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ABSTRACT 

 

ANSLEY ALICIA BOOKER 

HIDDEN FIGURES NO MORE: FACTORS THAT CONTRIBUTE TO STEM 

GRADUATE DEGREE ATTAINMENT IN AFRICAN AMERICAN WOMEN 

Under the direction of OLIVIA BOGGS, Ed.D. 

 

 

The purpose of this study was to explore the lived experiences of African 

American women with STEM doctoral/professional degrees to gain insight into their 

unique perspectives of barriers that inhibited and catalysts that facilitated their 

matriculation, graduation, and job success.  The methodological approach used to address 

the research problem was qualitative, specifically grounded theory, to allow each 

participant to describe her journey and experiences as an African American woman 

STEM graduate.  Participants held doctoral/professional degrees in computer science, 

physical sciences, or engineering.  A purposeful sample of the population was 

interviewed in order to provide a narrative account of their persistence.  The data 

unearthed seven major themes including Effects of the “Double Bind”, Effects of 

Academic Environment, Intrinsic Constructs, Influence of Support, Barriers, Facilitators, 

and Career Determining Factors as it relates to African American women overcoming 

barriers in STEM graduate degree attainment and career choice.
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CHAPTER 1 

INTRODUCTION 

The United States is one of the leading industrialized nations in the world.  To 

maintain that level of competitiveness, governmental officials have invested in the 

country’s richest resource: human capital.  American focus on preparing a cadre of 

STEM scholars began with the 1957 Russian launching of Sputnik I.  This propelled the 

United States into a competitive urgency that required the preparation of a group of 

exceptional engineers, mathematicians, and scientists who were capable of winning the 

“space race”.  Since then, the leaders in the United States have placed an increased 

emphasis on students pursuing college and advanced degrees in science, technology, 

engineering, and math (STEM).  According to .the U.S. Department of Education 

(USDOE) (2016), in 2013, “The Department of Education, specifically, created an Office 

of STEM to help coordinate STEM programs throughout the Department and across our 

Federal partners” (para. 3).  This investment is in response to pressures to compete 

internationally, projected shortages in the STEM labor market, and difficulty retaining 

students in STEM fields (Committee on Science, Engineering, and Public Policy, 2007; 

McAllister-Stolle, Sto. Domingo, & Carillo, 2011; National Science Foundation, 2008, 

2015; van Langen & Dekkers, 2005).   

The National Science Board (2007) identified low rates of science, technology, 

engineering, and mathematics degree production as contributing to a “gathering storm: 
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that threatens not only the country’s capacity to compete in effectively globalizing 

economy but also the prosperity of individual Americans” (Soldner, Kenyon-Rowa 

Inkelas, Garvey, & Robbins, 2012, p. 311).  The following quote from the National 

Science Foundation Deputy Director Dr. Joseph Bordogna (2004) emphasizes the 

challenge that Americans face:  

The big winners in the increasingly fierce global scramble for supremacy will not 

be those who simply make commodities faster and cheaper than the competition. 

They will be those who develop talent, techniques, and tools so advanced that 

there is no competition (para. 32).   

In 2009, President Obama noted the need to increase the number of minorities and 

women in STEM in order to tackle the global competitiveness by adding the need to 

improved instructions in scientific disciplines:  

The key to meeting these challenges, to improving our health and well-being, to 

harnessing clean energy, to protecting our security, and succeeding in the global 

economy, will be reaffirming and strengthening America’s role as the world’s 

engine of scientific discovery and technological innovation. And that leadership 

tomorrow depends on how we educate our students today, especially in those 

fields that hold the promise of producing future innovation and innovators.  And 

that’s why education in math and science is so important.  (paras. 23-25) 

Therefore, by persuading students to invest in STEM careers, it was felt that the nation 

would benefit from significant progress in manufacturing, engineering, and scientific 

achievements, as they had in previous generations.  Such was the case during the 
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Industrial Revolution, World War I, World War II and the Cold War.  Furthermore, in a 

race for nuclear supremacy, these technological advances will provide economic growth 

and prosperity for many Americans by providing a multitude of jobs while ensuring the 

nation’s security, for STEM careers are among the fastest-growing professions of in the 

United States.   

To determine the areas of need in STEM fields, the U.S. Bureau of Labor 

Statistics commissioned a scholarly literature review to identify job sectors most in need 

of STEM credentialed workers (Xue & Larson, 2015).  The result was that most STEM 

credentialed employees represent a surplus in higher education, but government and 

private sector employees have a serious shortage.  Xue and Larson (2015) also reported,  

“According to the President’s Council of Advisors on Science and Technology, the 

United States would need to increase its yearly production of undergraduate STEM 

degrees by 34 percent over current rates to match the demand forecast for STEM 

professionals” (para. 7), and nearly “1 million more STEM professionals than the U.S. will 

produce at the current rate over the next decade if the country is to retain its historical 

preeminence in science and technology” (para. 2).   

Currently, there are not enough qualified persons in the United States to retain 

these projected jobs.  Research has noted that doctoral-level persons are needed in sectors 

such as nuclear and electrical engineering, but in areas such as biology, most Ph.Ds. are 

headed to academia, where there is a surplus (Xue & Larson, 2015).  Salzman, Kuehn, 

and Lowell (2013) noted that a disproportionate percentage of postsecondary graduates 

are unemployed.  They further stated that for every two students with a STEM bachelor’s 
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degree, one is unemployed, and 32% of computer science graduates contribute their 

unemployment to a lack of job availability. 

According to the U.S. Bureau of Labor Statistics (2012), by 2020, overall 

occupations are expected to increase by 14%, with greater elevations in mathematics 

(2%), computing (73%), engineering (16%), life sciences (6%), and physical sciences 

(6%).  In conclusion, 22% of all STEM jobs will require a high school level of education 

or equivalent, while others will require postsecondary training (11.1%), associate’s 

degrees (6.6%), bachelor’s degrees (47.2%), master’s degree (2.8%), and doctorate 

(3.6%) (Johnson, 2018).  Therefore, adequate training and education are imperative to 

soundly equip the new labor force. 

To match such demand, McDonald (2016) noted some reforms and global 

education initiatives needed to increase the number of students pursuing STEM careers 

by ensuring that they are adequately prepared academically.  However, the scores of U.S. 

students on the Programme for International Student Assessment (PISA) have continued 

to lag behind globally for the past five years.  The PISA is administered every three years 

to 15-year-olds in the content areas of math, reading, and science.  When compared to 

students in other nations, U.S. students have not scored more than average in the last 18 

years (Barshay, 2016).  In 2012, the United States ranked 27th on the math exams and 

20th on the science exams among 34 industrialized countries (Organization for Economic 

Cooperation and Development [OECD], 2012).  In 2015, U.S. scores plummeted to 31st 

in math and 23rd in science (OECD, 2016).  If these scores are accurate indicators of 

global competitiveness and stability, the nation is still at risk.  
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According to OECD,  

Some 38% of 15-year-olds in the United States expect to work in a science-

related career at age 30.  Only 24% of students across the OECD, by contrast, 

expect to do so.  The majority of these students in the United States (22%) expect 

to become health professionals; 13% of science and engineering professionals; 

2% ICT professionals; and 1% science-related technicians and associates.  Girls 

are more likely than boys to expect to become health professionals (35% vs. 9%), 

but boys are more likely than girls to expect to become science and engineering 

professionals (20% vs. 6%) and ICT professionals (4% vs. 0.5%).  (p. 7)  

These results further foreshadow the potential STEM job shortages in the United States, 

the increase in the STEM gender gap, and the difficulty in retaining viable students 

intellectually capable of pursuing such STEM careers. 

Statement of the Problem 

U.S. leaders are actively seeking to recruit and retain underrepresented minority 

(URM) students, including African American women, as a viable source for STEM 

careers (USDOE, 2016; Sassler, Glass, Levitte, & Michelmore, 2017).  While the U.S. 

Census Bureau (2015) reported that African American women comprise 7.3% of the U.S. 

population, a study conducted by the National Science Foundation (NSF) in 2013 

revealed this population holds only 2% of jobs in science and engineering.  However, the 

greatest percentages of growth in STEM careers have been in the engineering and 

computer science sectors.  Further, the number of African American women working in 

STEM fields has increased by only 3% over the last decade (NSF, 2013).  This study 
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addressed the disproportionately small numbers of STEM graduate degrees awarded to 

African American women when compared to other ethnic groups.  In addition, this study 

examined factors associated with obtaining and sustaining a STEM career.  

The dearth of African American women with STEM degrees has resulted in a 

shortage of highly skilled specialists, an increase in academic unpreparedness of 

minorities (USDOE, 2016), an increase in the STEM gender gap (Charleston, George, 

Jackson, Berhanu, & Amechi, 2014), an increase in the lack of racial diversity, and an 

increase in the gender-based poverty gap (Abercrombie & Hastings, 2016).  These 

disproportionalities have resulted in several unfortunate outcomes, including lower-

income expectancy, implicit biases concerning women in STEM career fields, and a 

reinforcement of the glass ceiling.  This enforcement of the glass ceiling often affects a 

woman’s ability to be hired, promoted, or tenured in academic settings (Schwanke, 

2013).  Because of the lack of diversity in the professoriate at the graduate and 

undergraduate institutions, many minority women have chosen not to pursue STEM 

majors or professions.  Lastly, the scarcity of African American women in STEM 

disciplines has led to a widening in the global competitiveness achievement gap and the 

reinforcement of negative stereotypes that continue to contribute to a “chilly” STEM 

environment.  This “chilly” STEM environment often results in additional stressors, such 

as direct sex-based harassment, social isolation, and violations of Affirmative Action and 

Title IX policies (Settles, 2014) 
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Background of the Problem 

 The drive to increase participation from minority women in STEM addresses 

three critical problems: gender-based poverty (Abercrombie & Hastings, 2016), academic 

unpreparedness of minorities to pursue STEM careers (USDOE, 2016), and the urgency 

of closing the gender gap in STEM fields to provide more global advancement in the 

sciences (Charleston, George et al., 2014).  In addition to these critical problems, adverse 

environments are created in male-dominated areas such as science where women have 

reported gender-based discrimination and sexual harassment (Antecol & Cobb-Clark, 

2001; Willness, Steel, & Lee, 2007).  Settles (2014) reported, “Men are far more likely to 

direct sex-based mistreatment toward women in male-dominated careers (e.g., science) as 

a means of penalizing them for violating gender-role norms and stereotypes” (para. 2). 

Kanter (1977) sought to explain this phenomenon through his theory of 

proportional representation, which posited that women employed in career fields where 

they are disproportionately numbered become the minority population and often discover 

they are tokens at work, which may lead them to experience additional stressors based on 

their gender.  As these tokens, women may also experience social isolation and burdens 

in their career by trying to represent their entire gender (Schwanke, 2013).  Furthermore, 

women who work in higher education as faculty and staff reported: “perceived gender 

discrimination related to hiring, promotion, salary, space, equipment, access to 

administrative staff, and a graduate student or fellow resident assignments, as well as 

sexual harassment” (Settles, 2014, para. 3).  Lastly, undergraduate women in STEM 

courses exposed to this negativity may have “lower psychological well-being (i.e., greater 
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depression and lower self-esteem) and poorer academic performance perceptions” 

(Settles, 2014, para. 4). 

Gender-Based Poverty 

Abercrombie and Hastings (2016) explained gender-based poverty: 

. . . a phenomenon commonly understood as the general disproportionate over‐

representation of women in poverty globally.  The fourth UN World Conference 

on Women ignited significant conversation when it was asserted that 70 percent 

of the world's poor were female.  Lack of income seems to be an important by‐

product of the vicious cycle of inadequate access to resources perpetuated by 

global patriarchal practices.  (p. 1)  

Therefore, with this lack of income or disproportionate pay scale, women have seen more 

gender-based poverty outcomes, especially in the United States.   

By the year 2020, jobs in STEM fields are expected to increase by 16.5%, 

resulting in over 8.5 million new jobs in the United States.  However, even though they 

represent roughly half of the population, women only represent 25% of the STEM 

workforce (Jarret et al., 2012).  Additionally, minority women comprise 7.3% of the total 

population, but only 2% of the STEM workforce (National Science Foundation, 2013; 

U.S. Census Bureau, 2015).  This disparity is due in part to minority women’s low 

participation rates in certain STEM degree programs (including math-intensive subjects 

such as computer science and engineering).  Because of the dearth in minority STEM 

degree attainment, this population will be inadequately prepared to pursue such careers 

and obtain lucrative salaries in engineering and science to potentially ending gender-
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based poverty (Soldner et al., 2012).  A proposed, viable solution to gender-based 

poverty is to increase the number of women able to pursue lucrative STEM careers.  For 

example, women who hold STEM degrees and jobs earn 30% more, on average, than 

women in nonSTEM jobs (Jarrett, Tchen, & White House Council on Women and Girls, 

2012). 

Academic Unpreparedness of Minorities 

 Academic unpreparedness in the sciences and mathematics noted as a significant 

impediment to STEM degree attainment has been historically viewed as a K-12 problem 

for potential STEM candidates.  Only 29% of public high schools serving predominantly 

African American students offer calculus, and only 40% of public schools serving 

predominantly African American students provide physics (Simon, 2012).  In addition to 

the lack of adequate STEM preparation, African American students also exhibit 

achievement gaps, often established by the fourth grade.  By the eighth grade, 

approximately one-third of students are not proficient in math and science (USDOE, 

2016; OECD, 2012).  This lack of academic preparedness in foundational math and 

science courses has led to a dearth of qualified African American students in higher 

education, with even fewer prepared for the academic rigor of a STEM degree.  

Realization of the proposed STEM education reform to reach more URMs, especially 

African Americans and women, would minimalize academic unpreparedness so that 

those targeted to pursue such high academic pursuits would be adequately trained and 

educationally equipped.  
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Gender Gap in STEM Fields 

Currently, there persists a gender gap in STEM degree attainment.  According to 

the National Student Clearinghouse Research Center (2017) on science and engineering 

degree attainment, females earned 50% percent of bachelors, 45% of masters, and 39% of 

doctorates in 2006.  Ten years later, percentages are very similar: females received 49% 

of bachelors, 42% of masters, and 39% of doctorate degrees in 2016.  Females have 

continued over the last 10 years to earn a disproportionate amount of degrees at all 

postsecondary education levels in science and engineering as compared to their male 

counterparts, especially in doctoral degrees. 

Female participation in science and engineering at the undergraduate and graduate 

level also significantly differs by particular fields of study (National Girls Collaborative, 

2018).  Women have continued to perform well in social sciences and psychology, as 

well as biological sciences and agricultural sciences.  Women earned 63% and 62% of 

social science degrees in 2006 and 2016, respectively.  They earned 60% and 60% in 

biological sciences.  The greatest deficit in degree attainment was in the fields of 

engineering and computer science.  Women received 19% of engineering degrees and 

20% of computer science degrees in 2006.  In 2016, women only received 21% of 

engineering degrees and 19% of computer science degrees.  Espinosa (2015) reported 

that minority women earn the least amount of STEM bachelor’s degrees, particularly in 

computer science.  Over the last 20 years, minority women only earned 6.5% of degrees 

in 2006 and 4.8% of degrees in 2012.  Between 2006 and 2016, women earned fewer 

doctoral degrees in science and engineering.  Women continued to be high earners in 
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biological and agricultural sciences making 48 and 52%, respectively.  Women earned 

56% of social science degrees and 55% of psychology degrees.   

However, numbers continued to decrease in mathematics, computer sciences, 

physical sciences, and engineering.  Women earned the least amount of degrees in 

computer science and engineering.  In 2006, women earned 20% and 24% of degrees in 

2016.  Women remain stagnant in the number of degrees earned in computer science by 

only earning 21% in 2006 and 2016.  They earned 30% and 31% of degrees in physical 

science in 2006 and 2016 respectively.  Women saw a decrease in the number of degrees 

earned in mathematics by earning 29% in 2006 and 28% in 2016.  Lastly, a trend of 

earning a lesser amount is evident over the 10-year span of each field of study, which 

leads to the prediction that the number of expected STEM jobs will continue to outpace 

the number of competent women prepared to fill them.  

Underrepresented Minorities 

As characterized by the previous data, the number of STEM degrees being earned 

is not enough for the United States to compete globally or to fill the demand of the 

economy for the next decade.  To expand the available scientific labor pool, researchers 

have suggested investment in STEM education and recruitment of students from 

historically underrepresented minorities (Building Engineering and Science Talent, 2004; 

Committee on Science, Engineering, Public Policy, 2007).  Underrepresented minorities 

(URMs) are those who identify as African American, Hispanic/Latino, or Native 

American (McAllister-Stolle et al., 2011).  However, Soldner and colleagues (2012) 

contended that STEM attrition is a problem for women as well as underrepresented 
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minority (URM) students.  Combined, these students receive fewer than 10% of the 

nation’s STEM degrees.  

Furthermore, the number of women URMs, specifically African Americans, 

pursuing STEM degrees drastically drops with degree completion.  For example in 1975, 

only 3% of U.S. science, engineering, and mathematics doctoral degrees were awarded to 

African Americans and Hispanics.  By 1999, African Americans represented 12% of the 

population and only obtained 4% of the doctoral degrees earned in science, engineering, 

and technology (Babco, 2003).  In 2006, URMs comprised 28.5% of the U.S. population 

but only obtained 9.1% of college-educated Americans in science and engineering 

communities (Thompson, 2015).  According to Pender, Marcotte, Sto. Domingo, and 

Maton (2010), underrepresented minorities earned about 13% of master’s degrees and 

only 7% of doctoral degrees in STEM disciplines, compared to 18% of master’s degrees 

and 15% of doctoral degrees in nonSTEM majors during the same year. 

Scriven (2013) reported that the National Science Foundation found “African 

American women and girls comprise a little more than 6% (N=19,730,247) of the total 

U.S. population, 14% (N=861,642) of female students enrolled at four-year institutions, 

and 10.4% (N=19,160) of female graduate enrollment in STEM fields” (para. 4).  In 

addition, 3% of bachelor’s degrees in engineering, 6.1% of bachelor’s degrees in physical 

sciences, 5.2% of bachelor’s degrees in mathematics, 4.9% of bachelor’s degrees in 

computer sciences, 9.3% of bachelor’s degrees in biological sciences, 13% of bachelor’s 

degrees in social sciences, 7.9% of master’s degrees in science and engineering, and 
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3.9% of doctorate degrees in science and engineering were awarded to minority women 

(Jarrett, 2015; NSF, 2013).  Scriven (2013) commented, 

Equally alarming is the unacceptably low percentage of African American women 

who comprise the ranks of employed scientists and engineers.  While the nation is 

graduating 35,000 Black female scientists and engineers at the undergraduate and 

graduate levels per year, these women make up less than 1% of S & E 

professionals—management and non-management alike!  (para. 7) 

The data have shown that women, especially African American females, earn 

STEM degrees at a disproportionately lower rate amount than women of other races.  

Therefore, the number of African American women earning STEM degrees has yet to 

yield a viable STEM career pool to support the growing need for STEM trainees in the 

United States. 

Recruitment and Retention Strategies 

The leaky STEM Pipeline is a metaphor used to describe the matriculation of high 

school students to STEM jobs upon graduation from postsecondary school (Lowell, 

Salzman, Bernstein, & Busquets, 2011).  To fix or mend the leaky STEM pipeline, some 

issues or factors must be addressed concerning women, and especially URM women, 

regarding recruitment, retention, and education practices and policies.  Research suggests 

that to fix the STEM pipeline, girls must be introduced to STEM careers at an earlier age 

(Bouffard, 2015).  Research further reveals several other factors contribute to the failure 

of women to obtain STEM degrees.  These include women’s K-16 socialization and 

preparation experiences that potentially impede their progress in STEM fields, as well as 
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a deficiency of strategies for overcoming obstacles (Soldner et al., 2012).  First-year 

women typically continue to be less likely than their male counterparts are to express an 

interest in choosing STEM majors, resulting in generalized underrepresentation (Soldner 

et al., 2012).  Women are more likely to persist in STEM fields if they have confidence in 

their quantitative abilities and possess a sense of self-efficacy related to their capacity to 

be successful in the curriculum (Soldner et al., 2012).  Therefore, if recruitment and 

retention strategies target the barriers for unrepresented minorities and women, there may 

be an avenue for repairing the pipeline.  

In addition, URMs have even more factors associated with underrepresented 

minorities not attaining STEM degrees, which can be explained by socialization or 

flawed educational practices.  Minorities also face added barriers as it relates to racism.  

Soldner and colleagues (2012) noted that underrepresented minorities experience overtly 

hostile racial climates, small numbers of same-race or nonWhite faculty role models, and 

subtle and overt acts of racism that dissuade students from engaging in activities that 

might lead to success in STEM fields.  Another factor that poses a challenge for URMs is 

the lack of academic preparation in the STEM pipeline.  In other regards, many URMs 

have an educational disadvantage in regards to STEM preparation, which include 

Eurocentric pedagogies, STEM-related subjects taught by high school teachers with poor 

STEM preparation, enrollment in less challenging courses, and the use of pedagogies that 

fail to incorporate students’ cultural experiences (Soldner et al., 2012).   

However, several factors contribute to the successful persistence of URMs in 

particular African American women into STEM disciplines.  These include precollege 
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preparation, recruitment programs, admission policies, financial assistance, academic 

intervention programs, and graduate school preparation (May & Chubin, 2003).  Lastly, 

Menton (2009) found that study groups, summer research opportunities, and 

advising/mentoring were important factors to doctoral persistence in demanding STEM 

disciplines. 

Research Questions 

The following research questions guided the study: 

1. What specific experiences and life circumstances do African American 

Women with graduate STEM degrees identify as contributing to their 

academic success?  

2. What barriers do female STEM graduates identify as obstacles to their success 

and what helped them to negotiate those impediments successfully? 

Theoretical Framework 

The lenses selected to frame this study were Tinto’s (1993) theory of doctoral 

student persistence and social cognitive career theory (SCCT).  Both of these paradigms 

explain the exacerbating problems associated with degree attainments, such as 

generational poverty and academic underpreparedness.  Tinto’s model of doctoral student 

persistence and SCCT appropriately explains the cause of underrepresented minorities 

STEM degree attainment in America.  

Tinto’s (1993) Theory of Doctoral Student Persistence 

Tinto (1993) proposed a doctoral student persistence theory that includes two 

major factors: (a) institutional experiences including program level, which can support or 
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inhibit degree attainment and (b) individuals who support the student throughout the 

process.  Tinto’s model suggests that the attributes and background factors that students 

bring to their doctoral experience shape individual success.  These characteristics, 

including gender, race, educational experiences, and external commitments (e.g., family, 

friends, work, finances), may influence students’ educational and occupational goals and 

institutional commitments (Mwenda, 2010).  Tinto (2016) further explained that 

numerous attributes and experiences shape a person’s motivation to persist, such as self-

efficacy, sense of belonging, and perceived value of the curriculum, which work together 

to inhibit or motivate a student toward degree completion.  Tinto (2016) described self-

efficacy as a person’s belief in their ability to succeed.  He described the sense of 

belonging as students’ ability to see themselves as part of the community or utilizing 

faculty and staff to validate their experience.  Lastly, the perceived value of the 

curriculum is a very important aspect, for students must have belief and investment in the 

proposed educational pursuits and material.  Tinto (2016) noted that students must 

recognize the curriculum as sufficient and relevant enough to warrant their dedication, 

time, and effort to succeed.  

Social Cognitive Career Theory 

Lent, Brown, and Hackett (1994, 1996, 2000, 2002) developed social cognitive 

career theory (SCCT) to examine the manner in which people establish and elaborate on 

career and academic interests, select and pursue choices based on interests, and perform 

and persist in their professional and educational pursuits.  SCCT highlights the role of 
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three social cognitive variables in vocational development: self-efficacy, outcome 

expectations, and goals.   

Lent et al. (2002) described self-efficacy as beliefs about one’s capabilities and 

hypothesized that these beliefs affected academic and vocational decision-making by 

attenuating the judgments a student makes about his or her likelihood of surmounting 

obstacles that may lie in the path leading to attaining the desired career. 

The cognitive variable of outcome expectations refers to an individual’s 

anticipated results of performing one or more certain behaviors that may shape vocational 

development.  Lent et al. (2002) posited that positive, future expectancies motivate 

individuals to look past proximate situations, particularly challenging ones, so they can 

maintain focus on the attainment of long-term desires.  
The final cognitive variable of goals refers to decisions made to engage in a 

certain behavior, with the anticipation of achieving the desired outcome.  Within the 

context of collegiate vocational development, the most concrete manifestation of 

vocational goals is the declared major of a student (Lent, Sheu, Schmidt, Schmidt, & 

Gloster, 2008)   

Lent and colleagues (2002) applied SCCT to STEM disciplines by using three 

related constructs incorporated into the theory’s framework: (a) student’s interest in 

STEM pursuits (e.g., reading about STEM or STEM-related problem solving); (b) the 

presence of social supports; and (c) presence of anticipated barriers—each believed to 

influence student’s goals directly.  In addition to those direct relationships, Lent, Lopez, 
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Lopez, and Sheu (2008) thought the latter two constructs also affected target 

development by attenuating students’ self-efficacy indirectly. 

Significance of the Study 

Findings of this study have the potential to provide insight into success factors for 

the underrepresented population of African American women who earned 

doctoral/professional degrees in engineering and computer science disciplines.  This 

study is of timely importance due to the growing storm of global competitiveness and the 

urgency to fill STEM careers in the United States.  Government leaders are desperately 

seeking to find a formula to successfully recruit, retain, and educate this target 

population.  Findings will also be significant to students and institutions of higher 

learning due to the increased number of African American women who complete degrees 

in these lucrative disciplines.  Further, higher learning institutions may benefit from 

increasing their retention and graduation rates.  

Procedures 

The methodological approach used to address the research problem was 

qualitative, specifically grounded theory, to allow each participant to describe her 

experiences as an African American woman STEM graduate.  Constructivist grounded 

theory refers to systematic inductive methods using qualitative research focused on 

theory development (Charmaz, 2004).  Participants in this study participated in 

interviews in which they described the factors or variables that contributed to their 

doctoral persistence.  Transcripts from the interviews were transcribed and coded. 
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The target audience was African American women who have doctoral or 

professional degrees in STEM disciplines, specifically computer science, physical 

sciences, or engineering degrees.  The participants were garnered from the National 

Institute of Health-funded program at a historically Black college and a Predominantly 

White institution (PWI) in the southeastern United States.  The historically Black college 

and university’s (HBCU’s) STEM program sought to educate and produce an abundance 

of Black women scientists.  Participants for the study were recruited via email from the 

program’s listserv.  The researcher theoretically sampled participants until complete 

saturation.  

The program was chosen in particular because of its proven record of assisting 

URMs complete doctoral STEM degrees.  Based on a 2008 survey, the college was 

ranked by the National Science Foundation as the number two undergraduate institution 

of origin of Black Ph.Ds. in STEM disciplines (NSF, 2011; Spelman, 2016).  Since 2000, 

16% of the college’s graduates have entered STEM graduate programs (including 

psychology), and in the past decade, 104 graduates have earned doctoral degrees in 

biomedical sciences (Spelman, 2016).  

The PWI is the number one producer of bachelor’s degrees for minority engineers 

in the country (Wallace H. Coulter Department of Biomedical Engineering, 2017).  

Diverse (2018) also ranked the university’s college of engineering number one for overall 

doctoral degrees awarded to minorities and number one for engineering doctoral degrees 

awarded to African American students.  The university is a leading producer of women 

and minority STEM graduates, and it awards nearly 10% of All African American Ph.D. 
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engineers in the nation (Wallace H. Coulter Department of Biomedical Engineering, 

2017).  

Limitations and Delimitations 

Limitations were within the self-reporting mechanism of the qualitative 

experience.  The story was told from the perspective of a student.  Therefore, the 

researcher relied on member checking to include an accurate analysis of data presented, 

as well as multiple reviews with participants to ensure the accuracy of the analysis.  Each 

participant received a copy of her transcript to review and make corrections.  Time 

constraints of the participants limited how often and when the researcher was able to 

meet with each participant.  The researcher worked with each participant to schedule the 

interview time that was convenient for each participant.  

The final limitation was the major assumption of the researcher.  The researcher 

holds a STEM bachelor’s degree in biology and chemistry, as well as a master’s degree in 

pharmacy with an emphasis in regulatory affairs and clinical trials.  The researcher used 

verification procedures such as member checking to help mitigate bias. 

Delimitations included a bounded data analysis where the participants were able 

to explain their lived experiences as a STEM doctoral student.  Hence, the researcher 

asked the questions presented and allowed each participant to respond accordingly.  An 

additional delimitation was the use of a convenience sample gathered from a snowballing 

technique.  This affected the contextual transferability to other graduate STEM 

populations because of the size and nature of the sample population. 
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Furthermore, the researcher focused on data concerning African American women 

with only STEM bachelor degrees.  The goal was to ascertain data on African American 

women with STEM doctoral degrees.  The researcher did not study all underrepresented 

minorities.  The research focused primarily on one specific URM, African American 

women.  Lastly, the researcher used only a qualitative statistical analysis to gain a rich, 

thick description of the lived experiences of African American women doctoral students 

within STEM disciplines.  

Definitions of Terms 

The following definitions are provided to assist the reader:  

STEM is an acronym for the study of the disciplines of science, technology, 

engineering, and mathematics. 

