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Abstract
Undergraduate computer science programs worldwide struggle to
attract and retain underrepresented students for many reasons. Cul-
ture, stereotype threats, uneven gender and racial representations,
lack of role models, and uncertain career prospects for minority
groups are among the many reasons behind this situation. Many
computer science programs are trying to change course through
strategies to foster equity, diversity, and inclusion (EDI), aimed
at improving outreach, recruitment, admissions, and retention of
underrepresented students. EDI approaches may also include modi-
fications to the undergraduate computer science curriculum. How-
ever, if not properly planned, these modifications risk amplifying
existing stereotypes rather than producing positive change [38].

In this study, through an extensive literature review, a rigorous
curriculum analysis of 49 computer science programs across the
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globe, and qualitative and quantitative analysis of surveys and in-
terviews bringing in the voices of 613 students and 30 educators
participating from around the world, we explore equity, diversity,
and inclusion in the computer science curriculum. We highlight the
role of inclusive content and course design, discuss program flexi-
bility, and the impact of inclusive courses and program design in
attracting and retaining historically marginalized students. Finally,
we provide concrete steps to make computing science undergradu-
ate curricula more appealing to a diverse audience.
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1 Introduction
Recommended approaches to achieve equity, diversity, and inclu-
sion (EDI) in undergraduate Computer Science (CS) programs [5, 6,
76, 93] suggest that the best way to achieve this is through culture
change. At the same time, efforts on other elements, including ad-
vertisement, recruitment, admissions, and program enhancements
for retention, are impactful. Research evidence suggests that cur-
riculum structure and changes [65, 76] can be essential in attracting
and retaining historically marginalized students in CS programs.

In this work, we investigated existing efforts on equity-minded
curriculum design in undergraduate CS programs and their adop-
tion by educators and institutions. We examined their effectiveness
in providing access, motivation to enroll, cultural relevance, and
engagement to retain. We ask:
RQ1: What are examples of EDI-centered curriculum design efforts

in undergraduate CS programs?
RQ2: What are the outcomes of these EDI-centered undergraduate

CS curriculum design efforts?
RQ3: How can undergraduate CS programs adopt EDI-centered

curricula?
To answer these questions, we first performed an extensive litera-

ture review on the undergraduate CS curriculum and interventions
to improve it. We found six major categories of efforts designed
to broaden participation in computing through curricular interven-
tions. For each category, we reviewed examples to understand their
curricular focus, impact, adoptions, and contexts. When data was
available, we also explored their measurable success in achieving
EDI outcomes. The literature highlighted examples of interventions
that have been adopted in varying degrees across different institu-
tions and regions, with some cases showing evidence of replication.
However, gaps remain in evaluating broader impact and scalability.
These findings underscore the diverse challenges of implementing
effective EDI-focused curricular interventions and emphasize the
importance of tailoring them to institutional and regional contexts.

Following the literature review, we moved to the analysis of
existing curricula, choosing three major geographical regions to
focus on: Australia, North America, and Europe. We made this
choice because the vast majority of the literature accessible to the
authors was based in these regions, and because they share cultural
similarities. Existing research [64, 111] suggests that demographic
inequalities in computing and STEM differ considerably across
different parts of the globe. Therefore, the extent to which insights
from this literature apply to other global regions, particularly those
with significant cultural differences, is difficult to determine. We
therefore urge caution in applying insights from this paper outside
the three regions we focus on. Exploration of other global regions
is important but outside the scope of this work.

We analyzed forty-nine highly-ranked undergraduate CS pro-
grams in our three selected regions, focusing on how well their
curricula align with the ideas and interventions in the literature. We
examined equity-minded approaches to curriculum development
with a special focus on introductory CS courses, availability of
interdisciplinary options, offering of upper-division courses, co-op

placement opportunities, choice of electives, and the possibility of
engaging in research or implementation projects. Throughout the
analysis of curriculum efforts in the selected institutions and the
diversity of their student populations, we assessed the effective-
ness of these efforts. Our data sources for this analysis comprised
publicly available information on degree requirements, courses of-
fered, course information, syllabi in relevant programs, experience
reports, and public reports of student populations in these institu-
tions. We observed programs adopting the interventions in varying
degrees with significant regional differences regarding how the
undergraduate CS curricula provide fair access and motivation for
underrepresented students. This curriculum analysis complemented
our literature review towards answering RQ1 and RQ2.

To further explore RQ2 from the students’ perspective, and an-
swer RQ3, we complemented our literature review and curriculum
analysis with Student and Educator surveys and interviews. We
adopted mixed methods analysis and brought in the voices of 613
students and 30 faculty participants from across the globe. We used
qualitative analysis on open-ended questions and quantitative anal-
ysis on Likert-scale and multi-select data. The analysis helped us
better understand educators’ perspectives, adoption, and observa-
tions on curriculum effectiveness, and student experiences with and
opinions on the CS curriculum, and their suggestions to improve
it. We reproduced our previous findings [5, 6] on the significance
of differences in the assessment of CS programs’ culture among
gender identities. Furthermore, we expanded prior findings across
racial diversity and accessibility needs, suggesting significant dif-
ferences within all minoritized groups in their expressions of the
possibility of success for them as a computer scientist. We also
found significant differences in experiences with CS culture within
each group and significant differences among gender identities and
people with and without accessibility needs with their observations
of elements of discouragement in CS curriculum.

We then explored the open-ended answers through thematic
analysis on details of student course and curriculum experiences,
and suggestions to improve the CS curriculum. Our findings reit-
erated some of our quantitative findings on course categories and
subjects of interest. Our findings also elaborated on how content,
practicality, and course design can impact students’ feelings of be-
longing, enjoyment, and engagement with the content. Through
our qualitative analysis, we gathered preferences and ideas on im-
proving student engagement with the curriculum and performed a
sentiment analysis towards EDI solutions. We complemented our
learning through statistical and contextual analysis on educator
surveys and interviews.We focused on observations on course-level
and organizational efforts, educator suggestions for improvement,
and indicated needs for support within organizations to better
achieve diversity and inclusion through CS curriculum.

Our curriculum work is inspired by Paulo Freire’s [37] learner-
centericity in curriculum, encouraging active engagement of the
students in the learning process, dialogue, affirming human dig-
nity, and liberation through education. We examine curriculum
in relation to learner’s needs and how it actively engages the stu-
dents based on their interests, experiences, culture, and personal
and societal needs. We examine curriculum based on opportunities
provided to students to expose and explore, actively challenge, and
build relevant technical, cultural, and social justice competencies.
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We present our work in four major sections: a comprehensive lit-
erature review on diversity and inclusion considerations in CS
curriculum; a study of EDI-related curriculum efforts; analysis
of student voices; and educators’ feedback. We incorporate our
methodology for study design, data collection, and analysis within
each section and conclude each section with major findings, a dis-
cussion of results, and threats to validity. We then summarize our
findings in a final analysis and provide recommendations to im-
prove CS curriculum to achieve diversity and inclusion. The rest
of this paper is organized as follows. In section 2, we define and
clarify our terminology and context throughout the paper. In sec-
tion 3, we explore the works and recommendations for broadening
participation in CS through curriculum interventions. In section 4,
we present our process of choosing 49 universities across the globe
and exploring their CS curriculum. Section 5 presents our student
survey and interview design, participant recruitment, and results of
quantitative and qualitative analysis. Section 6 follows with survey
and interview design, participant recruitment, and results for edu-
cators. We discuss the threats to the validity of our work in section
7. While we conclude each section with findings and a discussion,
section 8 summarizes all of our findings and discusses our recom-
mendations for adopting an EDI-centered CS curriculum. Finally,
section 9 discusses the future directions to explore.

2 Context and Terminology
Throughout this paper, we use terminology that may have different
meanings depending on context and the region across the world.
In this section, we explain some of our terminology choices and try
to clarify the context and possible differences in interpretation.

Racialized: The Oxford dictionary defines this adjective as “af-
fected or influenced by racism” [82]. We chose the term as a more
inclusive alternative to the usage of BIPOC (Black, Indigenous, and
People Of Color), Visible Minority, and other variations used to
study or explain racial background. Our choice is based on rec-
ommendations [114] and the possible impact of terminology in
excluding one or more populations or possible associations with
disrespectful or traumatic historical meanings.

EDI: We use this term to refer to Equity, Diversity, and Inclusion
(EDI). We are aware that DEI, and other variations that also include
justice (i.e., JEDI or EDIJ), are in use and that the usage is different
across regions included in our study. Our work mentions but does
not explore justice-centric solutions, therefore we limited our scope
to EDI throughout our study. We also defined the term before use
throughout our study.

We also realized that terms course, unit, and credit are used
with different meanings, sometimes interchangeable and confusing,
across the regions in our study. We are aware of possible differences
in interpretation. We have performed an analysis to elaborate on
the possible impacts of it on our work. We present possible threats
to validity in section 7.

3 Literature Review
In this section, we provide an overview of the challenges identified
in addressing equity, diversity and inclusion (EDI) initiatives in
CS undergraduate curricula. In our literature review, we focus on
recent reports and interventions and present a handful of examples

in each category of initiatives as they emerged in the scope of our
research. Gathering comprehensive evidence of all initiatives is
outside the scope of this paper.

3.1 Needs for Changes in the CS Curriculum
With the continuous evolution of the discipline, the undergraduate
CS curriculum undergoes frequent updates and revisions to stay
aligned with the advancements in the field. Recent examples of
this include the increased demand for Data Science and AI courses
[13], or the emerging focus on creating more inclusive software
[124]. Moreover, CS majors are dealing with some difficulties, such
as high levels of attrition (students switching majors or dropping
out altogether [43, 110]) and lacklustre pass rates (a concern shared
with other STEM majors [106]). Studies report more negative im-
pacts on students belonging to marginalized groups: CS majors
are still struggling to achieve better gender and racial represen-
tation [9, 14, 23, 36, 110], and issues of isolation [8, 26, 101, 103],
stereotype threats [14, 61, 88], and struggles with in-class climate
[51, 63, 89, 100] are all factors that can hinder less represented
students’ chances to complete a CS program (or even start one).

Numerous interventions have been designed and deployed to
address these issues. Many of them can be considered pedagogical
in nature: these are strategies and techniques that the instructors
can use to deliver their content and facilitate students’ learning (e.g.
various examples of Active Learning [15]), but are not connected
to the course content. We do not cover this kind of intervention.
Others, which we will focus on, are more closely correlated to the
curriculum, as they impact what is taught in the classroom, and not
just how it is taught. An example would be which programming
language to use in a CS1 course.

We provide an overview of recent interventions applied to the
CS curriculum to address the specific needs of the student popu-
lations and the changing requirements of industry, where this is
relevant to diversity. Adopting an inductive approach, we classify
the interventions into six major groups, each addressing a distinct
need for broadening participation:

(1) Levelling the playing field to help students with different tech-
nical backgrounds: This group of interventions tackles the
needs of students entering a CS major with varying levels
of programming experience.

(2) Integration of capstones, research, and industry projects in the
curriculum: Allowing students to apply the content learned
in the classroom and connect with real-world applications
is a way to improve retention and a sense of belonging.

(3) Simplifying curricular complexity:Higher curricular complex-
ity is a factor behind high attrition rates. These interventions
aim at reducing this problem.

(4) Creating interdisciplinary routes into computing: Combin-
ing computing with subjects with higher diversity or re-
imagining CS courses around interests and subjects that
attract more diverse students can attract a more diverse stu-
dent population.

(5) Challenging stereotypes through diverse examples and applica-
tions: Students from underrepresented groups report a lack
of interest and engagement with CS material tailored to a
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Table 1: Examples of Curriculum Interventions: Leveling the Playing Field in Introductory Programming Courses

Project Institution Curriculum Impact Year

Themed CS0 CalPoly Improved performance and retention [49] 2012
UIC Media-themed CS0: Low DFW and better student success [108] 2008

CS0 Bridge Course Ohio Improved performance for students with no experience [69] 2016
CS0.5 for Non-CS Majors UBC Improved Student Outcomes [32] 2018
Breadth-First CS HMC One of several interventions that increased the percentage of women in CS to 40% [3] 2012
Splitting CS1 Sections UVA Comparable CS2 outcomes regardless of prior programming experience [29, 57] 2011
(by previous experience) JMU 2017
Objects-first Programming UWG Comparable CS1 outcomes regardless of prior programming experience [116] 2004

CalPoly: California Polytechnic State University, UIC: University of Illinois Chicago, Ohio: Ohio University, HMC: Harvey Mudd College, UVA: University
of Virginia, JMU: James Madison University, UWG: University of West Georgia, UBC: University of British Columbia, WPI: Worcester Polytechnic Institute.

more stereotypical CS population. These interventions aim
to change that.

(6) Cultural and social justice competency: Increase focus on EDI
within CS curricula and on how technology has historically
been driven by industry requirements to meet the needs of
a few. Solutions try to encourage educators to move toward
the development of technology that benefits all.

3.2 Interventions to Improve CS Curriculum
In this section, for each of the six major groups of interventions, we
provide details about the context that prompted this change request,
an overview of recent example interventions in the category, and
their impact. We present our observations with particular attention
to how these interventions affected underrepresented CS students.

3.2.1 Leveling the Playing Field in the Introductory Programming
Courses. One challenge many CS programs face is that admitted
students come in with varying levels of programming experience
and computing knowledge [90]. Students have reported stress, low
self-confidence, and feelings of intimidation when taking CS1 with
other students with more prior programming experience [112].
Another challenge universities face is having low pass rates in
their CS1 course, particularly among underrepresented groups [78].
Recent research shows a significant gap in course performance
when comparing students with and without prior programming
experience [20].

Bridge courses: Creating bridge courses to help students with
little to no programming experience has helped improve the ex-
perience of those without tech privilege [49, 69, 108]. One study
found that a CS0 course for CS majors, which covered introductory
programming in Python, computational thinking, and motivational
content for students with limited programming experience, signif-
icantly improved the CS1 performance of students with no prior
programming experience, compared to those with some program-
ming background [69]. Themed CS0 courses have been found to
result in increased student retention and increased academic per-
formance post-CS0 [49]. Media computation has also been used as
a tool for non-CS majors to provide a more engaging curriculum,
with the results showing very low DFW rates (the rate of students
who got a D, failed or withdrew from the course) and better student
success [108]. Considering that a larger percentage of women take
CS courses as non-majors than as majors [102], it is important to

continue offering accessible introductory programming courses
for non-majors or avoid creating barriers that prevent non-majors
from enrolling in CS courses designed for majors.

Splitting CS1 based on prior experience: Negative conse-
quences of differences in previous programming experience before
enrolling in university disproportionately affect women and under-
represented minorities [68]. Splitting CS1 based on prior program-
ming experience can help in achieving comparable CS2 outcomes
regardless of prior experience [29, 32, 57], as well as a way of ad-
dressing misconceptions about the need for a strong programming
background to enter university [3]. However, splitting CS1 based
on prior programming experience does not always improve reten-
tion of women and those from other underrepresented groups [57].
Others reported that teaching an objects-first CS1 course levels the
playing field, where those without prior experience do as well as
those with experience [116].

