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ABSTRACT 

The United States needs to increase the number of science, technology, engineering, and 

math (STEM) graduates to remain competitive in the global market and maintain national 

security.  Minority students, specifically African-American and Hispanic, are underrepresented 

in STEM fields.  As the minority population continues to grow it is essential that higher 

education institutions improve minority students’ persistence in STEM education.  This study 

examined the problem of minority students’ lack of persistence in STEM programs, focusing and 

building on the theoretical framework for student retention.  The purpose of this qualitative 

transcendental phenomenological study was to describe the lived experiences that minority 

students perceived as contributing to their persistence in STEM.  The central research question 

was: What are the lived experiences of minority STEM students that have contributed to their 

persistence in a STEM program?  The researcher interviewed 12 minority STEM students and 

uncovered 10 themes: 1) Childhood experiences and interests; 2) Positive educational 

experiences in secondary school; 3) Self-motivation; 4) Positive experiences with professors; 5) 

Family encouragement and values; 6) Lack of minorities; 7) Lack of educational preparation; 8) 

The need for financial assistance; 9) Clubs and organizations; and 10) Friends within the major.  

The significance of these findings is the potential to produce changes in curricula, programs, and 

retention methods in hopes of improving minority students’ persistence in STEM programs.   
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Introduction 

The ability to produce Science, Technology, Engineering, and Math (STEM) graduates 

who can compete in the ever-changing global market and maintain national security is a major 

concern of the United States of America’s government officials (Chen, 2009; Gonzalez & 

Kuenzi, 2012; McGlynn, 2012; Palmer, Maramba, & Dancy II, 2011). According to Palmer, 

Davis, and Thompson (2010) and McGlynn (2012), faculty and administration in higher 

education institutions within the United States (U.S.) will need to produce more STEM 

graduates. One of the concerns facing higher education administrators is the lack of minority 

students enrolled and persisting in STEM programs (Museus & Liverman, 2010).  

While historical trends can speak about the phenomena of retention and persistence in 

college, issues still arise when comparing the experiences of minorities to the majority 

population.  The barriers and obstacles that minority students are facing continue to far 

outnumber their majority counterparts.  The implications of these experiences are college 

dropout or change of major.  To help alleviate this problem and ensure persistence in STEM 

programs for minority students, higher education institutions need to consider the minority 

students’ perspectives.  

This research aligns well with the Standards for Teacher Educators produced by the 

Association of Teacher Educators (ATE) focusing specifically on Standard 2: Cultural 

Competency.  According to the ATE Standards, cultural competency should exhibit practices 

that enhance an understanding of diversity and instruction meeting the needs of society, model 

ways to reduce prejudice, and promote inquiry into culture and differences.  This study focused 

on the lived experiences of minority students in hopes of learning about their educational 
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experiences and their cultural differences to provide change in curricula and professional 

development to ensure minority students persist in STEM programs. 

Theoretical Framework  

The phenomenon of student retention is not a new problem in higher education.  Spady 

(1970) developed a theoretical synthesis regarding dropouts based on Durkheim’s theory of 

suicide.  Durkheim’s theory of suicide claimed that failure of an individual to acclimate into 

society can cause them to commit suicide (Pope, 1975; Poppel & Day, 1996).  Spady’s 

Sociological Model of the Dropout Process begins with the assumption that students dropping 

out of college do so because of the interrelationships in college including both academic and 

social systems (Spady, 1970; Spady, 1971).  Bean also developed a model that indicated the rate 

of student retention was dependent on the type of student who entered college and their 

background (Bean, 1979; Bean & Bean, 2007).  

 Swail, recognizing the limitations of the previous models as well as their complexity, 

developed a “user-friendly” method (Swail, 1995, Swail et al., 2003; Swail, 2004).  Swail 

developed a Geometric Model of Student Persistence and Achievement, the three-dimensional 

triangle showed each side representing a different force that affects student experiences, 

cognitive, social, and institutional forces.  The cognitive side considers the students’ academic 

ability and content knowledge.  The social side refers to a student’s ability to interact with others, 

and the third side, institutional factors refers to the practices and strategies that an institution 

incorporates, including recruitment, curricula, student services, and financial services (Swail, 

1995).  The center of the triangle focused on the student’s experiences (Swail et al., 2003; Swail, 

2004).  
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History of STEM 

 The U.S. Government has always had an interest in STEM, in the1800s, the U.S. began 

offering engineering degrees from Military Academy-West Point, Norwich University (under a 

different name), and Rensselaer Polytechnic Institute (Engineering Your Future, n.d.).  These 

graduates played a major part in designing many of the roads, railroads, and bridges in the U.S. 

