STEM fields
(Chubin, 2007; Fries-Britt & Holmes, 2012; Gasman et al., 2009). We highlight
the diverse ways in which Black women interpret, respond to, and cope with
racialized, gendered, and race-gendered experiences while pursuing academic
degrees. Further, we identify the importance of creating support systems for
those black women who are destined for careers in STEM. This includes the
need for stakeholders to focus on how African American undergraduate and
graduate women in STEM identify and respond to racialized and gendered
forms of bias (McGee & Bentley, 2017). Through this work, we seek to
add to the growing body of literature regarding the underrepresentation
of black women in STEM and the need for positive, concrete support
systems — especially for those in nontraditional career paths — in the effort
to promote equity, inclusion, and full representation in the STEM fields.
An objective of this piece, in examining the impacts of structural racism,
sexism, and discrimination, are to create implications and recommendations
for improvement related to the progress, status, and success of Black women
in and aspiring towards STEM-based careers.

BECOMING A STEM PROFESSIONAL BEGINS
WITH A STRONG K-12 EDUCATION

Born and raised in Miami, Florida, the first author (hereafter referred to
as author #1) attended Dade County Public Schools during the 1980s and
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1990s. Her K-12 education adequately prepared her for college as well as
for the selection of a STEM major. Her teachers provided her with quality
STEM instruction and she engaged in a plethora of project-based learning
experiences. Her classroom learning was enhanced and STEM concepts were
reinforced with field trips to places such as science museums, beaches and
parks. Most importantly, while in high school, she had access to rigorous
STEM courses, meaning that she not only met all of the college admissions
requirements, but additionally, she was confident in her level of preparation
for the college environment.

Upon graduating from high school and enrolling in Florida Agricultural
and Mechanical University (FAMU), author #1 envisioned and prepared for
a career as a Chemical Engineer. However, in the 17 years since graduating
from FAMU, she has never held a position in that specific field. Her STEM
degree, and the skills developed while obtaining it, made for a fluid transition
to a Nontraditional STEM Career as a Science, Technology, Engineering and
Mathematics (STEM) Educator and Social Entrepreneur. As a general rule of
thumb, black women STEM professionals pursuing traditional career paths
do have access to several support systems and resources, such as professional
societies, affinity groups and professional development opportunities
within their respective organizations. However, when seeking to pursue a
nontraditional STEM career path, these same support systems are not always
viable or available. For this reason, author #1 posits that the solution lies
in the creation of neoteric support systems. These systems should include
resources and professional development opportunities, directly aligning with
one’s interests, skills, and career goals. In this chapter, author #1 will share
her strategies for creating her own supports and securing resources as she
navigated her nontraditional STEM career path.

The second author (hereafter referred to as author #2) was born and raised
in Brooklyn, New York. During her K-12 years as a student in the New York
City public school system, she had a particular aptitude for mathematics
learning and the math environment. Scoring well every year on the yearly,
summative statewide exams, one would believe that a math-related path might
just be in her future. Yet, the opportunities to develop this capability were
minimally existent. Despite this, she continued to excel throughout the course
of her time as a student in the K-8 educational sphere. Upon entering high
school, her interests changed, and she no longer envisioned the STEM field
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as an option. While there are numerous reasons for this, the lack of tangible,
sustained structures and supports served as a major factor in her declining
interest in mathematics. As was the case with author #1, author #2 was also
exposed to upper-level, rigorous STEM courses, given that she attended a
STEM-rooted high school. She, too, was confident both in meeting all of the
admissions requirements for her chosen university as well as in her level of
preparation for the collegiate environment.

Author#2 spentherundergraduate years as astudent at New York University.
After being an undecided major for two years, she eventually chose a non-
STEM major. The driving forces behind this decision included the expiring
4-year time frame, the number of previous credits already accrued, and the
lack of advisement specifically tailored to her and her particular needs. Just
one year after graduating from college, she took advantage of the opportunity
to teach under a ‘teacher shortage license area’ and she became provisionally-
licensed middle school science teacher. Although she did not graduate with
a STEM-related college degree, her background, skills, knowledge-base and
overall excitement about STEM served her well. She taught MS science for
two years and the next five years teaching high school Algebra, Geometry, and
Trigonometry. Again, despite her non-STEM college degree, she was able to
draw from the skills she developed during her years in the K-12 setting. This
renewed interest and commitment to STEM remains important —although she
is no longer in the traditional K-12 classroom, since then, she has served as a
math curriculum developer, interventionist, researcher, and advocate. Today,
she remains adamant about the importance of visibility for black women in
and aspiring towards careers in the STEM fields.

Though varying, these recollections similarly shed light on the significance
of positive, early experiences women’s journeys to becoming STEM
professionals. The nontraditional paths and experiences of both authors 1
and 2 sustain the importance of setting a strong foundation for the continued
development of women in STEM careers. Much of this preparation can be
directly attributed to the quality of STEM curriculum and instruction during
the K-12 years. The setting of — and basis for — this foundation begins with
the first day of kindergarten and continues throughout the course of high
school. Do K-12 educators feel adequately prepared to teach STEM? Do
students engage in project-based learning in the classroom space and during
their time in after school time programs? I's classroom learning enhanced with
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supplements such as field trips and school-based STEM events (e.g., career
days and science fairs)? Is there sufficient time allocated to STEM programs,
clubs, and activities outside of school? If so, are students actively participating
in events of this nature? Are students granted enough opportunities to enroll
in rigorous STEM courses in middle and high school? As a general rule of
thumb, black women STEM professionals pursuing traditional career paths
do have access to several support systems and resources, such as professional
societies, affinity groups and professional development opportunities
within their respective organizations. However, when seeking to pursue a
nontraditional STEM career path, these same support systems are not always
viable or available. For this reason, author #1 posits that the solution lies
in the creation of neoteric support systems. These systems should include
resources and professional development opportunities, directly aligning with
one’s interests, skills, and career goals. In this chapter, author #1 will share
her strategies for creating her own supports and securing resources as she
navigated her nontraditional STEM career path.