URMs refer to underrepresented minorities, which are those who identify as 

African American, Hispanic/Latino, or Native American/American Indian (McAllister-

Stolle et al., 2011) 

Summary 

The United States is struggling to remain competent and competitive with several 

eastern countries.  While the United States is considered a top industrialized nation, it has 

a broken STEM pipeline and has fallen behind several countries in the race to global 

competitiveness.  Therefore, to reverse this leak in the STEM pipeline, many researchers 

have suggested tapping URMs as a viable source to end the job shortage and increase 

global competitiveness. 
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However many URMs, especially African American women, continue to face 

three critical problems: degree attainment, academic unpreparedness, and gender-based 

poverty.  In addition to these critical concerns, other barriers prevent African American 

women from matriculating through STEM programs at a competitive rate.  To further 

investigate these problems and understand the related barriers, the study provided insight 

into success factors for the underrepresented population of African American women 

who earned doctoral degrees in STEM disciplines.
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CHAPTER 2 

LITERATURE REVIEW 

This chapter provides an overview of the literature that details and validates the 

problem of the disproportionately low attainment rates of STEM graduate degrees earned 

by African American women in the United States. More concisely, this chapter presents a 

discussion of the barriers and catalysts associated with STEM graduate degree attainment 

from the perspective of African American women who have successfully overcome these 

impediments.  Further, the chapter will provide a discussion of the two paradigms that 

form the study’s theoretical framework: social cognitive career theory (Lent, Brown, and 

Hackett (1994, 1996, 2000, 2002) and model of doctoral student persistence (Tinto, 

1993). 

Hidden Figures 

In the early 20th and 21st centuries, many African American women were 

essential in scientific discoveries and inventions as the United States entered into an 

industrial revolution and the Space Race.  Women scientists and inventors such as 

Madame C. J. Walker (inventor), Alice Ball (chemist), Patricia Bath (ophthalmologist), 

Marie Daly (chemist), Mae Jemison (physician/astronaut), Annie Easley (computer 

scientist), and Jane Wright (surgeon) pioneered in their fields, despite racial and 

educational obstacles (Kessler, Kidd, Kidd, & Morin, 1996).  Lastly, Whitney Ingram 

was the first African American women to graduate with a degree in physics from the 
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University of Georgia.  Ingram is now a part of an elite group of women who hold 

physics degrees in the United States; currently, there are only 86 women who have 

earned this degree (Adams, 2016). Stacy Cobb recently became the first African 

American woman to earn a degree from the University of Georiga in Statistics.  

 As addressed in the nonfiction book, Hidden Figures: The American Dream and 

the Untold Story of the Black Women Who Helped Win the Space Race (Shetterly, 2016), 

many African American women were integral in the space exploration of the National 

Aeronautics and Space Administration (NASA).  During the Cold War, the United States 

leaders sought help to fulfill jobs created by the need for nonmilitary government jobs 

and the race for supremacy in space against countries like the Soviet Union.  Black 

mathematicians were required to work hard to complete computations to develop the 

Mach 1, a plane that could break the sound barrier, and other militarized weapons.  

Many African American women found work at NACA, later known as NASA 

after local newspapers published articles stating, “Paving the Way for Women Engineers” 

(Shetterly, 2016, p. 23).  Shetterly (2016) explained,   

In 1940, two percent of all Black women earned college degrees, and 60 percent 

of those women became teachers, most in public elementary and high schools. At 

a time when just 10 percent of white women and not even a third of white men 

had earned college degrees.  (p. 41) 

These women of color found work as “human computers” (Shetterly, 2016, p. 

xvi) or mathematicians in the racially divided America of the early 1940s.  However, 

White female mathematicians had held this position since 1935.  Unlike their male 
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counterparts, these women were classified as “subprofessional” (Shetterly, 2016, p. 5) 

instead of “mathematicians” (Shetterly, 2016, p. 5) and paid less than their male 

engineering counterparts.   

Among the number of pioneer African American women were Dorothy Vaughan, 

Mary Jackson, Katherine Johnson, and Christine Darden.  Dorothy Vaughan, who joined 

the National Advisory Committee for Aeronautics (NACA) in 1943 as one of the first 

African American women hired as a computer, was the first to receive  a promotion to a 

management position.  Mrs. Mary Jackson was the first African American woman to 

become a female engineer at NACA.  Mrs. Katherine Johnson’s mathematical 

calculations helped to verify the flight path for astronaut John Glenn, the first American 

to orbit the Earth.  Lastly, the research of Christine Darden, a leader in supersonic flight, 

is still pertinent and of use in the 21st century (Shetterly, 2016).  

Shetterly (2016) related how many of the female workers at Langley Airforce 

Base had barriers to overcome while employed.  Many of the workers had to find a work-

life balance between motherhood and a full-time career while others took a leave of 

absence and another quit.  Those who choose to stay faced difficulties in securing full-

time employment and promotions to higher salaried positions.  Others were not allowed 

to publish research because their male counterparts felt as if they were not as ambitious. 

Some of the workers, like Mary Jackson, eventually received a promotion to 

junior engineer and permission to author research reports, a necessary step previously not 

permitted at Langly (Shetterly, 2016).  During this time and the years to come, numerous 
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African American women in STEM disciplines encountered a plethora of internal and 

external barriers as they sought to obtain a STEM degree and pursue a STEM career.  

In contrast, Florida Agricultural and Mechanical University (FAMU) made recent 

history in April 2017 when another female trio earned doctoral degrees in engineering.  

Stewart (2017) reported: 

  “On April 29, Miami native and Fulbright Scholar Renee Gordon received her 

doctorate of philosophy in mechanical engineering; Miami Beach native and 

Winifred Burks-Houck Professional Leadership awardee Shannon Anderson 

received her doctorate of philosophy in civil engineering, with a concentration in 

environmental engineering; and Birmingham, Alabama native and NSF 

International Research Experiences grantee Marcella Carnes received her 

doctorate of philosophy in civil engineering with a concentration in structures.  

Each earned their doctoral degrees under the guidance of FAMU’s School of 

Graduate Studies and Research and through support as participants in the FAMU-

FSU College of Engineering Title III Funding Program.  (paras. 3-4) 

Each of the participants agreed that emotional, financial, mentor, community, 

family support along with self-confidence helped them to matriculate through to 

completion.  Gordon stated, “We realize that we’re breaking barriers when it comes to 

minorities and also women in STEM fields” (Stewart, 2017, para. 5).   

Carnes elaborated,  

I feel proud to be an African American woman in the STEM fields.  There is not 

that many of us (women).  We have been challenged because the STEM is male-
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dominated, (but) we are examples of the things that you can set your mind toward 

and finish.  We are no longer “Hidden Figures”.  We have definitely been 

revealed.  (Stewart, 2017, para. 6) 

Historical Context (Case Law and Legislation Review) 

The increase in STEM education has been at the forefront of the minds of many 

Americans for several years due to increased global competitiveness.  However, that has 

not always been the case for the United States education system.  This justifies an 

examination of the systematic roots of the educational obstacles URMs have faced.   

One of those first barriers was segregation.  The American Civil War lasted from 

1861-1865, and one of the major concerns of the war was the act of enslaving Africans 

for labor.  In 1863, President Abraham Lincoln signed the Emancipation Proclamation 

releasing all enslaved Africans to freedom.  Following the Civil War, the Reconstruction 

Amendments were intended to extend the rights of citizenship to African Americans.  

The Thirteenth Amendment (1865) abolished slavery; the Fourteenth Amendment (1868) 

extended “equal protection of the laws” to all citizens.  Equal Protection is the 

constitutional guarantee through the Fourteenth Amendment that no person or class of 

persons shall be denied the same protection of the laws that is enjoyed by other persons 

or other classes in like circumstances in their lives, liberty, property, and pursuit of 

happiness.  The Declaration of Independence states, “We hold these truths to be self-

evident, that all men are created equal, that they are endowed by their Creator with 

certain inalienable Rights that among these are Life, Liberty and the pursuit of 

Happiness” (Jefferson, 1776, para. 2). 
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The Fifteenth Amendment (1870) guaranteed that the right to vote could not be 

denied “on account of race, color, or previous condition of servitude” (Smithsonian 

National Museum of American History, 2017c, para. 3).  In 1896, Plessy v. Ferguson 

established the “separate-but-equal rule” (Smithsonian National Museum of American 

History, 2017a, para. 3).  The court ruled against the defendant, upholding the idea that 

separate but equal did not violate the U.S. Constitution.  Plessy sued for violation of 

Thirteenth and Fourteenth Amendment.  However, to continue social, economic, and 

educational dominance, many states adopted the Jim Crow Laws from 1890-1965.  An 

editorial in the Cleveland Call and Post stated, “Who can say that it was not the 

institution of the Jim Crow School that has deprived this nation of the Black scientist who 

might have solved the technological kinks delaying our satellite launching?” (Shetterly, 

2016, p. 128).  

In 1954, Brown v. the Board of Education struck down Plessy v Ferguson.  In the 

Brown case, the Supreme Court unanimously ruled that separate but equal should not be 

allowed in public accommodations, including education (Smithsonian National Museum 

of American History, 2017b, para. 3).  This case led to the desegregation of public 

schools and, eventually, the Civil Rights Act of 1964, signed by President Lyndon 

Johnson on July 2, 1964.  The Brown decision also acknowledged the negative effect of 

segregation in schools.  The Supreme Court asserted that segregation of schools violated 

the Fourteenth Amendment of Equal Protection under the law.  This legislative outcome 

marked the beginning of integration in many elementary, middle, high schools, and 

colleges (Shetterly, 2016). 
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During the 1970s, the work of Derrick Bell and Alan Freeman established the 

foundation for Critical Race Theory (CRT) due to their concern with racism in America.  

Delgado (1995) stated, “Racism is normal, not aberrant, in American society” (p. xiv).  

Since then, many persons of color have evaluated CRT and its impact.  Of special interest 

was the phenomenon of interest convergence. 

Interest Convergence 

Since the integration of schools, many scholars have pondered its effect and 

significance in academic persistence for the African American community.  Bell (2005) 

contended that the fight for integrated schooling was over a century old, but legislators 

only promoted it when “racial segregation was hampering the United States in the Cold 

War with communist’s nations and undermining U.S. efforts to combat subversion at 

home” (p. 1056).  Rosa and Mensah (2016) remarked, “School integration happened, not 

because it would be of the best interest for the education in the Black, community, but 

because it fitted the interests of White people” (p. 020113-2).   

School segregation was also noted as American students were compared to their 

Soviet counterparts in math and science.  The need to grow the technical proficiency of 

American students had developed just as the Cold War had heightened.  In the United 

States, the debate had expanded into a broader discussion of the participation of 

Americans in the technical fields (Shetterly, 2016).  If the United States wanted to 

cultivate the best and the brightest students in math and science, why waste the much-

needed brainpower of Black children by sending them to inferior schools?   
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During the era of segregation simultaneously was the Cold War and space race.  

However, governmental agencies such as NACA began integration of Black women 

known as “computers” in the early 1940s.  These women were used to help calculate 

space trajectories and orbital patterns (Shetterly, 2016).  Hence, sentiments shared by 

scholars such as Delgado started to surface.  Delgado (1995) stated, “White legislators 

decided that ending segregation was the right thing to do.  Interest convergence holds that 

White elites will tolerate or encourage racial advances for Blacks only when they also 

promote White self-interest” (p. xiv).  In conclusion, many debate the origin of 

desegregation and argue which side benefited the most.  However, desegregation 

provided African Americans with access to schools and colleges previously denied and 

created diversity where there was none. 

Affirmative Action 

Affirmative Action is “a management tool designed to ensure equal employment 

opportunity” (SWE Blog, 2017, para. 3).  Affirmative Action 41 CFR 60-2, Executive 

Order 10925, signed into law by President John F. Kennedy in 1961, stated that 

businesses must take special considerations to recruit and advance qualified minorities, 

without prejudice against “race, creed, color, or origin” (Employmentlawhandbook.com, 

2018, para. 3).  Executive Order 11375, signed by President Lyndon B. Johnson in 1967, 

expanded the law to include women, veterans, and disabled individuals.  Affirmative 

actions include training programs, outreach efforts, and other positive steps.  The written 

personnel policies of a company should incorporate these procedures.  Employers with 
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written Affirmative Action programs must implement them, keep them on file, and 

update them annually (U.S. Department of Labor, 2016). 

The Legal Information Institute (n.d.) explained, “A central premise underlying 

affirmative action is that absent discrimination, over time a contractor's workforce, 

generally, will reflect the gender, racial and ethnic profile of the labor pools from which 

the contractor recruits and selects” (Sec. 60-2.10).  Affirmative action policies can be 

used to increase the diversity in STEM fields in particular to hiring and promotion 

practices. The SWE Blog (2017) related, “Affirmative action can be utilized as a practice 

or plan to fulfill Equal Employment Opportunity regulations to ensure federally funded 

institutions are nondiscriminatory in their hiring and selection practices according to the 

Society of Women Engineers” (para. 3).  The SWE Blog also wants to support policies 

and legislation that will strengthen the U.S. STEM workforce by ensuring equal 

opportunity for women in STEM education and careers.  Affirmative Action programs 

and policies have the potential to increase the number of women and minority candidates 

hired in STEM disciplines due to the dearth currently employed compared to majority 

recipients. 

Affirmative Action has been utilized in admissions criteria to combat systematic 

barriers and provides equalized opportunities for minorities and women that are pursuing 

education and employment (Holzer & Neumark, 2005).  Some universities have sought to 

use Affirmative Action as a remedy to increase diversity upon its applicant pool.  Holzer 

and Neumark (2005) related, “As a consequence, the critics argue that Affirmative Action 

leads to the hiring or promotion in jobs, and to the admission to universities, of less-
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qualified minorities who perform poorly” (p. 7).  In addition, critics have argued that with 

this preferential treatment, other members of the majority group have been denied 

admittance to institutions of higher learning because particular universities and colleges 

were trying to reach a diversity quota.  According to Holzer and Neumark (2005), 

“Affirmative Action is largely qualified to successfully perform the tasks required of 

them as employees, students, and contractors, even if their credentials on paper are 

somewhat weaker than those of white men whom they replace” (p. 7).  A variety of cases 

brought before the Supreme Court and circuit courts sought to establish if race should be 

included as a criterion for admitting an applicant to an institution of higher learning.  The 

following is a review of relevant cases that set a precedent for admission criteria based 

upon race. 

In 1963, President John F. Kennedy claimed, “Simple justice requires that public 

funds, to which all taxpayers of all races [colors, and national origins] contribute, not be 

spent in any fashion which encourages, entrenches, subsidizes or results in racial [color 

or national origin] discrimination” (as cited in U.S. Department of Justice, 2016, para. 2).  

Included in the 1964 Civil Rights Act was Title VI, which disallowed “discrimination by 

race, color, and national origin in programs and activities receiving federal financial 

assistance” (U.S. Department of Justice, 2016, para. 1).  The U.S. Department of Justice 

developed a guide to assist departments with the allocation of Title VI money: “The 

Manual sets the legal policies and standards for Title VI.  The department has also set 

forth an Investigation Procedures Manuel to give advice on how to investigate Title VI 

complaints” (U.S. Department of Justice, 2016, para. 4).     
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Other legislation stemming from the Civil Rights Act of 1964 include Title VII, 

which prohibited discrimination in employment because of gender (Adams, Zhang, 

Holmes, & Shah, 2016) and the Equal Pay Act of 1963, which prescribed that men and 

women should receive equal pay for equal work.  The intent of the Higher Education Act 

of 1965 was “to strengthen the educational resources of colleges and universities and to 

provide financial assistance for students in postsecondary and higher education” (U.S. 

Printing Office, 1965, p. 1219).  Introduced by President Lyndon B. Johnson, the Higher 

Education Act governs the administration of federal student aid program to encourage 

growth and change (Trio Clearinghouse, 2009).   

In 2008, the Higher Education Opportunity Act granted funds to several colleges 

under part A of Title VII of the Higher Education Act of 1965 to increase the number of 

minorities attending graduate school.  Institutions that show “substantial contributions to 

graduate education opportunities at the master’s level in mathematics, engineering, the 

physical or natural science, computer science, information technology, nursing allied 

health, or other scientific disciplines for Black Americans” (U.S. Department of 

Education [USDOE] , 2014, para. 1) may receive the grant.  Under Sec. 706, all 

institutions must be a Master degree-granting Historically Black College and University 

(HBCU) and the award shall be no less than $500,000 and no more than $1,000,000.  

Congress preapproves the awards approximately every five years.  The last authorization 

was in 2013 (National Center for Education Statistics, 2014).  

Before 1972, U.S. schools intentionally segregated students by gender, imposing 

single-sexed classes and extracurricular activities (Rigdon, 2008).  By law, school 
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districts were required to address the disproportionate enrollment of students in courses.  

In 1972, the USDOE Office for Civil Rights (OCR) began to enforce, among other 

statutes, Title IX of the Education Amendments of 1972.  Title IX protects people from 

discrimination based on sex in education programs or activities that receive Federal 

financial assistance.  Title IX stated, “No person in the United States shall, by sex, be 

excluded from participation in, be denied the benefits of, or be subjected to 

discrimination under any education program or activity receiving Federal financial 

assistance” (USDOE, OCR, 2018, para. 2).  

According to the USDOE Office for Civil Rights (2018), 

Title IX still applies to institutions that receive federal financial assistance from 

the United States Department of Education, including state and local educational 

agencies.  These agencies include approximately 16,500 local school districts, 

7,000 postsecondary institutions, as well as charter schools, for-profit schools, 

libraries, and museums.  Also included are vocational rehabilitation agencies and 

education agencies of 50 states, the District of Columbia, and territories and 

possessions of the United States.  (para. 3) 

Title IX helped to remove some of the barriers preventing women from obtaining 

higher positions in STEM programs and research institutions.  However, in 2014, the 

office noted that racial disparities in public schools were a critical variable in education 

reform.  Strauss (2014) reported, 

Eighty-one percent of Asian-Americans high school students and 71 percent of 

white school students attend high schools where the full range of math and 
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science courses are offered (Algebra I, geometry, Algebra II, calculus, biology, 

chemistry, and physics).  However, less than half of Native American and Native-

Alaskan high school students have access to the full range of math and science 

courses in their high school.  In addition, only 57 percent of Black students, 67 

percent of Latino students, 63 percent of students with disabilities, and 65 percent 

of English language learner students also have less access to the full range of 

courses.  (para. 5)  

Historically Black Colleges and Universities 

The Higher Education Act of 1965, as amended, defined an HBCU:  

any historically Black college or university that was established prior to 1964, 

whose principal mission was, and is, the education of Black Americans, and that 

is accredited by a nationally recognized accrediting agency or association 

determined by the Secretary [of Education] to be a reliable authority as to the 

quality of training offered or is, according to such an agency or association, 

making reasonable progress toward accreditation.  (USDOE, 2017, para. 1)  

Most HBCUs were established after the American Civil War.  However, Cheyney 

University of Pennsylvania (1837) and Lincoln University (Pennsylvania) (1854) were 

founded for Blacks before the American Civil War.  Another HBCU that has made 

significant strides towards female STEM students is Spelman College, originally known 

as the Atlanta Baptist Female Seminary. Founded in 1881, Spelman College is not only 

the oldest women’s HBCU in the United States, but it is also the first to adopt a 

curriculum focused on women’s studies (U.S. News & World Report, 2017).  As noted 
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by the National Science Foundation (NSF), Spelman College is the second largest 

institution from which Black science and engineering (S & E) doctorate recipients earn a 

bachelor’s degree (Fiegener & Proudfoot, 2013).  

For years, African Americans lacked access to White colleges and universities 

due to segregation, so most early Black scientists graduated from HBCUs (Shetterly, 

2016).  STEM career applicants, especially at NASA, came from HBCUs such as West 

Virginia State University, Howard University, Hampton Institute, and Arkansas 

Agricultural Mechanical & Normal College.  Many applicants had years of teaching 

experience in addition to science and mathematics degrees (Shetterly, 2016).  In 1942, 

Malcolm MacLean, President of Hampton Institute, committed the school to a U.S. naval 

training school, making the school an active military base.  As a result, many Blacks 

attended classes to learn new skills, including radio science, chemistry, and engineering.  

MacLean described war as “the greatest break in history for minority groups” (as cited in 

Shetterly, 2016, p. 45).  In 1952, Howard University, Hampton’s HBCU counterpart, 

only had two engineering graduates in school history (Shetterly, 2016). 

STEM Education Retention Decline 

In 1983, President Reagan and the Secretary of Education, William Bennett, 

addressed the concern of America’s educational system as falling behind its international 

competitors.  As written, A Nation at Risk was intended to be an open letter to the public 

addressing the interests of the loss of the United States superiority due to a failing 

educational system.  President Reagan stated,  
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Our society and its educational institutions seem to have lost sight of the basic 

purposes of schooling, and of the high expectations and disciplined effort needed 

to attain them.  This report, the result of 18 months of study, seeks to generate 

reform of our educational system in fundamental ways and to renew the Nation's 

commitment to schools and colleges of high quality throughout the length and 

breadth of our land.  (National Commission on Excellence in Education, 1983, pp. 

13-14) 

President Regan’s acknowledgment of this crisis and its solution included 

education reform to increase the United States globalization efforts.  Reagan foresaw the 

need to incorporate an increased amount of science, technology, engineering, and 

mathematics because of the intensified scientific and technological innovations of 

competitors, such as Korea, Japan, and Germany: 

All, regardless of race or class or economic status, are entitled to a fair chance and 

to the tools for developing their individual powers of mind and spirit to the 

utmost.  This promise means that all children by virtue of their own efforts, 

competently guided, can hope to attain the mature and informed judgment needed 

to secure gainful employment, and to manage their own lives, thereby serving not 

only their interests but also the progress of society itself.  (National Commission 

on Excellence in Education, 1983, p. 12) 

The National Commission on Excellence in Education (1983) reported that the 

indicators of risk included international comparisons of student achievement:   
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 on 19 academic tests, U.S. students were never first or second and, in 

comparison with other industrialized nations, were last seven times.   

 There was a steady decline in the science achievement scores of U.S. 17-year-

olds as measured by national assessments of science in 1969, 1973, and 1977.   

 Between 1975 and 1980, remedial mathematics courses in public 4-year 

colleges increased by 72 percent and now constitute one-quarter of all 

mathematics courses taught in those institutions.   

 Technology is radically transforming a host of other occupations. They 

include health care, medical science, energy production, food processing, 

construction, and the building, repair, and maintenance of sophisticated 

scientific, educational, military, and industrial equipment.  (pp. 16-18) 

As mentioned previously, African Americans represented 12% of the population 

and only obtained 4% of the doctoral degrees earned in science, engineering, and 

technology in 1999 (Babco, 2003).  Furthermore, of the master’s and doctorate degrees in 

STEM fields earned that year, URMs only accounted for approximately 13% and 7% 

respectively (Pender, Marcotte, Sto. Domingo, & Maton, 2010).  In 2010, minority 

women earned 10.6% of bachelor’s degrees, 7.9% of master’s degrees, and 3.9% of 

doctorate degrees in science and engineering (Jarrett, 2015; NSF, 2013).  In addition, 

rates of women in STEM varied by field; they earned between 40-50% of degrees in 

agricultural and physical science but only 18-19% of degrees in computer science and 

engineering (NSF, 2013; Settles, 2014).  Settles (2014) remarked, “Numbers decline as 

individuals move up the educational and career ladder furthermore women only earn 41 
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percent of doctoral degrees overall in STEM disciplines but 28 percent of tenured faculty 

positions in academia” (para. 1).  Although women constitute half of the population in the 

United States, less than 25% hold a STEM job (Ayalew et al., 2015).  Ayalew and 

colleagues (2015) reported, “33 percent of women entering college intend to major in 

STEM, with 50% of these majors earning science and engineering bachelor’s degrees, but 

with less than 23 percent of these women earning graduate degrees in these fields” (para. 

1) 

In the United States, STEM jobs are expected to increase by 10% by 2020 

(Lockard & Wolf, 2012).  Many scholars attribute the problem of the leaky pipeline to the 

dearth of engineering and other STEM graduates.  Data indicate the number of graduates 

has not been meeting the demand of the nation over the last decade support this stance 

(MacDonald, 2016; Xue & Larson, 2015).   

This topic is of timely relevance to the U.S. government because of the nation’s 

need to secure its place in the global market.  Bordogna (2004) warned,  

We must recognize that civilization is now on the brink of a new industrial order.  

The big winners in the increasingly fierce global scramble for supremacy will not 

be those who simply make commodities faster and cheaper than the competition.  

They will be those who develop talent, techniques, and tools so advanced that 

there is no competition.  (para. 37) 

In the previous years, the U.S. economy has relied heavily on foreign-born people 

to fulfill STEM jobs, leading to a deficit in the number of qualified Americans to fulfill 

these positions (President’s Council on Science and Technology, 2012).  In light of this 
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information concerning global competitiveness based on STEM degree completion, U.S. 

leaders have taken several steps to increase STEM degree production by focusing on 

untapped resources.  Growing attention is now focused on students pursuing college and 

advanced degrees in STEM fields.  However, many American students continue to lag 

behind their international colleagues in math and science, even though the statistics 

indicate that over one-third of all new jobs will be in STEM fields (Rothwell, 2013).   

Awareness of “a growing chasm between a small scientific and technological elite and a 

citizenry ill-informed, indeed uninformed, on issues with a science component” 

(Slaughter, as cited by the National Commission on Excellence in Education, 1983, p. 18) 

caused U.S. political and educational leaders to seek means to address the problem, 

focusing mainly on mathematics and science instruction reform.   

STEM Career Reform 

To meet the expected increase in STEM positions at the national level using U.S. 

citizens, political and educational leaders offered numerous solutions.  One solution 

included recruiting from minority populations.  In the 1960s, these students were 

considered culturally deprived and disadvantaged (Ladson-Billings, 1999).  In contrast, 

the 1980s encompassed discourse of teaching students at risk, a term inspired by the title 

of the 1983 National Commission on Excellence in Education  report, A Nation at Risk 

(Rosa & Mensah, 2016).  The report labeled largely minority and children of color as at 

risk, which became interchangeable with persons of color (Ladson-Billings, 1999).  Such 

divisive legislation led to numerous systemic barriers for an entire nation that was at risk, 

not just a marginalized population.  
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Two ways to expand the available scientific labor pool are to invest in STEM 

education and recruit students from historically underrepresented minorities (McAllister-

Stolle et al., 2011).  Soldner, Kenyon-Rowan, Inkelas, Garvey, and Robbins (2012) 

contended that STEM attrition is a problem for women, as well as underrepresented 

minority (URM) students.  Combined these students receive less than 10 percent of the 

nation’s STEM degrees.  In 1975, only 3% of U.S. science, engineering, and mathematics 

doctoral degrees were awarded to African Americans and Hispanics.  Forty years later, 

the Integrated Postsecondary Education Data System (IPEDS) data indicated only 1,100 

African American women graduated with an engineering degree in 2005 (NSF, 2011).  In 

2011, only 26.3% of engineering degrees went to African American women, even though 

they outnumbered African American men 2 to 1 (Slaughter, Tao, & Pearson, 2015).  

Research has shown that African American women are receiving engineering degrees 

three times less than African American Males (Slaughter et al., 2015).  Currently, the 

number of African American women earning science, technology, engineering, and 

mathematics degrees cannot fill the increasing demand for STEM apprentices in the 

United States.  Less than 1% of all U.S. engineering bachelor’s degrees were awarded to 

African American women in 2015 (Yoder, 2016). 

In 2003, the United States Department of Education released 100 million dollars 

for Mathematics and Science Partnerships (MSP) in response to the No Child Left behind 

Act of 2001, Title II, Part B (Merrill & Daugherty, 2010).  The overall goal was to 

increase students’ achievement in mathematics and science by enhancing teachers’ 

content knowledge and pedagogical skills.  With this new approach to improving the 
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talent pool in STEM education, legislators and educators have sought several ways to 

increase the number of students obtaining higher-level STEM degrees.   

To increase URM participation in STEM education and research, the Obama 

administration offered increased funding for STEM education.  For example, the 2009 

Race to the Top competitive state grants to close the STEM gap for girls and other 

underrepresented groups constituted a budget of over four billion dollars (Obama, 2009).  

Additionally, America COMPETES Reauthorization Act of 2010 directs the National 

Aeronautics and Space Association (NASA) and the National Oceanic and Atmospheric 

Administration, the National Science Foundation (NSF), and the National Institute of 

Standards and Technology (Tull, Rutledge, Carter, & Warnick, 2012).  In 2012, President 

Obama backed the initiative Keeping America’s Women Moving Forward, which focused 

on women obtaining degrees and receiving careers from those careers with equal pay.  

This initiative sought to raise the financial resources targeting the instruction and 

employment of females in the areas of STEM (Jarrett, Tchen, & White House Council on 

Women and Girls, 2012).  

Private industry has provided support also.  The Alfred P. Sloan Foundation, 

NASA, the NSF, and the National Institutes of Health (NIH) have established programs 

to increase students’ access to advanced degrees in STEM disciplines (Tull et al., 2012).  

These new initiatives and legislative policies sought to increase the number of 

underrepresented minorities in STEM education programs.  However, a direct correlation 

has not been formulated to measure the success of such programs in recruiting and 

retaining this viable population (Tull et al., 2012).  Education reform has targeted these 
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URMs as a viable source for labor pool.  However, women of color encounter several 

barriers that inhibit their recruitment, retention, and education in STEM fields.   