Programming Language Choice in CS1 : Choice of program-
ming language can help level the playing field with students taking
CS1. Students from underrepresented groups are less likely to have
learned a new language before starting their university program
[125]. Block-based programming may be useful for novices. Block-
based programming is less common than textual programming and
is used primarily with children [91]. Coffman et al. [28] found that
students at their university perceived text-based programming to
be more valuable than block-based programming, but they also
found that some students from underrepresented groups struggled
more with text-based programming than students from majority
groups. One study found that 88% of universities were using C++,
Python, Java, and C [105] in their introductory courses, with the
growing trend that Python is becoming more popular than others.
Some universities have moved to less common programming lan-
guages, like Racket or Pyret in CS1, to help mitigate the challenges
of students coming with previous programming experience in the
language chosen for that class. Harvey Mudd uses a locally-created
Karel-like language in the initial weeks of CS1 and then uses Python
as a functional language to create a situation where all students are
facing new languages and/or paradigms [3].

3.2.2 Capstone, Research, Industry Projects Integrated Into Curricu-
lum. Undergraduate research impacts recruitment and retention
in computing positively [104]. The National Science Foundation
(NSF) has supported undergraduate research programs since 1953
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Table 2: Examples of EDI-Centered CS Curriculum Efforts: Capstone, Research, Industry Projects Integrated Into Curriculum

Project Institution Curriculum Impact Year

Research Experience for Undergrads (REUs) MI Women and underrepresented minority groups had higher than the
mean scores on several measures of assessment factors [96]

2018

Intensive Research Experiences (IREs) MI Improved attitudinal constructs, especially for women of color [97] 2020
Public Speaking in Capstone Courses UCR Beneficial for students from underrepresented groups [47] 2020
Systemic Justice Themed Capstone MIT Authentic and relevant to African American students [118] 2023
IoT-based Capstone Projects TAMUCC IoT based project-based learning in a remote setting is as 2023

TAMUK effective for historically underrepresented students [75]
MI: Multi-Institution, UCR: University of California, Riverside, MIT: Massachusetts Institute of Technology, TAMUCC: Texas A&M University - Corpus
Christi, TAMUK: Texas A&M University - Kingsville

and conducted a two-year study into the impact of undergraduate
research on computing students. This study indicated significant
benefits for women and underrepresented minority groups, with
the former group showing higher scientific identity and scientific
leadership than the mean and the latter group showing higher self-
efficacy, academic help-seeking, research skills and leadership skills
[96]. This is a strong indication that a focus on research projects
could be beneficial for underrepresented groups. However, further
research is required to understand this more fully — it is possible
for selection bias to be affecting these populations of undergradu-
ate students, causing them to already have higher scores than the
mean in these attributes. Intensive Research Experiences (IREs) are
workshops targeted at undergraduate women which expose them
to pathways to a career in CS research [97]. These IREs are unique
because they are more scalable than other research opportunities,
and have been shown to be an effective way of providing under-
graduate women with peer engagement and feel like they fit into
CS research, particularly for women of color.

Internships are important links between college education and
a successful transition into the job market, with those who have
undertaken an internship 48.5% less likely to face graduate un-
deremployment than those who do not (controlling for factors
such as gender, ethnicity and college) [48]. Given that women and
those from ethnic minorities are less likely to get paid internships
[83, 84], this suggests an important role for similar activities within
degree curricula. Break Through Tech empowers, trains, and con-
nects a new generation of diverse tech talent (with a focus on
Black, LatinX, Native Americans, low-income women, and gender
non-conforming individuals) into the US workplace through their
Sprinternship program. These programs have been done in part-
nership with a home institution (CUNY System in New York City,
University of Illinois in Chicago, etc.). Sprinternships are three-
week micro-internships in partnership with a tech company. They
showed that only 4% of students without Sprinternships went on
to secure a full summer internship, while 65% of students with
a Sprinternship went on to secure one [81]. It is also important,
however, to be mindful of the fact that internships may also ex-
pose minoritized students to hostile environments and behaviors,
such as having their competence underestimated or having to alter
their appearance to avoid attracting attention [109], with potential
consequences for their long term studies and careers. Others have
shown that Black women working in tech internships must develop

coping strategies to manage, among other things, the constant need
to prove their competency [94].

Capstone projects are a valuable contribution to a degree for
helping students develop the hard and soft skills that are required
in industry [113]. These can be beneficial for underrepresented
groups and can foster a sense of inclusion [12], but there are also
risks associated with them. When students are working in groups,
unless these are well managed, roles within them can be allocated
along gender roles, with male students doing the majority of the
coding and female students taking on more admin-based roles [17].
This can lead to a view among male students that they are more
valuable to the project. Women are also more likely to undervalue
their own contribution, even where their peers rate it highly [11].

Haji Amin Shirazi et al. [47] found that integrating oral commu-
nication and public speaking skills into their capstone course was
particularly beneficial for students from underrepresented groups.
Wallker [118] developed a systemic justice capstone project that is
relevant and authentic to that is relevant and authentic to African
American students. Mehrubeoglu et al. [75], through interdisci-
plinary capstone projects at Hispanic-serving higher education
institutions, assessed student learning and engagement. One of
their findings was that historically underrepresented students per-
formed as well as students of other backgrounds in project-based
learning, and the remote settings did not hinder them.

3.2.3 Simplifying Curricular Complexity. Another issue in retain-
ing diverse students is curriculum complexity, particularly compul-
sory courses where failure leads to exclusion from the program.
Facilitating different paths into the degree program leads to more
options for student success, which is advantageous for those who
may have less experience coming into the degree or who may be
drawn to less stereotypical subjects.

Slim et al. [107] frame degree attainment - arguably the most
important measure of student success - as the degree to which stu-
dents can successfully navigate the various requirements associated
with their degree program. The more complex, demanding, and
inflexible the requirements, the lower the likelihood of success.

Lionelle et al. [65] analyzed the relationship between the curric-
ular complexity and the attainment of women in 60 CS programs.
They found that the degree complexity and the factors that block
and delay progression inversely correlate with the representation of
women in the program. Core recommendations to reduce this drop-
out include: (1) providing increased flexibility in pathways to avoid
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Table 3: Examples of EDI-Centered CS Curriculum Efforts: Curricular complexity

Project Institution Curriculum Impact Year

Establishment of BA in CS: Removal
of math & physics requirements

FIU Enrollment with greater diversity, particularly resulting in the inclusion of
Black students [99].

2022

Liberal Arts CS Curriculum MI Inclusion of Liberal Arts flexible curriculum and a process for adherence to
CS Curriculum Guidelines. No discussion on under-representation [52].

2023

Modular TA-Oriented Curriculum NEU Modularity for better TA training and support. No evaluation results [79]. 2023
Hidden Curriculum UCSD Created a peer-written hidden curriculum guide and generalized on learner-

centred design workflow. Positive benefits among participants [80].
2023

CS Degree Attainability & MI Degree attainability [107], and curricular complexity, blocking factors and 2024
Curricular Complexity Barriers delay factors impacting representation of women in the program [65].

FIU: Florida International University, MI: Multi-Institution, NEU: Northeastern University, UCSD: University of California San Diego

failure in a single course blocking an entire degree (a "choke point“),
(2) minimizing the length of required course sequences, (3) offering
flexibility for completing math prerequisites, and (4) communicat-
ing degree pathways clearly and early with students, providing
sufficient support for them to plan their studies effectively.

Students may try to navigate curricular complexity through
information from their peers. Nakai and Guo [80] developed guide-
lines for underrepresented students who do not have the sufficient
exposure to the "hidden curriculum" (not explicitly taught rules,
values and expectations) and face information asymmetry within
the field of CS, to assist them professionally and emotionally.

Florida International University established a BA degree in CS
that did not require Calculus and Physics to meet the graduation
requirement, and was able to attract a more racially diverse pop-
ulation, although the increase was statistically insignificant for
women [99]. Unfortunately, many studies on (reducing) curricular
complexity are not explicit on its motivation or implications on
EDI issues in computing education. Tychonievich and Sherriff [115]
describe an eight-year curriculum overhaul at the University of
Virginia that aims to reduce curricular complexity (among other
improvements). Holland-Minkley et al. [52] present guidelines for
the CS curriculum in the context of liberal arts. Muzny and Shah
[79] introduce modularity in the curriculum for TAs. These studies
do not, however, discuss the implications of the overhaul on EDI.

3.2.4 Creating Interdisciplinary Routes into Computing. Preconcep-
tions and stereotypes around computer science abound and are a
major reason for the lack of uptake among those that do not fit the
stereotype [70, 71]. This is a significant problem for diversity, with
groups such as women and students who are not white or Asian
often feeling excluded. A potential solution to encourage such stu-
dents to study computing is combining computing with subjects
with higher diversity or reimagining CS courses around interests
and subjects that are less prone to this kind of stereotyping.

Allowing students to integrate computing with other subjects —
often referred to as a “CS + X” degree — is an approach that appears
to have diversity implications. This can be implemented in different
ways. Sometimes, the focus of an entire course is on integrating
computing with another subject. The computing courses these stu-
dents take contain significant computing material rather than just
introductory material or computing used as a tool for facilitating
other subjects, but are specifically created with these students in

mind. Such an approach is more resource-intensive but has been
successfully implemented in several places — for example, the Com-
puting in the Arts degree at the College of Charleston [9], which
integrates computing with an art specialism, focusing on multiple
synthesized courses. A six-year longitudinal study shows that this
course graduates are 45.6% female. In the ten-year study of Dodds
et al. [33], they found that their biology-themed CS1 was popular
among women students. Harvey Mudd College has a green route
option for CS1, which allows students without prior experience
to choose an introductory course co-designed with biosciences, as
well as the gold route — an option for novice programmers taught
entirely within CS. They found that the green route was more at-
tractive to women and that those who chose this route were just as
likely to choose to major in CS as those who chose the more tradi-
tional gold route [3]. Interdisciplinary minors, such as the Applied
Computing for Behavioral and Social Sciences minor at San Jose
State University, were offered by many institutions. The courses for
these minor programs commonly exhibited a higher representation
of historically underrepresented students, namely female, Black,
or Hispanic students, as they are intended to expand pathways to
computing [24, 25, 60].

The University of Michigan College of Literature, Science and
the Arts (LSA) is exploring ways in which computing curricula for
liberal arts students can be co-designed with liberal arts students
and faculty so as to bring in the expertise of computing scientists
whilst centering the needs and interests of the target audience [45].

More commonly, students can build combined degrees with mod-
ules from computing and from one or more other subjects. The
computing modules that they take are not particularly adapted to
them and will be done with other students who are pure computing
students. An intermediate approach is to allow students to primar-
ily take courses from each of their subjects, but to add one or more
synthesized courses aimed specifically at these joint major students,
and/or to require a capstone project that focuses on both subjects.

Unsurprisingly, the extent to which an interdisciplinary degree
can attract diverse students is dependent on what the “X” is. Ev-
idence around this mostly focuses on female students: combined
degrees where the “X” is female-dominated, such as the arts [7, 123]
and media are much more gender-balanced, reporting a gender bal-
ance close to equal, more than double the percentage of women in
straight computing degrees.
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Table 4: Examples of EDI-Centered CS Curriculum Efforts: Interdisciplinary routes into computing

Project Institution Curriculum Impact Year

CS + X degree UIUC Increased female enrolment in many cases — e.g., from 22.5% to 39%[18] 2022
Computing in the Arts degree Charleston 6-year study shows over 46% of graduates are female [9] 2018
Teaching CS through a media lens GATECH Predominantly female enrollment in interdisciplinary minors [95] 2004
Bioscience-themed CS1 option HMC More attractive to women and same percentage in those choosing to major

in CS as standard CS1 [3]
2012

Interdisciplinary minor SFSU Greater representation of female and URM students in courses for these 2014
SJSU minors, and support student learning and experience in computing courses 2018
and others [24, 25, 60] 2020

UIUC: University of Illinois Urbana-Champaign, Charleston: College of Charleston, GATECH: Georgia Institute of Technology, HMC: Harvey Mudd
College, SFSU: San Francisco State University, SJSU: San José State University

Northeastern University has a very broad program of combined
degrees, with 44.6% of computing students pursuing a combined
major. 39% of these students are female, as opposed to 22.5% in
single-major computing [18]. However, they did not find any racial
and ethnic diversity between joint- and single-major computing
students. There is some evidence that CS + X degrees where the
“X” is a male-dominated subject, such as physics, are even more
male-dominated than pure computing students, although the data
is sparse and dated [19].

3.2.5 Challenging Stereotyping through Diverse Examples and Ap-
plications. Students from underrepresented groups have reported
a lack of interest and engagement with CS material tailored to a
more stereotypical CS population [27]. For example, women more
often value social and artistic expression, often not captured as
part of the diversity of interests in computer science [72]. Also,
women in CS are more likely than men in CS to be undecided in
their career plans [56]. One approach to improving interest and
sense of belonging is to broaden the types of examples and applica-
tions used in the curriculum. The National Centre for Women &
Information Technology’s (NCWIT) Make it Matter1 states that "all
students are more motivated, perform better, and and more likely to
persist when they can see how a lesson connects to their experiences,
interest, goals, and values". They provided four recommendations:
(1) use meaningful and relevant content, (2) make interdisciplinary
connections to CS, (3) address misconceptions about the field of
CS, and (4) incorporate student choice, which is also used as the
framework for the Morrison et al. [76] systematic literature review
exploring the evidence of impact for initiatives that have been in-
troduced to broaden participation in CS. This section will explain
these types of interventions and who they serve.

Women: Women studying CS tend to find educational activities
themed around people more appealing than the educational activ-
ities themed around things [44, 67]. Media computation-themed
CS1 courses are more interesting to women students compared to
traditional CS1 courses [95]. Using gender-neutral language and
adopting project topics that pique women’s interest improves the
sense of belonging for women in CS programs [121]. Mckeever and
Lillis [74] found that women were more attracted to hybrid-type
computing problems, such as those related to media, business, art,
management, and more.
1https://ncwit.org/engagement-practices-framework/

Research has shown that some elective courses in the CS cur-
riculum are more popular with women, including mathematical
and statistical foundations, human-computer interactions, society,
ethics, and professionalism [16].

Underrepresented Race/Ethnicity Groups: Barretto et al.
[10] found that students of underrepresented race/ethnicity were
approximately six times less likely to take a traditional ML/AI
course than those from the majority race/ethnicity. Also, students
of underrepresented races and ethnicities are more likely to report
interest in the social, cultural, and political impacts of ML/AI rather
than the technical aspects of ML/AI.

Culturally responsive pedagogy is a relatively new field aimed
at improving the achievements of students from underrepresented
racial and ethnic groups [42]. The work of Magerko et al. [66] set
out to teach CS1 coding concepts in Python via a learning environ-
ment developed called Earsketch, which combines programming
and music production. They found improvement in CS1 content
knowledge and all psychosocial constructs for all students, includ-
ing women and students from underrepresented race/ethnic groups
[66]. Similarly, Emdin et al. [35], promote using a third space, where
classroom and students’ emotional experiences are integrated, such
as hip-hop-based STEM instructional interventions, as both peda-
gogy and therapy for Black students.

