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ABSTRACT 

Since the middle of the 20th century, America has asserted itself as a global leader and a 

dominant superpower.  The nation’s worldwide leadership in technology and innovation 

has played a tremendous role in establishing that dominance in areas such as economics, 

education, science, and military.  But as the 21st century progresses, America finds itself 

in a technology crisis; there simply are not enough technology workers to fill the 

available jobs.  Analysts predict that, by the end of the decade, the technology worker 

shortage will result in hundreds of thousands of jobs going unfilled.  This technology 

worker shortage threatens to cripple the economy and poses a legitimate threat to 

America’s national security.  Over the past decade, this worker shortage has resulted in 

numerous calls to action for more emphasis on science, technology, engineering, and 

mathematics (STEM) in all levels of American education. 

The results of these calls to action have largely been positive.  The number of degrees 

awarded in science, engineering, and mathematics has grown significantly over the past 

decade.  Yet one of the most alarming trends related to this technology worker shortage is 

the decline in computer science degrees awarded in the United States.  Although the rest 

of the STEM degrees have seen increased enrollment and graduate numbers, computer 

science degrees awarded have declined dramatically over the past decade.  A significant 

contributing factor to this decline in computer science degrees awarded is the extremely 

low retention rate typically found in most computer science programs.   

Despite representing such a critical problem nationally, very little research has been done 

on computer science student retention.  Most retention studies related to computer 
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science analyze STEM students and programs in general, rather than focusing on 

computer science specifically.  But research has shown that behavioral and persistence 

patterns among computer science students do not necessarily mirror those patterns found 

in the rest of the STEM majors.  Additionally, historical data on completion rates and 

degrees awarded in computer science do not follow the trends from the other STEM 

disciplines.  To better understand the factors influencing student retention and attrition in 

computer science, more research on student retention should be conducted on computer 

science in isolation from the rest of STEM.  Only by understanding more about the 

reasons for computer science retention and attrition can higher education administrators 

work toward solving the computer science student retention problems. 

The purpose of this study was to explore what current computer science students and 

student affairs professionals perceive to be the factors influencing student retention and 

attrition.  Computer science students, faculty, and staff were interviewed to determine 

their perceptions of reasons why some students drop out and others persist.  The 

researcher analyzed the trends in the data to provide insight into the computer science 

student retention problem. 
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CHAPTER I 

INTRODUCTION  

At all levels of higher education, student retention is a primary focus of today’s 

administrators (Choitz, 2010; Drake, 2011; Zarkesh & Beas, 2007).  Rising political 

pressures in recent years have resulted in increased attention to institutional 

accountability at all postsecondary institutions (Drake, 2011).  Now, more than ever, 

higher education administrators are measured by the performance of their students and 

their ability to persist to graduation (Drake, 2011; Zarkesh & Beas, 2007).  Additionally, 

a continuing trend of budget cuts and reduced funding exacerbates the problem and 

forces administrators to a) continue to find more ways to improve student retention and b) 

do so with fewer and fewer resources (Drake, 2011).   

Concerns about low retention rates have been widespread, especially within the 

science, technology, engineering, and mathematics (STEM) disciplines (U. S. 

Department of Education, 2013).  Between 2003 and 2009, 48% of students who had 

declared STEM majors left those degrees before completion (U. S. Department of 

Education, 2013).  Some of those students switched into non-STEM major (28%) and 

others left the institutions without earning a degree (20%) (U. S. Department of 

Education, 2013).   

The National Center for Education Statistics and the U. S. Department of 

Education track a wide range of student metrics and demographic data, making the data 

publicly available for research purposes (Chen, & Ho, 2012).  The center uses surveys 

such as the 2004 Beginning Postsecondary Students Longitudinal Study and the 2009 

Postsecondary Education Transcript Study to track trends in student progression and 
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persistence (Chen & Ho, 2012).  The center’s 2009 dataset reveals that out of 12,000 

first-time college students who enrolled in STEM degrees in 2003, only 40% completed 

their STEM degree within six years (National Center for Education Statistics, 2016).   

The 2012 dataset from the National Center for Education Statistics, which 

features data from 16,500 students, shows that just over 50% of STEM students persisted 

in the major (National Center for Education Statistics, 2016).  Although this represents an 

improvement over the 2009 numbers, there may be some inflation in the 2012 numbers.  

The 2009 numbers represent completers only but the 2012 numbers include both students 

who graduated with their STEM degree as well as those still enrolled in the major after 

six years (National Center for Education Statistics, 2016).   

Within STEM, retention rates vary widely.  Among all STEM disciplines, the 

mathematics average retention rate of 62% ranked highest and the computer science 

average of 36% ranked lowest (Shaw & Barbuti, 2010; U. S. Department of Education, 

2013).  The aforementioned statistics from the National Center for Education Statistics 

and the U. S. Department of Education also illustrated that computer science has the 

worst retention rate among STEM degrees with only 36-40% of students persisting to 

graduation nationwide (Haungs et al., 2012; National Center for Education Statistics, 

2014; Shaw & Barbuti, 2010).  Not only does computer science retention rank lowest 

among STEM disciplines, it is also the only STEM major with a persistence rate below 

50% (Haungs et al., 2012; National Center for Education Statistics, 2014; Shaw & 

Barbuti, 2010). 
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In this age of accountability, budget cuts, and a renewed nationwide emphasis on 

student outcomes and persistence to graduation, perhaps no discipline requires more 

attention, based on current retention statistics, than that of computer science.   

The Emergence of the United States as the Technology Leader 

Although student retention is a critical measuring stick for any modern education 

administrator, the disturbingly low retention rate in computer science has far more urgent 

and dire consequences than most disciplines (Choitz, 2010; Foss, Foss, Paynton, & Hahn, 

2014).  Scholars, legislators, and economists have linked our nation’s technology industry 

directly to the health of the nation’s economy, our standard of living, and even our 

national security (The Task Force on the Future of American Innovation, 2005; U. S. 

Department of Education, 2013).   

Our nation’s reliance on technology to drive the global economy began in the 

years after World War II.  As the jubilation of the Allied victory faded and the reality of 

an impending arms race with the Soviet Union set in, America braced itself for a high-

stakes game of one-upmanship in the Cold War (Napoleoni, 2010).  From nuclear 

weapons to a race to land on the moon, the United States and the Soviets battled for 

position as the worldwide leader in innovation and technology (Napoleoni, 2010).  This 

Cold War era cemented technology as a vital element of America’s economic and 

national security agenda. 

On September 2, 1958, President Eisenhower signed the National Defense 

Education Act (NDEA) which was touted as an educational emergency bill by Congress 

(Harris & Miller, 2005).  The NDEA had two major objectives.  First, it was designed to 

thrust general education into the forefront of American academics in order to encourage 
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more students to pursue careers as teachers and guidance counselors (Harris & Miller, 

2005).  Second, it called for a nationwide emphasis on science, mathematics, and foreign 

language education through increased funding and scholarship programs (Harris & 

Miller, 2005).   

A landmark reform followed the signing of the NDEA.  Science, mathematics, 

and foreign language education improved dramatically in the following decades (Jolly, 

2009).  All areas of American higher education benefited from an influx of students and 

teachers, increased funding, and a renewed emphasis on education outcomes (Harris & 

Miller, 2005; Jolly, 2009).  Within a few decades of the signing of the NDEA, the United 

States arose as the world’s lone superpower and the worldwide economic and 

technological leader (Harris & Miller, 2005). 

The Need for Reform 

Yet the success of America’s educational system and renewed emphasis on 

science and mathematics education was short-lived.  America’s educational system began 

to plateau at the same time that other nations began narrowing the gap (Harris & Miller, 

2005).  In April, 1983, just 25 years after the signing of the NDEA, the National 

Commission on Excellence in Education published A Nation at Risk, a harsh 

denunciation of the current status of American education and the risks to our nation if 

those deficiencies were not corrected (Harris & Miller, 2005).  The report stated, “Our 

once unchallenged preeminence in commerce, industry, science, and technological 

innovation is being overtaken by competitors throughout the world” (Harris & Miller, 

2005, p. 158).   
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Fast forward 30 years and the outlook appears drearier than ever.  The United 

States’ share of the world’s STEM graduates has steadily declined over the years (The 

Task Force on the Future of American Innovation, 2005).  In America’s graduate 

institutions, foreign students currently outnumber U. S. students in STEM graduate 

degrees (The Task Force on the Future of American Innovation, 2005).  Various calls for 

STEM education reform have been made in the past decade by scholars, industry leaders, 

and both state and federal government leaders (Augustine, 2005; The Task Force on the 

Future of American Innovation, 2005; U. S. Department of Education, 2013).  Many of 

these experts predict that the U.S. economy will be unable to compete in the global 

economy if STEM education is not improved (Augustine, 2005; The Task Force on the 

Future of American Innovation, 2005; U. S. Department of Education, 2013).   

Computer Science – Bucking the Trends 

In many ways, the call for reform has been answered.  A renewed emphasis on 

STEM education has burgeoned the majority of STEM disciplines in recent years 

(Wright, 2013).  The number of STEM degrees awarded in the United States has 

increased steadily since 2003 (Wright, 2013).  These improved numbers have led many 

experts to believe that STEM reform has worked and that the nation’s educational system 

is on the right track (Charette, 2013).   

Yet, although STEM education as a whole appears to be on the upswing, 

computer science appears to be heading in the opposite direction.  As noted earlier, 

computer science features the lowest retention rate (36%) among STEM disciplines 

(Shaw & Barbuti, 2010; U. S. Department of Education, 2013).  The low computer 

science retention rate illustrates one aspect of the divergence of computer science from 
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the rest of STEM.  Other statistical indicators seem to show that computer science may 

not follow the same trends and patterns as the rest of STEM.  In a 2013 study, Joshua 

Wright, an author and analyst at EMSI, examined the period from 2003 to 2012 cross-

sectioning the education data from the National Center for Education Statistics with 

employment data from EMSI’s CareerBuilder employment database (Wright, 2013).  

Wright found that from 2003 to 2012, the number of bachelor’s degrees awarded in the 

United States in computer science decreased by 11%.  Wright illustrated that during the 

same timeframe, the computer science job market increased by 13%.   

The growth in the computer science job market during the 10 years of Wright’s 

study represented the largest increase in job openings of any STEM field (U.S. 

Department of Education: National Center for Education Statistics, 2014; Wright, 2013).  

Engineering featured the second largest job growth at 6% compared to computer science 

job growth of 13% in the same timeframe (U.S. Department of Education: National 

Center for Education Statistics, 2014; Wright, 2013).  Additionally, computer science 

was also the only STEM field to see a decrease in the number of degrees awarded during 

that timeframe (U.S. Department of Education: National Center for Education Statistics, 

2014; Wright, 2013).  Trends in job growth and in numbers of degrees awarded seem to 

show that computer science does not follow patterns consistent with the rest of the STEM 

disciplines. 

Additionally, research conducted by Shaw and Barbuti (2010) illustrated that 

computer science students themselves may not follow behavior patterns exhibited by 

students in other STEM disciplines.  In their study, Shaw and Barbuti analyzed degree 

selection data from nearly 55,000 students at 39 different 4-year colleges and universities 
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nationwide.  Student responses to surveys taken before college, after the first year of 

college, and near graduation from college were studied to identify characteristics which 

define students who persist compared to those who do not.   

To summarize, Shaw and Barbuti (2010) found that computer science students 

diverged from retention patterns found among other STEM students in four key areas: 

1. Computer science students who did not take STEM AP exams performed just as 

well as those who did.  In all other STEM disciplines, students who did not take 

STEM AP exams performed worse than those who did. 

2. Computer science students who dropped out of the major had similar self-efficacy 

in that major to those who persisted.  In all other STEM disciplines, students who 

dropped out had significantly lower self-efficacy than those who persisted. 

3. Computer science students who did not claim that a doctoral degree was their 

ultimate goal performed just as well as those who did.  In all other STEM 

disciplines, students who did not claim a doctoral degree as a goal performed 

worse than those who did. 

4. Computer science students who struggled in math and science courses in high 

school performed just as well as those who did well in those high school classes.  

In all other STEM disciplines, students who struggled in math and science courses 

in high school performed worse than those who did well in those classes. 

These findings led Shaw and Barbuti to claim: 

Because computer and information science students did not typically follow the 

patterns of other STEM switchers and persisters, continued research on the unique 

characteristics of these students and potential modifications to the application of 
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[social cognitive career theory] in understanding them may prove valuable. (Shaw 

& Barbuti, 2010, p. 31) 

Problem Statement 

The statistics regarding degree completions and job growth, as well as the 

research by Shaw and Barbuti suggest that computer science retention should be studied 

in isolation of the rest of STEM.  However, relatively little research on computer science 

retention has been conducted.  The majority of research on the subject has been 

amalgamated with the rest of the STEM disciplines.  If administrators hope to improve 

computer science retention numbers, a better understanding of the reasons for retention 

and attrition within the major is essential. 

Computer science students show a large variance between themselves and the rest 

of STEM when it comes to perceptions of their degrees and their reasons for dropping out 

(Shaw & Barbuti, 2010).  According to Shaw and Barbuti (2010), only by increasing the 

amount of research focused specifically on factors influencing computer science student 

retention can the perceptions and behaviors of computer science students be understood.  

This study focused on contributing to the computer science student retention body of 

knowledge in order to identify factors that influence retention and attrition in the major. 

Purpose of this Study 

 The purpose of this study was to explore what current computer science students 

and student affairs professionals perceive to be the factors influencing student retention 

and attrition.  If administrators are to design programs aimed at improving computer 

science retention, it is imperative that a thorough understanding of the reasons for 

computer science attrition be attained.  Some research on overall STEM retention rates 
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suggest that attrition is related to student perceptions of unwelcoming environments and 

the premise of “weed out” courses (Atkinson, 2012; Christe, 2013; Holdren & Lander, 

2012).  However, as pointed out by Wright (2013) and Shaw and Barbuti (2010), 

computer science student recruiting and retention do not follow the trends of the rest of 

the STEM disciplines.  This study examined perceptions among students and staff 

specific to computer science disciplines, exclusive of the rest of STEM. 

 A greater understanding of the reasons for computer science attrition and 

retention will be of value to administrators in a variety of ways.  First, in order to 

implement programs to help assist computer science students who are in danger of 

dropping out, administrators need to know common factors which contribute to attrition 

decisions among computer science students.  Second, when developing computer science 

curriculum, a greater understanding of the typical concerns and complaints that lead to 

attrition will help administrators design programs that can address those issues more 

effectively.  And third, when hiring, evaluating, and training computer science faculty, an 

understanding of the faculty-related student perceptions that lead to attrition will help 

administrators make personnel decisions that can improve retention.  Once administrators 

are provided with more fundamental research on the factors influencing computer science 

retention and attrition, experimentation with retention-related programs can be 

conducted.  This study will seek to uncover these perceptions among computer science 

students.  

Assumptions 

Some assumptions were made about the study and associated findings which may 

add context and depth to the reader’s understanding.  First, the institution at which this 
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study was conducted (for purposes of anonymity, the institution will be known as Saint 

Anthony College) is a highly specialized, private institution which focuses on computer 

science and related fields.  The institution has approximately 400 students and a fulltime 

staff of about 50 people.  Given the unique nature of the institution and the small size of 

its student body, one assumption is that the general systems, practices and policies at 

Saint Anthony College may vary dramatically from those found in more traditional 

institutions. 

Additionally, students at Saint Anthony chose to attend this fairly unique 

institution.  Those students chose to attend an institution which is nearly fully focused on 

computer science.  Saint Anthony College does not have any sports teams and, with a 

small student body which is focused on computer science, extra-curricular activities, 

while present, are limited in comparison to more traditional institutions.  Hence, a second 

assumption is that the collective student body attending Saint Anthony College is likely 

fairly different from the student populations found at more traditional institutions and 

even potentially fairly different from the student populations attending more traditional 

computer science programs. 

Research Questions 

The following research questions guided this study: 

1. What do current computer science students and student affairs professionals 

perceive to be the academic factors influencing student persistence in the 

major? 
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2. What do current computer science students and student affairs professionals 

perceive to be the non-academic factors influencing student persistence in the 

major? 

3. What do current computer science students and student affairs professionals 

perceive to be the academic factors influencing student attrition in the major? 

4. What do current computer science students and student affairs professionals 

perceive to be the non-academic factors influencing student attrition in the 

major? 

Significance of the Study 

Though significant research has been conducted in the area of STEM retention, 

comparatively little has been done specifically with the focus of computer science 

retention.  But computer science students do not typically follow the same trends as those 

in the rest of STEM in terms of mindset, mentality, and path to graduation (Shaw & 

Barbuti, 2010).  The researcher hopes to add to the body of knowledge in the area of 

computer science retention in order to enable administrators to more fully understand the 

factors influencing student retention and attrition in computer science.  

The computer science student retention rate typically ranks among the lowest on 

most college campuses (Haungs, et al., 2012).  As administrators are facing increased 

political pressures to do more with less in this age of accountability and measurements, 

improving the retention rates of computer science students will go a long way toward 

improving overall institutional efficacy (Choitz, 2010).  In addition, the lack of computer 

science workers due to the declining number of computer science degrees is endangering 

the nation’s economy (DeFraine, Williams, & Ceci, 2014).  The President’s Council of 
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Advisors on Science and Technology has urged the nation’s educators to produce more 

computer science graduates (Gardner, 2013).  Experts have warned that if the deficiency 

in technology workers is not rectified soon, the United States may lose its lead in the 

technology space and that lead may not be recoverable (Augustine, 2005).  Other experts 

warn that our nation’s standard of living and national security are directly tied to 

rectifying the technology worker gap (Augustine, 2005).  Some analysts claim that by 

increasing the retention rate of computer science students, a significant portion of that 

worker gap may be made up (Holdren & Lander, 2012).  Investigating the factors 

influencing computer science retention and attrition is critically needed if our nation’s 

institutions of higher education wish to improve retention in computer science programs. 

Conceptual Framework 

Using qualitative research methods, this study was grounded in naturalistic 

inquiry and the constructivist paradigm.  In naturalistic inquiry, the researcher crafts a 

working assumption, or set of assumptions, which continues to emerge throughout the 

study (Lincoln & Guba, 1985). This emergent design is a key component of naturalistic 

inquiry (Agostinho, 2005; Creswell, 2014, Lincoln & Guba, 1985).  In emergent design, 

the researcher shifts the investigative process throughout the study based on new findings 

from participants (Creswell, 2014).  According to Creswell (2014), the key component of 

qualitative research is “to learn about the problem or issue from the participants and to 

address the research to obtain that information” (p. 186). 

The conceptual framework for this study drew from prior research on STEM 

retention as well as the work of Shaw and Barbuti (2010) and their premise that computer 

science student retention should be studied apart from STEM.  Given that computer 
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science student retention studies have focused on STEM as a whole, it would be unwise 

to completely ignore these studies.  Hence, this study began from a conceptual 

framework which was heavily influenced by existing research on STEM retention.  

Research on STEM retention points to a majority of the attrition occurring in the first few 

years of college with attributing factors such as poor teaching, unwelcoming 

atmospheres, and faculty who do not appear to care about students (Atkinson, 2012; 

Christe, 2013; Holdren & Lander, 2012; Watkins & Mazur, 2013).  The framework for 

this study was also based on the research by Shaw and Barbuti (2010) that has pointed 

out that factors affecting STEM retention may not necessarily be the same factors that 

affect computer science student retention.  Throughout the study, the researcher sought 

emerging themes to identify and further explore factors that influence computer science 

retention and attrition. 

Survey of Methodology 

This study utilized in-person interviews to identify emergent themes among the 

participants.  An emergent design provides researchers the opportunity to identify 

emerging concepts and leverage those themes to dig deeper in various topics from one 

case to another (Creswell, 2014).  Through these interviews and the focus on emerging 

themes, findings and results can bring about new meaning or enhance the understanding 

of the phenomenon being studied (Creswell, 2014).  

In this study, computer science students were selected through maximum 

variation sampling, a technique used to cover the entire spectrum of possible cases, 

including extreme cases (Palys, 2008).  The researcher used anonymous student data to 

select potential participants.  The researcher mapped that student data using several 
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variables including grade point average, pace and progression, number of courses failed, 

distance from home, and frequency of appearing on students of concern reports.  The data 

were evaluated and students were selected in a manner which resulted in a wide variation 

along each of the variables.   

Additional student participants were added to the study using snowball sampling.  

Snowball sampling is a method in which the researcher seeks not only to further develop 

emerging themes through interviews but also to identify other participants that 

interviewees believe may add value to the study (Patton, 1990).  Throughout the 

interviews with participants, the researcher solicited the opinion of participants regarding 

other potential participants who would add value to the study.   

In all, 13 students participated in the study.  The student participants were 

selected through a combination of maximum variation sampling and snowball sampling.  

Two student affairs personnel also participated in the study.  The student affairs 

personnel were selected using purposive sampling.  The researcher selected the two 

student affairs personnel who had the largest number of students reporting to them in an 

advocate role over the past two years.   

All participants were provided with a consent form which outlined the anonymity, 

risks, confidentiality, and voluntary nature of the study.  Each participant was 

interviewed in-person by the researcher.  Each of the interviews was recorded for future 

transcription and evaluation.  The researcher utilized member checking at the end of each 

interview to allow the participants the opportunity to correct themselves or restate 

anything that was misunderstood or misinterpreted by the researcher. Also, the researcher 

utilized emergent design in the interviews and attempted to add questions and direction to 
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future interviews based on themes which appeared frequently in prior interviews.  

Interviews were then transcribed and codified to identify trends in the data.   

Definitions of Terms 

The following terms were used in this study and require clarifying definitions as 

follows: 

Student Advocate: At the institution where the study was conducted, Saint 

Anthony College, a Student Advocate is an individual who is primarily responsible for 

the overall health and well-being of a group of students.  Each student on campus has a 

Student Advocate assigned to him or her from the day the student enrolls in school.  That 

advocate remains assigned to the student for the duration of his or her time as an enrolled 

student.  The advocate attempts to form a relationship with the student in order to gain 

trust and be more effective in helping the student with any academic or non-academic 

concerns the student may have during his or her time at the institution. 

Computer Science Attrition: For the purposes of this study, attrition refers to 

students who have declared a computer science major and do not earn a degree in 

computer science by either dropping out of school or earning a degree in a different 

major.  Saint Anthony College offers five bachelor’s-level degree programs, four of 

which are closely aligned with traditional computer science and related programs.  The 

fifth program, a bachelor degree in Technology Operations Management is far less 

technical and is more closely aligned with traditional business and management 

programs.  Attrition in this study will refer to students who were at one point enrolled in 

Saint Anthony’s computer science program and either dropped out of school or switched 

majors to the Technology Operations Management degree within the institution. 
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Limitations of the Study 

Due to the nature of the institution at which the study was conducted, all 

participating students will fit a very specific demographic.  The institution selected for 

this study is a small, computer science-focused institution offering five degree programs, 

most of which focus on various aspects of computer science.  Per the Saint Anthony 

College Admissions and Enrollment report from 2015, over 85% of students come from 

outside the institution’s home state.  Saint Anthony College’s student body is comprised 

of approximately 400 students at any given time.  There are four student advocates on 

staff who work directly with the students to identify any areas of concern and to help 

them navigate the college experience.  In this model, each student advocate has between 

75-100 students reporting to them, providing the advocates an opportunity to get to know 

each student individually as well as his/her background and ongoing needs. 

Given that brief description of the institution, limitations of the study include: 

1. Students in the study will have not only selected to major in computer science, 

but will have opted to enroll at a small institution which heavily emphasizes 

computer science and offers only one non-computer science degree.  

2. Students in the study are selected from a pool of students who primarily chose 

to leave their home state and often travel significant distance to attend college.   

The findings from this study, provided that the study was conducted at a very 

small, somewhat unique institution, may not be fully generalizable to larger institutions 

such as Tier 1 research institutions in the United States.  That said, these findings should 

not simply be dismissed by administrators at larger institutions as they may represent 

valuable lessons learned and improvements to existing programs and practices. 
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Summary 

This chapter has identified the need to study the factors that influence computer 

science student retention and attrition.  Additionally, this chapter has outlined that 

existing research points to the idea that computer science students and trends in computer 

science jobs and degree completion do not follow the same trends found in the rest of the 

STEM disciplines.  A more in-depth review of the existing literature will be presented in 

Chapter II.  The realities of the benefits of earning computer science degrees and the 

opportunities for graduates in that field will be explored.  An analysis of the problems the 

nation’s technology employers face in the wake of the computer science worker shortage 

will be presented.  A review of various calls for reform and a variety of alarming 

statistics will be presented to convey to the reader the critical importance of rectifying 

this issue of computer science student retention.  Finally, student retention research from 

STEM holistically and computer science specifically will be compared.  The 

recommendations to research computer science separately from STEM will be reviewed.  

Retention rates, reasons behind the low retention numbers, and possible solutions will be 

explored. 

Chapter III discusses the methodology behind the study.  Research questions and 

the research design will be discussed.  The type of study, instrumentation, participants 

and sampling will be presented.  Data collection and analysis, as well as the procedures 

of the study will be discussed.  Finally, the context of the study and the researcher will be 

presented. 
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Chapter IV will present the findings of the study.  Emergent retention-oriented 

themes as well as attrition-oriented themes will be presented.  Other emergent themes 

will also be discussed within the context of the study. 

Chapter V will present a discussion of the findings, in order of theme 

predominance.  The discussion will focus on comparing results from this study with 

existing research to point out similarities and key differences.  Implications for higher 

education will be discussed.  Various recommendations for higher education practice will 

be presented and discussed.  Recommendations for future research and ideas for 

improving upon this particular study will be presented.  Finally, the researcher will 

conclude with a summary of the problem, this study, the findings, and the resulting 

implications and recommendations. 
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CHAPTER II 

LITERATURE REVIEW 

The focus of this research study was to investigate the perceived factors that 

influence computer science retention and attrition.  This chapter presents a review of the 

existing literature related to computer science and STEM retention.  To provide context 

for this study, a brief historical background on calls for reform in science and technology 

education in America will be presented.  The depth of the computer science and STEM 

worker shortages will also be discussed as well as ramifications of those shortages.  The 

chapter will then delve into the existing literature on STEM and computer science 

retention. 

Historical Context 

Modern calls for reform in American education, particularly in science-related 

disciplines, date back to the Cold War, a period of conflict between the United States and 

the Soviet Union which lasted from the end of World War II through the early 1990’s. 

(Napoleoni, 2010).  When the United States and the Soviet Union emerged from World 

War II as two dominant superpowers, a period of global jockeying for technology 

supremacy began (Napoleoni, 2010).  The subsequent arms races and the so called Space 

Race (1957-1975) between the two nations soon became a matter of national defense and 

security (Napoleoni, 2010).  Harris and Miller (2005) cited that the U.S. Congress passed 

the National Defense Education Act (NDEA) in 1958 in an effort to fuel what many 

feared had become an outdated and lackluster American educational system.  Harris and 

Miller noted that the NDEA allocated federal funds to schools at all levels, encouraging 

them to place greater emphasis on science, math, and foreign languages.  The NDEA also 
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allocated funding to working professionals who wished to pursue careers as teachers in 

science and math.  According to Harris and Miller, the NDEA became America’s first 

legislation specifically promoting education in science, technology, engineering, and 

math (STEM). 

 The NDEA had a significant impact on American Education (Harris & Miller, 

2005).  America soon arose as the world’s premier technological superpower, 

culminating with the successful lunar landing mission of Apollo 11 in 1969 (Harris & 

Miller, 2005).  However, it did not take long for questions to again arise about America’s 

STEM educational system.  In 1983, only 25 years after signing the NDEA, the National 

Commission of Excellence in Education published A Nation at Risk, a harsh denunciation 

of the current status of American education and the risks to our nation if those 

deficiencies were not corrected (Gardner, 1983; Harris, 2005).  The commission, which 

was chaired by David P. Gardner and founded in 1981, was made up of 18 members that 

included leaders from industry, government, and education (Gardner, 1983).  In the 

report, the authors cited education statistics including: a drop of nearly 40 points in 

American mathematics SAT scores from 1963-1980; a steady decline in American 17-

year-old science aptitude scores from 1969, 1973, and 1977; and American high school 

achievement test results which were significantly lower in 1973 than they were 26 years 

earlier when Sputnik was launched. (Gardner, 1983).  The report claimed that America’s 

“once unchallenged preeminence in commerce, industry, science, and technological 

innovation is being overtaken by competitors throughout the world” (Gardner, 1983, p. 

5). 
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Recent Calls for STEM Education Reform 

Now, over the three decades have passed since A Nation at Risk was published.  

In that time, America has fallen further and further behind the rest of the world in critical 

STEM areas (National Center for Education Statistics, 2012).  In 2012, data from the 

Program for International Student Assessment, an international assessment encompassing 

65 participating nations which measures 15-year-old students’ reading, mathematics and 

science literacy, was released by the National Center for Education Statistics.  In that 

release, the United States ranked 30th in mathematics literacy and 23rd in science literacy 

worldwide (National Center for Education Statistics, 2012).  Data from the same 

assessment in 2016 showed the United States had fallen below the worldwide average on 

mathematics literacy (National Center for Education Statistics, 2016). 

The lack of literacy in mathematics and science among 15-year-old students may 

have a direct effect on college major choices among college students (National Science 

Foundation [NSF], 2012).  The NSF regularly releases quantitative data providing 

information on the scope, quality, and vitality of U. S.-based and international science 

and engineering education and industry (NSF, 2012).  These data, called the Science and 

Engineering Indicators, provide statistical context related to U.S. competitiveness in 

STEM education (NSF, 2012).   

Data from the 2012 release of the Science and Engineering Indicators showed that 

American college students earned STEM degrees at much lower rates than many other 

nations (NSF, 2012).  STEM degrees made up only 31% of bachelor’s degrees awarded 

in the United States compared to 61% in Japan and 51% in China (NSF, 2012).  In all, 52 

countries had a higher percentage of STEM degrees than the United States (NSF, 2012).  
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The United States has fallen even further behind in the fields of mathematics and 

computer science.  Those degrees made up only 3.5% of all U. S. bachelor’s-level 

degrees, ranking our nation 61st worldwide (NSF, 2012).  The relatively low percentage 

of STEM degree completion in the United States may be a contributing factor to a decline 

in the STEM labor force.  Rodney C. Adkins, a senior vice president at IBM, a National 

Academy of Engineering inductee, and a member of the national board of the 

Smithsonian Institute cited that nearly two decades ago 40% of the world’s scientists 

resided in the United States (Adkins, 2012).  That number has recently shrunk to as low 

as 15% (Adkins, 2012).  As will be discussed, the low numbers of STEM graduates and 

STEM workers may impact our nation’s standard of living and national security. 

Since the turn of the century there have been various organized calls for STEM 

education improvement by leaders in industry, government and education.  In 2005, the 

National Academies published Rising Above the Gathering Storm, a national call to 

action to improve access to and efficacy of science and math education in America 

(Augustine, 2005).  The authors consisted of members of the Committee on Prospering in 

the Global Economy of the 21st Century, the Committee on Science, Engineering, and 

Public Policy, and the National Academies (Augustine, 2005).  In the publication, the 

authors warned that the nation’s leadership in science and technology has begun to erode 

(Augustine, 2005).  The authors presented four points of emphasis to improve the 

nation’s science education: (a) dramatically improve K-12 math and science education, 

(b) sustain and strengthen the nation’s commitment to research, (c) develop, recruit, and 

retain top students and scientists, and (d) ensure that the nation’s economy is the premier 

place for innovation worldwide (Augustine, 2005). 
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Despite the work conducted by the authors of Rising Above the Gathering Storm, 

administrators and legislatures continued to issue further calls to improve STEM 

education, suggesting that enough was not being done to improve the system.  In 2009, 

the Obama administration launched a campaign called Educate to Innovate, which aimed 

at improving participation and performance of U.S. students in STEM (Launches, 2009).  

In 2013, the President’s Council of Advisors on Science and Technology published a 

document entitled STEM Attrition: College Students’ Paths into and out of STEM.  The 

council urged all colleges and universities to renew efforts in STEM education and to 

work toward identifying ways to produce more STEM graduates (U.S. Department of 

Education, 2013).  The frequency of these calls for improved STEM education 

underscores the importance of STEM education in America and the perception of leaders 

among industry, government, and education that the STEM educational model has 

serious flaws (Augustine, 2005; Launches, 2009; U.S. Department of Education, 2013).  

A persistent theme among all of these calls to action is that the nation’s economic 

stability, national security, and standard of living are at risk if STEM education is not 

improved (Augustine, 2005; Launches, 2009; U.S. Department of Education, 2013).   

A Nation at Risk 

The National Academies publication, Rising Above the Gathering Storm: 

Energizing and Employing America for a Brighter Economic Future, represented a call to 

action to improve STEM education in America (Augustine, 2005).  According to the 

authors, the impetus for this call to action was that “Americans are feeling the gradual 

and subtle effects of globalization that challenge the economic and strategic leadership 

that the United States has enjoyed since World War II” (Augustine, 2005, p. 3).  In the 
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publication, the authors drew connections between the nation’s tech industry and its 

economy, its standard of living, and its national security.  The authors, a committee 

formed of high-profile industry and education leaders, warned that the nation’s leadership 

in technology appears to be eroding at a time when other nations are gathering strength.  

The committee claimed further that many Americans feel that the nation will always be a 

world leader in science and technology but that those people may not understand the 

efforts going on in other nations to develop great technology leaders of the future.  

Additionally, the committee called for immediate and urgent action, claiming, “We fear 

the abruptness with which a lead in science and technology can be lost” (Augustine, 

2005, p. 4).  Finally, the committee warned further that if America’s technology lead is 

lost, it may not be easy to recover, if it is at all recoverable.   

 Bill Schmidt, a Michigan State University Distinguished Professor and director of 

the Education Policy Center, claimed that the culture surrounding science and math 

education in America may be contributing to the poor performance of STEM (Black & 

Stewart, 2011).  Schmidt described the way many Americans viewed children who enjoy 

mathematics and science as weird and nerdy whereas in competing countries in the world 

such children are lauded as stars of the future generation and a source of national pride.  

Schmidt continued, warning that the nation will lose its place as the world technology 

leader if that mentality toward mathematics and science is not reversed. 