Negative Outcomes 

Fletcher et al. (2017) wrote, “Women of color are at the intersection of two of the 

most pervasive prejudices in this country: racism and sexism (p. 3).  Fletcher and 

colleagues (2017) explained, “Race and gender have a confluent effect on the informal 

social systems that exist in industry and subsequently impact career advancement for 

women of color” (p. 3).  Some other notable factors include “lack of visible role models 

in engineering, stereotype threat, biculturalism, tokenism, feelings of isolation, and pay 

inequities in the engineering workforce” (Fletcher et al., 2017, p. 3).  These women must 

navigate these impediments to graduate and have a successful career.   

Lower Income Expectancy 

At NACA in 1943, all women, including the “black human computers”, did not 

receive pay equal to men, and they were classified as “sub-professionals” (Shetterly, 

2016).  Therefore, civil rights leader A. Philip Randolph encouraged President Roosevelt 

to sign the Fair Employment Practices Committee, an executive order to desegregate the 

federal government and defense industry.  This would allow more African Americans the 

opportunity to work alongside their White counterparts and earn higher wages.  In 1940, 

many Black computers earned about 2,400.00 dollars a month twice as much as other 

Black women during the time (Shetterly, 2016). 

In the 21st century, the U.S. Department of Commerce reported that people who 

work in nonSTEM-related fields earn 26% more than those who employed in STEM-



44 

 

 

related fields do (Langdon, McKittrick, Beede, Khan, & Doms, 2011).  Fletcher and 

colleagues (2017) noted that recent media attention highlighted the fact that equal 

training and education does not mean equal pay for men and women in engineering.  

Lastly, Wallace (2014) disclosed that White women make 78% percent of White men’s 

salaries, while the gap for Black women is 64% compared to White men. 

Gender Pay Gap 

The feminization of poverty is the phenomenon that describes the disproportionate 

overrepresentation of women in poverty globally (Pearce, 1978).  “The Fourth United 

Nations World Conference on Women in 1995 asserted that 70% percent of the world’s 

poor were female.  Lack of income seems to be an essential by-product of the vicious 

cycle of inadequate access to resources perpetuated by global patriarchal practices” 

(Abercrombie & Hastings, 2016, p. 908).  The gender pay gap, which is the gap between 

the amounts of money a woman earns versus those of her male counterparts, is much less 

when comparing STEM jobs and nonSTEM jobs.  The Department of Commerce 

released a report in 2011 detailing the amount women and men make in STEM 

occupations.  According to this report, although women fill close to half of all the jobs in 

the U.S. economy, they hold less than 25% of STEM jobs (Langdon et al., 2011).  

According to the ESA calculations in the American Community Survey in 2009, there is 

a 14% wage gap between women and men.  Women earn $0.86 per dollar compared to 

men in STEM jobs.  Men earn on average $36.34 and women earn $31.11.  In nonSTEM 

jobs, the gender pay gap is 21%; men earn $24.47, and women earn $19.26 (Lefton, 

2011).  The gender earnings’ gap narrows when comparing science and engineering 
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graduates employed in a STEM occupation.  For example, “women in STEM earn about 

$16,300 more per year compared with women trained in science and engineering but not 

employed in STEM” (Landivar, 2013, p. 23).  

Men working fulltime with engineering degrees earn $85,000 annually, and 

women engineers earned only $58, 800.  However, the unemployment rate for women in 

the science and engineering graduates is 1 out of 5, whereas men graduates are 

unemployed at a rate of 1 out of 10 (Landivar, 2013).  Men are employed at a rate twice 

that of women.  In 2011, “61 percent of the science and engineering graduates were men” 

(Landivar, 2013, p. 21).  Of the 61%, 31% were employed in STEM occupations, totaling 

76% of the workforce (Landivar, 2013).  In 2011, women accounted for 39% of STEM 

graduates yet only held 15% of STEM occupations (Landivar, 2013).  Women continue 

to account for a less than a quarter of the STEM workforce and earn less than men 

particularly in such fields as engineering.  

Women are fighting for gender wage equality in all sectors especially for minority 

women who earn even less than White women do.  Women who do work in STEM fields 

enjoy a smaller wage gap compared to women in nonSTEM fields; earning about 33% 

more money (Beede et al., 2011).  African American women comprise 6.4% of the 

population and hold 2.4% of all science and engineering jobs.  African American women 

held 65,000 positions of 3.5 million jobs in math and computing science jobs in 2010, 

accounting for only 2% (NSF, 2013).  African American women earn 25% less than their 

White women counterparts earn (NSF, 2013).  According to the Institute for Women’s 

Policy Research and National Partnership for Women and Families, in STEM fields, 
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women earn $0.92 for every $1 made by men, compared to $0.77 for all trades (Million 

Women Mentors, 2016).  There is a clear deficit seen in pay in the STEM versus 

nonSTEM sector, despite the Equal Pay Act enacted 50 years ago. 

 Bias 

Biases are sometimes visually seen as preferences.  These preferences are further 

exacerbated by the women’s race or ethnicity.  After conducting in-depth interviews with 

60 female scientists and surveying 557 female scientists with the help of the Association 

for Women in Science, Williams (2015) concluded that the five biases pushing women 

out of STEM include gender bias.  Williams’s previous work indicated that women face 

four significant patterns of bias and the new study added fifth bias for African American 

women in particular.  

Williams’s (2015) first pattern of bias was entitled Prove-it-Again.  Williams 

reported, “Two-thirds of women interviewed, and two-thirds of the women surveyed, 

reported having to prove themselves over and over again—their success discounted, their 

expertise questioned” (para. 5) and “Black women were considerably more likely than 

other women to report having to deal with this type of bias; three- fourths of black 

women did” (para. 5).  

Williams (2015) termed the second pattern of bias The Tightrope.  Women found 

themselves walking a tightrope between being too feminine to be competent and too 

masculine to be likable.  More than half of the women surveyed who reportedly behaved 

as “masculine” received backlash for displaying stereotypical behavior.  Furthermore, 

Williams (2015) found “more than a third (34.1 percent) of scientists surveyed reported 
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feeling pressure to play a traditionally feminine role” (Williams et al., 2015, para. 7).  

Williams also found that Black and Latina's women were at a higher risk of being seen as 

angry when they failed to follow stereotypical norms.  

Williams (2015) described the third pattern of bias, The Maternal Wall, thusly: 

“When professional women have children, they often find themselves running into a 

wall: their commitment and competence are questioned, and opportunities start drying 

up” (Williams, 2015, para. 10).  Nearly two-thirds (60.4 %) of women scientists survey 

reported this type of bias. 

The fourth pattern of bias, Tug-of-War, described by Williams (2015) refers to the 

residual backlash some women encounter from females who may have higher seniority.  

Although three-fourths of the women surveyed reported that women support each other in 

the work environment, approximately a fifth reported competing with colleagues for the 

“women’s spot” (Williams, 2015, para. 14).  This form of gender bias could cause 

dissemination among different generations of women.   

The final bias pattern Williams (2015) delineated was Isolation, which affected 

Black and Latina women mainly.  On the survey, 42% of Black women agreed that “I 

feel that socially engaging with my colleagues may negatively affect my perceptions of 

competence” (Williams, 2015, para. 15).  Nearly half of the Black women and Latinas 

reported having been mistaken for administrative or custodial staff. 

Similarly, O’Brien, Blodorn, Adams, Garcia, and Hammer (2014) discovered 

biases are often experienced differently by race.  O’Brien and colleagues found that 

African American women typically experienced less gender bias than White females do, 
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leading the researchers to conclude that, in effect, this should result in greater STEM 

participation by Black women.  In fact, Roach (2014) noted,  “Black women are more 

likely than White women to express interest in majoring in science, technology, 

engineering or mathematics (STEM) fields when they enter college, but they are less 

likely to earn degrees in these areas” (para. 1).  However, less than 20 percent of Black 

females at HBCUs had the tendency to major in STEM fields as compared to individuals 

enrolled in nonHBCUs (O’Brien et al., 2014). 

In addition to asking about the students’ majors, O’Brien et al. (2014) conducted 

tests to examine participants’ subconscious beliefs about STEM fields being associated 

mostly with men.  For example, the participants saw STEM-related words (e.g., 

astronomy, biology, math) or liberal arts-related words (e.g., arts, English, literature) 

flash on a computer screen and had to categorize them with words related to men quickly 

(e.g., boy, father, man) or women (e.g., girl, mother, woman).  By examining 

participants’ response times, these procedures measured a person’s implicit, or 

subconscious, beliefs.  Results indicated that regardless of their major or the type of 

university they attended, Black women and men were less likely than White women and 

men to associate STEM fields with more masculine words (Roach, 2014).  In conclusion, 

researchers have noted that biases present themselves as major barriers to minority 

women and women pursuing STEM majors and careers.  These biases and barriers are 

experienced differently, if at all, by their White counterparts. 



49 

 

 

 “Chilly” STEM Environment and Glass Obstacle Course 

The “chilly” STEM environment is attributed to the lack of interaction and 

isolation felt by women in a male-dominated arena.  These women often feel unwelcome 

and lack a sense of belonging to the group.  This negative environment can translate from 

the academic sector in college to the career arena.  Settles (2014) explained, “For female 

STEM undergraduate students, feeling that one’s STEM major has a negative climate 

(i.e., is more competitive, alienating, and hostile) is associated with lower psychological 

well-being (i.e., greater depression and lower self-esteem) and poorer academic 

performance perceptions” (para. 4).  

In addition to the “chilly” environment, minorities may also face additional 

barriers, such as the glass obstacle course, a recent metaphor for women pursuing 

degrees in STEM fields where they feel isolated and often encounter acts of sexism.  

These barriers, invisible to the individual, may arise occasionally, causing participants to 

find ways to navigate around them.  The glass obstacle course is described as “glass” 

because obstacles are often implicit and unanticipated: “unseen, yet unbreachable” 

(Federal Glass Ceiling Commission, 1995, p. 4).   

In 2013, The Economist, a London-based magazine that reports on world news, 

economics, and politics, created the Glass Ceiling Index “to commemorate International 

Women’s Day” (Oliva, 2016, para. 1) and describe gender equity in the sciences.  

Updated yearly, the index utilizes data derived from sources such as the “Organisation 

for Economic Co-operation and Development (OECD)” and the “European 
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Commission and the International Labor Organization (ILO) “Oliva, 2016, para. 1) to 

create national comparisons of female working environments.  

Lastly, the “glass cliff” described by Ryan and Haslam (2005) details how women 

have penetrated the glass ceiling but must maintain the level of success or fear falling 

over the edge.  Men may often experience the “glass escalator”, which refers to the 

likelihood of faster promotion of men to leadership positions when compared to their 

female counterparts (Ryan & Haslam, 2005).  In conclusion, many women must navigate 

multiple barriers including isolation, sexism, and gender inequality.  These barriers may 

present themselves as glass ceilings, obstacle courses, or cliffs.  

Sex-Based Harassment 

Sex-based harassment is harassment towards an individual based upon gender.  

Male-dominated fields such as the sciences tend to have more accounts of sex-based 

harassment (Antecol & Cobb-Clark, 2001; Settles, 2014; Willness, Steel, & Lee, 2007), 

and men tend to harass women employed in occupations dominated by men as 

punishment for the perceived transgression (Settles, 2014).  In their investigation of 

gender misbehavior, Settles, Cortina, Buchanan, and Miner (2013) conducted a series of 

surveys and discovered 96% of male faculty reported no harassment as compared to 

female faculty who experienced sex-based harassment about 56% of the time.  

Furthermore, female STEM faculty members, compared to their male counterparts in the 

STEM, reported more negative and insensitive comments issued by their opposite 

counterparts and based on their gender by opposite counterparts.  Women often viewed 

their work as more tolerant of sexism (Settles, et al., 2013).  Settles et al. (2013) 
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concluded sexism and sex-based harassment are a result of the more negative outcomes 

due to fewer women in male-dominated fields and in leadership positions. 

This disproportional representation by a gender supports Kanter’s proportional 

representation theory, which “suggests that women who are a numerical minority in 

organizational settings (“tokens”) will experience additional stressors” (Settles, 2014, 

para. 2).  Women are considered token when they are the only one or one of few women 

in a male-dominated sector (Kanter, 1977).  Tokenism is prevalent in sectors traditionally 

male-dominated, like STEM, particularly engineering.  According to Kanter (1977), 

women who are seen as tokens may feel pressure to represent women as a group.  These 

women may feel as if they are “often treated as representations of their category, as 

symbols rather than individuals” (p. 209).  

Individuals of different races may view tokenism differently.  For instance, token 

women of color were often asked to perform mundane jobs, such as leading minority 

committees, including women and other minority, as well as special programs that 

concerned minority groups and women (Malcolm, Hall, & Brown, 1976).  In addition, 

token women may also be asked to perform the duties associated with stereotypical roles, 

such as a secretary. 

Social Isolations 

Token status can also increase social isolation (Kantor, 1977).  Minority women 

may feel socially isolated at work from their male coworkers, who may view women 

socially as outsiders and therefore isolate them (Settles, 2014).  Social isolation is not 

limited to the career field, for women can also experience it in the academic sector.  



52 

 

 

Settles and colleagues (2013) found female faculty members in STEM often reported 

more feelings of scholarly isolation as compared to their male colleagues.  Similarly, 

Allen (1992) noted, “Women of color felt socially ostracized, and they reported 

experiencing emotional pain form social isolation” (p. 30). 

Social isolation may be attributable to racial visibility.  Obiomon, Tickles, Wowo, 

& Holland-Hunt (2007) explained, “Women of color stand out overtly because of hair, 

skin, and body shape” (para. 9), which in turn may lead to isolation by their other White 

male counterparts.  According to Ashcraft and Blithe (2010), women who were isolated 

were 13% more likely to report job unsatisfaction and 22% more likely to quit their jobs.  

This social isolation can lead to job dissatisfaction and ultimately job loss. 

Stereotypes 

A stereotype is “a fixed, often simplistic generalization about a particular group or 

class of people” (Cardwell, 2013, p. 227).  Men’s perceptions of women are filtered and 

viewed through stereotypes.  Settles (2014) stated, “Women are often stereotyped as less 

intelligent and competent than men in science and mathematics” (para. 2).  Single-

minded and objective are stereotypic STEM traits associated with men and not 

necessarily their female counterparts (Barbercheck, 2001; Diekman & Steinberg, 2013; 

Fiske, Cuddy, Glick & Xu, 2002; Settles, 2014).  Stereotypes such as these have 

prevented women from breaking into the male-dominated sector because of the fear of 

not having typical stereotypes associated with scientists.   

Minorities have also shown the effects of such stereotypes.  Fletcher et al. (2017) 

stated, “High-performing women and minorities (e.g., Black, Latino/a, and Native 
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American populations) have demonstrated the effects of stereotype threat on math and 

verbal exams of high cognitive difficulty” (p. 3).  Furthermore, “underperformance on 

standardized exams is attributed to fear of reinforcing negative stereotypes about their 

race and gender” (Fletcher et al., 2017, 3).  The internalization of such negative 

stereotypes has led to negative reinforcements to minorities that they are not competent 

and do not belong.  

Women of color also have to deal with another layer of identity association, 

known as biculturalism.  Implicit expectations for women to perform differently at home, 

as compared to work, lead them to manage roles between both European American and 

African American cultures (Fletcher et al., 2017; Obiomon et al. 2007).  These women 

feel pressured to disprove preconceived stereotypes of African Americans while in 

predominantly White organizations.  Obiomon and colleagues (2007) explained, “Many 

African Americans feel like they have to say the right thing, not say too much, or agree 

just to fit in” (p. 6).  Terhune (2006) examined the stress that accompanies code-

switching among professional Black women who balance their personal lives in Black 

communities with professional lives in predominantly White work settings.  This code-

switching is often done with aspects of maintaining a professional atmosphere and not 

being associated with negative stereotypes, such as the angry Black women (Terhune, 

2006). 

 Violations of Affirmative Action and Title IX Policies 

The preamble to Title IX stresses that the law’s reach extends to “any education 

program or activity” (USDOE, OCR, 2018, para. 2) and includes protection for pregnant 



54 

 

 

students, women in science, technology, engineering, and math (STEM) and from sexual 

harassment (Adams et al., 2016).  Therefore, Title IX funding and laws are pertinent to 

the equalization of STEM fields concerning sexual harassment.  A GAO study in 2004 

found that enforcement of Title IX in STEM has been severely lacking and noted that 

many faculty and staff are unaware that the mandates apply to this area as well (National 

Coalition for Women and Girls in Education [NCWGE], 2008).  According to NCWGE 

(2008), 

OCR has done little to investigate sex segregation in career and technical 

education, despite the patterns of persistent discrimination.  Girls still make up 

almost 90 percent of the students enrolled in classes leading traditionally female 

occupations and only 15 percent of those in classes traditionally male fields.  (p. 

II)   

This phenomenon coupled with “biased career counseling, gender stereotypes, unequal 

treatment by teachers, sexual harassment and other discriminatory practices result in a 

career and technical education system that limits the educational opportunities of women 

and girls” (NCWGE, 2008, p. II).  

Under Title IX, students harassed by institutional employees may sue for 

damages.  The 1997 Sexual Harassment Guidance, revised in 2001, requires schools 

subject to Title IX funding to maintain an environment that is free of sexual harassment.  

Since the introduction of Title IX, women’s participation in math and computer science 

has decreased by 28.69%, and engineering has increased by 17.3%, but engineering is 

still the area where women are the least represented in achieving bachelor’s degrees 
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(Adams et al., 2016).  Reports of sexual harassment have declined since the incorporation 

of Title IX policies, but they have not been eradicated. 

Barriers to STEM Success 

Numerous theories have sought to explain why women and underrepresented 

minorities are less represented in STEM degree fields.  In the 2007 report, Rising above 

the Gathering Storm (National Academy of Sciences, 2007), researchers pointed to 

improvements in K-12th science and math and highlighted the possibilities of STEM in 

higher education.  The report also noted the need to increase STEM retention rates and 

students enrollment in science and engineering in graduate school and related the number 

of STEM graduates the United States retained as compared to other developed nations.  

The National Center for Education Statistics (NCES) (2016) reported, “About 3,568,000 

U.S. high school students were expected to graduate during the 2016-2017 school year” 

(p. 8).  Furthermore, “between fall 2015 and fall 2026, [college] enrollment is expected to 

increase by 13 percent” (NCES, 2016, p. 9).  These statistics highlight the need to tap into 

these underrepresented resources. 

Kindergarten-12 

Other reports have detailed the issues with the K-12 STEM pipeline, including 

students’ ability to perform academically in rigorous subjects such as science and math.  

Soldner and colleagues (2012) identified the following ideas associated with women not 

attaining STEM degrees: K-16 socialization and preparation experiences impeding their 

success in STEM fields, lack of confidence in their quantitative abilities, lack of 

strategies for overcoming obstacles and not having a sense of self-efficacy vis-a-vis their 
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ability to be successful in the curriculum.  Soldner and colleagues (2012) also reported 

that more obstacles prevented URM STEM success: overtly hostile racial climates, subtle 

acts of racism that dissuade students from engaging in activities that might lead to 

victory, Eurocentric pedagogies and low numbers of same-race or nonWhite faculty role 

models.  Other issues include K-12 socialization experiences that inhibit progress in 

STEM fields, unqualified high school teachers teaching STEM subjects, courses that fail 

to offer challenges, and instructional methods that do not utilize technology or students’ 

cultural collateral.  Numerous barriers, from teachers to resources, persuade students to 

“leak out” at various points along the K-12 pipeline.  

Postsecondary 

An examination of postsecondary degree attainment reveals the barriers and 

catalysts that students face once in college.  One such barrier for many is mathematics, a 

prerequisite for many STEM career and degrees, for it has caused many students to turn 

away from STEM from fear of difficulty and even failure.  In higher levels of 

mathematics, gender imbalances persist.  When women and students of color struggle in 

math, it may be due to self-doubt about the content and speed of the lecturer.  

Jo Boaler, a Stanford math professor says the solution is in the approach to 

teaching subjects like math, which students can find often difficult.  She has noted some 

significant, necessary changes in the approach to mathematics in order to achieve a more 

diverse STEM community.  Boaler (2017) explained, “When students struggle in speed-

driven math classes, they often believe the problem lies within themselves, not realizing 
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that fast-paced lecturing is a faulty teaching method.  The students most likely to 

internalize the problem are women and students of color” (para. 7).   

Boaler’s research is providing insight into the self-efficacy dimension associated 

with achieving STEM degrees.  This research also lends its self to explain why women 

may struggle in subjects like math due to its systematic nature and application.  Boaler 

(2017) stated,  

Women are just as capable as men of working at high speed, of course, but I’ve 

found in my research that they are more likely to reject subjects that do not give 

access to deep understanding.  The deep understanding that women seek, and are 

often denied, is exactly what we need to encourage in students of mathematics.  

(para. 8) 

Boaler’s research and that of others may provide insight into fixing the leaky pipeline 

with applications in postsecondary teaching methods and remediation tactics for women 

and students of color to help their persistence. 

Graduate and Career 

Upon overcoming obstacles in the K-16 continuum and reaching a certain level of 

job maturity, African American women must still face obstacles, usually presented by 

their colleagues.  At the top tiers of higher education, including doctoral and faculty 

status, many women face additional barriers in their career and academic pursuits (Syed 

& Chemers, 2011; Charleston, Adserias, Lang, & Jackson, 2014).  Since 1998, African 

American women have accounted for less than 2% of the women in academia with 

computer science degrees.  These women accounted for 2% of assistant professors, 1.4% 

http://science.sciencemag.org/content/347/6219/262.full
https://bhi61nm2cr3mkdgk1dtaov18-wpengine.netdna-ssl.com/wp-content/uploads/jogenderMTLpaper.pdf
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of assistant professors and 0.7% of full professorships.  In addition, African Americans 

have never accounted for more than 2% of Ph.D. graduates in computing sciences in a 

single year over this same time period (Jackson & Charleston, 2012).  They face barriers 

in the form of tenure and promotion, as well as tokenism, since they may be the only 

females in the department or sector. 

Women in STEM careers often face the decision to choose career over family.  

Their employers may place a “maternal wall” or attempt to assign them guilt for wanting 

to have a family.  They face the unique problem of balancing career advancement and 

family lives while upholding culturally acceptable roles for their gender as well as their 

race (Cech, Rubineau, Silbey, & Seron, 2011; Ko, Kachchaf, Ong, & Hodari, 2013).  

Many women with STEM careers in medicine have reported instances of sexism as it 

relates to maternity leave and childbearing during training periods (Turner, Lumpkins, & 

Gabre, 2012).  Landivar (2013) reported that, from 1970 to 2011, 

Among STEM workers, women were less likely than men to have children at 

home or postpone childbearing.  About 62 percent of women had no children at 

home, compared with 57 percent of men.  Compared with other women, women 

in STEM employment were the least likely to have children at home.  About 43 

percent of women in STEM-related employment had children at home, compared 

with 39 percent of women in non-STEM occupations, and 38 percent of women in 

STEM occupations.  (p. 13) 
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This can be viewed as a double standard that a male STEM worker could maintain a 

satisfactory work-life balance while a woman is condemned or even punished for the 

same pursuits.  

In conclusion, another barrier to the retention of Black women in STEM fields at 

higher levels is the desire for activism (Charleston et al., 2014).  A qualitative study 

conducted by Ko and colleagues (2013) revealed that many women of color in STEM 

expressed a strong desire for activism with younger generations of underrepresented 

women and girls, as well as a stable work/life balance within their professional careers.  

These women possessed a commitment to altruism; however, due to time constraints, 

family obligations, and professional commitments, there were often unable to complete 

such tasks.  Many of these women desired to improve the conditions of the STEM 

pipeline and frequently seek ways to incorporate those into their careers and lifestyles 

(Ko et al., 2013).  

Factors that Decrease STEM Persistence 

Factors that reduce STEM persistence include a lack of science talent 

development (Ong et al., 2005).  Researchers found that African American women are at 

the intersection of a double-bind—an intersection of sexism and racism.  The double-bind 

consists of a set of “unique challenges minority women [face] as they simultaneously 

experienced sexism and racism in their STEM careers” (Ong et al., p. 175).  Double-bind 

means these women experience issues with their racial identity (Johnson, Brown, 

Carlone, & Cuevas, 2011) and their gender identity in a field dominated by White and 

Asian males (Jackson & Charleston, 2012; Johnson et al., 2011; Margolis, Goode, & 
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Bernier, 2011).  At the intersection of their double-blind, women must often feel as 

though they must choose between their race and gender.  

Lack of Science Identity 

Another factor that may decrease STEM persistence, the lack of science identity, 

starts very early.  Research has noted that African American women must form a science 

identity early in their life to be able to internalize their career opportunities successfully 

despite various oppositions.  Charleston et al. (2014) revealed Black women’s racial, 

gender, and scientific identities may experience conflict with many messages they receive 

throughout the educational pipeline, and may thus pose a significant challenge to their 

ability to successfully develop a Black woman scientist identity.   

Several significant factors compound early on to generate barriers to Black 

women’s success in STEM.  These factors include mixed messages concerning Black 

females in STEM as it relates to their gender, racial, and science identities (Johnson et al., 

2011).  Systemic educational barriers for Black girls include engagement in STEM 

courses (Brickhouse, Lowery, & Schultz, 2000; Johnson et al., 2011; Syed & Chemers, 

2011) and barriers to early science and technology exposure.  However, early access and 

interventions can mitigate these detractors.  Strong precollege science experiences, family 

support, teacher encouragement, intrinsic motivation, and perseverance are all critical 

factors to Black women’s STEM success (Russell & Atwater, 2005). 

STEM Catalysts 

Several factors contribute to Black women’s career and academic success in 

STEM disciplines, including positive role models, financial aid, and pre-college 
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programs.  Matusovich, Streveler, and Miller (2010) identified role models as effective 

for helping minority students realize their STEM identities.  In fact, the lack of role 

models in engineering may be an attributing factor to the dearth of Black engineers 

(Obiomon et al., 2007).  According to Medina, (2015), students of color need “role 

models of color, knowledge, and lesson sharing from sharing from advanced students of 

similar ethnic groups, and relationships with staff of color” (p. 38).  The support that 

students of color receive from peers, mentors, and faculty are critical to success in STEM 

Education (Bonous-Hammmarth, 2000; Palmer, Maramba, & Dancy, 2011).  Bonous-

Hammarth (2000) noted that students of color who receive mentoring and support are 

more likely to succeed in STEM education in college.  Support from faculty may have 

little impact on their grades but is positively related to student commitment to STEM 

education (Palmer et al., 2016).  Summer precollege programs promote the retention and 

persistence of students of color in STEM education (Palmer et al., 2011). 

Another catalyst for success, according to Fletcher et al. (2017), is possession of a 

certain level of wealth that Black women bring to the engineering community, including 

aspirational, navigational, social, familial, and resistant capital: 

Aspirational capital is a black women’s ability to maintain hope and dreams 

despite obstacles and barriers.  Navigational capital speaks to black women’s 

ability to maneuver through social institutions, arguably because of their 

standpoint.  Social capital refers to the use of the vast array of resources (e.g., 

community centers, church groups, etc.) or networks that can be used for gaining 

access to various opportunities (e.g., scholarships, internships, etc.).  (p. 5) 
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Familial capital encompasses when “black women carry a sense of community 

history, memory, and cultural institution” (Yosso, 2005, p. 79).  Resistant capital is 

referring to the knowledge acquired through “oppositional behavior that challenges 

inequality” (Yosso, 2005, p. 80).  Minority students especially need supportive 

educational environments because they are linked to persistence and retention in STEM 

disciplines (Bonous-Hammarth, 2000; Palmer et al., 2011).  Black women, in particular, 

need a lot of external support to matriculate through various barriers along the STEM 

pipeline; however, they are often equipped with various forms of internal characteristics 

that help them succeed as well.  

Studies have noted that students who previously attended HBCUs and later 

attended PWIs found that the HBCUs’ educational environments were better suited for 

their STEM success (Owens, Shelton, Bloom, & Cavil, 2012; Perna et al., 2009).  In a 

qualitative study, Joseph (2012) found that students who attended HBCUs described them 

as extremely nurturing and supportive.  Those students who later matriculated to a PWI 

found their environments to be extremely cold and alienating, which caused some 

students to question their academic abilities.  Ko et al. (2013) found that many Black 

women in their laboratory settings felt isolated or described themselves as the other rather 

than having a smooth road to assimilation into the career environment.  This alienating 

culture has led to many additional barriers for Black women.  

Palmer and colleagues (2011) found that the PACE-Pre-Accelerated Curriculum 

in the engineering program at Morgan State University invited students to a six-week 

intensive program that enhanced students’ academic skills through tutoring, English and 
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mathematics courses, and intensive courses in research as well as improving critical 

thinking skills.  In addition, faculty and older students mentor and encourage younger 

students to help them to increase their feelings of self-efficacy.  Another successful 

example includes the Meyerhoff Scholars Program which also focuses on introducing 

more minority students into the stem pipeline (Maton, Hrabowski, & Schmitt, 2000; 

Museus, 2008).  Maton and colleagues (2000) stated, “The Meyerhoff students have 

achieved higher grade point averages, graduated in science and engineering at higher 

rates, and gained admittance to graduate schools at higher rates than multiple current and 

historical comparison samples” (p. 629).  Researchers found that students of color persist 

and experience greater retention if they are exposed to undergraduate research 

experiences (Barlow & Villarejo, 2004; Hurtado, Griffin, Arellano, & Cuellar 2008).  In 

order for students of color to persist in STEM disciplines, they must experience research 

opportunities, mentorship, support, academic reinforcement, as well as develop a sense of 

self-efficacy.  