Culturally Responsive Computing (CRC) examines the cultural
relevance of the curriculum and promotes equity through culture-
inclusive teaching practices [34]. This results in the inclusion of
vernacular and civic knowledge, brings socio-economic relevance
to the curriculum, and improves student performance and engage-
ment. Adopting CRC has the potential to increase the participation
of students from historically marginalized backgrounds. In LilyPad,
Arduinos with Native American youths utilize sewable microcon-
trollers to create traditional textiles [54]. Davis et al. [31] introduced
a study on Culturally Situated Design Tools (CSDT), which teaches
CS1 concepts with cultural contexts, such as African American
cornrow braiding, or Native American, African American and Ap-
palachian quilting traditions. Lastly, Impossible Project2 developed
a two-week anti-racist CS curriculum at the University of Buffalo.
The group landed on illustrating racial bias in tech through a case
study of PredPol, a predictive policing company that utilizes an
algorithm to predict crime.

2https://www.daliamuller.com/impossible-project
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Table 5: Examples of EDI-CenteredCSCurriculumEfforts: Challenging Stereotyping throughDiverse Examples andApplications

Project Institution Curriculum Impact Year

Earsketch K12 Pre/post survey and interviews show improved performance and attitudinal
constructs across all gender and ethnicities [66]

2016

Hip-Hop Based STEM K12 Creating a learning space integrating classroom and students’ emotional expe-
rience increased minority youth’s engagement with STEM education [35]

2016

CS through traditional crafting K12 Challenges and benefits discussed but outcomes not evaluated [54] 2014
Cultural Computing Curricu-
lum

K12 Providing cultural contextual learning improved students’ performance but did
not change their attitude to culture or CS [31]

2019

The Impossible Project Buffalo No impact reported (Anti-Racist CS Curriculum, US Child Welfare Case Study) 2021
K12: Kindergarten through twelfth grade, Buffalo: University of Buffalo

Universal Design for Learning: Universal Design for Learning
(UDL) focuses on the importance of providing multiple examples of
concepts to make them relevant to individuals with diverse back-
grounds, gender, ethnicity, race, experiences, etc. [21]. UDL is a
holistic approach to educational design that provides guidelines for
course and curriculum design to accommodate the widest range of
learners, including students with disabilities [98]. Allen et al. [2]
used UDL principles to improve CS1 for English Language Learners
and showed how it improved their performance when compared to
stronger English speakers.

3.2.6 Cultural and Social Justice Competency. One problem with
diversity in computer science is that very few people, especially
students, are educated in the non-technical aspects of the diversity
problem. Diversity, Equity, and Inclusion initiatives are becoming
more common in higher education in the US [30] and beyond, most
targeting faculty and staff. The lack of such initiatives for students
means that these problems are not well understood by the student
body. For example, there is work indicating that many CS students
(especially men) are unaware of the gender gap in CS or do not
think the gender gap is a problem [126]. Therefore, CS students
need education and training in EDI issues.

In this section, the initiatives we discuss focus both on educating
CS students on how they can be part of the solution to create a more
equitable environment within the field, and on how, in their future
careers, they can be part of creating technology that addresses the
needs of diverse and disparate groups of people rather than catering
exclusively for "typical" technology users, as technology has had a
history of doing.

The integration of EDI in CS curriculum is needed, the gap still
exists, with limited commitment in implementation and integra-
tion [122]. This section will describe interventions that add EDI
curriculum to CS programs as standalone courses or EDI-flavored
modules infused into technical courses.

Cultural Competency: The work fromWashington [119] deter-
mined that cultural competence should be a non-technical focus for
computing departments to ensure companies have talent pools that
better understand the importance of EDI issues [119]. Washington
[119] argued that with no formal courses that focus on the non-
technical issues affecting marginalized groups and how to address
and eradicate them, students are indirectly taught that the current
status quo in computing departments and industry is not only ac-
ceptable but also unproblematic. The authors also believe more

students from marginalized groups can be retained in the major
through the addition of the cultural competence curriculum. The
cultural competence curriculum described in a subsequent paper
[120] focuses on exploring EDI challenges in computing through
an introduction and discussion of identity as a social construct, its
impact on computing, and the resulting impact on technology.

The Cultural Competence in Computing (3C) Fellow program
has expanded this work to countless universities that have initiated
cultural competence curricula into their CS programs’ curricula.
One such example is a work from Kong and Pollock [59] using the
3C program to develop a course called "Race, Gender, and Comput-
ing" at the University of Delaware’s CS program.

Justice-Oriented Curriculum: Justice-centered computing
focuses on the pressing ethical need for technology to benefit all,
recognizing that historically, technology has been driven by the
requirements of an industry that benefits the few. This is often at
significant cost to other groups, such as via environmental degra-
dation. Justice-focused computing requires both that technology is
driven by diverse people who have an understanding of the needs
of a broad range of people and that all computer science students
are explicitly educated in the creation of inclusive technology [62].
The research looked at the top 20 universities in the US and found
that less than 50% of the top-ranked universities had courses that
explicitly focused on ethical issues, gender, race, accessibility, and
environmental justice and that for those that did, it accounted for
less than 5% of the curriculum [77].

Other EDI Curriculum: Artze-Vega et al. [4] provides an
equity-minded teaching guide for teachers to enable all students, es-
pecially historically underserved students, to have an equal chance
at success. They include steps to guarantee both relevance and
rigour of course content, transparency of expectations for success,
support and scaffolding to facilitate learning, and the use of the
right tools and platforms. Gachago et al. [39] encouraged an equity-
oriented approach to the process of learning design itself, noting the
benefits of ensuring that those who participate in curriculum design
are themselves from a diverse set of backgrounds. They advocate
for learning design processes that are characterized by collabora-
tion and are cognizant of the traditional power structures that have
existed in this space. Peña et al. [92] also addressed the importance
of gender diversity in both teaching staff and decision-making roles
in faculty.
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Table 6: Examples of EDI-Centered CS Curriculum Efforts: Cultural and Social Justice Competency

Project Institution Curriculum Impact Year

Cultural Competency CS Course MI Discusses the need for computing departments to focus on cultural competence
to create more inclusive environment beyond universities [119]

2020

CS through inclusive design HSI Improved outcomes & retention, especially amongst minoritised students [41] 2024
Case studies to teach AI ethics Waseda Students developed deeper understanding of ethical issues in AI, but study does

not provide an insight with respect to EDI [50]
2022

Race, Gender, and CS Course UDEL Piloted a class discussing how technologies do not benefit women andminorities
as much and observed positive reflections among students [59]

2023

Gender-inclusive teaching UPC Suggestions for gender-inclusive teaching. Not evaluated [92] 2021
GenderMag MI Framework for software engineers to develop gender-sensitive software without

specific knowledge of gender issues; improved student grades [22, 41]
2016
2024

MI: Multi-Institution (International), UDEL: University of Delaware, UPC: Universitat Politècnica de Catalunya, HSI: Hispanic-Serving Institution, Waseda:
Waseda University

Inclusive Design in Software An important aspect of cultural
and social justice is training students to design more inclusive soft-
ware. A curriculum emphasizing inclusive design aims at making
students aware of technology barriers impacting numerous minori-
tized populations and teaching them how to design better solutions.
Oleson et al. [85] explained that this is no easy task because students
(and instructors) are often trained to engineer programs rather than
design them, and remain unaware of their blind spots, believing that
some “common sense” is all that they require to design inclusive
software. The same research shows that students encounter several
hurdles on the path to truly inclusive software design, including
difficulties taking the perspectives of others or sticking to conven-
tional design patterns even when those are at odds with the design
goals they are trying to achieve.

To address this issue, Burnett et al. [22] introduced Gender-
Mag, a systematic method to evaluate software from a gender-
inclusiveness perspective. The method was tested in an academic
environment to facilitate the teaching of inclusive design princi-
ples and was found to be well-accepted by instructors and effective
at improving students’ grades, as well as instructors’ evaluations
[41]. They found that incorporating inclusive design improved
course outcomes and students’ retention, especially for marginal-
ized groups [40].

Patel et al. [87] argued that the disconnect between computer
science core curricula and the specific courses that cover societal
aspects, such as ethics, EDI, and design for human interaction, trains
a workforce that is not ready to implement inclusive software.

Ethics: Inclusive design in software is an ethical imperative as
technology increasingly dominates our lives, but this is only one of
the ethical dimensions that computing students need to be aware of.
Important ethical questions include the development of hardware
from materials, the mining that leads to ecological damage, the
reliance of many forms of technical development on underpaid
and ethically questionable labour in the developing world, and the
climate implications of large data storage. An increasingly pressing
ethical area concerns the increasing use of AI, especially Large
Language Models (LLMs) such as ChatGPT.

Aler Tubella et al. [1] explored the existing literature around
ethical AI and interviews 11 experts across five European countries

to help define educational strategies, competencies and resources
needed for the successful implementation of Trustworthy AI in
Higher Education (HE). The main concerns raised were technical
robustness and safety, as well as privacy and data governance.

While most of the existing literature on teaching AI focuses on
the need to teach diverse students from all disciplines to improve
their understanding of AI, the imperative to educate CS students -
the future developers of AI - about AI and ethics is well-evidenced.
McDonald and Pan [73] explored how CS students are not inclined
to think deeply about ethical considerations until prompted to do
so, and even then, their thinking about ethics exposes biases. Jang
et al. [53] discovered gendered differences in attitudes to fairness
in AI, with female students having stricter ideas of fairness, as did
students with more education in AI.

Hishiyama and Shao [50] discussed the efficacy of using case
methods to teach AI ethics. This approach appeared to hold the
students’ interest and lead to a deeper understanding of the issues
involved.

3.2.7 Summary and Highlights of the Gaps. Six themes emerged
from our exploration of the literature on curriculum interventions
related to the benefit or intent benefit to a more diverse student
population. We presented the interventions that align with each
theme in this section and summarized them in Tables 1-6.

Many reported interventions only happened in K12, and have
not been adopted in undergraduate curriculum. Some did not ob-
serve or did not report long-term impact. Many interventions are
not widely adopted or reproduced. Also, we suspect many valuable
efforts and experiences in this domain may not have been pub-
lished because they are in their early stages. Furthermore, existing
interventions tend to address only a single dimension of diver-
sity. Consequently, existing literature lacks guidelines for a holistic,
comprehensive, EDI-centered curriculum design, considering the
race, gender, ethnicity, age, access needs, and socioeconomic back-
grounds of student populations. There is a pressing need to explore
the design of an equity-minded CS curriculum and to determine an
effective approach to achieve it.

In section 4, we show whether and how existing curricula from
selected universities worldwide align with the presented themes.
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Table 7: Literature Themes and Curriculum Analysis

Literature Themes Curriculum Analysis

Levelling the playing field to help students with different technical backgrounds Multiple Versions of CS1
Integration of capstones, research, and industry projects in the curriculum: Capstone, Thesis, Research, and Internship
Simplifying curricular complexity Curriculum Complexity
Creating interdisciplinary routes into computing: Interdisciplinary Options
Challenging stereotypes through diverse examples and applications Content Level InterventionsCultural and social justice competency

4 Curriculum Analysis
4.1 University Selection Criteria
To answer our research questions RQ1 and RQ2 concerning the ap-
proaches to addressing EDI in the undergraduate computer science
curriculum, and the outcomes of these EDI-centered curriculum
efforts in terms of attracting or retaining more historically marginal-
ized students in the field, we conducted an extensive curriculum
analysis. Our curriculum analysis expands our literature review by
exploring public information from institutions worldwide on their
related curriculum efforts.

We chose three major geographical regions to focus on: Australia,
North America and Europe. We made this choice because the vast
majority of the literature was based in these regions, and because
of their cultural similarities. For each selected region, we compiled
the 10 highest-ranked research-oriented CS programs according
to the Times Higher Education World University Rankings 2024 for
Computer Science3, and analyzed publicly available data about
the CS curriculum for each university in this list. The rationale
behind this choice is that the effect on public perception of these
universities’ high rankings would result in them receiving a more
diverse pool of applicants to their CS programs due to students’
desire to pursue degrees in prestigious institutions [5, 6], and that
their high reputation would lend weight to their impact in defining
curriculum in other universities in their region.

Where publicly available, we have collated information about
the student population for each of these programs, such as the
percentage of women, international students, or BIPOC students
enrolled. This information is presented in Tables 8–11.

We also included an additional selection of institutions from
the US, including Liberal Arts Colleges with high enrollment of
women, Historically Black Colleges and Universities, Hispanic Serv-
ing Institutions, and Women-only Institutions. In the paper, we will
use the term equity-focused institutions to refer to this particular
group. These institutions play a distinctive and crucial role in the
landscape of higher education in the United States. They also repre-
sent an opportunity to study EDI-related curriculum efforts beyond
highly ranked research institutions due to their reputation and the
selective student population they serve. Furthermore, guidelines
for a liberal arts perspective have been discussed recently. Holland-
Minkley et al. [52] proposed a six-step integrated design process to
align common CS curricular recommendations such as CS2023 [86]
with liberal arts programs. Guzdial and Evrard [46] identified three
themes of computing use in liberal arts and sciences: computing
3https://www.timeshighereducation.com/world-university-rankings/2024/subject-
ranking/computer-science

Table 8: Percentage of women and international enrolments
in undergraduate CS programs in Australian universities

University Women1 International1

ANU 24% 47%
Macquarie 19% 24%
Monash 24% 69%
Swinburne 18% 61%
Adelaide 15% 48%
Melbourne2 N/A N/A
UNSW 23% 21%
Queensland 24% 41%
Sydney 24% 53%
UTS 24% 27%
1 Source: https://www.education.gov.au/higher-education-statistics/
resources/student-enrolments-pivot-table-2022, 2022.

2 Note: Data for this university is unavailable as CS is only offered as
a major within other degrees, not as a separate degree program.

Table 9: Percentage of women in undergraduate CS programs
in Canadian universities

University Women Source

McGill 25% [217]
McMaster 20% [213]
SFU 20% [215]
Montréal N/A N/A
UQAM N/A N/A
Alberta N/A N/A
UBC 32% [216]
UofT 23% [213]
Waterloo 28% [213]
Western 18% [213]

for discovery, expression, and justice. These themes were used to
develop a new program and courses to support computing edu-
cation for liberal arts and sciences students to support non-EDI
intervention better.

