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Abstract—Persistence is a particularly important topic sur-
rounding computing - 50% of students who begin a computing
major do not complete their major [1]. Persistence in com-
puting is an even larger problem for minority students [2].
In this study, we investigate how participation in the STARS
program impacts persistence in computing among undergraduate
computing students. Using structural equation models based on
post-surveys of 1885 students, we found that participation in
STARS has a significant impact on increasing persistence among
computing students. The relationship between participation in
STARS and increasing persistence differs for white/Caucasian
and Black/African American students. Overall, STARS signifi-
cantly impacts persistence by making students more confident in
their computing abilities, increasing their career awareness, and
providing students with the opportunity to network profession-
ally. Importantly, STARS also influenced persistence indirectly
by helping students to be more satisfied with their majors.
These findings provide a meaningful basis for future research to
investigate how interventions may differentially impact students
from different demographic groups.
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I. INTRODUCTION

Professions in science, technology, engineering, and math
(STEM) are rapidly growing, particularly within the field of
computer science [3]. This career field is incredibly lucrative,
and offers high levels of compensation, but is still dominated
by white men. Men hold 73% of computer science jobs, and
70% of computer scientists are white [3]. These in-demand
and well-paying careers could be life-altering, especially for
less-privileged individuals, but these positions are still out
of reach for many from underrepresented groups, especially
Black/African American students. While considerable attempts
have been made to broaden participation in computing, more
investigation is needed to understand the best practices that are
most effective to retain students in computing programs, and
especially those students who are currently underrepresented
in computing.

This important investigation is being addressed by the
Students and Technology in Academia, Research, and Service
(STARS) Computing Corps, which is an effort of the National
Science Foundation’s Broadening Participation in Computing
(BPC) program [7]. The STARS Computing Corps (STARS)
engages computing faculty and students at colleges, univer-
sities, and community colleges in a community of practice
[8] [9] with a shared commitment to take action to advance
diversity, equity, and inclusion in computing. STARS is a



systematic effort that engages institutions of higher education
to broaden the participation of women and under-represented
minorities in computing. The STARS program is a unique
BPC program because its signature STARS Leadership Corps
intervention is locally and personally tailored to increase
persistence in computing majors and careers. The STARS
Leadership Corps (SLC) is the subject of the current study,
as we seek to understand how STARS impacts persistence in
computing. In this study, we investigate how college student
participation in STARS (through the SLC) increases persis-
tence within computing. Evidence has shown that participation
in STARS increases persistence in computing [16]-[18], [34],
but we have yet to study sow STARS increases persistence. By
analyzing gains in different psychosocial constructs related to
participating in STARS, we can understand how the different
STARS interventions impact the constructs known to increase
persistence in computing, and how these may differ for white
and black students.

II. RACIAL DIVERSITY IN COMPUTING

Black, indigenous, and people of color (BIPOC) are under-
represented in computing, which is widely viewed to be
based upon their lack of interest in computing fields [10].
However, BIPOC are often not counseled on the computing
career opportunities, and as a result, they are unaware of the
computing career options available to them, and therefore do
not select computing majors [4]. Additionally, students from
underrepresented groups may not feel as though they belong in
the field of computing because of the stereotypes that surround
the field, including the prevalence of marketing that depicts
socially awkward white men as the norm in computing [11]
[12]. A sense of belonging is vital to ensure that students
are successful in their undergraduate careers and is crucial to
persistence within STEM majors [11] [12].

Students from historically marginalized groups, including
Black and Hispanic/Latinx students, are underrepresented in
STEM [5] [6]. Far more STEM graduates are needed in
the workforce than are currently enrolled, and the current
demographics for STEM fields are not representative of the
general population. By broadening participation in STEM,
we can ensure that computing serves all individuals [6]. By
focusing on recruiting and retaining individuals from these
underrepresented groups, we can increase the talent pool of
computing. The field of computing also offers a valuable
career opportunity that can allow individuals to break cycles of
generational poverty. However, BIPOC face a major challenge
to pursuing computing - a lack of belonging in computing
programs [5]. It is important for BIPOC students to have
mentors, connections to faculty, and role models of color
in computing, as these relationships are pivotal to increase
persistence among BIPOC in computing [15].