Numerous researchers noted that students who engage in research opportunities 

develop problem solving skills, presentation skills, additional self-confidence, 

interactions, and deeper connections with faculty and staff, as well as clarification and 

development of future career aspirations (Carter, 2002; Hurtado et al., 2008; Kardash, 

2000; Lopatto, 2003, 2004; Mabrouk & Peters, 2000).  Price (2010) determined that 

female students tend to be retained and persist more in STEM disciplines when the 

faculty members are female as well.  In contradiction, Gibbs, McGready, Bennett, and 

Griffin (2014) claimed female students persist more when there are more female graduate 
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students rather than female faculty.  Researchers also noted that major declaration and 

course choices were often influenced by gender-matches, but same-gender professors had 

the greatest influence on persistence (Bottia, Stearns, Mickelson, Moller, & Valentino, 

2015; Griffith, 2014).  

Another catalyst for Black women scientists is the visibility of diverse faculty and 

staff.  This diversity includes not only diversity in the race but also in gender.  In 

addition, studies have further indicated that when female professors teach female 

students, the number of four-year female STEM graduates increase (Bottia et al., 2015; 

Qian, Zafar, & Xie, 2009).  These female faculty members may also serve as role models 

and mentors for these women.  These unique relationships provide another level of 

support for marginalized and isolated female students (Bottia et al., 2015; Cross & 

Madson, 1997; Mickelson, 2003; Moller, Stearns, Southworth, & Potochnick, 2013).  

Rosa and Mensah (2016) stated, “Literature indicates that at the individual level strong 

precollege science experiences, family support, teacher encouragement, intrinsic 

motivation, and perseverance serve as critical factors for the success of people of color in 

scientific programs” (p. 2). 

Self-Efficacy and Science Identity 

Self-efficacy refers to an individual’s belief in his or her abilities to achieve 

academic success (Bandura, 1977, 1986, 1997).  Early barriers of STEM attainment may 

result in lower levels of belief in one’s ability to persist in such subjects as math and 

science, which can often lead to lower numbers of minority degree attainment (Espinosa, 

2008).  In addition, prior performances in STEM subjects such as math were major 
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indicators of minorities’ choice in pursuing STEM majors (Wang, 2013).  In contrast, 

early strong performances in math and science were great indicators of STEM persistence 

and development of self-efficacy in STEM disciplines (Charleston et al., 2014; Riegle-

Crumb, King, Grodsky, & Muller, 2012; Riegle-Crumb, Moore, & Ramos-Wada, 2011).  

Lastly, it is important to note the impact of self-efficacy in the attrition of minority 

students in the early stages of the STEM pipeline.  Carlone and Johnson (2007) noted that 

the development of a science identity provided a solid foundation for future career 

success among minority women. 

Theoretical Framework 

Two major factors—academic and social integration—determine perseverance 

through doctoral programs.  The following sections explain the relevance of the two 

chosen theoretical frameworks for this study: Tinto’s (1993) model of doctoral student 

persistence and Lent, Brown, and Hackett’s (1994) social cognitive career theory. 

Model of Doctoral Student Persistence  

Tinto (1993) stressed that doctoral students need a sense of belonging to the 

university/department as well as their field of study and identified three stages toward 

degree completion at the doctoral level: transitional phase, leading to candidacy, and 

dissertation. The transitional phase involves becoming engulfed in the culture by learning 

what it means to be a doctoral student.  During this phase, most students will perform a 

self-assessment to determine their level of persistence.  The second step, leading to 

candidacy, requires the individual to assess a personal level of knowledge and 

comprehension of research approaches and individual ability to conduct research (Tinto, 
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1993).  During this phase, students form bonds with their professors and take 

comprehensive exams.  The final stage is the dissertation stage in which the students 

form their dissertation committee.  A good working relationship with a dissertation chair 

is key in a successful doctoral persistence (Tinto, 1993).  Lastly, Tinto noted that pre-

entry attributes, including schooling and family background; goals/commitment (student 

aspirations and institutional goals); institutional experiences (academics, faculty 

interactions co-curricular involvement, and peer group interaction) and academic and 

social integration (Tinto 1993) are influential in determining perseverance. 

Social Cognitive Career Theory 

Social cognitive career theory (SCCT) explains how people form interests, make 

choices, and determine career and educational success and delineates the internal and 

external variables attributed to each (Lent et al., 1994, 2000).  SCCT includes aspects of 

Bandura’s social cognitive theory (1986) as well as additional variables as they pertain to 

a person’s cognitive variables (e.g., self-efficacy, outcome expectations, and goals), and 

evaluates how these variables interact with a person’s environment including (e.g., 

gender, ethnicity, social supports, and barriers) to determine career choice.  Swanson and 

Woitke (1997) defined barriers as “events or conditions, either within a person or in his 

or her environment, that make career progress difficult” (p. 434).  Barriers can be internal 

and external when impacting career opportunities (Crites, 1996). 

Research Studies 

This section presents notable investigations of minority women in STEM fields.  

Studies include findings regarding psychological and societal barriers faced by women in 
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STEM disciplines, the effect of integrating research in college experiences, and identity 

and motivational developmental differences between genders.  The methodology 

included focus and individual interviews, longitudinal studies, and surveys. 

Malcolm, Hall, and Brown (1976)  

In 1976, Malcolm, Hall, and Brown conducted discussions with 30 minority 

women (Black, Mexican-American, Native American, and Puerto Rican) employed in 

various STEM fields during a conference held by the AAAS Office of Opportunities in 

Science and supported by the National Science Foundation.  Malcolm et al. (1976) found 

that the price to be “double” minority in a male-dominated discipline was high and 

included several attitudinal, financial, and cultural barriers.  Role stereotyping and sex 

discrimination were barriers to women who pursued careers as scientists, engineers, or 

biomedical professionals (Malcolm et al., 1976).  According to Malcolm et al. (1976),  

The minority women scientist is caught in the middle of a difficult situation.  She 

is often pulled from both sides by women’s groups and minority organizations.  In 

neither instance is she treated as a whole person with some of the same problems 

as her women and minority male counterparts, as well as some unique ones.  (p.4) 

Hurtado and Figuero (2013) 

Hurtado and Figuero (2013) examined experiences of women of color in 

postsecondary education and work environments to suggest ways to retain women in 

STEM disciplines.  During the study, women identified several factors that were barriers 

to their success, including lack of preparatory courses, isolation, inadequacies of 

undergraduate classes and/or equipment, lack of collegiate role models, lack of support at 
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the graduate level, lack of unbiased advice on course selection, career preparation, 

graduate school, post-doctoral research, fellowships, and internships.  Other factors 

included the lack of financial support, academic and personal counseling, tutorial 

services, and community resources for minority women, as well as loneliness and the 

pressure to pursue a traditional career and marry.  

Participants noted differences in salary/benefit packages traditionally offered to 

men and women in academe, industry and the hospital.  During work experiences, they 

experienced sexism and peer pressure to choose between gender and racial identity, 

encountered discriminatory practices that excluded them from promotion or advancement 

committees, and asked continuously to reassert themselves as minority women.  Most 

met a paternalistic supervisor and adapted to uncomfortable personality styles for 

advancement.  Lastly, they were often asked to perform secretary duties and were forced 

to choose between professional advancement and family (i.e., marriage and children) 

(Hurtado & Figuero, 2013).  Solutions included zero-tolerance policies for sexual 

harassment in the workplace, providing supportive work environments, funding for 

workshops and intellectual collaborations and promoting salary equity. 

Pender, Marcotte, Sto. Domingo, and Maton (2010) 

The purpose of integrating students into research is to enhance students’ learning 

experiences, increase persistence during college, boost interest in STEM careers, and 

encourage the pursuit of graduate education in STEM disciplines (Pender et al., 2010).  

Such research-based learning, prominently recommended by the Boyer Commission in 

1998, has become standard practice, especially in science education.  Pender et al. (2010) 
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investigated the impact of Summer Research Internships (SRI) on attaining STEM Ph.D. 

degree fields and careers.  Pender et al. (2010) found that SRI experiences encouraged 

participation in Ph.D. programs in STEM fields.  There was no direct correlation between 

either Living Learning communities or Summer Research Internships and their impact on 

women or underrepresented minorities pursuing STEM degrees or career fields.  

According to Pender et al. (2010), research experience has played an essential role 

in shaping learning in STEM fields and commitment to science careers.  The researchers 

provided evidence of substantial positive effects of summer research participation in 

STEM Ph.D. programs.  Pender and colleagues (2010) found that numerous factors may 

contribute to lower persistence of underrepresented minorities, including financial 

concerns, poor pre-college academic preparation, inadequate academic development in 

foundation science courses, less rigorous science and mathematics courses, levels of 

social integration, and low expectations and support from faculty and parents.  

Saucerman and Vasquez (2014) 

Saucerman and Vasquez (2014) identified social psychological barriers of women 

from early childhood to adulthood that impede them from entering into STEM fields, 

subject to parental, teacher, media, peer, society, and stereotypical influences.  Controls 

may be unintentional but build in factors that females are not naturally as talented as boys 

in math and science.  Saucerman and Vasquez (2014) maintained that increased numbers 

of women in the STEM will not only benefit society but decrease the gender wage gap. 

Nelson, Newman, McDaniel, & Bublotz (2013) evaluated the level of fear of 

failure in both male and female undergraduate engineering students at a southern 
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university.  The investigators used the Performance Failure Appraisal Inventory (PFAI) 

to determine the barriers faced by students by assessing their levels of fear of failure.  

The results indicated that women experienced higher indicators of fear of failure 

compared to male counterparts.  Females also demonstrated higher scores on the 

subscales Fears of Experiencing Shame and Embarrassment (FSE), Fears of Devaluing 

One’s Self-Estimate (FDSE), and Fears of Having an Uncertain Future (FUF) (Nelson et 

al., 2013).  Nelson et al. (2013) concluded that fear of failure may also have effects on 

women’s career development and decisions. 

Perez, Cromley, and Kaplan (2014) 

In a longitudinal study, Perez et al. utilized several theories to examine “the role 

of college students’ identity development and motivational beliefs in predicting their 

chemistry achievement and intentions to leave science, technology, engineering, and 

math (STEM) majors” (p. 315).  Theories included expectancy-value theory, identity 

development theory, and achievement motivation theory.  Data analysis suggested, 

 Identity development that did not involve exploration was related to low 

competence beliefs and high perceptions of costs for the STEM major. 

Competence beliefs, values, and perceptions of cost for the major were 

dynamically related to chemistry achievement and to students’ intentions to leave 

the STEM major over the semester, with different kinds of cost perceptions 

(drawbacks associated with effort, lost opportunities, and stress and anxiety) 

relating differentially to students’ intentions.  (Perez, Cromley, & Kaplan, 2014 p. 

315) 
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Perez and colleagues (2014) noted that students needed to form a STEM identity in order 

to maintain interest in their majors. 

Beasley and Fisher (2012) 

Beasley and Fisher (2012) defined stereotype threat as a social-psychological 

threat, which has adverse effects.  Beasley and Fisher (2012) explained, “Using data from 

the National Longitudinal Survey of Freshmen, our findings indicate that minorities 

experience stereotype threat more strongly than whites, although women do not suffer 

from stereotype threat more than men” (p. 427).  Data also suggested more minority role 

models help reduce stereotypes and increase STEM participants.  

Jackson, Hillard, and Schneider (2014) 

Jackson, Hillard, and Schneider (2014) examined the impact of implicit bias and 

diversity training on 234 male and female faculty members at universities within the 

United States.  The aim of the study was to improve implicit associations of women in 

STEM amongst university faculty members.  Jackson and colleagues (2014) explained, 

“Stereotypes can negatively affect the education, promotion, hiring, and retention of 

women in STEM” (p. 419).  Jackson et al. (2014) found “participation in a brief diversity 

training can improve implicit associations about women in STEM” (p. 419). 

Rosa and Mensah (2016) 

Rosa and Mensah (2016) conducted empirical research on underrepresented 

minorities.  The study aimed to determine which obstacles they faced during their career 

path and what strategies they used to overcome those challenges.  Interviews with six 
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Black women physics majors revealed that college recruitment and funding were 

fundamental for women choosing physics over other STEM disciplines.  

Summary 

Literature has provided several barriers and facilitators for increasing the number 

of African American women in STEM.  Barriers included stereotypes, isolation, lack of 

support, sexual harassment and facilitators include funding, college recruitment, support, 

mentors,  and funding.  However, the resources and tools needed to navigate this “leaky” 

pipeline are vast and far in between.  Research and past court decisions have argued that 

there is no perfect solution to the admission criteria for minorities and women involving 

Affirmative Action.  However, systems should be in place to provide an equalize 

opportunity.  Since there is no best practice, maybe the only approach is holistically 

educating all students to advance American society.  
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CHAPTER 3 

METHODOLOGY 

Currently, the United States is seeking to recruit and retain underrepresented 

minority students such as African American women as a viable source of STEM careers 

(U.S. Department of Education (USDOE), 2016).  However, because of the dearth of 

African American women graduating with STEM degrees and pursing STEM careers, 

there has been a shortage of minority highly skilled STEM laborers, an increase in 

academic unpreparedness of minorities, an increase in the STEM gender gap, an increase 

in the lack of racial diversity, reinforcement of the glass ceiling, and an increase in the 

gender-based poverty gap (Abercombie & Hastings, 2016).  To recruit and retain these 

viable women as part of the workforce, institutions of higher learning, governmental 

sectors, and researchers must work together to determine the factors associated with 

African American women obtaining graduate degrees in STEM disciplines.  Pivotal 

questions must be asked concerning barriers and catalysts that aid in their success.  

Therefore, the purpose of this study was to understand the lived experiences of these 

women who have successfully navigated those impediments. 

This chapter includes the research questions, research design, data collection, and 

data analysis procedures required to address this study of African American women and 

STEM graduate degree attainment in the particular fields of computer science, 

engineering, and the physical sciences.  The topics covered in this chapter include (a)
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research questions, (b) research design, (c) participants, (d) data collection procedures, 

(e) data analysis, (f) reporting results, (g) data trustworthiness, (h) subjectivity statement, 

and (i) chapter summary.  The research questions as shaped by the theoretical framework 

and research design highlight reasons for the sample identified.   

Research Questions Modified 

The researcher used a qualitative method to investigate the lived experiences of 

African American women with STEM graduate degrees.  Interviews considered “what 

contexts or situations have typically influenced or affected your experiences of the 

phenomenon?” (Creswell, 2013, p. 61).  The broad questions focused on the research 

from prior literature, and the interview questions allowed the participants to describe with 

details their experience of the phenomenon (Clayton, 2013).  The researcher modified 

and addressed the two central research questions.  The central research questions were:  

1. What specific experiences and life circumstances do African American 

Women with graduate STEM degrees identify as contributing to their 

academic success?  

2. What barriers or facilitators will female STEM graduates describe as 

important to their experiences?  

Research Design 

The researcher used Crotty’s (1998) four elements framework to determine the 

research design for this study.  The epistemological framework chosen was 

constructivism.  Constructivism explains that “multiple realities” are “constructed 

through lived experiences and interactions with others” Creswell, 2013, p. 36).  Crotty 
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(1998) described constructivism as “the meaning-making activity of the individual mind” 

(p. 58).  Furthermore, Crotty (1998) viewed constructivism as “the individual human 

subject engaging with objects in the world and making sense of them” (p. 79). Grbich 

(2013) noted,  

The research focus was on the exploration of the way people interpret and make 

sense of their experiences in the worlds in which they live and how the contexts 

of the events and situations and the placement of these within wider social 

environments have impacted our constructed understandings.  (p. 7) 

 The theoretical framework selected to frame this study was Tinto’s (1993) Model 

of Doctoral Student Persistence and Social Cognitive Career Theory.  Both of these 

paradigms explained the exacerbating problems associated with degree attainments, such 

as generational poverty and academic underpreparedness.  Tinto’s (1993) model, which 

appropriately describes the cause of underrepresented minorities STEM degree 

attainment in the United States, posits that an individual’s success is shaped by the 

student’s characteristics and factors such as economic, social, and demographic 

background.  These personal attributes and commitments impact the learning and 

employment goal structure of the student, as well as how the student approaches and 

meets institutional requirements.   

The first lens from which the researcher reviewed this study examined the role 

that society has on career selection.  Lent, Brown, and Hackett (1994) explained, “Social 

cognitive career theory (SCCT) represents a relatively new effort to under the processes 

through which people form interests, make choices, and achieve varying levels of 
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education success in educational and occupational pursuits” (p. 36).  SCCT highlights 

“cognitive-person variables . . . and how these variables interact with other aspects of the 

person and his or her environment . . . to help shape the course of career development” 

(Lent, Brown, & Hackett, 2000, p. 36).  These theories are consistent with a heuristic 

inquiry, that attempts to understand the answer to questions of practical importance 

within participants’ environments and their personal growth (van Manen, 2014).    

The selected methodology of this investigation was grounded theory utilizing one-

on-one interviews as the primary method of data collection.  In conjunction, the 

researcher utilized the theoretical perspective of grounded theory to explain the barriers 

and catalyst perceived by the participants.  According to Charmaz (2004),  

Grounded theory refers to a set of systematic inductive methods for conducting 

qualitative research aimed toward theory development.  The term grounded theory 

denotes dual referents: (a) a method consisting of flexible methodological 

strategies and (b) the products of this type of inquiry.  (p. 440)  

Engward (2013) wrote of the benefit of grounded theory: “Grounded theory provides a 

methodology to develop an understanding of social phenomena that are not pre-formed or 

pre-theoretically developed with existing theories and paradigms” (p. 38).  In this study, 

the particular social phenomenon was the lived experiences of African American women 

with STEM doctoral degrees.  Grounded theory can also be utilized “as an exploratory 

method, well suited for investigating social processes that have attracted little prior 

research attention, where the previous research is lacking in breadth and/or depth, or 

where a new point of view on familiar topics appears promising” (Milliken, 2010, p. 
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548).  Grounded theory was appropriate for this particular study since very few 

investigations have been conducted that relate the personal perspectives of Black women 

in STEM in computer science, engineering, and physical science.   

 Bernard (2000) delineated the steps of the grounded theory process:  

1. Produce transcripts of interviews and read through a small sample of text 

2. Identify potential analytic categories (that is, potential themes or theoretical   

codes) that arise 

3. As the categories (axial codes) emerge, pull together all the data from those 

categories and compare them 

4. Consider how categories are linked together 

5. Use the relations among categories to build theoretical models, constantly 

checking the models against data, especially against negative cases 

6. Present the results of the analysis using quotes from the interviews that 

illuminate the theory (exemplars). (443-444) 

The researcher used this type of systematic inductive analysis focused on a theory 

development (Charmaz, 2004) for the experiences of African American women’s 

persistence through STEM graduate degree programs as minorities.  This approach 

allowed each participant to describe her journey as an African American woman STEM 

graduate as a means to discover the culture of this career pathway.  This approach 

supported the recommendation of Brinkmann and Kvale (2015) that “processes and 

phenomena of the world should be described before theorized, understood before 

explained and seen as concrete qualities before abstract qualities” (p. 15).  
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By interviewing participants directly, the researcher gained an understanding of 

the lived experiences of each woman as she proceeded through graduate studies and 

career choices (Brinkmann & Kvale, 2015).  Creswell (2009) found that one-on-one 

interviews allowed the participants to be observed individually, provided opportunities to 

obtain historical and background information, and permitted the researcher to control the 

questions.  In this study, participants engaged in individual, semistructured open-ended 

interviews to address research questions following an interview protocol.  Once 

interviews were complete, the researcher started the organizing, analyzing and 

synthesizing of data.  The researcher worked to ensure transcripts were line-by-line coded 

to develop axial codes that were later synthesized into theoretical codes or themes.  

Institutional Review Board Approval 

Prior to conducting the study, the researcher sought approval from Mercer 

University’s Institutional Review Board (IRB).  The researcher submitted IRB forms, 

recruitment email/flyer, informed consent form, and interview protocol to Mercer 

University’s Office of Research and Compliance.  After obtaining approval (see 

Appendix A), the researcher prescribed unique identifiers to each participant to ensure 

anonymity and deleted any identifying information from all photographs.  The researcher 

also obtained approval from the participating institutions to gain access to contact lists.   

Participants 

The targeted participants were African American women who had doctoral 

degrees or professional degrees in STEM disciplines, explicitly engineering, computer 

science, and the physical sciences as these are areas that routinely have fewer women, as 
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well as African American females.  According to the National Science Foundation (NSF) 

(2017), African American women were awarded only 843 of the 24,393 (3.45%) science 

and engineering doctorate degrees earned in 2017.  African American women accounted 

for 16 of the 875 (1.83 %) computer science doctorate degrees, 68 of the 4,451 (1.53 %) 

engineering doctorate degrees, and 49 of the 2,823 (1.74%) physical science doctorate 

degrees earned.  Those selected for the study met all inclusion criteria, including that of 

being an African American woman and a graduate of the designated STEM disciplines.  

The researcher enrolled a purposeful sample of 20 participants until saturation 

was met (Creswell, 2009).  The participants were garnered from two universities in the 

United States, one Historically Black College and University (HBCU) and the other a 

Predominantly White Institution (PWI).  Through all recruitment methods, participants 

were preselected for the study based on the three criteria used in the sampling approach: 

(a) participant must have earned a STEM doctoral or professional in engineering, 

computer science, or physical science; (b) the participant was of African American 

descent, and (c) the participant was female.  The researcher utilized the institutions’ 

listserv to email and recruit participants for the study (see Appendix B).  Once the 

researcher selected the participants, the researcher contacted them directly to schedule 

individual interviews and obtain their informed consent (see Appendix C).   

The participants were garnered from the National Institute of Health/National 

Institute of General Medical Sciences (NIH/NIGMS)-funded Research Initiative to 

increase Black women scientists at a Historically Black College and University (HBCU).  

The program seeks to educate and produce an abundant amount of Black women 
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scientists.  The researcher chose this particular program because of its success rate in 

doctoral STEM degree completion by underrepresented minorities (URMs).  The NSF 

(2011) ranked this HBCU as the number two undergraduate institution of origin of Black 

Ph.Ds. in STEM disciplines.  In 2014, the college advanced to number one (NSF, 2017).  

Since 2000, 16% percent of this institution’s graduates have enrolled in STEM graduate 

programs (including psychology), and 104 graduates have graduated with Ph.Ds. in 

biomedical sciences in the last 10 years (Spelman, 2016).  In 2014, this HBCU reported 

over 658 women majoring in various STEM disciplines.  According to the fall 2014 

census files at the college, 356 graduated in STEM disciplines from 2012-2014.  

Pertinent to this study, these women majored in the following fields: chemistry (N=53), 

computer information sciences (N=20), dual-degree engineering (N=12), mathematics 

(N=44), and physics (N=5) (USDOE, NCES, 2014).  Lastly, this HBCU is one of only 

two all-female Historically Black Colleges and Universities in the United States. 

Participants were also garnered from a PWI from which more women completed 

engineering degrees than from any other school in the United States (Diverse, 2018).  The 

school graduated the highest number of Black engineers at all degree levels in 2017, 

including 11 of the 96 African Americans nationwide who received Ph.Ds. in 

engineering.  This PWI also had a unique program dedicated to producing and 

encouraging minorities in engineering through outreach programs called the Center for 

Engineering Education and Diversity.  With such a significant commitment to diversity, 

the university ranked highly among its peers in producing minority engineers.  The 

school also ranked in the top 10 for producing African Americans with master’s level 
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engineering degrees, and for all minority students with master’s level engineering degrees 

(Diverse, 2018).  As for doctoral level students, the university ranked in the top 10 for all 

minorities, for African Americans in engineering, and for all minority students producing 

doctoral degrees in computer and information sciences as of November 2015 (Diverse, 

2018). 

Data Collection 

Data collection procedures focused on studying several individuals; gathering 

data through the collection of interviews; reporting personal experiences, and 

chronologically ordering the meaning of those experiences (Creswell, 2013).  The 

interview protocol encompassed the two central research questions.  The semistructured 

interview consisted of open-ended questions  (see Appendix D).   

The researcher shared the interview protocol peers to check for readability and 

flow before conducting participant interviews.  The researcher used face-to-face, 

telephone, and online video conferencing to conduct interviews with members.  The 

email invitation asked the participants for face-to-face interviews or a phone interview 

but also offered an option for email interviews if necessary, since the location of the 

participants ranged throughout the United States.  Meho (2006) stated , “Over the years, 

researchers have identified challenges associated with the observation and in-depth 

interview methods, including cost, time, and limited access to research participants” (p. 

1284).  Therefore,  the researcher utilized methods suggested by Meho (2006),  where 

email interviews allowed the researcher “to interview more than 1 participant at a time 

because a standard interview schedule or list of questions can be sent individually to 
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several participants at once, irrespective of their geographical location or time zone” (p. 

1288).  Internet and email interviews were not the primary focus for data collection.  

However, the researcher utilized email correspondence to communicate with participants 

and ask any additional follow-up questions.  Due to the dispersion of participants across 

the United States, the research involved the participants in member checking, which 

required them to review and verify transcripts (Glesne, 1999). 

Data Analysis 

The researcher followed Strauss and Corbin’s steps (1998) for coding data and 

grouping subsequent codes together.  Each interview was digitally recorded and 

transcribed verbatim with all identifying information removed from each interview.  

NVivo, a computer software program for managing qualitative analysis, facilitated data 

organization, coding, and retrieval.  The researcher reviewed each interview transcript 

line-by-line or sentence-by-sentence to identify initial concepts (codes), a process known 

as open coding (Strauss & Corbin, 1998).  Next, the codes were conceptually grouped 

together into axial codes, which were subsequently synthesized into categories (selective 

or theoretical coding), to demonstrate those that were linked.   

The researcher continued with an interactive cycle of data collection and analysis 

with comparison with previously collected data, searching for coherent recurrent themes 

until no new codes occurred (Strauss & Corbin, 1998; Lingard, Albert, & Levinson, 

2008).  This practice is the central principle of data analysis in grounded theory research.  

Glaser (1995) described data saturation as no emergence of new data codes, categories, or 

themes; this occurred after 20 interviews.  From initial codes to axial codes and then 
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theoretical codes, the researcher identified and integrated core categories into final 

themes and grounded them into a final theoretical model (Isaac, Griffin, & Carnes, 2010).   

Reporting Results 

Chapter 4 presents the results of this study in detail.  Answers to the two research 

questions utilized the data submitted by each participant and the themes obtained during 

data analysis.  Tables illustrate the codes and meanings of the participants’ experiences.  

Quotes from participants support each theme.  The overall goal was to convey the 

“essence” (Hays & Singh, 2012, p. 50) of the experiences of African Women with STEM 

graduate degrees.   

Data Trustworthiness 

The researcher used peer debriefing, triangulation of data sources, and member 

checking to establish trustworthiness in the analysis of participant data (Glesne, 1999).  

Lincoln and Guba (1985) stated that the use of the peer debriefing technique, which 

maintains the transparency of qualitative research data, strengthens the credibility of a 

qualitative study.  The researcher used triangulation of data sources to capture the essence 

of participants’ experiences (Hays & Singh, 2012) and member checking (Patton, 2002) 

to establish credibility and authenticity in the research.  Participants received electronic 

copies of their interview transcripts, and the researcher asked them to clarify, add to, or 

make corrections as necessary (Alexander & Hermann, 2015).  The researcher 

collaborated with the participants by actively involving them in the research (Clandinin & 

Connelly, 2000).  Through this process, the parties negotiated the meaning of stories, 

adding a validation check to the analysis (Creswell & Miller, 2000).  Together all three of 
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these areas helped strengthen the trustworthiness of the study.  The eight verification 

steps to ensure validity detailed by Glesne (1999) include:  

1. Prolonged engagement and persistent observation—extended time in the field 

so that you can develop trust, learn the culture, and check out your hunches, 

2. Triangulation—use of multiple data-collection methods, multiple sources, 

multiple investigators, and multiple theoretical perspectives, 

3. Peer review and debriefing—external reflection and input on your work, 

4. Negative case analysis—conscious search for negative cases and 

unconfirming evidence so that you can refine your working hypotheses, 

5. Clarification of researcher bias—reflection upon your subjectivity and how 

you will use and monitor it in your research, 

6. Member checking—sharing interview transcripts and analytical thoughts with 

research participants to make sure you are representing them and their ideas 

accurately 

7. Rich, thick description—writing that allows the reader to enter the research 

context, 

8. External audit—an outside person examines the research process and product 

through “auditing” your field notes, research journal, and analytic coding 

scheme, etc.  (p. 32)  

Subjectivity Statement 

The researcher holds a STEM bachelor’s degree in biology and chemistry, as well 

as a master’s degree in science (pharmacy) with certificates in regulatory affairs and 
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clinical trials.  The researcher’s background in STEM disciplines had the potential to 

affect the research process; therefore, the researcher bracketed her experiences.  The 

researcher relied on verification procedures delineated previously to help mitigate bias 

and improve trustworthiness. 