Table 7 illustrates how our approach to data collection from
publicly available curriculum information was influenced by the
literature review. We defined categories for which we could rea-
sonably assume to find data in publicly available sources for each
institution (e.g., department websites, course catalogs, syllabi), link-
ing them to the six themes outlined in Section 3.1. In one case, we
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Table 10: Percentage of women and international enrolments
in undergraduate CS programs in European universities

University Women International Source

EPFL 16% 58% [208]
ETH Zürich 18% 43% [218]
ICL 25% 61% [210]
KULeuven N/A N/A N/A
PSL N/A N/A N/A
TUM 18% 40% [211]
UCL 22% 61% [209]
Oxford N/A 56% [214]
Cambridge 20% 38% [212]
Edinburgh N/A 48% [209]

Table 11: Percentage of women, international, and BIPOC
enrolments in undergraduate CS programs in US universities

University Women1 International1 BIPOC1

Caltech 36% 8% 70%
CMU 46% 24% 61%
Cornell 38% 16% 59%
Harvard 40% 16% 60%
MIT 37% 15% 62%
Princeton 40% 17% 60%
Stanford 34% 15% 64%
Berkeley 28% 18% 69%
UIUC 25% 26% 47%
UWashington 46% 23% 55%
Carleton 39% 17% 24%
Harvey Mudd 38% 10% 63%
Swarthmore 37% 25% 41%
Wellesley 100% 12% 77%
Howard 44% 31% 66%
Morehouse 0% 14% 86%
Spelman 100% 0% 100%
UCI 23% 21% 67%
Austin 24% 8% 69%
1 Source: https://collegefactual.com, 2020–2021.

decided to group two themes ("Challenging stereotypes through
diverse examples and applications" and "Cultural and social justice
competency") under the common umbrella of "Content Level In-
terventions": this was done because, for both themes, data was to
be collected through the analysis of courses and related high-level
available information (e.g. course catalogs descriptions) at selected
institutions. Further analysis may have made possible keeping the
two themes separate, but this would have required access to more
detailed information about the courses, like the type of examples
or assignments used, which was beyond the scope of this study.
Instead, our data collection focused on information about degree
requirements, entry-level programming courses, and course-level
considerations. We also looked at additional curriculum-related
factors impacting student populations, such as entry pathways,
interdisciplinary options, and specific content topics.

In the following, we present our analysis results in the five cate-
gories for institutions in different regions and describe differences
in regional approaches and overall findings.

(1) Multiple Versions of CS1
(2) Capstone, Thesis, Research and Internship Options
(3) Curriculum Complexity
(4) Interdisciplinary Options
(5) Interesting Courses

4.2 Multiple Versions of CS1
We reviewed the details of each university’s CS1 offering as pro-
vided on each institution’s website, to see whether multiple versions
(streams) were offered, and if so, for what purpose. The reasons we
found for offering more than one version of CS1 include:

• having a course for an advanced stream;
• having a bridge course, to provide additional support to
students without prior programming experience and perhaps
allow students to enter the program who may not otherwise
meet the minimum requirements; or

• other reasons, such as wanting to provide different program-
ming language options.

A summary of this data is given in Table 12. In some cases,
there was more than one additional stream in a particular category;
in these situations multiple checkmarks have been recorded in
the relevant column. Under the column "Other" we also included
separate CS1 courses delivered by the department hosting the CS
major but tailored specifically for the needs of students enrolled in
a degree other than CS. These courses do not affect students already
in a CS stream, but they may provide opportunities for students in
other majors or undeclared majors to explore CS as an option.

4.2.1 Australian Institutions. In Australia, the approach varies.
ANU, Monash University, and the University of Sydney all pro-
vide advanced CS1 streams. The University of Adelaide and UTS
provide separate streams, but only for students enrolled in degrees
other than CS (Bachelor of Information Technology and Bachelor of
Engineering respectively). Macquarie University and UNSW both
provide bridging streams. In the case of Macquarie this is done
through a separate division of the university (Macquarie Univer-
sity College) dedicated to providing pathway programs to students
who would not otherwise meet the admission requirements of the
university. In the case of University of NSW, this is through their
“Gateway Admission Pathway”, in which students who do not meet
the minimum requirements for admission are allowed to enroll in a
Diploma, the completion of which is equivalent to the first year of
studies in the corresponding degree.

No Australian universities in our analysis provide more than one
additional CS1 stream, and Swinburne, University of Melbourne,
and University of Queensland do not provide any additional options.

4.2.2 Canadian Institutions. In Canada, three universities provide
bridging courses: the University of British Columbia, the University
of Toronto, and the University of Waterloo. Two universities pro-
vide advanced streams: Western University and the University of
Waterloo. The University of Waterloo is the only university in this
region to provide three streams designed for three different levels
of prior experience — a bridging stream, a standard stream, and an
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Table 12: Curriculum Analysis: CS1 Streams

University Advanced Bridging Other

ANU ✓
Macquarie ✓
Monash ✓
Swinburne
Adelaide ✓
Melbourne
UNSW ✓
Queensland
Sydney ✓
UTS ✓
McGill ✓✓✓
McMaster
SFU ✓✓✓
Montréal
UQAM
Alberta
UBC ✓
UofT ✓
Waterloo ✓ ✓
Western ✓ ✓✓
EPFL ✓
ETH Zürich
ICL
KULeuven ✓✓
PSL
TUM ✓
UCL
Oxford
Cambridge
Edinburgh
Caltech ✓
CMU ✓✓
Cornell ✓
Harvard ✓
MIT ✓
Princeton
Stanford ✓ ✓ ✓
Berkeley ✓
UIUC
UWashington ✓ ✓
Carleton
Harvey Mudd ✓
Swarthmore
Wellesley ✓ ✓
Howard
Morehouse
Spelman ✓✓
UCI
Austin ✓ ✓

All universities offer at least one CS1 stream. This table indicates the
number of additional streams.

advanced stream. This particular 3-stream approach was only seen
in North American universities, not in Europe or Australia.

Some Canadian universities also have separate streams based
on reasons other than the level of prior programming experience.
For example, McGill University has four CS1 streams, depending
on whether the student is taking the unit as part of a standard CS
degree, a life sciences degree, a physical sciences degree, or a spatial
sciences degree. Simon Fraser University provides two additional
options with different programming approaches (scientific pro-
gramming or systems-oriented), as well as a stream designed only
for Engineering students. Western University provides separate
streams for Data Science and Engineering students.

4.2.3 European Institutions. Most of the universities we analyzed
across Europe only listed a single version of CS1 for students to
enroll in. Three universities offer CS1 courses for students outside
the CSmajor: KU Leuven provides separate streams for Engineering
students and for those taking CS as part of a Math, Physics, or
Biomedical Science program; TU Munich offers an introductory
CS course for students in math; and EPFL offers to all first-year
Bachelor students a course to introduce them to fundamental ideas
of computer science and communication systems. This last course
in particular is delivered to about 1500 students in seven different
instances, and the programming language is chosen to meet the
needs of each particular section. None of the European universities
indicated on their website any separate CS1 streams provided for
advanced students or any bridging courses for CS1.

4.2.4 US Institutions. Among universities in the US, four offer
advanced CS1 streams (Cal Tech, MIT, Stanford, and University of
Washington), and three offer bridging streams (Carnegie Mellon,
Stanford, and University of Washington). Stanford University and
the University of Washington offer bridging and advanced streams.
In addition to these three streams, Stanford offers a separate fourth
pathway for non-CS students.

Carnegie Mellon also adopts the three-stream approach based
on the level of prior experience—however, two of the three would
be considered bridging streams (rather than one bridging and one
advanced). The standard Carnegie Mellon CS1 course assumes stu-
dents have completed and obtained a score of 5 on the AP Computer
Science A exam. A bridging course exists for those without that
requirement, which is nonetheless described as “fast-paced”. A sec-
ond, “slower-paced” bridging stream is provided for students who
want additional support.

Harvard and Berkeley both have unique approaches that are
worth noting. Harvard offers two different streams based on lan-
guage choice (the standard stream teaches C, while an alternative,
more “problem-solving based” stream using Python is also offered).
Berkeley offers a separate “self-paced” stream that can be completed
over one or two semesters. This stream is intended to attract both
students with more programming experience and those with no
prior experience at all; the idea is that students can work through
the required content at a pace that is comfortable for them, whether
that be faster or slower than the average student.

University of Illinois Urbana-Champaign offers only a single
version of CS1, while Cornell University offers a separate stream
for Engineering students only.
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4.2.5 Equity-Focused Institutions. Among the nine equity-focused
US institutions we considered, only UT Austin and Wellesley pro-
vide an advanced stream for CS1, and only Spelman College pro-
vides a bridging stream. In fact, Spelman provides two options (one
of which is more business-oriented in its approach) for students
who do not pass the computing literacy exam that allows them to
directly enroll in the standard CS1 stream.

Harvey Mudd, Wellesley, and UT Austin provide streams with a
specific applied focus in certain areas, designed for students taking
courses in those fields: Harvey Mudd for computational biology
students, Wellesley for those enrolled in the natural sciences, and
UT Austin for applications in science and business.

The remaining five universities listed in this section (Carleton,
Swarthmore, Howard, Morehouse, and UC Irvine) offer only a single
stream for CS1.

4.3 Capstone, Thesis, Research, and Internship
As outlined in Section 3.2.2, exposure to research and industry expe-
riences has a predominantly positive impact on students, increasing
their motivation to enrol and complete a major, and minoritized
groups in CS stand to benefit the most. [96]. For these reasons, the
inclusion of these experiences in CS programs should be encour-
aged. We reviewed the graduation requirements and the course
catalogue of the selected CS programs to understand whether each
includes forms of extensive project-based work, such as the com-
pletion of a capstone project, a thesis, or internship opportunities
(in some regions referred to as Co-Ops).

Institutions in different regions use different terminologies to de-
scribe their courses and graduation requirements. To be consistent
in our analysis, we adhered to the following definitions:

• Capstone: culminating team project course, to be completed
in the last year. It often involves collaboration with clients
or industry partners. Other project-based courses are not
included in this definition.

• Thesis: individual study or project conducted at the end of
a bachelor’s degree, presented through the submission of a
paper or dissertation and, frequently, an oral presentation.
It may have either a research or applied focus.

• Research: any course specifically dedicated to the comple-
tion of a research study. Often, these courses are planned by
an instructor and a single student, with the student receiving
credits for working on a mutually agreed research question.

• Co-Op: opportunity to work with industry partners, with
the goal of gaining experience relevant to one’s field. To be
included in our analysis, the co-op must be mediated – not
just advertised – by the university, and not independently
sought by the student.

The results are summarized in Table 13 and discussed in the
following paragraphs.

4.3.1 Australian Institutions. Nine out of the ten programs included
in our analysis offer or require students to complete a capstone
course. The wide availability and consistent requirement of cap-
stone project courses align with a major goal of these programs —
helping students develop practical skills to thrive in the industry.

Seven institutions offer a 4-year Honours CS degree (as an al-
ternative to the standard 3-year CS degree), and each one of these

Table 13: Curriculum Analysis: Research & Industry Expo-
sure

University Capstone Thesis Research Co-Op

ANU Req.Op. Req.Op. Req.Op.
Macquarie Req.
Monash Req.Op. Req.* Req.Op.
Swinburne Req. Req.* Ava.
Adelaide Req. Req.* Ava.
Melbourne Req.
UNSW Req. Req.*
Queensland Req.* Ava.
Sydney Req. Req.*
UTS Ava. Req.* Ava.
McGill Ava. Ava.
McMaster Req. Ava.
SFU Ava. Ava. Ava.
Montréal Req.* Req.
UQAM Ava.
Alberta Ava. Ava.
UBC Req.* Ava. Ava.
UofT Ava. Ava. Ava.
Waterloo Ava. Ava.
Western Ava. Ava.
EPFL Req. Ava.
ETH Zürich Req.
ICL Req.
KULeuven Req.
PSL Req.
TUM Req. Req.
UCL Req.
Oxford Req.
Cambridge Req.
Edinburgh Req.
Caltech Ava. Ava.
CMU Req.* Ava.
Cornell Req. Ava./Req.* Ava.
Harvard Req.* Ava.
MIT
Princeton Ava. Req.
Stanford Req.Op. Req.Op. Req.Op.
Berkeley Ava.* Ava./Req.*
UIUC Req. Ava.
UWashington Ava. Req.* Ava. Ava.
Carleton Req. Ava.
Harvey Mudd Req. Ava.
Swarthmore Req. Ava./Req.* Ava.
Wellesley Req.* Ava.
Howard Req. Ava.
Morehouse Req. Ava.
Spelman Req. Req.* Ava.
UCI Req. Req.* Ava.
Austin Req.* Ava.

Ava. = Available. Req. = Required. Req.Op. = Required Option (student
chooses one). Ava.* = Available for Honours Program. Req.* = Required for
Honours Program.
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honours degrees requires a thesis course in which students com-
plete a substantial research project. Although this represents an
opportunity for students to engage in research, its relegation to
4-year honours CS degrees could have EDI implications, as honours
degrees require separate application processes and one more year
of study. These additional time and monetary investment may deter
underrepresented students from reaching these research opportu-
nities.

As described so far, most Australian institutions we reviewed do
not offer much flexibility regarding the capstone and thesis project
courses, which are usually required by the respective programs.
However, some programs do provide some flexibility. Monash Uni-
versity requires students to choose between a team project and
industry placement options for their 3-year CS degree. ANU asks
students in their 4-year CS to complete either a research project
course, a software engineering team project course (similar to a
capstone), or an internship, making it one of the most flexible pro-
gram among all the Australian institutions in terms of the choice
of experiential learning opportunities.

4.3.2 Canadian Institutions. Half of the ten Canadian institutions
have at least one capstone course available. However, almost all the
programs do not require students to complete the capstone project,
except McMaster University, where the CS program is within the
Faculty of Engineering. It is common practice for undergraduate
Engineering programs to require students to complete a capstone
project in teams. A few Canadian institutions have a thesis course
available. In particular, UBC and Université de Montreal offer an
honours CS program requiring each student to complete the hon-
ours thesis course, while students atWestern University can include
a project with thesis as one of their courses.

Other research opportunities are available outside of thesis courses.
Several institutions (McGill, SFU, UBC, UofT) offer CS courses that
allow students to engage in research projects. They come, how-
ever, with a caveat: even if the course is in the online catalogue,
it may not be regularly offered to the students. The availability of
research project courses is highly dependent on the availability of
faculty members to supervise these projects. Understanding the
actual availability of these research project courses is out of the
scope of this work. Other undergraduate research opportunities are
available as separate programs rather than courses. Several Cana-
dian institutions on our list, including the University of Toronto,
the University of Waterloo, UBC, and Simon Fraser University, have
various programs that allow undergraduate students to work on
research projects with faculty members. Some examples are the Re-
search Opportunities Program program at the University of Toronto,
the Undergraduate Research Assistantship (URA) program at the
University of Waterloo, and the Undergraduate Student Research
Awards (USRA) program at UBC and Simon Fraser University.

4.3.3 European Institutions. Nine of the ten European institutions
on our list require students to complete a substantial individual
project in their final year of studies. Five of the nine institutions
(University of Cambridge, ETH Zurich, Technical University of
Munich, KU Leuven, and Paris Sciences Lettres) refer to this project
as a thesis/dissertation, while the rest refer to it as a substantial
individual project. EPFL is slightly different, requiring students to
complete a substantial project in a team rather than individually.

They also have an optional research project course. And TUMunich
requires, on top of a thesis, the completion of a "Praktikum", an
extensive team project comparable to a capstone. With these two
exceptions, other research opportunities outside of the required
thesis are not included in the program.

4.3.4 US Institutions. Nine of the ten institutions on our list offer or
require a capstone course, a dissertation, or a research opportunity,
with the sole exception of MIT, where we could not find any any
of these options for the undergraduate CS degree. Based on their
website, MIT seems to have a different approach, offering more
courses with significant project components.