 That status as the worldwide leader in technology innovation is crucial to the 

nation’s economy (Adkins, 2012).  Since the end of the Cold War in the early 1990’s, the 

United States has been the world’s sole predominant technology superpower (The Task 

Force on the Future of American Innovation, 2005).  President Barack Obama’s State of 
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the Union speech in 2011 reflected the importance of continuing to hold that position.  

The President cited that “maintaining our leadership in research and technology is crucial 

to America’s success” (The White House, 2011, p. 1).  Science and technology workers 

are vital to the economy of any nation (Adkins, 2012).  According to the U.S. Department 

of Labor, only 5% of workers are employed in STEM fields nationally, yet those 5% 

produce 50% of the nation’s sustained economic expansion (Adkins, 2012).  If the nation 

is to keep pace with the rest of the world technologically, it is critical that more STEM 

laborers are produced (Adkins, 2012).  However, experts warn that based on current 

economic projections the nation will endure a debilitating shortage of STEM, and 

specifically computer science, workers in the coming decade (Adkins, 2012; Atkinson, 

2012; U. S. Department of Education, 2013; Wright, 2013). 

In 2011, the Economics and Statistics Administration division within the 

Department of Commerce produced STEM: Good Jobs Now and for the Future, a 

publication that provided a picture of the current state of STEM, projections for the 

future, and encouragement for those interested in STEM occupations (Langdon, 

McKittrick, Beede, Khan, & Doms, 2011).  In the publication, the authors claimed that 

“STEM jobs are the jobs of the future.  They are essential for developing our 

technological innovation and global competitiveness” (Langdon et al., 2011, p. 6).  The 

authors continued to explain the importance of STEM occupations in our nation’s 

economy: 

The greatest advancements in our society from medicine to mechanics have come 

from the minds of those interested in or studied in the areas of STEM. Although 

still relatively small in number, the STEM workforce has an outsized impact on a 
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nation’s competitiveness, economic growth, and overall standard of living. 

(Langdon et al., 2011, p. 6) 

The Department of Commerce statistical projections estimated that STEM 

occupations will grow 1.7 times the rate of non-STEM occupations over the next decade 

(Langdon et al., 2011).  The projections showed that even though these jobs span a range 

of disciplines including mathematics, physical and life sciences, engineering, and more, 

the largest percentage growth among those jobs is expected to be in the computer science 

industry.  Additionally, the department claimed that approximately one million more 

STEM professionals would be needed in order to fill the workforce needs.   

In 2012, the President’s Council of Advisors on Science and Technology 

published Engage to Excel, an education call to action urging the nation’s universities to 

increase the current rate of STEM graduates by one million over the next decade in order 

to maintain the nation’s prominence in technology leadership (Holdren & Lander, 2012).  

In 2013, the National Math and Science Initiative estimated the nation may be short as 

many as three million workers as soon as 2018 (National Math and Science Initiative, 

2013).   

Several factors contribute to the predicted worker shortage.  This literature review 

will focus on two key contributing factors: the anticipated growth of the STEM job 

market, and the low completion rates among STEM college students.  The rest of this 

chapter will focus on a review of literature related to the growth in the STEM and 

computer science job markets, the subsequent worker shortage in those markets, and the 

retention issues surrounding students in those disciplines. 
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Prior to those sections, it is important that the reader understand the rationale for 

presenting information in this chapter regarding both computer science and STEM.  

Computer science, or technology, represents the “T” component within STEM.  Most of 

the existing research on computer science retention is conducted as STEM research, 

evaluating all STEM degrees holistically rather than focusing on computer science 

specifically.  Yet an argument will be presented in this literature review that computer 

science should be studied on its own and in isolation from the rest of STEM.  At the same 

time, existing research on STEM retention should not be completely dismissed when 

investigating computer science retention.  Hence, the literature review will present the 

discussions of the job growth, the worker shortages, and the existing retention literature 

from two angles, one inclusive of all of STEM and one exclusive to computer science. 

Job Growth and Opportunity 

Growth in the STEM employment sector shows no sign of slowing down.  The 

U.S. Department of Labor estimates that as many as 2.8 million new jobs in STEM will 

be created by 2018 (Bureau of Labor Statistics, 2013).  If projections hold true, by 2018, 

one out of every 20 jobs will be a STEM job (Bureau of Labor Statistics, 2013).  Not only 

are analysts predicting that STEM jobs will continue to make up a larger percentage of 

the job market, but statistics show that STEM workers earn more money than non-STEM 

workers at nearly every education level (Bureau of Labor Statistics, 2013; Finley, 2012).   

Of all professions, the computer science industry is anticipated to have the highest 

combined growth opportunities and earnings potential through 2020 (Wagstaff, 2012).  

The majority of the 2.8 million STEM jobs expected to be created by 2018 are predicted 

to be in computer science (Bureau of Labor Statistics, 2013; Finley, 2012; Gardner, 
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2013).  As a result of the anticipated continued growth in the technology industry, today’s 

computer science careers are being lauded as both highly rewarding and critically 

important to the nation’s economy (CNN, 2015; U.S. Department of Education, 2013).  

Due to the combination of plentiful high-paying jobs, and projections of explosive job 

growth over the next decade, “software architect” was named by CNN as the best job in 

America in 2015 (CNN, 2015).  In all, computer science-related jobs took nine of the top 

25 spots in CNN’s list of top jobs (CNN, 2015).  In addition to software architect, 

computer science-related jobs on the list included video game designer, database 

developer, information analyst, user experience designer, IT program manager, software 

quality assurance, and more (CNN, 2015).  The list, assembled by staff members at 

CNNMoney and PayScale identified the best jobs in America with “big growth, great 

pay, and satisfying work” (CNN, 2015, p. 1).  As the rest of the nation recovers from an 

economic recession, computer science professionals enjoy high salaries with nearly 

unprecedented job security (CNN, 2015). 

When Kiplinger, a popular business-forecasting magazine, released its list of the 

best college majors, computer science was awarded the top spot (Cunningham, 2015).  

Kiplinger’s list was the result of a study which evaluated 129 of the most popular college 

majors and ranked them based on starting salaries, career growth, and long term salary 

potential (Cunningham, 2015).  The authors described computer science majors as 

highly-coveted by employers and claim that graduates will have little trouble finding 

work in today’s job market.  Computer science majors are no longer only attractive to 

major tech conglomerates like Microsoft and Google but rather, “an understanding of 

software makes computer science majors appealing to virtually every industry” 
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(Cunningham, 2015, p. 6).  Altogether, computer science-related majors accounted for 

the top four spots on Kiplinger’s list with management information systems, software 

engineering, and information technology taking spots two, three, and four, respectively 

(Cunningham, 2015).  There is enormous employer demand for computer science majors 

which will translate into long-term, lucrative opportunities for graduates(CNN, 2015; 

Cunningham, 2015).     

The Computer Science Worker Shortage 

The reason why computer science stands out among STEM disciplines in lists 

highlighting the best careers and degree fields may come down to simple economic rules 

of supply and demand.  There are a higher percentage of jobs opening for computer 

science and a lower percentage of graduates available than in other STEM disciplines 

(National Center for Education Statistics, 2014; Bureau of Labor Statistics, 2014).  Job 

growth projections in computer science outpace other STEM disciplines (Bureau of 

Labor Statistics, 2014).  The Computing Research Association (CRA) projects that 

computer science jobs will account for more than 65% of all new STEM jobs from 2012 

through 2022 (Computing Research Association, 2014).  Figure 2.1 shows the CRA 

projections for all STEM disciplines through 2022. 



Texas Tech University, Aaron Reed, December 2016 

30 

 

Figure 2.1: Projected annual growth of newly created STEM jobs from 2012-2022.  Data 
from the Computing Research Association, 2014 

The rapid growth of computer science jobs is accompanied by a serious concern.  

Though the job market is growing, companies are not able to find enough qualified 

workers to fill those jobs (DeFraine et al., 2014; Gardner, 2013, U.S. Department of 

Education, 2013).  One contributing factor is that the nation’s universities are not 

producing enough computer science graduates.  EMSI is a company which provides 

nationwide data on higher education, economic and workforce development, and talent 

acquisition (Wright, 2013).  In a 2013 study, Joshua Wright, an author and analyst at 

EMSI, examined the period from 2003 to 2012, cross-sectioning the education data from 

the National Center for Education Statistics with employment data from EMSI’s 

CareerBuilder employment database (Wright, 2013).  Wright found that from 2003 to 

2012, the number of bachelor’s degrees awarded in the United States in computer science 

decreased by 11%.  During the same timeframe, the computer science job market 

increased by 13% (Wright, 2013).  In contrast, Wright found that the engineering job 

market (representing the “E” in STEM) increased by only 6% from 2003 to 2012 
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(compared to computer science’s 13% increase) and in the same timeframe, the number 

of annual bachelor’s-level engineering graduates increased by 37% (Wright, 2013).  

Figure 2.2 shows the results of Wrights analysis including projections on degrees 

awarded in various fields and projected job growth in those fields.   

 

Figure 2.2.  Degrees awarded by major U.S. programs and associated job growth from 
2003 to 2012 (Wright, 2013, used with permission). 

The analysis of the job market and degree trends demonstrates one aspect of the 

divergence of computer science from the rest of STEM.  During the 10 years in Wright’s 

study, computer science saw the largest increase in job openings of any STEM field (U.S. 

Department of Education: National Center for Education Statistics, 2014; Wright, 2013).  

Additionally, computer science was also the only STEM field to see a decrease in the 

number of degrees awarded during that timeframe (U.S. Department of Education: 

National Center for Education Statistics, 2014; Wright, 2013).  The fact that computer 

science illustrates such a dramatic difference in terms of degrees awarded and job growth 
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compared to other STEM disciplines lends credence to the idea that perhaps computer 

science should be studied in isolation of the rest of STEM. 

 The decreasing number of computer science graduates comes at an inopportune 

time.  Grasz (2013) illustrated the concern in a combined research study by Economic 

Modeling Specialists and CareerBuilder, a global leader in human capital and talent 

sourcing.  The study pulled data from over 90 federal and state employment resources 

including the U. S. Bureau of Labor Statistics, the U. S. Census Bureau, and state labor 

departments.  Gratz combined that employment data with education figures from the 

National Center for Education Statistics.  Grasz posited that the dramatic rise in computer 

science jobs in recent years and the even more dramatic decline in degrees awarded is 

causing great alarm in the tech industry.  Matt Furguson, CEO of CareerBuilder, claimed, 

“The deficit in IT degree completions is concerning when you consider that there is 

already a considerable gap between the demand for and supply of IT labor in the U.S. 

today” (Grasz, 2013, p. 1).  Ferguson continued, “Degrees in health professions, 

engineering, business, liberal arts and education are growing rapidly and we need IT 

degrees to keep pace” (Grasz, 2013, p. 1).   

If the projected rates are accurate for the computer science job market growth and 

computer science degrees conferred, the worker shortage in computer science is on track 

to continue expanding.  The Bureau of Labor Statistics data from 2014 predicts that 

through 2024, an average of over 111,000 new computer science jobs will be created 

annually (Bureau of Labor Statistics, 2014).  If the numbers of computer science 

bachelor’s degrees conferred in the United States follows trends and projections from the 

National Center for Education Statistics from 2014, the average number of annual 
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computer science bachelor’s degrees awarded in between 2014 and 2024 will be just over 

72,000 (National Center for Education Statistics, 2014).  If both numbers hold true, 

nearly 40,000 new computer science jobs, or roughly 35% of new computer science jobs, 

will go unfilled.  For comparison, Figure 2.3 shows the projected annual average number 

of job openings and average annual number of bachelor’s degrees conferred for 

healthcare sciences, engineering, and computer science disciplines.  Based on the 2014 

projected numbers, the healthcare industry will have an average of approximately 4,000 

annual new jobs go unfilled due to a lack of qualified bachelor’s degree recipients 

(Bureau of Labor Statistics, 2014; National Center for Education Statistics, 2014).  

Engineering, in contrast, will have an annual average of over 40,000 more graduates than 

jobs available, based on the 2014 projections (Bureau of Labor Statistics, 2014; National 

Center for Education Statistics, 2014).  Computer science, with its annual average 

shortfall of 40,000 workers, appears to be in the most need of improvement in both 

recruiting and retention. 
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Figure 2.3.  Projected annual job openings and bachelor’s degrees conferred from 2014-
2024.  Data from Bureau of Labor Statistics, 2014 and National Center for Education 

Statistics, 2014 
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excess of $100,000 salary as long as the candidates had the technical expertise, regardless 

of education level (Fisher, 2015).  The author described the state of the industry and the 

growing need for more technical talent amid concerns from employers that said talent is 

unavailable.  Fisher (2015) claimed that the industry may be shifting to a mindset where 

college degrees, even at the bachelor’s-level, are no longer required but experience and 

expertise are the only thing employers are looking for.  This is not because hiring 

companies do not see value in college-level education but rather due to the shortage of 

available workers with that level of education (Fisher, 2015). 

Alan Shimel, editor-in-chief of DevOps.com, a career and community website for 

software development, claimed that having a college degree may no longer be a 

requirement for candidates but that “hands-on experience with actual tools and projects is 

really the only thing that matters” (Fisher, 2015, p. 1).  As more and more employers 

fight for the small number of technically qualified candidates, the minimum level of 

education and experience required continues to fall (Fisher, 2015).  This should be cause 

for alarm among employers and educators alike.  Employers are faced with the prospect 

of hiring an increasing number of poorly trained workers as educators struggle to 

maintain student interest in technology programs (Fisher, 2015). 

Another consequence of the technology worker shortage is found in requests to 

bring in more foreigners.  Silicon Valley tech leaders have petitioned the Obama 

Administration to open up the worker visa restrictions in order to allow more foreign 

technology workers to enter the country because those employers simply could not find 

the needed qualified workers domestically (Sengupta, 2013; Thibodeau, 2012).  A 
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statement by the Silicon Valley Leadership Group, which includes IBM and Oracle, 

summarized the state of mind of many of the area’s employers:  

Companies are willing to show they have tried to hire Americans, but we want to 

do it in a way that works with their current hiring practices and does not place a 

heavy administrative burden on them.  The more difficult it is to get H-1B visas, 

the more likely that jobs will go abroad because there is no American that fits the 

needed skill set. (Sengupta, 2013, p. 2) 

The tech leaders achieved their objective in drafting a Senate bill which would 

nearly double the number of H-1B visas extended to foreign workers annually (Sengupta, 

2013).  This move by industry leaders to request more foreign workers underscores the 

magnitude of the problems they face due to the technology worker shortage.  Marc 

Andreessen, co-founder of Netscape, described the need for tech talent:  

Many people in the U.S. and around the world lack the education and skills 

required to participate in the great new companies coming out of the software 

revolution.  This is a tragedy since every company I work with is absolutely 

starved for talent.  Qualified software engineers, managers, marketers and 

salespeople in Silicon Valley can rack up dozens of high-paying, high-upside job 

offers any time they want, while national unemployment and underemployment is 

sky high. (Gustin, 2012, p. 1) 

One company, Blueseed, was focused on solving the technology worker shortage 

with a creative solution. The plan involved permanently anchoring a massive cruise ship 

12 nautical miles off the coast of San Francisco (Gustin, 2012).  In its technology-focused 

“floating city”, Blueseed hoped to attract up to 1,800 foreign workers ready to help 
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Silicon Valley tech firms (Gustin, 2012). Workers would require passports but, given that 

the vessel will be parked in international waters, no visas would be required (Gustin, 

2012).  Like the pitch to reform foreign worker visas, this initiative by Blueseed 

spotlights the criticality of the worker shortage and the lengths to which some employers 

are willing to go to secure more technology workers.  At a time when the United States is 

facing fierce competition from abroad and when U.S.-based employers are starving for 

more tech talent, there are rising concerns about our nation’s ability to compete on a 

global scale (U.S. Department of Education, 2013). 

Low Retention Rates in STEM and Computer Science 

One of the ways to increase the number of students who graduate in STEM and 

computer science is to increase student retention.  In 2012, the President’s Council of 

Advisors on Science and Technology claimed that improving retention among STEM 

students could make a significant impact on the worker shortage concerns (Holdren & 

Lander, 2012).  The claim originated in a document entitled Engage to Excel: Producing 

One Million Additional College Graduates with Degrees in Science, Technology, 

Engineering, and Mathematics which was generated by President Obama’s Executive 

Office and the council (Holdren & Lander, 2012).  The council claimed that fixing 

student retention may be the lowest-cost method to address the worker shortage (Holdren 

& Lander, 2012).  The council posited that if retention rates in STEM can be increased by 

just 10%, the result would yield 750,000 of the one million new workers needed to fill the 

skills gap and worker shortage (Holdren & Lander, 2012). 

However, when studying retention in computer science, there are reasons to 

consider it as a component within STEM and other reasons to consider it in isolation.  
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The predominant reason to consider computer science along with the rest of STEM is 

simply that it has been amalgamated under STEM in the vast majority of research to date.  

A significant amount of research on STEM retention holistically exists but very little 

research specific to computer science retention exists.   

Yet Shaw and Barbuti (2010) identified some trends among computer science 

students which do not follow those of other STEM students.  In the study, Shaw and 

Barbuti analyzed degree selection data from nearly 55,000 students at 39 different 4-year 

colleges and universities nationwide.  Student responses to surveys taken before college, 

after the first year of college, and near graduation from college were studied to identify 

characteristics which defined students who persisted compared to those who did not 

(Shaw & Barbuti, 2010).  Of note to this study were several characteristics among 

computer science students identified by Shaw and Barbuti which go against the trend of 

the rest of STEM students.  First, the authors found that students who did not take AP 

exams in a STEM field but then enrolled in STEM majors in college were much more 

likely to leave their STEM majors than students who had taken AP exams in STEM fields 

(Shaw & Barbuti, 2010).  The authors noted that computer science was the one exception 

to this phenomenon (Shaw & Barbuti, 2010). 

Second, Shaw and Barbuti (2010) found that students who left STEM majors had 

significantly lower self-efficacy (or the extent to which individuals feel confident in their 

abilities to succeed) than those who persisted.  Again, the authors noted that the one 

exception was computer science (Shaw & Barbuti, 2010).  The authors also noted that it 

seemed to make sense that students who dropped out would have lower self-efficacy in 

that major than those who persisted (Shaw & Barbuti, 2010).  However, Shaw and 
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Barbuti wrote that they could not explain why computer science students did not follow 

that pattern. 

Third, Shaw and Barbuti (2010) found that students who persisted in STEM 

majors were much more likely to cite a doctoral degree as their ultimate goal than peers 

who dropped out.  This again was found by the authors to be true in every STEM major 

except computer science (Shaw & Barbuti, 2010).  And finally, the authors found that 

students who left STEM majors performed worse on math and science courses in high 

school than those who persisted (Shaw & Barbuti, 2010).  And once again, Shaw and 

Barbuti (2010) found that computer science students were the one exception to this 

pattern. 

To summarize, Shaw and Barbuti (2010) found that computer science students 

diverged from patterns found among other STEM students in four key areas: 

1. Computer science students who did not take STEM AP exams performed just as 

well as those who did.  In all other STEM majors, students who did not take 

STEM AP exams underperformed compared to those who did take STEM AP 

exams. 

2. Computer science students who dropped out of the major had similar self-efficacy 

in that major to those who persisted.  In all other STEM majors, students who 

dropped out of the major had lower self-efficacy in the major than those who 

persisted. 

3. Computer science students who did not claim that a doctoral degree was their 

ultimate goal performed just as well as those who did.  In all other STEM majors, 

students who did not claim that a doctoral degree was their ultimate goal 
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underperformed compared to those who did claim a doctoral degree as their 

ultimate goal. 

4. Computer science students who struggled in math and science courses in high 

school performed just as well as those who did well in those high school classes.  

In all other STEM majors, students who struggled in math and science courses in 

high school underperformed compared to those who did not struggle in those 

courses (Shaw & Barbuti, 2010). 

These findings led Shaw and Barbuti to claim: 

Because computer and information science students did not typically follow the 

patterns of other STEM switchers and persisters, continued research on the unique 

characteristics of these students and potential modifications to the application of 

[social cognitive career theory] in understanding them may prove valuable. (Shaw 

& Barbuti, 2010, p. 31) 

 The findings of Shaw and Barbuti related to student behavior patterns in computer 

science compared to the rest of STEM lend credibility to the idea that computer science 

retention should be studied in isolation from the rest of STEM.  The variance in job 

growth projections and degree completion projections between computer science and 

other STEM majors also add to that argument.  Hence, the researcher will attempt to 

differentiate between STEM at-large and computer science throughout the investigation 

of student retention.   

Retention Rates in STEM 

 STEM degrees are often considered among the more difficult disciplines for 

aspiring students (Atkinson, 2012).  Many students who decide to major in non-STEM 
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disciplines admit that the rigor and intensity of the coursework and content dissuaded 

them from enrolling in STEM majors (Atkinson, 2012).  Nationwide, more than half of 

students who begin a STEM major end up switching to a non-STEM major or dropping 

out of school altogether (Christe, 2013; Wilson et al., 2012).  The National Center for 

Education Statistics and the U. S. Department of Education track a wide range of student 

metrics and demographic data, making the data publicly available for research purposes 

(Chen, & Ho, 2012).  The center uses surveys such as the 2004 Beginning Postsecondary 

Students Longitudinal Study and the 2009 Postsecondary Education Transcript Study to 

track trends in student progression and persistence (Chen & Ho, 2012).  The center’s 

2009 dataset reveals that out of 12,000 first-time college students who enrolled in STEM 

degrees in 2003, only 40% completed their STEM degree within six years (National 

Center for Education Statistics, 2016).  Figure 2.4 shows the persistence rates of those 

12,000 students by declared major. 

 

Figure 2.4.  Percentage of first-time postsecondary students who attained a STEM degree 
within six years of enrolling.  Data from National Center for Education Statistics 2009 

dataset (National Center for Education Statistics, 2016) 
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 The 2012 dataset from the National Center for Education Statistics, which 

features data from 16,500 students, shows that just over 50% of STEM students persisted 

in the major (National Center for Education Statistics, 2016).  Although this represents an 

improvement over the 2009 numbers, there may be some inflation in the 2012 numbers.  

The 2009 numbers represent completers only but the 2012 numbers include both students 

who graduated with their STEM degree as well as those still enrolled in the major after 

six years (National Center for Education Statistics, 2016).  The next iteration of these 

datasets will comprise data through 2016 and is expected to be released sometime in 2017 

(National Center for Education Statistics, 2016). 

Figure 2.5 offers a breakdown of persistence and attrition figures for STEM 

degrees from the 2012 dataset.  It is worthy to note in Figure 2.5 the poor persistence rate 

and high attrition rate in computer science compared to other STEM degrees.  Those 

numbers as well as the state of computer science retention in general will be discussed 

later in this chapter. 
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Figure 2.5.  Persistence and attrition numbers in STEM degrees from the 2012 National 
Center for Education Statistics dataset (National Center for Education Statistics, 2016). 
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year of college (Weaver, Cook, Foster, Moon, Phegley, & Tormoehlen, 2012).  The 

authors of the study claimed that a high number of STEM students leave their majors 

during that transition point both at Purdue University and nationally (Weaver et al., 

2012).  The Purdue University study was part of a white paper which was submitted to 

the Purdue University Strategic Planning Steering Committee in 2013 as part of an 

institutional initiative to generate more interest in STEM and STEM-influenced fields 

(Weaver et al., 2012).  The authors proposed three initiatives which they claimed to be 

interrelated and interdependent and together would help address the STEM retention 

issues.  First, STEM student experience and success was to be a point of focus for all 

staff members (Weaver et al., 2012).  This initiative was comprised of efforts to better 

prepare more students for entering STEM disciplines, provide those students with more 

student retention resources and support systems, and reform faculty development and 

STEM pedagogy (Weaver et al., 2012).  Second, STEM public policy and leadership was 

to be a point of emphasis among administrators.  Institutional leaders and STEM faculty 

were to work directly with industry and legislators to create STEM-focused policies 

including grants for education and research to encourage more students to enroll in 

STEM programs (Weaver et al., 2012).  Finally, articulation between research and 

scholarship was to be an area of focus for STEM educators and administrators.  The goal 

of this initiative was to correlate between industry leading researchers and the STEM 

classrooms at Purdue University in order to help students see the value and real-world 

application of STEM curriculum (Weaver et al., 2012).   

Although it is still too early to tell if the initiatives at Purdue University had a 

significant impact on retention, the administration’s response to the urgency of the STEM 
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retention problem is noteworthy.  If more institutions placed a higher emphasis on 

creatively addressing STEM retention, the nation would likely be closer to increasing 

retention by the 10% mandated by the President’s Council of Advisors on Science and 

Technology.   

In a New York Times article addressing the nearly 60% dropout rate of STEM 

degrees, Finley (2011) interviewed Matthew Moniz, a former engineering student at 

Notre Dame who dropped out of his major during his sophomore year.  Moniz claimed 

that the introductory curriculum did not help him see the value and true use of 

engineering in a career or profession (Finley, 2011).  Mr. Moniz claimed that his classes 

were all about “memorizing equations” yet he felt engineering really should be about 

application of knowledge “which they didn’t teach too well” (Finley, 2011, p. 2).  This 

failure to link application to teaching and research is not only part of the plan outlined by 

administrators at Purdue University, but also a critical component of maintaining 

engagement among STEM students (Finley, 2011). 

In the Post-Baccalaureate Experiences, Success, & Transition (BEST) program at 

UCLA, researchers in the graduate school of education and information studies seek to 

understand student pathways through analysis of demographics, college behaviors, 

college experiences, and student outcomes (UCLA Graduate School of Education and 

Information Sciences, 2016).  In a study focusing on STEM pathways among 

undergraduate students nationwide, researchers at UCLA found that STEM students, may 

on average, take longer to complete their degrees than students in other majors (UCLA 

Graduate School of Education and Information Studies, 2016).  The data suggested that 

in many cases STEM students were taking a full six years to complete their degrees 
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(UCLA Graduate School of Education and Information Studies, 2016).  Researchers in 

the study posited that longer times to complete may exacerbate the retention problem by 

providing more opportunities for students to withdraw from their declared program.   

The study at UCLA also cited underprepared students entering the nation’s 

universities as a leading cause of STEM’s retention woes (UCLA Graduate School of 

Education and Information Studies, 2016).  Grade inflation, weak curriculum, and the 

mentality of no child left behind has created an attitude of entitlement and an unrealistic 

workload expectation among incoming freshmen students (UCLA Graduate School of 

Education and Information Studies, 2016).  Although this mentality affects incoming 

students in all programs, the authors suggested that the problem is exacerbated in STEM 

disciplines which are already known for robust curriculum, weed-out courses, and 

heavier-than-average workloads (UCLA Graduate School of Education and Information 

Studies, 2016).  The result is seen in the incoming cohorts of STEM students every year 

where a continual decline in quality of STEM-pursuing students has been widely noted in 

policy reports, by legislators, and in the press (Lowell, Salzman, Bernstein, & Henderson, 

2009).   

Beyond problems seen in the first and second year and in underprepared students,  

studies have shown that STEM leavers (students who declare a STEM major but 

ultimately either dropout or major in a non-STEM field) are not always the low-

performing students (U.S. Department of Education, 2013).  Many students who leave 

STEM fields were highly thought of by STEM faculty members and were students who 

faculty members felt would not only graduate but also go on to have successful STEM 

careers (U.S. Department of Education, 2013).   
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Another facet of most STEM fields which further complicates the retention and 

graduation issues is that STEM fields are typically not easily transferred into (Marcus, 

2012).  Because STEM fields often have a lock-step curriculum in which courses build 

upon one another, many STEM fields experience students transferring out of the 

programs but have very little counter-effect of students transferring into the programs 

(Marcus, 2012).   

Some STEM for All vs. All STEM for Some 

 In an article for Issues in Science and Technology, Atkinson (2012) outlined 

reasons why the current education reform strategy will not work.  In the article, Atkinson 

posited that many Americans feel the nation’s leaders need to act in order to rectify the 

STEM problems: “If only elected leaders would take the problem seriously and devote 

significant resources, the thinking goes, the nation could solve the problem” (p. 29).  Yet 

Atkinson continued to illustrate that the nation has taken action including numerous 

congressional bills and STEM initiatives by several presidential administrations.  The 

problem, according to Atkinson, is that the combined efforts of these initiatives has 

evolved into a “Some STEM for All” mentality in which administrators identify a goal to 

have all students participate in STEM in some way.  According to Atkinson, the problem 

with a “Some STEM for All” mentality is that it caters to every student and does not 

sufficiently challenge or engage those who are naturally interested in STEM programs 

and curriculum (Atkinson, 2012).   

 Instead of the “Some STEM for All” curriculum, Atkinson (2012) argued that 

parents, teachers, and administrators should be focused on identifying those who find 

STEM disciplines interesting and who show promise in STEM courses.  Atkinson then 
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proposed that teachers and administrators put significant efforts into refining curriculum, 

developing better teachers, and assessing effectiveness of various teaching methods in 

order to improve retention of those STEM-bound students.  This mentality represents a 

shift toward an “All STEM for Some” mindset which would attempt to rectify the 

retention problem in STEM by creating more interesting courses and more challenging 

curricula specifically designed for those students who show a proclivity for STEM 

(Atkinson, 2012).   

A College Board study published by the National Bureau of Economic Research 

included STEM students from 21 universities as researchers studied the effects of STEM 

pathways and the relation of those pathways to student outcomes (Atkinson, 2012).  

Researchers found a wide grade disparity in some STEM courses compared to other non-

STEM courses.  For example, 85% of students in English classes in the study received A 

or B grades, but only 57% of those in math classes in the same schools received A or B 

grades (Atkinson, 2012).  Atkinson argued that students were likely not simply smarter in 

English than in math across all those universities but instead the more likely conclusion 

was that math classes are more difficult and instructors in those courses graded more 

stringently.   

Many students appear to be discouraged from persisting in STEM disciplines 

because STEM degrees often follow this pattern of tough grading (Atkinson, 2012).  

Atkinson argued that if a student is earning A’s and B’s in non-STEM classes and lower 

grades in STEM classes, they will be more likely to drop out of a STEM degree and focus 

on areas where the grades indicate they show promise.  The author uses this to illustrate 

the fact that an “All STEM for Some” mentality would benefit those students who show 
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promise in STEM by encouraging faculty members to more effectively teach, mentor, 

and assess those students (Atkinson, 2012).  Regardless of whether the attitude of “Some 

STEM for All” or that of “All STEM for Some” is more effective, the nation should be 

invested in continually researching and attempting to solve the critical STEM retention 

problem. 

Retention Rates in Computer Science 

Although the existing data and research on STEM retention is somewhat 

applicable to computer science, it is important to realize that drawing too many 

generalities between the rest of STEM and computer science may be counterproductive.  

As noted in research by Shaw and Barbuti (2010) as well as statistics from the Bureau of 

Labor Statistics (2013) and the National Center for Education Statistics (2014), the 

computer science industry and computer science students do not always follow the trends 

of the rest of STEM.   

 As illustrated in Figures 4 and 5 in this chapter, computer science has the lowest 

retention rate among STEM degrees with only 36-40% of students persisting to 

graduation nationwide (Haungs et al., 2012; National Center for Education Statistics, 

2014; Shaw & Barbuti, 2010).  Of note in Figure 2.5 is that computer science is the only 

STEM major with a persistence rate below 50%.  It is also interesting to note in Figure 

2.5 the relatively high percentage of computer science students who leave college without 

a degree.  It appears from the data that not only are students enrolled in computer science 

programs more likely to leave the major, but they are also for some reason more likely to 

leave college altogether.  Again, these data suggest Shaw and Barbuti (2010) may be 
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correct in their assertion that computer science retention merits further study in isolation 

from the rest of STEM. 

Beaubouef and Mason (2005) from the Department of Computer Science at 

Southeastern Louisiana University witnessed this attrition problem in computer science 

firsthand.  The two authors lamented in a paper on high attrition rates among computer 

science students that at their institution “there are over four hundred declared majors in 

Computer Science. Each semester, however, only about fifteen to twenty students 

graduate in this field” (Beaubouef & Mason, 2005, p. 103).  The authors cite that at their 

institution the attrition in computer science typically occurs in the first or second year of 

enrollment (Beaubouef & Mason, 2005).  One factor which leads to attrition as pointed 

out by Beaubouef and Mason (2005) is that incoming students lack proper and effective 

study skills.  But beyond that, the authors argued that the nature of computer science 

work requires a deeper level of time management which many students also lack.  “These 

younger students have often not developed adequate study habits. However, even those 

students having good study habits often lack some important project management skills, 

which are necessary to get programming assignments completed in a timely manner” 

(Beaubouef & Mason, 2005, p. 105).   

Beaubouef and Mason (2005) also pointed to poorly designed programing lab 

courses as a contributor to attrition.  The authors claimed that at many schools 

programming labs devolve into debugging sessions with students and teachers where one 

student receives debugging assistance as large numbers of others wait in line (Beaubouef 

& Mason, 2005).  The authors posited that these sessions do not develop programming 
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skills and in turn, “program planning and logic take a backseat to code-compile-debug 

cycles” (Beaubouef & Mason, 2005, p. 104). 

A study at Cal Poly San Luis Obispo focused on improving computer science 

student retention through interest-based courses (Haungs et al., 2012).  After the 

computer science department identified successful outcomes in an elective computer 

science course in which students built games of their own design, the institution 

expanded the concept to all introductory students (Haungs et al., 2012).  Realizing that 

not all students have an affinity for gaming, the interest-based component was expanded 

to other domains as well (Haungs et al., 2012).  Through their research, the authors found 

that computer science student retention ranked among the lowest at their institution and 

often does so across other campuses nationwide (Haungs et al., 2012).  Although the full 

results of the study were not complete at the time of their publication, the authors claimed 

to have found positive results in initial course offerings.  The authors found that students 

who were allowed to be creative with assignments and work on projects in their areas of 

interest were more likely to persist through introductory classes (Haungs et al., 2012).   

