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ABSTRACT
To understand the experiences of minoritized students taking
introductory Computer Science, we conducted a mixed-
methods survey with 43 participants at two non-doctoral
institutions. We found that minoritized students had
decreased sense of belonging and persistence. First-
generation and low-income students had significantly lower
self-efficacy and reported feeling under-prepared. Students
also mentioned access barriers, gender-based
microaggressions, and a lack of identity-based community.
Based on these findings, we make the following
recommendations: implementing CS0, accessible course
policies, recruiting and training diverse educators, and
increasing collaboration across different types of universities.
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1 Introduction

Minoritized learners are those who have been socially,
politically, and/or economically disenfranchised by systems
of power and privilege in our society [36]. These students are
not merely “underrepresented,” they have been
systematically excluded, and researchers have focused on
their “deficits” rather than their assets [3, 17].

In this work, we highlight the experiences of many
minoritized students in CS, including Women, Transgender
and Gender Non-Conforming (TGNC), Black, Indigenous,
and People of Color (BIPOC), First-Generation and/or Low-
Income (FGLI), Neurodivergent/ND (Autistic, ADHD,
Dyslexic, etc.), Disabled, and students with Mental Health
Conditions (MHCs). While members of any of these groups
may have vastly different experiences in the classroom,
minoritized identities can result in compounding and
intersectional experiences of oppression [17]. Addressing
their needs is essential to diversify our field.

In 2023, non-doctoral institutions gave 80% of their CS
degrees to men and 51% to white students, slightly higher
rates than institutions overall [30]. We have little data on the
retention or experiences of Non-Binary, Disabled, FGLI, and
other minoritized groups in CS [25, 30]. Including these
students introduces new perspectives, creativity, and
innovation. However, it also means that we must adapt CS
courses to embrace different ways of learning, knowing, and
being. In higher education, this work starts with CS1.

2 Theoretical Framework

In this work, we intentionally center the voices of students
who hold one or more minoritized identities. We draw from
critical methodologies such as Critical Race Theory and
Critical Disability Theory. Specifically, we believe that the
issues raised in this work are the result of systemic issues,
not individuals, departments, or institutions. We use an
asset-centered approach to our analysis, meaning that we
view diversity and differences in opinions as essential to our
work. In our research, teaching, and learning environments,
we believe in intentionally including people with different lived
experiences and perspectives.

Our research was conducted at two predominantly white
small liberal arts colleges. Due to the small size of these
programs, the number of minoritized students can be heavily
shaped by students feeling included by the community.
Presenting the intersectional experiences of students with
minoritized identities poses risks such as unintentional
identification of participants. However, this should not justify
overlooking the experiences of these minoritized students,
nor should the relative lack of research activity compared to
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larger universities. We believe we should be using the power,
prestige, and wealth of these private colleges to actively
combat inequities. Additionally, this research serves as a call
to action for researchers at larger universities to partner with
smaller colleges and their local communities to share
strategies for inclusion, create forums for minoritized people
to share their experiences, and foster a learning environment
that embraces many ways of learning and knowing.

3 Research Questions

This work is necessary because broadening participation
efforts have not been well studied at small private colleges,
and minoritized students' needs are not being met [25].
Issues like preparedness for CS1 [33, 35], student retention
[30], and faculty shortages [17, 34] are pervasive in CS.
Given this state of institutional failure, we propose the
following research questions (RQs):

1. How is self-efficacy impacted by identity,
experience, and support? What factors lead
students to continue in CS?

2. What factors deter students from retaining the CS
major? How can they be mitigated?

3. How might minoritized students experience CS1
differently?

4. How can we improve the course content, structure,
delivery, policies, and/or resources to support
minoritized students?

Our contributions include highlighting the experiences of
under-researched minoritized groups, identifying faculty-
student connections as a key mitigator of the self-efficacy
gap, and offering recommendations for liberal arts and
general contexts. We hope this will lead to systemic changes
in computing education and research.

4 Positionality Statement

Our research team is committed to amplifying the voices of
minoritized students. Collectively, we have lived experience
with minoritized identities including being Transgender,
Disabled, living with Mental Health Conditions, being First-
Generation, and being Low-Income. These experiences
heavily influence how we understand structural inequities
and exclusionary practices within the field of computing. We
also acknowledge our positions of social and institutional
privilege, being white researchers at wealthy and renowned
institutions. These identities may shape our interpretations of
the data, which is why we took deliberate steps to be reflexive
and foreground our participants’ perspectives.