(Jolly, 2009).  

  In 1950, Congress passed the National Science Foundation Authorization Act 

encouraging research and science education (Gonzalez & Kuenzi, 2012).  After the Soviet Union 

launched Sputnik into space in 1958; the U.S. passed the National Defense Education Act 

(NDEA), providing funding to improve schools and meet the demands of national security 

(Encyclopedia Britannica, 2015).  The government continued to pass STEM related acts and in 

2009, the Obama administration, introduced the “Educate to Innovate” campaign designed to 

improve performance and participation in the STEM fields (Chen, 2013).  

According to the President’s Council of Advisors on Science and Technology (2012), the 

economy is projected to need an additional one million more STEM professionals than the U.S. 

is currently producing. This gap will increase as student enrollment in STEM programs decline, 

and such a decline could put the U.S. at risk of not being able to compete with other countries 

(Palmer et al., 2011), and maintain national security (Gonzalez & Kuenzi, 2012).  In addition, if 

the U. S. is not producing STEM graduates they will have to outsource many STEM jobs 

(Chubin et al., 2005).   

According to Science and Engineering Indicators (2018), in 2017 the U.S. graduated 

680,000 students with Bachelor degrees in STEM fields which was an increase from past years, 

however, this is not enough to fill the increasing gap. To meet the current demand, the U.S. will 
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need to work towards increasing the number of STEM graduates (The President’s Council, 

2012).  Hrabowski and Henerson (2017), emphasized that to reach these goals higher education 

institutions must choose the path of inclusive excellence in STEM education by providing 

financial support, social integration, and professional development.  To help alleviate the 

problem, In 2017 Trump signed a memorandum that expanded and improved access to STEM 

education and Computer Science for students in grades K-12 (The White House, 2017).  

STEM Retention 

Retention is not a new problem in higher education institutions as theorists including 

Spady (1970, 1971), Tinto (1975, 1982), and Bean (1979, 2007) have focused on student 

retention since the early 1970s. Swail however, focused on the limitations of past studies and 

developed a model that focused on student persistence and achievement, with an emphasis on 

minority students in STEM (Swail, 1995, Swail et al., 2003; Swail, 2004).  

According to Chen (2013), the Statistical Analysis Report identified that in the 2003-

2004 academic school year 28% of students entering a bachelors program majored in a STEM 

field. However, 48% of the 28% left the STEM field by either changing majors or dropping out 

completely.  When looking at minorities these numbers are lower as only 13% of minorities 

major in STEM and only 24% of those students persisted in STEM (Foltz et al., 2014). Minority 

students enroll in STEM majors in smaller numbers and often leave in high numbers 

(Alkhasawneh & Hargraves, 2014; Griffith, 2010) with the majority of student attrition occurring 

in the first 2 years of college (Watkins & Mazur, 2013; Gasiewski et al., 2012).  It is through 

retaining minority students in STEM programs that higher education institutions will be able to 

increase the number of minority students graduating from STEM (Alkhasawneh & Hargraves, 

2014). 
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STEM Studies 

 Many current STEM studies are broken into two basic categories; there are studies 

identifying which students intend to major in STEM and studies identifying possible barriers to 

majoring in STEM.  

Looking at who enters the STEM fields, the U.S. Department of Education conducted 

research.  The results exposed that African-Americans ranked one of the lowest groups to enter 

the STEM field at 20.8% ranking only slightly above American Indian/Alaska Native at 19.1% 

(Chen, 2009).   The National Science Foundation report (2015) also explained that many 

undergraduate minorities are the first in their family to attend college. 

Wang (2013), conducted research that examined why students choose STEM majors. The 

results revealed that the intent to major in STEM was positively influenced by self-efficacy and 

exposure to math and science in high school.  In addition, the research showed that those who 

choose to major in STEM in postsecondary school were college-ready specifically in math and 

science and often receiving financial aid.  The research goes on to discuss the importance of 

motivational attributes including attitudes toward STEM, self-efficacy, and intent to pursue 

STEM (Wang, 2013).  Another study by Whalen and Shelley (2010), revealed that 73% of 

STEM students remained in STEM programs, compared to 92% of non-STEM majors. The study 

also reinforced predictors like demographic, environmental, and financial aspects influencing 

STEM retention. 