Bennedsen and Caspersen (2007) conducted a study on success rates in 

introductory computer science courses.  In the study, computer science teachers and 

administrators from 63 institutions responded to a survey on the success rates of students 

in their first computer science courses (Bennedsen & Caspersen, 2007).  The researchers 

found that nearly 35% of students fail introductory computer science courses on average 

(Bennedsen & Caspersen, 2007).  Going back to Atkinson’s (2012) point regarding 

“Some STEM for All,” this high fail rate among introductory computer science students 

may shift interest among those students away from computer science.  If students do well 
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in other introductory courses but fail their introductory computer science course, they 

may be more likely to move away from computer science and toward whichever 

discipline is providing them with the reaffirmation of their ability through better grades.   

Low pass rates in introductory computer science courses and low grades in 

computer science overall may lead both students and teachers at times to believe some 

students are incapable of achieving success in computer science (Dehnadi & Bornat, 

2006).  Professors Dehnadi and Bornat in the School of Computing at Middlesex 

University in the United Kingdom claimed to have created a programming aptitude test to 

determine the success rate of students in computer science programs (Dehnadi & Bornat, 

2006).  In their research, the authors cited that up to 60% of introductory computer 

science students fail introductory computer science courses, which is what caused them 

to attempt to design an aptitude test on the subject (Dehnadi & Bornat, 2006).  Although 

the results of their aptitude test were mixed, the authors argued that there are two 

populations: those who can program and those who cannot (Dehnadi & Bornat, 2006).  

This dangerous mindset, which is shared by many educators in computer science, can 

affect introductory computer science faculty and reinforce the notion that their job is less 

to teach and more to separate those who can from those who cannot (Dehnadi & Bornat, 

2006).   

Despite the number of studies on STEM retention, very little research exists on 

retention specific to computer science alone.  Given the magnitude of the computer 

science worker shortage and its effect on our nation, and the dearth of formal studies on 

computer science student retention, more insight into computer science student retention 

as a whole would be valuable.  If Shaw and Barbuti (2010) are correct in their assertion 
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that computer science students do not share the same reasons for retention and attrition as 

their STEM peers, a greater understanding of the reasons for attrition in computer science 

is critical.   

Reasons for Low Retention Rates in STEM and Computer Science 

 If computer science administrators hope to improve retention numbers, an 

understanding of the factors influencing retention and attrition is essential.  This section 

will present existing literature on first, reasons for the low retention rates in STEM 

holistically and second, reasons for the low retention rates in computer science. 

Reasons for Low Retention Rates in STEM 

 In several studies conducted on reasons for STEM attrition, exiting students 

claimed that poor teaching was a primary cause (Atkinson, 2012; Christe, 2013; Watkins 

& Mazur, 2013).  In one case, researchers investigated decision-making factors among 

335 undergraduate students who left STEM majors for non-STEM majors at seven 

institutions (Atkinson, 2012).  Over 90% of students in that study claimed that poor 

teaching was a major reason for their exit from STEM programs (Atkinson, 2012).  That 

number climbed as high as 98% for former engineering students (Atkinson, 2012).  

Students in the study expressed feeling that teachers and administrators often 

purposefully made introductory courses tedious, painful, boring, and laborious and saved 

the more interesting and fun courses for later in the major (Atkinson, 2012).  Many high-

performing exiting students cited that classes were boring and instruction was uninspiring 

(Atkinson, 2012).  These high-performing students create a dilemma for introductory 

STEM faculty.  In order to help lower-tier students ease into the major, introductory 

courses are often easier and less strenuous than future courses in the major (Atkinson, 
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2012).  However, high-performing students have indicated that those easier introductory 

courses are similar to ones they took in high school and the material is boring and fails to 

engage them in the discipline, resulting in them looking at other majors (Atkinson, 2012). 

In an effort to improve retention among STEM students at Purdue University, 

researchers noted that the reasons why students leave STEM programs are often not 

related to student performance: 

Reasons for [attrition] are not due to students’ performance or attitude attributes, 

but instead are closely linked to an early loss of interest in science, perceptions of 

poor teaching, selecting a STEM major with insufficient information about the 

career, and feeling overwhelmed by the pace and load of the curriculum. (Weaver 

et al., 2012 p. 3) 

The authors of the Purdue study noted also that once students begin to question 

their major, especially as freshmen when switching majors comes without significant 

penalties, it takes very little to finalize their decision (Weaver et al., 2012). 

In 1997, Seymour and Hewitt wrote Talking about Leaving: Why Undergraduates 

Leave the Sciences.  In the book, the authors present findings from an ambitious three-

year, seven-campus study on reasons why undergraduate STEM students switch to non-

STEM programs (Seymour & Hewitt, 1997).  Seymour and Hewitt spent over 600 hours 

in interviews and focus groups with students to detail their experiences and impressions.  

Students in the study characterized the atmospheres in STEM programs as chilly and 

unwelcoming, presenting an environment which appears apathetic to student learning 

(Seymour & Hewitt, 1997).  The students also felt that teachers promote attrition of weak 

students, seeing the failure of less-qualified students as a sort of badge of honor for 
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faculty members who helped maintain the rigors of the major by dismissing the incapable 

students (Seymour & Hewitt, 1997).   

Nearly two decades later, Christe, a senior faculty member at Indiana University-

Purdue University Indianapolis, wrote an article in the Journal of STEM Education on the 

importance of faculty-student interactions within STEM disciplines (Christe, 2013).  In 

her article, Christe pointed out that despite the alarms raised by Seymour and Hewitt, 

student perceptions of environments in STEM programs has remained the same.  Christe 

described modern STEM programs as unfriendly and chilly (Christe, 2013).  Christe also 

attributed these perceptions in STEM degrees to both interactions with peers and faculty 

in those programs.  The author cited that students who exited STEM programs reported 

feeling that they were the only students lost or who failed to understand certain concepts.  

However, Christe pointed out that in reality, the feeling of being lost or not understanding 

certain concepts was actually shared by a large number of the students (Christe, 2013).  

Christe claimed that those students who felt alone in their lack of understanding 

experienced additional feelings of despair.  The author continued to claim that those 

feelings of despair often persisted and grew to a point where they felt insulted or 

humiliated when confronted by faculty members regarding a lack of understanding on a 

given topic (Christe, 2013).  These experiences by some students resulted in an early loss 

of interest in the major which was extremely harmful to freshmen students (Christe, 

2013).   

In 2013, Watkins and Mazur wrote about a study in which over 1,000 STEM 

students were surveyed throughout introductory courses to determine their perceptions of 

the major and reasons for persisting or leaving the major (Watkins & Mazur, 2013).  
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Again, the perception of ineffective teaching and cold, unwelcome environments was a 

major theme.  The authors found that not only did nearly 90% of exiting students blame 

ineffective teaching in one way or another for their departure, but that 75% of students 

who persisted also complained about poor teaching quality (Watkins & Mazur, 2013).  

Students indicated that faculty-student interaction was sparse and often unwelcome and 

that classrooms could improve by introducing “openness, respect for students, 

encouragement of discussions, and the sense of discovering things together” (Watkins & 

Mazur, 2013, p. 36).  Though teaching quality is often a complaint for any student exiting 

a major, students exiting STEM disciplines cite it as a reason more frequently than those 

exiting non-STEM majors (Watkins & Mazur, 2013).   

Christe, in her article on the importance of faculty-student connections in STEM 

degrees, posited that STEM faculty members may not have been keeping up with 

innovations in teaching the way faculty members in other majors have (Christe, 2013).  

Despite significant research on ways to improve teaching methods in STEM disciplines, 

Christe believed that many faculty members still base their pedagogy on their personal 

experiences as a student (Christe, 2013).  The author cited STEM faculty members who 

feel that rather than teach in new and innovative ways, the correct way to teach is the way 

instruction was done when they were in school (Christe, 2013).  She believed this 

mentality is stronger among STEM faculty members than non-STEM faculty members 

and claimed that as a result, teaching innovation in STEM disciplines suffers (Christe, 

2013).   

Compounding the issue, Christe pointed to introductory courses in STEM 

programs across the country that are often held in large auditoriums with large numbers 
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of students, limiting important faculty-student interaction opportunities (Christe, 2013).  

The 2013 report from the Presidential Council of Advisors on Science and Technology 

pointed to similar sentiments among STEM dropouts (U.S. Department of Education, 

2013).  The report indicated that some STEM dropouts cited the large, lecture-based 

introductory courses which are common among STEM majors as reasons for the 

perceived poor quality teaching (U.S. Department of Education, 2013).  Students in 

traditional lecture courses were found to be up to twice as likely to exit the program as 

those who experienced more hands-on, project-based teaching methods (U.S. Department 

of Education, 2013).   

One persistent theme in STEM retention research is the prevailing thought that 

students find the environment in the degrees to be cold and unwelcoming (Christe, 2013; 

Holdren & Lander, 2012; Seymour & Hewitt, 1997).  Christe cited that many students 

expressed opinions that faculty members intentionally weed out students and see it as part 

of their job to encourage the attrition of weaker students (Christe, 2013).  She continued, 

describing some students’ feelings of hostility in the classroom, making them feel 

incompatible with their introductory faculty members because of the unfriendly 

classroom environment (Christe, 2013).  Students reported having STEM faculty 

members ask students to look to their right and look to their left on the first day of class 

to identify students who would drop out of class and who would not be able to handle the 

rigor of the major (Christe, 2013).  Students often express feelings that faculty members 

in STEM degrees do not form relationships with their students and that the faculty 

members come off as unwelcoming and unapproachable (Christe, 2013).   
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Students in the study at Purdue University also claimed that STEM faculty 

members exude an aura of simply not caring about their students (Weaver et al., 2012).  

This often results in students who have no real positive relationship with any of their 

introductory faculty members (Christe, 2013; Weaver et al., 2012).  Making matters 

worse, many STEM faculty and administrators have not paid attention to students who 

exit and have not made an effort to study their reasons or rationale (Christe, 2013).  

Instead, faculty and administrators have simply assumed that those students were weak 

and unsuited for the major without any analytical evidence to support that theory 

(Christe, 2013).  Christe described this as a sort of self-fulfilling prophecy where faculty 

teach in antiquated methods, students struggle and dropout, and the faculty member feels 

that the teaching methods were successful because, in their minds, they successfully 

removed an inadequate student (Christe, 2013). 

 In 2011, two engineering professors at Bucknell University and an information 

technology consultant wrote a text entitled Effective Instruction for STEM Disciplines: 

From Learning Theory to College Teaching which was focused on providing ways to 

improve today’s STEM-oriented teaching tactics (Mastascusa, Snyder, & Hoyt, 2011).  In 

the book, the authors claim that one problem with STEM faculty members is that they do 

not see a problem with current methods of instruction or with the atmosphere within their 

programs (Mastascusa et al., 2011).  The authors cite some STEM faculty members who 

express that they do not value student-faculty relationships the same way the students 

appear to and therefore they do not spend time and effort cultivating those relationships 

(Mastascusa et al., 2011).  When confronted about the student perceptions of a chilly and 

unwelcoming environment, STEM faculty members typically indicate that the perception 
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is accurate and warranted, responding with a “that’s how it should be” mentality 

(Mastascusa et al., 2011).  The authors claimed that many STEM faculty members often 

feel that they are required to remove weaker students in order to preserve the validity of 

their degree and fall back on the mindset of that’s how it was when I was in college 

(Mastascusa et al., 2011).  In short, many STEM faculty members appear to not believe 

there is a problem with the perceptions of a cold and unwelcoming environment (Christe, 

2013, Mastascusa et al., 2011).  Christe suggested that it may be time for STEM faculty 

members to change their attitudes regarding faculty-student interactions: “Perhaps instead 

of another scholarly study of STEM climate, it is time for a call to action, encouraging 

professors who are accountable to students, display positive learner-rapport, and are held 

to high standards as caring and compassionate educators” (Christe, 2013, p. 24). 

 There are other reasons STEM students leave programs which should be 

mentioned here.  In the report from the President’s Council of Advisors on Science and 

Technology, STEM Attrition: College Students’ Paths into and out of STEM, a number of 

contributing factors to STEM attrition are listed.  The authors noted that some 

administrators believe that students who do not have STEM-employed role models or 

peers to rely upon and look up to are more likely to exit STEM programs (U. S. 

Department of Education, 2013).  Those administrators felt that students who have family 

members or close relationships with current STEM workers often benefit from mentor 

opportunities or at least have a figure with whom they can identify within their chosen 

field of study (U.S. Department of Education, 2013).  The authors also claim that 

confusion among STEM students regarding the job market and career opportunities affect 

their decisions to persist.  Many students who dropout of STEM majors felt that STEM 
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jobs are being outsourced overseas and that STEM jobs would not be available for them 

upon graduation (U.S. Department of Education, 2013).   

Finally, another nationwide pervasive theme in STEM retention data is that many 

students feel no sense of belonging in their program.  In 2012, Marra, an Assistant 

Professor at City University of New York, and Rodgers, an Associate Professor at the 

University of Missouri’s School of Information Science and Technologies, wrote about a 

study which identified behavioral trends in students who dropped out of engineering 

programs (Marra & Rodgers, 2012).  The study surveyed engineering students about their 

self-efficacy, motivation, academic preparation, and thoughts on the academic 

environment in their programs (Marra & Rodgers, 2012).  Many of the students in the 

study who dropped out of STEM programs expressed feeling that they did not belong in 

the program or did not fit in (Marra & Rodgers, 2012).  The authors noted that the 

students who dropped out were not always underperforming students but often had 

extremely high grade point averages and performed well in STEM courses (Marra & 

Rodgers, 2012).   

In a study by the National Dropout Prevention Center at Clemson University, 

former STEM students were asked to provide their primary reasons for leaving their 

major.  The primary cause of these students exiting STEM programs was that they felt 

nobody cared about them in the major (Pauley, 2011).  The top five reasons for leaving 

the major as noted by the authors were: 

1. They felt nobody cared about them in the major. 

2. They felt they did not belong. 

3. They felt classes were boring. 
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4. They felt what they were learning had no real relevance in their life. 

5. They did not feel the teachers taught the way they preferred to learn (Pauley, 

2011).   

Some exiting STEM students reported associating those feelings that nobody 

cares about them with the institution as a whole, expressing concerns that administrators 

do not care if STEM students leave because the administrators believe that most of those 

students will transfer into non-STEM majors within the same institution and the tuition 

money will be retained at the institution (Atkinson, 2012; Christe, 2013; Pauley, 2011).  

These feelings of being neglected by faculty members and staff and the perceptions of not 

belonging appear to be significant contributors to the poor retention rates in STEM 

disciplines (Atkinson, 2012; Christe, 2013; Pauley, 2011). 

Reasons for Low Retention Rates in Computer Science 

 Although the majority of research on computer science student retention has been 

done under the umbrella of STEM, there are some computer science-specific studies 

which should be noted.  In a study conducted at Georgia Institute of Technology in 

Atlanta, Georgia, surveys were sent to students who graduated from computer science as 

well as students who had at one point declared computer science majors but ultimately 

graduated from a different major (Biggers et al., 2008).  The study asked open-ended 

questions about the factors which inspired students’ decisions to persist or leave the 

major as well as questions about challenges faced by students in the major (Biggers et al., 

2008).  Students in the study who dropped out of computer science programs reported 

that the primary reason for leaving was that their understanding of what a career in 

computer science entails was unappealing to them (Biggers et al, 2008).  Those students 
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claimed they lost interest in programming and could not see themselves programming on 

a daily basis for the rest of their lives (Biggers et al., 2008).  Students who left computer 

science majors described potential job prospects negatively citing things like, “sitting at a 

computer with minimal human interaction” and “boring, coding/debugging code in front 

of a computer screen all day” (Biggers et al., 2008, p. 3).   

Yet the authors pointed out that although the prospect of working in computer 

science was a deterrent to students who dropped out, it was also contributing factor 

leading to retention for those students who persisted (Biggers et al., 2008).  Students in 

the study who persisted in computer science described job prospects positively and more 

abstractly such as, “writing programs… to solve problems facing our world,” and “the 

fruits of computing are everywhere in our lives,” and “you can build your own world, the 

only limit is your imagination” (Biggers et al., 2008, p. 3).  The authors noted the polarity 

of the career outlook in computer science.  They claimed that those who persisted were 

able to see the larger picture of computer science and the positive aspects of the 

employment and career options yet those who exited could not (Biggers et al., 2008). 

The authors of the Georgia Institute of Technology study also reported that the 

second most common cause for student attrition was related to an overly aggressive 

workload and the third most common cause was a sense of not belonging in the program 

(Biggers et al., 2008).  The authors again noted that workload appeared to be another 

factor with polarity.  In the study, there was a significant correlation between positive 

outlook on the workload among those who persisted and negative outlook on the 

workload among those who dropped out (Biggers et al., 2008).  According to the authors, 

students who dropped out described the workload as excessive, too intense, and full of 
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busy work and mundane assignments.  The authors also claimed that students who 

persisted described it as solving real problems and learning to manipulate code which is 

required for success in future classes. 

Beaubouef and Mason (2005) from the Department of Computer Science at 

Southeastern Louisiana University claimed that students exiting computer science 

programs felt the introductory courses were too large and lacked quality feedback from 

instructors.  The authors claimed that in some of these larger classes the faculty members 

are overwhelmed and unable to provide quality feedback to students on assignments.  In 

many such cases faculty members utilized automated grading systems to simplify their 

workload but students suffer from lack of facetime with faculty members and poor 

feedback on areas for improvement (Beaubouef & Mason, 2005).  Many computer 

science programs utilize graduate students to teach introductory courses which leads to 

untrained teachers assuming the responsibility of welcoming new students into the 

program and solidifying their choice in major (Beaubouef & Mason, 2005).  Beaubouef 

and Mason posited that graduate students are likely not the most effective faculty 

members to introduce incoming students to their major and that administrators would be 

better served identifying introductory faculty members who are exceptional teachers and 

relate well with incoming students (Beaubouef & Mason, 2005).  

Finally, the authors also claimed that many introductory students lack the study 

habits to succeed on larger, complex programming assignments which require planning, 

execution, and debugging (Beaubouef & Mason, 2005).  These problems often require 

project management skills, something which is typically not taught in introductory 
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computer science courses, leaving students to rely only upon the study skills and habits 

learned in high school (Beaubouef & Mason, 2005). 

In a study conducted by Barker, Hovey, and Thompson (2014), the researchers 

analyzed over 1,300 responses to a large-scale survey of computer science students 

across 14 universities.  The goal of the survey was to understand factors which led to 

decisions to persist or drop out of computer science.  Students in the study echoed 

sentiments expressed by STEM drop out students regarding the lack of a sense of 

belonging within the major (Barker et al., 2014).  Additionally, the authors pointed out 

that responders felt that a small minority of students appeared to understand all basic 

computer science concepts and dominated classrooms by answering the teacher’s 

questions and controlling group assignments (Barker et al., 2014).  Students who dropped 

out claimed that these vocal minority students helped create an atmosphere in which 

students who struggled to grasp concepts felt ostracized and unpopular (Barker, Hovey & 

Thompson, 2014).   

The same study also linked within-major social life to retention (Barker et al., 

2014).  Students who persisted indicated that students within the major created learning 

communities which fostered environments of togetherness and collaboration, helping 

students develop a sense of belonging and a desire to persist (Barker, Hovey, & 

Thompson, 2014).   

Some of the STEM-related retention themes are visible in the little research 

available on computer science student retention.  These themes include poor teaching and 

student perceptions of not belonging.  However, more light needs to be shed on the 



Texas Tech University, Aaron Reed, December 2016 

65 

factors that influence computer science student retention and attrition in order to better 

understand the computer science retention problem. 

Ideas for Improving Retention Rates in STEM and Computer Science  

 This section will present ideas from existing literature on how to improve 

retention rates.  Ideas for improvement in STEM at-large will first be discussed, followed 

by ideas for improvement specific to computer science. 

Ideas for Improving STEM Retention Rates 

 Watkins and Mazur (2013), in their STEM retention study at Harvard University, 

claimed to have found one area which impacted STEM retention more than anything else.  

The authors claimed that of all the retention improvements involving orientation 

programs, bridge programs, summer seminars, supplemental programs, and more, 

introductory courses may have the biggest impact on retention in STEM (Watkins & 

Mazur, 2013).  The authors found that if students in engineering programs have even one 

single positive experience in an introductory course they are significantly more likely to 

persist to graduation.  These positive experiences could come in the form of faculty 

recognition, positive feedback on an assessment, encouraging words from peers, or other 

sources (Watkins & Mazur, 2013).  The authors posit that faculty members and 

administrators should be focused on creating those positive interactions.  The authors 

opined that faculty members should be encouraged to celebrate student successes with 

encouragement and act more as mentors and leaders than as boot camp drill sergeants.  If 

faculty members can acknowledge the benefits of the positive experiences and work to 

maximize opportunities for those experiences in their coursework and in their student 
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interactions, they may be able to solidify STEM majors as a destination for many more 

students. 

 Christe (2013), a senior faculty member at Indiana University-Purdue University 

Indianapolis, expressed in her article for the Journal of STEM Education that faculty 

members should take a larger role in the responsibility for students and retention in their 

programs.  The President’s Council of Advisors on Science and Technology agreed with 

Christe, claiming in their 2012 report that faculty members and staff should realize that 

STEM retention is a national concern and they should be focused on improvement in 

teaching methods rather than weeding out weak students (Christe, 2013; Holdren & 

Lander, 2012).  The report claimed that administrators and faculty should be focused on 

improving teaching techniques and rewarding faculty members who make a difference in 

student retention (Holdren & Lander, 2012).  The authors questioned the traditional 

tenure system which often rewards faculty members for research rather than for making 

strides as an excellent teacher (Holdren & Lander, 2012).  A different faculty reward 

system which emphasizes teaching may improve retention results (Boundaoui, 2011; 

Christe, 2013; Holdren & Lander, 2012).   

Another method to potentially improve retention appeared in a study at Michigan 

State University which involved the analysis of a STEM project in which students study 

climate change, causes and solutions from perspectives of biology, chemistry, physics, 

mathematics, and social sciences (Oswald & McCright, 2013).  The authors claimed that 

students seemed more interested and involved in the projects than they would have been 

with traditional projects and assignments.  The authors opined that faculty members 

should be encouraged to use more hands-on curriculum and real-world projects to help 
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students catch the vision of the major and the opportunities which await graduates of the 

program.   

 In a study on the effect of active learning and engaged faculty-student interaction 

on STEM student retention, researchers studied two courses which implemented 

improved or innovative teaching tactics: one at The Ohio State University and the other at 

Wright State University (Holton, 2013).  Results from the study suggested that the 

implementation of mentor programs, where mentors reach out to incoming or struggling 

students, can have a significant impact on retention (Holton, 2013).  The authors also 

found that STEM retention was increased by as much as 10% by combining faculty 

mentor programs with orientation programs to help students feel more at ease in their 

major.  The authors pointed out that students who met individually with faculty members 

and received one-on-one mentorship between exams significantly outperformed those 

who did not.   

 At Purdue University, the overall academic experience for incoming STEM 

freshman was overhauled to emphasize teamwork, collaboration, and building positive 

relationships among students and faculty members (Marcus, 2012).  The results were 

impressive.  A full 87% of STEM freshmen returned for their second year under the 

revised program (Marcus, 2012).  The administrators and faculty at Purdue decided to 

expand the initiative by revising the sophomore curriculum in a similar fashion (Marcus, 

2012).  The authors described that the administration’s efforts were meant to foster 

creativity and collaboration as the students work on real-world projects including 

thermodynamics and electrical circuits.  Teri Reed-Rhoads explained, “Some people call 

these everyday examples, what students can experience every day, but the idea is to 
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consider the engineering behind them” (Marcus, 2012, p. 2).  Faculty members and staff 

may be able to positively impact retention numbers by shifting focus toward welcoming 

environments and classes which focus on camaraderie and positivity (Marcus, 2012; 

Marra & Rodgers, 2012).   

Ideas for Improving Computer Science Student Retention Rates 

 In a qualitative study on recruiting and retaining students in computer science 

which was conducted at Utah State University, Gardner (2013) claimed that the pace of 

curriculum is a leading contributor to students dropping out of the major.  Gardner 

claimed that students expressed opinions that slowing down the curriculum in intense 

introductory programming courses may provide faculty members more time to ensure 

students fully understand basic concepts before moving on to deeper ones (Gardner, 

2013).  In the study, Gardner surveyed senior computer science students who were near 

graduation, first-semester computer science students, and professionals who were 

working in the computer science field about their impressions of computer science 

programs (Gardner, 2013).  Both the student groups and the professionals indicated that 

professors’ teaching styles were undesirable in computer science programs.  One student 

claimed that his “[introductory] professor almost ruined the major for me” (Gardner, 

2013, p. 32).   

Many of the students in Gardner’s study indicated that they felt schools focus too 

heavily on research and not enough on teaching ability when hiring faculty members in 

computer science (Gardner, 2013).  Students in the study also felt that the two 

characteristics (excelling in research and excelling in teaching) are not necessarily always 

compatible in faculty members (Gardner, 2013). 
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A 10-month case study on computer science retention at the University of Illinois 

at Urbana-Champaign examined two aspects of student retention: community identity and 

community relationships (Crenshaw, Metcalf, Chambers, & Thakkar, 2008).  Researchers 

in the study used interviews and surveys of undergraduate and graduate computer science 

students to identify reasons behind retention and attrition (Crenshaw et al., 2008).  The 

study showed a direct correlation between students who felt a connection to the 

community both individually and through relationships and persistence in computer 

science (Crenshaw et al., 2008).  The authors recommended encouraging or even 

requiring advising and mentoring models to help students adapt and develop that sense of 

belonging.  The authors also encouraged administrators to advertise mentoring programs 

on social media, increase interactions between students and the community, and increase 

early research opportunities to develop that sense of accomplishment within the major 

(Crenshaw et al., 2008). 

 Another study which involved surveys from over 2,000 students at 14 institutions 

found that students who worked on collaborative assignments developed a sense of 

belonging faster than those who did not (Barker, Hovey & Thompson, 2014).  These 

collaborative assignments and the subsequent feelings of engagement reinforced a feeling 

of commitment to the major and to peers within that major (Barker, Hovey & Thompson, 

2014).  The authors claimed that faculty members should strive to build relationships not 

only between themselves and the students but also among peers in order to cement those 

feelings of belonging both to community and to major (Barker, Hovey & Thompson, 

2014).   



Texas Tech University, Aaron Reed, December 2016 

70 

 Emphasis placed on student interactions, social activities, and building a sense of 

belonging may lead to improved retention among computer science students (Biggers et 

al., 2008; Barker, McDowell, & Kalahar, 2009; Talton et al., 2006).  A scavenger hunt 

orientation program instituted at the University of Illinois at Urbana-Champaign showed 

improvement in computer science student retention (Talton et al., 2008).  The program 

was designed by administration and faculty at the University of Illinois after noting high 

computer science attrition among freshmen (Talton et al., 2008).  In exit interviews with 

students, the administration found that students claimed inadequate support networks as a 

primary reason for leaving (Talton et al., 2008).  The scavenger hunt was designed to 

introduce computer science-oriented logic puzzles to teams in hopes that those teams 

would build relationships among students as they navigated the hunt (Talton et al., 2008).  

The program was designed to foster a sense of community and acclimatize new computer 

science students to their major (Talton et al., 2006).  Students in the program indicated 

that the hunt had a positive impact on their decision to remain in the program and that it 

was instrumental in helping them build relationships with peer students (Talton et al., 

2008). 

Another study at Mississippi State University improved computer science student 

retention by implementing peer programming methods in which two or more students 

work together on assignments and provide instant feedback to one another on course-

related concepts (Carver, Henderson, He, Hodges, & Reese, 2007).  Administrators 

implemented the program after seeing declining retention among computer science 

students and noting the need among those students for improved peer relationships and 

support networks (Carver et al., 2007).  The peer programming initiative offered similar 
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experiences to the scavenger hunt at University of Illinois.  Students would work on 

computer science-oriented problems with peers in hopes that through those struggles, 

relationships and support networks would form (Carver et al., 2007).  Results from the 

study indicated that students who were enrolled in the peer programming courses were 

more likely to persist than those who were enrolled in traditional courses (Carver et al., 

2007).  The success of these programs that encourage peer relationships and the 

development of a sense of community among incoming computer science students may 

provide valuable direction for administrators seeking to improve computer science 

student retention rates. 

Conclusion 

 Computer science students have perhaps never had as much career and earning 

potential as they currently do.  With the current growth projections in the technology 

sector, computer scientists seemingly have enormous job security as well.  Yet employers 

in technology companies cannot find enough qualified workers.  Although the number of 

degrees granted in most STEM degrees has increased, the number of degrees awarded in 

computer science has declined over the past 15 years (U.S. Department of Education: 

National Center for Education Statistics, 2014; Wright, 2013).  Additionally, the 

combination of job growth and declining degree numbers adds significant job security for 

any student pursuing computer science.  However, the cause of this job security, the 

growing computer science worker shortage, signals great alarm for industry experts and 

economists.  Rectifying this computer science worker shortage by increasing the number 

of degrees awarded in computer science is critical to our national security (Holdren & 

Lander, 2012; U. S. Department of Education, 2013).  However, despite the urgent 
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warnings related to improving computer science student retention, very little research has 

been done on retention issues specific to computer science.  Retention research related to 

the computer science worker shortage too often gets lumped in with the overall issues 

facing STEM retention.  Addressing the computer science retention problem from the 

holistic lens of STEM may not be effective.  Job trends, degree statistics, and student 

behaviors within computer science have been shown to vary widely from the rest of the 

STEM degrees (U.S. Department of Education: National Center for Education Statistics, 

2014; Shaw & Barbuti, 2010; Wright, 2013).  If the nation is to resolve the critical 

computer science worker shortage, more research on the factors that influence retention 

and attrition within computer science must be conducted.  
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CHAPTER III 

METHODOLOGY 

Chapter III describes the methodology used in addressing the research questions 

for this study.  This chapter will present the research design including the conceptual 

framework, details on the type of study, instrumentation, participants and sampling 

techniques, data collection and analysis, and procedures.  Next, a context for the 

researcher will be presented.  The purpose of this study was to explore what current 

computer science students and student affairs professionals perceive to be the factors 

influencing student retention and attrition within the major. 

As noted in the literature review, research specific to computer science student 

retention is relatively sparse.  Most of the existing research on computer science retention 

is conducted from the lens of STEM students in general.  However, statistics from the 

Bureau of Labor Statistics and the National Center for Education Statistics show that the 

computer science industry and educational statistics do not follow the rest of STEM 

(Bureau of Labor Statistics, 2014; National Center for Education Statistics, 2014).  

Research by Shaw and Barbuti (2010) has also illustrated that computer science students 

do not follow the behaviors of students in other STEM degrees.  This divergence of 

computer science from the rest of STEM underscores the importance of studying 

computer science retention on its own and in isolation from the rest of STEM.  This study 

attempts to add to the relatively sparse body of knowledge on factors that influence 

computer science student retention and attrition. 

Research Questions 

The following research questions guided this study: 
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1. What do current computer science students and student affairs professionals 

perceive to be the academic factors influencing student persistence in the 

major? 

2. What do current computer science students and student affairs professionals 

perceive to be the non-academic factors influencing student persistence in the 

major? 

3. What do current computer science students and student affairs professionals 

perceive to be the academic factors influencing student attrition in the major? 

4. What do current computer science students and student affairs professionals 

perceive to be the non-academic factors influencing student attrition in the 

major? 

 Research Design 

Establishing the Paradigm 

Qualitative research can be used to further the understanding of social 

phenomena, the effects and ramifications of social events and to generally dissect why 

people feel the way they do about something (Creswell, 2014; Joubish, Khurram, Ahmed, 

Fatima, & Haider, 2011).  When conducting qualitative research, the researcher identifies 

a paradigm within which the research takes place (Joubish, et al., 2011).  The paradigm 

represents a worldview, or “a whole framework of beliefs, values, and methods,” and 

through that worldview lens, the researcher analyzes the data (Joubish, et al., 2011, p. 

2083).  It was the intent of the researcher to construct realities from the lenses of the 

participants in order to better understand factors that influence student retention and 

attrition within the computer science major.  Hence, this study was qualitative in nature.  
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This qualitative study was grounded in naturalistic inquiry and the constructivist 

paradigm.  In the constructivist paradigm, researchers attempt to construct an approach 

which seeks to understand the world through human experience (Mackenzie & Knipe, 

2006).  Researchers in the constructivist paradigm rely upon the “participants’ views of 

the situation being studied” (Creswell, 2014, p. 8).  Constructivists often implement 

open-ended questions in their studies, and attempt to make sense of the world views of 

the participants (Creswell, 2014).   

Naturalistic inquiry is guided by five axioms, or beliefs (Agostinho, 2005; 

Lincoln & Guba, 1985).  First, there are multiple realities in naturalistic inquiry and those 

realities are constructed holistically and cannot be understood without context 

(Agostinho, 2005).  Second, the researcher and the participant work together throughout 

the study, sharing ideas, opinions, and voices (Agostinho, 2005).  The researcher’s voice 

in naturalistic inquiry becomes that of a participant rather than an uninterested third party 

(Agostinho, 2005).  Third, the goal of naturalistic inquiry is to generate a working 

assumption to describe the observed behaviors (Agostinho, 2005; Lincoln & Guba, 

1985).  Fourth, it is impossible to distinguish causes from effects (Lincoln & Guba, 

2005).  And finally fifth, the inquiry itself is bound to the values of the researcher, the 

assumptions of theory and the paradigm, and the context in which the research is 

conducted (Agostinho, 2005). 

Emergent design is a critical element of naturalistic inquiry (Agostinho, 2005; 

Creswell, 2014, Lincoln & Guba, 1985).  Through naturalistic inquiry, the researcher 

crafts a working assumption, or set of assumptions, which continues to emerge 

throughout the study (Lincoln & Guba, 1985).  This study began with the themes 
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discovered in prior research conducted on retention of students in generalized STEM 

degrees.  The common threads related to why students in STEM persist and why others 

leave are considered starting data points for this retention study on computer science 

students.  This study began from a conceptual framework that was heavily influenced by 

existing research on STEM retention.  Research on STEM retention points to a majority 

of the attrition occurring in the first few years of college with attributing factors such as 

poor teaching, unwelcoming atmospheres, and faculty who do not appear to care about 

students (Atkinson, 2012; Christe, 2013; Holdren & Lander, 2012; Watkins & Mazur, 

2013).  Yet the framework also considered the research conducted by Shaw and Barbuti 

(2010) that indicates computer science retention should be studied separately from 

general STEM retention and trends from computer science students may not follow those 

of students in other STEM disciplines.  Hence, data collection techniques for this study, 

as is characteristic of naturalistic inquiry, implemented open-ended questions and the 

researcher focused on emerging themes and concepts when working with participants 

throughout the study.   