Having an undergraduate and member of teaching faculty
on our team at the time of this research, we understand that
this creates a power imbalance and privacy concerns for
some students. This is why our research team included
dialogue with community members and establishing trust
with our participants as crucial steps in the research process.
We commit to representing their experiences as faithfully as

possible, in their words, with minimal bias or assumptions.

5 Research Design and Methods

This study used a mixed-methods survey, which was
developed with prior literature and feedback from a small pilot
group. A mixed-methods design was chosen to gather trends
about the minoritized student population (e.g. self-efficacy),
while allowing students to self-describe their experiences.

Students were considered eligible if they had completed
at least two weeks of an XYCo CS1 course. This period
marks the last date that students can freely add or drop a
course. The recruitment materials emphasized that the study
was for minoritized students but was open to all. Participants
were recruited using the CS department mailing lists, flyers,
word-of-mouth, and snowball sampling.

Students were asked about the workload, difficulty,
grading, and support systems in CS1. They were also given
the option to list their identities, discuss their personal
experiences, challenges, learning needs, and their opinions
on a hypothetical CS0 course. The self-efficacy scale was
adapted from the New General Self-Efficacy Scale [5]. Self-
described demographic factors were coded into categories to
ensure anonymity. Race was coded as white, Asian, or BLI
(Black, Latine, and Indigenous). Similarly, we used Women,
Men, and TGNC as gender categories. Disabilities were
categorized as psychological (MHCs and ND), physical, and
learning disabilities. FGLI self-identification was closed-
ended, as students widely identify with that label in the XYCo.

The study received IRB exempt status from CY (protocol
#24-048). We were unable to offer compensation to the
participants. All students were given informed consent and
encouraged to give honest feedback, with no obligation to
participate. All data were anonymized before analysis.

5.1 Background and Related Work

5.1.1. CS0 and CS1.
The typical entry point to the CSmajor is CS1, an introduction
to programming in languages like Python or Java. This
experience is intended to teach critical thinking and problem-
solving skills that are necessary to create an algorithm [28].
While programming plays a significant role in modern CS, the
design and logic of the code are just as important. Learners
may benefit from alternate entry points that do not rely on
“learning by doing.”

Alternative entry points include CS0 and CS1X. We refer
to CS0 as a “breadth-first” approach that surveys the
discipline as a whole, prioritizing computational thinking and
problem-solving with some exposure to programming [20].
CS0 would be designed for students with little experience
and non-majors and has been shown to increase success
rates in CS1 as well as interest in the CS major [7]. Another
approach is to create sections of CS1 for students without
prior experience, such as Cohoon and Tychonievich's CS1X
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[8]. This course covered the same content as CS1 but
significantly improved the enrollment and retention of
minoritized students. Alternative entry courses bring students
to similar, more consistent levels of preparedness before
entering CS2 [18, 33].

5.1.2. Retention and Self-Efficacy.
Researchers have had concerns about retention in CS for
decades, particularly for minoritized students. In 2007, it was
reported that 33% of all CS1 students would drop or fail,
which slightly improved to 28% in 2017 [2]. While this figure
may not be as high as other STEM (Science, Technology,
Engineering, and Mathematics) subjects, CS is not more
inherently difficult to teach or learn [2, 4]. We should be
asking how we can set our students up for success, not why
they are failing.

Changes like re-explaining concepts, reducing anxiety
around asking questions, and offering support for students
without prior experience can improve student outcomes [16,
33, 35]. We can also increase their persistence by building
their self-efficacy, or “judgment of their ability to execute
tasks or achieve mastery” [12]. We can improve interest and
performance in the field by fostering a sense of belonging,
indicating that students feel valued and respected [22].
Additionally, we can utilize research-backed practices to
improve pass rates and encourage interactivity, including the
flipped classroom, problem-based learning, pair
programming, project-based learning, feedback surveys, and
instructional transparency [16, 22, 26, 28, 32].