As early as the primary years, girls can and do exhibit interest, academic
achievement, and unique capabilities in the sciences. Far too often, however,
they are not necessarily encouraged to develop and pursue their STEM-related
interests and abilities. Extant research indicates that generally, girls’ interest
in STEM peaks during the middle school, but begins declining by the time
they reach high school. In a recent quantitative research study conducted by
Microsoft, survey results found that in Europe, girls generally gain an interest
in STEM at around the age of 11, but this fascination tapers off at around the
age of 15. In the related article documenting study results, the authors wrote:

Little girls dream big in this short film from Microsoft, talking about their
passion for curing breast cancer, cleaning up the environment and bringing
fresh water to the world. Doctors, inventors, entrepreneurs—it’s easy to
envisionthese determined, articulate and thoroughly woke kids stepping easily
into any of these roles. But hold up. The statistics say otherwise. Only 6.7
percent of U.S. women and 16 percent of women globally graduate college
with science, technology, engineering and math (STEM) degrees, the mini-
movie tells its participants. Pulling no punches, it continues: “Odds are you
won'’t solve these problems.” The youngsters’ faces fall, and their resolve, it
would seem, falters. Or does it? (Stanley, 2017).
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Though seemingly bleak, this story does have a happier ending. At the end
of the video is the following quote: “Change the world. Stay in STEM.” In
essence, this quote is a charge of sorts, imploring young women to do their part
to transform the current system by changing the numbers and making a mark
in what has been, historically, a traditionally male-heavy realm. Additionally,
the girls who were featured in the video were undeterred. According to one
participant, “there’s always going to be someone who says you can’t do it. |
think I can”; another participant unequivocally declared that she “will discover
a cure for breast cancer” (Stanley, 2017).

As black women who were both skilled and interested in STEM from an
early age, we can both attest to the insufficient number black women STEM
professional role models for us and our peers while growing up. Author #1
recalls the following two role models in her network: her maternal aunt, a
microbiologist, and her mother’s friend, a civil engineer. Despite the lack of
role models, she remained interested in pursuing a STEM career. As a girl
who loved math and science, she was encouraged by her teachers throughout
my K-12 years to excel in these subjects. The most encouragement came
from two of her STEM teachers, also black women: her sixth grade science
teacher, Mrs. Richardson, and her tenth grade chemistry teacher, Mrs. Shy. As
for author #2, the landscape was drastically different. With no black women
in STEM to draw inspiration from, her heroines included Dr. Mae Jemison,
the NASA astronaut, Bessie Coleman, the aviator, and Katherine Johnson,
the mathematician. The lack of tangible role models in her life was a primary
factor in author #2’s diminished interest in STEM during her time in high
school as well as in college.

The combination of inhospitable societal factors coupled with a lack of
direct access both serve as contributory culprits in this regard (Barone, 2017).
In addition, the low number of women in STEM-based careers means that
girls do not always have physical role models to aspire towards. As this is
the case for women in general, this reality is even more pronounced for girls
and women of color. For example, author #1 noted:

One of the things in my childhood that would have better prepared me for
college is participation in out of school time STEM programs. Other than
working on projects for science fairs, I did not participate in any out of school
time STEM activities, clubs or programs.
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This evidences the need for formal—as well as informal— learning
opportunities, designed with a focus on creating access, and building
confidence in females as they express interest in and pursue STEM-related
careers (Weber, 2011). Increased participation in out of school programs
can potentially create, build, and increase students’ confidence in STEM.
Out of school time supplements classroom learning by providing students
with additional opportunities to engage in hands-on STEM and academic
development activities. These programs also create environments in which
students can form bonds with other, likeminded peers as well as with mentors
who can potentially serve as their role models.

THE ROLE OF ACADEME IN PREPARING
BLACK WOMEN FOR STEM CAREERS

Author #1: The Role of HBCUs in Preparing
Black Women for STEM Careers

In 1996, I graduated from high school and enrolled in FAMU as a chemical
engineer major. Although I did not know it at the time, attending FAMU
was a great choice for me and critical to the successful attainment of my
Bachelors of Science in Chemical Engineering. According to a National
Science Foundation (NSF) study conducted in 2004, between 1997 and
2001, eight of the nine colleges and universities that awarded the highest
number of Bachelors of Science degrees in STEM to African Americans
were HBCUs (NSF, 2015). Those nine institutions included my alma mater
FAMU, Hampton University, Howard University, Morgan State University,
North Carolina Agricultural and Technical University, Southern University
A & M College at Baton Rouge, Spelman College, University of Maryland
at College Park and Xavier University of Louisiana.

In 2001, the year in which I graduated from FAMU, black women received
36% of the bachelor’s degrees awarded in engineering. According to data
from the Integrated Postsecondary Education Data System (IPEDS), in 2004,
22% of all bachelor’s degrees were awarded to African Americans, but only
30% of all bachelor’s degrees awarded to African Americans were in STEM.
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IPEDS data revealed that in 2004 that 33% of the bachelor’s degrees awarded
to black women in STEM were from HBCUs, compared to 26% of the degrees
awarded to black men in STEM (NSF, 2015).

Florida A & M University shaped my career tremendously; I would not be
where I am personally or professionally without FAMU. It was a supportive
environment where the faculty and staff provided greateducational experiences,
preparing me well for post-graduation opportunities. At FAMU, many of the
faculty conducted study sessions and were available during office hours.
There were free on-campus, tutorial programs, study groups with classmates
and peer mentors. Upperclassmen and alumni supported the underclassmen’s
academic, professional and emotional development.

FAMU’s infrastructure supports its students’ career and professional
development. The career center hosts career and graduate school fairs each
semester in which corporations, government agencies and universities recruit
students for summer research positions, internships, jobs and graduate
school opportunities. The career center schedules interviews with students
for organizations that come on campus to hire students for job, co-op and
internships. The career fair also host workshops that teach students how
to write resumes, cover letters and develop soft skills that are important
for career success. There are also research training programs that provide
opportunities for students to conduct research on and off campus. FAMU’s
campus also had student chapters of STEM professional societies for STEM
majors such as American Institute of Chemical Engineers (AIChE), National
Society of Black Engineers (NSBE) National Organization for the Professional
Advancement of Black Chemists and Chemical Engineers (NOBCChE) and
Society of Women Engineers (SWE).