III. PERSISTENCE

Persistence, as defined in this paper, is based on a student’s
agency and motivation, not on the institutional context of
retention, which is defined by the students’ choices to continue

within their major [2]. BIPOC students have a lower level
of completion for STEM degrees, which leads to less of
these individuals within the field of computing [1]. While
persistence and commitment to major are not entirely pre-
dictive of following a career in computing, research suggests
that intentions to persist in a STEM field are predictive of
actual persistence in a STEM career [16]. This finding is
supported by the theory of planned behavior, which states that
the most important predictor of actual behavior is the behav-
ioral intention behind that actual behavior [17]. While many
studies about persistence focus on persistence and interest in
computing from K-12 to college, there is a need for further
studies in persistence in STEM after graduating from college
[18]. Persistence is also related to race, with BIPOC students
experiencing increased structural and institutional barriers to
success and persistence within STEM [1] [12] [19]. Some
of this persistence gap is structural, with BIPOC being less
prepared for a STEM major [19]. However, the pedagogical
techniques used by STEM faculty are also responsible for
lack of persistence among all students, with lecture-based
courses allowing for less engagement than discussion-based
or laboratory courses [20]. While this lack of persistence may
seem alarming, there are several interventions that are being
developed to increase persistence of all STEM students —
and specifically for BIPOC students [2] [21]. While these
programs, like the STARS program, use different types of
interventions, there is little research on how these experiences
may be most impactful for students across a range of identities.
The interventions that have shown the most promise include
research experiences, networking opportunities, and career
exploration [2] [22] [23].

IV. THE STARS COMPUTING CORPS

STARS offers a variety of programs and events designed
to impact student and faculty outcomes and advance BPC
research and practice (see Fig. 1). Our flagship activity is the
STARS Leadership Corps (SLC) program; from its inception
in 2006 until 2016, the SLC has engaged over 2,000 college
students and 100 faculty from 53 colleges and universities
in computing specific service-learning projects. In these SLC
projects, STARS faculty and students collaborate with local,
regional, and national partners to broaden participation of
underrepresented groups in computing through grades K-20.
The SLC is a cohort-based model that encapsulates conference
attendance, training, and BPC action as part of student-led,
faculty-mentored teams. STARS also provides faculty training,
resources, and a community to support student teams to design
and implement BPC service learning projects [24] [25] [26].
In sum, the STARS model (see Fig. 1) creates a BPC commu-
nity of practice through tiered mentoring among faculty and
students across grades K-20, among college faculty, graduate,
and undergraduate students, most of whom mentor students in
grades K-20.

STARS student participation typically starts through at-
tendance at the STARS Celebration, where students become
inspired and learn to engage in BPC initiatives. The STARS



|- GOAL: Increase persistence and promote career advancement of students and
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Fig. 1. The STARS Logic Model

Celebration trains SLC cohorts to create and implement a
BPC action plan, adapted to their local contexts and popu-
lations, and provides a venue for sharing new BPC practices,
resources, and outcomes so that SLC cohorts can learn from
each other. Such cohort-based opportunities for training and
reflection are critical components for enhancing academic out-
comes [22] [28] [29]. The Celebration also builds community,
which is particularly meaningful for the success of students
from historically marginalized groups [30] [32].

When students return to their college campuses, they work
in a cohort to implement an SLC project, spending about 5
hours a week to design a BPC program, deliver and assess the
efficacy of that program, and present about its impact. SLC
projects include teaching computing through K12 outreach;
peer outreach to teach computing to college students; mentor-
ing; research, or internships. For example, STARS students
have designed and led Saturday computing workshops and
after school programs for middle school students, built college-
level peer tutoring programs, and established a network of
computing volunteers who work together to support teach-
ers teaching computing in K-12 classrooms. Some STARS
colleges and universities work together to address regional
needs, for example by holding joint professional networking
events for black computing students. Finally, when their SLC
projects are complete, students are invited to present about
their projects to celebrate their successes and share lessons
learned at the next annual STARS Celebration.