5.1.3. Representation and Culture.
Broadening participation efforts have typically focused on
Women and racially “underrepresented minorities” [17, 25].
Representation is a poor metric for student experiences
because it is dependent on time and context [17]. For
example, Asian students are better represented in CS than
other BIPOC but have similar experiences with discrimination
and low self-efficacy [23, 27]. Research has focused on
building minoritized students' resilience rather than making
necessary systemic change [6]. Initiatives to support
intersectional diversity, often organized by multiply
minoritized groups like Women of Color, have been
dismantled in the name of “including everyone” [17].

Many faculty feel unprepared to address discrimination
when it occurs [6]. They may not have training, guidance, or
support from their departments in working with minoritized
students. However, they can incorporate Cultural Humility
and Culturally Sustaining Pedagogy (CSP) into their
practices. Cultural Humility asks us to critique our practices
and beliefs in the interest of creating connections and
continued learning [6]. In the classroom, this can look like
including minoritized identities in problem sets [24],
partnering with community organizations for course projects,
and encouraging discussions on ethical and sociopolitical
impacts of technology [19]. In CS, these practices have

mostly been applied in K-12 and informal learning
environments [9, 19, 29]. Future work is needed to expand
beyond individual professors or departments to address
systemic injustices, such as in admissions, which impact
access to CS [6]. Ultimately, we have a collective
responsibility to promote diversity, equity, inclusion, and
accessibility (DEIA) in academia.

5.2 The Bi-Co

To answer our RQs, we considered the case of College X
(CX) and College Y (CY). These small liberal arts colleges in
the U.S. Northeast make up the XYCo consortium. Both
serve about 1400 undergraduate students on wealthy
suburban residential campuses. CY is a Historically
Women’s College (HWC) and CX is coeducational. While
students in the XYCo may take courses or major in CS at
either college, CY students are mostly Women or TGNC.

Like many undergraduate-only CS programs, both
colleges have struggled to maintain enough professors to
meet increasing demand [34], which resulted in the
elimination of CX's CS0 course around 2010. In addition to
CS1, CX offers a combined CS1+2 course for experienced
students, and CY has a graphics-applied CS1X course [37].
Additionally, departments such as biology and chemistry
offer CS+X programming courses (termed “affiliate courses”
here). Although CS1, CS1X, and affiliate courses are
considered “equivalent” entry pathways, they use different
languages (Python, Java, Processing) and cover different
concepts. CS students can seek support from peer educators
(TAs and peer tutors) at no cost. At the time of this study,
each year CX offered 1 section of CS1 with 40 students, CY
had 2 sections with 25 students, and each offered 1
additional section (CS1+2 with 15 students and CS1X with
20 students, all estimates approximate).

5.2.1. The Strike and Project Reboot.
CX and CY have legacies of student activism on their
campuses, including the Fall 2020 Strike led by BIPOC
students [31]. The majority of students attended teach-ins
and rallies rather than classes during this time. Additionally,
a CY CS faculty member and students developed a set of
goals for the department to work toward. These included
increasing sense of belonging and retention for
underrepresented students. They identified numerous
challenges to achieving these goals, including students’
preparation before college, how time-consuming CS courses
are, Imposter Syndrome, the lack of representation in the
department, inaccessible course policies, and the lack of
communication and student voice in departmental decisions.
Despite these issues being brought to the CY CS
department, no action was taken.

Similarly, at CX, a student organization called XCode
compiled recommendations for the CS department entitled
Project Reboot [13]. XCode mentioned issues including a
faculty shortage, visiting instructors teaching CS1, an uneven
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distribution of experience in CS1, untrained TAs, and CS1
over-enrollment which led to students abandoning the major.
XCode argued that discrepancies in topics covered in the
intro sequence, such as recursion, could be addressed with
a “streamline set” of topics in CS1/2. They also argued for
large lecture-style CS1 sections, which faculty believed
would worsen outcomes. Finally, XCode argued for training
peer educators, creating a TA handbook, and minimally
subjective rubrics. Having untrained peer educators
disproportionately impacts first-generation students, who are
less likely to understand the “hidden curriculum”—including
the social norms of higher education and the value of
resources like office hours [14].