While in college, I utilized all the resources that were accessible to me for
my career development. The College of Engineering was assigned a career
counselor who provided guidance in the development of my resume and soft
skills. She coached me on interview skills which assisted me in securing a
summer internship with SC Johnson. The last three years of my college career
during the academic year, I conducted biomedical research with a chemistry
professor. My research experience enhanced my classroom learning experience
providing an opportunity for me to learn additional laboratory skills and
research techniques. I refined my oral and written communication skills by
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presenting my research at scientific meetings. At these meetings, I expanded
my network and acquired new knowledge at the professional workshops and
other conference events.

Author #2: The Role of PWIs in Preparing
Black Women for STEM Careers

I'was thrilled at the opportunity to become a member of New York University.
Presently, NYU receives over 80,000 applications from prospective students
yearly. It goes without saying that I understood the prestige and status that
came with joining the NYU community in 1996. As an incoming freshman, I
was accepted into the university’s C-STEP (College Science, Technology, and
Engineering) program for ‘underserved students’. The goal of this program was
to offer us intensive support, advisement, and direction, keeping us on-track
throughout the course of our time at the university. As with any program, the
title is only as good as the people behind it. That is to say, while on paper,
this was promising, the truth was, not many people at the time were equipped
with the knowledge and tools necessary to teach to the rudiments of science,
technology, and engineering. I remember, as an undergraduate, regularly
celebrating that considering the numbers — black students make up roughly
10% of the school’s total population of over 60,000 — we celebrated the fact
that while so many others did not make it, we were there.

I graduated from high school with both a HS diploma and a regents’
diploma, signifying that I had passed all of the necessary exams to achieve
this separate distinction. As was previously mentioned, I always did well
enough in math; my math scores and results remained strong throughout my
time in high school. This is significant because during my freshman year,
my advisor enrolled me into an honors math course. All of my peers took
the ‘regular’ course, and at the end of the semester, most of them received
“A’s”, while I had the ‘honor’ of earning an advanced ‘C’. Adding insult to
injury, my transcript never reflected the fact that I had taken an honors course,
so that ‘C’ meant little to both me and to my GPA. After that experience, |
decided I would not bother to take more ‘advanced’ or ‘rigorous’ courses
if I would not receive any credit for it. Before the start of my junior year, I
ended up transferring from the College of Arts and Sciences to the Steinhardt
School of Culture, Education, and Human Development. Upon graduating
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from NYU in 2000 with a Bachelor of Science in Communication Studies,
I felt prepared and ready to take on the world.

In 2001, after a year of temporary work, internships, and ‘finding myself’,
I received a phone call from a friend, alerting me to the teacher shortage in
NYC at the time. The shortage areas then are the same as they are now: math,
science, foreign language, and special education. I remember completing
the necessary paperwork, being fingerprinted, and preparing myself for the
interview process. Three day later, I was assigned to my first, professional
teaching position — as a 6™ grade science teacher, with a primarily special
education student population — in the South Bronx. Even though it was not
my assignment of first-choice, because of my background and preparation
(Brooklyn Technical High School + New York University), I was and remained
ahead of the curve.

Education, in general, is a sphere in which upwards to half of all teachers
do not make it to the end of the fifth year. This reality is further compounded
by the many still existing vacancies in certain shortage area fields (i.e., math,
science, foreign language, and special education, to name a few). What |
did not realize then was that I was being afforded a second opportunity to
correct the things I believed needed to be attended to. My experiences in both
HS — an environment in which black students were roughly 33% of the total
population, and during my undergraduate years — an environment in which
African Americans are approximately 10% of the student population — were
fundamental to my preparation for and decision to confidently accept the
position of K-12 STEM educator within the NYC Department of Education.

UNDERTAKING THE NON-TRADITIONAL
STEM CAREER PATH

Author #1

I graduated from FAMU in 2001 confident and well prepared to start my
career as a chemical engineer. I entered the workforce equipped with my
degree, great professional skills and an amazing network of peers and mentors.
My network included amazing Black Women in STEM; many were fellow
HBCU alumnae. It wasn’t my plan to pursue a non-traditional career path,
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I left FAMU wanting to pursue a career in chemical engineering. However,
a job offer that I received in this field was rescinded due to an economic
downtown. A few months after graduation, my non-traditional career path
began, after a friend of a mentor hired me to work for their Bridges to the
Baccalaureate Program. This program, at Georgia State University, supported
community college STEM majors in their transition to a 4 year institution to
complete their bachelor’s degrees.

When I accepted this position in 2002, I thought it was a temporary path.
However, that first non-traditional STEM position was the start of a 17 year
career working in academia, government and philanthropy. Actually, that
role opened the door to other positions that facilitated my transition from a
Chemical Engineer to a STEM Educator. For about 2 years, I coordinated out
of school time and tutorial programs at elementary and middle schools. For 6
years, from 2004-2010, I held two positions at Spelman College developing and
managing academic support, pre-college science outreach and undergraduate
research training programs. For 3 years, [ developed and implemented STEM
curriculum for out of school time programs for elementary and middle school
students. For one year, [ went back to academia and coordinated professional
development programs for undergraduate STEM majors at California State
University at East Bay. My most recent position was serving as the K-16
Education Program Manager for Lawrence Berkeley National Laboratory.

I embarked on the part of my career as Social Entrepreneur in 2005,
when I established my nonprofit organization Science, Engineering and
Mathematics Link also known as SEM Link. A few years into my career
in STEM Education, I observed many things in the STEM Educational
experiences for K-12 students that I wanted to change. Therefore, I decided
to utilize my background as a chemical engineer to create an organization
that would implement the improvement in the way youth are expose to and
prepared for pursuing STEM careers.

The premise of SEM Link’s work is the belief that exposure to the STEM
community is critical to K-12 student achievement and career exploration
in STEM. The organization’s mission is to promote student achievement
and career exploration in STEM while increasing student exposure to the
STEM communities. SEM Link’s two core program model, Experimental
Design Program and Math and Science Career Academy, connects the STEM
community to youth to provide opportunities for them to engage in hands-on
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STEM activities, explore STEM careers and learn about real-world applications
of STEM in their classrooms, out of school time programs and communities.

In 2010, I launched my STEM Educational Consulting Firm, Kemet
Educational Services (Kemet Education). Kemet Education focuses on
ensuring the pre-college, community college and undergraduate students
are prepared to pursue STEM Careers. This consulting firm allows provide
an outlet for me to explore other interests and do work in STEM Education
that are outside the scope of work of my nonprofit.