Type of Study 

This study implemented a case study approach to collect qualitative data through 

the exploration of research questions.  The case study approach allows the researcher to 

extract common threads from multiple realities through interaction with participants, 

fulfilling one of the core axioms of naturalistic inquiry (Joubish et al., 2011).  Merriam 

(1998) has described qualitative case studies as being particularistic, descriptive, and 

heuristic.  Particularistic indicates that the study focuses on a particular event or 

phenomenon (Merriam, 1998).  The study of the case is important because of what it 
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reveals regarding the phenomenon.  Descriptive indicates that the study results in a rich, 

descriptive view of the phenomenon in question (Merriam, 1998).  Heuristic indicates the 

case study will result in increased understanding of the phenomenon in question 

(Merriam, 1998).  Findings and results can bring about new meaning or enhance a 

reader’s understanding of the phenomenon being studied. 

 Miles and Huberman (1994) have described cases in case study design as 

occurring within the context of some defined boundary.  These boundaries can help 

researchers define cases and hone the focus of their study (Merriam, 1998; Miles & 

Huberman, 1994).  A case may represent a student, a teacher, a policy, a class, a school, 

or some other phenomenon.  Reasons why students persisted and why others dropped out 

were explored and discussed with the researcher and each participant.  Emerging themes 

from the case study were identified and added to the study in subsequent conversations.  

Common threads as well as diverging concepts were considered in order to best construct 

a reality from the various viewpoints of the participants. 

Instrumentation 

Regarding instrumentation, Lincoln and Guba (1985) claimed “the instrument of 

choice is the human.  The human is the initial and continuing mainstay” (p. 236).  In 

qualitative research the data is collected through conducting interviews, analyzing 

documents, or observing behaviors (Creswell, 2014).  A key characteristic of qualitative 

studies is that researchers typically do not rely on questionnaires or other instruments 

established by others (Creswell, 2014).  Instead, the researcher in a qualitative study is 

the primary collector of all data in the study (Creswell, 2014).   
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The researcher in this study used initial interview templates for student 

participants (Appendix A) and student affairs personnel (Appendix B).  As emergent 

themes appeared, the researcher modified the initial interview template for subsequent 

interviews.  The final interview template for students can be found in Appendix F. 

In qualitative research, themes emerge as the researcher considers the study and 

the problem being addressed (Creswell, 2014; Lincoln & Guba, 1985).  The researcher 

develops assumptions and generates an initial set of questions for use in semi-structured 

interviews (Creswell, 2014, Lincoln & Guba, 1985).  Through these interviews the 

researcher engages with the participants and attempts to develop a sense of the 

participants’ view of reality regarding the phenomenon in question (Creswell, 2014, 

Lincoln & Guba, 1985).  In this study, the researcher’s initial assumptions were formed 

through dissecting existing STEM-retention research and working with key retention 

stakeholder employees.  These assumptions were foundational in the development of the 

researcher’s initial interview template. 

Participants and Sampling 

This study took place at a small, computer science-focused, bachelor’s degree-

granting institution in the Rocky Mountain Region of the United States.  For the purposes 

of anonymity, the school will be known as Saint Anthony College.  Participants were 

drawn from two distinct populations within Saint Anthony: current students majoring in 

computer science and current student affairs personnel.   

The Student Population and Sampling Technique 

All student participants in the study were selected using purposive sampling.  In 

2008, Palys claimed that “purposive sampling is virtually synonymous with qualitative 
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research” (p. 697).  More specifically, the type of purposive sampling used in this study is 

maximum variation sampling.  In maximum variation sampling, the researcher seeks to 

identify participants who cover the entire spectrum of possible cases by including some 

of all possible extreme cases as well as some typical cases (Palys, 2008).  When 

implementing maximum variation sampling, a researcher attempts to identify unique and 

diverse variations in the sample population in order to select a variety of participants who 

meet each of the extreme and typical criteria (Patton, 1990).   

In this study, the researcher attempted to include students who performed poorly 

academically as well as those who excelled.  Additionally, the researcher included 

students who had a very difficult time in computer science courses for non-academic 

reasons as well as those who appeared to have no non-academic issues. 

In addition to maximum variation sampling, this study implemented snowball 

sampling.  In snowball sampling (sometimes called chain sampling), the researcher 

attempts to identify other participants to add to the study through conversations with 

others about the study and the problem in question (Patton, 1990).  These referred 

participants often come from interviews with previously selected participants and are 

uncovered as the researcher attempts to find other good examples of cases or particularly 

good interview subjects (Patton, 1990).  The study included a total of 15 participants, 

four of whom were added to the study through snowball sampling.   

Upon the approval of the study, the researcher began collaborating with two 

senior student advocates at Saint Anthony College to identify an initial set of participants 

based on maximum variation sampling.  Through maximum variation sampling, the 

researcher and the student advocates used a variety of demographics to identify a wide 
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range of participants.  These demographics included: academic success or lack thereof, 

non-academic success or lack thereof, age, gender, and prior college experience.  The 

researcher used snowball sampling techniques to add more participants to the list as 

interviews were conducted and the researcher identified patterns or threads which warrant 

more data points. 

The Student Advocate Population and Sampling Technique 

The study also consisted of two participants chosen using stakeholder sampling to 

include the perceptions of key institution staff members in the study.  In stakeholder 

sampling, the researcher attempts to identify individuals who represent critical 

stakeholders for the phenomenon being studied (Patton, 1990).  At Saint Anthony 

College, the institution employs an intrusive advising model.  In intrusive advising 

models, administrators seek to develop critical student metrics that, when monitored, 

serve as an early-warning system for struggling students and that leads to proactive 

involvement with the struggling student from the student affairs team (Poole, 2015).  

Every student at Saint Anthony College has an assigned student affairs worker known as 

the “student advocate.”  Each student advocate monitors the progress of approximately 

100 students and solicits input from faculty and other staff as well as consulting weekly 

reports on the overall academic, mental, and physical health of each student.  When a 

student advocate is made aware of a struggling student, the student advocate counsels the 

student individually and in-person to attempt to identify the cause of distress.  Student 

advocates at Saint Anthony College are typically very familiar with their students’ needs, 

concerns, state of mind, and general academic progress.  Hence, the input from student 

affairs staff members regarding reasons why some computer science students leave and 
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other stay at Saint Anthony was crucial to this study.  In this study, the researcher 

requested that the Dean of Students identify the two student affairs workers who she 

believed would contribute the most to this study based on the purpose and research 

questions.  Only two student advocates were selected to participate due to the small size 

of the student advocate population pool at Saint Anthony College.  In total, four 

individuals from the Student Affairs Department serve as student advocates.  The two 

individuals recommended by Dean of Students agreed to participate and were participants 

in the study.  

Data Collection 

Interview data was collected from each of the participants in the study through a 

semi-structured interview procedure.  In semi-structured interviews the researcher opens 

with a few open-ended questions but spends the majority of the time exploring the 

participants’ views of reality and encouraging them to provide further details and 

clarifications on relevant topics (Harris & Brown, 2010).  To maximize the efficacy of an 

interview, researchers are recommended to conduct the interviews in a setting believed to 

be comfortable to the participant and implemented in a face-to-face format (Creswell, 

2014).   

In this study, the researcher conducted all interviews in person and in the 

researcher’s office.  This provided the researcher and the participants a quiet, 

confidential, and secure area where the participants could speak freely.  The interviews 

followed a set protocol as outlined in Appendix A for student interviews and Appendix B 

for staff interviews.  As part of the semi-structured interview process, the researcher 

reserved the right to add or modify questions in the interview protocol in each interview 
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in order to address relevant topics which emerged.  Additionally, the researcher attempted 

to solicit recommendations from each interviewee regarding good candidates to add to 

the participant pool.  All interviews were recorded and transcribed by the researcher.   

Data Analysis 

Creswell (2014) suggested a linear approach to data analysis and interpretation.  

The first step recommended by Creswell is to organize and prepare the data for analysis 

(Creswell, 2014).  This involves the transcription of interviews, accumulation of field 

notes, and the organization of initial data.  The second step is in-depth study of the data 

(Creswell, 2014).  The research evaluates the data and searches for trends and common 

themes.  The researcher evaluates what participants are saying and the overall credibility 

and depth of information.  The third step is to codify the data (Creswell, 2014).  When 

coding, the researcher identifies segments of data and categorizes it into common pools.  

Codes may be related to themes, topics, or other concepts and may represent anticipated 

results or new and unexpected results (Creswell, 2014).  The fourth step is to use the 

coded data to generate descriptions, categories, themes, and ideas regarding the study 

(Creswell, 2014).  Creswell (2014) recommended focusing on five to seven major themes 

which will often be used to define the major sections in the findings sections of the study.  

The fifth step is to use a narrative approach to build a qualitative narrative, addressing 

themes discovered in the study (Creswell, 2014).  And finally, the sixth step is to make an 

interpretation of the research (Creswell, 2014).  This step involves asking what lessons 

were learned and what interpretations can be generated from the findings (Creswell, 

2014). 
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Once the interviews were transcribed, the researcher followed the open-coding 

method to begin analyzing the data.  According to Punch (2009), open-coding represents 

the first level of conceptual analysis in a qualitative study.  The term “open-coding” 

refers to “breaking open” the data by keeping an open mind to all possible theoretical 

outcomes and attempting to abstract concepts and common threads among all data 

(Punch, 2009).  When using the open-coding method, the researcher color codes and 

annotates chunks of data with labels and categories in order to facilitate the development 

of initial theories (Merriam, 2009; Punch, 2009).  However, the goal of open-coding is 

not to simply generate as many possible categories and patterns as possible (Punch, 

2009).  Instead, the researcher is to break down the data and categorize common threads 

and keep a holistic view of all the data in mind (Punch, 2009).  Categories and theories 

should be generated by three questions: 

• What central themes seem to be present? 

• What are the common threads in the data? 

• What basic social problem are the participants facing and what is their basic 

social method for dealing with it? (Punch, 2009). 

After the open-coding was completed, the researcher implemented the axial 

coding method to continue the data analysis process.  Punch (2009) has stated that axial 

coding is the second operation in the analysis of grounded theory data and is used to 

interconnect main categories or themes that arose in the open-coding process.  The term 

“axial” is meant to represent the idea of putting an axel through the data in an effort to 

connect certain categories and themes (Punch, 2009).  Through axial coding the 

researcher attempted to identify common categories in the data and relationships between 
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them.  The researcher generated a crosswalk table in Microsoft Excel to identify the 

frequency of emergent themes and link back to the participant who mentioned those 

themes.  Within the crosswalk table were keywords from the transcripts of those 

participants which the researcher used to find the exact location within a participant’s 

transcribed interview where the theme was mentioned. 

 Procedures 

An outline of the procedures for the study served as a guide for the researcher, 

enabling him to conduct a predictable study.  The outline also may be of use to the reader 

in understanding the process followed by the researcher.  Steps outlining the study 

process are described below. 

The Participation Selection Process 

To select student participants, the researcher used the Retention Committee 

Report from April 12, 2016 from the Saint Anthony College Student Affairs Department.  

The Retention Committee Report is a document used by Student Affairs to evaluate the 

academic and overall health of all enrolled students.  The report lists, among other things, 

each student’s Saint Anthony College Accept Rating (an internal metric given to each 

student when they apply to the institution which indicates a measure of expected success 

for the prospective student), high school GPA, credits earned to date, pace toward 

graduation, cumulative GPA, and the number of quarters the student has been at Saint 

Anthony College.  To implement maximum variation sampling using the high school 

GPA indicator, the researcher selected three participants at random by sorting the report 

by high school GPA and selecting a student near the bottom, near the middle, and near 

the top.  The researcher followed the same process for credits earned and for cumulative 
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GPA.  Because the median value for pace was very close to the high value for pace, the 

researcher only selected a student near the bottom and another near the top when sorting 

by pace.  Next, because accept rating had the highest normalized standard deviation of 

each of the indicators, the researcher selected four students when sorting by accept rating, 

one near the bottom, one near the 1/3 mark, one near the 2/3 mark, and one near the top.  

This totaled 15 student participants.   

The researcher emailed the first ten students as outlined above and used the 

remaining five as alternates.  Only three students ended up accepting the first invitations 

to participate.  The researcher then emailed each of the alternates as well as another ten 

students selected in a similar fashion as the first 15.  A total of nine students accepted the 

invitation to participate in the study from those rounds of invitations.  As the interviews 

with those participants progressed, the researcher used snowball sampling to identify 

another seven potential student participants.  The researcher invited those seven students 

and four of them agreed to participate.  This resulted in a total of 13 student participants; 

nine student participants chosen through maximum variation sampling and four chosen 

from snowball sampling.   

For the staff population, stakeholder sampling was implemented.  At the 

recommendation of the Dean of Students, the two student advocates who had worked 

with the most students over the previous two years were asked to join the study.  The 

researcher included the staff participants in the process of snowball sampling by 

soliciting feedback from those participants regarding other students who may add value 

to the study.  Through the selection process for both students and staff, backup 
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participants were identified in case not enough of the invited participants agreed to 

participate. 

The total number of participants in the study was 15: two student affairs staff 

members and 13 students.  Each of the 15 participants signed the information sheets and 

was interviewed according to the interview protocols in Appendices A, B, and G.  None 

of the 15 participants opted out of the study at any time.  Each of the participants was 

given a pseudo name for anonymity purposes which will be used throughout this study. 

The Interview Process 

 At the designated meeting time for each participant, consent forms were collected 

and participants were informed that the audio from the interview would be recorded.  The 

researcher reminded the participant prior to beginning the interview that their responses 

would be anonymous and would have no bearing on their standing at the institution.  The 

researcher also explained to each of the participants their ability to withdraw at any time 

with no ramifications.  The researcher reviewed other key points from the consent form.  

Once the participant agreed to continue, the interview began and the recording started. 

 Each of the interviews took 45-60 minutes.  The researcher asked the participant 

questions from the Interview Protocol documents in Appendices A, B, and G.  In addition 

to following the Interview Protocol questions, the researcher attempted to identify 

emergent themes both during the interview and after the interview during the data 

transcription process.  As themes emerged that appeared significant, the researcher added 

questions to the Interview Protocol in an attempt to dig further into those areas in future 

interviews.  Throughout the interview, the researcher typed notes to collect key themes 

and concepts from the participant’s answers.  Although the interviews would be recorded 
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and transcribed later, the recording of notes by the author was critical to the interview 

process.  The researcher used those notes to implement member-checking, which is a 

process by which the researcher repeats back to the participant what was interpreted by 

the researcher, giving the participant a chance to correct any inaccuracies (Lincoln & 

Guba, 1985).  The researcher used member-checking in each of the interviews.  Finally, 

before the interview was over, the researcher solicited recommendations from the 

participant regarding other prospective participants who may provide beneficial insight 

into the topics which were covered in the interview.   

Transcription Process 

 After each interview, the researcher transcribed the recording into a Microsoft 

Word document.  The researcher then used Microsoft Excel to codify the data by 

identifying core, common themes in the responses and classifying them in a spreadsheet 

that the researcher used to track frequency of the theme across interviews as well as key 

comments for each theme. 

 As repeated and/or significant themes emerged in this transcription process, the 

researcher revised the Interview Protocol to include questions on the emerging themes in 

addition to those present in the initial protocol document.  At the end of the final 

interview, the researcher reviewed the codified data to identify core and significant 

themes which were present throughout the study. 

Trustworthiness 

 In 1985, Lincoln and Guba created a fundamental and highly influential 

framework for researchers attempting to ensure trustworthiness in their research.  

Specifically important to qualitative research within the constructivist paradigm, the 
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authors outlined a series of criteria which will form a trustworthy study, the term Lincoln 

and Guba used to replace the positivistic terms of validity, reliability, and generalizability 

(Loh, 213).  The criteria are: credibility; transferability; dependability; and confirmability 

(Lincoln & Guba, 1985).   

Credibility 

 Credibility refers to the level at which readers can place confidence in truthfulness 

of a study and the research findings (Macnee & Mcabe, 2008).  Credibility establishes 

whether or not the results of the study are a true depiction of the participants’ perspective 

and viewpoint (Lincoln & Guba, 1985).  Lincoln and Guba (1985) posit that spending 

extended periods of time with participants, triangulating data sources, collecting data 

from multiple sources, and validating responses with participants can all increase the 

overall credibility of the study.  The researcher spent approximately one hour with each 

participant in the study.  In those interviews, the researcher investigated a variety of 

sources for information and cross-referenced emergent themes with other participants in 

order to increase the credibility of the study.  Additionally, the researcher utilized 

member-checking in each interview.  Member-checking is a method of confirming the 

responses with participants to allow them to correct any misstated or misunderstood 

responses (Lincoln & Guba, 1985).  Member-checking was implemented at the end of 

each interview in this study. 

Transferability 

 Transferability refers to the extent to which data collected from participants may 

be transferred to other contexts with other participants (Anney, 2014).  The researcher 

can increase the transferability of a study by using thick description and purposive 
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sampling (Anney, 2014; Lincoln & Guba, 1985).  In this study, the researcher built thick 

descriptions using quotes and detailed backgrounds obtained through the interview 

process.  Additionally, purposive sampling was used throughout the study for both staff 

and student participants. 

Dependability 

 Dependability refers to the ability of the study to be repeated with predictable, 

repeatable results (Anney, 2014; Lincoln & Guba, 1985).  The researcher kept an audit 

trail for the study, a reflexive journal, and documented the coding process and strategy 

throughout the study.  A reflexive journal should include all events that occurred 

throughout the study including the researcher’s personal reflections and thoughts and 

emergent themes or other phenomena which arise in the field (Anney, 2014).  These tools 

helped the researcher increase the overall dependability of the study.  Given this 

document regarding the study, the audit trail, coding process and journal documents, this 

study should be repeatable with predictable and reliable results. 

Confirmability 

Confirmability refers to the ability for someone other than the researcher to 

confirm the results and data obtained in the study and verify the accuracy of the findings 

(Lincoln & Guba, 1985).  The reflexive journal illustrated all thoughts, themes, ideas, 

questions, and concerns which arise during the study. The audit trail also served as a 

written documentation of all proceedings in the field.  According to Lincoln and Guba 

(1985), the audit trail and the reflexive journal will significantly increase the 

confirmability of the study.  The coding documentation and process should also lead 

other researchers to be able to verify the accuracy of the findings of this study. 
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Context of the Study and Researcher 

Context of the Study 

Over the past few decades, educators, industry leaders, and government leaders 

have clamored for reforms in STEM education (Mara & Rodgers, 2012; U.S. Department 

of Education, 2013; Watkins & Mazur, 2013).  Between 2003 and 2012, perhaps related 

to the calls for reform, there has been significant progress in most STEM disciplines in 

terms of the number of degrees awarded in the United States (Wright, 2013).  However, 

in computer science in the same timeframe, the number of Bachelor’s degrees awarded 

decreased by 11% (National Center for Education Statistics, 2014; Wright, 2013).  

Retention is one of the major causes for this decline and at a nationwide average of only 

40%, computer science student retention rates are often among the lowest on many 

college campuses (Atkinson, 2012, Gardner, 2013).   

Computer science does not follow the trends of the rest of STEM in a variety of 

ways.  Some initial work by Shaw and Barbuti (2010) has shown that computer science 

students do not follow the same paths and do not share the same characteristics as most 

STEM students.  Yet most of the research on computer science student retention is not 

computer science-specific but instead is amalgamated under the general umbrella of 

STEM.  Relatively little research exists on computer science student retention alone.   

The goal of this study was to add to the knowledge base of computer science 

student retention.  The researcher attempted to identify factors influencing computer 

science retention and attrition in hopes of supplementing the sparse existing research on 

computer science student retention.  The study was conducted at a highly specialized, 

private, computer science-focused institution located in the western United States.  
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Graduates from this institution work at companies such as Google, Microsoft, eBay, 

Amazon, Nike, IBM, and more.  Over 97% of graduates land employment in their field 

and the average graduate’s starting salary is over $63,000 annually.  Empowering 

students to become lifelong learners and then launch themselves into exciting careers is 

the primary focus of the institution. 

Researcher Positionality 

Just as it is important for the researcher to understand the reality of each of the 

participants in the study, it is important for the reader to comprehend the reality, or the 

view of the world, from the perspective of the researcher.   

The researcher earned a Bachelor’s Degree from Weber State University in 

Computer Science.  After earning that degree he spent ten years working as a software 

development professional.  Some of that time was spent in roles as a software 

developer/engineer and some of those years were spent managing software teams.  The 

researcher worked in smaller startup organizations with as few as six employees and also 

spent five of those ten years working in the software development department of a 

worldwide leader in healthcare.  That experience working with small and large 

companies was invaluable in helping him see the nationwide need for more software 

talent. 

The researcher joined the institution of study as a faculty member in 2004.  He 

developed and taught a variety of computer science-oriented courses over his early years 

at the institution.  He also earned a Master’s Degree in Business Administration during 

that time.  In 2005, the institution began offering a program called Enterprise Projects, 

which is essentially a team-based collaborative project with senior-level students and 
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industry-leading companies.  In addition to his teaching responsibilities, the researcher 

designed the Enterprise Projects program and launched the program with four industry 

partners.  He was the de facto owner of the Enterprise Projects program and was 

responsible for working with tech employers to build relationships in the Enterprise 

Projects arena.  As of June, 2015, the institution’s students have participated in 379 

collaborative Enterprise Projects with 84 different companies.  Those companies 

included: ACS, Bosch, eBay, Fidelity Investments, IBM, Nike, Novell, and Oracle.  The 

researcher’s work in building relationships between the institution and top-tier employers 

have further illustrated to the researcher the problems the nation’s technology employers 

face in this computer science worker shortage. 

Over the past five years, the researcher has been managing all academic 

operations at his institution.  As the Chief Operating and Academic Officer at the 

institution, the researcher’s role involves oversight of the academic operations to ensure 

consistency with the academic mission and quality standards of the institution.  

Additionally, the researcher works with all departments of the institution to oversee 

ongoing business operations, with specific attention to compliance, cohesion, and 

operational efficiency.   

The researcher’s ten years of working in the software industry followed by ten 

years in academics has shaped his views of the world and his lens to appreciate the value 

of industry-driven education and the need for more of an emphasis in this nation on 

computer science education in particular.  The resounding, recurring theme that he has 

seen in all of his professional experience is that the nation’s technology employers simply 

cannot find enough qualified Americans to fill their open positions.  The researcher is 
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acutely aware that this represents a significant problem on a national level.  This worker 

shortage also causes significant problems for the nation’s technology-focused employers.  

The worker shortage hampers productivity, creates burnout for existing employees, and 

stifles a company’s ability to create the technology needed to maintain America’s 

technology dominance in the global economy. 

Limitations of the Study 

Due to the nature of the institution at which the study was conducted, all 

participating students will fit a very specific demographic.  The institution selected for 

this study is a small, computer science-focused institution offering five degree programs, 

most of which focus on various aspects of computer science.  Per the Saint Anthony 

College Admissions and Enrollment report from 2015, over 85% of students come from 

outside the institution’s home state.  Saint Anthony College’s student body is comprised 

of approximately 400 students at any given time.  There are four student advocates on 

staff who work directly with the students to identify any areas of concern and to help 

them navigate the college experience.  In this model, each student advocate has between 

75-100 students reporting to them, providing the advocates an opportunity to get to know 

each student individually as well as his/her background and ongoing needs. 

Given that brief description of the institution, limitations of the study include: 

3. Students in the study will have not only selected to major in computer science, 

but will have opted to enroll at a small institution which heavily emphasizes 

computer science and offers only one non-computer science degree.  

4. Students in the study are selected from a pool of students who primarily chose 

to leave their home state and often travel significant distance to attend college.   
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The findings from this study, provided that the study was conducted at a very 

small, somewhat unique institution, may not be fully generalizable to larger institutions 

such as Tier 1 research institutions in the United States.  That said, these findings should 

not simply be dismissed by administrators at larger institutions as they may represent 

valuable lessons learned and improvements to existing programs and practices. 

Assumptions 

Some assumptions were made about the study and associated findings which may 

add context and depth to the reader’s understanding.  First, the institution at which this 

study was conducted (for purposes of anonymity, the institution will be known as Saint 

Anthony College) is a highly specialized, private institution which focuses on computer 

science and related fields.  The institution has approximately 400 students and a fulltime 

staff of about 50 people.  Given the unique nature of the institution and the small size of 

its student body, one assumption is that the general systems, practices and policies at 

Saint Anthony College may vary dramatically from those found in more traditional 

institutions. 

Additionally, students at Saint Anthony chose to attend this fairly unique 

institution.  Those students chose to attend an institution which is nearly fully focused on 

computer science.  Saint Anthony College does not have any sports teams and, with a 

small student body which is focused on computer science, extra-curricular activities, 

while present, are limited in comparison to more traditional institutions.  Hence, a second 

assumption is that the collective student body attending Saint Anthony College is likely 

fairly different from the student populations found at more traditional institutions and 
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even potentially fairly different from the student populations attending more traditional 

computer science programs. 
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CHAPTER IV 

RESULTS 

Chapter IV describes the results from the study.  The results will be presented by 

theme, with the most predominant themes appearing first.  A summary of the research 

and data analysis will be presented prior to the discussion of the results.  

Summary of the Research 

The purpose of this study was to explore what current computer science students 

and student affairs professionals perceive to be the factors influencing student retention 

and attrition in the major.  Research on computer science student retention is relatively 

sparse.  Most research on computer science is conducted from the lens of science, 

technology, engineering, and mathematics (STEM) disciplines holistically (Shaw & 

Barbuti, 2010).  Yet within STEM, retention rates vary widely.  On average, mathematics 

outperforms other STEM disciplines with a 62% retention rate (Shaw & Barbuti, 2010; 

U. S. Department of Education, 2013).  The retention rate in computer science is typically 

the lowest among STEM disciplines at 36-40% (Shaw & Barbuti, 2010; U. S. Department 

of Education, 2013).  Shaw and Barbuti (2010) have posited that because computer 

science students often do not follow the same academic behavioral patterns as the rest of 

the STEM disciplines, computer science retention should be studied in isolation from the 

rest of STEM.  The divergent trends between computer science and the rest of STEM in 

degree completion trends and industry growth trends also suggest that computer science 

follows a different path than the rest of STEM (Bureau of Labor Statistics, 2014; 

National Center for Education Statistics, 2014).  If higher education administrators hope 

to improve computer science retention rates, more research on the factors that influence 
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computer science retention and attrition is needed.  The researcher’s goal in this study 

was to add to the body of knowledge in the computer science retention space. 

Research Questions 

The research questions for this study were as follows: 

1. What do current computer science students and student affairs professionals 

perceive to be the academic factors influencing student persistence in the 

major? 

2. What do current computer science students and student affairs professionals 

perceive to be the non-academic factors influencing student persistence in the 

major? 

3. What do current computer science students and student affairs professionals 

perceive to be the academic factors influencing student attrition in the major? 

4. What do current computer science students and student affairs professionals 

perceive to be the non-academic factors influencing student attrition in the 

major? 

This qualitative study was designed and conducted using naturalistic inquiry and 

the constructivist paradigm.  When using naturalistic inquiry, the researcher attempts to 

create a working assumption, or set of assumptions, which continues to emerge 

throughout the study (Lincoln & Guba, 1985).  Emergent design is a critical component 

of naturalistic inquiry (Agostinho, 2005; Creswell, 2014, Lincoln & Guba, 1985).  In 

emergent design, the researcher shifts the investigative process throughout the study 

based on new findings from participants (Creswell, 2014).  According to Creswell 
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(2014), the key component of qualitative research is “to learn about the problem or issue 

from the participants and to address the research to obtain that information” (p. 186). 

The data collection process for this study involved creating boundaries and 

procedures for the study, gathering information through participant interviews, 

documenting the process in journals and field notes, and coding to identify emergent 

themes (Creswell, 2014).  Before collecting data for this study, approval from the Texas 

Tech University Human Research Protection Program was received (see Appendix D). 

Participant Selection 

All participants in this study were emailed an invitation to the study which 

included language regarding the confidentiality and the voluntary nature of the study (see 

Appendix E).  The recruiting materials information sheet was attached to the email (see 

Appendix C).  When a participant expressed interest in joining the study, the researcher 

met with the participant in person and explained the study including the process, the 

confidentiality, and the voluntary nature of the study.  The participants then signed the 

information sheet to officially join the study. 

Participants in this study consisted of two groups: student affairs staff members at 

Saint Anthony College and students currently enrolled in computer science at Saint 

Anthony College.  The researcher invited two student affairs staff members.  All 

participants in this study were chosen using purposive sampling.  Purposive sampling is a 

method in which the researcher attempts to identify participants who they believe will 

add value to the study (Palys, 2008).  Regarding the two student affairs staff members, 

the researcher identified, with help from the Dean of Students, the two staff members 

who had the most experience working with students in their student advocate role.  Both 
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participants elected to join the study.  Only two student affairs staff members were 

selected because of the small population of student affairs staff members at Saint 

Anthony College.  There are a total of four student affairs staff members serving in 

student advocacy roles.  Thus, the two selected participants represented not only the more 

senior student advocates, but also 50% of the student advocate population. 

Regarding the student participants, the researcher implemented maximum 

variation sampling.  In maximum variation sampling, the researcher seeks to identify 

participants who cover the entire spectrum of possible cases by including some of all 

possible extreme cases as well as some typical cases (Palys, 2008).  To implement 

maximum variation sampling, the researcher and two senior student advocates at Saint 

Anthony College used the Retention Committee Report from April 12, 2016 from the 

Saint Anthony College Student Affairs Department.  The Retention Committee Report is 

a document used by Student Affairs to evaluate the academic and overall health of all 

enrolled students.  The report included de-identified student data along with each 

student’s Saint Anthony College Accept Rating, an internal metric given to each student 

when they apply to the institution which indicates a measure of expected success for the 

prospective student.  Additional information on the report includes the students’ high 

school GPA, credits earned to date, pace toward graduation, cumulative GPA, and the 

number of quarters the students have been at Saint Anthony.  To facilitate maximum 

variation sampling regarding high school GPA, the researcher and the student advocates 

selected three participants at random by sorting the de-identified report by high school 

GPA and selecting a student near the bottom, near the middle, and near the top.  The 

researcher and the student advocates followed the same process for credits earned and for 
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cumulative GPA.  Because there was no difference between the median value for pace 

and the high value pace, the researcher and the student advocates only selected a student 

near the bottom and another near the top when sorting by pace.  Next, because accept 

rating had the highest normalized standard deviation of each of the indicators, the 

researcher selected four students when sorting by accept rating, one in each quartile.  In 

all, 15 student participants were selected in this initial process.   

The researcher invited the first ten students to the study and used the remaining 

five as alternates.  Five students accepted the first invitation to participate.  The 

researcher then emailed each of the alternates as well as another ten students selected in a 

similar fashion as the first 15.  Four students from this second round of invitations 

accepted the invitation to participate.   

Additionally, the researcher used snowball sampling to enhance the participant 

pool.  Snowball sampling is a method in which the researcher seeks not only to further 

develop emerging themes through interviews but also to identify other participants that 

interviewees believe may add value to the study (Patton, 1990).  Through snowball 

sampling with each of the 11 participants (two staff members and nine students), the 

researcher invited another seven student participants of whom four agreed to participate.   

The total number of participants in the study was 15: two student affairs staff 

members and 13 students.  Of the students in the study, nine were selected to join the 

study through the researcher’s maximum variation sampling and four were chosen 

through snowball sampling.  Each of the 15 participants signed the information sheets 

and was interviewed according to the interview protocols outlined in Chapter III.  None 
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of the 15 participants opted out of the study at any time.  For anonymity purposes, each 

of the participants was given a pseudo name which will be used throughout this study. 

Participant Demographic Vignettes 

The two student affairs staff member participants are Student Advocates at Saint 

Anthony College.   

Student advocate participants.  As outlined in Chapter I, a Student Advocate is 

an individual who is primarily responsible for the overall health and well-being of a 

group of students.  Each student on campus has a Student Advocate assigned to him or 

her from the day the student enrolls in school.  That advocate remains assigned to the 

student for the duration of his or her time as an enrolled student.  The advocate attempts 

to form a relationship with the student in order to gain trust and be more effective in 

helping the student with any academic or non-academic concerns the student may have 

during his or her time at the institution. 

Brian, the first student advocate participant, has worked at Saint Anthony College 

for six years.  Much of Brian’s work focuses on “student activities and enriching student 

life through advocacy and other means” [1]. 

Kristina, the second student advocate participant, has worked at Saint Anthony 

College for eight years.  She originally joined the institution to help with the housing 

program and over the years has become an advisor to students as well as assuming an 

administrative role [2]. 

Student participants.  Due to the maximum variation sampling, the student 

population consisted of high-performing students, low-performing students, and others in 

between.  Some students had prior collegiate experience and some had no prior collegiate 
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experience.  A variety of reasons for attending the institution is also represented among 

the student participants.  A brief overview of each student and his or her background is 

presented in this section. 

Harrison is a teenage male student who enrolled in Saint Anthony College in 

October 2015 [3].  He has a 4.0 cumulative GPA and has never failed a course at Saint 

Anthony College.  He received an Associate’s Degree from a community college prior to 

joining Saint Anthony College.  His primary motivation for enrolling at Saint Anthony 

College was the faculty and the real-world experience they possess. 

Marcus is a teenage male student who enrolled in Saint Anthony College in 

October 2015 [4].  He has a 2.39 cumulative GPA and has failed three courses at Saint 

Anthony College.  He did not attend college prior to enrolling at Saint Anthony.  His 

primary motivation for enrolling at Saint Anthony College was the focus on computer 

science curriculum. 

Isaac is a male student in his twenties who enrolled in Saint Anthony College in 

October 2014 [5].  He has a 3.7 cumulative GPA and has never failed a course at Saint 

Anthony College.  He did not attend college prior to enrolling at Saint Anthony.  His 

primary motivation for enrolling at Saint Anthony College was the focus on computer 

science curriculum. 