6 Data Analysis

All statistical tests were performed in Jamovi [15] using a
significance level α = .05 and non-directional hypotheses.
The research team created a codebook and used thematic
analysis for the short-answer responses. After reading
through the data, initial codes were created inductively (e.g.,
access barriers under “learning needs”) and deductively
(e.g., students lamenting the “toxic” culture). These were
used to develop statements based on shared student
sentiments. For example, participants were marked in
agreement with the statement “I found the TAs helpful” if they
said, “the TAs helped me get the information MUCH clearer”
(P24) or “I went to enough TA hours to get all my questions
answered” (P25). These estimates are conservative, as the
authors only indicated agreement when responses were
clearly in favor. Percentages were calculated out of all
participants who answered at least one short-answer
question (n = 36). Some limitations to our approach include
students opting out of the mailing lists, skipping some
questions, and the lack of feedback from students who
dropped CS1 (at least 90.7% of our sample had completed
CS1 or were enrolled during the study).

7 Findings and Discussion

In this study, we collected data from a diverse group of 43
minoritized students who took CS1 in Fall 2020-Spring 2024.
We are unable to report an accurate response rate due to the
lack of demographic data on minoritized groups.

For the class years 2024-2027, CY students made up
18.6%, 9.3%, 14.0%, and 4.7% of respondents. Similarly, CX
students made up 14.0%, 4.7%, 23.3%, and 11.6% of
respondents. Most of the participants in this study (62.8%)
were CS majors or minors, with the remaining participants
being another major, undecided, or undeclared. Of the
students who reported their CS1 course, 44.2% took CS1 at
CY, 27.9% took CS1 at CX, and 18.6% took CS1+2 at CX.
The other identity-based demographics are as follows:

• Race/ethnicity: White (58.1%), Asian (25.6%),
Black, Latine, and Indigenous (11.6%), prefer not
to say (4.7%)

• Gender: Women (44.2%), Transgender and
Gender Non-Conforming (30.2%), Men (20.9%)

• LGBT: Yes (51.2%), No (37.2%), Unsure (7.0%)
• FGLI: No (69.8%), Yes (25.6%), Unsure (2.3%)
A chi-square test of association found significant

correlation between BIPOC and FGLI identities, χ2 (1, N = 40)
= 8.03, p = .005. Additionally, 20.9% of respondents identified
as Disabled and 9.3% were unsure or questioning. Of those
who felt comfortable with disclosure, 72.7% had
psychological disabilities, 36.4% had physical disabilities,
and 9.1% had a learning disability. More than half of students
had multiple disabilities. Many students also reported
Neurodivergence, including ADHD (18.6%), Autism (11.6%),
and Dyslexia/ Dyscalculia/ Dysgraphia (1.5%). MHCs like
anxiety (54.8%) and depression (42.9%) were prevalent; only
38.1% had no MHCs.

In the following subsections, we present findings from
both quantitative and short-answer responses, divided into
four themes: Who feels ready for CS1?, When does rigor
become gatekeeping?, Who is in your corner?, and, Who
gets to belong in CS?. Each theme covers general student
sentiments, impacts on minoritized groups, as well as
recommendations to improve the way we teach intro CS.

7.1 Who feels ready for CS1?

Our respondents expressed varying levels of prior
experience in CS and motivations including interest in the
major, general education requirements, and career
applicability. However, students from each of these groups
expressed frustration with CS1—non-majors who “don't want
to be programmers” (P16), students wanting a course
“catered to students with no CS experience” (P43), or CS
majors preparing for the “difficulty spike” (P18) in CS2.
Students from each of these backgrounds raised concerns
about preparedness, which is troubling given that most
students coming into CS1 had very little or no prior
experience in CS (41.9%). This was closely followed by those
with some experience (40.0%). Only 18.6% of our
participants reported significant prior CS experience, which
almost perfectly overlapped with the CS1+2 students. In the
XYCo, there are no math or CS prerequisites for CS1,
meaning students have varied previous experience.