 Recent work around STEM and Expectancy Value Theory (EVT), a theory that claims a 

students’ ability to be successful in a subject relies on his or her ability to believe that he or she 

can succeed has also aided this study.  According to Ball et al., (2017) and Collins et al., (2020) 
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minority STEM students that have had early exposure to STEM and exhibited feelings of 

connectedness to STEM are more likely to pursue and excel in STEM. 

 Many minorities who major in STEM are faced with barriers and obstacles that often 

prevent them from persisting in STEM and graduating.  Beasley and Fischer (2012), conducted a 

study to determine why minorities and women leave STEM focusing on the idea of social-

psychological barriers, specifically stereotyping (Beasley & Fischer, 2012).  The research 

showed that stereotyping affected minority students negatively during test taking, causing 

performance anxiety, but also during life experiences, as many minorities believed that their 

White classmates did not believe they should be there and were only there due to legislation like 

affirmative action (Beasley & Fischer, 2012).  

Another study conducted by Chen (2013), also focused on barriers.  The study revealed 

that parental educational attainment was a factor, as many students whose parents had only a 

high school diploma or less, departed from STEM programs compared to those with more 

education.  Banerjee (2016), shared that family factors also contributed, as students who come 

for low income, high poverty families were less likely to be encouraged to attend college or 

major in STEM.  Additional barriers that were revealed, included the lack of academic 

preparation (Arcidiacono & Hotz, 2016).  According to the U. S. Census Bureau (2018), 

approximately 22.5% of Blacks and 18.8% of Hispanics are below the poverty level compared to 

only10.9% of Whites. Given these barriers minority students tend to be less likely to obtain 

STEM degrees.  A survey conducted by Bayer Corporation (2012), identified that U.S. colleges 

often discourage minority students from continuing in STEM claiming 40% of women and 

minorities have been discouraged from pursuing a STEM degree in chemistry or chemical 

engineering. 
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One major factor missing from the majority of studies is the students’ perspectives, 

specifically the minority students’ perspectives.  In addition, very few studies tend solely to 

focus on students’ persistence in STEM and even fewer focus on minority students.  Therefore, 

there is a lack of literature focusing on persistence in STEM and minorities (McGlynn, 2012). 

Research  

The researcher conducted a qualitative, transcendental, phenomenological study.  The 

purpose of the study was to describe the lived experiences that minority students perceive as 

contributing to their persistence in STEM programs. 

Statement of Problem 

A report presented by the President’s Council of Advisors on Science and Technology 

(2012), claimed that if the U.S. is going to maintain its economic, social, and national security 

levels, government and higher education institutions will need to work towards increasing the 

number of students receiving STEM degrees by 34% yearly.  Palmer et al. (2010), also expressed 

concerns about the lack of students receiving STEM degrees, and asserted that the increase of 

STEM graduates will need to come from the minority population to meet the STEM demands 

(Palmer et al., 2010).  The problem is that many minority students do not persist in higher 

education STEM programs. 

Research Questions 

The central research question was as follows:  

● What are the lived experiences of minority STEM students that have contributed to their 

persistence in a STEM program? 

Sub Questions: 

● What led participants to major in STEM 
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● What contributed to students’ success and persistence in STEM? 

● What advice do students have to offer? 

Methodology 

In an attempt to answer the research questions, the researcher conducted a 

phenomenological study.  The study explored minority students’ persistence in STEM programs 

through their lived experiences. 

Population and Sampling  

In phenomenological studies, the sample population must come from individuals who 

have experienced the phenomenon (Smith et al., 2013).  To accomplish this task, the sample 

population came from a public university in Connecticut with STEM affiliations, which shall 

remain nameless as per the institution’s request.  The researcher approached the Director of 

Clubs and Organizations who shared the invitation with clubs that fit the demographic.  This 

yielded one participant who then shared the invitation with classmates, using the snowball 

method.   

The researcher was able to interview a total of 12 participants.  The study’s participants 

were minority students, specifically African-Americans and Latinos enrolled in STEM programs.  