Troy is a male student in his twenties who enrolled in Saint Anthony College in 

October 2015 [6].  He has a 3.57 cumulative GPA and has never failed a course at Saint 

Anthony College.  He attended another four-year institution prior to enrolling at Saint 

Anthony but did not receive a degree.  His primary motivation for enrolling at Saint 
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Anthony College was the schedule which allows for students to attend school in the 

summers to graduate earlier. 

Hunter is a male student in his twenties who enrolled in Saint Anthony College in 

October 2015 [7].  He has a 3.88 cumulative GPA and has never failed a course at Saint 

Anthony College.  He did not attend college prior to enrolling at Saint Anthony.  His 

primary motivation for enrolling at Saint Anthony College was the emphasis on project-

based learning and hands-on curriculum. 

Sabrina is a female student in her twenties who enrolled in Saint Anthony College 

in October 2014 [8].  She has a 3.5 cumulative GPA and has failed one course at Saint 

Anthony College.  She did not attend college prior to enrolling at Saint Anthony.  Her 

primary motivations for enrolling at Saint Anthony College were the schedule which 

allows for students to attend school in the summers to graduate earlier and the great 

career opportunities graduates in computer science receive. 

Georgia is a female teenage student who enrolled in Saint Anthony College in 

October 2014 [9].  She has a 3.78 cumulative GPA and has never failed a course at Saint 

Anthony College.  She did not attend college prior to enrolling at Saint Anthony.  Her 

primary motivation for enrolling at Saint Anthony College was the great career 

opportunities graduates in computer science receive. 

Chase is a male teenage student who enrolled in Saint Anthony College in 

October 2014 [10].  He has a 2.81 cumulative GPA and has failed two courses at Saint 

Anthony College.  He did not attend college prior to enrolling at Saint Anthony.  His 

primary motivations for enrolling at Saint Anthony College were the schedule which 
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allows for students to attend school in the summers to graduate earlier and the great 

career opportunities graduates in computer science receive. 

Jackson is a male teenage student who enrolled in Saint Anthony College in 

October 2015 [11].  He has a 3.12 cumulative GPA and has never failed a course at Saint 

Anthony College.  He did not attend college prior to enrolling at Saint Anthony.  His 

primary motivations for enrolling at Saint Anthony College were the focus on computer 

science curriculum and the great career opportunities graduates in computer science 

receive. 

Donovan is a male student in his twenties who enrolled in Saint Anthony College 

in October 2014 [12].  He has a 3.44 cumulative GPA and has never failed a course at 

Saint Anthony College.  He attended a community college prior to enrolling at Saint 

Anthony.  His primary motivations for enrolling at Saint Anthony College were the 

faculty and the real-world experience they possess and the schedule which allows for 

students to attend school in the summers to graduate earlier. 

Kylie is a male student in his twenties who enrolled in Saint Anthony College in 

October 2012 [13].  He has a 3.11 cumulative GPA and has failed more than three 

courses at Saint Anthony College.  He attended another four-year institution prior to 

enrolling at Saint Anthony but did not earn a degree.  His primary motivation for 

enrolling at Saint Anthony College was the focus on computer science curriculum. 

Wallace is a male student in his twenties who enrolled in Saint Anthony College 

in October 2013 [14].  He has a 4.0 cumulative GPA and has never failed a course at 

Saint Anthony College.  He did not attend college prior to enrolling at Saint Anthony.  

His primary motivations for enrolling at Saint Anthony College were the focus on 
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computer science curriculum and the schedule which allows for students to attend school 

in the summers to graduate earlier. 

Cory is a male teenage student who enrolled in Saint Anthony College in October 

2015 [15].  He has a 3.58 cumulative GPA and has failed one course at Saint Anthony 

College.  He did not attend college prior to enrolling at Saint Anthony.  His primary 

motivations for enrolling at Saint Anthony College were the focus on computer science 

curriculum and the great career opportunities graduates in computer science receive. 

Data Analysis 

Member checking is a process by which the researcher summarizes information 

and questions the participant to determine accuracy (Lincoln & Guba, 1985).  During and 

after each interview, the researcher asked the participant questions for clarification and 

meaning to increase credibility and validity of what was recorded.  After those member 

checks, the researcher transcribed the entire conversation into a Microsoft Word 

document.  Next, the researcher used open coding to identify themes in each transcript.  

In an open coding process, the researcher reviews the data line by line, asking “What is 

this about?” to determine underlying meaning (Creswell, 2014).  For this study, the 

researcher conducted an in-depth review of each transcript in which key themes and 

concepts were identified and marked within the document.  Themes were aggregated into 

groups consisting of major themes and subthemes.  Next, as part of an axial coding 

process, the researcher attempted to relate codes to each other.  When using axial coding, 

a researcher looks to reduce the total number of categories by grouping topics and 

drawing lines between them to show interrelationships (Creswell, 2014).  To facilitate the 

axial coding, the researcher recorded themes and subthemes in a Microsoft Excel 
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document.  This enabled the researcher to quickly measure the frequency of each grouped 

theme and subtheme from interview to interview.  Each theme and subtheme in the Excel 

document linked back to the exact location of the Word transcription in which the theme 

appeared.  Likewise, the transcription codes linked to the Excel document containing the 

grouped themes and subthemes. 

Each interview was transcribed and each transcription was coded prior to the next 

interview.  This allowed the researcher time to evaluate themes and subthemes between 

each interview.  As themes arose in the student participant interviews, the interview 

protocol was modified from its original state (see Appendix A) to include questions 

regarding the emergent themes.  The final interview protocol for student participants can 

be seen in Appendix F. 

Findings 

This section will present the findings from the research study.  Themes will be 

presented in three sections.  The first section will present the most overarching theme in 

the study: a concept that one participant aptly called connector students.  This term was 

subsequently chosen by the researcher after hearing other participants describe the same 

phenomenon.  The second section will present the emergent retention-oriented themes, 

and the third section will present the emergent attrition-oriented themes. Retention- and 

attrition-oriented themes will be presented in order with the most predominant themes 

appearing first. 

Connector Students 

Connector students are individuals who facilitate the creation of critical positive 

relationships among a majority of students and help struggling students develop crucial 
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social connections.  Reference to this type of individual was the major overarching theme 

that emerged in this study.  Both staff member and student participants claimed that 

students who find a positive peer social group were more likely to persist.  The connector 

student represents a necessary and important component in facilitating positive social 

groups among computer science students.   

In this study, positive social groups and support networks emerged as the number 

one factor contributing to student retention.  In contrast, both staff members and students 

claimed that students who fail to build those social connections struggle and increase 

their chances of dropping out.  Ultimately, the lack of those social groups and support 

networks emerged as the second-most predominant factor contributing to student 

attrition.  Staff and students also identified a point of frustration regarding the social 

dynamic in computer science: that although extroverts try to be social and make friends, 

introverts tend to be shy and often prefer online relationships.  This dynamic further 

exacerbates the complications some computer science students may have when 

attempting to forge those critical social connections.  The retention- and attrition-related 

themes related to social groups will be presented in detail later in this chapter.   

Throughout the study, social connections and support networks emerged as the 

predominant theme affecting both retention and attrition.  Throughout the study, a vast 

majority of the participants, both students and staff, agreed that these connector students 

exist and that they can help bridge the gap between introverts and extroverts or socially 

awkward and socially adept.  These connector students can bring the community together 

and, in most cases, were identified as making a significant impact on retention.   
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Staff member Kristina perceived that connectors are exceptionally skilled at 

building communities within the computer science social paradigm [98].  She explained 

the concept of the connector as those who can build relationships with introverts and 

extroverts alike: 

I think people who can moderate themselves a bit more and get to know introverts 

and extraverts as well are those who are the best at community building.  I call 

those people the connectors.  If you’re an extreme extrovert and you’re trying to 

get an extreme introvert to come out of their shell you may overwhelm them and 

scare them away.  But if you can moderate and go slowly and build that 

relationship over time then you can build a community with all sorts.  We see that 

a lot – extreme extraverts don’t pair well with extreme introverts… but those 

connectors, those people who can be with the introverts and the extraverts do such 

good in this community. [The connectors] don’t overwhelm the introverts and 

they still are able to satisfy the needs of the extreme extraverts.  I can think of a 

few students off the top of my head who have that skill – I wish we could teach 

that [98]. 

Kristina identified a particular cohort of incoming students which, in the opinion 

of the Student Affairs Department, had a higher than normal percentage of connectors 

and claims, “We saw very little attrition with that group.  [The Student Affairs 

Department] attributes that directly to the connectors and the sense of community they 

built” [99]. 

Staff member Brian also saw social influences made by connector students: 

“Connectors in the student body are positive and bring excitement and bring positivity 
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and general social skills which probably aren’t there a lot.  I hear students complaining or 

keeping to themselves but those connectors are helping fix those issues” [100].  He 

perceived that both extroverts and introverts can be connectors and that people can 

identify them early by watching for motivation and leadership traits: 

You can identify connectors within the first few weeks.  They are consistent, 

they’re smiling and positive, they are natural leaders and people gravitate toward 

them, they are motivated.  They aren’t all extroverts or introverts, they are a mix.  

They are students who can be by themselves and who can be with everybody and 

be social [106]. 

An interesting point regarding connectors, however, arose when the participants 

were asked whether or not connectors exist on the faculty.  Both staff members felt that 

connectors absolutely existed within the faculty but both also indicated that those 

connectors were largely in the non-computer science faculty, teaching in other majors or 

teaching general education [101; 102].   

This concept of the connector and their positive effect on retention was echoed 

among a large number of the student participants as well.  Student participant Cory 

claimed he knew one closely:  

One of my closest friends is [a connector]. He is a real social guy and he gets 

along with everybody.  They are generally outgoing and they have a high 

acceptance of all people.  [Because they are outgoing] they’re able to relate to 

extroverted [people] but they’re open-minded and accepting which makes them be 

able to relate to the introverts [103]. 
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Chase expressed an opinion that connectors are those students who are willing to 

go help introverted students and extroverted students alike, not just socially but also 

academically.  He felt those types of students “have a big impact on retention” [104].  

Marcus, also agreeing with the concept of the connector student, felt that computer 

science departments have a higher than normal percentage of introverted or socially 

awkward students.  He also felt that with such a high percentage of introverted students, a 

connector can be effective if they are simply unafraid to say “hello” in social situations: 

“There are some people who aren’t afraid of saying hello to anybody and they have a big 

impact on retention because they talk to everybody and make more friends.  [Having] 

more friends makes you want to stay here” [105]. 

The concept of the connector student was an interesting emergent theme in this 

study.  Both staff and students claimed that these connector students have a huge effect 

on retention and can facilitate the development of critical social connections among 

students.  Both staff and students also claimed that connectors can be identified by certain 

characteristics and behaviors.  As retention- and attrition-oriented themes are presented 

throughout this chapter, the importance of these critical social connections will become 

even more apparent to the reader.  Given the crucial nature of those social connections, 

connector students appear to be able to have a significant positive effect on the computer 

science student population. 

Retention-Oriented Themes 

This section presents themes from the study related to retention of students in 

computer science.  Four core retention-oriented themes emerged in the study and each 

was found to have a positive effect on student retention.  These themes were: (a) positive 
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social groups and support networks, (b) an understanding of the computer science career 

outlook and opportunities, (c) positive interactions with faculty, and (d) the challenging 

nature of computer science. 

Positive social groups.  The most prevailing retention-oriented theme which 

appeared in this study was that students who are able to develop positive social groups 

are much more likely to persist.  This theme was by far the most dominant theme among 

students and was the second most dominant among student advocates. 

From the perspective of the student advocates, both staff members Kristina and 

Brian felt that positive peer groups were directly related to retention.  Kristina pointed out 

that students who spend time building a social community tend to outperform students 

who do not [36].  Brian described a link between those social bonds and the culture 

surrounding computer science, saying that those who persist are usually those who “like 

the culture and the social atmosphere” [37].  He also perceived that many students who 

embrace the culture and build social connections are so deeply merged into the 

community that “the closer they get to graduation they often decide that they don’t want 

to leave” [37]. 

Brian explained that those positive social connections do not have to be limited to 

other students:  

Some students are not able to build a community or connections and they 

struggle.  Students who are able to build connections with others in the 

community are much more likely to persist.  Those connections can be with 

teachers, students, [and] others in the community but the students need some 

connections to be comfortable and persist [38]. 
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A majority of the students agreed with Kristina and Brian on the importance of 

positive social groups.  Cory, in particular, agreed with Brian that these important 

positive relationships are not limited to peer students.  He explained that it was 

“definitely [the] connections with staff, students and faculty” that contributed to his 

ability to stay enrolled in computer science [140]. 

Many of the student participants cited social groups as a contributing factor in 

their own retention.  Cory claimed that at times when he thought about dropping out, 

connections within the student body and friends were the primary reason he remained in 

school [39].  Wallace perceived there was a relationship between the number of friends 

one has and their likelihood to persist, “The more people [students] know, and the more 

people they have in their social network, the more likely they are to stay” [40].   

Troy indicated that in a rigorous and challenging program such as computer 

science, friendships can have a direct effect on the academic and emotional state of 

students [41].  He described his thoughts on the importance of friendships by stating that 

those friends can “make a big impact on retention.  They can help you when you struggle 

and help you get through the difficulties of computer science” [41]. 

Georgia echoed Troy’s thoughts, indicating that her friends have helped her at 

times when she’s had thoughts of dropping out of computer science: 

I think [school] activities help people make friends. Finding people who you work 

good [sic] with helps you stay. I’ve had friends who haven’t had those people to 

work with and they leave. I’ve had thoughts of dropping out but I have friends 

who say, “You’re so close, you’ve got to keep going.” I think finding friends who 

are pushing and encourage [sic] you to keep going are so important.  I have 
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friends I’d go to a hair salon with or movies and stuff and then I have other 

friends who I’d go to do homework with. I don’t think I’d be here without them 

[42]. 

Student participant Chase also spoke about the importance of friendships and the 

value school-led activities have in facilitating those bonds: “I do think [school] activities 

help students socialize and then make friends” [43].  Chase also agreed that those 

friendships have a positive effect on students, saying that “when you have friends it 

makes a big difference in retention” [43]. 

An interesting element of this friend and peer social group theme is that many 

students claimed that those who enroll in computer science programs often lack social 

skills and perhaps did not have a significant friend group in high school.  Some of the 

students perceived that their peers likely did not expect to find a lot of friends in college 

because of their social history and in college they may be experiencing some of those 

positive social bonds for the first time. Sabrina perceived this was the case with her: “My 

first and second quarter here were super memorable because I made so many friends and 

it was such a morale booster coming from home. At home I was a weirdo and here… not 

so much” [44].  Donovan perceived that friends and relationships directly contributed to 

his decision to persist and also felt that it was something he lacked prior to joining a 

computer science program: “Coming from home I didn’t have a lot of friends so I 

immediately developed friendships here and those friends I feel I’m going to keep for a 

long time both with teachers and students” [45]. 

A common stereotype of computer science-oriented individuals is that they lack 

social skills and are “geeky” or “nerdy.”  Yet, according to the students in this study that 
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aspect of the computer science culture can actually help the computer science students 

feel at home and, in turn, more prone to make friendships with others.  Harrison cited the 

culture which surrounds computer science programs as a reason why some of these less 

socially adept students are more social in college when surrounded by other computer 

science students:  

I do think that [the computer science] culture really helps those who love that 

culture.  They are usually the outcasts in school, especially high school and while 

[the culture] is off-putting to some, it’s nice for them because they have a home 

and a safe harbor [46]. 

Wallace felt that the computer science culture can be almost cult-like where, for 

example, having an account on Steam, an online video gaming platform, can serve as a 

rite of passage among some computer science students: 

The culture here is fun. You’re able to get along with people without having to 

make a common ground like you’d have to with somebody off the street.  Here, 

everybody likes video games or they’ve all at least played Magic the Gathering 

once so you don’t have people who only like football, we all play games and 

we’re all on Steam.  I’ve never met somebody [in the computer science 

department] who I’ve asked “can I add you on Steam” [tell me] “No, I don’t have 

a Steam account” [47]. 

If the culture in computer science programs can help students make friends more 

easily, it may have a direct effect on retention.  Marcus saw the dangers of not being able 

to build those important relationships with peers: “Being a lone wolf and feeling left out 

makes people want to drop [out of school]” [136].  In addition to the culture, Marcus 
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posited that collaborative, team-based, in-class project work provides students with a 

critical opportunity to build relationships with peers.  He also claimed that those projects 

force students “to meet people and talk to them and eventually become friends” [136].  

Marcus also saw the value of these friendships and perceived that the work ethic of 

students can improve by developing friendships with hard-working peers: “If you make 

friends with people who are here to work, you’ll start getting that attitude and start 

working” [135]. 

Career outlook and opportunities.  The second most predominant retention-

oriented theme was that positive feelings regarding the career outlook and professional 

opportunities in computer science contributes to retention.  This was the second most 

repeated theme among students.  Among student advocates, however, the theme was 

barely mentioned.  This is one case among several which shall be discussed where the 

student advocates were not necessarily in sync with the mindset of the students.  It is 

interesting to note that, given Saint Anthony’s intrusive advising model and the deep 

relationship student advocates have with their students, the student advocates still do not 

have a true finger on the pulse of the student body.  Administrators seeking to improve 

retention in any field, not just computer science, should bear this in mind and strive to 

find ways to ensure that critical staff members understand the mindset of the student body 

as closely as possible. 

The majority of student participants cited the exciting career outlook as a primary 

reason why many students persist.  Sabrina claimed that “the fact that computer science is 

a lucrative career helped me stay at the school” [48].  Jackson perceived that the 

influence of careers is significant: “[the career outlook is] a huge retention boost. Job 
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security and the salaries that are out there definitely make people want to finish and work 

in this field” [49]. 

 Georgia claimed that seeing other graduates, especially friends, leave and land 

successful jobs contributes to the effect careers have on retention: 

Every time I feel like maybe I want to stop because I can’t do the workload and I 

want to leave, I see people graduate and be successful and get great jobs and my 

friends remind me that I have three quarters left and that I can do it.  Then I see 

the light at the end of the tunnel and I just want to finish [50]. 

Note the importance of friendships in Georgia’s comment.  Her friends were the 

ones reminding her that she is close to finishing and that she can be successful.  This only 

reinforces the prior point of the criticality of friends and social groups. 

Finally, Kylie claimed that Saint Anthony’s career events have a positive effect 

on retention.  At Saint Anthony’s, employers visit the campus quarterly in an event called 

Career Week.  The employers visit Saint Anthony to recruit students and give 

presentations on their organizations, showing what it would be like to work “a day in the 

life” of their company.  Kylie perceived that those events remind students of that 

employment goal that comes after graduation: “Career Week and the tech talks introduce 

you to industry people and how industry works.  [Those events] have a positive impact on 

retention” [51]. 

Wallace felt that the positive effects of Career Week come from the employers 

who are visiting [137].  Wallace claimed that knowing that those companies visit Saint 

Anthony to recruit students improves morale and helps students see the light at the end of 

the tunnel.  Many of those employers bring Saint Anthony alumni back with them and 
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have those alumni help in the presentations to the students.  Wallace perceived that 

seeing those alumni, in their new roles as employed professionals, is valuable because it 

reminds students of the success that awaits them in their careers [137].  “It helps to know 

what happens after graduation,” he claims, when thinking of the reasons students see 

such benefit from career-oriented events [137]. 

Troy also felt that the past results of Saint Anthony alumni helps current students 

persist.  He opined that because Saint Anthony has “a great track record for getting 

people jobs,” the current students “come here expecting” to get a great job based on those 

past results of employed alumni [138].  Donovan illustrated Troy’s point perfectly when 

he claimed that he thought it was a foregone conclusion that he will land a great job 

based on Saint Anthony’s track record and the state of the computer science industry.  He 

explained that “if I do my job as a student, I’m going to get a great job” [139].  Donovan 

also mentioned that the prospect of that great job is partly what keeps him enrolled in 

computer science [139].  

Marcus agreed with the opinion that career events positively affect student 

retention [136].  He felt that sometimes students need to be reminded of the fast-paced 

and growing industry which awaits them in order to push through the difficult times in 

computer science [136].  He claimed that “sometimes it is the prospect of having a good 

salaried job that helps people stick around” [136].  Finally, Cory also claimed to see great 

positive value in the career events in terms of networking with prospective employers.  

He claimed that the prospect of “future connections I may be able to make with 

employers” was one of the primary reasons for his staying enrolled in the major [140]. 
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Positive faculty interactions.  Another major retention-oriented theme which 

appeared in the study was the idea that students who experience at least some degree of 

positive interaction with faculty members are far more likely to persist.  This was the 

most dominant theme among the student affairs staff members and was frequently 

mentioned among the student participants. 

From the perspective of the staff members, Brian claimed that “connecting with 

the faculty plays a huge role in students’ decisions to persist” [21].  However, he 

continued by claiming, “There aren’t a lot of students who build strong relationships with 

faculty; I would guess it’s only about 40% of students that have a great relationship with 

computer science faculty” [22].  Fellow staff member Kristina agreed, saying, “We see 

that students who build a connection to a faculty member are significantly more likely to 

persist.  If the students feel that the faculty member cares about them they’re more likely 

to graduate” [23].  Kristina perceived that faculty members can encourage the 

development of these positive interactions by the way they interact with students in the 

classroom.  She claimed that “if instructors are inclusive of student ideas even though 

they’re still the content experts and if they make students feel like they matter then 

students tend to have better outcomes” [24]. 

The importance of positive faculty interactions was also a common theme which 

arose from the student participant interviews.  Harrison perceived that positive 

interactions with faculty can make a significant difference in student retention claiming 

that “teachers can ‘convert’ some of the leavers to stayers based on the way they interact 

with them” [29].   
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Jackson perceived that the biggest contribution faculty can make toward 

encouraging positive interaction is to simply make time for students outside of class and 

to do so with a welcoming attitude [30].  Harrison also perceived that simple things can 

make a big difference.  He described the importance of faculty learning students’ names:  

If a faculty member knows your name then you’re more likely to stay. You’re 

more likely to enjoy the class, more likely to do what they say, more likely to do 

well in their classes, and more likely to succeed in the school [31]. 

Chase also claimed that positive relationships with faculty can have “a huge 

impact on retention” [141].  He described faculty who listen to student opinions and show 

concern for all students as having the biggest influence on student learning and, in turn, 

retention [141]. 

A subtheme which is closely related to fostering positive relationships between 

faculty members and students was the concept teaching tactics, and the idea that 

improved teaching positively influences retention.  One such tactic is the ability to gauge 

student comprehension of a subject and to adjust instruction accordingly.  Chase 

described one instructor who shall be called Mr. Hatfield for purposes of anonymity and 

his ability to gauge understanding: “Mr. Hatfield talks a lot and likes keeping everybody 

engaged.  He always stops and makes sure that everybody is keeping up with him” [25].  

Chase continued to describe what made this teacher great and why Chase perceived the 

teacher has a huge effect on retention.  Chase mentioned that the faculty member always 

make himself available to students, is always prepared for class, and is extremely 

knowledgeable in the subject matter [25]. 

Harrison agreed about Mr. Hatfield and his positive effect on retention: 
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Mr. Hatfield is phenomenal.  The best thing about him is he can perfectly read a 

class whether they are “getting it” or not.  He can sense it and either change the 

way he teaches or have a student teach it in a way he can’t, or do something else 

[26]. 

Another teaching tactic which students perceived positively influences retention 

was teaching with passion.  Jackson claimed that “when teachers have emotion and 

expression you can tell that they enjoy what they’re teaching and it makes you want to 

learn more” [27].  He continued, “those teachers make the class fun and you look forward 

to the class and it makes putting effort into the class that much easier” [27].  Troy echoed 

Jackson’s thoughts and perceived it reflects a teacher’s desire for student success: 

Having a teacher who can be happy and gives the impression that he wants you to 

succeed – it’s not something they say, not something they do, you can tell by the 

way they are teaching that they care about your learning. That’s huge [28]. 

The challenging nature of computer science.  The final retention-oriented 

theme which arose from the study relates to the challenging aspect of computer science.  

One of the student affairs professionals and many of the student participants noted that 

students who embrace the challenge of computer science seem to gain a positive effect on 

retention from that challenge.  Student advocate Kristina claimed that “people who love a 

challenge and love critical and analytical thinking love it here” [142]. 

Many of the students agreed with Kristina’s claim.  Chase contrasted it with his 

high school education, saying: 

I think the fact that [computer science] is challenging can be positive and 

negative.  Some who embrace the challenge love it.  That aspect can be a big 
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impact…. My high school was not challenging but here I’m challenged and I love 

it [32]. 

Isaac also saw the positive and negative aspects of the difficulties of computer 

science, claiming, “The challenge is part of what kept me here.  I do know for some that’s 

the opposite though.  Some people aren’t ready for the challenge” [33].  It is interesting to 

note the perceived polarity of the difficulty of computer science.  Some students feel it 

both improves retention for those who want to rise to the challenge at the same time as 

negatively influencing retention for others.  The negative aspects of the challenge and its 

effect on attrition will be discussed in the attrition section of this chapter.   

Jackson claimed that the challenging nature of computer science was what kept 

him enrolled when things became difficult: 

The more I thought about it, the more I thought I’d be bored and wasting my time 

somewhere else.  The challenge from computer science made me not want to go 

to another degree because I would have looked at it and thought it had less value 

than a computer science degree [34]. 

Troy felt his performance in classes improved when challenged: 

I enjoy the challenge, I guess. I didn’t know what to expect [when enrolling in 

computer science] and I’m a person [who] if I’m not challenged I do worse in it. 

In the classes where there’s stress I usually put more effort and do better [35]. 

Marcus felt that the challenge is necessary because it makes students strong 

enough to handle challenges they will face in their employment after graduating: 

Some people can’t get through [the challenge].  They see the challenge and they 

back out.  It can be a good thing that the challenge factor makes you or breaks you 
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because if you make it you’re stronger. If not you wouldn’t make it in the industry 

anyway [143]. 

Summary of retention-oriented themes.  Several key retention-oriented themes 

appeared in this study.  First, students who are successful in developing positive social 

groups are more likely to succeed.  Second, the career outlook and opportunities can 

positively affect retention.  Third, positive faculty interactions can improve retention.  

And fourth, the challenging nature of computer science can improve retention.   

It is noteworthy that students felt the challenging nature of computer science was 

both a positive and a negative factor on retention.  The effect on attrition will be 

discussed in the attrition section of this chapter.  Also of note is that student advocates 

cited positive faculty interactions as the primary contributor to retention and students 

listed it third behind positive social groups and career opportunities.  This underscores the 

importance of improving methods to gauge the mindset of the student body.  Saint 

Anthony student advocates experience frequent student interaction through an intrusive 

advising model and yet are still not fully in-tune with the students.  Administrators at 

institutions where staff have even less student contact may have an even more difficult 

time identifying the true opinions of the student body regarding retention factors. 

Attrition-Oriented Themes 

This section presents themes which emerged in the study related to attrition of 

students in computer science.  Four core attrition-oriented themes emerged in the study 

and each was found to be a negative influence on student retention.  These themes were: 

(a) lack of academic preparation among computer science students, (b) lack of social 
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groups and support networks, (c) struggling students often do not seek help when they 

need it, and (d) video game addiction. 

Lack of academic preparation.  By far the most predominant attrition-oriented 

theme that emerged from this study was that many students lack the necessary academic 

preparation for a rigorous program such as computer science.  Many participants 

perceived that students typically are not challenged in high school and that, for many 

students, the first real academic challenge they have in their life comes in college and 

they do not know how to react.  Interestingly, this challenging aspect of computer science 

was also cited as a contributor to retention among many students.  The polarity of the 

challenging nature of computer science may represent a “make it or break it” hurdle for 

large numbers of students. 

From the staff perspective, Kristina claimed: 

Those [students] who were not taught to persist earlier in high school when they 

were challenged don’t do as well.  What we see is that the first time students are 

challenged sometimes students panic and a high number of those students who 

were unprepared leave the program.  Not because they lack the intelligence or 

ability but because they aren’t used to being challenged [52]. 

Fellow staff member Brian echoed those thoughts: 

I also think students weren’t challenged in high school and computer science is 

one of the more difficult programs out there and now they’re challenged and they 

don’t know how to handle that.  I think our culture and what we prepare students 

for in high school is more conducive to non-computer science degrees.  I think 
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that’s changing a bit now but still, so many students are shying away from math 

and science [53]. 

Another reason why students may be unprepared for a degree like computer 

science arose from the staff participant’s theories that students often enroll into computer 

science programs without knowing what they’re getting themselves into.  Students may 

decide early on a degree in computer science because they like gadgets or video games 

but not really understand how complicated and math-oriented computer science actually 

is.  Brian perceived that theory represents a significant stumbling block for students: 

I think many of [the students] think computer science is harder than they 

imagined it would be.  People tell them to hang in there until it connects and 

clicks but sometimes that never happens for some of them.  I think this is related 

to many high school students who love games and phones and gadgets and think 

they like computer science but then they realize computer science is not playing 

or using but building and they can’t do it [54]. 

Kristina also feels this phenomenon is a hurdle which affects a significant number 

of students: 

I see a lot of the students who leave are just mismatched with their skills and 

interests.  People love playing on their phones or playing games or playing on the 

internet and they think they’d like to do computer science but then they dig into 

the logic and the programming and it’s just not the right fit for them [55]. 

The majority of students agreed that the challenge of computer science heavily 

contributes to attrition.  Donovan felt that one of the main causes for students being 
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unprepared for the rigors of computer science is that they typically do not learn strong 

study habits in high school: 

I think study skills are a huge problem. I don’t have great study skills. I struggle 

with that.  We aren’t taught study skills in high school because we don’t have to 

study [to pass].  Here we have to study and we don’t know how. We’re just used 

to jumping through hoops to get assignments done and memorize/regurgitate for 

tests and then purge and do it again and here you can’t do that [58]. 

Georgia agreed that there was a mismatch between the amount of studying 

required to graduate from high school and the amount required to succeed in computer 

science: “Most people don’t have a lot of studying to do in high school and then you get 

here and there’s so much work to do and it takes a lot of getting used to” [59]. 

Chase described this problem and perceived that because students are not 

challenged in high school they lack the ability to face academic challenges in computer 

science in college: 

Computer science is tough… That can become a huge problem.  Students aren’t 

challenged in high school and don’t have to study so they think that college will 

be the same and that you won’t have to study.  But here you’re challenged for the 

first time and people don’t know how to adapt [60]. 

Wallace described his thoughts on high school curriculum as borderline offensive 

due to the lack of rigor and also blamed it for contributing to the lack of preparation 

many students demonstrate: 

In high school [the curriculum] was all just grunt work and it was degrading. We 

would do things like Sudoku puzzles or crosswords for homework. So stupid and 
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annoying [sic].  Most students are challenged more in computer science in college 

than in high school. It has to impact retention negatively [61]. 

 Like the staff participants, many of the students perceived that an underlying 

cause of this lack of preparation stemmed from students enrolling in computer science 

because they use technology, not because they know what it might take to build 

technology. Kylie was enrolled in computer science at another college prior to Saint 

Anthony and saw this trend in both institutions: 

I do think a lot of people come to computer science because they like gaming and 

playing games but then they find out that [computer science] is much harder and 

more math-based.  That happened at [my previous institution] as well. The entire 

[computer science] program was [undergoing evaluation] because after the first 

few weeks people saw how hard it was and they left.  It’s not just at Saint 

Anthony [62]. 

Similarly, Wallace perceived that some students “don’t know what they’re getting 

into. They think they’re playing video games and they like to play on their iPads and 

whatnot. They don’t know what programming is and they’re unprepared when they find 

out” [63].  This theory of the misconception of computer science was reiterated by nearly 

every student and by each of the staff members.  Isaac perceived that it permeates a wider 

audience in society and carries into the way Hollywood portrays computers science in the 

media:  

The media shows hacking and doing other computer science things as very easy 

and they don’t know what it really is.  I have relatives who know how to install 
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and delete an app on a phone and they think that’s programming. Many [computer 

science] students are like that. They don’t know what they’re getting into [64]. 

This concept that students may have enrolled in computer science without 

knowing what they were getting into was an interesting subtheme related to the lack of 

academic preparation.  As this subtheme emerged, the researcher began asking questions 

of students regarding their reasons for majoring in computer science.  Nearly every 

student participant indicated they have enjoyed working with technology at a young age.  

Donovan claimed, “My whole life I’ve been very tech savvy and I’ve enjoyed being 

around technology” [16].  Georgia claimed that working with and being around 

technology such as computers and smart phones, “just got me totally hooked” [17]. 

Yet despite an affinity for technology, very few of the student participants 

indicated they possessed any real computer science technical skills or background prior to 

enrolling.  In fact, many expressed that they did not even know for sure what computer 

science was.  Marcus explained further: 

I’ve always been interested in computers but at the [high] school I went to the 

only computer thing they taught was how to use Word and Excel [sic].  I was 

interested to learn and see how computers actually work instead of just buying a 

computer and hooking it up to a monitor.  I never did any programming before but 

… I love computers.  It’s something that I’ve never been taught and I’ve always 

been interested in [18].  

This love of computers and technology also had roots in video games for most of 

the student participants.  Many of them indicated some passion for video games ranging 

from self-described casual users such as Troy [19] to self-described addicted gamers such 
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as Donovan [20].  Each of the students who enjoyed playing video games described it as 

a contributing factor in their decision to enroll in a computer science program. 

Many of the students perceived that this lack of academic preparation theme is 

exacerbated by the rigorous challenge represented by computer science programs.  The 

consensus among the majority of students was that it may be easier to coast along in other 

degrees but much more difficult to do so in computer science.  As Chase put it:  

Computer science is also very hard to apply properly…  It’s a tough major. You 

can easily fake your way through a paper but you can’t do that with a program 

you have to write.  The computer will do exactly what you tell it and you can’t 

really fake it [65]. 

Marcus echoed those thoughts, expressing his belief that computer science 

assignments may have more specific requirements than other degrees:  

It’s way harder to fake being good at computer science than in other things. There 

are ways you can fake understanding of how some things work in other fields but 

in computer science you can’t just hit it somewhere in the ballpark you have to hit 

it in a specific area.  I think that has contributed to some people dropping out 

because we don’t have easy computer science degrees [66]. 