V. RESEARCH QUESTIONS

The central research questions guiding this study of persis-
tence among STARS students are:

1) How do the different components of STARS impact
persistence in computing?

2) Do these components differ for white/Caucasian and
Black/African American students?

VI. METHODS

The data used in this secondary analysis is from the annual
STARS Leadership Corps (SLC) Student Program Evalua-
tion Survey, which has been collected from undergraduate
and graduate student SLC participants from 53 universities.
This survey consisted of items that measured student project

engagement, their attitudes towards the STARS program, in-
cluding how participating in STARS impacted them socially,
academically, and professionally.

A. Participants

1,885 students completed post-surveys after participating in
STARS in the SLC for at least one academic term between
the Fall of 2006 and Spring of 2017, with 1,596 being
undergraduate students, and 259 being graduate students; 674
white/Caucasian and 712 Black/African American. This is a
non-random sample of individuals who participated in STARS
who completed the survey. To be included in this analysis,
respondents had to be undergraduate (associate’s or bachelor’s
degree seeking) or graduate (master’s and doctoral degree
seeking) students and have completed the entire survey in full.

B. Design

The concept of STARS persistence has been used in previ-
ous research and has been analyzed by utilizing four variables
that measure the following: an increased interest in research,
an increased interest in graduate school, an increased level
of commitment towards their chosen career, and an increased
interest in their major [34]. We operationalize STARS persis-
tence as a latent variable based on these four observed survey
variables. All these variables were measured using a six-point
Likert scale that ranged from 1 (“Strongly Disagree”) to 6
(“Strongly Agree”). These items have an alpha level of .89,
which shows that they reliably measure the latent concept of
STARS persistence. Table 1 features a correlation matrix that
displays the correlation of these variables.

TABLE I
CORRELATION MATRIX OF THE LATENT VARIABLE OF STARS PERSIST
Increased Interest in Commitment Increase(.i
Research Graduate to Major Interest in
School Major
Increased
Research 1.000
Interest in
Graduate 7343 1.000
School
Commitment | - ¢, 6006 1.000
to Major
Increased
Interest in 6792 .6649 7507 1.000
Major

To investigate how STARS increases persistence, we have
conducted a full structural equation model (SEM) analysis.
Doing so allows us to analyze the effects of different com-
ponents of the STARS program on persistence. The model
consists of the latent variable of STARS persistence, com-
prised of the same four variables mentioned above. We then
analyzed how components of the STARS program impacted
STARS persistence. The variables included in this analysis
can be found in Table II. Theoretical considerations led us
to include indirect paths from some of the variables (e.g. skill
development through working with people like them), through
a variable that measured if STARS increased a student’s



satisfaction with their major. All these observed variables
were measured using a Likert scale ranging from 1 (“Strongly
Disagree”) to 6 (“Strongly Agree”). These items were all taken
from the section of the survey that asked students how STARS
had acted as a catalyst for these different behaviors. These
15 items have an alpha level of .95, which shows that they
are reliably predicting how STARS impacts persistence. The
analyzed predictor variables are highly correlated with each
other and with STARS persistence, with values ranging from
0.51 to 0.81.

TABLE II
VARIABLES FROM STARS SLC STUDENT SURVEYS

Variable Name
Satisfied Major
Network Professionally
Career Awareness
Faculty Collaboration
Develop Skills
Improve Performance
More Confident
Taught Computing
Work with Peers

Work w. People Like Me

If STARS student participation had:
Increased satisfaction with their major
Provided professional networking
Increased awareness of career opportunities
Increased faculty collaboration

Helped develop computing skills
Improved their academic performance
Built confidence in computing skills
Facilitated teaching computing
Increased students’ work with peers
Increased work with people like them

Additionally, after investigating the overall impact of the
STARS program, we generated separate SEM analyses on
white/Caucasian and Black/African American students to iden-
tify possible differences between the two groups as they relate
to the STARS program, persistence, and satisfaction with their
major. We used the overall model fit indices to refine the
models separately for each group.