Summary 

This chapter provided a detailed description of the study’s methodology, which 

utilized Crotty’s (1998) four elements of research design.  The problem described was the 

dearth of African American women obtaining graduate STEM degrees in computer 

science, engineering, and physical science.  This problem was examined by answering 

detailed research questions.  The phenomenon was explored utilizing 20 participants who 

graduated from two institutions of higher learning.  The researcher used a constructivist 

epistemology with a theoretical framework of phenomenology to ascertain the process of 

STEM graduate degree attainment as interpreted by those who achieved success.  Data 

from each participant selected was obtained through semistructured, open-ended 

interviews via face-to-face, telephone, online video conferencing, and email interviews. 

This chapter also included a section on data trustworthiness and the mitigation of 

bias with a subjectivity statement that detailed the process of bracketing her experience 

from the data collection process.  The “essence” of the phenomenon was described by 

thick, rich, quotations from the participants and visually represented in the photographs 

and documents submitted by the subjects in Chapter 4.  Chapter 5 provides a discussion 

of the results, along with study findings and areas for future research, including further 

implications and outcomes. 
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CHAPTER 4 

RESULTS 

A hidden figure is an African American woman not given notice or due credit in 

the fields of the STEM (Shetterly, 2016).  Her intelligence, skill level, and 

accomplishments have been often “hidden” from the rest of the world.  This research 

study focused on 20 “hidden figures” in the fields of biology, physical science, 

engineering, and computer science.  These women graduated from many prestigious 

Historically Black Colleges and Universities (HBCUs) and Predominantly White 

Institutions (PWIs) from across the country and the world.  They received the highest 

educational honor of doctoral degrees in their respective fields. 

HBCUs have produced numerous minority STEM graduates for over 150 years; 

however, in recent years PWIs are graduating a greater number of minority STEM 

graduates.  HBCUs produced 46% of all STEM degrees earned by Black women between 

1995 and 2004 and 25% of all African American degrees in STEM in 2012 (Arroyo, 

2009).  According to the National Science Foundation (NSF) (2017), Black women 

earned the highest percentage of computer science degrees among minority women in 

2014.  HBCUs like North Carolina A & T, Howard University, Florida A & M, and 

Xavier University produce a great number of STEM graduates that go on to earn graduate 

degrees in their fields (Harper, 2018).  Many of these students progress to receive 

doctoral degrees in science and engineering fields.  Hence, HBCUs were the origin of
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24% of African American graduate students with doctorates in science and engineering in 

2011 (Fiegener & Proudfoot, 2013).  Lastly, according to NSF (2017), a large percentage 

of doctoral degree recipients in the fields of mathematics, physical science, biological 

science, agricultural science, earth, atmospheric, and ocean sciences earned their 

bachelor’s degrees from HBCUs. 

Even though many HBCUs and PWIs are producing adequate amounts of STEM 

undergraduates, research illustrates that many barriers have led to negative outcomes for 

these women achieving STEM graduate degrees.  Barriers include race and gender—what  

Malcolm, Hall, and Brown, 1976) termed the double bind—lack of role models, 

stereotype threat, biculturalism, tokenism, isolation, implicit bias, and pay inequities (Ko, 

Kachchaf, Ong, & Hodari, 2013; Ong, Wright, Espinosa, & Orfield, 2011).  Many have 

navigated their way through these obstacles with the help of several catalysts or 

facilitators.  These facilitators include support, college recruitment, funding, strong 

precollege science experiences, teacher encouragement, intrinsic motivation, and 

perseverance (Rosa & Menseah, 2016).  The literature also highlighted the importance of 

undergraduate research experiences (Strayhorn, 2010), science identities (Ong et al., 

2011), and role models (Matusovich, Streveler, & Miller, 2010).  Even with the aid of 

these facilitators, the broken STEM pipeline is continuing to process fewer graduates to 

fulfill careers as outlined in fields such as physical science, computer science and 

engineering (Fayer, Lacey, & Watson, 2017).  

The purpose of this constructivist grounded study was to explore the lived 

experiences of African American women with STEM doctoral degrees to gain insight 
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into their unique perspectives of barriers that inhibited, as well as catalysts that 

facilitated, their matriculation, graduation, and job success.  A purposeful sample of the 

population was interviewed in order to provide a narrative account of their persistence.  

Findings of the proposed study may provide insight into the process of how 

underrepresented population of African American women earned doctoral/professional 

degrees in engineering and computer science disciplines.  Findings will also be important 

to students and institutions of higher learning due to the increased number of African 

American women who are in the STEM pipeline.  Further, higher learning institutions 

may benefit from increasing their retention and graduation rates.  The stories of these 20 

women stories illustrate their ability to achieve academic and career success.  Each 

woman had a story to tell about her experiences within the graduate school and career 

sector since each related to being a double minority in each category while pursuing 

scientific aspirations. 

Research Questions Reiterated 

1. What specific experiences and life circumstances did African American 

Women with graduate STEM degrees identify as contributing to their 

academic success?  

2. What barriers or facilitators did female STEM graduates describe as important 

to their experiences?  

Respondents 

Initially, the researcher contacted the participants in this study by phone or email.  

The participants were recruited from PWI-1 and HBCU-1 through selected STEM 
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departments.  The researcher discovered other participants through a social media group 

for Black women with doctoral degrees across the country.  Interviews times, based upon 

the schedule of each interviewee and her availability, were agreed upon for one-on-one 

interviews.  Several of the participants were full-time parents and employees, and often 

interview times were changed to accommodate family schedules and prior employment 

work commitments.  Interviews took place on the phone as anticipated in Chapter 3.  

During the interviews, each participate answered semistructured interview questions that 

solicited her personal experience of completing a doctoral degree in computer science, 

physical science, or engineering.  The researcher asked each participant to provide 

background information as it related to her undergraduate education and graduate 

education.  Each participant had to identify if she attended an HBCU or a PWI for each 

degree level.  The interviews ranged from eight minutes to forty minutes (average of 16 

minutes), depending on the narrative account provided by each participant.  Each 

participant answered six open-ended, semistructured interview questions (See Appendix 

D). 

All of the 20 participants interviewed had obtained degrees from varied 

institutions of higher education in multiple disciplines (see Table 1).  Nineteen of the 

twenty participants attended a PWI or PWI (IVY) for their doctoral degrees.  Only one 

participant attended an HBCU for doctoral studies.  In addition, three participants 

attended Ivy League institutions for their doctoral degrees or postdoctoral research.  Ten 

students attended an HBCU for undergrad and a PWI for graduate school.  Seven 

attended a PWI for undergrad and a PWI for graduate school.  One attended a PWI for 
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undergrad and an HBCU for graduate study.  One attended a PWI International undergrad 

and graduate institution.  One attended an undisclosed undergraduate and a PWI graduate 

school. 

Participants earned degrees in a variety of disciplines, specifically computer 

science, engineering, and physical science as listed in Chapter 3.  Nine earned degrees in 

physical science, five in engineering, two in computer engineering, one in math, one in 

computer science, and three in biology.  Specifically, the doctoral degrees awarded to 

participants included two in electrical engineering/computer engineering, two in 

biostatics/statistics, two in biophysics/physics, five in biochemistry/chemistry, five in 

electrical/environmental/biochemical/aerospace engineering, one in biological sciences, 

one in microbiology/genetics physiology, one in applied mathematics, and one in 

computer science/management systems. 
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Table 1  

Participants’ Academic Descriptions 

Pseudonym Undergraduate Graduate Discipline Career 

Shelly 1 HBCU PWI-2 Statistics (Physical Science) Industry 

Linda  2 PWI HBCU-2 Biological Science Government 

Macie 3 HBCU PWI Management/Information 

Systems (Computer Science) 

Academia 

Stacey 4 HBCU PWI Biochemistry/Microbiology 

(Physical Science) 

Academia 

Isabella 5 HBCU PWI-3 Chemistry  

(Physical Science) 

Industry 

Tracey 6 PWI-3 PWI Chemistry  

(Physical Science) 

Industry 

Ashley 7 PWI PWI-3 Inorganic Chemistry/ 

Organometallic Chemistry 

(Physical Science) 

Academia 

Christina 8 PWIa PWIa  Biomedical Engineering Industry 

Amber 9 PWI-2 PWI-2 Physics (Physical Science) Industry 

Lola 10 HBCU-2 HBCU Cardiovascular 

Physiology/Biophysics 

(Physical Science) 

Industry 

Tara 11 Unknown PWI Aerospace Engineering Industryb  

Toia 12 HBCU PWI-1 Electrical/Computer 

Engineering 

Industry 

Brittany 13 PWI PWI (IVY) Pathology Industry 

Keshia 14 HBCU PWI-1 Electrical Engineering Industry 

Tamar 15 PWI PWI-1 Environmental Engineering Industry 

Harleigh 16 PWI-1 PWI Biomedical Engineering Industry 

Shannon 17 PWI PWI-1 Computer Engineering  Industry 

Nova 18 HBCU-1 PWI (IVY) Biostatistics 

 (Physical Science) 

Industry 

Leila 19 HBCU PWI Applied Mathematics Academia 

Dallas 20 HBCU-1 PWI-3 Chemistry 

 (Physical Science) 

Industry 

Note. a international  bNASA 

PWI-1 is a PWI in the southeastern United States preselected for the study. HBCU-1 is an HBCU in the 

Southeastern United States preselected for the study. PWI-2 is a PWI in the Southeastern United States. 

HBCU-2 is an HBCU in the Northeastern United States. PWI-3 is another PWI in the Southeastern United 

States. These universities were given numerical representation to distinguish them from the other PWIs and 

HBCUs. Some of the participants attended the same HBCU and PWI, therefore, these universities were 

given numerical designations.  
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Participants 14 (Keshia), 15 (Tamar), and 17 (Shannon) all attended PWI-1 for 

their doctoral degrees in engineering at various times.  Participant 16 (Harleigh) also 

attended PWI-1 as an undergraduate.  Participants 1 (Shelly) and 9 (Amber) attended 

PWI-2 for their doctoral degrees in respective physical science disciplines.  Participants 7 

(Ashley), 5 (Isabella), and 20 (Dallas) attended PWI-3 all for their doctoral degrees in 

chemistry.  Participants 18 (Nova) and 20 (Dallas) attended HBCU-1 for their 

undergraduate degrees in physical science.  Participants 2 (Linda) and 10 (Lola) attended 

HBCU-2.  Lola attended for undergraduate studies and Linda for doctoral studies. 

Findings 

This grounded theory study was based on Strauss and Corbin’s (1998) grounded 

theory techniques for initial coding data and grouping subsequent axial and theoretical 

codes.  The researcher identified the initial codes through an open coding process. The 

axial codes were determined from the initial open codes, which linked the concepts 

around the axis of the category (Strauss & Corbin, 1990).  From selective coding of axial 

codes, core categories were identified and synthesized into final themes (Glaser, 1978; 

Isaac, Griffin, & Carnes, 2010).  These final themes were compared to previous findings 

in the literature as “the researcher will then began to draft theory/ theories to be tested 

against existing to build a Grounded Theory” (Omar, Hamid, Alias, & Islam, 2010, p. 

277).   

After the researcher transcribed the data, she coded each transcript line-by-line, 

examining initial concepts based on constructionist grounded theory (Charmaz, 2004).  

The second step included codes conceptually linked into axial codes.  Finally, axial codes 
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were synthesized into core categories or theoretical coding to create a theoretical model 

of African American women’s experiences in STEM.  This was an iterative process of 

data analysis and comparison-seeking coherence until theoretical themes emerged from 

the data (Corbin & Strauss, 2015).  

NVivo, a computer software program, was used for data organization and 

analysis.  All codes underwent constant comparison within their conceptual categories as 

each transcript was analyzed.  Examples from the open coding included sexism,’ racism, 

bias, mentors, and microaggressions for a total of 83 codes (see Figure 1).  From open 

codes, 27 axial codes were developed that were integrated into seven core categories or 

theoretical codes (themes) that included Effects of the “Double Bind”,  Effects of 

Academic Environment, Intrinsic Constructs, Influence of Support, Barriers, Facilitators, 

and Career-Determining Factors.  Data saturation, in which no new information 

emerged, occurred after 20 interviews (Creswell, 2009; Guest, Bunce, & Johnson, 2006).  

Verification procedures for this qualitative study included member checking, external 

audit, and external review.  

The analysis of interviews with African American women with STEM doctoral 

degrees revealed seven theoretical codes or themes that affected degree completion and 

career choice.  The first of the seven themes, Effects of the “Double Bind”, included axial 

codes as they related to “gender” and “race”.  The first theme regarded the intersection of 

race and gender as the participants were matriculating through their graduate degrees.  In 

addition, axial codes such as “sexism” and “racism/race/discrimination” were also 

identified.   
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The second theme that emerged, Effects of Academic Environment, included the 

axial codes of “faculty”, “research advisors,” and “academic preparation” and focused on 

the impact that the academic arena had on the academic development of each participant.  

Also included were descriptors of “PWI vs HBCU academic culture” (discussed in the 

previous section) and “research/internship” opportunities.  The third theme, Intrinsic 

Constructs, related to how participants dealt with “self-conflict” and “identity”.  The 

intrinsic construct was an exploration of “self-efficacy”, “internal struggle”, “inclusivity”, 

and an introspective review of one’s self during the timeframe of pursuing a STEM 

degree.  

The fourth theme that emerged focused on the Influence of Support, which 

included environmental influences such as “words of encouragement”, “mentors”, and 

“types of support”.  The fifth and sixth themes included Barrier and Facilitator 

experiences during the STEM degree choice making.  Barriers included axial codes such 

as “bias”, “isolation”, “financial obstacles”, and “detractive language”.  Capitalizing on 

Facilitators included factors such as “visual representation”, “networking”, and “factors”.  

The final and seventh theme, Career-Determining Factors, focused on factors 

influencing “career”, “outlook/perspective”, and “tenure/lack of advancement”.  Figure 1 

displays the initial, axial (categories), and theoretical codes (themes).  Table 2 displays 

the codes by theme and the number of references elicited by the participants. 
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Figure 1. Coding progression. The progression begins with initial, moves to axial coding, 

develops into the final theoretical codes (themes). Note. Coding progression from the 

development of initial coding to the refinement of axial coding to the emergence of seven 

themes reached after 20 interviews with female African American STEM graduates.  
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Figure 1 (continued) 
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Table 2  

Codes by Theme 

Themes Number of Participants Number of References 

Effects of the “Double Bind”  18 101 

Effects of the Academic Environment  20 172 

Intrinsic Constructs  16 74 

Influence of Support  20 91 

Barriers  20 124 

Facilitators  8 19 

Career-Determining  16 59 

 

 

The theoretical codes or themes were synthesized into a theoretical model to 

display their influence on participants’ career choice and doctoral completion (see Figure 

2).  The linear model begins with person inputs as the participant constructs reality 

surrounding her race and gender Effects of “Double Bind”.  The model furthermore 

highlights the impact of Facilitators/Barriers on not only the Effects of the Academic 

Environment but also on Intrinsic Constructs ideals of the participants.  The model notes 

the Influence of Support on the academic environment and the intrinsic ideals of each 

participant.  The model details the importance of Career-Determining Factors a 

participant must undergo during the graduate study to choose a major that will reflect on 

her future career aspirations.  The model then illustrates how participants matriculate 

through their doctoral journey towards their final career choice. 
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Figure 2. Impact of barriers and facilitators on career choice and doctoral degree 

completion. The proposed model demonstrates the impact that not only barriers and 

facilitators have on career choice and doctoral degree completion but also the seven 

theoretical codes/themes discovered. 

 

Theme 1: “Double Bind” 

The term “Double Bind” was established after groundbreaking interviews of 

minority women STEM professionals by researchers Malcolm, Hall, and Brown in 1976.  

Malcolm et al. described the duality a minority woman would have to adopt in order to 

thrive in STEM disciplines.  The data suggest that women were labeled as a “double 

handicap” due to their gender and race.  They were also seen as “tokens” because they 

defined gender and race norms by pursuing careers in male-dominated fields such as 

science and engineering.  This is noted through the experiences of only minority females 

since their occupational representation in STEM fields is drastically low compared to 

their male counterparts.  In this study, 18 of the participants related over 100 comments 
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or references (some double-coded) to the impact of gender and race on their STEM 

experience.  The theme, Effects of the “Double Bind”, had several axial codes used to 

describe the impact of race and gender.  Those axial codes included “gender/sexism”, 

“racism/race”, and “xenophobia” (see Table 3).  

 

Table 3  

Theme 1: Effects of the “Double Bind” and Axial Codes 

Theme and Axial Codes Number of Participants Number of References 

Effects of the “Double Bind”  18 101 

Axial Code:   

Race/Racism/Discrimination 

Gender/Sexism 

16 

12 

  59 

  28 

Xenophobia    3    8 

 

The “Double Bind” describes experiences as related to “racism” and “gender” as 

experienced by Black women.  Merriam-Webster (2018c) defined racism as “a belief 

that race is the primary determinant of human traits and capacities and that racial 

differences produce an inherent superiority of a particular race” (para. 1).  The first axial 

code to be discussed is “racism/discrimination”.  Sixteen participants (80%) experienced 

“racism” throughout their STEM academic setting and career from a variety of sources.  

Toia attended an HBCU for undergraduate and graduate studies.  She then attended an 

Ivy League PWI for her post-doctorate degree during that time.  She stated,  

I was treated differently.  It was not like, blatant racism it was more subtle racism.  

However, that was the first time in my life that I experienced that.  I mean, just, 
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for instance, my postdoc advisor at the time; I remember she made a statement 

saying, “You know, well, you can’t do this?  We have high school students that 

do this”, and she never spoke to anyone else like that.  I was the only Black 

person in her lab, and I have never heard her speak to anyone else like that.  And I 

was friendly with her, I was professional, but I think it was because of the color of 

my skin, maybe she just automatically assumed that I wasn’t as capable of my 

White counterparts. 

Another subset of the “racism” included “discrimination”, defined as “prejudiced 

or prejudicial outlook, action, or treatment” (Merriam-Webster, 2018a, para. 1).  Only 

two participants described extensive experiences with “discrimination”.  Both 

experiences happened once they were into their career.  Brittany stated, “They don't know 

what to do with us.  They are somewhat like, ‘Oh, you got your Ph.D. from where?  They 

are somewhat like, ‘Oh, I thought all Black people don’t really do anything.”.  

Many participants described experiences in which colleagues, faculty, and the 

staff always questioned their competency.  Macie gave an example of how others 

questioned her intelligence due to her “race” and “gender”:  

I developed an app, and even with African Americans as people period, I think 

there’s some type of stigma about Black women and if they’re equal and 

intelligent to anybody else because I’ve had people say, “Oh, how's your little app 

doing?”  

These small slights or “microaggressions” towards their inventions and intelligence were 

indicative of racial stereotyping and discrimination.  
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Another aspect of “racism” was displayed towards the participants due to their 

nationality as Americans by faculty and staff.  “Xenophobia” is the “attitudes, prejudices 

and behavior that reject, exclude and often vilify persons, based on the perception that 

they are outsiders or foreigners to the community, society or national identity" 

(Workshop Group on Migration and Trafficking, 2001, para. 2).  Dallas, who went from 

an HBCU to PWI, described her advisor as “xenophobic”:  

My advisor was not a woman of color, she was White, and she was from New 

Zealand, so she had a little extra on top of her racism.  She also is xenophobic. 

She did not like Americans.  She thought that Americans were entitled, and she 

also thought they were very, very lazy, so she, for a very long time, would only 

accept international students into her group.  

Shelly, HBCU to PWI, described the difficulty of being the only American in her 

statistics program at her PWI.  She stated the professors had difficulties with her because 

she was African American and an outlier.  She explained,  

Statistics are mostly international students, so math is a strong subject in their 

countries.  They are challenged at a far greater level than we are.  It was more so 

American because Americans do not pursue math or statistics like that.  It is really 

an Asian or Russian type field, so when I got to my PWI, of course, again, an 

outlier, but the teachers did not know how to teach me because they were only 

used to teaching international students.  

Another participant stated that international professors had difficulty teaching 

minority students because of their bias.  Lastly, two participants found that the professors 
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at the university had difficulty mitigating stereotypes concerning American—particularly 

African American—students. 

Twelve participants described “gender”, the next axial code, as a barrier to their 

STEM experience.  The participants believed that their “gender” was used in opposition 

against them in their academic studies and later careers.  Shannon attended a PWI 

undergrad and PWI graduate school and stated the following concerning “gender”:   

I think the major thing would be being a woman and not having your culture 

represented in the system that you are trying to work through.  Yeah, I was at a 

meeting, and I said the same thing as a male colleague, but no one listened to me 

because the male colleague was louder or more aggressive, or basically took over 

the meeting. 

Several of the women described similar experiences where they did not receive 

acknowledgment in the workplace or they were “invisible” as compared to their male 

counterparts.  Leila described a similar experience with gaining respect due to her 

“gender”:  

You can be penalized that you are too strong, you’re too forceful, you’re too 

pushy?  Where if you put that on another person, another gender, it would mean 

you are competitive.  You are aggressive.  You are someone who is a go-getter.  

Walking that line can be tough.  

The participants believed that men were allowed to display behavior that was persuasive 

and aggressive, but they were penalized when they displayed the same level of 

enthusiasm or passion due to gender stereotypes and norms often emphasized in 
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American culture.  This is consistent with the literature about the “backlash” that women 

suffer from violating social roles (O’Neill & O’Reilly, 2011; Rudman & Glick, 2001).  

Related to the axial code of “gender” was “sexism.”  Very few women explicitly 

attributed described experiences of sexual misconduct by their colleagues.  Only three 

participants mention “sexism” briefly as they described an experience as it related to their 

sex and discrimination.  For example, Brittany attended a PWI undergrad and a PWI 

graduate program and stated,  

I am watching this #Me Too Movement, and I am thinking for black women, from 

my experience.  I had a different experience, where I was not hit on, and I did not 

feel like I would get hit on because I was not the desired object.  I was not the 

image of beauty in this mainstream culture.  [However,] There have been times 

when people had said things to me along those lines of crossing the line, and I just 

sidestepped it, kept it moving. 

Others also detailed experiences of “sexism” and “racism”.  Christina stated, “The 

biggest barrier that stood in my way during my doctoral degree was one of my two 

professors.  He was extremely racist, extremely sexist, extremely.”  

In addition, Shannon specifically stated, “I definitely wanted to add that I've 

experienced all types of isms: racism, sexism, whether it be implicit or explicit.”  

Lastly, many of the women noted experiences of discrimination and stereotyping 

due to the combination of a “double handicap”, implying that extra emphasis was placed 

on their abilities not just because of their “race”, but their “gender” as well.  “Gender and 

race” combined to speak to different aspects of the phenomenon of the “double bind.”  
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For example, Lola identified her experience with the double bind when she matriculated 

from an HBCU undergrad to a PWI graduate program:  

Not only did I get it from a racial standpoint, just being the only Black, but I also 

go it from a female to male thing.  That almost like the males under my advisor 

were the smarter ones, the go-to ones, the ones that worked hard.  It was like they 

are such hard workers.  But if I happened to get it was almost as if it were like a 

luck thing.  The little Black girl.  Wow, you figured that out.  I work just as hard. 

Lola experienced the “he’s skilled, she’s lucky” phenomenon (Swim & Sanna, 

1996).  Amber also mentioned,  

It depends on the environment, I think, as a grad student, because even though I 

had people who were encouraging, I definitely had people who weren’t.  And it’s 

hard to know if it was because of my race, or if it’s because I was female. 

Theme 2: Effects of the Academic Environment 

The effects of faculty, staff, and administrators were also obvious in the second 

theme, Effects of the Academic Environment because they weighed heavily on 

participants as they experienced a graduate school education.  The axial codes addressed 

included the impact of “academic preparation”, “faculty”, “internships/research”, 

“cultural differences at PWI vs. HBCUs”, “research advisors”, and “research 

experiences” (see Table 4).  Effects of the Academic Environment centered on how basic 

academic and career interests developed for the participants, the first interrelated aspect 

of Social Cognitive Career Theory (SCCT).  Researchers have found that participating in 

research experiences as undergraduates promotes retention and persistence of students of 
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color (Barlow & Villarejo, 2004; Hurtado, Griffin, Arellano, & Cuellar, 2008).  During 

the interviews, the participants described intently how the effects of 

“internships/research” experiences, “faculty”, and “research advisors” played a major 

role in career choices and academic progression as consistent with Tinto (1993).  

 

Table 4 

Theme 2: Effects of the Academic Environment and Axial Codes 

Theme and Axial Codes Number of Participants Number of References 

Effects of the Academic Environment  20 172 

Axial Code:   

Academic Preparation  16   55 

Faculty    9   14 

Internship/Research    9   20 

Research Advisors  14   33 

 

 

Sixteen participants (80%) noted “academic preparation” as a hindrance to their 

STEM matriculation, describing it as lacking, whether it was poor preparation or lack 

thereof.  According to The Condition of College and Career Readiness report (ACT, Inc., 

2017), many Black students are struggling to meet ACT benchmarks—strong indicators 

of college readiness—in math (13%), science (11%), and general STEM (4%).  Leila 

attended an HBCU then a PWI for graduate school and described her academic 

experience as being “underprepared”.  She reported,  

The fight of basically walking into every room and having everyone assume that 

you’re the dumbest person in the room.  By the way, sometimes being the 
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dumbest person in the room.  As I said, I felt like I was underprepared compared 

to my peers.  

In addition, the feeling of academic underpreparedness was detailed by the 10 

participants who attended HBCUs prior to attending PWIs, contrary to the responses of 

the others who attended PWIs for undergraduate study.  For example, Shelly transitioned 

from an HBCU to PWI for graduate school and stated the following concerning her 

“academic preparation”: 

I loved my HBCU, and I would never change that experience for anything in the 

world, but the preparation wasn’t great enough to put me in a position for success.  

I was not challenged the same way the people I was getting ready to compete with 

in grad school; their level was 10 times above mine, so I was constantly playing 

catch up just to try to understand the things they had been taught probably since 

middle or high school.  

Tyson, Lee, Borman, and Hanson (2007) attributed the underpreparedness to the fact that 

minorities often take less rigorous math and science courses in high school.  These 

feelings many times left the participants overworked, stressed, and not confident in their 

abilities.  

Faculty members had negative and positive effects on the students.  Nine 

participants from both HBCUs and PWIs undergraduate programs described the impact 

of “faculty” on their matriculation with specific comments surrounding “faculty” as far as 

levels of support provided and the lack of diversity in faculty at PWIs.  The participants 

described White faculty members as acting overly hostile towards the minority students.  
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For instance, some remembered White faculty emphasizing mistakes and consistently 

questioning them in front of their peers.  Isabella, who went from an HBCU to PWI, 

described faculty questioning the competence of minority students: 

They would challenge us more than the other students.  We’d be asked the same 

questions, but they would dig deeper into us because they’re trying to figure out 

are we really supposed to be here?  Were we really given that chance, or are we 

just another number to say, “Oh, we have all of these black PhDs.” 

Others noted the lack of diversity in faculty at their PWI institutions and their 

levels of support.  Tamar, who held degrees from two PWIs, stated the lack of Black 

faculty at her PWI was a deterrent to her matriculation, but she credited graduate 

institution PWI-1 with excellent support strategies:  

The number of Black faculties that you see, the presence that you see on campus, 

I think it’s very, very important. . . .  I wouldn’t say [PWI-1] graduate had a 

critical mass, but they have a critical mass of faculty that are involved in the 

graduate student’s life and making sure that we succeed as well, and I did not at 

all see that at my PWI undergraduate at all.  It was literally like we were just 

trying to support each other.  But at [PWI-1] graduate, you really had faculty who 

were engaged in your career and trying to make sure that you also get out 

regardless of whether or not they were your student or not. 

Previous research identifies the necessity for minority students to receive support from 

faculty and staff and instruction from faculty that represents the diversity on the campus.  

Li and Koedel (2017) noted that White and Asian professors were overrepresented across 
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all disciplines and the underrepresentation of Black and Hispanic individuals and women 

of all backgrounds, especially in natural sciences, math, technology, and engineering.  

They attributed the minority and female underrepresentation was due to the 

underrepresentation in STEM disciplines.  However, Tara implied that in graduate school 

at her PWI, she had faculty engaged in her career even if there was not a “critical mass” 

of Black faculty on campus. 

 “Internship” opportunities created by institutions were integral in the success of 

participants by providing actual career and research opportunities.  Sixteen women (80%) 

described internships as a contributing factor to their academic and future career choices.  

Stacey, who attended an HBCU before a PWI, highlighted special research opportunities 

and “internships” for minorities at her HBCU to help minorities.  Her university did not 

offer as many opportunities for internships so she was afforded the opportunity to study 

at neighboring institutions.  She explained, 

We could say that there was a lack of resources and opportunities to do research 

there.  However, it was a requirement for us to participate in summer research 

internship opportunities.  So being able to go off to other universities and actually 

do research during those summers gave me that exposure.  

Many of the scholars attributed academic majors and career choices to their experience 

during “internships.”  Harleigh attended two PWIs and credited internships for her 

academic and career decisions: “Internships helped because they showed me what I 

didn’t want to do.  What kept me in engineering was an internship because, as I 

mentioned, my chemical engineering classes I just couldn’t understand.”  Lastly, 
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internships seemed to help the participants determine career outlook and perspective.  

They provided real life and hands-on training to help these women determine if they 

could actualize themselves in such surroundings. 