Author # 2

It did not take long for me to realize, during the first years of my educator
journey, that most K-12 educators are not scientists or mathematicians. I often
use the term, “sink or swim” to describe my initial teaching experience. I
entered the realm with no mentorship of any kind, limited resources, and not to
mention, my first assignment was in the South Bronx. This matter was further
compounded by the fact that although I had no special educational licensure,
I was given the task of teaching a population labeled “special ed.” To call this
a non-traditional path is an understatement, to say the least. Throughout the
duration of that time, as I worked through the murk, the more experienced
teachers in the teachers’ lounge only had one piece of advice for me: “come
back tomorrow”. That was it. Success, at that time, was defined solely by
my ability to ‘take it’, go home to reset, and return again tomorrow. While I
would not consider that a strategy, it worked. I did what I knew how to do,
which was sift through my very limited resources, create and execute daily
plans, work on my own classroom management capabilities, and no matter
how hard any given day was, I knew I had to make the daily commitment to
‘come back tomorrow’.

According to Bentley (2017), “intrinsic inequities in STEM have been
highlighted by scholars for decades and empirical studies have illustrated
how the competitive culture of post-secondary STEM departments may
constitute an unsupportive space for some underrepresented minority
(URM) students” (p. 2). Moreover, numerous research studies conducted by
Seymour and Hewitt (1997) and Hurtado, Eagan, Tran, Newman, Chang, &
Velasco (2011) indicate that in addition to this, the presence of structural
and institutional barriers at the post-secondary level also serve as potential
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barriers to and for underrepresented students. Examples of this include
STEM faculty who, subliminally or overtly, do not equally support all their
students, a lack of adequate recruitment of underrepresented minorities
into undergraduate research programs, and a paucity of sufficient minority
role models and support for Black STEM undergraduates (e.g., Borum &
Walker, 2012; Seymour & Hewitt, 1997). Further, a synthesis of 40 years of
research on the college STEM experiences of women of color (Ong, Wright,
Espinosa, & Orfield, 2011) revealed several factors that directly impacted
their retention, experiences, and achievement in STEM programs, including
“the overall climate in STEM learning environments” (p. 177).

An analysis of interview and journal data, conducted by Flaherty (2018),
revealed that many women who enter STEM are immediately made “cognizant
of theirrace and gender identities, naming theminisolation and intersectionally
as a potential risk or as being protective, positive, and empowering for their
STEM engagement” (pg. 1). Time and time again, much of the existing
research regarding women and women of color in STEM focuses on the
numerous hurdles women face in longstanding, traditionally-based spaces.
In sum, these author-based revelations, coupled with the growing research in
this realm underscore the growing need for spaces, cultures, and experiences
that are conducive to the productive growth and development of all who are
underrepresented in these capacities (Bentley, 2017; Espinosa 2011; McGee
& Bentley, 2017).

DISCOVERING TRADITIONAL PROFESSIONAL
SUPPORT SYSTEMS NO LONGER SERVED ME

Author #1

Even though I attended traditional STEM conferences, I was no longer
making contributions to these conferences or using the information gathered
to continue developing my career. I was not presenting research, nor was |
recruiting for my own organization. The research talks and the poster sessions
no longer captivated my attention because I was not studying or working
directly in those fields. This was compounded by the fact that the professional
development sessions I attended were not relevant to me, my career path,
or my career development. For years, I kept attending these conferences in
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order to support my friends, and when I was the coordinator of the Howard
Hughes Program at Spelman College, to support the students involved in my
research programs. I eventually stopped attending these conferences mainly
because I no longer believed it was a right fit for me. As for the traditional
space, I found that it was designed for individuals who were already in or
aspiring towards traditional STEM career paths.

While still working at Spelman, I began attending conferences for STEM
Educators and higher education professionals. One of the main conferences
that I attended was the National Science Teachers Association (NSTA).
Initially, these conferences were beneficial for my professional development.
I acquired new knowledge and expanded my network; this proved to be very
beneficial to my career as I transitioned from a Chemical Engineer to a
full-blown STEM Educator. I learned about educational pedagogy and best
practices for developing and implementing STEM curriculum. However, after
a few years, similar to my experiences with customary STEM conferences, |
became uninterested in the research talks and the professional development
sessions. I was neither a classroom teacher nor a faculty member; I considered
myself to be a STEM professional, thusly, I experienced a sense of isolation
in these spaces. For this reason, I did not make very many connections.
Ultimately, I stopped attending these STEM education conferences because,
simply put, this was not a place in which I felt I could belong or receive the
support I needed.

With the formation of my social enterprises, I wanted to acquire new
knowledge and expand my network in the entrepreneurship and philanthropy
spaces. Yet, I felt uncomfortable in the philanthropic realm because there
are very few black women in that space. In STEM as well as in STEM
education, there are several organizations that provide inclusive spaces for
black women. I can literally count on one hand the number of organizations
specifically designed to support black men and women in philanthropy. Two
organizations that I am particularly familiar with are Blacks in Philanthropy
and the Association for Black Foundation Executives (ABFE). In the
same regard, there are few organizations that support black women in the
entrepreneurial space; Black Women Entrepreneurs serves as an example of
this. At the time in which I was still searching, there were not many social
entrepreneurs or STEM educators in the entrepreneurial space. In general,
I found that I was unable to have meaningful conversations or connect with
many people because my businesses and work were so different from that
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of other people in these spaces. Although I easily acquired the knowledge I
needed and desired from specific workshops and conferences, I continued to
lack opportunities to engage in meaningful conversations and build a sizeable
network of professional relationships.

Author #2

Ibegan attending institutional, STEM-based conferences in 2003. At the time,
I was employed at a 7-12 charter school in the Lower East Side of Manhattan.
Every year, the school principal sent all of the English teachers to the annual
NCTE (National Council of Teachers of English) meeting, while all of math
teachers were simultaneously sent to the annual NCTM (National Council of
Teachers of Math) conference. I soon learned that my presence at meetings
of this nature were more important than even I had originally imagined. It
was not shocking to me to see very few of “us” in the math space in general,
evidently, I found far fewer of “us” teaching math at the high school level.
While I enjoyed partaking in these yearly conferences, it saddened me to no
end to see so few of us represented, professionally, in this regard.