Georgia also posited that “it’s so hard to just wing it with programming – you 

have to know it” [67].  Students in general felt that the combination of students being 

unprepared, computer science being difficult, and the inability to “fake” understanding of 

computer science concepts has a negative influence on retention. 

Insufficient support networks and a lack of social groups.  The second 

attrition-oriented theme which emerged from this study was that students who cannot 
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build a sense of community tend to struggle and have higher attrition.  It is interesting to 

note that the most predominant retention-oriented theme which emerged from the study 

was that students who are able to develop a positive social group are much more likely to 

persist.  Students and staff members saw this as a highly polarizing issue, claiming that 

the students who fail to find such a group put themselves at risk of dropping out.  Staff 

member Kristina perceived that both introverts and extroverts struggle building social 

bonds but it leans slightly toward the introverted end of the spectrum: 

People who find a good community here do well.  If they find a group who they 

can be with in extracurricular activities and are passionate about the same things 

[they succeed].  Students who can’t build a sense of community in their first two 

quarters tend to leave.  Those students who can’t build a community are a mix of 

introverts and extroverts but it does seem to lean a bit toward introverts [80]. 

Staff member Brian also perceived that “some students are not able to build a 

community of connections and they struggle” [81].  Brian also expressed an opinion that 

many of those who fail to build social bonds are introverts: “Some students are so 

introverted that they won’t open up and won’t allow connections to happen” [82]. 

Yet Brian also perceived that extroverts sometimes struggle to make friends.  His 

theory for this phenomenon is that due to the high number of introverts in computer 

science programs, extroverts become frustrated with the low interest in social interaction 

from their peers and making friends becomes difficult for them, perhaps for the first time 

in their lives.  He claimed, “Some extroverts are trying hard and can get frustrated from 

being with introverts and they can’t make friends either” [83].  Kristina echoed the same 

sentiments regarding extrovert frustrations over being surrounded by introverts: 
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Sometimes extroverts who even try really hard can’t build that community and 

end up leaving.  I think, in speaking specifically related to community building, 

[extroverts] are used to building community fast and that’s their expectation [sic] 

[84].  

Brian offered up another angle on how student social groups affect attrition.  

Brian perceived that many computer science students lack social skills.  Yet now, 

enrolled in a computer science program in college, many of those students are surrounded 

by peers who are socially similar.  Those students who lack social skills now have a 

social life, often for the first time in their lives.  Brian perceived that this can also be a 

distraction which contributes to attrition.   

A lot of computer science students in high school were outcasts and isolated and 

then in [college computer science departments] they are all alike that so they all of 

a sudden have a bunch of peers and a social life and if you look at Maslow’s 

hierarchy, social comes before academics – especially if they haven’t ever felt 

that before.  Social life is a new thing to them, they’ve always wanted that, 

they’ve seen others have it in high school, and it takes priority over academics 

and sometimes they struggle [85]. 

A majority of students agreed that those students who fail to build a support 

network or social group struggle in computer science.  Sabrina perceived that social 

bonds often do not come easy to computer science students because “some [of us] are 

more geeky[sic] [than others] but we’re all shy” [86].  She felt that many computer 

science students exhibit “geeky” and “shy” behavior which leads to them having a 
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smaller support group.  Marcus also perceived that there are computer science students 

who are “just so socially awkward that they can’t make friends” [87]. 

Giving hope to isolated introverts, Cory expressed an opinion that in computer 

science there are a large number of introverts and he felt it was easier for introverts to 

make friends in groups of introverts: “There are groups of introverts and I see that it’s 

easier to make friends with a group of introverts than with a single introvert” [88].  He 

claimed that in groups, if one person isn’t willing to talk anymore then another is likely to 

pick up the conversation, making it easier to communicate with groups of less socially 

inclined individuals [88].  Kylie also expressed similar thoughts regarding the fact that 

being in a group of introverts makes socializing more easily.  He also claimed that those 

relationships often are associated with gaming and other technology-related socializing 

because that represents an area of common interest for many computer science students: 

Friends make a big difference for people.  Most of us didn’t have a ton of friends 

in high school and here it’s a lot easier to make friends because we’re mostly the 

same type of person.  Though those relationships can move into internet and 

gaming too frequently because that’s what people like to do.  We all play 

computer games a lot and we like playing with people online almost more than or 

at least as much as our real life friends [89]. 

This brings up an interesting notion related to computer science student social 

groups.  Many students expressed ideas that computer science students often preferred 

online friends over in-person friends.  This was directly linked with the students’ 

preoccupation with video gaming and the online friends they make in cyberspace.  
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Hunter, for example, describes himself as an individual who prefers not to try to make in-

person friends at Saint Anthony and instead elects to be with online friends: 

I don’t do a lot with anything outside of class here.  I don’t hang out with people 

or anything. I stay at home and play video games or do homework.  Most of my 

friends I play with are online and from before [I came here] [90].  

Cory saw this type of behavior in other students and associated it with video game 

playing which he perceived affects social habits: 

[Video game addiction] definitely plays a big role in attrition. A lot of those who 

dropped out in early quarters were heavy video game players… This then builds 

into online habits with introverts and people actually start to be more comfortable 

with online friends than real life friends.  I know people who don’t try to make 

friends in school because they’d rather be with their online friends [91].  

Wallace also felt he has witnessed a lot of students who would rather be with 

online friends than those of the in-person variety.  He expressed an opinion that such 

behavior affects their ability to make friends and, in turn, their support network which 

can increase their chances of leaving: 

I do know a lot of people who would rather sit and play video games than to go to 

activities and make other friends.  And I see that if you know more people in the 

community and have more friends then you’re more likely to stay. The more 

people they know and the more people they have in their social network, the more 

likely they are to stay [92].  

Finally, many students echoed a sentiment from the staff related to extroverted 

students being frustrated by the number of introverts among their peers.  Sabrina felt that 
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many of her peers are shy and that affects those more social people and forces them to 

think about switching majors: 

If someone outgoing opens up to a bunch of kids who are shy and they don’t 

understand how to interact there’s a collision of personalities and people [start to] 

wonder, “Why am I here?” They think, “I could choose a different major and fit 

in better.” There’s a clique thing and if you don’t find it you can get alienated 

[93]. 

Cory identified himself as an extroverted people person and sees how some of his 

extroverted peers can get frustrated dealing with introverted peers frequently: 

I see people who sometimes are not with anybody else and just sitting by 

themselves.  I’m more of an extrovert and I’m one of the least geeky people there 

are here, not into Star Wars and not into things like that. I think it should be easy 

for people to make friends.  I do see some people who are extroverts who get 

frustrated with all the introverts because they won’t try to be friends and they just 

kind of dismiss themselves and hide [94]. 

Kylie also felt he had seen the same types of behavior among his peers: 

There are some people who don’t make friends because they just lack the social 

skills and can’t do it. Some of those who have great social skills get very 

frustrated with other computer science students because they can’t communicate 

well and they don’t want to make friends or at least don’t do so easily [95].  

Troy also echoed these thoughts and perceived that extroverts who want to 

befriend introverts get frustrated when those introverts are not as socially inclined: 
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I think some people are very extroverted and that’s uncommon here and they get 

frustrated because a lot of people are introverted and they don’t want to go do 

anything.  [The extroverts] click with some friends but when they want to do 

something and the other person doesn’t, it’s frustrating [96]. 

Donovan, a self-proclaimed socially adept student, felt that he has had introverted 

students upset at him for being too loud and socially aggressive.  He felt that not only is 

this segmentation of social abilities frustrating for extroverts but introverts are likely 

annoyed by the constant social invitations from extroverts: 

The geek culture is fun when the geeks have social skills. When the skills are 

lacking, it’s a bit frustrating.  I’m pretty socially adept and very loud but it’s 

gotten me into tough situations because people won’t talk to me when they have a 

problem [with me] it goes around to other people. I know others who feel this 

way. I think this creates a gap in the student body.  I imagine this is also 

frustrating for the introverted people as well, [being around] people who keep 

hammering to do things or to be friends [97].  

The issues surrounding the culture of computer science departments including the 

higher than average percentage of introverted or socially awkward students, the 

propensity for video gaming, and the opinion that some of those students may actually 

prefer online relationships over in-person ones increases the difficulty of forging those 

critical social bonds.  These challenges also appear not only to complicate the social 

dynamic for introverted individuals but extroverts alike. 

Struggling students often do not seek help.  The third attrition-oriented theme 

relates to students being unwilling to seek help when struggling academically.  Staff 
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member Kristina noticed this with a large number of students and offered several 

potential reasons for this line of thinking: 

I think a lot of [the reasons why students struggle] have to do with the culture 

that’s found in computer science programs.  I think people in those programs tend 

to think of themselves as elite and intelligent and I think it creates a dynamic 

where people don’t like to ask for help.  We see that [at Saint Anthony College] 

where students are afraid to ask for help or to go to their instructor.  I’ll ask 

students when they’re struggling if they’ve spoken to their instructor and they’ll 

tell me no because they don’t want the teacher to know they’re struggling.  They 

think the teacher and their peers will look down on them.  I think they 

manufacture a lot of that fear in their minds but I do think the culture of CS 

students and faculty might be less inclusive and less welcoming compared to 

other degrees [56].  

Staff member Brian also saw this phenomenon with a preponderance of students 

and perceived the cause may again relate to students not being challenged in their high 

school careers: 

I definitely see that students are afraid to approach faculty.  I’m not sure what the 

reason is. The faculty seem approachable; it can always be better but I think it’s a 

new experience for students to have to approach a faculty member.  I don’t think 

many of them ever did that in high school and now they’re afraid to do it [57].  

This was also a major theme among student participants.  Cory admitted to seeing 

this as an issue at Saint Anthony College and attributes it less to faculty being 

unwelcoming and more to students being unwilling to approach faculty.  When asked if 
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faculty are unwelcoming to students he replied, “I think it’s more that students are afraid 

to talk to them.  I know people who need to talk to [a faculty member] and they just 

won’t do it” [74].  Harrison sees peers who won’t approach faculty and perceived that it 

translates to issues of fear or self-doubt: “I see students who don’t talk to teachers 

because they don’t want the teacher to know they are struggling.  I think that’s a basic 

human trait – you don’t want others to know you’re struggling with things” [75].  He also 

related those feelings of self-doubt to the tendency people have to compare themselves to 

others.  He felt that some students focus on the positives in everybody else and yet they 

focus on the negative in themselves, creating a feeling of inadequacy and low academic 

self-esteem: “What happens is you compare your behind-the-scenes clips to everybody 

else’s highlight reels.  You want to show only your highlight reels and not have people 

see everything else” [75].   

Kylie had similar thoughts to Harrison and felt that students do not approach 

faculty because of social anxiety issues: 

I do know students don’t like to talk to teachers sometimes and they think that 

when they talk to the teachers the teachers think they are coming just to get a free 

answer. I think students are socially anxious and they don’t want people to think 

they don’t understand something. They don’t want to show a weakness because 

there is a fear of not being as good as anybody else [76].  

Georgia had similar sentiments regarding the pride some students feel and the fear 

of comparing themselves to others or being perceived as dumb by their peers:  

I see a lot of people who are prideful and are super good at things and they 

struggle to talk to others if they’re having a problem.  I think students don’t talk to 



Texas Tech University, Aaron Reed, December 2016 

137 

teachers or ask questions when struggling because they don’t want the peers to 

know they don’t get it. They know the teacher won’t think they’re stupid but they 

think everybody else will think they’re stupid [79].  

Wallace also commented that he knew of students who are unwilling to speak to 

teachers about their struggles.  He related it back to a previously discussed theme dealing 

with students who build positive connections with faculty members.  In that theme 

discussion, the student participants claimed that students who build those faculty 

relationships are more likely to persist.  Wallace felt students avoid faculty members if 

they do not have those relationships:  

A lot of students are afraid to ask dumb questions.  They go to [students] instead. 

I’m a teaching assistant for one class and the students will come to me instead of 

[the teacher] because they feel safe with me because they know me and they don’t 

have that sense with [the teacher] [77].  

Isaac indicated that his impression is that faculty members are very welcoming 

but that students may have learned that they should not ask questions in high school: 

“Faculty are very accessible and students don’t go to them. They are used to [not asking 

questions in] high school… they’re taught not to ask questions” [78].   

Video game addiction.  The final attrition-related theme emerging in this study 

was that video games and video game addictions contribute to attrition.  Many students 

mentioned feeling that computer science programs are often associated with a “geek” or 

“nerd” culture.  That culture carries with it a predisposition toward things like Star Wars, 

comic books, and video games [46].  Several of the students jokingly described 

themselves as video game addicts.  However, excessive video game playing can evolve 
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into a real addiction (Iowa State University, 2009).  In a 2009 study, nearly 10% of 

American youths ages 8-18 were found to be “pathological video game players” 

according to the standards for pathological gambling (Iowa State University, 2009).  

Video game addiction is a serious, debilitating psychological addiction and can have 

negative ramifications which extend far beyond academics (Iowa State University, 2009). 

Cory perceived that video game addiction is a real problem in computer science 

programs and perceived that it developed in many students when they were not 

challenged in high school: “[Game addiction] is related to not being challenged in high 

school and these bored students developed habits of just playing games or playing on 

their phones or other addictions which get in the way of maturity and study habits” [68].   

Harrison admitted to being somewhat addicted to video games itself and 

perceived that it is more common among computer science students:  

[Game addiction] has a huge effect on motivation and work ethic. I myself am 

struggling with that. I’m playing Dark Souls 3 (a recently released video game) 

right now and have played for 213 hours thus far.  I have to play for a week or 

two and then I put it in the closet because I have to get to work.  This isn’t just 

video games, any habit or hobby can get in the way, but [game addiction] just 

happens more [in computer science programs] because of the computer science 

geeky culture [69]. 

Kylie expressed an opinion that video game addiction is “one of our biggest 

problems,” speaking of computer science students [70].  Wallace agreed:  
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Video game addiction is a real problem. People play 6 hours of Dark Souls 3 [per 

day] and stay up until 4 am and then go to class at 7 am. I think the majority of 

academic problems are related to video games [71]. 

Troy claimed to have seen groups of addicted gamers (people who play video 

games) dropout of school after several quarters:  

You can get people who are hooked into late hours of gaming and then they come 

to school and just talk about all the gaming they did and then they [dropout] after 

a few quarters.  I don’t think the school is so difficult that you can’t play games at 

all but people who do it excessively dropout. I see full groups of gamers that do 

that [72]. 

Finally, Donovan cited a belief that a friend of his left due to game addiction:  

I had a friend who played games over and over and after his third quarter he left 

and I still am convinced that it was because he was gaming all the time at night 

and couldn’t get himself to wake up in time for morning classes [73]. 

Summary of attrition-oriented themes.  Several attrition-oriented themes 

emerged in this study.  First, students are not academically prepared for the rigors of 

computer science, which increases attrition.  Second, students who have insufficient 

support networks or social groups have higher chances of dropping out.  Third, students 

who are struggling often will not seek help which increases their chances of dropping out.  

And fourth, students who struggle with video game addiction increase their changes of 

dropping out. 

It is interesting to note that two of the most predominant themes in this study are 

polarizing in that those themes, according to participants in the study, both positively and 
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negatively influence retention.  Support networks and social groups appear to be 

significant in helping students persist as well as driving students out of computer science 

programs.  Students who develop those social groups seemingly improve their changes of 

persisting yet those who do not develop those groups end up increasing their chances of 

dropping out.  Likewise, those students who find the challenging nature of computer 

science to be interesting and positive increase their chances of persisting and those who 

do not enjoy that challenge tend to struggle. 

It is also interesting to note several subthemes which arose in this study.  First, 

students appear to often enroll in computer science programs without knowing what 

computer science is about.  Many students seem to enroll because they enjoy playing on 

their phones or video games and associate those technology gadgets with computer 

science.  Participants related this phenomenon with the lack of academic preparation 

among students. 

Other interesting subthemes revolve around the inability of some students to build 

social groups.  Many students reported that some computer science students prefer being 

around online friends rather than in-person friends, inhibiting their ability to cultivate 

new relationships with peers.  Additionally, many students claimed that extroverted 

students become frustrated with peers because of the inability of those peers to make 

friends and socialize, hinting that even the extroverts often leave because for the first 

time in their lives they struggle making friendships. 

Finally, of note in this section is the topic of video game addiction.  Video game 

addiction is a real addiction and should be addressed in a serious manner.  Video game 

addiction was cited as a primary concern by many students.  Participants in the study 
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indicated that computer science students may be more prone to video game addiction due 

to their affinity for technology. One final note on this subject is that video game addiction 

was only mentioned by students.  It was not a topic that was brought up by the student 

advocate participants.  Given the nature of the problems associated with video game 

addiction and the seriousness of addictions on college campuses, it was surprising to not 

hear this mentioned among the staff member participants.  This again emphasizes the 

importance of ensuring staff members are in-tune with the mindset of the students.   

Research Questions 

 This section will present a very brief overview of the insight gained through this 

study as it pertains to the research questions.  After the research emerged, the researcher 

was able to answer the research questions as outlined below: 

The first research question asked: What do current computer science students and 

student affairs professionals perceive to be the academic factors influencing student 

persistence in the major? 

The researcher found two key academic factors that positively influenced student 

persistence.  These were: (a) building positive relationships between students and faculty 

and (b) the challenging nature of computer science.  

The second research question asked: What do current computer science students 

and student affairs professionals perceive to be the non-academic factors influencing 

student persistence in the major? 

The researcher found two key non-academic factors that positively influenced 

student persistence.  These were: (a) positive social groups and support networks and (b) 

the understanding of the careers and opportunities in computer science.  The concept of 
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the connector student was also found to be a predominant theme in this study which 

facilitated the development of critical social connections and significantly improved 

student retention. 

The third research question asked: What do current computer science students and 

student affairs professionals perceive to be the academic factors influencing student 

attrition in the major? 

The researcher found two key academic factors that contributed to student 

attrition.  These were: (a) students are not adequately prepared for the rigors of computer 

science and (b) students who struggle often do not seek help when they need it.   

Finally, the fourth research question asked: What do current computer science 

students and student affairs professionals perceive to be the non-academic factors 

influencing student attrition in the major? 

The researcher found two key non-academic factors that contributed to student 

attrition.  These were: (a) the lack of positive social groups and support networks and (b) 

video game addiction.  

Conclusion 

Chapter IV presented a summary of the research and descriptions of the 

participant selection process, the participant demographics, and the data analysis process 

as well as the findings of the study.  Major themes related to each of the research 

questions were presented.   

The connector student theme was a predominant theme which emerged from both 

staff and student participants.  Given the crucial nature of social connections among 

students and the influence of those connections on retention and attrition, connector 
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students have a significant positive effect on student retention.  The research suggests that 

identifying and leveraging connector students can significantly improve the development 

of those social bonds between students.  

Retention-oriented themes which emerged from this study included: (a) students 

who build positive peer groups are more likely to persist; (b) students who understand 

and are enthusiastic about the career outlook in computer science are more likely to 

persist; (c) students who build positive relationships with faculty improve their chances 

of persisting; and (d) students who embrace the challenging nature of computer science 

are more likely to persist.  Worthy of note among retention-oriented themes is the 

polarizing nature of positive peer groups and the challenge in computer science.  Though 

students who build positive peer groups tend to persist, those who do not build positive 

peer groups tend to drop out.  Likewise, students who embrace the challenge of computer 

science tend to persist, but those who do not are more likely to dropout. 

Attrition-oriented themes which emerged from this study included: (a) students 

who lack proper academic preparation are less likely to persist; (b) students who fail to 

build positive peer groups are less likely to persist; (c) students who struggle 

academically often do not seek help which leads to increased attrition; and (d) students 

who struggle with video game addiction are less likely to persist.  Worthy of note among 

attrition-oriented themes is that many students appear to enroll in computer science 

programs because they love technology and games but they lack any real understanding 

of what computer science is all about.  This adds to their lack of academic preparation.   

Additionally, many students reported that those who struggle to build social 

connections may often prefer online friendships over the in-person variety.  This may 
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further impair the ability of some students to make critical friendships with peers.  Many 

students reported that extroverted students often struggle making friends for the first time 

in their lives because they are surrounded by students who struggle themselves to build 

those relationships.  Yet another interesting note is the debilitating nature of video game 

addiction.  It is a legitimate addiction that plagues a large number of Americans and was 

cited by many students as one of the biggest problems in computer science programs. 

Finally, the concept of student connectors, or those who can build communities 

and friendships among both introverts and extroverts alike, was brought up regularly with 

both staff and students.  Both groups felt these connectors create a dynamic of inclusion 

and a sense of community among large groups of people.  Both groups felt connectors 

have a significant influence on retention. 

Chapter V will present a discussion of the findings as well as a comparison of 

those findings to existing research.  Implications for higher education practice, 

recommendations for higher education practice, and recommendations for future research 

will also be presented. 
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CHAPTER V 

DISCUSSION 

Chapter V presents an overview of the study and a discussion of the study’s 

findings as well a comparison of the study to the existing research on STEM and 

computer science retention.  Implications and recommendations for higher education 

practice will also be presented as well as suggestions for future research. 

Overview of the study 

 The purpose of this study was to explore what current computer science students 

and student affairs professionals perceive to be the factors influencing student retention 

and attrition in the major.  If administrators are to design programs aimed at improving 

computer science retention, it is imperative that a better understanding of the reasons for 

computer science attrition be attained.  Most of the existing literature which addresses the 

issues of computer science retention and attrition is researched from the perspective of all 

science, technology, engineering, and mathematics (STEM) disciplines holistically (Shaw 

& Barbuti, 2010).  However, computer science employment projections and degree 

completion trends do not follow those of the rest of the STEM disciplines (Bureau of 

Labor Statistics, 2014; U. S. Department of Education, 2013).  Shaw and Barbuti (2010) 

have also claimed that computer science students often do not follow the same academic 

behavioral patterns as the rest of the STEM disciplines.  The argument has been made by 

Shaw and Barbuti (2010) that computer science retention issues may be more effectively 

studied in isolation rather than under the umbrella of the rest of STEM.  If college 

administrators hope to improve computer science retention numbers, a more complete 



Texas Tech University, Aaron Reed, December 2016 

146 

understanding of student factors influencing retention and attrition within computer 

science is essential. 

Nationally, across all disciplines, approximately 56% of students who enroll in 

four-year colleges end up graduating (Foss et al., 2014).  When considering only STEM 

majors, that number falls to less than 50% (Christe, 2013; Wilson et al., 2012).  Computer 

science has the lowest retention rate among STEM degrees with only 36-40% of students 

persisting to graduation nationwide (Haungs et al., 2012; National Center for Education 

Statistics, 2016; Shaw & Barbuti, 2010).  Numbers from the National Center for 

Education Statistics including historical data from 2008-2014 and projected data through 

2017 show that an average annual total of approximately 88,000 computer science 

degrees have been or will be awarded in the United States from 2008-2017 (U. S. 

Department of Education: National Center for Education Statistics, 2014).  This total 

represents all postsecondary levels including Associate’s-, Bachelor’s-, Master’s-, and 

Doctoral-level degrees (U. S. Department of Education: National Center for Education 

Statistics, 2014).  Yet, according to the Bureau of Labor Statistics, an average annual 

total of approximately 144,500 new computer science-oriented jobs have been or will be 

created during that time span (Bureau of Labor Statistics, 2013).  That represents an 

annual average of approximately 56,000 new jobs which could not be or will not be filled 

by qualified workers due to the growing computer science worker shortage through 2017.  

The U.S. Bureau of Labor Statistics predicts that this trend will continue, and likely 

worsen, through 2020 (Bureau of Labor Statistics, 2013).  The computer science worker 

shortage poses a tremendous challenge to the nation’s technology employers.  As the 

computer science worker shortage continues to grow, experts warn that our nation’s 
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security, our standard of living, and our ability to compete in the global economy will be 

critically threatened (Adkins, 2012; Augustine, 2005; The Task Force on the Future of 

American Innovation, 2005; U.S. Department of Education, 2013). 

In 2011 there were 475,000 students enrolled in bachelor’s-level computer 

science programs in the United States (National Center for Education Statistics, 2014).  

That number includes freshmen, sophomores, and all upper-classmen.  The average 

computer science graduation rate over the past decade is 36% according to the 2014 

published statistics from the U.S. Department of Education and the National Center for 

Education Statistics.  If that percentage were applied to the number of enrolled students 

in computer science, the result would be that only approximately 170,000 of those 

475,000 students would graduate with a degree.  That would mean that an estimated 

300,000 computer science students who would either switch majors or dropout.  Based on 

the growing worker shortage, it is imperative that administrators work to help more of 

those 300,000 computer science students persist to graduation.  If college administrators 

could identify ways to improve those retention numbers, it would go a long way toward 

rectifying the computer science worker shortage. 

 A greater understanding of the reasons for computer science attrition and 

retention will be of value to administrators in a variety of ways.  First, in order to 

implement programs to help assist computer science students who are in danger of 

dropping out, administrators need to know common factors which attribute to attrition 

decisions among computer science students.  Second, when developing computer science 

curriculum, a greater understanding of the typical concerns and complaints that lead to 

attrition will help administrators design programs that can address those issues more 
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effectively.  And third, when hiring, evaluating, and training computer science faculty, an 

understanding of the faculty-related student perceptions that lead to attrition will help 

administrators make personnel decisions that can improve retention.  Once administrators 

are provided with more fundamental research on the reasons for computer science 

attrition and persistence, experimentation with retention-related programs can be 

conducted.  The purpose of this study was to explore what current computer science 

students and student affairs professionals perceive to be the factors influencing student 

retention and attrition in the major.   

 This qualitative study used naturalistic inquiry in the constructivist paradigm to 

make sense of data obtained through in-person interviews using emergent design.  The 

following research questions guided this study: 

1. What do current computer science students and student affairs professionals 

perceive to be the academic factors influencing student persistence in the 

major? 

2. What do current computer science students and student affairs professionals 

perceive to be the non-academic factors influencing student persistence in the 

major? 

3. What do current computer science students and student affairs professionals 

perceive to be the academic factors influencing student attrition in the major? 

4. What do current computer science students and student affairs professionals 

perceive to be the non-academic factors influencing student attrition in the 

major? 
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Participants for the study included 13 students currently enrolled in computer 

science at Saint Anthony College, the pseudo name used in this study for a small, 

computer science-focused, bachelor’s degree-granting institution in the Rocky Mountain 

Region of the United States.  Purposive sampling was used to identify the students in an 

effort to select individuals who span a wide spectrum of the student demographic.  

Participants included freshmen, sophomores, juniors and seniors.  The researcher used 

maximum variation sampling to ensure that selected student participants span a wide 

range of academic and non-academic factors.   

The study also included two student affairs staff members currently employed at 

Saint Anthony College.  The staff members have been employed at Saint Anthony for six 

and eight years, respectively.  Both are fulltime employees with “student advocate” 

responsibilities.  At Saint Anthony College, student advocates are primarily responsible 

for the overall health and well-being of a group of students.  Each student on campus at 

Saint Anthony is assigned a Student Advocate from the day the student enrolls in school.  

That advocate remains assigned to the student for the duration of his or her time as an 

enrolled student.  The advocate attempts to form a relationship with the student in order 

to gain trust and be more effective in helping the student with any academic or non-

academic concerns the student may have during his or her time at the institution 

Discussion of the Findings 

This section will examine each of the research questions and discuss the related 

findings.  Findings from this study will be discussed as well as related concepts from 

existing literature on both STEM and computer science retention and attrition. 
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Connector Students 

Social networks and the ability or inability of students to build a strong sense of 

community was a leading cause for both retention and attrition in this study.  This was 

also a recurring theme in the existing research.  Computer science students in a study at 

the University of California-Irvine indicated that student-to-student interaction was the 

biggest indicator of success in the major (Barker, McDowell, & Kalahar, 2009).  In the 

same study, the authors drew a connection between a lack of those student peer 

relationships and increased attrition.  In STEM and computer science-specific research, 

the idea that student social groups and support networks are linked to retention is a 

recurring premise ((Biggers et al, 2008; Christe, 2013; Pauley, 2011; Talton et al., 2008). 

In this study, many participants expressed opinions similar to that of Kristina: 

“people who find a good community here do well” whereas “students who can’t build a 

sense of community in their first two quarters tend to leave” [126].  This study also 

uncovered some potential reasons why some students are able to build that sense of 

community and why others are not.  First, many computer science students are 

introverted or lack social skills and may be unwilling or unable to make friends.  Second, 

many students who are extroverted and socially adept tend to struggle being surrounded 

by more socially awkward people and they get frustrated with their peers’ inability or 

unwillingness to be social.  And third, the culture which surrounds computer science 

programs resonates extremely well with some and not at all with others. 

A related major theme that arose in this study is the concept of what one 

participant called the “connector” student.  Staff member Kristina explained that 

connectors are people who can bridge social boundaries.  She explained, “Those people 
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who can be with the introverts and the extraverts do such good in this community.  They 

don’t overwhelm the introverts and they still are able to satisfy the needs of the extreme 

extraverts” [127].  Saint Anthony student Troy felt that those connectors “can help people 

become friends and that leads to retention” [128].  Fellow student Chase perceived that 

connectors can help facilitate academic assistance as well, indicating that connectors 

“have a big impact on retention because they can help those who need that help in 

school” [129]. 

Although the link between social relationships and retention is found repeatedly 

in the existing research, the concept of the connector student itself was not identified in 

existing research.  However, the concept of leveraging students in roles in which they are 

tasked with building communities among peers is not a new concept.  In 2014, Zevallos 

and Washburn found that peer mentor programs provide significant benefit to both 

mentors and mentees.  In their assessment of a peer mentor program the authors found 

that first-year students particularly benefited from interactions with a peer mentor 

(Zevallos & Washburn, 2014).  The concept of peer leader programs and the idea of the 

connector student in this study are well-aligned with Astin’s Theory of Student 

Involvement, which posits that students learn more effectively when they are involved in 

both the academic and the social environments of their institution (Astin, 1984).  Given 

this apparent congruency between existing research and the findings of this study on the 

importance of social connections and their effect on retention, connector students 

represent a critically important catalyst for facilitating those relationships in computer 

science programs. 
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Retention-Oriented Themes 

Positive social groups and support networks improve retention.  The most 

pervasive retention-oriented theme in this study revolved around the concept of friends 

and positive social peer groups.  The positive effects of social groups and support 

networks were cited by the majority of participants as a leading contributor to retention.  

Yet at the same time, the lack of those social groups was cited by the majority of 

participants as a leading cause for attrition.  This study showed that a positive social 

group and the feeling of “fitting in” were critical in a student’s ability to persist in 

computer science.  Similar sentiments were expressed by students who dropped out of 

STEM and computer science programs in existing research studies.  In a study by the 

National Dropout Prevention Center at Clemson University, former STEM students 

claimed the primary causes of dropping out was that they felt nobody cared about them 

and that they did not belong (Pauley, 2011).  At the University of Illinois at Urbana-

Champaign, exit interviews with computer science students found that those students 

claimed inadequate support networks as a primary reason for leaving the major (Talton et 

al., 2008). 

Participants in this study claimed that though those students who struggle to build 

a social sense of community tend to dropout, those who are successful in building those 

social connections improve their chances of retention.  The attrition aspect of social 

bonds will be discussed in the attrition-oriented themes section of this chapter.  This 

section will discuss the retention-related benefits of building those social connections. 

Staff member Kristina cited social peer groups as the leading non-academic 

reason for student persistence.  She claimed that “people who find a good community 
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here do well.  [It helps when] they find a group who they can be with in extracurricular 

activities and are passionate about the same things” [109].  Troy, a student at Saint 

Anthony, also claimed that the friends and a positive social life can improve success.  He 

perceived that “friends make a big impact on retention.  They can help you when you 

struggle and help you get through the difficulties of computer science” [110]. 

Although the existing STEM retention research also points to students’ social 

lives as being important in retention, the majority of that research focuses on the attrition-

related ramifications of poor social connections and inadequate support networks rather 

than the retention benefits of those connections.  Existing research on the positive 

benefits of those social networks is sparse within STEM and computer science.  Christe 

(2013), a senior faculty member at Indiana University-Purdue University Indianapolis 

wrote an article in the Journal of STEM Education on the importance of faculty-student 

interactions within STEM disciplines.  In her article, Christe pointed out that many 

STEM students drop out because of insufficient support networks.   

This same idea relating to Christe’s point on support networks was mentioned in 

another 2013 article by Watkins and Mazur; they wrote about a study in which over 1,000 

STEM students were surveyed throughout introductory courses to determine their 

perceptions of the major and reasons for persisting in or leaving the major (Watkins & 

Mazur, 2013).  The authors cited the perception of cold, unwelcome environments within 

the major as a primary contributor to attrition (Watkins & Mazur, 2013).  Although the 

negative influence of insufficient social and support networks was also a predominant 

theme in this study, it will be discussed in the attrition-oriented section of this chapter 
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At least one study found in the existing computer science research appears to 

align with this study regarding the retention-related effect of social networks.  The study, 

conducted by Barker, Hovey, and Thompson (2014), involved analysis of 1,300 

responses to a large-scale survey of computer science students across 14 universities.  

The goal of the survey was to understand factors that led to decisions to persist or drop 

out of computer science.  The authors claimed that students who persisted indicated that 

beneficial peer relationships had a significant positive effect on retention (Barker, Hovey, 

& Thompson, 2014).  The authors cited the creation of learning communities within the 

computer science major which fostered environments of togetherness and collaboration, 

helping students develop a sense of belonging and a desire to persist (Barker, Hovey, & 

Thompson, 2014).   

However, although some of the existing STEM and computer science research 

agrees on the positive influence friends and social groups can have on students, there was 

evidence in this study of a persistent subtheme which did not appear as a theme in 

existing research.  Participants in this study indicated that many students had little or no 

social life in high school and now, enrolled in a college computer science program, they 

are surrounded by people with similar interests and, for the first time in their life, they are 

members of the “in” crowd.  This subtheme suggests that students in computer science 

programs may feel more empowered by social networks than other students because they 

have not felt that level of peer support in prior academic experiences.  Alternatively, 

these new social connections and feelings of empowerment were found to create 

challenges for some students as they balance social interests with academic pressures for 

the first time in their lives. 
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Saint Anthony student Marcus perceived that most computer science students 

have more friends in college than in high school because they are surrounded by people 

who have similar interests [111]..  Fellow student Harrison also claimed that the culture 

in computer science is what helps students get over their social awkwardness: 

I do think that [the computer science] culture really helps those who love that 

culture.  They are usually the outcasts in school, especially high school and 

although [the culture] is off-putting to some, it’s nice for them because they have 

a home and a safe harbor [46]. 