Next, we investigated the impact of prior experience on
time completing programming assignments. Students with
significant, some, and little programming experience spent
about 3-5, 4-6, and 5-7 hours per week on assignments, F(2,
24.1) = 3.62, p = .042, with a mean difference of 2.17, p =
.033. Notably, 20.9% of participants reported spending 8 or
more hours per week on their programming assignments. If
students spend too much time on assignments instead of
reading their textbook and understanding the concepts, this
prevents them from effectively learning the material. This
impact compounds, making it more difficult to complete future
assignments, especially for students with jobs, sports, and
other extracurricular obligations.
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We also measured student self-efficacy as an average
of the following scales relating to intro CS (reverse-coded as
necessary): I cannot be successful, I received enough
support to do well, I am less capable than my peers, It took
me more time to understand concepts than my peers, and I
felt confident in my ability to overcome challenges. There was
high internal consistency among the items, Cronbach's α =
.89, and the average score was 3.38 (SD = 1.19). On
average, self-efficacy was slightly higher than neutral.

Figure 1: Self-efficacy for students who self-
reported having (dark green) or not having (light
green) the support of one or more CS faculty.

Figure 2: Self-efficacy for students with little or
none (light blue) versus some or significant (dark
blue) CS experience before CS1 (self-reported).

Figure 3: Self-efficacy for students who did (light
purple) and did not (dark purple) identify as First-
Generation or Low-Income (FGLI).

Self-efficacy was most strongly correlated with support
from a CS professor, t(39) = 3.74, p < .001, Cohen’s d = 1.17.
Self-efficacy was also significantly higher in students with
prior experience, t(41) = 3.51, p=.001, Cohen’s d = 1.09.
There was little difference observed between `some’ and
`significant’ experience—this may change in larger controlled
samples [23]. FGLI students had lower self-efficacy, t(39) =
2.87, p = .008, Cohen’s d = 0.99 (Fig. 1-3). These results
indicate that students without faculty support, prior
experience, and FGLI students have lower self-efficacy, are
less likely to believe they are capable of success in CS, and
less likely to persist in the major.

Self-efficacy was not correlated with other demographic
factors, including gender, LGBT identity, Disability, and
MHCs. Although BIPOC self-efficacy was 0.62 points lower
than white students, p = .110, and ND students scored 0.58
points higher than neurotypicals, p = 0.164, the differences
were not statistically significant. This could be due to sample
size, as lower self-efficacy has been found in Women, Non-
Binary, and Disabled students [22, 23].

7.1.1. Impacts on FGLI Students.
Short-answer responses from FGLI students confirm that
math/CS preparation and self-efficacy were key barriers to
their success. Participants like P20 found that their “biggest
challenge was not having the math skills of my peers.”
Similarly, P43 noted that being “the only student who came
into the class with 0 coding experience... made me feel left
out.” Two-thirds of students felt that they struggled more in
CS due to being FGLI.

Students also mentioned situations where being FGLI
made it challenging to fit in and communicate with professors.
P16 said, “I was told to quit my job if it interfered with
attending TA hours, despite that being my only source of
income to sustain myself.” P5, P9, and P16 all discussed how
their sense of belonging was reduced due to being FGLI.
Specifically, P5 said they did not “feel... allowed to ask
questions” due to their “ethnicity and income.” P9 said that
CS1 “felt like navigating a dark labyrinth,” where “it was
assumed that I had some level of understanding in a concept”
when they asked questions, making it feel inaccessible to
non-STEM students.

7.1.2. The Need for CS0.
CS1 seeks to provide a strong coding foundation but may not
be the best fit for students without experience. In anticipation
of this finding, we asked students for their opinions on a
hypothetical CS0 course. Our participants expressed
unanimous support for CS0, saying it “would be AMAZING!!”
(P3). CS0 would begin to address inequities in prior math and
CS experience [33], build student confidence [7], and
improve retention of minoritized students [8]. In turn, this
would create a more even distribution of experience in CS1,
enabling instructors to focus on challenging concepts and
improving the CS2 transition.

Drawbacks to implementing CS0 include course
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availability and the major sequence length. As mentioned in
Project Reboot, CS1 is often over-enrolled, and CS0 would
likely take away a CS1 section. However, we cannot overlook
the needs of minoritized students because of longstanding
issues with instructional capacity. Instead, CS departments
in the liberal arts should collaborate on curriculum
development for affiliate courses and offer joint peer educator
training. This will facilitate external educators to teach CS
well and ensure students learn the same core principles in
CS1 “equivalent” courses. The issue of major sequence
length can also be addressed by clearly communicating
course offerings, prerequisites, and the major pathway.
These need to be accessible to deans and non-CS faculty,
as major advisors tend to be assigned in students’ second or
third year. While small CS departments are acutely impacted
by faculty availability, they do have the opportunity to work
with students and staff more directly than at larger colleges.