C. Limitations

Self-report surveys have the likelihood of reporting bias.
However, we believe that the best way to determine program
impacts on participants is to ask them [35]. These surveys
were captured over an extended period of time, so we are
not attributing causal effects, but rather seek to describe
the relationships of factors that contribute to persistence in
computer science. The missing data was accounted for within
our statistical analyses.

VII. RESULTS

TABLE III

RESULTS OF OVERALL MODEL OF STARS IMPACT ON PERSISTENCE
Variable Coefficient
Satisfied Major 381k
More Confident 1395k
Career Awareness 27
Network Professionally | .091%*%%*
Develop Skills .062%*
Taught Computing .0447%%*
Improve Performance .015
Faculty Collaboration -.002
**¥p = <.001 *p = <.005

Table III and Fig. 2 show our overall well-fitting model,
(RMSEA = .076, CFI/TLI =. 959/.936, CD = .854). The chi-
square was significant (p < .001) which is likely due to

the large sample size, with 1,885 students. This well-fitting
model allows us to theorize as to which components of STARS
have the most significant impact on increasing persistence.
STARS is a multifaceted program, with each component of
the program working in tandem to increase the success of
each student.

A. Models for white and Black student groups

As noted above, to understand if the effects of STARS are
consistent across groups, we next generated a separate model
for Black/African American (fig. 3) and white/Caucasian
students (fig. 4). Coefficients for the separate path models
learned for each student group for predicting persistence are
shown in Table IV. Each model includes coefficients for direct
impacts on persistence, and for indirect impacts on persistence
mediated by satisfaction with the major. On each row, we
have bolded the larger coefficients for persistence and major
satisfaction models when comparing groups. To analyze how
the STARS program impacts persistence for Black/African
American students, we refined a well-fitting model (RMSEA
= .081, CFI/TLI =. 964/.943, SRMR = .02, CD = .917). The
chi-square was significant (p < .001) which is likely due to
the large sample size, with n=712 Black students (including
281 Black women). All of the paths included in the model
were significant predictors of STARS persistence.

Refinement for white/Caucasian students led to a well-fitting
model (RMSEA = .077, CFI/TLI = .974/ 956, SRMR = .02,
CD = .846). The chi-square was significant (p < .001) which
is likely due to the large sample size, with n=674 white
students (including 257 white women). Five variables were
significant direct predictors of STARS persistence, with the
most significant being an increased level of satisfaction of
major, with each unit increase of level of satisfaction in major
predicted to increase persistence by 0.425 units.

TABLE IV
MODEL COEFFICIENTS FOR PERSISTENCE AND SATISFACTION WITH
MAJOR FOR WHITE AND BLACK STUDENTS, ALL VALUES P<0.001

Black (n=712) White (n=674)
Variable Persist | Sat. Persist | Sat.
Coeff. Major | Coeff. Major
Satisfied Major 405 425
Career Awareness 133 .097 134 189
Network Professionally 119
Develop Skills 079
More Confident .074 285 159 .256
Faculty Collaboration 053 110
Improve Performance .050 .064 .054 117
Taught Computing 094
Work w. People Like Me 238 159
Personally Rewarding 173 267

B. Comparing Persistence Models

Similarities. The most important direct factor for persistence
for both groups was the impact STARS participation had on
satisfaction with students’ majors, with each unit improvement
in major satisfaction predicting an increase of more than
0.4 on persistence for both groups. Career awareness was
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Fig. 2. Overall Persistence Structural Equation Model

similarly important for both groups, with each unit increase
of awareness of career opportunities predicted to increase
persistence over 0.13. Improved performance had a lower
impact, with coefficients near 0.05.

Differences. Comparing the models shows that STARS
opportunities to network professionally, to develop skills, and
to collaborate with faculty were important for Black students
but were not significant predictors of persistence for white
students. Confidence was important for predicting persistence
for both groups, but had higher impacts for white students
with a 1 unit increase in confidence predicted to increased
persistence by 0.159 units, but predicted a smaller increase
in persistence of 0.074 units for Black students. Helping
others understand computing was significant for predicting
persistence for white students, but not for Black students.

C. Comparing Major Satisfaction Models

We modeled major satisfaction as a mediating factor for
persistence, investigating the extent to which each component
predicted major satisfaction.