In addition to internships, another three women credited “research” experiences as 

determining factors for completing STEM degrees.  “Research” was essential in 

facilitating the degree completion of doctoral students and providing relevant experience 

to their academic career and portfolios.  This is consistent with literature that suggests 

that research experiences “to enhance students’ learning experiences and increase 

persistence during college, boost interest in STEM careers, and encourage the pursuit of 

STEM graduate education” (Pender, Marcotte, Sto. Domingo, & Maton, 2010, p. 2).  

Amber, who attended two PWIs, described her “research” experience as a positive factor 

in her academic environment.  Her university provided multiple research opportunities, 

especially for minorities.  Amber responded, 

Definitely the undergraduate research experience.  So, that one was specifically 

targeted for minorities, first-year graduates, Black females.  And also, different 

experiences as an undergraduate student.  There were lots of programs at the 

university I went to where you could do undergraduate research, and taking 

advantage of those opportunities allowed me to not only just . . .  to really live 

out, to see if I’m interested in the sciences.  I got hands-on experience.  And that’s 

what made me want to get my graduate degree in STEM. 

Shelly mentioned being a part of a STEM “cohort” model.  This cohort introduced 

her to math research at a collegiate level: 
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We did the research to try to expand our minds just beyond that college work, and 

we were actually able to go to conferences to present some of the research that we 

worked on.  That just kind of gave me a broader outlook outside of the classroom 

of what I could use STEM for. 

In conclusion, many “internship” and “research” opportunities expanded the 

“academic skills” of the participants.  These participants provided detailed accounts of 

the effects of “academic preparation”, “faculty”, and “internships/research” on their 

success in undergraduate and graduate studies. 

       The last axial code for Effects of the Academic Environment was “research advisors”.  

These faculty members specifically worked with the participants to conduct research in 

their perspective fields.  Fourteen of the participants (70%) described interactions with 

their advisors, some positive and others negative.  Linda noted her advisor helped to build 

her confidence:  

My scientific advisor was from the hospital and he was a White male, and only 

when I got introduced to him, did he start to build me up.  I was just so beat down 

by the system, and he started treating me like I was the expert.   

Tara had positive experiences with her male advisors, which even included 

providing her recommendations for jobs.  Tara stated,  

My advisor was everything.  He gave me recommendations for job applications, 

for even external job offers, even though he knew he wanted me to  go into 

academia and be a professor or be in a research lab, which is what I’m doing now.  

Brittany noted that her advisor really helped her to become a better scientist: 
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I think another thing that was really important was to have an advisor that really is 

invested in your growth and your success.  I had that.  Both of them were invested 

in my success, but my second advisor did a lot of work to really coach me, and 

that was also really important for me becoming an independent scientist by the 

end of my graduate program. 

However, other participants related negative interactions with their advisors.  For 

example, Shannon described a negative and nonexistent relationship with her advisor: 

I felt that I was always at odds with whatever his learning process was.  And it 

was either me trying to conform to whatever it is I thought that he was requiring 

from me and then getting negative feedback on that, or me just being surprised by 

any positive feedback that he provided because I wasn’t expecting it.  

Similar to several others, Dallas also had a difficult time with her advisor.  She 

stated, “You have your advisors treating you like you’re not good enough and 

subsequently not giving you the opportunities that they would give others”.  

In review, eight of fourteen participants had a negative experience with their 

advisors, and six had a positive experience with their advisors.  Both experiences taught 

these participants about the “labyrinth” (Eagly & Carli, 2007, p. 63) of STEM in higher 

education. 

Theme 3: Intrinsic Constructs 

In addition to the effects of the academic arena, participants also described the 

difficulty with internal struggles.  Intrinsic constructs explain the participant's reflection 

on her self-efficacy, defined by Lent, Brown, and Hackett (2002) as beliefs about one’s 
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capabilities.  These affect academic and vocational decision-making by the attenuating 

the judgments a student makes about his or her likelihood of surmounting obstacles that 

may lie in the path leading to attaining the desired career (Lent, Brown, and Hackett 

(1994, 1996, 2000, 2002).  This includes the ability to navigate such intrinsic constructs 

as internal struggles, fear, and introspective control of self.  These constructs also concern 

the inclusivity of Black women within their external environment. Intrinsic constructs 

derived from the axial codes “inclusivity”, “internal struggle”, “perseverance”, and “self-

efficacy”, illustrated in Table 5. 

 

Table 5  

Theme 3: Intrinsic Constructs and Axial Codes 

Theme and Axial Codes Number of Participants Number of References 

Intrinsic Constructs 16 74 

Axial Code:   

Inclusivity   5 10 

Internal Struggle 11 19 

Perseverance    5   7 

Self-Efficacy  14 37 

 

Five of the participants (25%) described the need for “inclusivity” in the academic 

environment.  They often felt not welcomed to the campus or in the department.  Many 

described a “chilly” environment in the academic and career setting.  Lewis (2015) noted 

that “contributing factors to the low representation include lack of positive and engaging 

STEM experiences, negative classroom experiences, lack of self-confidence in their 
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mathematics skills, and “chilly” campus and office climates as factors” (para. 7).  Stacey 

and Isabella had experiences with not being included in the STEM environment in their 

graduate degree programs, specifically by professors.  Stacey remarked, “Being in a place 

where you are not welcomed, or you are not wanted, and it’s obvious, that you are not 

welcome and that you are not wanted.”   

Isabella elaborated:  

My PWI used to be the number one at producing Black PhDs in chemistry.  So a 

lot of the professors, even though this is their program, a lot of the professors still 

do not believe that we were supposed to be there.  

Shelly related that she had difficulty in her career.  Her boss did not have a Ph.D. 

and often made her feel unwanted and incompetent.  She stated, “He definitely made me 

feel like I didn’t belong and like I was not capable of performing my job duties.”   

These negative environments provided major obstacles for the women.  Two of 

the women noted that they knew of many women in the graduate program who quit or 

even left their jobs because of such treatment.  Aspects of isolation experienced by the 

participants may be indicative of stereotype threat in their workplaces and in the 

academic arena. 

The next axial code identified was “internal struggle”, which describes the mental 

and emotional weight needed to persevere through such adversity.  Eleven of the 

participants (55%) described an “internal struggle” when trying to matriculate through 

the rigorous academic environment.  Many described feelings of depression and 

exhaustion from coping with internal and external pressures.  Linda went from PWI to 
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HBCU and reported, “Because you get in your own head.  Am I capable or do I have it?"  

I was sometimes at the library for five hours at the school, just trying to catch up.  It was 

just the learning curve.”   

Dallas described feelings of depression and exhaustion specifically in the context 

of being a Black woman in STEM:  

That it is very mentally exhausting.  It is very stressful just seeing a lot of . . . I 

would say seeing more Black STEM graduates experience some form, I do not 

know what spectrum it would be, but some form of depression because knowing 

that you can never just be viewed and based off the merits of your work.  It is 

tough, and many people do not want to have to go through it.  It is exhausting.  

Moreover, it is an everyday battle. 

However, many participants found internal strength to persevere through rigorous 

programs. Brittany attended a PWI for both degrees and stated the need for internal 

validation for success:  

You have to learn how to validate yourself internally, and that takes a long time.  

But just dealing with microaggressions, you have to fight the feeling that they can 

put on you and be like, “That’s on that person, that's not on me.” 

 Twenty-five percent of the women attributed their academic success to having 

“perseverance” or “grit”.  Perseverance is “continued effort to do or achieve something 

despite difficulties, failure, or opposition” (Merriam-Webster, 2018b, para. 1).  These 

internal motivators propelled them forward even through adversity.  Macie, who attended 



115 

 

 

an HBCU and a PWI for graduate school, stated the need for perseverance and 

determination to matriculate through graduate school:  

I would say tenacity is one quality; persistence is another one.  I think a lot of it 

really is soft skills like grit and just the ability to persevere daily because of the 

challenges that Black women in STEM have to face.  You can be book smart all 

day long, but if you do not have the ability to really hustle and overcome 

obstacles, then it’s not going to matter how much math or anything else you 

know.  

Stacey matriculated from an HBCU to a PWI and described “perseverance” and 

“grit” that African Americans have to overcome in order to be successful.  She noted that 

giving up is not the reality of the situation because African Americans already face many 

obstacles throughout life: 

I think that we are able to persevere, and we have a lot of perseverance.  Through 

life, we had to persevere through many things, so once we get into the graduate 

world, and the graduate arena, it is not too difficult to just stick with the task, stay 

focused, and to continue to persevere through that.  People call it grit.  I think grit 

is just that option to just do well, the gumption not to give up, and the option of 

just really believing in yourself. 

Amber echoed, “I think having the mental strength to not give up and persevere is 

something that I probably always had.”  All of these terms, such as “determination”, 

“perseverance”, “grit”, and “tenacity”, describe internal attributes for navigating 
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successful STEM careers and degrees.  Whether they were born with or learned 

perseverance, tenacity and grit helped these women complete their education and career.    

 “Self-efficacy”, as described by Tinto (2016), is an individual’s belief in his or 

her ability to achieve a certain goal or task.  Fourteen participants (70%) described 

navigating doubt by using “self-efficacy”.  They often confronted doubt, possibly due to 

stereotype threat evident in the constant questioning exhibited by their professors and 

society.  For example, Linda stated, “Because you get in your own head.  Am I capable or 

do I have it?”   

However, many persevered despite these negative thoughts.  Toia stated,  

I have always wanted to be an electrical engineer, and once I got the first degree, I 

was happy with it.  Satisfied with work.  Even when I had the struggles, the 

challenges, the trials, the discrimination, there was never a time where I 

questioned my decision to be an engineer. 

The final goal motivated Linda.   

Stacy explained the importance of believing in yourself:  

And when you believe in yourself, you believe in your abilities.  A lot of times, if 

we’ve made it through high school, made it through college and usually a 

Master’s program or something before the doctorate degree; we have those 

capabilities to endure whatever is placed in front of us.  

Achieving the master’s degree promoted persistence.  Linda finished by describing how 

she “blossomed” as a researcher and scholar once she obtained confidence.  
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So, I think for me, confidence was something that I lacked those first few years, 

and then I started to feel very comfortable with the material, and that was when I 

knew that something had changed, and I felt ready.  

In conclusion, the women shared heroic stories of developing confidence within 

themselves and their research and lastly career choices.  Initial successes spurred them 

forward despite challenges.  The participants realized the key is the belief in one’s own 

abilities. 

Theme 4: Influence of Support 

As the women developed self-efficacy, they still heavily relied on support from 

their external environments.  The theme of the Influence of Support highlights the 

participant's background and environment influences.  Tinto’s (1993) model suggests that 

individual success is shaped by attributes and background factors that students bring to 

their doctoral experience.  These characteristics, including external commitments (i.e., 

family, friends, work, and finances), may influence students’ educational aspirations, 

occupational goals, and institutional obligations.  Furthermore, Bonous-Hammarth (2000) 

found that the support students of color receive from their peers, mentors, and professors 

are essential to their STEM education and success.  The axial codes were “types of 

support” received, “words of encouragement” and “mentors” (see Table 6).  The 

participants experienced many forms of support throughout their academic career, 

including that of family, friends, and colleagues.  The other source of support included 

“words of encouragement” from various resources to sustain the participant. 
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Table 6  

Theme 4: Influence of Support and Axial Codes 

Theme and Axial Codes Number of Participants Number of References 

Influence of Support Theme 20 91 

Axial Code:   

Types of Support  19 76 

Words of Encouragement  

Mentors  

  9 

16 

15 

40 

 

“Support” was a major factor in the matriculation and success of the participants.  

Many stated “support” was the only thing that kept them from quitting.  Nineteen of the 

participants (95%) overwhelmingly attributed academic and career success to having a 

source of support to help them persevere.  Christina, who attended a PWI for both 

degrees internationally, received her support from her family, particularly her mother.  

Christina’s experience was extremely different in regards to growing up in Africa where 

young girls are typically not educated, especially past a certain age or in STEM fields.  

She described her experience as a “war zone” because she was often the only girl in the 

classroom setting: 

So, I went to school every day like it was a war zone.  I wanted to prove a point 

that a girl can be anything she wants to be if she can dream it.  And throughout 

my life, I have never been second in school.  I always come first.  And the boys 

never liked me, and I loved the fact that they hated.  My mom knows if I come 

home with my report card, there’s nothing else but a first because she told me 
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every morning, “Go show them what a girl can do.”  And I am so happy that she’s 

alive to actually see that I’ve been able to show them what a girl can do.  

Christina received family support for violating social roles (Eagly & Carli, 2007).  

Amber received similar support from her family.  She attended a PWI for both 

degrees.  She stated, “Without that family support, I probably would have cracked to quit 

the program a little bit . . . or not even finished.”  

Other participants found support from their colleagues, often experiencing solace 

in networks of colleagues as a way to navigate daily nuances.  Dallas received her 

support from cohort members.  Dallas illustrated her network experience: 

Having a good, strong network of people that look like you in the STEM field to 

be able to bounce ideas off of, vent to, vent your frustrations to, get 

encouragement, get the feedback, get advice has a lot of the times been a make or 

break for a lot of Black women in STEM because a lot of the times when they’re 

ready to give up, like, “I don't know why I’m doing this.  Nobody has my back”. 

There are no support systems for me from my superiors. 

The feeling of lack of support from professors, staff, and colleagues led six of the 

participants to describe feelings of isolation.  One explained that three members of her 

cohort quit their doctoral program.  

The next axial code was “words of encouragement”, which were often needed to 

build the participants’ self-esteem and provide much-needed validation, which they also 

identified as Influence of Support.  Nine of the participants (45%) related that “words of 

encouragement”—whether they came from family or cohort members—played an 
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important role in their experiences.  They noted that “words of encouragement” helped 

them persist during difficult times.  One participant who attended a PWI for both 

undergraduate and graduate degrees described her support and “words of encouragement” 

from fellow cohort members.  Ashley said, 

Our department at my PWI was fortunate to have a large population of African 

American women who were also obtaining Ph.Ds.  In addition, so just having the 

support of women and people who are like you saying, “Hey I know what you’re 

going through.”  And just giving you that support, or whatever, words of 

encouragement, whatever you may have needed to get through those rough times.  

I would say that is the most . . . that was the most invaluable thing to have during 

that time.  

Stacey also explained that “words of encouragement” were particularly important 

to the matriculation of African Americans in STEM.  She said, “So sometimes those 

words of encouragement goes a long way I think, with people of color; to just believe in 

themselves and to continue to strive through the struggles until the better days come.” 

These “words of encouragement” often served as validation as many participants 

often described feeling “not good enough” for graduate study.  Dallas detailed a 

conversation highlighting the benefits of encouraging words and how they impacted not 

only the current students but also generations to follow: 

Hey, I know this is hard.  I know this is difficult.  Look at me.  I’ve done it.  You 

can do it too.  I believe in you.  If you need to, come and cry on my shoulder, and 

we can discuss the ways to get around some of these problems that you have, let’s 
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do it, but by no means, don’t give up because you have people behind you that are 

going to look at you. 

Influence of Support also included the utilization of female role models or 

“mentors” during the course of their academic career.  Lee (2011) reported the findings 

of the University of Massachusetts Amherst study in which researchers discovered 

“academic contact with female professionals in science, technology, engineering, and 

math (STEM) can have positive influences on students—female students in particular” 

(para. 1).  Sixteen participants (80% percent) discussed the importance of “mentors”, 

whether they were women or people of color, and attributed their success and academic 

persistence to having “great” mentors.  Cialdini and Cliffe (2013) referred to this 

principle as “social proof” (p. 5)—a weapon of influence, where people can succeed, 

especially when they see other role models similar to themselves. 

One of the participants, Marie, graduated from a PWI and received support there 

from a senior minority female faculty member throughout her journey.  During her final 

years of her doctoral program, she became pregnant.  Her advisor/mentor encouraged her 

to continue the program and not tell other senior faculty members of her pregnancy to 

prevent further discussion of her abilities.  She stated, 

She supported me when I planned to get pregnant because I was like, I can see 

this thing, and I wanted to get pregnant before I got on a senior track position.  

And then I had my baby before I started a senior track, so I wouldn’t have to kind 

of like stop and all that.  So she was supportive, she was encouraging, and she 

never held it against me.  And even when I just sent in my proposal, I was 
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expecting, but she was like, “We’re not going to tell anyone.  It’s not any of their 

business.  You are going to go get up there and defend your proposal as you have 

been expecting to do and it is not even a conversation, your personal business.” 

Marie’s mentor knew that her pregnancy would have become a “conversation” and so 

protected her.   

 Another participant, Nova, attended an HBCU then a PWI for graduate school, 

and she attributed mentors and summer internships for her success.  She said, 

Going to an HBCU, I had a lot of great mentors, and they encouraged me to 

pursue my Ph.D. and also encouraged me to participate in different summer 

programs that would help me to prepare me to get my Ph.D.  So, I think having 

great mentors and that awesome foundation at home really impacted the pursuit of 

my Ph.D. 

 Here Nova directly referenced the influence of her HBCU undergraduate experience that 

motivated her to go to graduate school.   

Harleigh, who attended a PWI for both degrees, also credited her mentors for her 

success.  She also discussed the effects of advisors as it related to student attrition:   

I think primarily it’s having good mentors.  Generally, African American women 

who have good Ph.D. advisors, or collaborators who take that role of mentoring or 

coaching, generally feel better in STEM programs.  From my experience, I do 

know maybe like two or three women who were on track with me to have Ph.Ds. 

in different disciplines, but then they stopped after getting their master’s because 

they didn’t feel like they were being supported by their advisors. 
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The women often struggled to find mentors who were women.  As a result, most of their 

mentors were non-Black or male due to the lack of diversity at their institutions of higher 

education.  Isaac (2017) cited a quote from her advisor that “one has mentors and 

tormentors and both help shape us”, which illustrates that learning occurs from mentors 

and from difficult experiences.  Ashley, who attended a PWI, detailed her mentorship 

experience with a nonAfrican American mentor: 

I had a mentor in my undergrad degree who was a woman.  She wasn’t African 

American, but she was a woman who had obtained her Masters from my PWI.  I 

don’t think, if it wasn’t for having a mentor to encourage me to apply to grad 

school, I probably would have never applied.  

Ashley demonstrated that having a mentor “not like her” did not dissuade her.   

Shannon attended a PWI for both degrees and attributed mentors to her success 

and the success of several of her friends.  As a result, this motivated many of the 

participants  to become mentors.  

I would say a huge part of it would be mentors.  A lot of my friends that I know 

have been successful and are still working in the area of STEM have placed a 

high value on mentors and even me being a mentor for them and them being a 

mentor for me at various points in our careers.  

Because of the great mentoring they received (or even lack thereof) Linda, one of 

the participants, described her volunteerism role in the scientific community by serving 

as mentors for girls and women of various ages. 
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Theme 5: Barriers 

These women continued to persist with or without the aid of support; however, 

many barriers continued to plague them throughout their doctoral journey.  The literature 

suggests that Black women face numerous obstacles to obtaining a STEM degree, 

including race-based stereotypes (O’Brien, Blodorn, Adams, Garcia, & Hammer, 2014), 

systemic educational barriers (Brickhouse, Lowery, & Schultz, 2000), and socially 

constructed incongruence of gender, racial, and science identities (Johnson, Brown, 

Carlone, & Cuevas, 2011).  Specifically, for this study, Barriers included axial codes 

such as “bias,” “isolation,” “financial obstacles” and “detractive language” (see Table 7).   

 

Table 7  

Theme 5: Barriers and Axial Codes 

Theme and Axial Codes Number of Participants Number of References 

Overcoming Barriers  20 124 

Axial Code:   

Bias    5    5 

Detractive Language   3    3 

Financial Hardships   9  25 

Imposter Syndrome    5   7 

Isolation    6   8 

Earn Our Respect   5   6 

  

 

Eighteen participants (90%) described encountering barriers during their 

experience as a “double minority”.  Participant 19 (Leila) attended an HBCU then a PWI 

for graduate school.  She explained how she perceived barriers:  
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Barriers are basically just functioning in a culture that’s not yours.  The deal is, is 

that . . . I think particularly in mathematics, I know it’s true across most STEM 

fields, between basically it’s run by old White men who feel like it should 

continue to be run by old White men, so breaking down those cultural barriers are 

the most difficult.  

Participants experienced varying levels of barriers throughout their academic and 

career fields.  Five participants (25%) described the implicit “bias” of their peers, 

colleagues, and faculty as a barrier for them.  Nova, who attended an HBCU then a PWI, 

spoke about implicit bias during graduate school: “I think there was this implicit bias, 

saying, ‘You’re not going to pass; we’re not going to give you a teaching assignment 

because we don’t think you’ll pass the exam.’”  In this instance, the student identified 

faculty “bias” because of implicit biases towards Black women in STEM fields.  In 

contrast, a White male student who did not pass received an assignment by the same 

faculty members.  Nova was acutely aware of this inequity.   

Dallas, who transitioned from an HBCU to PWI for graduate school, echoed the 

following about bias barriers in the workplace and academic environment.  

You’re inferior as soon as you walk in the door.  Even your colleagues who work 

at the same level as you, your nonBlack colleagues, your nonBlack superiors, 

your advisors,  your teachers,  all of them believing before you even open your 

mouth, making these judgments about your intellect, that [feeling] you are not 

capable, or you’re only here because you’re a diversity candidate, or you’re an 
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equal opportunity candidate, but you’re not capable of this level of intellect that is 

required to be a STEM graduate; a STEM Ph.D. is there. 

Several participants described coping with hidden biases of faculty, staff, and peers.  The 

participants believed that the faculty, staff, and peers were sometimes unaware of their 

biases towards Black women in STEM. 

Three participants (15%) recanted stories of “detractive language” or negative 

language as barriers to their success during their academic and professional careers.  

Linda went from PWI to an HBCU for graduate school and experienced detractive 

language due to her accent as a southerner.  Born and raised in the southeastern United 

States, Linda had a different accent compared to her northern counterparts.  She related 

her experience:  

I would say the negativity.  I had a professor, he told me . . . I had a strong accent 

when I first came to graduate school, which I knew shouldn’t even be a thing, but 

they were like, “You need to really work on your dialect.  You need to really 

work on your personality.”   

This was evidence of “fixing the women” (Morrissey & Schmidt, 2008, p. 1399) where 

women are expected to conform to a gendered culture within STEM. 

The participant, Marie, described experiencing detractive language while joining 

the workforce:  

When I was on the job market for my senior track position at a PWI, one of the 

women who interviewed me was a senior track White faculty, and she asked me, 

“How do you have so many publications?  How do you have nine publications?  
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You must have worked with your professors, and they must’ve let you put your 

name first.  

Divisive or alienating language such as this prevented one participant from wanting to 

present her doctoral research in formal settings and another from articulating her 

accomplishments in her career field for job promotion and tenure. 

Nine of the participants (45%) experienced “financial hardships” as a barrier 

when trying to reach academic goals.  Researchers have noted that financial support 

during early college years helps to improve the matriculation of minority students (Tyson 

et al., 2007; Villarejo & Barlow, 2007).  Most of the women detailed very little monetary 

pay for graduate studies and described having to work several jobs or find additional 

scholarships to support their education.  

Christina, who attended an international PWI for both degrees, described her 

financial hardship.  She said, “I feel like graduate school is the second type of slavery; 

graduate students are paid so low and this does not motivate anyone.”  

Dallas, who attended an HBCU then a PWI, also identified financial hardships as 

a barrier:  

I needed something hard because I would go home every day because you know 

in grad school you work 60-70-hour weeks for a little money.  You get a stipend.  

I mean, your school pays for it, but you don’t get a lot of money.  You get pretty 

much a little bit above the poverty level. 

Shannon had an entirely different experience.  At her PWI-Ivy, there were several 

funding programs and even a Black Student Association.  Through these programs, she 
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received a great deal of support, particularly financial.  Shannon reported, “They had a lot 

of funding programs in place so that was another thing as well; I didn't have to be 

concerned with the financial aspect of supporting my degree—that was taken care of.”  

Although this reassurance allowed Shannon and 10 of the participants to concentrate 

solely on their academics, the nine other participants described trying to balance 

academics and working an outside job to survive due to the lack of availability of 

scholarships.  The 11 women with financial support received grants, scholarships, and 

assistantships to support their academic career, while others did not receive similar 

amounts of financial aid.  Because of the time commitment and additional 

responsibilities, finances were major hindrances to the academic success of those who did 

not receive aid.  

The next barrier described by five participants (25%) included the effects of 

“imposter syndrome”—a term used by the five of the participants specifically.  All five 

participants received their doctoral degrees from PWIs.  Only two of the five matriculated 

from HBCU undergraduate institutions.  “Imposter Syndrome” is a phenomenon in which 

individuals doubt their achievements and often fear people will perceive them as frauds 

(Ramsey & Brown, 2018).  Tara and Keshia explicitly stated that they felt the “effects of 

imposter syndrome.”  Tara graduated from a PWI and attributed imposter syndrome as 

one of the barriers Black women in STEM face:  

Imposter syndrome, I would say, is particularly almost pervasive with women of 

color in STEM fields.  Right?  So if you are a woman, you’re a woman of color, 

and you are relatively young like I was when I got my Ph.D., and you walk into a 
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room and then you know, you feel like you have to prove yourself.  Right?  And 

so, sometimes some of that is even self-induced, right, that pressure, feeling like 

you have to work twice as hard to be recognized.  

In addition, this excerpt provides evidence for higher ability standards set for female and 

Black participants who must “work harder to prove that their performance is ability-

based” (Biernat & Kobrynowisz, 1997, p. 544).   

Due to “imposter syndrome”, which they were previously familiar with, many 

participants described being apprehensive of being questioned or feeling as if they did not 

deserve to be in the graduate program.  Keshia spoke of the restrictions of the syndrome:  

So because I suffered from imposter syndrome, I would say that my advisor didn’t 

take that into account, and she didn’t actually support me or lift me up the way 

that I needed to be.  I felt that I could have gone a little bit further instead of 

having that feeling of doubt. 

Harleigh remarked on the impact of the syndrome on self-efficacy:  

The belittling type of behaviors force you to choose to get out, or it’s maybe a 

factor of impostor syndrome, where you don’t really feel . . . they don’t really feel 

like they have the mental capabilities of continuing the Ph.D.  

Many participants often felt like imposters in their academic fields.  This often induced 

fear of being “found out” or the perception of being not as intelligent as were their peers, 

creating a sense of isolation in their departments. 

As a relationship to not feeling a part of the graduate school experience, many 

participants often felt “isolated” by their professors and peers. Thompson and 
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Sekaquaptewa (2002) maintained that many consider woman as tokens; therefore, their 

male counterparts intentionally isolate or marginalize them as punishment for breaking 

stereotypical boundaries in male-dominated fields like science.  Hewlett and colleagues 

(2008) identified isolation as one of the contributing factors for women leaving science, 

engineering and technology jobs.   

Six participants (30%) described having difficulty with” isolation” during their 

academic career, experienced primarily from colleagues and peers in graduate school.  

According to Williams (2015), 42% of Black women agreed that socially engaging with 

colleagues might have a negative impact on their career aspirations.  Nova stated that 

“isolation” was a major barrier:  

Particularly when it came to doing research, I felt like it was isolating.  In grad 

school, in my cohort of 14, I was the only Black person and the only Black 

woman.  I felt . . . I had a great cohort, mind you, but I still felt like at times it was 

a little isolating.  

Stacey described the “isolation” was similar to “being in a hole.”  Many students 

retreated to this silo because they did not feel welcomed by the majority group members.  

Stacy specifically stated, “A lot of times these graduate programs caused us to be 

isolated, and once we were isolated, we really don’t know how to get out of that hole.” 

Lastly, Dallas described her graduate experience as completely isolating:  

We were alienated from everybody in the program, international students, White 

students . . . It was crazy.  So it was very isolating.  So when you had people that 
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look like you to commiserate with, it helped a lot instead of being in a program 

where there’s nobody that looked like me, and it was just me. 

Six of the participants (30%) often felt the need for other members of the faculty, staff, 

and cohort to “look” more like them.  These additional people of color, as stated, would 

have created a more inclusive environment.  

Another barrier discussed by five of the participants (20%) was the feeling they 

had to “earn our respect” in their academic and career settings in order to be successful.  

The participants described “respect” as receiving due credit acknowledgments for 

accomplishments and intelligence.  Christina, who attended two PWIs, was disheartened 

because “being treated with no respect are things that I felt while in graduate school made 

me feel like I should probably just quit the whole thing altogether.”   

Macie also reported, “We were not always treated with the same respect or 

expected to have the same education or the same intelligence as other races do.”   

Ashley echoed, “So being a Black woman in science especially . . . I do not 

always feel like we are always respected, so I think we have to overcome the barrier and 

earn our respect.”   

These participants often felt disrespected, which reinforced the need to prove 

themselves constantly to simply gain the respect of their peers.  In conclusion, the 

participants noted that their White male counterparts did not have to work as hard for 

their respect; they often received it without question, lending evidence to the “he’s 

skilled, she’s lucky” (Swim & Sanna, 1996, p. 507) syndrome.    
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Theme 6: Facilitators  

With navigating such impediments, the STEM majors found it easier if they 

utilized facilitators.  Facilitators included such axial codes as “visual representation” and 

“networking” (see Table 8). 