7.2 When does rigor become gatekeeping?

It is unsurprising that many students struggle with the pace
and workload of CS1, including 41.7% of our sample. More
than half found CS1 time-consuming (57.5%), and 42.1%
said it was more difficult than other introductory courses.
When asked how they spent their time outside of class,
students said they spent a median of 9 hours (IQR = 5.00) on
CS1. This included 2 hours studying, 2 hours working with
peer educators, and 5 hours programming. Although the
median is in line with expectations for 3 credit-hour courses,
the large IQR suggests variability in time spent programming.

Students reported feeling expected to work “10+ [hours]
a week” (P43) on their assignments, suggesting they may be
unnecessarily arduous, improperly scaffolded, and/or
unaligned with the learning objectives. Moreover, a
significant portion of respondents (37.2%) reported that the
content was “poorly taught” (P24) or not presented in a way
they understood. They were especially frustrated when their
efforts did not align with their final grades.

7.2.1. Impacts on Disabled and ND Students.
Disabled and Neurodivergent (ND) students made up 41.9%
of respondents. Senior students were slightly
overrepresented, which is likely due to access to diagnosis
[3]. Many of these students detailed course policies and
practices that impacted their experience in CS1. Some
policies they benefited from included having
“lecture/notes/examples... posted online” (P21), “having a full
week to do assignments so they overlap” (P37), “the labs
[being] open 24/7” (P37), and acceptance of late work. Some
things students asked to be implemented included
“asynchronous assignments/tests” (P21), “flexible
extensions and grading policies” (P16), clearer and less
vague instructions, assignments being “shorter/gone over
step by step” (P5), as well as typed rather than handwritten
feedback (P18). These policies could mitigate the impacts of
executive dysfunction, sensory overwhelm, and information

processing differences [3, 11]. Without equitable application
of these policies across the department, it can lead to
students being “ostracized” and “discriminated against... for
attempting to use [their] accommodations” (P16).

Students listed Neurodivergence as a barrier to
connecting with their peers and TAs. P18 said that being ND
“affects my ability to outreach and [connect] with cohorts,”
and “the CS department could have had events or avenues
for that.” Similarly, P26 “rarely” chose “to collaborate with
classmates.” Communication barriers can prevent students
from making connections and support systems that they
need to persist in the major. Additionally, some students were
frustrated by the lack of time for participation in lecture,
questions being “immediately directed towards the TAs,” and
confusing rules about collaboration during assignments.
Several students mentioned feeling reliant on the TAs as
some professors were difficult to reach outside of class.
While peer educators are an invaluable resource, Disabled
and ND students deserve support and clear communication
from CS faculty.

Students also addressed the impacts of CS1 on their
mental health. P5 said, “mental health issues made it difficult
to get to class every day, or get assignments in on time, and
[CS professors] have been hit or miss in... [working] with
students.” This inconsistency between professors can
significantly impact the well-being and academic records of
students with MHCs. Similarly, P16 claimed that CS courses
“have destroyed my physical and mental health,” forcing their
peers to “pull all nighters and [be] constantly on the verge of
a breakdown.” These responses highlight the urgency of
implementing accessible policies and practices.

7.2.2. Accessibility by Default.
Accessibility should be considered in all course decisions,
materials, and the environment. Accessibility is a mindset
and involves intentionally including Disabled, ND, and
students with MHCs (72.7% of our sample). While some of
these students received accommodations and
understanding, others were met with harassment and
microaggressions. Research has shown that students benefit
from equitable grading practices, accessible course
materials, and disability awareness [3, 11].

CS departments should work with disability services
offices to educate and support their faculty in implementing
accommodations individually and at scale. For example,
turning on captions can benefit everyone, especially students
who do not have access to formal accommodations. More
broadly, recognizing the strengths and diversity that these
groups bring to CS can help students feel more comfortable
disclosing these identities [3]. Maintaining rigor in an
equitable course does not mean constructing an
overwhelming workload or artificial grading curves. Instead,
professors should create manageable challenges while
supporting collaboration, collecting feedback, and
encouraging learning from mistakes [4].
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7.3 Who is in your corner?