Participants were juniors, seniors, and/or recent graduates of STEM programs. The participants 

were interviewed one-on-one in a mutually agreed upon location.  The interviews lasted between 

30 – 60 minutes and the interviewer recognized the behavior patterns and reactions of the 

participants. All interviews were conducted within a three-month timeframe.  The 12 participants 

were given pseudonyms to protect their identity and details from the study and interviews are 

described below. 
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Data Analysis 

The study consisted of nine semi-structured, open-ended interview questions. The 

researcher recorded the interviews with participants’ permission, transcribed them, and verified 

them for accuracy via email.  The researcher then extracted common themes using NVivo 11 (a 

platform for analyzing qualitative data).  NVivo 11 software allowed the researcher to use 

pattern-based auto coding to help reduce natural bias.  The ten themes that emerged were: 1) 

Childhood experiences and interest 2) Educational experiences in secondary school; 3) Self-

motivation; 4) Positive experiences with professors; 5) Family encouragement and values; 6) 

Lack of minorities; 7) Lack of educational preparation; 8) The need for financial assistance; 9) 

Clubs and organizations; and 10) Friends within the major.  The themes that emerged were able 

to answer the research questions. 

Summary of Findings   

The findings are organized below by sub-questions; under each sub-question are the 

corresponding interview questions with the themes that emerged, and some students’ quotes.  

 Interview Question 1: What led you to major in STEM? 

         When participants were asked question 1, two themes emerged, childhood experiences 

and interest and educational experiences in secondary school.  These themes appeared to recall 

positive experiences when the participants were younger. Dione, one of the participants shared, 

“I always liked science, since I was a kid; I liked to do all of my own little experiments”.  “When 

I was in high school, I was always good at math and science, I like science a lot and physics was 

really fun for me,'' shared Colet, another participant. 

Interview Question 2 & Interview Question 3: What are the top four experiences that have 

contributed to your persistence in your STEM program (think specifically about your first 2 
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years as a STEM major)?  How specifically did each of those (four) experiences contribute to 

your persistence in your STEM program? 

Interview Questions 2 and 3 were combined as Question 3 was a follow-up question to 

Question 2.  Responses revealed many different experiences for the participants, some positive 

and some negative.  The most persistent two themes indicated for these questions were the focus 

during the analytical process.  The first theme, self-motivation, was the most prominent theme 

and was indicated various times by participants throughout the interview process. For the 

purpose of the study, the term self-motivation referred to a student’s drive or passion, a force that 

keeps them going and pushes them to move forward.  “All in all, I know that I have to push 

myself, I have to keep on going, a lot of my support comes from me; I have to think, do I really 

want this, I have to push myself” a participant Kaiser shared.  Freeman et al., (2008),  also 

confirmed that students’ self-efficacy was strongly related to positive motivation.   

Interview Question 4: In what way(s) do you think the experiences you just shared relate to 

being a minority student in a STEM program? 

         When students were asked question 4, their thoughts and ideas tended to focus around 

three themes, the lack of minorities in STEM majors, their lack of preparation for STEM classes, 

and the need for financial assistance.  A study conducted by Charleston (2012), focused on 

barriers of minority students; claiming students felt they were not prepared for college, but felt 

they were especially weak in both mathematics and the sciences.  Participants shared,  “I noticed 

the first year I had a lot more African Americans and other minorities in my classes and as we 

progressed it became less and less; less people like me” claimed Kerry.  Another participant 

focusing on the lack of educational preparation shared, “When I came out of school, I had a 2.0 

GPA, and I did really bad on my SATs.  When I started this program, I had to go through an 
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education opportunity program. It is basically for students who did poorly”, claimed Jasun.  

Other participants shared the need to work to pay for school claiming it took away from study 

time.  

Interview Question 5: What support did you receive from the school that assisted you in 

persisting in your STEM program? 

         This question seemed to stump participants as many felt they did not receive much 

support from their school.  However, after some time students began to share and three themes 

emerged, positive experiences with professors, clubs and organizations, and friends within the 

major.  Waverly shared, “my professors, they helped me out a lot; there were times I stayed after 

class for about two hours, and still they stayed and helped me”.  While Kerry focused on the 

actual school claiming, “my school, they have a good set of cultural and activity clubs which 

helped me persist...that gave me a sense of community”.  A study conducted by Freeman et al., 

(2008) confirmed that linked classes and learning communities are beneficial to African-

American students as they seek to enhance engagement and retention. 

Interview Question 6: What support outside of school did you receive that has helped you 

persist in your STEM program? 