The US institutions on our list tend to refer to the capstone
courses as team projects. Four out of the ten institutions have at least
one team project course available, with two of them (Cornell and
University of Illinois Urbana-Champaign) requiring it to complete
the undergraduate CS degree. However, the emphasis on team
projects in US institutions is less than that of Canadian institutions,
and even less than Australian institutions.

More than half (7/10) of the programs have at least one senior
thesis option. However, the programs differ by whether the senior
thesis is available and/or required for the major or the honors
programs. Caltech, Princeton and Stanford offer, but do not require,
the senior thesis option for the CS major students. UC Berkeley
provides the senior thesis option for their honors students but does
not require it for degree completion, while it is required for honors
students at Carnegie Mellon University, Harvard and University of
Washington.

Research based courses are available or even required at nine
out of the ten institutions. When marked as available, the same
caveat outlined for Canadian institutions remains: supply depends
largely on the availability and interests of faculty members, who
act as supervisors.

Among the institutions selected, Stanford stands out as providing
possibly the most flexible program in terms of project and research
opportunities. Their program has three options for the major: a
team project, a senior thesis, and an independent research project.
Each student in the major must complete one of the three options
for their degree.

4.3.5 Equity-Focused Institutions. Capstone courses aremuchmore
common amongst the equity-focused US institutions than among
their larger counterparts, with team-based or research-based cap-
stones required in seven of the nine institutions on our list. Of those,
Morehouse, Carleton, UC Irvine and Harvey Mudd all require two
semesters of team projects. Two institutions offered no capstone
project: UT Austin and Wellesley. UT Austin does offer elective
project-based courses but not as part of the capstone. Wellesley
offers elective research courses (independent studies).

None of the equity-focused US institutions requires a thesis for
their degree, though about half of the schools (5/9) require a thesis
in order for students in their honors programs. Swarthmore allows
students to complete a thesis outside of the honors program, but
this is not required.

All but one of the equity-focused institutions made research
(outside of the capstone) available to students, a significant effort in
making research opportunities available to undergraduates, even
though a research course is never required.
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4.3.6 Co-op and Internship Options. Co-op opportunities allow
students to get exposure to industry-relevant topics and help them
better understand the application of CS topics and their implications.
We examined the course catalogues of all institutions and looked for
course descriptions that allowed students to engage in internships
or co-op education. The last column in table 13 lists the results.

Our analysis revealed that all the Canadian and most of Aus-
tralian institutions on our list offered credits to students for industry-
related experiences. In contrast, only a few institutions in the US
and no institutions in the Europe offer for-credit internship courses.

4.4 Curriculum Complexity
We start by defining a few quantities that we will analyze. We will
put the courses required for a CS degree into three categories:

• Required Core CS Credits: These are specific CS, Mathe-
matics, and Statistics course credits required by a CS degree.

• RequiredNon-CSCredits: These credits are not CS, Mathe-
matics, or Statistics and are required by the CS degree. These
courses are sometimes called general or breadth courses that
every student in the faculty/university must complete for
their Bachelor’s degree.

• Required CS Elective Credits: These are CS credits that a
student must complete for a CS degree. However, students
can choose these credits from a list of specific CS courses.

In addition, we count the credits of CS elective courses offered
by the department. This number gives us a sense of the number
of possible courses that a student can choose to complete their CS
elective credits.

Having defined the terms above, we will measure the curriculum
complexity for each CS degree using the three metrics below.

• We define Degree Percentage below to measure the pro-
portion of required core CS courses in a CS degree.

Degree Percentage =
Number of Required Core CS Credits
Number of Credits for the CS Degree

• We define Required Percentage below to measure the pro-
portion of required CS core courses among all the CS courses
for the CS degree.

Required Percentage =
Number of Required Core CS Credits

Number of Required and Elective CS Credits
• We define Elective Flexibility to measure students’ choices
when selecting CS electives for their CS degree. First, we
compute the ratio between the number of credits for CS
electives available to students and the number of CS elective
credits required by the program. However, comparing this
ratio across institutions may be misleading: a program that
allows students to pick 1 out of 4 possible electives would
receive a higher score than a program that lets students
choose 25 out of 50 possible electives. Therefore, we multiply
this ratio by the percentage of CS elective credits students
are allowed to take (or 1 - Required Percentage).

Elective Flexibility =
Number of CS Elective Credits Offered
Number of CS Elective Credits Required
× (1 − Required Percentage)

Note that the metrics above report the number of credits rather
than the number of courses. Even within an institution, courses
may not earn the same number of credits. For example, a course

with an attached lab may earn four credits rather than three, or a
required course may only meet for half of the semester and earn
half of the credits of a typical course. Therefore, data from different
institutions are more comparable when we view them through the
lens of credits rather than courses.

Moreover, we chose to report percentages rather than the ab-
solute number of credits, because the total credits required by a
CS degree vary significantly across institutions. For example, the
University of Toronto requires 20 credits, whereas the University
of Edinburgh requires 480 credits. Reporting percentages allows us
to compare the CS curricula at different institutions fairly.

The results are summarized in Table 14 and discussed in the
following sections.

4.4.1 Australian Institutions. Looking at degree percentage, we can
divide the Australian Institutions into two groups. At the Australian
National University, the University of Adelaide, and the University
of Technology Sydney, the CS degrees have a large percentage of CS
courses. In particular, the CS programs at the Australian National
University and the University of Technology Sydney comprise al-
most all CS courses. This does not mean that students cannot take
courses outside of CS. Instead, the program requires very few non-
CS courses to complete the degree. For the other programs, the
percentage of core CS courses varies from 67% to 75%. CS courses
still dominate these programs since CS courses take up at least 2/3
of the degree.

The required percentage for the Australian programs ranges
from roughly 1/3 to 2/3. The Australian National University and
Macquarie University programs offer considerable flexibility, where
only 1/3 of the courses are required. On the other end, for the
programs (Monash University, Swinburne University, University
of Melbourne, and University of Sydney), 2/3 of the courses are
required.

Regarding elective flexibility, the University of Technology Syd-
ney has much greater elective flexibility than other Australian
programs. Of the remaining programs, roughly half (Macquarie
University, Swinburne University, University of New South Wales,
University of Queensland) have an elective flexibility of 2.8 to 3.9.
The other half of the programs have an elective flexibility of less
than 2.

4.4.2 Canadian Institutions. For degree percentage, we can divide
the Canadian programs into three categories. The University of
Montréal and the University of Quebec in Montreal do not require
students to take non-CS courses to complete their CS degrees. Next,
McGill University, McMaster University and Simon Fraser Univer-
sity require a small percentage of non-CS courses for their programs,
ranging from 17% to 25%. Finally, the remaining Canadian insti-
tutions are similar, requiring students to take 40% to 55% non-CS
courses to complete their CS degrees. Compared to the Australian
programs, Canadian programs have more institutions requiring stu-
dents to take more non-CS courses. Half of the Canadian programs
require students to take at least 40% non-CS courses, whereas all
the Australian programs we analyze require at most 33% non-CS
courses.

The required percentage for the Canadian programs ranges from
35% to 80%. Roughly half of the Canadian programs (McMaster Uni-
versity, University of Montréal, University of Quebec in Montreal,
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Table 14: Curriculum Analysis: Complexity

University Degree % Req’d % EF

ANU 100% 34% 1.88
Macquarie 67% 31% 2.81
Monash 69% 64% 1.91
Swinburne 75% 67% 3.91
Adelaide 88% 43% 1.79
Melbourne 71% 65% 0.88
UNSW 75% 58% 3.42
Queensland 67% 50% 3.06
Sydney 75% 67% 1.83
UTS 97% 48% 8.06
McGill 78% 35% 1.32
McMaster 75% 80% 0.50
SFU 83% 58% 1.52
Montréal 100% 80% 1.27
UQAM 100% 73% 1.22
Alberta 45% 56% 0.78
UBC 53% 72% 0.59
UofT 60% 60% 4.25
Waterloo 56% 73% 3.56
Western 52% 77% 2.86
EPFL 72% 71% 0.95
ETH Zürich 92% 92% 0.93
ICL 94% 77% 0.70
KULeuven 73% 100% N/A
PSL 79% 100% N/A
TUM 77% 89% 3.16
UCL 71% 100% N/A
Oxford 100% 63% 0.70
Cambridge 100% 67% 2.58
Edinburgh 79% 71% 0.44
Caltech 39% 62% 3.09
CMU 51% 70% 4.08
Cornell 52% 62% 1.14
Harvard 62% 50% 3.13
MIT 95% 65% 1.95
Princeton 35% 73% 3.36
Stanford 32% 44% 4.31
Berkeley 40% 58% 4.48
UIUC 66% 71% 2.98
UWashington 40% 54% 3.29
Carleton 31% 82% 0.42
Harvey Mudd 41% 82% 1.10
Swarthmore 31% 80% 2.60
Wellesley 31% 60% 2.50
Howard 69% 82% 0.69
Morehouse 46% 84% 0.55
Spelman 53% 81% 0.56
UCI 62% 61% 2.14
Austin 42% 52% 3.20

University of British Columbia, University of Waterloo, and West-
ern University) have more than 2/3 required courses. Moreover, the
programs at Simon Fraser University, University of Alberta, and
University of Toronto have 56% to 60% required courses. Finally,
the program at McGill University only specifies 35% of the courses
to be required. Compared to the Australian programs, the Cana-
dian programs are somewhat less flexible. Half of the Canadian
programs have more than 2/3 required courses. In contrast, every
Australian program has less than 2/3 required courses.

Regarding elective flexibility, the University of Toronto leads
the Canadian programs with the largest flexibility, followed by the
University of Waterloo and Western University. The remaining
Canadian programs have an elective flexibility of less than 2. The
elective flexibility in the Canadian programs is similar to that of the
Australian programs (not counting the University of Technology
Sydney as an outlier).

4.4.3 European Institutions. The degree percentages of the Euro-
pean programs are generally high. Every program has at least 71%
core CS courses. In particular, the programs at the University of
Oxford and the University of Cambridge do not require students
to take non-CS courses. Similarly, the CS programs at ETH Zürich
and Imperial College London have 92% to 94% core CS courses. The
remaining programs have degree percentages ranging from roughly
70% to 80%. In general, the European programs have higher degree
percentages than the Australian and Canadian programs.

Similar to the pattern for degree percentage, the required per-
centages of the European programs are also relatively high. Three
programs (KU Leuven, PSL and University College London) do not
leave any room for elective courses. ETH Zürich and TU Munich
allow students to fulfill 8% to 11% of the program requirements
with elective courses. The remaining five programs have more flex-
ibility and allow students to choose electives for 23% to 37% of the
program.

The European programs we analyze tend to have lower elective
flexibility than the Australian and Canadian programs. Half of the
European programs have an elective flexibility of less than 1. TU
Munich and the University of Cambridge have elective flexibility
of 3.16 and 2.58, respectively. Our elective flexibility metric is unde-
fined for KU Leuven, PSL and UCL because the programs do not
require students to take elective courses.

4.4.4 US Institutions. At a glance, the US programs offer a lot
more flexibility than those in the previous sections. Regarding
degree percentage, almost all the US programs require students
to complete the requirements with at least 34% non-CS courses.
The MIT program is an outlier requiring 95% of the program to
be CS core courses. On the other extreme, five (or half of the) US
programs require less than 40% of the degree to be CS core courses,
leaving much room for non-CS courses.

The required percentages of the US programs are similar to
that of the Canadian programs, ranging from 44% to 73%. The
programs at CMU, Princeton, and UIUC are the least flexible (having
a required percentage of 70% to 73%). The programs at Stanford,
Harvard and the University of Washington are the most flexible,
allowing students to complete 46% to 56% of the requirements with
electives.
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The US programs generally have greater elective flexibility than
those analyzed in previous sections. In particular, eight of the ten
US programs have an elective flexibility of 3 or more. UC Berkeley,
Stanford and CMU stand out by having an elective flexibility of at
least 4. The programs at Cornell and MIT are the least flexible, with
elective flexibility below 2.

4.4.5 Equity-Focused Institutions. The CS programs at the equity-
focused US institutions have generally low degree percentages,
meaning that they require students to take relatively more non-CS
core courses to complete their CS degrees. Carleton College, Harvey
Mudd and Wellesley tie for having the smallest degree percentage
of 31%, requiring students to complete more than 2/3 of their degree
with non-CS courses. Howard has the largest degree percentage of
69%, but still requires students to take non-CS courses to complete
at least 30% of their degree.

The required percentages of the programs at the equity-focused
US institutions are somewhat high, ranging from 52% to 82%. Six
of the nine programs have a required percentage of 80% to 82%,
which only leaves less than 20% of the program requirements to
be electives. The remaining three programs allow students to use
electives to fulfill 39% to 48% of the degree requirements.

The elective flexibility of the equity-focused US programs is
somewhat lower than that of the other US programs but higher than
the European programs. Four programs (Swarthmore,Wellesley, UC
Irvine, and UT Austin) have an elective flexibility of 2 or more. Four
programs (Carleton College, Howard, Morehouse and Spelman)
have an elective flexibility of less than 0.7.

4.5 Interdisciplinary Options
As part of an effort to understand interdisciplinary routes into com-
puting, we reviewed each selected institution’s official website to
investigate whether its CS department offers either an interdisci-
plinary major/programs or a specialization within their CS major
curriculum. Note that we did not include double majors or dou-
ble degrees that require additional years of study. In addition, we
searched whether each institution offers CS minor programs, as
they may contribute to broadening participation in computing. The
results are summarized in Table 15.

4.5.1 Australian Institutions. We did not find interdisciplinary de-
grees to be common, and in cases where they do exist they are
fairly limited. Monash University offers an interdisciplinary major
with Business Information Systems and the University of Adelaide
offers CS and Maths. The University of Melbourne is an interesting
case, offering a Computing & Software Systems major as part of
either the Bachelor of Science or the Bachelor of Design programs,
with the required non-CS courses differing between the two.

Most Australian institutions offered specializations within their
CS programs. While many of these specializations were in areas
typically housed within the CS department (e.g., AI, Data Science,
Systems and Architecture), Macquarie University and NSW also
offered business-relevant specializations (e.g., business analysis,
e-commerce systems) that are not typically housed within the CS
department.

Table 15: Curriculum Analysis: Interdisciplinary Options

University Interdisciplinary Specializations Minor

ANU ✓
Macquarie ✓
Monash ✓ ✓ ✓
Swinburne ✓
Adelaide ✓ ✓
Melbourne ✓
UNSW ✓
Queensland ✓ ✓
Sydney ✓
UTS
McGill ✓ ✓
McMaster ✓ ✓
SFU ✓ ✓ ✓
Montréal ✓ ✓ ✓
UQAM
Alberta ✓ ✓
UBC ✓ ✓
UofT ✓ ✓
Waterloo ✓ ✓
Western ✓ ✓
EPFL ✓ ✓
ETH Zürich ✓ ✓
ICL ✓ ✓
KULeuven ✓
PSL ✓ ✓
TUM ✓
UCL ✓
Oxford ✓
Cambridge
Edinburgh ✓ ✓
Caltech ✓ ✓
CMU ✓ ✓ ✓
Cornell ✓ ✓
Harvard ✓
MIT ✓ ✓ ✓
Princeton ✓ ✓
Stanford ✓ ✓
Berkeley ✓
UIUC ✓ ✓ ✓
UWashington ✓
Carleton ✓
Harvey Mudd ✓ ✓
Swarthmore ✓
Wellesley ✓
Howard ✓
Morehouse
Spelman ✓ ✓ ✓
UCI ✓ ✓ ✓
Austin ✓ ✓ ✓

Availability of interdisciplinary majors/programs, specializations, and CS
minor programs. A checkmark in the respective column indicates we found
evidence for that offering.
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Our analysis revealed that only a few institutions (e.g., Monash
University, university of Queensland) among those selected were
found to offer CS minor programs.