There were many occurrences — too many to count — in which people
visibly expressed surprise at the fact that [ was a STEM teacher at all. They
were even more shocked when they learned that I was a high school teacher.
The national NCTM convention, for example, was a space in which I gleaned
extensively. I took advantage of the many resources that were available,
and I could not wait to take these materials back to my classroom. Yet, this
did not come without questions regarding me and my credentials, inquiries
regarding what I planned to do with my accrued resources, who I planned to
share them with, and who granted me access in the first place. Thankfully,
instances such as this did not occur often enough to sway me in any way.
Instead, it gave me an insider’s perspective into the truth about what I was
dealing with: unless I planned on constantly answering questions regarding
the validity of my presence in the STEM sphere, unless I expected somebody
else to step in an pick up the slack, I was going to have to step up and create
those things/services/spaces I did not see.

I discovered that not only were traditional professional support systems not
serving me, I also quickly learned that if I believed something was lacking, |
could not wait for a magic formula to drop out of the sky. Rather, I saw that
my visibility in the STEM sphere was — and remains — a necessity. This is
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consistent with the work of Weber (2011) who, through her work connecting
positive experiences and role models on the impact of female interest in
STEM, identified the following:

Formal, as well as informal, learning opportunities must be designed with a
focus to create access as well as build confidence in females to pursue their
interests in STEM careers (Battey, Kafai, Nixon, & Kao, 2007; Clewell &
Campbell, 2002). Simpkins, Davis-Kean, and Eccles (2006) suggested that
out-of-school math and science learning experiences in students’ education,
whether leisure or academic, impact their later course choices if they engage
in such activities early. As students grow older, their course selections in math
and science change; therefore, early out-of-school activities can influence
adolescent beliefs about what they do, which can be a predictor of which
math and science courses students will take at the high school level (Eccles
et al., 1985; Simpkins et al., 20006). (as cited in Weber, 2011)

Described by Weber (2011) in the above-listed article, providing female
students with informal STEM-related learning opportunities is an important
step in expanding their interests in and knowledge about STEM areas and
fields. Borum and Walker (2012) conducted a qualitative study of twelve
black women in STEM in which they found that mentorship, a supportive
program, and study groups were are all significant indicators that participants
attributed to their success. Directly connected to the experiences of authors
1 and 2, this also includes the need to identify those spaces that are not
supportive. Additional implications, suggest the authors, include “finding
ways to minimize feelings of isolation. ..and allowing further opportunities for
mentorship” (Borum & Walker, 2012, p. 1), all for the purpose of imparting
and impacting positive, institutional change.

BICULTURALISM, INTERSECTIONALITY
AND SYSTEMIC CHALLENGES

Black women have to maneuver between the larger American Society and
the smaller Black Community. The navigation between these two cultures
means they may not feel that they belong in either setting. (Watt, 2003).
Black women may be expected to behave one way at school or work and
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another at home or in their community, sometimes forming a bicultural life
and becoming a marginal person. A marginal person lives on the boundary
of two distinct cultures, one more powerful than the other, who does not have
the ancestry or belief systems to become a full member of the dominant group
(Yates, 2017). Black people everywhere take note and manage themselves in
a largely white-dominated society, learning and sharing the peculiar rules of
a white-dominated society. (Anderson, 2018). An example of one of these
rules is “you have to work twice as hard to get half as far.”

Black Women in STEM face unique challenges in the pursuit of their
career paths. This often begins with varying early childhood experiences,
and many of these challenges continue throughout their careers, in their
current roles, and throughout the journey to their chosen career paths. Black
women’s experiences are shaped by their conjoined identities as both black
people (Critical Race Theory) and as women (Feminist Theory). This duality,
often referred to as intersectionality, creates a multiplicity of experiences not
commonly shared among other women in general (Crenshaw, 1990). This
includes this connection (or lack thereof) to other women of color. This duality,
the intersection of race and sex, is associated with longstanding racial and
sexist prejudices in the United States of America. Existing research, evaluating
the unique effects of race and gender, tend to treat these constructs as separate
and distinct variables. Implied in this separate distinction is the connotation
that racial and gender components of identity can be compartmentalized
and can operate independently of each other. There remains a gap in current
research examining the intersectionality of race and gender, particularly as
they are relevant to STEM access, persistence, and success (McCall, 2008).
Race and gender have a confluent effect on the information social systems
that exist and impact career advancement (Crenshaw, 1990; Yates, 2017).

Black Women in STEM experience systematic challenges thatimpact their
ability to enter and remain in STEM careers. A primary, systematic challenge
continues to lie in the perceived stereotypes and images regarding the notions
of who are and are not, who can and who cannot be a STEM professional.
These images and stereotypes tend to be created by the majority and by
those in positions of power. The reasons for this are rooted in the desires
to keep maintain the status quo, to keep others out of established positions,
and to justify the lower levels statuses presently occupied by many minority
groups (Rice, 2016). The stereotypical, longstanding image of a “true” STEM
professional is that of a white male. Other systematic challenges include, but
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are not limited to, (1) lack of visible role models, (2) feelings of isolation,
(3) stereotype threat, (4) tokenism, and (5) pay inequities (Falcioni, 2012;
Flaherty, 2018; Stanley, 2017). A large number of these challenges occur at
the intersection of gender, racial, and general inequality. Black women in
and aspiring towards careers in STEM fields must make it their priority to
stay at the forefront of this issue in the continued work to overcome these
and other challenges of this nature.

SUPPORT SYSTEMS FOR BLACK WOMEN IN STEM

The support systems for Black Women in STEM, as well as for people
in general, are often established during one’s childhood years and then
continue throughout adulthood. Russian-American Urie Bronfenbrenner
was a developmental psychologist who developed the bioecological model
for human growth and development. Bronfenbrenner’s model is a theory of
educational psychology that studies human development over time. Included
in this model is Bronfenbrenner’s Ecological Systems Theory, which explains
how everything in a child’s life and environment affects the way in which this
child will grow and develop. Conceptualizing this theory, Bronfenbrenner
introduced four ecological systems that an individual interacts with, each
nested within the others. Listed from closest to the person to furthest, these
levels are the Microsystem, Mesosystem, Exosystem and Macrosystem.
The full model suggests that in sum, the interactions between individuals
and their environment, categorized into various systems, shape their growth
and development over time (Bronfenbrenner, 1977; Rosa, & Tudge, 2013). .