Saint Anthony student Wallace shared similar thoughts and perceived that the 

common ground of video games, and other “geek” culture helps unite students and make 

them feel comfortable: 

The culture here is fun. You’re able to get along with people without having to 

make a common ground like you’d have to with somebody off the street.  Here, 

everybody likes video games or they’ve all at least played Magic the Gathering 

once so you don’t have people who only like football, we all play games and 

we’re all on Steam.  I’ve never met somebody [in the computer science 

department] who I’ve asked “can I add you on Steam” [tell me] “No, I don’t have 

a Steam account” [47].  

Results of this study showed that social groups and support networks have a 

positive influence on retention.  Many participants cited benefits of a “geek” culture and 

that culture’s facilitation of social connections.  However, participants also claimed the 

“geek” culture was a primary contributor to attrition among many students as well.  The 

“geek” culture does seem to have a polarizing effect on students; those who embrace the 
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culture tended to benefit from it and those with whom that culture does not resonate 

seemed to struggle.  The negative effect of the culture will be discussed in the attrition-

oriented section later on in this chapter.  The “geek” culture within computer science 

programs and its effect on retention was not a theme in the existing research. 

Computer science career outlook and opportunities improve retention.  The 

second most predominant retention-oriented theme in this study dealt with the 

tremendous career opportunities which await graduating students.  Some industry 

analysts have ranked computer science as the best major for students looking for job 

security and high-paying careers (CNN, 2015; Cunningham, 2015).  The majority of 

students in this study indicated that the prospect of those careers has a significant effect 

on retention.  Jackson, a student in this study, claimed that the thought of the lucrative 

careers in computer science offers “a huge retention boost.  Job security and the salaries 

that are out there definitely make people want to finish [their degree] and work in this 

field” [112].  Saint Anthony College hosts a Career Week four times per year in which 

employers visit campus, present relevant topics to the student body, and interview senior 

students.  Kylie, another student participant in this study, claimed that those Career 

Weeks may be a contributing reason why students persist.  He perceived that Career 

Week “introduces you to industry people and how industry works.  It has a positive 

influence on retention” [113]. 

In the existing research on STEM and computer science retention, careers and 

career outlook is not a predominant topic.  However, one study at Purdue University 

claimed that career outlook did influence retention.  The study was conducted as part of a 

white paper which was submitted to the Purdue University Strategic Planning Steering 



Texas Tech University, Aaron Reed, December 2016 

157 

Committee in 2013 as part of an institutional initiative to generate more interest in STEM 

and STEM-influenced fields (Weaver et al., 2012).  Researchers found that students who 

exited STEM majors cited insufficient information and understanding about career 

opportunities as a primary contributor to their decision (Weaver et al., 2012).   

In a 2013 report from the President’s Council of Advisors on Science and 

Technology titled STEM Attrition: College Students’ Paths into and out of STEM, a 

number of factors for STEM student attrition are cited (U.S. Department of Education, 

2013).  The authors claim that many STEM students encounter confusion regarding the 

job market and career opportunities (U.S. Department of Education, 2013).  Students who 

dropped out of STEM degrees claimed to have the perception that STEM jobs are being 

outsourced overseas and that domestic opportunities would not exist for them (U.S. 

Department of Education, 2013). 

In a computer science-specific study at Georgia Institute of Technology, students 

claimed that computer science careers do influence retention (Biggers et al., 2008).  In 

the study, surveys were sent to students who graduated from computer science as well as 

students who had at one point declared computer science majors but ultimately graduated 

from a different major (Biggers et al., 2008).  The study asked open-ended questions 

about the factors which inspired students’ decisions to persist or leave the major as well 

as questions about challenges faced by students in the major (Biggers et al., 2008).  The 

study showed that career outlook in computer science had some polarity in its effect on 

retention.  Students in the study who dropped out of computer science programs reported 

that the primary reason for leaving was that their understanding of what a career in 

computer science entails was unappealing to them (Biggers et al, 2008).  Those students 
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claimed they lost interest in programming and could not see themselves programming on 

a daily basis for the rest of their lives (Biggers et al., 2008).  Students who left computer 

science majors described potential job prospects negatively citing things like, “sitting at a 

computer with minimal human interaction” and “boring, coding/debugging code in front 

of a computer screen all day” (Biggers et al., 2008, p. 3).   

Yet the authors pointed out that although the prospect of working in computer 

science was a deterrent to students who dropped out, it was also contributing factor 

leading to retention for those students who persisted (Biggers et al., 2008).  Students in 

the study who persisted in computer science described job prospects positively and more 

abstractly such as, “writing programs… to solve problems facing our world,” and “the 

fruits of computing are everywhere in our lives,” and “you can build your own world, the 

only limit is your imagination” (Biggers et al., 2008, p. 3).  The authors noted the polarity 

of the career outlook in computer science and claimed that those who persisted were able 

to see the larger picture of computer science and the positive aspects of the employment 

and career options yet those who exited could not (Biggers et al., 2008). 

The results of the Georgia Institute of Technology study and those from this study 

agree on the positive effects the career opportunities have on retention.  However, 

although career opportunities were the second most predominant retention-oriented 

theme in this study, it is interesting to note that career opportunities was never mentioned 

by any participant in this study as a contributor to attrition.  That does create a lingering 

question regarding what difference there may have been in this study compared to the 

study at Georgia Institute of Technology.  The answer may potentially lie in the career 

emphasis at Saint Anthony including the Career Week events and the presentations to 



Texas Tech University, Aaron Reed, December 2016 

159 

students by employers.  Student participants in this study claimed that those events 

helped them better understand the employment opportunities which await them after 

graduation. 

Positive faculty interactions contribute to retention.  Another retention-

oriented theme which appeared regularly in this study was that positive interactions 

between students and faculty contribute to retention.  Staff member Kristina commented 

that: “We see that students who build a connection to a faculty member are significantly 

more likely to persist. If the students feel that the faculty member cares about them 

they’re more likely to graduate” [22].  

The existing research on STEM retention agrees that positive interactions between 

faculty and students are critical to retention.  In 2013, Watkins and Mazur wrote about a 

study in which over 1,000 STEM students were surveyed throughout introductory courses 

to determine their perceptions of the major and reasons for persisting in or leaving the 

major (Watkins & Mazur, 2013).  The authors found that many exiting students felt 

faculty interaction was sparse and unwelcoming and that those attitudes contributed to 

their departure (Watkins & Mazur, 2013). 

In 1997, Seymour and Hewitt wrote Talking about Leaving: Why Undergraduates 

Leave the Sciences.  In the book, the authors present findings from an ambitious three-

year, seven-campus study on reasons why undergraduate STEM students switch to non-

STEM programs (Seymour & Hewitt, 1997).  Seymour and Hewitt spent over 600 hours 

in interviews and focus groups with students to detail their experiences and impressions.  

Students in the study claimed that the way faculty interacted with students created an 

environment which was chilly and unwelcoming (Seymour & Hewitt, 1997).  The 
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students also felt that teachers promote attrition of weak students, seeing the failure of 

less-qualified students as a sort of badge of honor for faculty members who helped 

maintain the rigors of the major by dismissing the incapable students (Seymour & Hewitt, 

1997).   

Nearly two decades later, Christe, a senior faculty member at Indiana University-

Purdue University Indianapolis, wrote an article in the Journal of STEM Education on the 

importance of faculty-student interactions within STEM disciplines (Christe, 2013).  In 

her article, Christe claimed that the current state of STEM programs has not changed 

since the time of Seymour and Hewitt’s writings and that students in STEM programs 

still face cold, unwelcoming faculty, particularly in introductory courses (Christe, 2013). 

Lichtenstein, Loshbaugh, Claar, Bailey and Sheppard (2007) found that STEM 

students who have even one single positive experience in an introductory course are 

significantly more likely to persist to graduation.  Positive experiences which improve 

retention could come in the form of faculty recognition, positive feedback on an 

assessment, encouraging words from peers, or other sources (Watkins & Mazur, 2013).  

Faculty members and administrators should be focused on creating those positive 

interactions in order to improve student retention. 

A visible subtheme in this study related to faculty interactions was that faculty 

who demonstrate good teaching tactics can improve retention.  These tactics included 

gauging student learning and adapting lesson plans accordingly, teaching with passion 

and helping students build a passion for the subject matter themselves, and faculty 

showing students that they care about student learning.  In this study, Jackson, a student, 

claimed that teachers who show the passion they have for the subject matter inspire 
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students to learn more [133].  Another student, Troy, claimed that teachers who are happy 

and bring energy also show students that they care about student learning which helps 

students want to achieve more [134]. 

The idea that teaching tactics is related to student retention was also a dominant 

theme in the existing STEM research.  However, the existing research primarily focuses 

on the negative effect poor teaching has on retention.  Finley (2011) interviewed Matthew 

Moniz, a former engineering student at Notre Dame who dropped out of his major during 

his sophomore year.  Moniz claimed that the introductory curriculum did not help him 

see the value and true use of engineering in a career or profession (Finley, 2011).  Mr. 

Moniz claimed that his classes were all about “memorizing equations” and yet he felt 

engineering really should be about application of knowledge “which they didn’t teach too 

well” (Finley, 2011, p. 2).  This failure to link application to teaching and research is not 

only part of the plan outlined by administrators at Purdue University, but also a critical 

component of maintaining engagement among STEM students (Finley, 2011).   

Teaching tactics repeatedly emerged as a contributor to attrition in the existing 

research on STEM retention.  Students in a different study at Purdue University claimed 

they felt that STEM faculty members intentionally made classes boring and painful, 

making persistence an even more arduous task for students (Atkinson, 2012).  In 2013, a 

study by Watkins and Mazur found that nearly 90% of exiting students blamed 

ineffective teaching in one way or another for their departure.  Given the frequency with 

which teaching tactics as a contributor to retention arose in this study and the alignment 

of those concepts related to poor teaching and its effect on attrition in the existing 
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research, there does appear to be congruence on this subject between the existing STEM 

research and this study on computer science retention.   

The challenge of computer science improves retention.  Finally, the findings in 

this study showed that the challenging aspect of computer science was both a leading 

cause of retention and attrition.  In this study, Jackson, a student, indicated he may not 

still be enrolled had the program not been as challenging.  He claimed that when he 

thought of dropping out he saw the challenge and rose to meet it: 

I kind of just got a stubborn streak. The more I thought about it I thought I’d be 

bored and wasting my time somewhere else. The challenge from computer 

science made me not want to go to another degree because I would have looked at 

it and thought it had less value than a computer science degree [34]. 

The existing STEM research did not appear to reflect the retention-related 

benefits of difficult and challenging coursework.  However, that concept did appear in 

some of the existing research on computer science retention.  One example was found in 

the study conducted at the George Institute of Technology where students claimed the 

challenging work contributed to persistence (Biggers et al., 2008).  In the study, students 

who persisted described the workload positively, claiming it taught students to solve real 

problems and learn to manipulate code which is required for success in future classes 

(Biggers et al., 2008). 

Related to this theme is an attrition-oriented theme which will be discussed in the 

attrition section of this chapter.  The theme revolves around the idea that students are not 

prepared adequately for computer science majors.  One aspect of that theme is that the 

challenge of computer science is too much for many students, contributing to attrition.  
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This study showed a polarity to the challenge of computer science: some students 

embraced it and persisted at the same that others did not and dropped out.  This polarity is 

also seen in the Georgia Institute of Technology study where many of the students cited 

the challenging workload as a primary factor in their decision to leave (Biggers et al., 

2008).  If administrators can find ways to spark interest among computer science students 

and create buy-in for the challenge, they may be able to positively affect retention. 

Summary of persistence-oriented themes.   

Overall, this study and the existing research agree that friends and social networks 

are significant contributors to retention.  However, this study also included subthemes 

related to social groups which were not found in the existing research.  One such 

subtheme revolved around the idea that students in computer science may experience 

their first real social life in college.  Participants claimed that computer science students 

often lack social skills and may not have had a social life in high school.  Those students 

then enroll in college computer science programs and find themselves surrounded by 

like-minded individuals, suddenly enjoying a social life for the first time.  Some students 

felt this was a positive morale booster for students who otherwise have not experienced 

significant social bonds. 

The other subtheme revolves around the “geek” culture that exists in computer 

science and the idea that the culture enables many students to feel more at home and to 

feel more comfortable making friends.  It should be noted that this was also cited in this 

study as a predominant theme leading to attrition.  The concept of the “geek” culture 

appears to be somewhat polarizing and the negative aspect of that culture will be 

discussed in the non-academic reasons for attrition section in this chapter. 
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The findings from this study related to career opportunities do not match those 

from the existing research.  In this study, career outlook was a predominant theme which 

contributes to retention.  In existing research the career opportunities have been cited as a 

negative which contributes to attrition.  This raises the question as to what different types 

of messaging are students receiving at Saint Anthony College regarding career 

opportunities compared to other institutions. 

Both the findings in this study and the existing research on STEM retention show 

that various best practices in teaching tactics can positively affect retention.  Likewise, 

building positive relationships between students and faculty was a positive theme in both 

this study and existing STEM research.   

This study also had some congruence with existing research regarding the 

challenging nature of computer science.  Both this study and the existing research 

indicate that the challenge of computer science can positively and negatively affect 

retention.  As will be discussed in the attrition section, many students feel the challenge is 

off-putting to computer science retention.  Yet, at the same time, others feel that the 

challenging nature of the program is a key reason why they have persisted. 

Attrition-Oriented Themes 

Students are not prepared for the rigors of computer science.  The most 

prevalent attrition-oriented theme which appeared in this study was that students are 

unprepared for the rigors of computer science.  This is a theme which is also prevalent in 

both existing STEM and computer science retention research.  One study by Beaubouef 

and Mason (2005) found that some students lack the study habits to succeed on larger, 

complex programming assignments which require planning, execution, and debugging.  
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These problems often require project management skills, something which is typically 

not taught in introductory computer science courses, leaving students to rely only upon 

the study skills and habits learned in high school (Beaubouef & Mason, 2005).  As cited 

by O’Shaughnessy (2010), some experts point to underprepared students entering the 

nation’s universities as a leading cause of STEM’s retention woes.  Grade inflation, weak 

curriculum, and the mentality of no child left behind has created an attitude of entitlement 

and an unrealistic workload expectation among incoming freshmen students 

(O’Shaughnessy, 2010).   

Although this study agrees that students are unprepared for success in computer 

science, the reasons offered are quite different.  One subtheme which arose frequently in 

this study was that students come into computer science not knowing what they are 

getting themselves into.  Participants indicated that students enroll in computer science 

programs because they are users of technology.  Participants described students who 

enjoy playing video games or have an affinity for technology gadgets and, because of 

those predispositions, they enroll in computer science programs.  Those students then 

realize that creating technology is much different than simply using it.  One student in 

this study, Cory, described some of his peers who “come to computer science because 

they like working with computers and they like their phones and technology but then 

realize it’s a different animal to actually build it” [118].  Other students pointed to high 

school curriculum which they cite as unchallenging and mundane.  Marcus, another 

student, claimed that “a few years ago the whole No Child Left Behind thing kind of 

dumbed down everything” [119]. 
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Many students in this study posited that computer science is harder than many 

other disciplines because it is much more difficult to feign knowledge of the subject.  As 

Saint Anthony student Chase put it:  

Computer science is also very hard to apply properly…  It’s a tough major. You 

can easily fake your way through a paper but you can’t do that with a program 

you have to write.  The computer will do exactly what you tell it and you can’t 

really fake it [65]. 

Finally, video game addiction was one of the most persistent subthemes related to 

students not being prepared for computer science.  Related to poor study habits and a lack 

of time management, this topic was dominant enough that it warrants its own discussion 

outside of study habit preparation.  Harrison, another student in this study, admitted to 

being somewhat addicted to video games himself and perceived that it is more common 

among computer science students: “[Game addiction] has a huge effect on motivation and 

work ethic” [69].  Fellow student Kylie expressed an opinion that video game addiction is 

“one of our biggest problems” in computer science [70].  Yet another student, Wallace, 

agreed:  

Video game addiction is a real problem. People play 6 hours of Dark Souls 3 (a 

recently released video game) and stay up until 4 am and then go to class at 7 am. 

I think the majority of academic problems are related to video games [71]. 

Video game addiction is a subtheme which did not appear in any of the existing 

research on STEM or computer science retention.  In addition to video game addiction, 

the culture of computer science programs, which students in this study claimed 

perpetuates video game playing, was not a topic in existing research.  If video game 
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addiction is more common among computer science students, administrators may be able 

to improve retention by providing faculty and students with prevention and detection 

programs. 

Inability to create social networks or form friendships.  Another dominant 

attrition-oriented theme was that students who fail to build a social connection tend to 

struggle, decreasing their chances of persisting.  The reader may recall that the opposite 

of this theme was also a major theme discussed in the retention sections of this chapter: 

students who are able to create a social network among their peers improve their chances 

of persisting.  The fact that this theme was so predominant both in regards to persistence 

and attrition throughout this study makes this one of the more important findings in the 

study.   

The existing research on STEM and computer science retention also echoes the 

importance of social networks in relation to retention.  In a study by Marra and Rodgers 

(2012), STEM students who dropped out of STEM programs reported feeling no sense of 

belonging in their program (Marra & Rodgers, 2012).  It is worthy of note that the study 

also claimed that students who expressed feeling that they did not belong in the program 

or did not fit in were not always underperforming students but often had extremely high 

grade point averages and performed well in STEM courses (Marra & Rodgers, 2012).  In 

a study by the National Dropout Prevention Center at Clemson University, STEM 

students were asked to provide their primary reasons for leaving their major.  Two of the 

primary contributing factors those students reported were that they felt that nobody cared 

about them in the major and they felt that they did not belong (Pauley, 2011) 
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A study at the Georgia Institute of Technology also reported that the one of the 

common causes for computer science students dropping out was related to a sense of not 

belonging in the program (Biggers et al., 2008).  Other studies indicated that many 

computer science dropouts reported feeling they had inadequate support networks, 

including ineffective faculty members, to help them persist in computer science (Talton, 

Peterson, Kamin, Israel, & Al-Muhtadi, 2006).   

Although the existing research and the findings from this study appear to agree on 

the importance of social networks for computer science students, this study adds several 

subthemes in this area which add depth to this theme.  The first subtheme was the theory 

that a large percentage of computer science students are introverted or lack social skills, 

and they have difficulty creating friendships with others.  Saint Anthony student Sabrina 

claimed that she felt that a vast majority of the students were shy and that “some people 

don’t know how to make friends” [120].  Brian, another student, reported feeling that 

“some students are so introverted that they won’t open up and won’t allow [social] 

connections to happen” [121]. 

Another subtheme found in this study was related to the concept that because 

many computer science students spend a significant amount of time online and they may 

have tendencies to be less socially inclined, they often prefer online relationships over the 

in-person variety.  Hunter, a student participant in this study, described himself this way:  

I don’t do a lot with anything outside of class here.  I don’t hang out with people 

or anything. I stay at home and play video games or do homework.  Most of my 

friends I play with are online and from before [I came to college] [122]. 
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Another student, Cory, also claimed he knew students at Saint Anthony College 

who “don’t try to make friends in school because they’d rather be with their online 

friends” [123]. 

The third subtheme which arose from this study is related to the “geek” or nerd 

culture which was attributed by participants to computer science programs.  This 

computer science culture appeared to be a polarizing concept in this study.  It was cited 

by many as a primary non-academic reason for retention and throughout the study it 

appeared that students who embraced that culture increased their chances of retention.  

However, it appeared regularly as a reason for attrition as well.  Students with whom that 

culture does not resonate seem to struggle.  Saint Anthony student Harrison claimed that: 

Though I also do not like the subculture.  It’s extremely nerdy to the point of 

social detriment. A lot of people don’t know how to interact with people and it 

leads to awkward moments and difficult social settings.  [It’s not part of] the 

school or the faculty or anything, it’s just a part of the student body… There are 

some more socially adept students who are turned off and annoyed by the geek 

culture and it may lead to attrition [124]. 

Highlighting the polarizing nature of the culture, Harrison continues:  

Though at the same time, I do think that this culture really helps those who love 

that culture.  They are usually the outcasts in school, especially high school and 

while it’s off-putting to some, [the culture is] nice for them because they have a 

home and a safe harbor [124]. 

Related to this subtheme is the concept that if computer science students are often 

socially awkward or introverted, then those who are not introverts get frustrated and have 
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a hard time creating friendships.  Another student, Kylie, described this phenomenon: 

“Some of those who have great social skills get very frustrated with other computer 

science students because they can’t communicate well and they don’t want to make 

friends or at least don’t do so easily” [125]. 

Struggling students do not seek help.  Another key attrition-oriented theme 

which arose from this study was that students who struggle often do not seek out help.  

Many participants felt that students do not approach faculty for help because they do not 

want others to know they are struggling.  One student, Harrison, felt that this desire to 

hide your struggles is “a basic human trait” and that he noticed a lot of students who 

“don’t talk to teachers because they don’t want the teacher to know they are struggling” 

[114].  Other students claimed that a lack of social skills comes into play when students 

need help.  Donovan, one such student, claimed that students do not seek help because 

“they lack social skills and think they’ll be rejected” [117].  Another reason many 

students in this study felt students do not seek help when struggling is that those students 

to not want peers to know they are struggling because their felt peers might look down on 

them.  Donovan described seeing “people in my class who mock students who don’t 

know things” [117].   

A significant portion of the existing STEM research agrees with this disconnect 

between faculty and students.  One area in which this study agrees with the existing 

research is with the negative attitudes from peers when students struggle.  One study 

conducted by Barker, Hovey, and Thompson (2014) involved a large-scale survey of 

computer science students across 14 universities.  Students in the study indicated that a 

small minority of students appeared to understand all basic computer science concepts 
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and dominated classrooms by answering the teacher’s questions and controlling group 

assignments.  Students who dropped out claimed that these vocal minority students 

helped create an atmosphere in which students who struggled to grasp concepts felt 

ostracized and unpopular (Barker, Hovey & Thompson, 2014).   

The existing research also describes computer science faculty who come off as 

cold and unwelcoming (Christe, 2013; Dehnadi & Bornat, 2006).  This cold and 

unwelcoming atmosphere described in the existing STEM retention research did not 

appear to be a theme in this study.  Students in this study instead frequently opined that 

the onus is not on the faculty but on the student to seek out help.  Participants in this 

study felt that faculty members seemed welcoming and friendly.  Instead, the students in 

this study blame their peers for the lack of communication when struggling.   

Isaac, a student participant in this study, described the faculty as being “very 

accessible” and yet acknowledged that for some reason “students don’t go to them (the 

faculty)” [115].  He felt that students are taught not to ask questions in high school and 

perceived that mentality carried over into college for many students [115].  Troy, another 

student participant, also felt the faculty members were not the cause of the problem but 

blamed students’ poor communication skills: “Students lack communication [skills].  It’s 

not the faculty members’ faults.  Students don’t do well talking to people” [116]. 

Although the theme from this study that struggling students do not seek help does 

agree with existing research, the causes appear to be different.  In existing research the 

students blame faculty for creating a cold, unwelcoming environment.  In this study, 

participants blamed students for lacking communication skills and motivation. 

Summary of attrition-oriented themes.  
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This study and the existing research on STEM and computer science retention 

agree that many students are unprepared for the rigors of computer science.  Both this 

study and the existing research point to high school curriculum as being too 

unchallenging and not stretching students enough to succeed in difficult college majors.  

Additionally, this study described students who come to computer science because they 

are users of technology and they do not understand what it takes to be a builder of 

technology.  Often when students realize how different and difficult it is to actually create 

technology, they become dismayed and dropout.  Finally, this study described massive 

problems with video game addiction and a strong relationship between video game 

addiction and computer science students.  Neither the idea that students enroll because 

they use technology or the addictions to video games were dominant themes in existing 

research. 

The findings from this study and the existing research agree on another central 

attrition-oriented theme: students who cannot build a strong social network tend to 

struggle.  However, several subthemes in this area arose in this study and were not 

discussed in existing research.  First is that some computer science students are often 

introverted or lack social skills, making it difficult for them to create those social 

networks.  Second is that many computer science students may often prefer relationships 

online rather than in-person.  And third is that the geek culture, which many claim 

accompanies computer science programs is a turnoff for many, especially the more 

extroverted students, causes extroverted students to struggle building social networks 

with other introverted students. 
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This study described the unwillingness of students who struggle to seek help from 

faculty or peers.  The existing research on STEM retention describes a cold and 

unwelcoming environment created by unfriendly faculty members.  That unwelcoming 

environment could very well be a cause of struggling students being unwilling to talk to 

faculty members.  However, participants in this study describe faculty as friendly, 

welcoming, and accommodating.  Instead, participants in this study attributed the 

unwillingness to approach faculty members to poor social skills among students.  Both 

this study and existing research described some students as being unsupportive and 

derisive toward struggling students. 

Implications for Higher Education Practice 

This section will present implications for higher education practice based upon 

the findings of this study.  These implications range from individual action to institutional 

policy. 

Connector Students 

An interesting emergent theme which arose from this study was the concept of 

connector students.  Connector students are those who can relate both to introverted and 

extroverted students alike as well as bridge the computer science culture in order to 

facilitate social relationships between all types of students.  The implication for higher 

education regarding these connector students is that administrators may be able to 

positively affect retention by identifying and leveraging the strengths of those connector 

students.  Social groups and support networks have been found to directly affect retention 

in this study and in existing literature.  Participants in this study claimed that connector 

students can help create those relationships and the sense of community needed to help 
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students feel comfortable.  Administrators may be able to build programs to identify 

connector students and other programs to help them be more effective in developing 

social bonds among their peers.  Programs such as freshmen orientation courses and 

course mentors or subject tutors may be a good place to introduce these connector 

students effectively.   

Social Groups and Support Networks 

Social groups and support networks were cited among the participants in this 

study as the leading cause for persistence among computer science students.  

Concurrently, the lack of social groups and inadequate support networks was cited as the 

second most dominant contributor to attrition.  Given the polarity of the social group 

theme, one implication for higher education practice is related to fostering the 

development of social networks among computer science students.  If administrators, 

staff, and faculty can develop programs aimed at creating those vital social connections, 

they may be able to improve retention in computer science.  Administrators should 

attempt to facilitate those relationships as early as possible to maximize the influence on 

retention.   

In recent years many administrators have added first-year seminar courses 

intended to facilitate those relationships and build a sense of belonging institution-wide 

(Klatt & Ray, 2014).  These types of programs may be a good place for administrators to 

begin as they focus on facilitating those social connections. 

However, one of the major subthemes on this issue in this study was that many 

computer science students are often introverted or lack social skills, making it difficult 

for them to create those social networks.  Administrators should be aware of the 
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demographic of the computer science students in their programs.  If those students share 

those social anxieties, administrators should work to build programs specifically designed 

for those types of personalities.   

Another subtheme from this study was that many computer science students may 

often prefer relationships online rather than in-person.  This again increases the 

importance of building those in-person social connections for computer science students.  

Administrators should be aware of these tendencies of computer science students and 

work to educate students on the importance of forging in-person bonds with their 

computer science community.  Additionally, there are other ways to leverage online 

relationships to cultivate a sense of belonging among computer science students.  Online 

tutoring and mentoring sessions could be more effective for some computer science 

students than in-person sessions.  Students in computer science courses would likely 

benefit from online social events as well as in-person events.  Administrators should 

work with students as they build programs to meet those needs.  Effective metrics around 

those programs will be critical in identifying the levels of success achieved. 

Finally, a third subtheme was that the geek culture, which many participants 

claimed accompanies computer science programs, can be a turnoff for students, 

especially the more extroverted students.  This causes those students to struggle building 

critical social networks.  The implication for higher education with regard to this 

subtheme is that administrators should be aware of the polarizing nature of the computer 

science subculture and work to build programs which foster relationships with students at 

both ends of that cultural spectrum.  The computer science culture was cited as a major 

contributor to retention, so administrators should be careful not to change it too 
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drastically.  But administrators should also be aware of the negative effects of the culture 

on some students and work to build a congruent counterculture for those students.  If 

administrators can help design and develop subcultures in computer science that resonate 

with both groups they are likely to positively affect retention. 

Students are not prepared for the Rigors of Computer Science 

This study and the existing research both agree that students are often not 

prepared to succeed in computer science.  Although both this study and the existing 

research point to problems in the high school education system as a cause, this study also 

identified other themes which contribute to the problem.  Students in this study perceived 

that many students enroll in computer science programs not knowing what they are 

getting into.  Those students enroll because they enjoy playing on their phones or other 

gadgets and think computer science will continue that love of technology.  Students then 

become dismayed when they realize that building technology is much different than 

playing with it.  Another subtheme emerging from this study was that many students are 

addicted to video games, hampering their ability to study and succeed. 

The implications for higher education on this front are widespread.  First, if high 

schools are really not preparing students for challenging disciplines, administrators must 

be aware of it and work to do all they can to improve student readiness.  Administrators 

can use freshman and introductory courses to reinforce principles required to succeed in 

college and, particularly, in difficult disciplines such as computer science.   

Second, if computer science students do not often understand what they are 

getting into, computer science faculty and administrators should work to educate students 

early to ensure they have no misconceptions and they are aware of what it takes to 
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succeed.  Students who enroll in computer science programs and do not fully understand 

what they are getting into may struggle more than others.  Administrators should work to 

develop programs for freshmen which spotlight the nature of computer science, the type 

of work involved, and the career opportunities that await computer science graduates.  

These programs can develop interest among prospective computer science students while 

also ensuring that incoming computer science students are adequately educated about the 

nuances and challenges of the degree. 

Finally, if video game addiction is as prevalent and destructive as is pointed out in 

this study, large numbers of students may be at risk.  If computer science programs have 

a higher percentage of students who are addicted to video games, the problems related to 

attrition due to those addictions will likely grow as gaming becomes more and more 

immersive.  Administrators should be aware of these addictions and build programs to 

educate faculty and students on detection and prevention as well as to intervention in 

extreme cases. 

Struggling Students Not Seeking Help 

Another theme arising from this study was that students who struggle do not seek 

help.  Various reasons were offered for this phenomenon including students lacking 

social skills and unsupportive and derisive peers.  The implication for higher education in 

this theme is that if administrators desire to increase retention rates, they need to be able 

to help struggling students feel comfortable enough to reach out for help.  This can come 

from faculty and administration support but it also appears evident that students need to 

buy into this line of thinking.  If student peers create problems for struggling students, 

administrators must be aware of it and work to improve the attitudes and collaborative 
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atmosphere among students.  Administrators can help rectify this phenomenon by: (a) 

building programs designed to educate faculty on ways to encourage students to ask for 

help, (b) educating students on when and where to ask for help, and (c) designing mentor 

and student leadership programs to help students watch for and reach out to struggling 

peers. 

Career Outlook 

In this study, the career opportunities which await computer science graduates 

were cited as significant contributors to persistence.  The implication for higher education 

administers to consider is that in order to improve retention, they must consider how best 

to communicate the great job prospects to computer science students.  Students in this 

study mentioned the positive effect of Saint Anthony’s Career Week and the messages 

received from employers during that timeframe.  Administrators should consider ways to 

increase the awareness of careers and opportunities in computer science on their 

campuses. 

The existing research paints a different picture of the influence careers have on 

computer science students.  In a Georgia Institute of Technology study, exiting computer 

science students pointed to lackluster jobs and dissatisfaction with the prospects of a 

career of coding as primary reasons for leaving (Biggers et al, 2008).  This contrast 

between the existing research and the results from this study could be related to the way 

the students learn about those careers and career opportunities at various institutions.  

Does Saint Anthony College emphasize those careers in a different way or more 

frequently than the institutions in question in the Georgia Institute of Technology study?  

Are different types of careers being emphasized at Saint Anthony than in the other 
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institutions?  Do Saint Anthony’s Career Weeks, which occur quarterly and in which 

nationwide employers visit Saint Anthony’s campus to discuss careers and opportunities 

with students, make students feel more optimistic about career opportunities?  

Regardless, the fact that the career outlook was emphasized so positively in this study 

and was negatively mentioned in existing research raises questions for future research.  In 

what ways can administrators effectively convey the job security, growth opportunities, 

and interesting aspects of computer science jobs? 

Faculty Interactions and Teaching Tactics 

Another theme which was present in both the findings of this study as well as the 

existing research is that students who build positive relationships with faculty members 

are more likely to persist.  The implication for higher education administrators is that if 

faculty do not create positive learning environments and work to improve teaching, 

student retention may suffer.  Administrators may want to consider reasons why bonds 

between computer science students and their faculty appear to be so critical.  It may be 

because of the challenging nature of computer science and the need for direct one-on-one 

instruction for many students.  If students do not feel comfortable with their instructors 

they may not be willing to seek out help when struggling.  Administrators and faculty 

may want to develop programs which facilitate the formation of those positive 

experiences between faculty and student.  Administrators should focus on creating 

opportunities for those bonds to form with existing faculty.  Administrators should also 

consider the personalities of faculty and the likelihood of them forming those bonds with 

students when hiring faculty. 
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A related subtheme found in both this study and in existing research on STEM 

retention is that improving teaching tactics can positively affect retention.  For most 

academic administrators, this finding likely comes as no surprise.  Improving best 

practices in teaching has been an emphasis in higher education since before the start of 

the nineteenth century (Labaree, 2008).  The implication for higher education is that to 

improve retention they should look to increase teaching quality and best practices within 

their institutions.  The prevalence of this theme in this study and in existing research may 

imply that quality teaching has a bigger effect in computer science degrees than in other 

degrees.  Administrators may want to develop teaching best practices specifically 

designed for computer science teachers and measure effective teaching within the major.   

Recommendations for Higher Education Practice 

The findings from this study have produced some recommendations for higher 

education practice.  Recommendations on social relationships, unprepared students, and 

understanding the student mindset will be presented. 