4.5.2 Canadian Institutions. All Canadian institutions have either
interdisciplinary majors/programs or specializations, with the sole
exception of UQAM. More specifically, five out of the ten selected
Canadian institutions offer interdisciplinary majors/programs. Ex-
cept for Western Univerisity, all other institutions in this region
offering interdisciplinary majors/programs provide majors com-
bined with other science majors. We believe this may be due to the
fact that the CS major is offered within the Science Department
in most Canadian institutions. A combined CS/Business major is
the most common among other remaining options. Singularly, the
University of Alberta allows combined CS programs with almost
any disciplines.

In terms of specializations, seven out of ten Canadian institu-
tions were found to have CS specializations. While most special-
izations are in areas typically housed within the CS department
(e.g., Software Engineering, Natural Language Processing, Com-
puter Systems, Computer Vision), several institutions (SFU, UQAM,
and University of Waterloo) offer specializations that encourage
students to take courses outside the CS department, including mul-
timedia, business, and bioinformatics.

Except for UQAM and Western University, all universities in
this region offer CS minor programs. Western University, however,
offers an interdisciplinary minor in Digital Humanities.

4.5.3 European Institutions. About half of the European institu-
tions offer interdisciplinary majors/programs in CS. Three insti-
tutions – the University of Edinburgh, University of Oxford, and
Imperial College London – offer interdisciplinary programs, such
as CS and Physics, CS and Philosophy, and Mathematics and CS.
The University of Cambridge used to offer interdisciplinary options
like CS with Mathematics and CS with Natural Sciences, but these
programs have been discontinued. Additionally, two of the five in-
stitutions on our list – ETH Zürich, and Paris Sciences Lettres (PSL)
– offer interdisciplinary programs. For example, ETH Zürich offers
a Computational Science and an Engineering major. Interestingly,
PSL does not offer a standalone, non-interdisciplinary Bachelor’s
degree in CS. Instead, PSL provides interdisciplinary programs re-
lated to CS, such as Organizational Computer Science (Informatique
des Organisations) and Data Sciences, Arts, and Cultures (Sciences
des données, arts et cultures). These programs combine CS with
diverse fields like mathematics, economics, history, and literature.

Almost all European institutions offer specific CS specializations
at the Bachelor’s level - with the exception of the Universities of
Oxford and of Cambridge, although they do provide multiple elec-
tives in the final year. Examples of available specializations include:
ETH Zürich’s CS program, which offers specializations in areas typ-
ically housed within the CS department (e.g., systems & software
engineering, information & data processing, theoretical computer
science), while its interdisciplinary CS program (Computational
Science and Engineering) offers specializations that encourage stu-
dents to take courses outside the CS department, from Astrophysics
to Computational Finance; the École Polytechnique Fédérale de
Lausanne, which offers multiple tracks that encourage students
to take courses outside the CS department, such as data science,

machine learning and bio; and PSL which within their Organiza-
tional Computer Science program offers two third year tracks, one
in computer methods for business management, and one in data
science.

Only one of the ten European institutions – the École Polytech-
nique Fédérale de Lausanne (EPFL) – offers a minor option in Com-
puter Science, which may reflect the different structure European
degrees.

4.5.4 US Institutions. US institutions offer several interdisciplinary
options in CS, such as computational biology or computational
mathematics. Notably, the University of Illinois Urbana-Champaign
has a broad selection of majors with its blended degree program
called CS+X, where students may choose to study one of 14 majors
while concurrently pursuing CS. These degrees typically do not
require additional coursework or semesters but require completing
a different set of courses tailored to the interdisciplinary major.
Carnegie Mellon University (CMU) is also an interesting case as it
offers interdisciplinary CS majors that encouraged students to take
courses outside the CS department, such as CS and the arts, and
music and technology.

Most US institutions offer specializations or tracks for CS major
students, as well as minor options allowing students from other de-
partments and colleges to study CS. While specializations typically
focus on areas within computing, there are some exceptions. For
example, Cornell University requires CS students to specialize in
fields outside of CS (i.e., external specialization), asking students to
take nine or more credit hours of upper-level courses (3000+ level)
in another discipline.

4.5.5 Equity-Focused Institutions. Less than half of the equity-
focused institutions offer interdisciplinary majors/programs or spe-
cializations. Harvey Mudd is the only Liberal Arts College that
offers joint majors with STEM subjects (e.g., CS+Physics, Math-
ematical and Computational Biology). Spelman College and UC
Irvine offer CS & Engineering programs, while UT Austin offers
five undergraduate degrees in CS. Among these five degrees, the
Bachelor of Science and Arts in CS requires students to take rela-
tively fewer CS courses, allowing them to take a broader range of
liberal arts and humanities courses than the Bachelor of Science in
CS program.

Three (UT Austin, UC Irvine, and Spelman College) of the four
equity-focused institutions offering interdisciplinary majors are
also able to offer specializations for their CS majors. Most of the
specializations in UT Austin and UC Irvine are in areas typically
housedwithin the CS department (e.g., Big Data, Computer Systems,
Cybersecurity, Algorithms), Having said that, UT Austin’s ‘Social
Impact Stamp’ specialization is noteworthy. It requires students to
take ethics courses relevant to CS and complete a Social Impact
Capstone, allowing them to apply their CS understanding in prac-
tice. None of the liberal arts colleges provides specializations, which
could be related to having relatively fewer CS electives available
(refer to section 4.4). Among the three historically black colleges
and universities (HBCUs), Spelman College is the only institution
that offers a flexible ‘Computer Science Plus X’ concentration. This
‘Computer Science Plus X’ concentration allows students to replace
some of the electives and Database Management Systems course
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with a group of courses from another major (e.g., Economics, Envi-
ronmental studies), contingent upon approval by the department
chair or the junior advisor.

Except for Morehouse College, all equity-focused institutions
offer CS minor programs.

4.6 Content Level Interventions
The literature identifies several types of courses that explicitly
direct students’ attention to make an equitable use of the skills
they learn in class and most frequently integrate EDI components.
AI has rapidly advanced and become more ubiquitous, and more
institutions have seen reason to add ethical considerations to their
AI curriculum. HCI courses have begun to more frequently adopt
practices such as UDL and CRC, as these approaches connect easily
with relevant course concepts. And some schools now offer courses
on equitable and responsible use of technology, as part of EDI efforts
or to address the reality of computing being entwined with an ever
growing number of facets of society.

We surveyed the course listings of our selected institutions for in-
stances of these types of courses, specifically looking for AI courses
with a focus on ethical applications, inclusive HCI courses, and
other courses with a focus on ethics or social justice (this last cate-
gory does not include any AI-related courses, as they are covered
by the first grouping). For AI and HCI courses, we did not consider
‘human-centered’ to be sufficient justification for inclusion; we
required the course to be specifically focused on ethics, justice, so-
ciety, culture, or accessibility (and related terms). The course search
may have been impacted by the fact that some upper-level electives
are sometimes listed with nonspecific or provisional names (e.g.
‘Topics in...’); as the scope of our search was limited to available on-
line catalogues, we did not investigate these courses, and based our
tallies solely on course titles and descriptions. Table 16 summarizes
our findings. As there are less evident regional differences, the rest
of this section is organized by course content instead of by region.

4.6.1 Ethical AI. AI courses oriented toward social, ethical, and
cultural dimensions have been previously identified as more at-
tractive to students from underrepresented groups [10]. AI courses
with a specific focus on ethics are quite common, but they are in
no way ubiquitous.

In Australia, six of the ten schools offer an explicitly ethics-
focused AI course. Some schools offer these courses outside of
Computer Science, e.g. the University of Sydney’s “Philosophy of
AI” is taught in the Philosophy department, and UTS’s “The Ethics
of Data and AI” is taught by the Communications department.
Similarly, six of the ten Canadian schools offer an ethics-focused
AI course. Again, while most of these courses are taught in the
Computer Science department, two schools, McGill and Western
University, offer courses through the Philosophy department. The
University of Toronto’s “Ethics of Data Science and Artificial Intelli-
gence” course is available only as a half-credit offering rather than as
a full course, though they offer “Intelligence, Artificial and Human”
as a first-year course. The University of Alberta’s open first-year
AI Everywhere certificate is specifically framed as interdisciplinary,
reflecting the University-wide research area of ’AI4Society’. Eight
of the ten European schools offer ethics-focused AI courses, though

Table 16: Curriculum Analysis: Course-Level Interventions

Ethical Inclusive Responsible
University AI Design HCI Computing

ANU
Macquarie ✓
Monash ✓
Swinburne ✓
Adelaide ✓
Melbourne ✓
UNSW ✓
Queensland ⋄
Sydney ⋄
UTS ⋄ ✓
McGill ⋄ ✓
McMaster
SFU ✓
Montréal
UQAM
Alberta ✓
UBC ✓ ✓
UofT ✓ ✓
Waterloo ⋄ ✓
Western ⋄ ✓
EPFL ⋄ ✓
ETH Zürich ⋄
ICL ✓
KULeuven ⋄ ✓
PSL ⋄
TUM
UCL ⋄
Oxford ⋄ ✓
Cambridge ⋄ ✓ ✓
Edinburgh ⋄
Caltech ⋄ ✓
CMU ✓ ✓
Cornell ✓ ✓
Harvard ✓
MIT ✓ ✓ ✓
Princeton ✓ ✓
Stanford ✓ ✓ ✓
Berkeley ⋄ ✓
UIUC ⋄ ✓
UWashington ✓ ✓
Carleton
Harvey Mudd ✓
Swarthmore ✓
Wellesley ✓
Howard ✓ ✓
Morehouse ✓
Spelman ⋄
UCI ✓ ✓
Austin ✓ ✓

Institutions by region offering at least one course in the target areas. A
check mark ✓ indicates the course was taught in the Computer Science
department. A diamond ⋄ indicates the course was taught outside the
Computer Science department, for example in a Philosophy department or
a Business Management department.
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only UCL offered this course within the Computer Science depart-
ment. All of the remaining schools offered such courses as part of
other programs such as Law, Philosophy, or Digital Humanities.

All of US institutions offer an ethics-focused AI course with half
of the schools settling on variants of “Ethics in Artificial Intelligence”
as the course title. Though some of the courses are offered outside
the Computer Science department (CMU, Caltech), it appears that
these courses are available to all students. Cornell and Princeton of-
fer courses focused more on the law than on the technology, e.g.
Princeton’s “Artificial Intelligence: Law, Ethics, and Politics”. Only
four of the nine equity-focused US institutions offer these courses.
None of the liberal arts schools has such offerings, perhaps reflect-
ing constraints due to the size of their curricula. Neither Howard’s
“Applied Machine Learning, Bias and Ethics” nor Spelman’s “The
Ethics of Virtual Reality and Artificial Intelligence” were offered
within the Computer Science department. Austin stood out in this
group with four separate courses on the subject, including “Intro
to Ethical AI/Robotics” and “Fair Transparent Machine Learning”.

It is worth mentioning that courses offered by other departments
may be more difficult to access for CS students for various reasons
(e.g. missing pre-requisites, credits not recognized for majors). Al-
though these potential difficulties vary from course to course, we
expect in-house courses to be, on average, more advantageous for
CS students, and therefore preferable. With this in mind, the US
region offers the best scenario for CS students interested in learning
more on the topic of AI ethics.

4.6.2 Diverse & Accessible HCI. HCI courses have been highlighted
as a receptive environment for CRC and UDL-related curricular
interventions [40]. At our target institutions, content related to
inclusive or culturally specific design was frequently found to be
a small element of general HCI courses. A very limited number
of schools offers targeted courses. The course at the University of
Adelaide, “Human and Ethical Factors in Computer Science”, is the
only targeted course found at Australian universities. While many
of the HCI courses offered at Canadian universities integrate ethics
into a larger curriculum, none of these schools has courses with
a specific focus on HCI ethics or inclusive design. At European
institutions, only Cambridge’s “Theories of Socio-digital Design for
Human Centred AI” has a specific ethics focus. In the US, courses
offered by Stanford and MIT target designing for accessibility and
assistive technologies. UCI’s “Ethics, Technology, and Design” is
the only ethics-centered HCI course offered at the equity-focused
US institutions.

4.6.3 Responsible computing. Students interested in pursuing ca-
reers with social impact may not view this as compatible with com-
puting culture [55]. Some institutions have responded to this and
other calls within the discipline for a more critical approach to CS
education [58], by introducing targeted courses. A few Australian
institutions feature such offerings, with UT Sydney proposing a
slew of explicitly trans-disciplinary courses–a choice of which is
required–such as “Shaping the Technologies That Shape Us” and
“Technologies Re-imagined in a Complex World”. Six Canadian
institutions offer such courses, with some focusing on “Comput-
ing for Society” (e.g. McGill, University of Toronto). Half of the
European institutions have courses focused on ethics and social
justice. The courses at the University of Oxford and of Cambridge

have a legislative focus. Nearly all of the US institutions and most
of the equity-focused US institutions offer courses with relevant
curricula. Caltech’s “Data, Algorithms and Society” targets first
years and Swarthmore’s “Ethics and Technology” targets a mix of
Computer Science and Philosophy students. Two of the HBCUs
offer many courses in this area including Morehouse’s “Data and
the African Diaspora” and “Computer Ethics and Human Values”,
and Howard’s “Computational Social Justice” and “Ethical & Social
Impacts of Computing”.

4.7 Discussion and Concluding Thoughts
4.7.1 CS1 Versions. When considering the four regions of highly
ranked universities, the US institutions provide the most flexibility
regarding offering multiple streams for CS1, while European insti-
tutions provide the least. Australian and Canadian institutions are
similar regarding the number of institutions offering advanced or
bridging CS1 streams.

Many universities provide additional streams solely to cater to
specific non-CS degree types that are closely related to CS (such as
Engineering). However, nothing in our literature review indicates
that this particular approach to splitting CS1 has any particular EDI
benefits. Few universities have reported offering different streams
with different programming languages for CS1, except Simon Fraser
University and Harvard.

4.7.2 Capstone, Thesis, Research and Internship Options. Different
regions vary widely in terms of their capstone, thesis, and research
course offerings. The Canadian and US universities offer a good
degree of flexibility. On average, they offer more opportunities to
engage in projects and research, but without making it a graduation
requirement.

In contrast, the curricula of European and Australian institutions
are more rigid, almost always requiring all students to complete
a thesis (Europe) or a capstone project (Australia) for the major.
Most Australian universities also require their honours students to
complete a thesis.