 

Table 8  

Theme 6: Facilitators and Axial Codes  

Theme and Axial Codes Number of Participants Number of References 

Capitalizing on Facilitators 8 19 

Axial Code   

Facilitators  4   5 

Networking 3   5 

Visual Representation 4   7 

Factors  2   5 

 

 

Four participants (20%) described various “facilitators” that helped to propel them 

forward specifically during times of adversity.  The participants often perceived these 

facilitators as catalysts, since they helped to stimulate positive STEM environments.  One 

of the first facilitators was the ability to respond positively to criticism.  Stacey described 

“tough skin” as a facilitator for academic success:  

We have to have tough skin.  So having the tough skin, it helps us to be able to 

take critiques and criticisms and make it better for our work.  So that’s one way 

that allows us to have academic success.  We can take critiques and criticisms, 

and use it as guidance to better our work. 



133 

 

 

Three participants described having “tough skin” or being able to navigate obstacles 

mentally as a facilitator.  One even stated that her HBCU prepared her for such 

difficulties by strengthening and cultivating her personality.  Leila noted,   

By the time I got to graduate school, yes, I realized I was the only Black 

American in the building, but at the same time, I had already been sheltered long 

enough to where I was ready; I was ready for the fight. 

The next axial code under Facilitators, “networking,” was described as the ability 

of the students to find connections during college to advance their career.  Three women 

(15%) mentioned “networking” as a facilitator to success in doctoral study and career 

pursuits.  Ashley, who attended a PWI for both degrees, advised, “Take advantage of 

every opportunity that you get in graduate school to network because it’ll really help you 

to open up your job and your career possibilities when you’re done.”  

Dallas, who attended an HBCU then a PWI, described PWI graduate advisors as a 

network as facilitators for her: 

Having a good, strong network of people that look like you in the STEM field to 

be able to bounce ideas off of, vent to, vent your frustrations to, get 

encouragement, get the feedback, get advice has a lot of the times been a make or 

break for a lot of Black women in STEM.  

“Networking” was very instrumental in helping several women propel their careers and 

prepare for graduate studies.  Through various types of networking, they were able to find 

academic support from other minority professors outside of their primary advisors, jobs, 

conference nominations, and even letter of recommendations for graduate school. 
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  In addition, “visual representation” was very important to the African American 

female participants in determining factors to matriculate through their doctoral degree.  

The “visual representation” of Black women in faculty and research positions that they 

were trying to attain helped to propel them during hardships.  Four participants (20%) 

noted the need for “visual representation” of more women and people of color.  Lola 

described visual representation as one of the facilitators to success: 

Whether it was another Black female that I saw as a facilitator and was able to 

envision myself as being such one day.  Having that visual example in front of me 

was often good just sometimes.  Even if it is not necessarily another Black female, 

if it is just a female, I think that is a source of motivation to just see a female, 

especially when it comes to STEM because it is a male-dominated area.  You 

could be in some environments and not see another female.  You could easily be 

the only one.  

Dallas stated visual role models were a necessity for minorities in STEM, 

especially for the upcoming generation of young scientists: 

I believe representation is important to young brown students.  They need to see 

people in those positions.  “You can’t be what you can’t see.”  I do a lot of work 

with kids, especially with young Black kids, getting them interested in STEM 

because [there] is not a lot of us there.  The reason why is because they do not see 

anybody that looks like them.  So when you ask kids, “Do you want to be a 

chemist?  What does a chemist look like to you?  What do you think a chemist 

looks like?”  And they’ll tell you an old White man in a lab coat.  
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The major take away from the visual representation of people of color in faculty and staff 

positions not only benefits students of color but also all students.  Lastly, the influence, 

presence, and contributions of the faculty of color have led to increased “intercultural 

competence” which is people’s ability to function and communicate effectively across 

cultures (Madyun, Williams, McGee, & Milner, 2013).  In closing, the data in this study 

lend evidence that the increase in diverse faculty improves student diversity across all 

disciplines. 

Theme 7: Career-Determining Factors 

After utilizing several facilitators and matriculating to graduation, many 

participants still had to determine which career path to pursue.  Would they choose 

academia or industry?  Would they choose family vs career?  Social identity as a major 

role in pursuing a STEM degree and career (Ong et al., 2011).  Career-Determining 

Factors included “career outlook” and “perspective” as well as the “ambition” of the 

individual (see Table 9).  The theme of Career-Determining Factors focuses on the 

second aspect of SCCT regarding how educational and career choices were established. 

 

Table 9  

Theme 7: Career-Determining Factors and Axial Codes 

Theme and Axial Codes Number of Participants Number of References 

Career-Determining  16 59 

Axial Code   

Career 15 42 

Outlook-Perspective 

Tenure/Lack of Advancement 

  7 

2 

15 

2 
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“Career” was the drive to pursue a STEM career despite various challenges.  Only 

one participant used the word “ambition” as a factor utilized in her career decision-

making process.  Ambition is a stereotypically gendered term that historically describes 

men rather than women (Bem, 1974; Holt & Ellis, 1998).  Shannon, who attended a PWI 

then another PWI, stated,  

I think it’s a little bit different from what it might be in other areas, but that's the 

only career that I’ve pursued; I think it takes a special person to stick with a career 

like the one you would get in STEM when there are so many people distracting 

you from that and telling you shouldn’t. 

Fifteen participants (75%) spoke of challenges when deciding to pursue a STEM 

“career” including the decision to pursue a career or a family.  The “maternal wall” refers 

to the pressure from the job to choose between pursuing a family and a career.  

According to Williams (2015),  

Nearly two-thirds of the scientists with children reported running into this form of 

bias, across all races and ethnic groups.  Women felt they were competing with 

men who had stay-at-home wives, and that colleagues often assumed that they 

would lose their drive after they had children.  (para. 10) 

Three participants specifically discussed work-life balance.  Lola who attended an 

HBCU to HBCU then a post-doc at an IVY stated,  

I think the only thing that may have detracted me was the balance between family 

and career.  I think for women in the STEM field, and not even just them, but 

period, professional women, they have . . . it’s a struggle to go through all this, 
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years of education, and maybe even until once you get out of school, work your 

way up the corporate ladder, and then to balance that with a family. 

Toia, who went from an HBCU to a PWI described the choice between a family 

and career when determining her career options:    

I think if I had seen more positive role models doing those things, I might have 

stayed  on the academic track, but when I looked around, I was looking at my 

advisor, whose wife is also a scientist.  They do not have any kids.  Then, my first 

advisor, she had a kid, and she did not get tenure.  Other folks did not seem to 

have kids around me.  Family life and an outside life is very important to me, and 

it seemed like I cannot be in this environment and have both.  Prematurely, I 

think, I decided to step off that track, and I went into management consulting after 

I finished my Ph.D. 

Brittany also shared similar thoughts by saying “work your way up the corporate 

ladder, and then to balance that with a family”.  These women needed not only mentors 

for their professional life, but also mentors for work-life balance to help them with future 

planning, which is not atypical concerns for all professional women (Isaac et al., 2013).  

While this study did not encompass work-life balance, it was a topic of importance for 

these women participants.      

Kescheler, who attended an HBCU and then a PWI, exhibited another example of 

the desire to choose a STEM “career”.  She attributed an early introduction to STEM with 

helping her decide which “career” to choose.  She said, 



138 

 

 

If I weren’t introduced to engineering or computer science through the multiple 

programs that they had at my school, then I may not have become interested, to 

begin with.  I wouldn’t have known that it was a viable career for me.   

Linda credited a research opportunity with the Ronald E. McNair Post-

baccalaureate Achievement program as the deciding factor between a research career and 

an academic career:  

McNair really changed my whole career, that day.  Research on with the McNair 

program?  It really, really triggered my interest, and through that interest, I ended 

up deciding at that moment to go into a Ph.D. program.  Prior to that, I was 

premed and had not thought about a research career at all. 

Another participant described the representation in industry versus academia when 

describing her STEM “career” choice.  Dallas noted:  

But no representation and knowing that I was going to be in a field that prided 

itself on intellectualism was a hinder.  It was like, “Do I really want to go into a 

field where nobody looks like me, and I’m constantly going to have to be 

defending my degree, my title, my intellect, who I am as a person, my worth?  Do 

I really want to do that?”  I do not know.  And partially I chose to go into industry 

instead of academia. 

The next axial code included job “outlook/perspective”.  Job 

“outlook/perspective” were determining factors of career choice by several of the women.  

Seven participants (35%) described alternative career choice, qualifications, and 

difficulty receiving promotion and tenure as determining factors for career choice.  Of the 
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participants interviewed, 13 women entered into industry, 3 into academia, 1 into 

government, and 1 was unemployed.  The participant who disclosed unemployment 

revealed it was by choice.   

Linda provided some insight into her attribution of career outlook/ perspective to 

career choice: 

It was just job security.  Job security was one of the major reasons why I chose 

this career.  I feel like with the academic track a lot of times, especially in our 

current political climate right now, they’re scaring us away from these careers, 

almost.  Because they talk about this pyramid effect.  So many Ph.Ds. nationwide, 

and there are this many academic careers, there are these many people who has a 

publication in their post-doc that will allow them to get this.  I guess they kept 

feeding it, that it was such a negative thing, that it made every other career sound 

appealing, because it was like, “Well, I know there will be money there.”  

Alternatively, if it is a government job, then I have a better chance of keeping it.   

Ashley attended two PWIs and described alternative career paths due to job 

“outlook/perspective”.  She stated, “I’m over-qualified for certain positions, and I don’t 

have enough experience for others, so that kind of sent me on a different career path; 

therefore, now I am in education; I teach high school—I teach science.”   

Amber also attended two PWIs and described alternative career paths due to job 

“outlook/perspective”.   

Because you cannot really . . . I mean, you can do certain things like maybe teach, 

and I was not quite interested in that.  But I always liked the subject.  So one of 



140 

 

 

the reasons why I might have switched to a different career was because I was not 

quite sure of the future potential. 

Nova attended an HBCU then a PWI and chose her career based upon immediate impact.  

She reported, “I knew that I wanted to see my research have a positive impact, I guess, 

immediately because I know, in academia, you can work on a project for years and years 

and not even see an impact.”  Her “perspective” from her experience in academia was 

that there was limited impact. 

Lastly, two women discussed difficulty “lack of advancement/tenure” in their 

career as a determining factor for success.  Lola also described the inability to get a 

promotion as a hindrance to career attainment:  

Recently, a non-Black person actually was promoted before I did.  Moreover, it is 

ironic because I actually brought that person on board.  I got them hired.  In 

addition, I have been working there longer.  I do not want to say harder but 

because I don’t want to diminish anyone else’s ability or skills.  However, I 

definitely felt that it was unfair that this person was promoted before I did.  In 

addition, I am sure that the reason for that is that she is not Black.  Therefore, that 

just goes to show how much harder Black women have to work.  In addition, not 

just Black women but Black people; in general, have to work compared to their 

nonBlack counterparts. 

During their career especially during times of promotion or “tenure”, one 

participant described opportunities where people of color, especially women, were 

overlooked for positions.  Lola and Linda also noted times when promotions were given 
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to someone who was not considered a diversity hire.  Linda noted that not many women 

were being promoted in her department as well.  Linda, who worked in government, also 

noted the “advancement or tenure” of men over women with this thought: “you got to 

graduate school or your post-doc, and you did well, and you got an assistant 

professorship, but then realized that only men in your department get tenured positions.”  

Instances such as this highlight the difficulty for women of color to advance in career 

settings.  In conclusion, it also lends perspective as to why there is a dearth of women of 

color in high salaried positions in academia or the career sector.  

HBCU vs. PWI Experience 

The data indicated several major differences between the participants who 

matriculated from an HBCU to a PWI.  Nine of the twenty women (45%) attended 

HBCUs as undergraduates and then later attended a PWI for their doctoral studies.  Eight 

of the twenty women (40%) attended PWIs to PWIs as undergraduates and doctoral 

students.  Only one of the women attended a PWI to HBCU for doctoral studies.  One 

attended an undisclosed undergraduate institution and one attended international PWIs 

for undergraduate and graduate study.  When examining the major themes listed in Table 

10, the HBCU to PWI attendees responded with more references for Career-Determining 

Factors, Effects of the Academic Environment, Effects of the Double Bind, Intrinsic 

Constructs, and Barriers.  The least amount of responses overall were the Facilitators.  

The PWI to PWI attendees had the greatest number of responses for the Influence of 

Support Theme.  The least amount of responses for the PWI to PWI was Facilitators.  

These numbers lend descriptive (if not statistical) evidence for a comparison between the 
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two groups of women.  When comparing the literature, some of the major axial or initial 

codes most frequently referenced within themes were “lack of diversity” and 

“racism/discrimination” for the Effects of the Double Bind; “mentors” within Influence of 

Support;  “imposter syndrome” for Barriers; and “academic preparation” for Effects of 

the Academic Environment.  The results are discussed sequentially with the most frequent 

codes first. 

 

Table 10  

Major Themes and Most Frequent Initial/Axial Codes by Institution Classification 

Theme/Axial Code HBCU-PWIa PWI-PWIb 

 Number of 

References 

Number of 

Participants 

Number of 

References 

Number of 

Participants 

Effects of the Academic 

Environment/  

Academic 

Preparation;  

72 8 58 9 

Imposter 

Syndrome 

44 8 29 

 

9 

Effects of the “Double 

Bind”/  

Lack of 

Diversity 

Racism 

38 6 26 9 

Intrinsic Constructs  37 7 19 7 

Influence of Support  

Mentors 

29 8 38 9 

Note. aHistorically Black College and University to Predominantly White Institution;  
bPredominantly White Institution to Predominantly White Institution

 

 

 

The initial code most referenced was “academic preparation”, which is within the 

Effects of the Academic Environment theme (see Table 10).  Those from HBCUs seemed 

to have more discussion about this than those originally from PWIs.  Women who 



143 

 

 

attended an HBCU for undergrad and matriculated to a PWI for doctoral studies detailed 

“academic preparation” as a major barrier.  Many of them described the perceived 

difficulty of not being intellectually prepared to compete with their male and nonminority 

counterparts.  For instance, Leila stated, 

I would say academically I think I was underprepared.  I think that I was . . . I do 

not think that realized the level of competition that I was entering into.  I think an 

overall lack of support just in general— loneliness, we will call that.  

Shelly described “academic preparation” in her undergraduate program where she 

“loved my HBCU” but the preparation “was not great enough to put me in a position for 

success”.  In contrast, Fiegener and Proudfoot (2013) stated that the academic research 

from Black science and engineering graduates is very important because most of those 

recipients attended an HBCU before matriculating towards their doctoral degree.  The 

HBCU created a motivating environment for success despite limits in academic 

preparation.  

Within Barriers, the code “imposter syndrome” may be that participants from the 

HBCUs may feel like this more because of their lack of academic preparation.  As 

mentioned before, Keshia, from an HBCU “suffered from imposter syndrome” and had 

feelings of “doubt”.  However, even PWI students such as Harleigh reported experiencing 

“the belittling type of behaviors” that “force you to choose to get out or it’s maybe a 

factor of impostor syndrome, where you don’t really feel . . . they don’t really feel like 

they have the mental capabilities of continuing the Ph.D.”  Participants, especially from 

HBCUs often felt like imposters in their academic fields.  This often induced fear of 
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being “found out” or the perception of being not as intelligent as were their peers, 

creating a sense of “isolation” in their departments.      

 Within Effects of the Double Bind the next axial code of “race/racism 

discrimination” was referenced more by students who attended HBCUs to PWIs than 

PWIs to PWIs (see Table 10).  Many of the students who attended a PWI found there to 

be a lack of diversity in faculty and staff, as well as the number of students.  However, 

students who attended an HBCU did not encounter this dilemma.  Leila described her 

experience as a student and now a professor at an HBCU:  

Everyone who took real analysis [math course] with me was a Black woman, so I 

did not know that Black people did not do the math, and I did not know that 

women did not do math because I was in an environment where those two factors 

did not matter.  By the time I got to graduate school, yes, I realized I was the only 

Black American in the building.  I did not face many of the classroom challenges 

that women tend to face or that other minorities tend to face until I was in 

graduate school.  

Dallas, who also came from an HBCU, chose her doctoral PWI because of the diversity.  

Her PWI had a high percentage of African American women who graduated in her STEM 

discipline.  

One of the reasons why I chose my PWI is because at the time—this is not the 

case anymore—but at the time, they graduated the most Black chemistry Ph.Ds. 

in the country.  Usually, if you go to a program, especially like in chemistry or 

biology or a physics, there is either no Blacks or Black people or one in the entire 
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program.  However, for us, we were 30, so it was actually people that looked like 

me.   

In contrast, Toia who attended an HBCU undergrad found herself being a minority at her 

school because of her discipline, gender, and/or race.  

I went to an HBCU, which was number one for graduating Black engineers.  

There were still classrooms where men, not by women, dominated it.  Therefore, 

you have to get used to it.  In addition, when I interned I would be the only Black 

girl, many times the only Black girl.  Not always the only female.  You’re going 

to have other White females or Asian females or what have you, but I was often 

the only Black female. 

 Isabella, who attended an HBCU and a PWI respectively, recalls how faculty and 

staff played a role in imparting “racism”:  

I remember sitting in a meeting and one of the professors, and it’s like I’m the 

only graduate student in this meeting, and I’m the only Black graduate student in 

the meeting, and I’m a Black woman/person in this meeting.  We were talking 

about what schools we should be going to, to recruit to make sure we get students.  

I come from an HBCU.  Therefore, he [professor] had the nerve to say, “Well, we 

don’t need to go to these smaller schools or anything like that because they’re not 

really bringing any talent to this program.” 

These students were very conscious of the discrimination within the culture of graduate 

schools.  
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The theme of Intrinsic Constructs was dominated by HBCU-PWI participate 

descriptions.  HBCU participants provided over 37 references, and PWI-PWI participants 

provided over 19 references.  Participants Macie and Stacey (HBCU-PWI) described 

possessing the qualities of “perseverance”.  Macie said,  

I would say tenacity is one quality; persistence is another one.  I think a lot of it 

really is soft skills like grit and just the ability to persevere daily because of the 

challenges that Black women in STEM have to face.   

Stacy described the need for belief in yourself and your abilities, known as “self-

efficacy”:  

People call it grit.  Basically, I think grit is just that gumption to just do well, the 

gumption not to give up, and the gumption of just really believing in yourself.  

And when you believe in yourself, you believe in your abilities.  A lot of times, if 

we’ve made it through high school, made it through college, and usually a 

Master’s program or something before the doctorate degree, we have those 

capabilities to endure whatever is placed in front of us.  

Participant Isabella (HBCU-PWI) described “internal struggles”.  

I really fought with myself, and I had a lot of professors behind me in the sense 

of, “No, don’t feel like you’re a bad student or anything like that.  Do not feel like 

you do not belong.  This is not the route you were supposed to take.”  So, I had to 

battle with myself in the sense of maybe I wasn’t supposed to be here.  Maybe I 

was not supposed to come.  So, when you have that mindset, it just really trickles 

down on you.  
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In addition, PWI-PWI participants, Brittany and Amber, described similar 

difficulties controlling “internal struggles” and “self-efficacy”.  Brittany described 

“internal struggles” and self-validation: “You have to learn how to validate yourself 

internally, and that takes a long time.  You know, that's a long process and a lot of folks 

get pushed to the wayside because of that.”   

Amber described the necessity of having mental strength, or “self-efficacy”, along 

with “perseverance” to not to quit:  

I think having the mental strength to not give up and persevere is something that I 

probably always had.  It might just have been more of a mental barrier.  Just 

questioning my own self, whether or not I can handle it, and be in the program. 

 The next theme detailed the importance of “support”.  The theme of Influence of 

Support was dominant on the PWI-PWI participate descriptions.  The most 

documentation was described in the need for “mentors”.  Women who attended PWIs and 

HBCUs described the importance of “mentors”; however, those who attended PWI for 

doctoral degrees highlighted the lack of support and mentorship provided for minority 

students, especially women of color.  Tracy attended a PWI for both degrees and 

described her lack of mentorship and support during her experience: 

The lack of mentors at my particular institution.  I went to more of like a 

commuter school.  I come from a PWI, and the mentoring and support was 

amazing.  But then I went to my second PWI; I didn’t have the mentors; I didn’t 

have the support, I didn’t have anything. 
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Despite the fact that Tracey “didn’t have anything,” she completed her degree and 

continued to graduate school.  This illustrates the complexity of success and the 

importance of early mentorship. 

Those who went to HBCUs described the level of “support” they received at their 

HBCUs differently compared to their PWI counterparts.  Many of them detailed great 

levels of “support” from faculty, staff, and colleagues at their HBCUs.  They even 

described the institutions like family; however, when many matriculated to a PWI they 

often felt alone and isolated, which is consistent with the literature (Joseph, 2012).  Lola 

went to an HBCU for both degrees.  She described the level of support she received as a 

tremendous aid in her success: “Because I went to HBCUs for undergrad and for grad 

school, so it was like a family dynamic.”   

Dallas described the level of support she received at her HBCU compared to her 

PWI.  

So having an advisor that didn’t support me on a personal level, on a career level, 

on an academic level was very, very difficult for me because coming from an 

HBCU for undergrad, I had a lot of support, I mean, had a lot of support.  I had 

like my mother’s at my HBCU. If I missed class, my teacher would show up to 

my dorm room and be like, “Why were you not there?  You pay too much money 

to be skipping class.  I need to see you in class tomorrow.”  That is the kind of 

thing I was used to when I was at HBCU.  

Brittany, who attended a PWI-PWI (IVY), stated, 
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I think it was really important for me to have a support network because there are 

times when you may face microaggressions, and having an outlet to have 

someone you can express or vent the frustrations with dealing with those 

microaggressions is really helpful and prevents you from internalizing them.  

Brittany understood the importance of support.  However, participants such as Harleigh 

who matriculated from PWIs detailed numerous accounts of the lack thereof.  Harleigh 

went to a PWI-PWI and mentioned due to lack of support from advisors several of her 

cohort members quit.  She stated,  

I know maybe like two or three women who were on track with me to have PhDs 

in different disciplines, but then they stopped after getting their master's because 

they did not feel like they were being supported by their advisors. 

In conclusion, those women of color experienced a complexity for success 

between their HBCU and PWI backgrounds as they transitioned to doctoral studies.  The 

participants who attended HBCUs detailed accounts of a “family” type atmosphere at 

their undergraduate institutions, while those that attended PWIs described much more of 

an isolated or “chilly” environment.  In contrast, those who attended PWIs found a 

plethora of research and internship opportunities, whereas those at HBCUs often detailed 

accounts of fewer opportunities and feelings of academic underpreparedness.  Lastly, 

HBCU and PWI attendees experienced the effects of racism and sexism due to their race 

and gender.  This occurrence was captured on the PWIs’ campuses.  In spite of all the 

impediments both groups successfully navigated the “leaky” STEM pipeline utilizing 

various facilitators, such as internal validation and support. 
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Summary 

The researcher conducted a qualitative study to exam the barriers and facilitators 

for doctoral degree completion as well as a career choice for African American women 

with STEM degrees predominantly in computer science, physical science, and 

engineering.  The significance of the study is the lack of literature on African American 

women in these fields with doctoral degrees.  This target population has had the least 

amount of degrees obtained over the last several decades, yet the U.S. Department of 

Labor has predicted sizable growth in all of those sectors.  The researcher conducted 20 

semistructured interviews with female African American women with STEM doctoral 

degrees.  Participants received pseudonyms to ensure anonymity.  A description of each 

participant, including degree received and institution attended appears in the preceding 

narrative.  

Following the transcription of the transcripts, the researcher utilized memoing and 

then line-by-line open coding to yield 83 initial codes and 27 axial codes, which were 

synthesized into seven theoretical categories or themes.  Those seven themes were 

Effects of the “Double Bind”, Effects of the Academic Environment, Influence of 

Support, Facilitators, Barriers, Intrinsic Constructs, and Career-Determining Factors.  

Memoing, which included research notes, was used to further synthesize and analyze the 

data.  The analysis and findings of the semistructured interviews were presented in this 

chapter.  All findings aligned with the two main research questions.  Grounded theory, 

the chosen methodology for this study, allowed the researcher to develop a model for 

doctoral and career degree attainment by the 20 African American women interviewed. 
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CHAPTER 5 

DISCUSSION, CONCLUSIONS, AND IMPLICATIONS 

The purpose of this chapter was to expound upon the research findings and 

experiences of 20 African American women with STEM doctoral degrees in computer 

science, physical sciences, engineering, and biology.  The selected participants narrated 

their lived experiences as women who had successfully navigated the impediments of the 

“leaky” STEM pipeline in order to provide a firsthand account of the problems facing 

attrition and higher education.  The findings from this study can add to the current 

literature on the barriers and facilitators that affect this marginalized population.  This 

chapter offers a discussion concerning the research findings, a summary, and the ways 

the findings are applicable to social cognitive career theory and doctoral persistence 

theory.  Lastly, included in this chapter are policies, procedures, and practices for 

improving the academic and career environments.  

This study provides insight into the lack of women obtaining STEM doctoral 

degrees in computer science, engineering, and physical sciences disciplines in the United 

States.  In 2014, women earned over half of all bachelor’s degrees in social science 

(55%) and bioscience (58%); however, they continue to lag behind in computer science 

(18%), physics (19%) and engineering (20%) (National Science Foundation [NSF], 

2017).  The U.S. Bureau of Labor Statistics (2012) projected job growth between 2014 

and 2024 in the fields of engineering and computer occupations.  Computer occupations
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will account for 73% of the new jobs in America while engineering will account for 10 

percent. 

Despite advances in the last 12 years in higher education, policies, and initiatives, 

a problem in the number of graduate degrees earned by women persists.  In 2006, women 

only earn 20% of engineering degrees, 21% of computer science degrees, and 30% of 

physical science doctoral degrees.  However, in 2016, women earned 24% of engineering 

degrees, 21% of computer science degrees, and 31% of physical science doctoral degrees 

(IPEDS, 2016).  In addition, a disproportionately low number of African American 

women earned STEM graduate degrees (United States Department of Education 

[USDOE], 2016).  Because of the dearth of minority women earning advanced STEM 

degrees, there have been several negative outcomes, including lower-income expectancy, 

implicit bias, and a perception of the glass ceiling (Schwanke, 2013).  Negative outcomes 

have also influenced retention practices, widened the global competitiveness achievement 

gap, and reinforced a “chilly” STEM environment.  This has also resulted in additional 

stressors and direct sexually based harassment, social isolation, and violations of 

Affirmative Action and Title IX policies for minority female STEM students (Settles, 

2014). 

To examine this issue further, the researcher conducted a constructivist, grounded 

theory study framed with social cognitive career theory and theory for doctoral 

persistence using semistructured interviews with 20 African American women with 

STEM doctoral degrees within the United States and Canada.  Two research questions 

were developed to examine what the women perceived as their barriers and facilitators in 
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their career and graduate academic pursuits.  This study created a theoretical model of 

seven core categories or theoretical codes (themes) that contributed to the literature of 

African American women with STEM doctoral degrees.  Through their individual 

narrative accounts of persistence through rigorous doctoral degrees in computer science, 

engineering, and physical science and career aspirations, the researcher was able to 

ascertain the barriers and facilitators that motivated their academic and career pursuits.  

Summary of the Study 

Historically, more minority women than ever before are earning bachelors, 

masters, and doctoral degrees.  However, the number of minority women earning 

advanced degrees in STEM disciplines is shrinking based on academic discipline.  In 

2015, Black women accounted for 7% of the U.S. population but only 2% of science and 

engineering occupations (NSF, 2017).  In 2012, only 11.2% of bachelor’s degrees in 

science and engineering, 8.2% of master’s degrees in science and engineering, and only 

4.1% of doctorate degrees in science and engineering were awarded to minority women 

(NSF, 2013).  Therefore, the question remains why so few women in STEM? 

The following sections provide an in-depth examination of the barriers, 

facilitators, life circumstances, and experiences that contributed to the participants’ 

academic and career success.  In addition to the systemic factors that have contributed to 

the exceedingly low numbers of African American women in STEM disciplines, the 

researcher also reviewed the process within the frame of the Social cognitive career 

theory and Tinto’s theory of doctoral persistence.  To accomplish this task, the researcher 

developed two research questions to explore the life circumstances, experiences, barriers, 
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and facilitators to their matriculation on a doctoral journey.  The questions were designed 

to ascertain the impediments and catalysts encountered during their academic journey as 

well as the factors that helped to determine their career choices.  Thus, this study sought 

to respond to the following research questions from the perspective of female STEM 

doctoral recipients in the fields of computer science, physical science, and engineering.  

1. What specific experiences and life circumstances did African American 

Women with graduate STEM degrees identify as contributing to their 

academic success?  

2. What barriers or facilitators did female STEM graduates describe as important 

to their experiences?  

The first research question applied to social cognitive career theory, and the 

second research question applied to Tinto’s theory of doctoral persistence.  The 

researcher’s goal was to evaluate the data for themes, as well as interpret each 

participant’s experience (Creswell, 2006).  Thus, through the researcher’s analysis and 

interpretation emerged seven theoretical codes consistent with a constructivist grounded 

theory: Effects of the “Double Bind”, Effects of the Academic Environment, Intrinsic 

Constructs, Influence of Support, Barriers, Facilitators, and Career-Determining 

Factors.  The following sections review each theoretical code in detail and describe the 

researcher’s interpretation from the data presented from the transcriptions of the 

interviews. 