The Microsystem is the small immediate environment the child lives in.
Children’s microsystems includes family, caregivers and school. The more
encouraging and nurturing these relationships and places are, the better the
child will be able to grow. The Mesosystem level includes is the different
parts of a child’s microsystem work together for the sake of the child. The
Exosystem level includes the other people and places that the child herself
may not interact with often the child but that still have a large effect on them,
such as parents’ workplaces, extended family members, and the neighborhood,
to name a few. The Macrosystem, which is the largest and most remote set
of people and things to a child but which still has a great influence over the
child (Bronfenbrenner, 1977; Rosa, & Tudge, 2013).
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The two levels of Bronfenbrenner’s Ecological systems that apply the
most of the support systems that are necessary for Black Women to persist
in STEM are the Microsystem and Macrosystem. The Microsystems are
support and resources on an individual and personal level. These systems
include positive self-image, internal beliefs, work ethic. The Macrosystem is
their external environment which includes family, schools, work. For Black
women, family support and the support of teachers and mentors at work,
provide confirmation and confidence that they are capable of succeeding
(Bronfenbrenner, 1977; Rice, 2016).

Inorder to overcome the systematic opposition that Black Women in STEM
experience during their career advancement they must have aspirational,
navigational, social, familial and resistant capital. Aspirational capital refers
to a black woman’s ability maintain hope and dreams despite obstacles and
barriers. Navigational capital speaks to a black woman’s ability to maneuver
through social institutions, arguably because of their standpoint. Being ablack
woman, they possess the insight of how others view them. Social capital
refers to the use of the vast array of resources or networks that can be used
for gaining access to various opportunities. Familial capital describes the
ways in which black women carry a sense of community history, memory,
and cultural intuition with them. Resistant capital refers knowledge acquired
through oppositional behavior that challenges inequality (Bronfenbrenner,
1977, Yates, 2017).

Black Women in STEM gain their aspirational, navigational, social, familial
and resistant capital through their relationships, organizational affiliations and
education and professional development; which are the foundation for their
support systems and resources for their career advancement. Relationships that
Black Women in STEM develop with their colleagues and peers, supervisors
and teachers, mentors and sponsors have ahuge impact in her career trajectory.
Relationships provide counsel, emotional support as well as individuals that
will inform them of opportunities and open doors that will advance in their
career. Organizational affiliations such as college and university alumni
associations, fraternities/sororities, community organizations and professional
societies provide opportunities for them to build new relationships, develop
their soft skills and new professional expertise.

Professional Developmentis an essential resource for career advancement.
As one’s career evolves and grows, professional development is important to
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staying currentin their field and be prepared for career opportunities. For Black
Women in STEM, professional development opportunities usually happen
within the organization that their work for and the cost for these trainings
are usually covered by their organization. Other professional development
opportunities for Black Women in STEM occur by attending meetings of the
STEM professional societies that are specifically for women and people of
color such as Women in Government, Society of Women Engineers, National
Society of Black Engineers and those connected to their career field such
as American Chemical Society, and the American Geophysical Union, to
name a few.

CREATING OUR OWN SUPPORT SYSTEMS

Author #1

I'spentover 10 years trying to find a space where I belonged and infrastructure
that supported my unique non-traditional STEM career path. I realized that
space and infrastructure didn’t exist and I desired to attend professional events
and have a support system. Therefore, I knew that I had to create my own
systems for support as a Black woman in a non-traditional STEM Career path.
The support system I created contains the best parts of the combination of
sectors in my career path; STEM, STEM Education, Entrepreneurship and
Philanthropy.

My first step in creating my support system was determining the most
important things that I needed for my career advancement. I decided that one
of those things was relationships; therefore I determined the best ways to
build and maintain relationships with other Black women in the sectors that
made up my nontraditional career path. Black women, no matter their chosen
career path, have similar experiences in the workforce. The things that I have
in common with my fellow Black Women in STEM in traditional STEM
paths is because there are very few Black Women in those fields. Similar to
my fellow STEM Educators, there are very few Black Women in leadership
nationwide in these spheres. Just like my fellow Black Women Entrepreneurs,
there are challenges that we face as Black women entrepreneurs that men and
women of other races don’t face. As a social entrepreneur, I also needed to
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include Black women in philanthropy in my network because that is the space
that [ am in as a Founder and Executive Director of a nonprofit organization.

I have learned that my support system will look different than Black
women in other fields. The first group in my support system is my fellow
Black Women in STEM, which I affectionately call my STEMsistas. As |
advance in my career, I notice the presence of more of us in non-traditional
STEM career paths. The next group in my support system would be my fellow
Black Women STEM educators that work in informal, formal and higher
education settings. These ladies share my passion to help inspire and train
the next generation of STEM professionals; especially Black girls and young
women. The next group in my support system would be my fellow Black
Women entrepreneurs, affectionately referred to by me as my Sistapreneurs.
These ladies share my passion for entrepreneurship and desire to build wealth
from our professional expertise. The final group in my support system would
be my fellow Black Women in Philanthropy; these women share my desire
to make an impact in my community and in the world. This tribe of Black
women with a diversity of backgrounds that I have picked up along various
parts of my journey ensures that [ have my support system as a Black Women
in a non-traditional STEM career path.

My fellow Black Women in STEM or my STEMsistas make up the majority
of my tribe of Black women in the support system that I designed for myself.
As a chemical engineer, even though I have chosen a nontraditional career
path, I still consider myself a STEM professional. Therefore my STEMsistas
are the group that I feel most connected to professionally. My STEMsistas
include some of my longest friendships with Black women who I have known
since my FAMU Days. These woman also include some of my protégés/little
sisters that I met during the six years in which I worked at Spelman, many
of whom are now STEM professionals themselves.

The main support that my STEMsistas provide is a safe space to authentically
be a Black Women in STEM and all that encompasses. These are the women
with whom I share and engage in conversations about various STEM topics.
These women volunteer, make personal financial contributions and, when
they are able, obtain resources from their organizations to support the work
of my nonprofit organization. These are the women that I bounce my ideas
for curriculums, programs and services for my businesses. These are also the
women that I call to swap “Black Women in White Spaces” stories. These
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women understand and live in environments where they are either the only
or one of a few Black women in professional environments.