Although support from a CS faculty member was essential for
building student self-efficacy, 43.6% of students did not
receive this support. In fact, 34.2% reported not having the
support of any faculty, staff, or administration. Students relied
heavily on peer educators, with 61.0% of students
considering them a key part of their support structure in CS1.
While most students felt supported by peer educators, some
participants said they did not have enough chances to get
questions answered, and P22 stated, “many TAs are not
helpful.” This sentiment was supported by P27, a former TA,
who claimed they did not get “a good enough rubric to grade
fairly.”

7.3.1. Impacts on TGNC Students and Women.
Social support systems are especially impactful for
minoritized genders in CS. Women are more likely to attend
department social events [27], and the lack of these events
led our participants to feel less belonging in the department.
Although our survey did not mention sense of belonging,
20.0% of minoritized students felt it was a major barrier to
their success. The findings in this study are somewhat unique
given that about half of the participants attend CY, where
Women and TGNC students constitute a significant majority.
P19 appreciated the environment at CY because she had
previously been “isolated and... harassed by one of the older
guys,” on her high school robotics team until she
“abandon[ed] trying to learn CS altogether.”

However, issues of gender-based discrimination in the
XYCo were reported by Women at CX and TGNC students.
P32 remarked that they were “often talked over by (cis)male
classmates.” This was echoed by P16, who said that they
“have been constantly misgendered in [their] CS courses,
more than any other department.” Additionally, P40 felt their
professor was dismissive of their ideas and pushed them “to
do the easier assignment instead” because of their gender.
These findings show that gender-based discrimination
occurs in HWCs and coeducational environments. Therefore,
professors in gender biased fields like CSmust take an active
role in addressing microaggressions and creating a more
welcoming culture.

7.3.2. Recruiting and Training Diverse Educators.
Building connections with faculty requires students to feel
safe sharing feedback, raising issues, and asking questions.
At a departmental level, hiring compassionate, engaging
faculty should be a top priority. Additionally, training these
faculty on how to teach equitably, communicate, and practice
reflexivity is essential to the long-term success of DEIA
initiatives. Faculty should be held accountable but also
supported and given mechanisms to build community.
Priority and resources should be given to faculty initiatives
that encourage the retainment and growth of minoritized
communities [17]. Support should also be given to offset the
invisible labor that minoritized faculty take on in supporting

students with similar experiences [17]. Centers for teaching
and learning may also provide opportunities for student or
staff consultants to improve professors' engagement with
students [10]. CS educators should strive to be collegiate and
collaborative, with everyone working toward DEIA, not just a
select few.

Peer educators also play a crucial role as a “bridge”
between instructors and students [1]. At many institutions,
they receive insufficient guidance to manage themselves,
their role, and their connections with peers. Instead of
learning on the job, peer educators could work with
experienced tutors, practice teaching scenarios, learn about
cultural barriers, and develop conflict resolution strategies
[1]. Peer educators are an extension of the instructors that
train them and must be similarly coached to combat bias and
promote equity. This includes everything from the community
they build with students to the rubrics they are expected to
adhere to when grading. Peer educator training should reflect
commitments to DEIA and relationship building with
minoritized students.

7.4 Who gets to belong in CS?

In our findings, multiply minoritized students most frequently
expressed despair, dejection, and hopelessness. In
particular, BIPOC FGLI students felt overwhelmed with the
workload, outside jobs, discrimination, and lack of
connections with their peers. They discussed “work and
family obligations” (P43) and the “financial burden [and] not
having enough nutritious food” (P38) as critical roadblocks in
their CS journey. Similarly, they felt there was “an expectation
to have more exposure before arriving” (P5) which impacted
some participants' mental health. P9 “felt like I was an
outsider in [CS1] and at [College] as a whole” because CS1
was presented as “super easy,” and their peers with STEM
experience did not seem to struggle. They also said:

“I wasted a semester learning about all the ways in which
I did not stack up to the students in my class... the
rhetoric that prefaced the course made me feel less
intelligent than the students around me.”