In conjunction with the data analysis, the researcher utilized two theoretical 

frameworks to view the study: theory of doctoral persistence and social cognitive career 
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theory.  Lent, Brown, and Hackett (1994) stated that social cognitive career theory details 

how internal and external variables affect a person’s career choice.  The axial codes 

“gender” and “race/ethnicity” are also a part of the theoretical framework of social 

cognitive career theory.  Gender and race are components of the person’s inputs.  Tinto’s 

(1993) model suggests that attributes and background factors that students bring to their 

doctoral experience, including educational experiences, shape individual success.  

Discussion of the Major Findings 

Data analysis revealed seven major findings: Effects of the “Double Bind”, 

Effects of the Academic Environment, Intrinsic Constructs, Influence of Support, 

Barriers, Facilitators, and Career-Determining Factors.  The following sections offer a 

discussion of these findings in terms of the research questions. 

Research Question 1  

Research Question 1 asked, “What specific experiences and life circumstances did 

African American Women with graduate STEM degrees identify as contributing to their 

academic success?”  The participants’ responses provided data in the form of life 

circumstances and experiences that shaped their academic and career trajectories. 

Experiences.  How these women navigated impediments with the aid of 

experiences and circumstances were a major finding of this study, illustrated by the 

theme, Effects of the Academic Environment.  The theme of Effects of the Academic 

Environment capitalized on both main research questions. 

Effects of the Academic Environment centered on the first interrelated aspect of 

social cognitive career theory, which is how basic academic and career interests develop.  
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During the interviews, the participants described intently how the effects of 

internships/research experiences, faculty, and advisors played a major role in career 

choices and academic progression.  Tinto’s (1993) model suggests that individual success 

is shaped by personal characteristics and backgrounds brought by the individual student 

to their doctoral journey, including their educational background.  Pender, Marcotte, Sto. 

Domingo and Maton (2010) noted that research experiences can improve student’s 

learning experiences, persistence, increase interest in STEM careers, and increase interest 

in STEM graduate academic pursuits.   

Degree origin.  Another major finding that affected the students’ academic 

success was the origin of their undergraduate and graduate degrees.  Fiegener & 

Proudfoot (2013) asserted,   

The importance of HBCUs and research universities with very high research 

activity in the training of Black S&E doctorate recipients is evident from the 

rankings of baccalaureate-origin institutions of Black S&E doctorate recipients.  

Ten of the top 11 baccalaureate-origin institutions of Black S&E doctorate 

recipients from 2002- 2011 are HBCUs, and 19 of the top 20 are either HBCUs or 

research universities with very high research activity.  (p. 4) 

Very little details the differences between the educational practices of HBCUs and PWIs.  

However, poor preparation in foundational science courses has led to poor performance 

of female and minority student in college science courses, as well as STEM attrition 

(Villarejo & Barlow, 2007).  Participants in this study did mention poor preparation in 

foundational undergraduate courses.  They felt the concern once the matriculated to 
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graduate study.  Tyson, Lee, Borman, and Hanson (2007) attributed the 

underpreparedness to the fact that minorities often take less rigorous math and science 

courses in high school.  The effects of underpreparedness resulted in additional stressors 

or pressure for minority students.  These additional feelings and/or stressors often left the 

participants overworked, stressed, and not confident in their abilities.  

In conclusion, another clear difference as reported by the participants was the 

“isolation” or familial aspects of each university.  The participants described feelings of 

family bonding at their HBCUs and feelings of “isolation” at the PWIs.  Joseph (2012) 

also found that students experienced supportive and nurturing cultural environments at 

their undergraduate HBCUs and at graduate level PWIs experienced cold and alienating 

environments. 

Research Question 2 

Research Question 2 asked, “What barriers or facilitators did female STEM 

graduates describe as important to their experiences?  The following sections offer an 

analysis of the participants’ responses.  Barriers and facilitators are discussed.  

Barriers.  How these women overcame the barriers that impeded their academic 

and career success was also a major finding of this study, illustrated by the theme, Effects 

of the “Double Bind” and Barriers.  The theme Effects of the “Double Bind” resulted 

from the research main questions and following interview questions: “What barriers or 

facilitators will female STEM graduates describe as important to their experiences?”  

“What factors hindered your doctoral persistence?”  The theme Barriers derived from the 

second research question: “What barriers or facilitators did female STEM graduates 
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describe as important to their experiences?”  The participants described moments of 

Effects of the “Double Bind” due to “discrimination” towards them due to their “race” 

and “gender.”  The differences were largely the result of their perceptions of implicit bias 

toward their gender and race, which resulted in “detractive language” including sexist 

and racist statements.  One participant experienced the “he’s skilled, she’s lucky” 

phenomenon (Swim & Sanna, 1996).  Another student noted that she could not determine 

if faculty, staff, and other personnel did not want to help her based on her race or gender.  

Higher education institutional leaders have much to discuss and resolve if they wish to 

continue to have diversity in education disciplines, particularly in STEM fields.  The NSF 

(2000) warned, “Unless the SET labor market becomes more representative of the 

general U.S. workforce, the nation may likely face severe shortages in SET workers, such 

as those already seen in many computer-related occupations” (p. 5).  However, 

institutions of higher learning have the potential to help to remove some of these 

environmental barriers to graduate success.  In addition, society may be held responsible 

to remove stigmas and stereotypes if these women are to succeed in their careers.  

Other barriers described included “chilly” campus environments, financial 

hardships, impostor syndrome, and systemic barriers prior to college.  Research has noted 

systemic barriers in K-12 education that reinforces barriers to Black students education 

and low entry into STEM fields (Brickhouse, Lowery, & Schultz, 2000; Darling-

Hammond, Hudson, & Kirby, 1989; Gamoran, 2004; Johnson, Brown, Carlone, & 

Cuevas, 2011; Syed & Chemers, 2011).  Many participants described feeling 

inadequately prepared in high school, as well as in their undergraduate program, for the 
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rigorous STEM requirements.  This is in line with Lewis’s (2015) findings that a lack of 

positive and engaging STEM experiences, negative classroom experiences, lack of self-

confidence in their mathematics skills, and “chilly” campus and office climates for 

African American women in STEM programs and fields, leading to low STEM attrition.  

The chilly environment made the participants feel unwelcome and unwanted.  This is in 

direct contrast with Tinto’s theory of doctoral persistence, citing that students should feel 

a sense of belonging to the institution in order to persistence and graduate.   

Lastly, nearly half of the participants (nine) described financial hardships as a 

barrier during their academic experience.  Financial support can help to increase the 

persistence of minority students by removing the financial barrier (Tyson et al., 2007; 

Villarejo & Barlow, 2007).  Financial obstacles can be a hardship for any student; 

however, they significantly impact minority student’s retention rate. 

Facilitators.  How these women navigated impediments with the aid of facilitators 

was another major finding of this study, illustrated by the themes, Influence of Support 

and Intrinsic Constructs.  The theme of the Influence of Support derived channeled from 

the first research question: “What specific experiences and life circumstances do African 

American Women with graduate STEM degrees identify as contributing to their 

academic success?”  The following interview questions help to glean the theme of 

Intrinsic Constructs: “What factors hindered your doctoral persistence?”  “What factors 

aided in your doctoral persistence?”  The theme capitalizing on facilitators derived from 

the second research question: “What barriers or facilitators will female STEM graduates 

describe as important to their experiences?”  
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Factors that help propel women forward in STEM disciplines included early 

science exposure, family support, teacher encouragement, intrinsic motivation, and 

perseverance (Russell & Atwater, 2005).  Study participants delineated exposure to 

subjects such as physics in high school or computer science early in their educational 

career, which helped to determine their career paths and science identity.  Others 

described having a legacy of women in STEM careers (role models) along with 

supportive parents, family, mentors, and cohort models.  Many attributed the need for 

intrinsic motivation and even self-efficacy to aid in their persistence when opportunities 

were difficult.  These data support the assertions of Tinto’s doctoral persistence theory.  

Lastly, many of the participants noted that their involvement in networking, summer 

research or internships especially helped to cultivate their learning experiences and 

develop their skills as scientists. 

Interview Questions 

How these women interpreted and utilized internal and external forces to 

ultimately choose a career was seen through Career-Determining Factors. Career-

Determining Factors focus on the second aspect of Tinto’s social cognitive career theory 

(SCCT) regarding how educational and career choices are made. Career-Determining 

Factors derived from interview questions in the research: “What factors detracted from 

your STEM career choice?”  “What factors aided in your STEM career choice?”   

Participants described several aspects related to determining their career 

outlook/perspective.  Other career-determining factors included research opportunities, 

contact with faculty, lack of tenure/promotion, problem solving, technical and 
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presentation skills, and self-confidence—all of which have been found by researchers to 

provide greater insight and clarification of career goals (Carter, 2002; Hurtado, Griffin, 

Arellano, & Cuellar, 2008; Kardash, 2000; Lopatto, 2003, 2004; Mabrouk & Peters, 

2000).  Participants mentioned that internships at major corporations or research 

opportunities to present at conferences helped to guide them.  They described instances of 

improved self-confidence resulting from presentations and support of faculty when 

presenting at national conferences or publications.   

However, some participants described difficulty with engaging with others once 

they received the job.  For example, one participant did not disclose her pregnancy.  Most 

of the women did not regularly socially engage at work with their male colleagues.  This 

supports the findings of Williams (2015), who found that 42 % of Black women stated 

that social interactions with majority colleagues tended to have negative outcomes on 

their career aspirations. 

Conclusions 

This study addressed the lack of African American women earning doctoral 

degrees in STEM, specifically computer science, engineering, and physical science due to 

the growing number of jobs in each sector by the year 2024 (U.S. Bureau of Labor 

Statistics, 2014).  Strayhorn (2010) stated that URMs represent only 6% of the STEM 

workforce, and the Commission on the Advancement of Women and Minorities in 

Science, Engineering, and Technology Development (2000) reported that 4.6% of those 

working in STEM fields have advanced degrees.  This study examined graduate degree 

attainment through the lens of Black female doctoral graduates.  The researcher sought to 



162 

 

 

understand the path to degree completion and job procurement through seven theoretical 

codes: Effects of the “Double Bind”, Effects of the Academic Environment, Intrinsic 

Constructs, Influence of Support, Barriers, Facilitators, and Career-Determining 

Factors.  In understanding these barriers and catalysts for the participants’ success, the 

literature supported the experiences of these women. 

Despite efforts by the U.S., government to recruit and retain underrepresented 

minorities, STEM disciplines are a nonminority and male-dominated sector; thus, there is 

still a need for significant support systems for these minorities, in particular, Black 

women.  Several factors identified in the research contribute to successful recruitment 

and retention of this viable population, including precollege preparation, recruitment 

programs,  modified admissions policies, financial assistance, academic intervention 

programs, and graduate school preparation and admission (May & Chubin, 2003).  

Additional factors shown to improve STEM and career success and outlook are 

participation in study groups, summer research opportunities, and advising/mentoring 

(Maton, Sto. Domingo, Stolle-McAllister, Zimmerman, & Hrabowski, 2009).  Literature 

has noted that Black women in STEM professions are seen as “tokens” and, therefore, 

often isolated from their male counterparts (Kanter, 1977).  Researchers have suggested 

the women in STEM disciplines may benefit from other female role models or mentors 

(Matusovich, Streveler, & Miller, 2010); however, due to the dearth of females in STEM 

disciplines, particularly computer science, physical science, and engineering, this is near 

impossible. 
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A review of the literature highlighted the effects of the “maternal wall” and other 

difficult career-determining factors for these women.  The women interviewed for this 

study often retreated from academia to pursue degrees in industry because of pay 

disparities, lack of diversity, and lack of support.  For some, that led to alternative career 

choices, which included temporary unemployment and teaching high school.  Others 

contemplated whether to start a family, whereas some considered returning to college as a 

postmodern student.  Ultimately, job outlook and perspective, support, financial 

obligations, and passion served as the bases for the participants’ decision to pursue 

careers in STEM.  

Implications 

The serious disparity of Black females in STEM disciples is still a pervasive 

problem despite movies such as Hidden Figures, which highlight the successful 

navigation of mathematics, engineers, and human computers describing Dorothy Vaughn, 

Mary Jackson, and Katherine Johnson in the early 1940s, many African American 

women have yet to soar to such heights.  Even though women account for over 50% of 

bachelor’s degrees earned, minority women only account for 4% of doctoral degrees 

earned in STEM disciplines (NSF, 2017).  With advancements in technology and 

education, more and more jobs will require advanced degrees; however, many 

underrepresented minorities are not pursuing degrees in this sector due to several 

impediments that begin as early as elementary school.  

One implication for action is to offer diversity/inclusivity/bias and Title IX 

training for institutions of higher education and workplace environments.  Bias training 
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such as Harvard University’s Implicit Bias Test (Project Implicit) can be administered to 

help faculty, staff, and employers’ identify, treat, and eventually mitigate their implicit 

bias.  Further, diversity and inclusivity training would assist in recognizing “hidden” 

issues concerning race and diversity in the workplace and academic arena.  Saxena 

(2014) noted that workers tend to hold to similar ideas involving religion and caste, but 

those obstacles to diversity can be managed.  Once managed, diversity can lead to 

increased productivity. 

Tinto’s (1993) theory of doctoral persistence addresses the need to have students 

endorse university culture and feel a part of the community.  One way to increase 

inclusivity practices is for the academic institution to increase cultural awareness and 

engagement practices through programming or lectures of diverse backgrounds and races.  

For example, TIDES (Teaching Increase and Equity in STEM) is an initiative of the 

Association of American Colleges and Universities (AAC & U), used to increase 

diversity and equity in STEM.  Twenty selected institutions received support in 

curriculum and faculty development activities to develop models for broader institutional 

change for the advancement of evidence-based and culturally competent teaching in 

STEM fields, particularly in the computer and information science domains.  TIDES and 

its awardee institutions provided STEM faculty with opportunities to become proficient 

in incorporating culturally sensitive pedagogies into STEM courses, developed 

interdisciplinary courses that include the computer/information science disciplines, and 

engaged in course implementation grounded in evidence-based, culturally sensitive 

pedagogies (AAC & U, 2014). 
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In addition, faculty, staff, and students should be required to undergo Title IX 

Training concerning discrimination and sexism in the workplace and academic 

environments.  Jacobson and Eaton (2017) found, “Results indicated that a zero-tolerance 

policy leads to the highest estimates of bystander reporting, especially for instances of 

moderate sexual harassment” (p. 37).  Therefore, to encourage reporting and decrease 

sexual harassment, university and company leaders should adopt a no-nonsense or zero-

tolerance policy to discrimination based on race and sexism in order to eliminate it and 

increase reporting practices.   

Implications for the Workplace and Career Environments 

Another implication for this study is the necessity of addressing issues in the 

workplace and career environments.  Participants discussed issues concerning the 

elimination of “glass obstacles” including the “glass ceiling”, “glass escalator”, and 

“glass labyrinth”.  They saw these invisible yet impermeable metaphors as barriers to 

their career success and aspirations.  One participant, in particular, noted a White 

female’s promotion over her own as an example, and another noted a White male’s 

acceleration compared to her own as an example.  Company leaders should work within 

to eliminate such invisible barriers and place more women and minorities in senior 

leadership roles to display a commitment to diversity and inclusion.  Lastly, they should 

also work to eliminate the “maternal wall” that penalizes women for wanting to start 

families. 

Company leaders should also work to ensure equal pay for women across all 

disciplines.  Women on average earn less compared to men, and this lessens by ethnic 
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group.  Black women earn about 68% of what White men earn on an average weekly 

base (Hegewisch, Phil, & Williams-Baronent, 2018).  The STEM sector is performing 

progressively better than the nonSTEM sector in regards to decreasing the pay gap; 

however, to attract more women requires insurance of economic stability by increasing 

pay scales.   

In addition, companies and institutions of higher learning should consider 

preparing students for life after an academic study by providing opportunities to explore 

lucrative career aspirations, including those in academia and industry.  Demonstrations of 

future career opportunities through co-ops, internships, and research, and career 

conferences will facilitate postgraduate opportunities.   

Lastly, the participants noted that the pay gap between academia and industry led 

them to choose industry.  Additional barriers highlighted by the participants, including 

stagnation in career because of lack of tenure and promotion, forced research obligations, 

isolation, and perceptions of the “maternal wall” emphasize the need for affording 

opportunities to women and minorities to persist in both sectors to ensure a stable 

economy and future generations of professors in STEM disciplines. 

Implications for the Academic Environment 

Repair of the “leaky” STEM pipeline requires an examination of the reasons for 

the leaks.  Why are there not more women and minorities persisting to graduation and 

careers in STEM disciplines?  The answer to that question should be evaluated through a 

P-16 lens.  Focused should be shifted towards early exposure to STEM in grade levels K-

12 (Soldner et al., 2012).  Girls should establish a science identity early and experience 
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investing in a STEM career (Carlone & Johnson, 2007).  In order to achieve such goals, 

especially in previously underserved communities, school districts should invest in its 

students and faculty first.  Students should have access to rigorous curriculum 

introducing research and STEM concepts and advanced courses in sciences, such as 

chemistry and biology, and increased participation in math courses that include 

engagement in technology and engineering (Charleston et al., 2014; Riegle-Crumb, King, 

Grodsky, & Muller, 2012; Riegle-Crumb, Moore, & Ramos-Wada, 2011; Wang, 2013).  

The offering of SAT and ACT prep sessions will increase the chances of students 

matriculating seamlessly to postsecondary education.  School officials can also apply to 

become STEM certified by offering additional courses and a commitment to STEM 

education.  Additional professional development and training are necessary for teachers 

who are teaching STEM courses. 

Once students have matriculated through high school, they should continue the 

STEM journey on the P-16 pipeline.  The four years needed to complete undergraduate 

courses are also just as critical for success.  Higher education institutions should be 

equipped and prepared to provide resources to further push and pursued students to invest 

in STEM education and careers.  University staff should identify and provide additional 

support for minorities in STEM disciplines by providing critical resources including 

mentorship, financial support, collaborative research, educational remediation or tutoring, 

and a bridge program for doctoral study.  When minorities have positive support from 

academic institutions in the form of mentorship, they tend to persist through until 

graduation (Barlow & Villarejo, 2004; Hurtado et al., 2008).  Consequently, many 
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universities have implemented mentor/mentee matching, peer support groups, living-

learning communities, and cohort models to provide additional support, which has shown 

a positive correlation and impact on these populations.  Universities should also offer 

academic support to those struggling including tutors, study halls, and remediation 

courses. 

In addition, funding and scholarship opportunities are necessary for women and 

minority students.  Participants noted the need for additional funding in order to spend 

more time on academic studies, rather than basic needs.  Participants described being 

more efficient and deliberate with academic commitments when not having outside 

distractions with working.  Many received external and internal scholarships or graduate 

assistantships for funding.   

One example of a successful scholarship program is the Meyerhoff Scholarship 

Program.  The Meyerhoff Way is a scholarship program recognized for its commitment 

to increase the number of minority students in STEM disciplines.  The program is 

successful because of its various components, including tutoring, mentorship, and 

research experiences.  Meyerhoff students are twice as likely to receive a bachelor’s 

degree and five times as likely to receive a doctoral degree in STEM (Maton et al., 2009). 

Lastly, additional funding can be sought with the Reauthorization of the Higher 

Education Act in 2018, which offered several colleges and universities the opportunity to 

receive additional support and funding to recruit and retain minorities in STEM.  Those 

colleges and universities were to help retain students at the master’s level in areas that 

included mathematics, engineering, physical science, natural science, and computer 
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science.  Hegji (2018) explained, “Title III-F provides 25 grants of $600,000 each 

annually to eligible PBIs for programs in science, technology, engineering, or 

mathematics (STEM); health education; internationalization or globalization; teacher 

preparation; or improving educational outcomes of African American males” (p. 8).  

Those colleges in the state of Georgia include Albany State University, Fort Valley State, 

and Savannah State University.  With additional funding such as this, HBCUs receive the 

opportunity to produce more professorate and graduate level students into the STEM 

pipeline.  

Another implication is to increase the number of research and internship 

opportunities offered to women and minorities.  Strayhorn (2010) found that engagement 

in undergraduate research opportunities influences the number of underrepresented 

minorities’ aspirations for graduate study.  Others have even left their undergraduate 

institutions during the summer to conduct research at larger institutions so that they could 

pursue additional opportunities, cross-collaborations, or expansion of their network.  

These research opportunities led to additional graduate school offers for one participate 

due to the number of publications. 

 In addition, literature has noted the success of summer pre-college programs or 

research internships designed to increase the number of URMs in graduate study (Palmer, 

Maramba, & Dancy, 2011; Pender et al., 2010).  These programs have allowed students 

to conduct research or receive additional academic support to prepare them for graduate 

research and doctoral study.  Such successful programs are the Ronald E. McNair 

Postbacccualerate program sponsored by the United States Department of Education.  
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The goal is to increase the attainment of Ph.D. degrees by students from underrepresented 

segments of society (U.S. Department of Education, 2018).  Others include the 

PROMISE: Maryland’s Alliance for Graduate Education and the Professoriate (AGEP), 

currently located at three universities in Maryland and sponsored by the National Science 

Foundation.  The goal is to increase the number of underrepresented minorities with 

doctoral degrees in STEM with a specific goal to increase the number pursuing the 

professoriate (Tull, Rutledge, Carter, & Warnick, 2012).  By implementing some of the 

strategies utilized by these programs, the number of graduate STEM students may 

increase in the pipeline.  

Finally, there is a need to increase the number of minority faculty, staff, and 

students recruited to attend and work at PWIs.  Research has highlighted that when 

minority faculty—especially Black faculty and staff members—teach and engage with 

the majority or various races of students, it increases the “intercultural competence” of all 

students (Madyun, Williams, McGee, & Milner, 2013).  In addition, the increased amount 

of minority faculty, including those who are Black and female, have a positive impact on 

the number of female and minority students who matriculate through STEM disciplines.   

In reference to this study, participants noted the dearth of minority faculty, 

especially women.  They referred to it as “visual representation” and described it as the 

visibility of faculty, staff, and students of color within their department, program, or 

university.  The negative outcomes associated with their absence included fewer women 

and minorities in STEM fields.  Many of the participants were taught by White male 

faculty members, and some of those members expressed detractive language used 
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towards women and minorities and reinforced negative stereotypes towards women and 

minorities.  Thus, academic administrators should also make a commitment to the 

promotion, tenure, and hiring of more diverse faculty and staff to reflect the ethnicity of 

student body populations.   

According to Li and Koedel (2017), the lack of diversity in the faculty of color is 

due to the lack of faculty with doctoral degrees in STEM disciplines.  Many participants 

described their ability to persist because of female faculty or faculty of color who they 

could visibly see or interact with as research advisors and mentors.  Many of these 

professors provided additional support for these doctoral students, and they were able to 

relate to similar experiences concerning race, sexism, and discrimination.  For example, 

Cialdini (2018) noted that individuals are more easily influenced by those who are similar 

to them, those who have mutual goals, or those who allocate praise on successes.  

Therefore, it is not surprising that the participants in this study expressed a desire for 

faculty that “looked like me”.  Many related feelings of aspirations and longing are 

sometimes due to the lack of visible mentors who are not easily persuaded to pursue such 

career outcomes.   

One model to review is Harvard’s affirmative action plan, utilized at Harvard 

University to increase the number of minorities, females, individuals with disabilities, 

and covered veterans into the university.  The constitutional approach of the Harvard Plan 

cites cases such as Regents of the University of California v. Bakke and the 2003 Supreme 

Court decision in Grutter v. Bollinger (Anderson, 2016) and utilizes ASPIRE to recruit 



172 

 

 

and retain diverse applicants.  They also implement promotion and training opportunities 

for minority applicants. 

Recommendations for Further Research 

Further research is necessary in the area of gender studies and cultural norms for 

STEM education practices in America.  Participants described that men were able to 

display aggressive and persuasive behaviors, but women were often penalized for such 

displays.  This was due in part to differently perceived gender norms for men and 

women.  This is consistent with the literature about the “backlash” that women suffer 

from violating social roles (O’Neill & O’Reilly, 2011; Rudman & Glick, 2001).  

Continued research could lead to more diversity hires in higher education as well as P-12 

education settings.  In addition, further research should be conducted to understand how 

diversity, inclusivity, and bias training in the workplace and education sectors, leading to 

the promotion, tenure, and sustainability of diversity hires.  Lastly, further research 

should be done on pay inequities between STEM minorities including gender and 

majority hires.  

In terms of recommendations for further research, it would be important to 

interview other underrepresented minorities, as well as male STEM degree holders, to 

compare their lived experiences to those of the Black women.  Another study could 

include conducting research to determine faculty, staff, and administrator perceptions of 

underrepresented minorities in STEM disciplines.  These institutions of higher education 

are the gateways to college persistence for these future participants, and it would be 

interesting to determine the acceptance and support of these students.  Another interesting 
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study would be to examine the barriers and facilitators for Black women with doctoral 

degrees in the biological sciences.  Many women have chosen this career path and 

matriculated rather quickly in the last several decades compared to others.  Another 

recommendation would be to conduct a study to determine the reasons Black women do 

or do not aspire to the level of doctorate degrees in STEM disciplines.  Finally, a study 

comparing African American female and Caucasian males with STEM doctoral degrees 

and their career choices and the effect their roles have on society, academia, and industry 

would prove insightful. 

Final Thoughts 

The purpose of this study was to examine the experiences of African American 

women with STEM doctoral degrees in computer science, engineering, and physical 

science in the United States.  Although there is ample research on underrepresented 

minorities in STEM disciplines, there is very little on Black females with doctoral 

degrees in engineering, physical science, or computer science.  In this study, the 

researcher sought to understand the barriers and facilitators, specific experiences, and life 

circumstances that African American women attributed to their academic and career 

success.  In reviewing and analyzing qualitative data, the researcher developed a 

theoretical model with seven core categories or themes: Effects of the “Double Bind”, 

Effects of the Academic Environment, Intrinsic Constructs, Influence of Support, 

Barriers, Facilitators, and Career-Determining Factors.  The researcher used a 

constructivist grounded theory methodology to analyze how female African American 

doctoral STEM recipients advanced in their careers and matriculated through rigorous 
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academic disciplines, as well as the barriers and facilitators they encountered that 

ultimately guided their career path and choice.  

After interviewing 20 African American doctoral degree recipients across the 

United States and Canada, the researcher discovered collective trends within the data.  

The first analysis indicated that many women had encountered Effects of the “Double 

Bind” as it related to their gender and race, as well as difficulties with their academic 

environment.  Despite the effects of the PWI “chilly” environment, these women still 

persisted.  Their stories and attributes to their success were very complex and 

multifaceted.  These 20 women understood the barriers set before them but did not allow 

fear to overcome them.  Only one participant even mentioned “fear” in her description of 

barriers to her success.  Most of the fear and self-doubt were internalized, yet many 

sought external mentors to combat those negative outcomes.  The mentors were not 

necessarily always those that “looked like them”, but mostly those invested in their 

success and future endeavors.  Lastly, others had to rely on internal motivators and 

external support to complete their degrees.  The participants often utilized their 

facilitators to overcome barriers or other impediments along their journey. 

Many of the women described instances of intrinsic motivators and the belief in 

one’s self, or “self-efficacy”, as catalysts for their survival during difficult moments with 

faculty, employers, or colleagues.  They described being born with or developing “tough 

skin” and having “grit” or “perseverance” to see it through to the end.  They received the 

influence of support from parents, cohort members, and friends to continue their journey.  
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Overall, the women in this study learned how to navigate their barriers and capitalize on 

facilitators to achieve success.  

Recommendations for women in STEM disciplines are based upon learned 

experiences of participants and literature.  These recommendations include (a) select a 

mentor invested in you personally and your research, (b) develop peer and family 

networks for external support, (c) seek undergraduate and graduate research opportunities 

to gather experience as well as potential publications, (d) attend research conferences and 

career fairs, (e) align yourself with cohort members, faculty or other minority affiliated 

groups for educational support, (f) research and request internal and external funding for 

research/educational expenditures, (g) explore future career aspirations, and lastly, (h) 

mentally prepare yourself for the rigors of doctoral study that include, but are not limited 

to, additional barriers for minorities, such as discrimination associated with racism and 

sexism, challenging curriculum, and self-validation coupled with perseverance.  

Therefore, based on the findings and analysis of data from this study, it can be 

concluded that systemic barriers and societal norms have influenced the lack of women in 

STEM disciplines, particularly computer science, engineering, and physical science.  

These ideas and sexist rhetoric have placed limitations on the intellectual and career 

capacities for minority women.  In conclusion, according to Dr. Alexa Canady, the first 

African American neurosurgeon, “People are just not very ambitious for women still.  

Your son you want to be the best he can be.  Your daughter you want to happy” (as cited 

in Lanker, 1989, p. 128).  If society continues to limit aspirations for women and 

minorities, the United States will continue to lag behind several other industrialized 
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nations and will no longer be able to compete in a global society now relying on 

technological and scientific advances. 
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Research Questions: 

1. What specific experiences and life circumstances do African American 

Women with graduate STEM degrees identify as contributing to their 

academic success?  

2. What barriers or facilitators will female STEM graduates describe as 

important to their experiences?  

Interview Questions: 

1. What factors hindered your doctoral persistence? 

2. What factors aided in your doctoral persistence? 

3. What factors detracted from your STEM career choice? 

4. What factors aided in your STEM career choice?   

 

 

 

 

 

 

 

 

 

 

 