The next group in my support system would be my fellow Black Women
STEM Educators. These amazing ladies, I met once I transitioned into my
career as a STEM Educator. I started building these relationships when 1
began working in higher education and with schools and school districts in a
variety of roles. This group encompasses women leaders in the K-12 Education
space as classroom teachers, STEM Coordinators, STEM Coaches and STEM
District Leaders that are innovators and leaders in their schools and school
districts. This group encompasses women leaders in higher education and
informal education spaces that are STEM Program Directors and Managers,
STEM Education Experts and STEM Coaches. My relationships with
these women provide a space for me to merge who I am professionally as a
Chemical Engineer and STEM Educator. The combination of who I am as an
engineer and educator is what I draw from as inspiration when I develop my
own curricula and programs. These women provide the space for me within
their organization to implement my curriculum and programs. Additionally,
they guide me in developing strategies for building and maintain positive
relationships with educators and navigating the politics in the education space.

The next group in my support system would be my fellow Black Women
Entrepreneurs, women whom I consider to be my Sistapreneurs. These women
help me stay true to my goal of building wealth through social entrepreneurship.
Most of these women do not have traditional STEM backgrounds or social
enterprises, but we support each other in all of our entrepreneurial goals.
These are the women that I have conversations with about brand development,
revenue generation, social media and web presence. These are the women
that check in with me and ask; “Have you reached your quarter business
goals, sis?”” These are the women who, when I say, “maybe I should stop this
entrepreneurial journey and get a job”, encourage me to keep going. They
even tend to repeat to me one of my mantras: work the plan and watch the
plan work. My Sistapreneurs and I celebrate each other successes and support
and promote each other’s businesses.

The final group in the support system that I created is Black Women in
Philanthropy. None of these women have a traditional background in STEM.
These are the women who remind me of the importance of my work. These
women help me navigate my role as Founder and Executive Director of
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a nonprofit organization. These women ensure that I get the professional
development, attend the right events and am in the right tables that will help
me achieve my goals to build a sustainable nonprofit that will last beyond
my lifetime.

Author #2

Why are support systems such as these SO important? The significance of
this relationship is largely to students’ earliest experiences in the classroom
environment. Nix and Perez-Felkner (2019), for example, saw an absence
of literature examining the potential effects of difficulty perceptions on
students’ participation in STEM, related to their gender and race/ethnicity.
Retrieving information from a nationally representative (U.S.) longitudinal
data source, they measured gender and racial/ethnic variation in secondary
students’ orientation towards difficulty. Their purpose, in doing so, was to
investigate the connection between students’ beliefs in their STEM abilities
and their eventual decision to earn — or not earn — STEM degrees. Looking
specifically at students’ difficulty perceptions and their decisions (or not)
to attain physics, engineering, mathematics, and computer science (PEMC)
degrees, Nix and Perez-Felkner (2019):

...observed nuanced relationships between STEM difficulty orientation,
gender, race/ethnicity, and PEMC major and degree outcomes. In secondary
school, the gap between boys’ and girls’ mathematics difficulty orientations
were wider than gaps between White and non-White students. Mathematics
difficulty orientation was positively associated with both declaring majors
and earning degrees in PEMC. This relationship varied more strongly based
on gender than race/ethnicity. Notably, black women show higher gains in
predicted probability to declare amathematics-intensive major as compared to
all other women, given their mathematics difficulty orientations. This study’s
findings show that both gender and racial/ethnic identities may influence the
relationship between mathematics difficulty orientation and postsecondary
STEM outcomes. (p. 43)

The work of Nix and Perez-Felkner (2019) is telling because “black

students were more likely to declare PEMC majors and earn these degrees
than...all other students. Notwithstanding, Black men and women showed
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higher than expected gains in probability to declare a PEMC major compared
to their...counterparts” (p. 59). Despite this promising information, black
students, especially Black women, are generally underrepresented in all STEM
fields. This suggests that factors beyond those measured by the authors (i.e.,
structural, systemic, institutional racism), regularly act as barriers to these
students’ participation in STEM-related disciplines (Falcioni, 2012; McGee
& Bentley, 2017).

It remains our determination that support systems close existing gaps
between gender, race/ethnicity, and difficulty orientations in changing the
trajectories of those who would otherwise shy away from the selection or
attainment of a PEMC major and degree. Robinson, McGee, Bentley, Houston,
& Botchway (2016) concur with this, as they recently conducted a study
with the intention of addressing negative racial and gendered experiences
that discourage academic careers in STEM. In this study, Robinson et al.
(2016) found a growing number of black STEM faculty members who were
dissuaded from academia. Moreover, the racial and gendered experiences of
study participants were principal factors impacting their choices and desires
to pursue the academic route.

The presence of support systems holds much promise, given the role that
educators and institutions play in encouraging underrepresented groups to
selectand complete STEM degrees. Nix and Perez-Felkner (2019) contend that
though gender and race/ethnicity group alone does show that the magnitude
of the relationship between mathematics difficulty orientation and PEMC
participation varies by identity group. Programmatic innovation is needed
within graduate mentoring programs to address racial, gender, and other
identity-based biases within engineering and academia, in addition to traditional
content that focuses on presentation skills, networking, and other professional
development areas. A new approach develops a mentoring curriculum that
raises racial and gender consciousness by utilizing the expertise of scholars
from various social science disciplines.

BLACK WOMEN IN STEM CREATING
THEIR OWN SUPPORT SYSTEMS

The journey of black women in STEM is unique, to say the least. There are
a myriad of proclivities and experiences specific to the path, plight of black
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women in particular. There are naturally, things on her journey that men
and women of other races, including other women of color, don’t always
experience. This journey starts when girls matriculate through their K-12
and post-secondary education. Are Black girls encouraged to pursue STEM?
Do Black girls have Black Women in STEM as role models? Do Black girls
participate in out of school time programs? If Black girls express an interest
in STEM at an early age, is that interest discouraged or encouraged?