All the Canadian institutions on our list provide co-op/internship
courses for credit. In contrast, no institutions in Europe offer co-
op/internship opportunities for credit.

4.7.3 Interdisciplinary Programs and Options. There were both sim-
ilarities and differences across institutions from different regions in
terms of the available majors/programs, specializations, and minors.
Most Australian and European institutions on our list do not offer
interdisciplinary programs, unless they require additional years of
study. Most of these institutions also do not offer CS minor options.
This may be due to the relatively shorter duration of an undergrad-
uate degree in these regions. A key difference between Australian
and European institutions is that most Australian institutions offer
specialization programs at the Bachelor level, while most European
institutions provide specializations primarily at the Master’s level.

Most Canadian and US institutions, in contrast, offer interdisci-
plinary/joint options that do not require additional years of study.
However, there are still some differences between Canadian and
US institutions, particularly in terms of the fields with which these
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interdisciplinary/joint options are combined. For example, the ma-
jority of interdisciplinary programs in Canadian institutions fo-
cused on science majors. Business was one of the few options
available outside of science for interdisciplinary/joint programs.
In contrast, many US institutions offered a wider variety of inter-
disciplinary options in diverse fields, including education, music,
and linguistics. In addition, most of these institutions also offer
specializations, although predominantly in traditional CS areas.
Business, bio-informatics, medical health informatics, and multi-
media were among the few options available outside traditional CS
disciplines. The availability of these interdisciplinary and specializa-
tion options, such as CS + Biology, Business, HCI, and Multimedia,
is encouraging, as they may attract more diverse demographics into
CS [7].

Many equity-focused US institutions, particularly liberal arts
colleges and HBCUs, seem to have limitations in offering interdisci-
plinary or joint programs, specializations, and CS minor programs.
This may be due to limited resources or a lack of available CS elec-
tives. Although offering new CS courses and specializations may
not be technically feasible, institutions like Harvey Mudd College
and Spelman College demonstrate more practical ways to broaden
participation in computing by combining CS with existing, more
gender-balancedmajors (e.g., Biology). In general, offering CSminor
programs and interdisciplinary majors/programs or specializations
in conjunction with more gender-balanced fields beyond Business
and Biology could be a strategy to further broaden participation in
computing for institutions worldwide.

4.7.4 Curriculum Complexity. Prior literature finds that women
and underrepresented groups are more likely to be included in pro-
grams that allow interdisciplinary routes to computing, for example
CS+X. It is reasonable to think that institutions that allow students
to pursue their interests outside of computer science would be more
welcoming for these students. Our curriculum analysis indicates
that institutions in the US offer CS programs that require the small-
est percentage of required courses, allowing students to take more
courses outside of their major area.

Additionally, prior literature on curricular complexity finds that
providing multiple pathways through the major removes the bar-
riers associated with compulsory courses, which may block a stu-
dent’s progress. Therefore, we might expect that schools with a
lower percentage of courses required by the major to be more
welcoming of women and underrepresented students. In Canada,
Australia and the US, students are on average asked to complete a
smaller number of mandatory courses, leaving room for them to
decide how to complete their major. Conversely, in Europe students
are asked to complete a high number of required courses.

A high proportion of elective courses can help creating alter-
native pathways, but only if there is actually a good number of
options to chose from. At institutions with higher values of elec-
tive flexibility, we might expect underrepresented students to find
more courses they are interested in taking and more reasons to stay
connected to the computer science major.

4.7.5 Content Level Interventions. The survey of the courses in
selected institutions confirms that AI and course with a focus on
responsible use of technology are sites of curricular interventions.
Many of the courses were notably reserved for upper level or even

graduate students; a much smaller proportion were available to
take early in a degree program. Many offerings across categories
were interdisciplinary and cross-listed – often with psychology,
philosophy, or information studies – suggesting this as a fruitful
path for future interventions.

On the other hand, HCI courses with a focus on inclusive design
were less frequently found. It is possible that this is a limitation of
our search, and these topics are actually being taught in HCI courses
without being mentioned in the title or in the short description of
the course. If this is not the case, this could identify a fertile ground
for further course development, as it was recently the case for AI
courses with an ethical emphasis.

4.8 Threats to Validity
We collected the data for this section from information available
on the public-facing websites of each institution. While most uni-
versities provide reasonably detailed information regarding their
offerings (e.g., CS1), there may be gaps in our information where
institutions choose to share additional information internally.

Language barriers, cultural differences, and variances in ter-
minology across the different institutions can, at times, make it
challenging to consistently interpret what constitutes a “standard”
pathway of entry into a CS program instead of one that would be
considered a bridge course.

5 Students: Surveys and Interviews
5.1 Student Survey
To get a better understanding of the impact of curriculum design
choices on undergraduate students, we decided to conduct stu-
dent surveys and interviews. We designed and implemented an
anonymous survey to better understand the students’ experiences
with their CS curriculum. We designed the survey questions for
university students registered in a computer science program. We
designed and reviewed the questions multiple times collaboratively.
We first defined our goals and each person added their suggested
questions, then we conducted two rounds of offline written feed-
back followed by online group discussion to review each question’s
scope, wording, and possible ambiguity, incorporating the feedback
from educators in the working group with experience in each of
our target region institutions.

The survey included 44 survey questions and one additional ques-
tion to express interest in interviews (a total of 45 questions). This
included 25 5-point Likert scale questions, three multiple choice
questions, five multi-select questions, and 11 open-ended questions
categorized into five categories: (1) observations of the participant
of CS discipline, (2) participant’s course experiences during CS
program, (3) participant’s curriculum experience during their CS
program, (4) additional comments and suggestions, and (5) ques-
tions about the participants, including self-identification of gender,
socialization, and accessibility needs. The complete list of Student
Survey Questions can be found in Table 32. Because of the short
study timeline, it was not possible to conduct a full reliability as-
sessment of the survey questions. While we acknowledge that the
lack of reliability assessments is a limitation, it was beyond the
scope and timeline of this type of study.
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Following our ethics approval guidelines, we found CS depart-
ment contacts at each of the 49 universities included in our study.
During the working group period, the survey link was sent to the
CS department contacts included in our study, who were asked
to disseminate it to students enrolled in the major. We have also
disseminated the survey through social media, to increase our reach
and include students from other universities.

To encourage more students to respond, answering was optional
for all survey questions. Therefore, not all respondents answered
all of the survey questions, and the number of respondents per
question (𝑁 ) varies. We determined it was preferable to receive
partial feedback than having all questions require an answer and
possibly discouraging students from answering at all. The student
survey has received 613 responses, 345 of whichwere fully complete.
The composition of the respondents can be summarized as follows:

• 302 students were second to fourth year computer science
students. 103 students were a senior (about to graduate) com-
puter science student, and 81 were first-year students. 47
respondents were computer science graduates. 38 were a
university student majoring in a discipline other than com-
puter science, but taking a computer science course. 6 were
students trying to transfer out of a CS major, while 1 was
interested in transferring in. 4 respondents were looking into
applying to a CS program. 21 marked other (e.g. students in
their second degree).

• 170 students (35.49% of those who responded ) did not iden-
tify as a racialized person/person of color. 134 students (27.97%)
did identify as a racialized person/person of color. 31 students
(6.47%) marked that they were not sure and 10 (2.9%) marked
they preferred not to answer, while 268 did not answer the
question.

• When asked about their racial identity, 128 respondents
selected White, 77 Chinese, 40 South Asian, 16 Mixed/Bi-
Racial/Multi-Racial, 13 West Asian, 12 Southeast Asian, 10
Filipino, 8 Latin American, 4 Black, 4 Japanese, 4 Korean,
2 Arab, and 1 Indigenous/Aboriginal. 11 students indicated
they preferred to self-identify. 15 students indicated they
preferred not to answer.

• Respondents include 180 men (52.17%), 137 women (39.71%),
and 18 self-identifying/non-binary students (SI/NB) (5.22%).
10 students indicated they prefer not to answer (2.9%).

• 274 students (79.42%) indicated they do not have accessibility
needs. 21 students said they do have accessibility needs but
are not registered with a Disability Centre. 36 students said
they do have accessibility needs and are registered with a
Disability Centre. 14 students indicated they preferred not
to answer and 268 (4.06%) did not answer the question.

• 153 students said they took or are currently taking one or
more CS course(s) as a required component for their major or
graduation (and that the course was specifically required). 90
students said they took or are taking a CS course as a require-
ment, but that there are options to choose from. 84 students
said some were required, and some where choice/elective.
14 said they are taking CS courses as electives an 7 students
marked other (e.g. taking courses with the intention to trans-
fer).

5.2 Student Survey: Quantitative Analysis
This section presents the results of the analysis of the Likert-scale
and multiple selection questions in our student survey. During data
validation and cleaning, we chose to include in our analysis all the
responses entered by the 613 participants, including those who
did not complete the entire survey, and those for whom we had to
discard some qualitative answers (e.g. because they entered "N/A"
or “I do not know”), as we determined this feedback to be valid
and independent from the qualitative responses. Again, because
students could skip questions, the number of respondents 𝑁 varies.

The distribution of the responses to the Likert-scale questions
is shown in Figure 1. The number of responses received in each
question is different and is shown as𝑁 in the figure. Overall, the sen-
timent of the respondents appears to be positive, with high levels of
agreement with statements such as "I believe Computer Science is
important for society", or "I am satisfied with my decision to enroll
in computer science". Conversely, respondents showed less agree-
ment with statements like "I have difficulties following lectures
because of the language and vocabulary used in my course and by
my instructors", or "The computer science graduation requirements
at my university are overwhelming". Possibly the biggest flag was
raised by S1Q30, "I found some elements of my program’s curricu-
lum discouraging", which found about half of the respondents in
agreement, and supports the idea that a closer evaluation of CS
curricula may be due.

We were particularly interested in examining possible differ-
ences in responses between different student demographics. We
used the Mann-Whitney U test to evaluate differences in the stu-
dents’ responses to 24 5-point Likert scale questions: each Likert
scale answer was turned into an ordinal value (from 1 - Strongly
Disagree/Never/Very Negative, to 5 - Strongly Agree/Always/Very
Positive). To determine statistical difference between answers from
groups of different genders, responses from each gender were com-
pared to the other two groups (e.g. women with men and self-
identifying/non-binary, men with women and self-identifying/non-
binary, and self-identifying/non-binary with men and women). We
also looked at differences between students who identified as racial-
ized versus students who did not (S1Q41) and students with and
without accessibility needs (S1Q40). For the latter, students were
included in the group with accessibility needs whether or not they
were also registered with their school’s Disability Centre. Responses
with missing demographic information were excluded from the
related stratified analysis. We also adjusted for multiple hypothe-
sis testing using the Benjamini–Hochberg Procedure with a False
Discovery Rate = 10%. Differences that were found statistically
significant after correction are marked with an asterisk (*) in the
tables included in this section, and will be discussed in the next
paragraphs.

5.2.1 Shared concerns. Two statements showed significant differ-
ences in agreement between different demographics whether they
were stratified by gender, race and accessibility needs: S1Q2, "I can
be successful as a Computer Scientist", and S1Q11, "I feel I have
things in common with other students in my course". For S1Q2,
women respondents expressed lower levels of agreement (average
of 3.89) than the other two groups combined, while the opposite
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Figure 1: Distribution of responses to Likert scale questions. N indicates the number of nonempty responses per question.

Table 17: Response to Likert scale questions by gender (mean and standard deviation)

Overall Man Woman SI/NB 𝑁

Question Mean±SD Mean p-val Mean p-val Mean p-val
S1Q1 4.61±0.62 4.69±0.53 0.017* 4.54±0.69 0.74 4.50±0.51 0.17 335
S1Q2 4.02±0.93 4.16±0.92 0.007* 3.89±0.95 0.007* 4.05±0.87 0.92 335
S1Q3 3.84±1.01 4.11±0.91 0.000* 3.52±1.11 0.000* 3.11±1.08 0.005* 335
S1Q4 4.01±0.90 4.23±0.86 0.000* 3.78±0.94 0.000* 3.78±0.94 0.22 335
S1Q5 4.20±0.86 4.36±0.86 0.000* 3.98±1.00 0.001* 3.78±1.06 0.05 335
S1Q6 3.69±1.03 3.92±0.99 0.000* 3.36±1.10 0.000* 2.89±1.28 0.012 335
S1Q7 3.89±1.01 3.99±1.05 0.016* 3.78±1.10 0.17 3.39±0.92 0.018* 335
S1Q9 4.23±0.89 4.26±0.90 0.37 4.23±0.85 0.60 4.00±1.14 0.41 335
S1Q11 3.62±0.99 3.72±0.94 0.03* 3.49±1.06 0.14 3.33±0.84 0.11 335
S1Q12 3.75±0.94 3.85±0.94 0.05 3.63±0.95 0.06 3.67±1.14 0.75 335
S1Q13 3.87±0.95 3.99±0.94 0.009* 3.75±0.92 0.015* 3.72±1.13 0.63 335
S1Q14 3.81±0.90 3.93±0.82 0.025* 3.72±0.91 0.05 3.61±1.09 0.46 335
S1Q15 3.76±0.90 3.86±0.85 0.07 3.70±0.92 0.16 3.50±1.10 0.33 335
S1Q16 2.25±1.00 2.18±0.97 0.22 2.36±1.00 0.029* 1.78±0.55 0.04 335
S1Q17 3.88±1.02 4.02±0.96 0.020* 3.77±1.04 0.04 3.67±1.19 0.44 335
S1Q18 3.69±0.96 3.75±0.94 0.32 3.61±0.94 0.12 3.89±1.02 0.24 335
S1Q19 3.83±0.88 3.92±0.87 0.016* 3.69±0.92 0.020* 3.72±1.02 0.80 335
S1Q20 4.02±0.88 4.10±0.81 0.09 3.92±0.96 0.18 3.83±0.98 0.38 335
S1Q29 2.57±1.31 2.67±1.35 0.34 2.45±1.23 0.36 2.62±1.77 0.92 170†
S1Q30 3.33±1.08 3.15±1.07 0.001* 3.53±1.06 0.004* 3.51±1.10 0.34 335
S1Q31 2.64±1.04 2.62±1.01 0.81 2.71±1.06 0.45 2.39±1.14 0.26 335
S1Q32 2.38±1.01 2.35±0.99 0.91 2.43±1.02 0.52 2.11±0.96 0.25 335
S1Q33 2.58±1.05 2.47±1.02 0.06 2.73±1.07 0.05 2.56±0.98 0.98 335
S1Q36 4.05±1.04 4.13±0.97 0.26 3.90±1.14 0.041* 4.55±0.51 0.05 335

The * indicates a significant difference between that group and the other two groups combined. †S1Q29 has a smaller number of respondents (N = 170)
because 165 respondents selected the option "Not Applicable".

was true for men (4.16). Similarly, racialized and students with ac-
cessibility needs agreed less with this statement (average responses
of 3.84 and 3.72, respectively) than non-racialized students (4.17)
and students without accessibility needs (4.09). This evidence points
at varying levels of confidence across different demographics, with
underrepresented students being less certain about their chances
of success.