While there were no direct mentions of racial discrimination,
BIPOC students were significantly less likely to continue in
CS. In our sample, only 68.7% of BIPOC students continued
in CS, compared to 88.0% of white students. Of the BIPOC
students who took CS2, 54.5% expressed feeling
unprepared for the content and/or workload, compared to
only 13.6% of white students. Several BIPOC students who
persisted cited faculty support, such as P19, who said, “I
never had to reach out to anyone else because [Professor
was] always there to support me.” However, many students
were unable to find support, and 61.1% of minoritized
students did not feel there was a community in XYCo CS for
students with their identities.

7.4.1. Culturally Sustaining Pedagogy and Practices.
Some computer scientists believe in “race evasive” or “race
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neutral” teaching approaches [29]. However, ignoring
inequities reinforces discrimination and the lack of material
support for minoritized students [29]. We must be intentional
about the examples we use to teach computing concepts to
ensure students feel represented and valued [24].

Some examples used in XYCo computing courses
include a dataset on baby names separated by biological
sex, having students print a “fortune” similar to the cookies
popular at Chinese American restaurants, graphing the
population of incarcerated individuals by race, and facial
recognition algorithm accuracy by race and gender. In these
examples, it is important to recognize and interrogate
systemic biases as part of the learning objectives.

Incorporating Cultural Humility and Culturally Sustaining
Pedagogy would move our field toward restorative justice.
Institutional changes would need to follow, such as
incorporating ethics and interdisciplinary studies into the
curriculum, updating mission statements, starting working
groups, maintaining systems of accountability, and including
students in departmental meetings. These steps are
designed to combat “sociotechnical oppression,” create
communities of care and joy, as well as expand culturally
sustaining approaches with abolitionist and critical race
theories [29].

8 Conclusion

With these findings and recommendations, we hope to
enable CS educators to support students who have been
historically overlooked in classrooms and research.
Specifically, we found that the support of just one CS faculty
member greatly improved self-efficacy and helped students
persevere in CS. Even when these efforts are not supported
by others in their department or university, faculty should
strive to make their classrooms and offices welcoming toward
minoritized students, especially as identity-based support
and resources are being dismantled at some institutions [21].

By giving students alternate paths to entry, accessible
courses by default, training CS educators, and building
learning environments that embrace all identities, we can
break down systemic barriers for minoritized students. We
should encourage diverse approaches to teaching that drive
student connections without compromising accessibility or
rigor. In addressing the RQs, we found the following:

1. Self-efficacy is higher in students with CS faculty
support and prior CS experience; it is lower for
FGLI students. Student retention requires social
support and a sense of belonging.

2. Factors contributing to retention include course
structures, support systems, and sense of
belonging. Instructors and pedagogies must
respond to students' access and equity needs.

3. Minoritized students may have less preparation
and motivation to continue in CS due to systemic
inequities.

4. Solutions include CS0, accessible and Culturally
Sustaining pedagogies, as well as
recruiting/training diverse educators.

While this study had many meaningful findings, it was
limited by sampling and offers a somewhat narrow view of
the experiences of CS1 students. The demographic results
are unique due to the demographics of CS in the XYCo. This
partially explains the over-representation of white, Women,
and TGNC respondents. Many of the analyses relied on
coding self-described variables, which may not capture the
full range of participant experiences. This was done to ensure
that participants could express their identities without being
restricted to non-representative categories, such as “other.”

It is essential to continue collecting student feedback
and understanding minoritized student experiences, from
large-scale retention data to in-depth qualitative work.
Additionally, we must understand the experiences of
students who are minoritized in ways we have not always
considered, including socioeconomic class and outside the
gender binary. We currently do not have sufficient data to
understand their retention or experiences at scale [25]. Care
should be taken to recruit more BIPOC students and
emphasize intersectionality, when sample size allows. We
acknowledge that some of these results may not be directly
transferable to large R1 universities, however, issues of
inaccessibility, gender, and class-based discrimination are
pervasive across institutions. Further studies are also
necessary to understand the benefits and challenges of
implementing the strategies proposed in this work. Finally,
researchers could work to optimize combinations of
introductory course options (CS0, CS1, CS1X, CS1+2, and
affiliate courses) at colleges with varying capacities and
student needs.
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