Social Relationships 

The first recommendation for higher education practice is that administrators 

work to find ways to help computer science students build social connections.  Social 

networks and friendships were cited as primary reasons for both attrition and retention in 

this study and in the existing research.  First-year seminar courses and introductory 

computer science courses should emphasize facilitating relationships and helping 

students build that sense of community with their peers and the faculty.  Students in this 

study claimed that out-of-class activities with other computer science students had a 

significant effect on facilitating those relationships.  One student in this study, Chase, felt 
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that “activities help students socialize and then make friends and when you have friends it 

makes a big difference in retention” [130].  Donovan, another student, felt that activities 

“help students who are shy so it gives them an environment to make friends” [131]. 

 Yet as administrators implement these activities or other methods designed to 

help build relationships among students, they must be cautious in how they leverage the 

computer science culture.  Administrators should note that the culture in computer 

science, based on the findings of this study, appears to be fairly polarizing.  Many 

students in this study claimed the culture in computer science was key to retention while 

also claiming that it drives students away as well.  Administrators should be cognizant of 

that culture and its effect on students and identify ways to build relationships with both 

groups.   

One way to build relationships with multiple groups in this manner is by 

leveraging connector students.  In this study, many participants identified connector 

students as those who can relate well with introverts and extroverts alike and who can 

build relationships with students on both sides of the polarizing culture.  One student in 

this study, Kristina, claimed that “it’s easy to tell who the connectors are.  We can usually 

[identify them] in the first few weeks [of college]” [132].  Other participants in this study 

described connectors as those who are natural leaders, who make friends easily, who are 

helping other students, and who are happy and always smiling [100; 106].  

Administrators should work to identify these connector students early and identify ways 

to leverage them in the building of the computer science community. 

As administrators work to develop programs focused on cultivating positive 

relationships among students, they should consider the findings in this study regarding 
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the computer science population.  First, computer science students may often be 

introverted personalities and/or lack social skills.  Administrators should focus programs 

on developing relationships among students with those parameters in order to be most 

effective.  Second, students in computer science programs may often prefer online 

relationships over in-person ones.  Administrators should work to facilitate in-person 

relationships among students and be more understanding of the online preference of some 

students.  Administrators may benefit from creatively seeking ways to leverage that 

affinity for online relationships such as online tutoring and mentoring or online social 

events. 

Unprepared Students 

Another recommendation for higher education practice is that computer science 

administrators should work to find ways to help computer science students who are 

unprepared for the rigors of the program.  Diane Ravitch, a Research Professor of 

Education at New York University and a senior fellow at the Brookings Institution, 

showed that college readiness nationwide has been declining over the years as 

demonstrated by poor performance on standardized achievement tests and other national 

assessments (Ravitch, 2010; Zhao, 2009).  To help improve college readiness, many 

administrators are implementing programs for first-year students (Klatt & Ray, 2014).  

However, participants in this study suggested that computer science may be more 

difficult than many other disciplines which would further exasperate any lack of 

preparation students may have coming from high school.  When designing college 

readiness curriculum and programs, administrators may want to consider the challenging 

nature of computer science and specifically design programs for computer science 
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freshmen addressing areas in which students are typically weak.  Introductory faculty 

may be a good resource for administrators in this effort as those faculty members may 

have insight into how to best prepare incoming students academically. 

One major subtheme in this area was that students are users of technology and 

may not understand what computer science is when they enroll.  Instead they decided to 

enroll because they enjoy playing video games or playing with tech gadgets.  Once those 

students see how hard it is to create technology, they often become dismayed and leave 

the program.  Administrators should work to implement introductory courses in computer 

science which take advantage of this passion for technology and teach in ways which 

capture the interest of these tech-oriented students while introducing them to concepts 

which help them grasp what building technology is all about.  This teaching methodology 

can also help rectify another subtheme: some students are unwilling to ask for help when 

struggling.  If administrators can build these introductory courses in a way which inspires 

creativity and imagination and sends students through a journey of leveraging their tech-

oriented interests as they discover what computer science is really about, they may be 

more likely to build relationships with peers and faculty and feel more at home within 

their major. 

The final subtheme in this area is a crucial one: students in computer science may 

be more prone to video game addiction than other students.  The recommendation for 

administrators here would be to identify the extent of the problem on their campuses and 

build programs to educate awareness of the addiction.  Video game addiction has been 

shown to be every bit as addicting as other behaviors recognized by the American 

Psychiatric Association and the World Health Organization (King, Delfabbro, & 
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Griffiths, 2013).  If computer science students are more susceptible to this type of 

addiction than other students as was suggested in the findings of this study, 

administrators in computer science should ensure they have adequate detection and 

prevention mechanisms in place to help students who struggle with video game addiction. 

Understanding the Student Mindset 

 The final recommendation from this study relates to understanding the mindset of 

the student body.  Participants in this study consisted of students and student advocates at 

Saint Anthony College.  Student advocates at Saint Anthony College are individuals who 

are primarily responsible for the overall health and well-being of a group of students.  

Each student on campus has a student advocate assigned to him or her from the day the 

student enrolls in school.  That advocate remains assigned to the student for the duration 

of his or her time as an enrolled student.  The advocate attempts to form a relationship 

with the student in order to gain trust and be more effective in helping the student with 

any academic or non-academic concerns the student may have during his or her time at 

the institution.  The student advocate participants largely echoed the same comments as 

students throughout the study.  The fact that student advocates in this study had such a 

keen understanding of student issues should underscore to higher education practitioners 

the need for similar programs at their own institutions.  If administrators hope to solve 

critical issues which students face, they need to understand those issues and be aware of 

them in order to act as quickly as possible. 

However, Saint Anthony College’s student advocate program is not perfect.  

Although the comments from student advocates were largely in line with those from the 

students, one major theme was absent in the interviews with student advocates: video 
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game addiction.  Students claimed that video game addiction was “one of our biggest 

problems” [70] and a leading cause of attrition.  Yet student advocates never mentioned 

video game addiction or its influence on retention.  This should again underscore the 

importance of robust student feedback mechanisms in higher education practice.  If 

students are facing something as significant as excessive video game addiction and 

student advocates are unaware of the problem, there may be a disconnect in the way 

advocates approach student counseling.  Administrators may need to further develop 

robust programs to ensure they understand the issues surrounding the student body. 

Recommendations for Future Research 

The findings of this study on factors influencing computer science retention and 

attrition have led to several recommendations for future research.  Future research 

recommendations will be presented in two sections: first, topics that should be considered 

by future researchers; and second, strategies to improve the research procedure from this 

study. 

Topics for Future Research 

Building social connections.  One prominent opportunity for future research is in 

the study of relationships and social connections within computer science.  The social 

aspect of the degree and the important role students’ friends play in retention and attrition 

cannot be understated in terms of the findings of this study.  How can higher education 

administrators facilitate the building of those relationships in computer science when a 

large percentage of the students lack social skills?  How can students who often prefer to 

hang out with online friends be shown the importance of building in-person 

relationships?  How can administrators leverage a preference for online interaction to 
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develop academic and social readiness?  How can administrators facilitate relationships 

between shy or introverted students and faculty members?   

 A related study could focus on the idea of the connector student.  Recall that in 

this study the idea of the connector student is a student who can bridge the social gap and 

relate to both introverted and extroverted students alike.  Likewise, connectors can 

connect with students on both sides of the computer science cultural divide.  A future 

study could focus on this concept of the connector student at other institutions and 

identify whether or not that premise persists outside of Saint Anthony College.  A study 

could be conducted on whether those connectors exist in other disciplines as well.  

Finally, a study could investigate the most advantageous ways to identify connectors and 

to leverage them for the building of the social community in ways which maximize their 

effect on retention. 

 Career outlook. Another area for study would be to evaluate the effect of current 

career projections and positions for computer science students.  This was an area where 

the findings of this study contradicted the existing research.  Students in this study cited 

the career opportunities in computer science as a contributing factor for students to 

persist.  Yet the majority of the existing research describes students who drop out of 

computer science because they felt the career outlook in computer science was boring 

and unappealing (Biggers et al, 2008).  With industry experts pointing to computer 

science as one of the most appealing majors and careers for job stability and job growth 

(CNN, 2015; Cunningham, 2015), what can be done to improve the messaging for 

students nationwide?  How can administrators most effectively instruct computer science 
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students on the career outlook and the opportunities which await them in a way which 

sparks their interest and increases retention? 

 Video game addiction.  Yet, another opportunity for research can be found in the 

effect of video game addiction among computer science students.  In a 2009 study, nearly 

10% of American youths ages 8-18 were found to be “pathological video game players” 

according to the standards for pathological gambling (Iowa State University, 2009).  

Students in this study claimed that video game addiction is one of the biggest challenges 

facing students in the computer science program.  Are computer science students truly 

more susceptible to video game addiction due to their affinity for technology as was 

stated by participants in this study?  How vast is the problem of video game addiction 

among computer science students and college students in general nationwide?  What are 

the best ways to identify and deal with video game addiction? 

 Computer science culture.  Another area for future research would be to 

investigate the extent to which the computer science culture at other institutions mirrors 

that of Saint Anthony College’s computer science program.  In this study, the culture was 

described as a “geek” culture and one in which students felt an affinity for science fiction 

card games and video games.  In this study, it was also found that the culture is 

polarizing.  Computer science culture was cited as a primary reason for retention and 

attrition simultaneously.  Yet this aspect of computer science was not mentioned in 

existing research.  Does that culture exist in other computer science departments?  If so, 

is the culture equally polarizing?  If so, what can administrators do to empower both sides 

of that culture and build a community which feels comfortable to all students?  Are there 
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ways administrators can leverage that culture to develop critical relationships and/or to 

create interesting curriculum? 

Teaching tactics in computer science vs. other disciplines.  One area for 

potential future research would be to investigate the difference between effective 

teaching tactics in computer science and other disciplines.  Effective teaching was cited 

as a primary reason for retention in this study.  Likewise, poor teaching was cited as a 

primary cause for attrition in the existing research.  If teaching tactics play such a key 

role in retention and attrition, more research should be done on best practices and 

effective teaching in computer science itself.  Do the same principles which lead to 

effective teaching in other disciplines apply in computer science?  Are there specific 

methods which can be identified as effective ways to teach computer science topics?  

Particularly, with the findings in this study pointing toward the lack of computer science 

readiness by many students and the idea that many students enroll in computer science 

simply because they enjoy playing with technology, are there specific ways to teach 

computer science to those students without having them hit an unsurmountable wall when 

they approach the more difficult concepts? 

Strategies to Improve the Research Procedure of This Study 

Setting.  This study took place at a small, technology-focused, bachelor’s degree-

granting institution in the Rocky Mountain Region of the United States.  As cited in the 

limitations of this study, all student participants in this study elected to enroll in an 

institution which is primarily focused on computer science.  Future researchers may want 

to implement similar studies at other institutions with different program offerings and 
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student demographics.  Of particular interest may be the perceptions of factors 

influencing retention at Tier 1 research institutions across the nation. 

Focus groups and observations.  In this study, the researcher used individual 

interviews with all participants to gather input and identify perceptions related to factors 

influencing retention.  Future researchers may want to add focus groups as a method of 

gathering data.  Focus groups are conducted as interviews, not discussion groups or 

problem-solving sessions, but they allow researchers to capitalize on elements of group 

dynamics which are not possible in individual interviews (Patton, 1990). 

Additionally, future researchers may wish to study the factors influencing 

retention in computer science using observation techniques.  In observations, a researcher 

collects data by observing behaviors and activities of participants and attempting to 

understand the context of those behaviors (Lofland & Lofland, 1995).  Observations 

allow the researcher to perceive things that the participants may not be aware of or are 

unwilling to admit or discuss (Lofland & Lofland, 1995).  Observations may be a 

particularly useful tactic when attempting to evaluate how connector students help their 

peers form critical social connections. 

Student advocate input.  The researcher in this study conducted interviews with 

15 participants, two of whom were student advocate professionals and the rest were 

current computer science students.  Future researchers may wish to include more student 

affairs participants to increase credibility and triangulation.  Triangulation involves using 

a wide range of participants in order to provide the researchers with a wide range of 

viewpoints which can be verified against one another (Shenton, 2004).  More voices 
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among the student affairs staff members would provide different perspectives, increasing 

the credibility of the study. 

Faculty input.  The researcher in this study did not elect to include faculty in the 

participant population.  This was an intentional omission as the researcher felt the student 

affairs staff members at Saint Anthony College had a better understanding of the factors 

driving student retention and attrition.  However, that may not be the case at other 

institutions.  Future researchers may wish to conduct similar studies but include faculty 

participants in lieu of or in addition to student affairs participants. 

Capture the voice of leavers.  Finally, the researcher in this study included only 

current computer science students in the participant population.  This was done 

intentionally because, given the size of the student body at Saint Anthony College, the 

researcher felt that current students would have valuable perspective on both factors that 

affect retention as well as those that affect attrition.  However, that may not be the case at 

other institutions.  Future researchers may wish to conduct similar studies using the 

voices of students who left computer science programs instead of or in addition to those 

who are currently enrolled in the major. 

Conclusion 

Computer science retention rates are among the lowest on college campuses 

nationwide (Haungs et al., 2012; Shaw & Barbuti, 2010).  Among STEM disciplines, 

computer science retention averages the lowest, with only 36-40% of students who 

declare a computer science major graduating with the degree (Haungs et al., 2012; 

National Center for Education Statistics, 2014; Shaw & Barbuti, 2010).  This low 

retention rate is one factor which contributes to a growing computer science worker 
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shortage in America.  Experts have warned that the computer science worker shortage is 

putting our nation’s security and our quality of life at great risk (Augustine, 2005; The 

Task Force on the Future of American Innovation, 2005; U. S. Department of Education, 

2013).   

The purpose of this study was to explore what current computer science students 

and student affairs professionals perceive to be the factors influencing student retention 

and attrition within the major.  If administrators are to design programs aimed at 

improving computer science retention, it is imperative that a thorough understanding of 

the reasons for computer science attrition be attained.  This study examined perceptions 

among students and staff specific to computer science disciplines. 

Using qualitative research methods, this study was grounded in naturalistic 

inquiry and the constructivist paradigm.  In naturalistic inquiry, the researcher crafts a 

working assumption, or set of assumptions, which continues to emerge throughout the 

study (Lincoln & Guba, 1985). Emergent design, or the ability to further study various 

themes as they emerge throughout the study, is a key component of naturalistic inquiry 

(Agostinho, 2005; Creswell, 2014, Lincoln & Guba, 1985).  There were 15 participants in 

this study.  Two participants were current student affairs professionals at Saint Anthony 

College and 13 were current computer science students at Saint Anthony College.  Data 

were collected through in-person interviews using emergent design.  Member checking, 

reflexive journaling, and audit trails were used to increase the trustworthiness of the 

study.  Themes emerged through the interview process and were categorized and 

developed through an axial coding process.  
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Various themes emerged throughout this study and became pervasive throughout 

the interviews with participants.  Primary among these were several concepts which were 

found to improve retention among computer science students including: (a) positive 

social groups and support networks, (b) the outlook of promising and rewarding careers, 

(c) positive faculty interactions, and (d) the challenging nature of computer science.  

Additionally, various themes arose which were found to increase attrition among 

computer science students including: (a) students may not be prepared for the rigors of 

computer science, (b) student performance may be negatively affected by video game 

addictions, (c) students may not be able to build friendships and a sense of community, 

and (d) students do not ask for help when struggling. 

 It is worthy of note that some factors are cited as primary reasons for both 

retention and attrition in this study.  First, the challenging nature of computer science was 

found to improve retention among students who embraced that challenge.  Yet for other 

students, the challenging aspect of the program exacerbated college readiness issues and 

caused them to dropout of computer science.  Likewise, having strong friendships and an 

established social network was a key contributor toward retention for students who are 

able to create those social connections.  Yet for other students who fail to or are unwilling 

to create those social connections, friendships, or the lack thereof, was cited as a primary 

cause for attrition.  Within this social dynamic is another polarizing concept: the culture 

in computer science programs.   

The study identified a culture in computer science which is “geek-friendly” and 

based on Star Trek, video games, internet memes, and science fiction card games.  

Students who embrace this culture found it inviting and welcoming yet other students 
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with whom that culture does not resonate often become dismayed and leave.  Along with 

this culture comes the danger of video game addiction.  Participants reported that with 

students who are so technology-savvy and who spend so much time online, video game 

addiction has become one of the leading contributors to attrition. 

Yet another polarizing aspect of the culture was found in the large percentage of 

students who are introverted or lack social skills.  According to this study, those students 

who fit that category often arrive in computer science programs and find themselves 

surrounded by similar individuals and their social anxieties are put at ease.  However, 

those students who are extroverted or socially adept often become frustrated with their 

less socially adept peers and leave the program. 

Finally, the study identified the concept of a connector student, or a student who 

is able to bridge social gaps and build relationships with anybody.  Those students were 

found to have a significant effect on retention.  Connector students were reported to have 

a positive effect on social bonds as well as in academic areas.  Because support networks 

and social connections arose in this study as such a critical element in the retention of 

computer science students, these connector students play a particularly crucial role in 

student success.  Administrators should work to identify connector students and find 

ways to leverage them to maximum benefit within the student body. 

If computer science administrators hope to improve retention rates, it is 

imperative that they understand causes of retention and attrition among computer science 

students.  The issues outlined in this study may direct administrators to build programs to 

address key factors of retention including: (a) building better social connections among 

students, (b) finding ways to help students be more prepared for the rigors of computer 
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science, (c) making students feel more comfortable asking for help when struggling, and 

(d) identifying and treating video game addiction.  Additionally, the findings from this 

study may direct administrators to build programs to identify and leverage connector 

students to maximize their effect on the community.  Leveraging the findings in this 

study and other existing research to improve our nation’s low computer science retention 

rates is critical to the future of our economy and our national security. 
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APPENDIX A 

INTERVIEW PROTOCOL - STUDENTS 

Demographic Questions 
1. What is your age? 
2. What is your gender? 
3. In what year and quarter did you enroll at Saint Anthony College? 
4. What is your anticipated graduation date? 
5. What is your current cumulative GPA? 
6. How many courses have you failed at Saint Anthony? 
7. Did you attend college before Saint Anthony? If so, what were you studying? 

 
Interview Questions 

1. What attracted you to Saint Anthony in the first place?  
 

2. What are the academic elements of your experience at Saint Anthony that you 
have enjoyed the most? 
 

3. What are the non-academic elements of your experience at Saint Anthony that 
you have enjoyed the most? 
 

4. What are the academic elements of your experience at Saint Anthony that you 
have disliked the most? 
 

5. What are the non-academic elements of your experience at Saint Anthony that 
you have disliked the most? 
 

6. Have you ever wanted to drop out of computer science and choose another 
degree/career?  If so, when and why? 
 

7. What academic factors have most contributed to your decision to remain enrolled 
at Saint Anthony? 
 

8. What non-academic factors most contributed to your decision to remain enrolled 
at Saint Anthony? 
 

9. Do you know anyone who has left or dropped out of a computer science program 
(at Saint Anthony or otherwise)? 
 

10. If “yes” to the above, talk to me about your peers: what do you think are the 
primary academic reasons some have made a decision to leave? 
 

11. Again, if “yes” to #6, based on those you know what are the primary non-
academic factors why some have decided to leave?  
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APPENDIX B 

INTERVIEW PROTOCOL – STAFF STAKEHOLDERS 

 

Demographic Questions 
1. How long have you been employed at Saint Anthony College? 
2. What is your role at Saint Anthony? 

 
Interview Questions 

1. How well do you feel you know the reasons students persist or leave from 
computer science programs at Saint Anthony?   
 

2. In what ways do you receive that data (personal conversation, surveys, hearing 
from other staff members, etc.)? 
 

3. What do you perceive to be the primary academic reasons students persist? 
 

4. What do you perceive to be the primary academic reasons students decide to drop 
out? 
 

5. What do you perceive to be the primary non-academic reasons students persist? 
 

6. What do you perceive to be the primary non-academic reasons students drop out? 
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APPENDIX C 

RECRUITING MATERIALS – INFORMATION SHEET 
 

You are invited to participate in a research study conducted by Aaron Reed (the 
researcher) through Texas Tech University. The purpose of this study is to explore what 
current computer science students and student affairs professionals perceive to be the 
factors influencing student retention and attrition. We hope this study will add value to 
the higher education community and help college administrators nationwide understand 
how to improve retention in computer science. 
 
What would you do if you participate? 
Your participation will involve an in-person interview by the researcher.  The researcher 
will ask questions about your time as a computer science student and your perceptions 
about reasons why you stayed enrolled.  The researcher will also ask you about your 
perceptions about reasons why some of your peers may have dropped out or switched 
majors. 
 
Can you quit if you become uncomfortable? 
Yes, absolutely.  Your participation is completely voluntary.  Aaron Reed and the 
Institutional Review Board have reviewed the questions and believe you can answer them 
comfortably.  You may skip any question you do not feel comfortable answering.  You 
can also stop answering questions at any time.  You are free to leave any time you wish.  
You can keep all the benefits of participating even if you stop.  Participating is your 
choice.  However, we do appreciate any help you are able to provide. 
 
How long will participation take? 
The interview is expected to take 30-60 minutes of your time. 
 
How are we protecting privacy? 
Your name and any identifying information will be kept only on the interview notes 
recorded by the researcher.  The researcher will assign you a unique identifier and that 
will be the only connection between any of your answers and you unless you specifically 
request that a quote or thought be ascribed to you personally.  Nobody other than the 
researcher will ever see the identifying key mappings which trace your identifier to your 
name or other identifying information. 
 
How will you benefit from participating? 
You will have provided valuable perspective on the issue of computer science retention 
to the higher education and research communities.  
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What if you have questions regarding the study?  
• This study is being conducted by Aaron Reed from the Department of Education at 

Texas Tech University.  If you have questions, you can call him at 801-302-2884 
• Texas Tech University also has a Board that protects the rights of people who 

participate in research.  You can call to ask them questions at 806-742-2064.  You can 
mail your questions to Human Research Protection Program, Office of the Vice 
President for Research, Texas Tech University, Lubbock, Texas 79409, or you can 
email your questions to www.hrpp@ttu.edu. 

 
Consent 
I have read this form and acknowledge that I have been given the opportunity to ask 
questions. I give my consent to participate in this study. 
 
 
Participant’s signature_______________________________  Date:_________________ 
 
This form and the corresponding signature of consent expire on 05/28/2017 
 
A copy of this signed consent form will be provided to you. 
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APPENDIX D 

HUMAN RESEARCH PROTECTION PROGRAM APPROVAL 
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APPENDIX E 

PARTICIPANT INVITATION EMAIL 
 
Hi ________________, 
 
My name is Aaron Reed and I am a doctoral student at Texas Tech University.  I am 
currently working on my dissertation in which I’m studying student retention in computer 
science.  I'm writing to you to see if you'd be willing to participate in a research study for 
that dissertation project.  I believe you would add great value and perspective to this 
issue, which is why you were selected as a potential participant. 
 
Your participation in the study is completely voluntary and there is absolutely no penalty 
if you decide not to participate.  Additionally, if you decide to participate, you may 
choose to withdraw from the study at any time also without any penalty or negative 
ramification. 
 
Your participation is also 100% anonymous and confidential.  Nobody outside of me 
even knows that you’ve been invited to participate in the study.  All information which 
may identify your participation in this study and trace your answers back to you 
individually will be seen only by me and nobody else.  I will describe this process in 
detail to you in person should you choose to participate.  Additionally, the attached 
Information Sheet has more information about the study and the mechanics of your 
participation and confidentiality. 
 
Your participation in the study will involve a 30-60 minute in-person interview (with 
snacks!) with me where I will ask you questions in order to identify your perceptions on 
reasons why some students stay in computer science and why others do not (all while you 
eat snacks). 
 
Your perspective on this problem of computer science retention is extremely valuable and 
your participation would be greatly appreciated.  If you are willing to participate in the 
study, please respond to this email and I will setup an appointment with you. 
 
Thank you! 
 
Aaron Reed 
Texas Tech University Doctoral Student 
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APPENDIX F 

INTERVIEW PROTOCOL – STUDENTS (FINAL) 

Demographic Questions 
1. What is your age?  
2. What is your gender?  
3. In what year and quarter did you enroll at Saint Anthony College? 
4. What is your anticipated graduation date? 
5. What is your current cumulative GPA? 
6. How many courses have you failed at Saint Anthony? 
7. Did you attend college before Saint Anthony? If so, what were you studying? 
8. Where did you live before attending Saint Anthony? 

 
Interview Questions 

1. What attracted you to Saint Anthony in the first place?  
 

2. What attracted you to major in Computer Science?  
 

3. What are the academic elements of your experience at Saint Anthony that you 
have enjoyed the most? 
 

4. What are the non-academic elements of your experience at Saint Anthony that 
you have enjoyed the most? 
 

5. What are the academic elements of your experience at Saint Anthony that you 
have disliked the most? 
 

6. What are the non-academic elements of your experience at Saint Anthony that 
you have disliked the most? 
 

7. Have you ever wanted to drop out of computer science and choose another 
degree/career?  If so, when and why? 
 

8. What academic factors have most contributed to your decision to remain enrolled 
at Saint Anthony? 
 

9. What non-academic factors most contributed to your decision to remain enrolled 
at Saint Anthony? 
 

10. Do you know anyone who has left or dropped out of a computer science program 
(at Saint Anthony or otherwise)? 
 

11. If “yes” to the above, talk to me about your peers: what do you think are the 
primary academic reasons some have made a decision to leave? 
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12. Again, if “yes” to #6, based on those you know what are the primary non-

academic factors why some have decided to leave? 
 

13. Do you know students who are unwilling to talk to their teachers when they are 
struggling or unwilling to ask questions in class? If so, what do you believe is the 
cause? 
 

14. How important is having a friend or a positive peer social group in computer 
science? Does it relate in any way to student retention? 
 

15. Do you think there is a correlation between students who were challenged in high 
school and success in computer science?  Why or why not? 
 

16. Is video game addiction an issue at Saint Anthony? If so, does it influence 
retention? Why or why not? 
 

17. Is there a distinct computer science or geek culture in the computer science 
program?  If so, does it influence retention? Why or why not? 
 

18. Are computer science peers supportive of one another? Why or why not? Does 
this influence retention? Why or why not? 
 

19. <Describe the connector theory> Do connectors exist?  If so, do they influence 
retention? Why or why not? 
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APPENDIX G 

AUDIT TRAIL 

Reference # Participant Source Page/Line Number or Location 

Information 

[1] Brian Interview Transcript Line 7 

[2] Kristina Interview Transcript Line 7 

[3] Harrison Interview Transcript Intro questions 

[4] Marcus Interview Transcript Intro questions 

[5] Isaac Interview Transcript Intro questions 

[6] Troy Interview Transcript Intro questions 

[7] Hunter Interview Transcript Intro questions 

[8] Sabrina Interview Transcript Intro questions 

[9] Georgia Interview Transcript Intro questions 

[10] Chase Interview Transcript Intro questions 

[11] Jackson Interview Transcript Intro questions 

[12] Donovan Interview Transcript Intro questions 

[13] Kylie Interview Transcript Intro questions 

[14] Wallace Interview Transcript Intro questions 

[15] Cory Interview Transcript Intro questions 

[16] Donovan Interview Transcript Line 27 

[17] Georgia Interview Transcript Line 30 

[18] Marcus Interview Transcript Lines 30-39 
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[19] Troy Interview Transcript Line 31 

[20] Donovan Interview Transcript Line 28 

[21] Brian Interview Transcript Line 31 

[22] Brian Interview Transcript Line 32 

[22] Kristina Interview Transcript Line 148 

[23] Kristina Interview Transcript Line 149 

[24] Kristina Interview Transcript Lines 155-157 

[25] Chase Interview Transcript Line 127 

[26] Harrison Interview Transcript Lines 33-36 

[27] Jackson Interview Transcript Lines 34-40 

[28] Troy Interview Transcript Lines 134-138 

[29] Harrison Interview Transcript Lines 44-45 

[30] Jackson Interview Transcript Line 141 

[31] Harrison Interview Transcript Lines 39-41 

[32] Chase Interview Transcript Lines 182-185 

[33] Isaac Interview Transcript Lines 74-76 

[34] Jackson Interview Transcript Lines 85-88 

[35] Troy Interview Transcript Lines 35-37 

[36] Kristina Interview Transcript Line 84 

[37] Brian Interview Transcript Line 39 

[38] Brian Interview Transcript Lines 66-70 

[39] Cory Interview Transcript Lines 62-65 
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[40] Wallace Interview Transcript Lines 107-109 

[41] Troy Interview Transcript Lines 70-71 

[42] Georgia Interview Transcript Lines 44-51 

[43] Chase Interview Transcript Lines 43-45 

[44] Sabrina Interview Transcript Lines 268-270 

[45] Donovan Interview Transcript Lines 87-90 

[46] Harrison Interview Transcript Lines 65-68 

[47] Wallace Interview Transcript Lines 43-50 

[48] Sabrina Interview Transcript Line 184 

[49] Jackson Interview Transcript Lines 141-142 

[50] Georgia Interview Transcript Lines 89-92 

[51] Kylie Interview Transcript Lines 54-55 

[52] Kristina Interview Transcript Lines 38-44 

[53] Brian Interview Transcript Lines 54-58 

[54] Brian Interview Transcript Lines 59-63 

[55] Kristina Interview Transcript Lines 125-128 

[56] Kristina Interview Transcript Lines 45-54 

[57] Brian Interview Transcript Lines 97-100 

[58] Donovan Interview Transcript Lines 111-115 

[59] Georgia Interview Transcript Lines 102-104 

[60] Chase Interview Transcript Lines 137-144 

[61] Wallace Interview Transcript Lines 29-36 
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[62] Kylie Interview Transcript Lines 93-97 

[63] Wallace Interview Transcript Lines 97-100 

[64] Isaac Interview Transcript Lines 74-78 

[65] Chase Interview Transcript Lines 148-151 

[66] Marcus Interview Transcript Lines 50-55 

[67] Georgia Interview Transcript Lines 147-148 

[68] Cory Interview Transcript Lines 122-126 

[69] Harrison Interview Transcript Lines 118-122 

[70] Kylie Interview Transcript Line 67 

[71] Wallace Interview Transcript Lines 100-104 

[72] Troy Interview Transcript Lines 72-76 

[73] Donovan Interview Transcript Lines 81-83 

[74] Cory Interview Transcript Lines 100-101 

[75] Harrison Interview Transcript Lines 143-147 

[76] Kylie Interview Transcript Lines 98-102 

[77] Wallace Interview Transcript Lines 137-142 

[78] Isaac Interview Transcript Lines 97-100 

[79] Georgia Interview Transcript Lines 131-138 

[80] Kristina Interview Transcript Lines 65-70 

[81] Brian Interview Transcript Lines 66-67 

[82] Brian Interview Transcript Lines 73-74 

[83] Brian Interview Transcript Lines 74-75 
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[84] Kristina Interview Transcript Lines 75-78 

[85] Kristina Interview Transcript Lines 45-53 

[86] Sabrina Interview Transcript Lines 248-255 

[87] Marcus Interview Transcript Lines 160-161 

[88] Cory Interview Transcript Lines 108-112 

[89] Kylie Interview Transcript Lines 44-50 

[90] Hunter Interview Transcript Lines 34-38 

[91] Cory Interview Transcript Lines 122-129 

[92] Wallace Interview Transcript Lines 105-109 

[93] Sabrina Interview Transcript Lines 248-267 

[94] Cory Interview Transcript Lines 105-112 

[95] Kylie Interview Transcript Lines 50-53 

[96] Troy Interview Transcript Lines 77-80 

[97] Donovan Interview Transcript Lines 40-47 

[98] Kristina Interview Transcript Lines 75-89 

[99] Kristina Interview Transcript Lines 106-109 

[100] Brian Interview Transcript Lines 66-70 

[101] Kristina Interview Transcript Lines 111-119 

[102] Brian Interview Transcript Lines 77-80 

[103] Cory Interview Transcript Lines 115-119 

[104] Chase Interview Transcript Lines 176-180 

[105] Marcus Interview Transcript Lines 166-170 
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[106] Brian Interview Transcript Lines 85-89 

[107] Kylie Interview Transcript Line 65 

[108] Sabrina Interview Transcript Lines 237-244 

[109] Kristina Interview Transcript Lines 65-66 

[110] Troy Interview Transcript Lines 70-72 

[111] Marcus Interview Transcript Lines 65-71 

[112] Jackson Interview Transcript Lines 138-139 

[113] Kylie Interview Transcript Lines 54-56 

[114] Harrison Interview Transcript Lines 143-145 

[115] Isaac Interview Transcript Lines 97-100 

[116] Troy Interview Transcript Lines 57-58 

[117] Donovan Interview Transcript Lines 123-128 

[118] Cory Interview Transcript Lines 90-95 

[119] Marcus Interview Transcript 140-146 

[120] Sabrina Interview Transcript Linea 248-254 

[121] Brian Interview Transcript Lines 66-70 

[122] Hunter Interview Transcript Lines 34-38 

[123] Cory Interview Transcript Lines 126-129 

[124] Harrison Interview Transcript Lines 56-64 

[125] Kylie Interview Transcript Lines 50-53 

[126] Kristina Interview Transcript Lines 65-70 

[127] Kristina Interview Transcript Lines 77-80  
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[128] Tory Interview Transcript Lines 87-88 

[129] Chase Interview Transcript Lines 178-180 

[130] Chase Interview Transcript Lines 42-45 

[131] Donovan Interview Transcript Lines 63-66 

[132] Kristina Interview Transcript Lines 109-110 

[133] Jackson Interview Transcript Lines 32-37 

[134] Troy Interview Transcript Lines 134-139 

[135] Marcus Interview Transcript Lines 110-112 

[136] Marcus Interview Transcript Lines 113-116 

[137] Wallace Interview Transcript Lines 143-146 

[138] Troy Interview Transcript Lines 35-43 

[139] Donovan Interview Transcript Lines 73-77 

[140] Cory Interview Transcript Lines 52-56 

[141] Chase Interview Transcript Lines 54-65 

[142] Kristina Interview Transcript Lines 55-56 

[143] Marcus Interview Transcript Lines 134-139 
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