Two reoccurring themes showed up when asking students question 6; self-motivation and 

family encouragement and values.  All twelve students mentioned family support and five of the 

twelve students mentioned self-motivation again, as they believed that without self-motivation 

they could not have made it thus far.  Kaiser shared the strong family bond claiming, “Family 

told me to keep on going, they understand it is really difficult... I am a fifth-year college 

student”.  
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Interview Question 7: Do you believe any of the support you received either from the school or 

outside of the school was specifically related to you being a minority? Explain? 

Participants shared theme 5 again, family experiences and encouragement.  Participants 

focused on family members reminding participants that they are a minority and that they need to 

work harder than others.  Whereas, others discussed being religious and having a high value 

system. A study conducted by Peralta et al, (2013), reaffirmed the importance of a family unit 

and support in encouraging persistence in college.  

Interview Question 8: What advice would you give to new students in a STEM program to help 

them persist in the program? 

         Participants smiled when asked this question and all twelve participants agreed on one 

thing, the recurrence of theme 3: self-motivation.  

Interview Question 9: What advice do you have for university leaders who want to help 

improve minority student’s retention in STEM programs? 

Participants loved the idea of sharing their thoughts and ideas with university leaders, 

although some were skeptical that university leaders would listen.  Participants came up with a 

list of suggestions that seemed to be closely related to their experiences and the themes discussed 

earlier in the chapter.   

The findings from the study were consistent with many of the major points presented in 

the review of literature with a focus on Swail’s model that focused on three factors: cognitive, 

social, and institutional (Swail et al., 2003; Swail, 2004).  All ten themes either directly or 

indirectly could be categorized into Swail’s model. Cognitive factors included lack of minorities 

and lack of preparation.  Social factors included friends within the major, family encouragement, 

childhood experiences, and the need for financial assistance.  Finally, institutional factors include 
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clubs and organization, experiences with professors, and experiences in secondary school. The 

only theme that did not seem to fit neatly into Swail’s model is self-motivation which happened 

to be the most prominent theme.  

Significance 

The significance of this study is its ability to offer recommendations that potentially 

could inform government leaders and higher education leaders on ways to make adjustments to 

curriculum, professional development, and retention methods in hopes of increasing the 

persistence of minority students in STEM.  

Recommendations 

1. Communicate with students – Talk to students and find out what needs they have. 

2. Have a diverse group of faculty – This will allow students to see people like themselves 

(Leone & Tian, 2009; Beasley & Fischer, 2012; Griffin et al., 2012; Griffith, 2010). 

3. Assign peer mentors – Have juniors and seniors mentor freshmen and sophomores 

(Griffith, 2010; Yelamarthi & Mawasha, 2010). 

4. Financial assistance - Offer financial assistance, grants, scholarship, etc. (Swail, 2004; 

Milem, Chang & Antonio, 2005; Fotlz et al., 2014).  

Summary and Conclusion 

The United States history is filled with innovation.  The ability to create, develop and 

improve upon things is part of what makes the U.S. competitive.  In order for the U.S. to remain 

a competitive force they will need to produce more STEM graduates.  To help alleviate the 

situation it is recommended that the U.S. increase the number of STEM graduates and that these 

graduates come from the minority population as they are expected to be the majority population 

in the near future.  Therefore, administrators need to find ways to help STEM minority students 
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persist in STEM programs; the researcher believed it was important to go to the source to help 

produce a solution. 

The researcher used a qualitative, phenomenological approach to describe the lived 

experiences that minority students perceive as contributing to their persistence in STEM 

programs.  Twelve juniors, seniors, and recent graduates of STEM programs were interviewed. 

The data revealed 10 themes of persistence for minority STEM students.  Based on the results of 

the current study, administrators can make strides to improve upon STEM persistence for 

minority students.  Taking advice from the participants and listening to their experiences aided 

the researcher in developing advice to offer to university leaders to help minority students’ 

persistence.  The researcher developed four basic recommendations that universities can use to 

help improve the minority student persistence in STEM programming. First administrators and 

leaders need to communicate with the actual students at his or her institution to determine the 

students’ specific needs.  Every institution is different, therefore they attract a different type of 

student.  Talk to the students and determine their needs, give them a voice.  Second, improve 

staff diversity, this means hiring diverse staff that look like your students.  Third, develop a 

mentorship program where minority juniors and seniors mentor incoming freshman and 

sophomores. Finally, offer students grants and financial aid opportunities that would allow 

students to concentrate fully on classes. These suggestions, although simple, have a good chance 

of making a difference in improving minority student persistence.  However, as with any 

recommendations, more research would need to be done to determine if these methods could 

actually improve minority student persistence.   
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