Major Satisfaction model similarities. The models had sim-
ilar significant factors, including confidence, career awareness,
improved performance, working with people like me, and
being personally rewarding for both groups. Confidence was
an important component, with unit changes in confidence
increasing major satisfaction similarly by 0.285 for Black
students and 0.256 for white students.

Major Satisfaction model differences. For Black students,
the extent to which STARS participation improved satisfaction
with their major was most impacted (from most to least) by
confidence, working with people like me, being personally
rewarding, and faculty collaboration as the top factors with
coefficients over 0.1. Faculty collaboration did not appear in
the major satisfaction model for white students. The ranking
of significant features for major satisfaction for white students
from most to least was being personally rewarding, confidence,
career awareness, working with people like me, and improving
performance.

VIII. DISCUSSION

The persistence models showed similarities in that satisfac-
tion with the major and career awareness are two top predictors
for persistence for both groups, but that Black students have
different needs that lead to a higher predicted increase in
persistence. These models indicate that Black students felt
that the next most important aspects of STARS participation
for their own persistence in computing were those related to
developing their networks — to one another and to faculty,
and their own skills and confidence. On the other hand, for
white students, building confidence was more important than
awareness of career opportunities, and helping others under-
stand computing was a significant factor for this group as well.
These differences in the factors that students felt led to their
persistence in computing suggest that interventions may need
to be designed to address the different needs for these groups,
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Fig. 3. Persistence SEM for Black/African American students

but also that the flexibility of the STARS Leadership Corps
allowed the program to be tailored to meet the needs of these
diverse groups. The difference in major satisfaction models
between groups point to the need for more research to un-
derstand important factors between groups. Surprisingly, if we
take being personally rewarding and helping others understand
computing as the two factors related to social relevance, these
factors are better predictors for major satisfaction for white
students in STARS than they are for Black students. Similarly,
increased awareness of career opportunities improved major
satisfaction more for white students than it did for Black
students. STARS provided important opportunities for Black
students to develop confidence and work with people like
themselves, which were even more important to them for their
satisfaction in their major than STARS being personally re-
warding. On the other hand, white students found that STARS
being personally rewarding, building their confidence, and
raising career awareness, were more important components
than working with people like themselves.

IX. CONCLUSIONS

Increasing persistence within computer science is a key
issue facing the discipline, especially for women and BIPOC
students. The STARS program is increasing persistence in a
meaningful way by offering students experiences outside of
the classroom that expose them to other areas of computing.
By increasing persistence, the number of computing students
who graduate will increase, which fulfills the labor market’s

needs for computing professionals. Additionally, individuals
who haven’t previously been able to access careers in com-
puting are able to do so through the confidence STARS has
instilled in them. Participation in STARS showed a significant
increase in persistence among all participating students, by
increasing students’ satisfaction with their major, confidence,
and awareness of career opportunities. The model shows that
by exposing students to networking and career opportunities
within computing, STARS is able to increase the likelihood
that a student will be committed not only to their computing
major, but to their career in computing as well. These findings
are important because the more BIPOC students who persist in
computing, the more diverse the field can become. Thus, more
individuals from a variety of backgrounds will have access
to and be able to pursue careers in the field of computing.
While it was understood that STARS does increase persistence,
researchers did not understand specifically how it was increas-
ing persistence, and whether the mechanisms for impact were
different for different groups. With this new understanding of
how STARS increases persistence and satisfaction with majors,
we can emphasize the importance of the holistic experience
that STARS offers, with all the components working together
to make a meaningful impact on persistence of computing
students. The contribution of this study is the demonstration
of a model of how the STARS experience impacts persistence
for college students in computing. This dataset offers a large
and diverse sample of computing majors who have partici-
pated in STARS, which is incredibly valuable. This dataset
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Fig. 4. Persistence SEM for white/Caucasian students

could be used to further explore what interventions are most
beneficial for BIPOC to further increase computing persistence
by utilizing the interventions that are most effective for them.
This research offers a crucial starting point for future research
by offering a general understanding of how participation in
STARS, and other programs designed to catalyze persistence
in computing, can impact the factors surrounding persistence.
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