The college or university a black woman decides to attend is important to
both her educational attainment as well as to her post-graduation opportunities.
Research shows that Historically Black Colleges and Universities (HBCUs)
continue to substantially serve the needs of black women pursuing STEM
careers. It prepares them well during their undergraduate, graduate, and post-
graduate years. It also allows them to take advantage of on-site mentorship
and collaboration opportunities, and affords them the opportunity to build
their own professional networks. This includes the development of and
partnership with other, likeminded black women in STEM (i.e., peers,
colleagues, mentors, and protégés).

Forblack women in STEM to achieve career success, they must be afforded
access to spaces in which they can be free to be their authentic selves. Imbedded
in this is the need for black women to connect, discuss their personal and
professional experiences, and work together to develop strategies for career
development. It is important for every black woman STEM professional to
be intentional about creating an environment that will allow her to thrive and
achieve her goals. Similarly, it is just as essential for black women who see
our lack of representation to be deliberate in working to create these spaces.
Far too often, women seeking to pursue non-traditional STEM career paths
must create their own unique support systems. This is telling because it
must happen sooner than later; for many, the making of this decision occurs
much earlier in our careers than those who have chosen traditional paths. The
creation of additional support systems, must be expanded to include more
black women, irrespective of whether or not they have traditional STEM titles
and/or traditional STEM degrees. The diversity of varied, included alternative
career paths and experiences will provide Black women in STEM with the
necessary resources and supports to accomplish our professional goals.
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Building a Tribe of Professional Black Women

Now that I have explained who is a part the support system I created for
myself as a black woman in a nontraditional STEM career path; I will share
my process for building my tribe of women. I looked for similitudes between
myself and the women in my network and chose women:

e [ share genuine connections with and I like talking to and spending
time with them.

I have developed meaningful and mutually beneficial relationships

I have similar professional goals and ambition

I deem open and flexible with their communication methods

I share a balance of differences and similarities in our personalities,
backgrounds and perspectives

e [ believe value honesty and transparency.

The process for determining what women constitute my tribe of Professional
Black Women took a lot of self-reflection. It started with discovering who I
wanted to be and what I wanted to accomplish as a STEM Educator and Social
Entrepreneur. Next, I wrote down my short term, midterm and long term
goals. Then, I identified my strengths that would advance the achievement
of those goals. The process of identifying my strengths guided my discovery
process of the areas that required support from others. The initial women that
became a part of my tribe women that were already a part or connect to my
personal and/or professional networks. Over the years, I’ve added members
to my tribe via social media at professional and social events.

The Role of Social Media in Building a Tribe

Social media is a critical part in building one’s professional brand and
expanding one’s network. It is important to create a professional presence on
social media which starts with a LinkedIn account and possibly Instagram
and Twitter accounts. Building a professional social media presence starts
with a professional photo and a brief bio. On platforms such as LinkedIn,
share users professional experience, publications and volunteer experiences.
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Professional social media should include post about one’s work and industry,
articles about topics in their industry and posts shared from one’s connections.

Social mediais a great way to expand one’s network and find individuals to
add to their support system. Individuals stay connected and build relationships
online by sharing, liking and commenting on each other post. Individuals can
engage in dialogue via direct message. The highest level engagement with
folks in your network on social media is to schedule a time to talk on the
phone or via videoconference or when in the same city meeting up in person.

MAKING PROGRESS: IMPLICATIONS FOR CHANGE

Progress in K-12 STEM integration needs to come on multiple fronts.
Among these are curricula development, teacher and administrator education
initiatives, school change initiatives, and policy initiatives. The following,
according to Moore and Smith (2014), highlight some key implications for
change relevant to the following four areas:

e  There is a need for curricula that integrate STEM contexts for teaching
disciplinary content in meaningful ways that go beyond the blending
of traditional types of understandings. Curricula that integrate STEM
are rare for K-12 spaces, and of those that do, even fewer are research-
based and have meaningful mathematics and science. Funding to back
new research-based STEM integration curricular innovations is needed
and should be targeted. (p. 7)

e Teachers and administrators need professional learning experiences
that prepare them to work within and develop STEM integration
learning environments for K-12 students. Most instructors, teachers,
and administrators have not learned disciplinary content using STEM
contexts, nor have they taught in this manner, and therefore new
models of teaching must be developed if STEM integration is to lead
to meaningful STEM learning. Programs should be developed at local
and state levels to promote this change in practice. School change is
needed to support STEM integration. Schools are set up to silo the
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disciplines of STEM. This separation is an artifact of history. While it
is good to learn each subject as a stand-alone, it is also imperative that
students see the interconnectedness of the subjects they are learning.
(.7

e Schools need to make structural changes that will allow students to
do both — learn the nature of each of the STEM disciplines and learn
that they are interconnected in ways that is more like what they will
encounter in real-world problems. This will take concerted efforts at
local, state, and national levels if this is to be achieved. (p. 7)

e Policymakers need to consider that our ever-changing world requires
updates in the manner that we educate our students of the future. The
research around STEM integration as one method of teaching K-12
students is very promising. Current policy initiatives that include
high-stakes testing only on mathematics and language arts, school
improvement measures based solely on scores on these tests, and
teacher performance policies that are based primarily on these tests are
hurting our education system. Schools and teachers make educational
decisions about what and how to teach based on getting their students to
perform better on these tests. This results in students not having access
to science, technology, or engineering until later in their education, and
in our opinion, the mathematics students are taught represent only the
procedural nature of mathematics, not the structure of mathematics. In
order to help alleviate this problem, policymakers must fully consider
what the research is telling us about how students learn, how they
engage, and what can lead to more meaningful citizenry. (p. 7)

STEM integration in K-12 has the potential to help students learn more
deeply, enjoy the STEM disciplines, and provide them with better access to
future careers (Seymour, Hewitt, & Friend, 1997). Thisis afundamental first step
to providing more opportunities for those characteristically underrepresented
in STEM fields. Moreover, in the work to continue making this sphere more
inclusive and diverse, the need for support systems cannot be understated.
Lack of access to and support for aspiring STEM professionals further
establishes the need for more integration. Still lagging in the undergraduate
space, STEM integration provides students with disciplinary path-related
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opportunities (Seymour et al., 1997). These suggestions, therefore, are to
provide access to the underserved. As black women, both in STEM, we
posit that the most important implications involve STEM-based (1) access,
(2) supports, and (3) role models, allowing black women in STEM every
opportunity to be successful.
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