Men and students without accessibility needs also agreed more
with the statement "I feel I have things in common with other stu-
dents in my course" than their counterparts did, indicating a higher
sense of belonging for these demographics. Interestingly, racialized
students agreed more with this statement than non-racialized stu-
dents. Reasons behind this finding may include a stronger desire
from racialized students to connect with their peers, but also a lim-
itation of the survey: since the students were asked to self-identify,
some racialized students may not necessarily be in a CS minority.
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Figure 2: Distribution of responses to S1Q2: I believe that I can be successful as a computer scientist.
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Figure 3: Distribution of responses to S1Q11: I feel I have things in common with other students in my course.
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Figure 4: Distribution of responses to S1Q17: I would recommend my program to other people like me.
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Figure 5: Distribution of responses to S1Q30: I found some elements of my program’s curriculum discouraging.

5.2.2 Different sensitivities. When asked about the acceptance of
different demographics in the field of computer science, the stu-
dents’ answers varied. As visible in Table 17, women and self-
identifying/non-binary respondents expressed significantly less
agreement with the statement "People of different gender identi-
ties are accepted among computer science students" (S1Q3), and
women agreed less with the statement "People of different sexual
orientations are accepted among computer science students" (S1Q4).
Women respondents also agreed less with S1Q5 and S1Q6, "People
of different races and cultures are accepted among computer science
students" and "People with accessibility needs are accepted among
computer science students", while self-identifying/non-binary stu-
dents thought that peoplewith different socioeconomic backgrounds
may be less welcomed to CS (S1Q7). For all of these statements
(S1Q3-7), men respondents expressed significantly higher levels
of agreement. This was already partially observed in a previous
publication by some members of this working group [5]: when
asked about the acceptance in CS of students of different gender,
sexual orientation, and race, men expressed more agreement than
women and self-identifying/non-binary students.

When comparing students with and without accessibility needs
(Table 19), the group of respondents with accessibility needs con-
sistently expressed less agreement with statements concerning the
acceptance of different demographics in CS (S1Q3-7). No significant
differences were found, instead, in the responses of racialized and
non racialized students to these questions.

These responses show some correlation with the answers to
question S1Q10, where students were asked to rate the diversity in
their departments. Options included "No diversity", "Some Diver-
sity", "Diverse", "Very Diverse", as well as "I am not sure", "Prefer not
to answer" or "Other". Because of the different scale, S1Q10 is not
shown among other Likert scale questions in the summary tables,
but the distribution of responses is visible in Figure 6. Scoring the
answers "No diversity", "Some Diversity", "Diverse" and "Very Di-
verse" on a scale from 1 to 4, we found that men ranked the diversity
of their department significantly higher (2.59±0.81) than women
(2.40±0.78) and self-identifying/non-binary students (2.33±0.62).
Similarly, students without accessibility needs had a more favor-
able opinion of the diversity of their department than those with
accessibility needs (2.26±0.79 and 2.56±0.79, respectively).

These results show that, when asked about whether or not com-
puter science is a welcoming field, students of various identities
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Table 18: Response to Likert scale questions by racialized and
non-racialized respondents (mean and standard deviation)

Overall Racialized Non-racialized p-val 𝑁

S1Q1 4.61±0.62 4.57±0.68 4.65±0.55 0.41 304
S1Q2 4.02±0.93 3.84±0.96 4.17±0.92 0.001* 304
S1Q3 3.84±1.01 3.72±1.04 3.76±1.12 0.52 304
S1Q4 4.01±0.90 3.89±0.95 4.02±0.93 0.24 304
S1Q5 4.20±0.86 4.04±1.02 4.18±0.93 0.24 304
S1Q6 3.69±1.03 3.54±1.13 3.63±1.09 0.54 304
S1Q7 3.89±1.01 3.90±1.02 3.73±1.16 0.27 304
S1Q9 4.23±0.89 4.04±0.98 4.33±0.84 0.005* 304
S1Q11 3.62±0.99 3.72±0.93 3.48±1.03 0.026* 304
S1Q12 3.75±0.94 3.60±1.03 3.81±0.92 0.13 304
S1Q13 3.87±0.95 3.77±1.00 3.95±0.89 0.14 304
S1Q14 3.81±0.90 3.78±0.92 3.83±0.89 0.75 304
S1Q15 3.76±0.90 3.73±0.87 3.75±0.92 0.80 304
S1Q16 2.25±1.00 2.37±0.99 2.08±0.95 0.009* 304
S1Q17 3.88±1.02 3.74±1.10 3.96±0.95 0.08 304
S1Q18 3.69±0.96 3.66±1.00 3.68±0.94 0.96 304
S1Q19 3.83±0.88 3.77±0.93 3.82±0.89 0.70 304
S1Q20 4.02±0.88 3.87±0.90 4.05±0.90 0.07 304
S1Q29 2.57±1.31 2.81±1.33 2.35±1.36 0.032* 150†
S1Q30 3.33±1.08 3.40±1.05 3.35±1.10 0.78 304
S1Q31 2.64±1.04 2.69±1.09 2.59±1.03 0.49 304
S1Q32 2.38±1.01 2.37±0.99 2.33±1.03 0.69 304
S1Q33 2.58±1.05 2.64±1.04 2.54±1.06 0.52 304
S1Q36 4.05±1.04 3.95±1.07 4.15±0.98 0.10 304

The * indicates a significant difference between the two groups. †S1Q29
has a smaller number of respondents (N = 150) because 154 respondents
selected the option "Not Applicable".

will give different answers. They also show that typically non-
minoritized respondents (men, students who do not need accessibil-
ity accommodations) tend to have more optimistic estimates of how
well accepted different demographics are in our field. This may be
unsurprising, but it is worth mentioning to remind ourselves about
the blind spots that occasionally occur when thinking about people
with different backgrounds.

5.2.3 The impact of the curriculum. Significant differences across
populations was found in some questions more closely tied to expe-
riences with the curriculum. Women and students with accessibility
needs expressed more agreement with the statement "I found some
elements of my program’s curriculum discouraging (S1Q30)", while
men and students without accessibility needs agreed more with
S1Q17, "I would recommend my program to other people like me".
Additionally, women and racialized students reported having more
difficulties following lectures because of the language and vocab-
ulary used in their courses (S1Q16), pointing at the existence of a
language barrier, and possibly at hidden assumptions about what
vocabulary students should know. The results of the student inter-
views, discussed in Section 5.4, may help identifying starting points
to address these inequalities.

Table 19: Response to Likert scale questions by students with
accessibility needs and students without (mean and standard
deviation)

Overall w/ access. w/o access. p-val 𝑁

needs needs p-val 𝑁

S1Q1 4.61±0.62 4.54±0.63 4.64±0.60 0.22 331
S1Q2 4.02±0.93 3.72±1.06 4.09±0.90 0.012* 331
S1Q3 3.84±1.01 3.32±1.07 3.93±1.03 0.000* 331
S1Q4 4.01±0.90 3.68±0.93 4.08±0.91 0.002* 331
S1Q5 4.20±0.86 3.84±1.05 4.26±0.90 0.002* 331
S1Q6 3.69±1.03 2.91±1.21 3.81±1.00 0.000* 331
S1Q7 3.89±1.01 3.21±1.22 4.02±0.99 0.000* 331
S1Q9 4.23±0.89 3.96±1.08 4.28±0.85 0.05 331
S1Q11 3.62±0.99 3.00±1.13 3.70±0.92 0.000* 331
S1Q12 3.75±0.94 3.58±1.02 3.78±0.94 0.13 331
S1Q13 3.87±0.95 3.61±1.06 3.94±0.90 0.04 331
S1Q14 3.81±0.90 3.68±0.89 3.85±0.89 0.17 331
S1Q15 3.76±0.90 3.53±0.96 3.82±0.88 0.05 331
S1Q16 2.25±1.00 2.32±0.98 2.20±0.97 0.44 331
S1Q17 3.88±1.02 3.51±1.23 3.99±0.93 0.008* 331
S1Q18 3.69±0.96 3.47±0.97 3.75±0.94 0.05 331
S1Q19 3.83±0.88 3.49±0.98 3.89±0.87 0.006* 331
S1Q20 4.02±0.88 3.84±0.96 4.04±0.87 0.18 331
S1Q29 2.57±1.31 2.75±1.48 2.51±1.26 0.49 170†
S1Q30 3.33±1.08 3.91±0.89 3.20±1.07 0.000* 331
S1Q31 2.64±1.04 2.58±1.08 2.66±1.04 0.51 331
S1Q32 2.38±1.01 2.65±1.14 2.31±0.97 0.05 331
S1Q33 2.58±1.05 2.88±1.10 2.52±1.03 0.030* 331
S1Q36 4.05±1.04 4.03±1.12 4.09±1.00 0.92 331

The * indicates a significant difference between the two groups. †S1Q29
has a smaller number of respondents (N = 170) because 161 respondents
selected the option "Not Applicable".

5.2.4 Other differences. Table 17, 18 and 19 show other signifi-
cant differences among the populations included in our analysis
which were only found in particular groups. For example, racial-
ized students were the only group to express significantly higher
agreement than their counterparts with the statement "I chose an
interdisciplinary program instead of a traditional CS Program be-
cause I felt the computer science program was out of my reach"
(S1Q29). Students with accessibility needs were more frequently
intimidated or confused by names and descriptions of computer
science courses (S1Q33). And women were less likely to label their
first programming course experience in college as positive (S1Q36).
The survey highlighted several differences between the groups of
respondents, each of them worthy of further investigation to iden-
tify the root causes. We hope our findings lay the foundations for
future studies on these topics.

5.2.5 Multiple selection questions. The survey included four mul-
tiple selection questions, aimed at identifying students’ preferred
CS applications (Figure 7), knowledge areas (Figure 8), previous
programming experience (Figure 10), and sources of information
the help with course selection (Figure 9).
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Figure 6: Distribution of responses to S1Q10: I rate the diversity of students in my computer science courses as...
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Figure 7: Distribution of responses for S1Q21: What types of computer science applications are you most drawn to?

7 9 9

4 4 9

9 6 6

16 16 16

3 3 9

6 6 7

11

5 6 7

15 13 10

9 9 6

10 13 9

8 7 10

7 5 4 N=80

N=105

N=150

N=117

N=187

N=74

N=14

N=81

N=44

N=207

N=102

N=56

N=110

Computer Architecture
Cybersecurity

Data Science/Big Data
Graphics/Comp Vision

ML/AI
NLP

Other Areas
Robotics

Scientific Computing
Software Engineering

Systems & Networking
Theory of Computation

UI Design, HCI

Percent within Gender

A
re

a

Gender Man Woman SI/NB

10 8

2 6

8 8

17 15

2 5

6 6

1 1

6 5

16 13

9 8

12 11

7 8

6 7 N=77

N=93

N=137

N=102

N=169

N=66

N=13

N=71

N=41

N=186

N=96

N=50

N=102

Percent within Group

Racialized Yes No

9 8

6 4

6 8

16 16

5 3

5 7

2 1

7 5

11 15

10 9

11 12

7 8

6 6 N=80

N=102

N=150

N=116

N=185

N=69

N=14

N=81

N=44

N=203

N=102

N=54

N=107

Percent within Group

Access Yes No

Figure 8: Distribution of responses for S1Q22: What areas of computer science are you most drawn to?
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Figure 9: Distribution of responses for S1Q34: Where did you go to get information about course selection?

When looking at CS applications, data-driven applications were
the most popular (selected by 186 respondents), followed by service-
oriented applications (138) and games (127). The distribution of
interest is fairly even across different demographics, although racial-
ized students appear more interested than their counterparts in
service-oriented applications, and a larger fraction of women and
self-identifying/non-binary students is drawn to healthcare and
bio-inspired applications.

With 186 preferences, software engineering emerged as the most
popular area in computer science, followed byMachine Learning/AI

(169 preferences), and data science/big data (137). Once again, pref-
erences were equally distributed across demographics, with the
exception of theory of computation being seemingly less appealing
for racialized students.

When asked what sources they used to help them in their course
selection, respondents indicated to favor their program guide (221
preferences) and the advice of their friends and classmates (182)
above everything else. Only 29 students reported asking their family
for help, making it the least popular option, even more so among
students with accessibility needs: only 1% of this group reported
relying on this source for help with course selection.
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Figure 10: Distribution of responses for S1Q39: Have you had any programming experience?

Table 20: Codebook for S1Q23, S1Q24, S1Q27, and S1Q28, including the definition of each theme, examples, and the overall
occurrence frequency.

Theme Definition Example Quotes Frequency

Content Course context, subjects &materials covered "nice to somewhat understand what’s going on under the hood",
"lecture content", " because I am interested in functional pro-
gramming, that’s all.", "they appeal to my intuition"

45.7%

Course Design Course components & strategies "nicely structured", "Project-based courses", "allowedme to work
in groups", "we had a semester long project

17.8%

Practicality Involving experience & implementation "...create useful applications", "...connection made between the-
ory and the real world.", "anything hands on", "...make a big
project", " generally pretty obviously useful"

16.9%

Instruction Impacted by the instructor either by their
teaching strategies or by the learning envi-
ronment they create

"the instruction was fantastic", "both the professors are best",
"the prof did not make the course feel like a safe space.", "it was
taught very well."

11.3%

Belonging Feeling of affinity & comfort in the course &
the field

"it reaffirmed my decision that this is the field that I want to
be in", " felt like I was capable and like I belonged there."

4.4%

Future Impact on possibilities in the future "it is helpful for the future", "very applicable to many jobs",
"...future work"

3.8%

The percentages report the frequency of each theme among themes appearing in all valid responses across all questions (S1Q23, S1Q24, S1Q27, and S1Q28).

Finally, our survey reports that prior programming experience
includes prevalently courses at the college level and independent
learning. The distribution of answers for this question was notice-
ably uniform across demographics.

5.2.6 Threats to Validity —Quantitative Results. Since the link to
the survey for students was shared on social media, we cannot be
sure exactly who filled it out.

The surveys had language not consistent across regions and lan-
guages. Therefore, some questions could be interpreted differently.
For example, the term "racialized" may have impacted our results
as discussed in 7.

5.3 Student Survey: Qualitative Analysis
To answer RQ2 on outcomes of curriculum efforts from a student
perspective, and learn from student suggestions towards answering
RQ3 on improving curriculum, we performed qualitative analysis
on open-ended questions in our student surveys.

5.3.1 Methodology. We performed thematic analysis on two cat-
egories of open-ended questions in our student survey: Student
Experience Questions, and Suggestions. Student Experience Ques-
tions included six questions: S1Q23 - S1Q28. These questions ask
about the experience of students in CS courses. Three of these
questions, S1Q23, S1Q25, and S1Q28 are associated with positive

experiences. They ask about courses the students enjoy the most,
perform the best in, and courses the students particularly find en-
gaging and the reasons. Three other questions, S1Q24, S1Q26, and
S1Q27 are associated with negative experiences. They ask about
courses the students enjoy the least, perform the worst in, and
courses the students particularly find frustrating and the reasons.
For each of these questions, we separated the analysis of the indi-
cated course names from the analysis of the reasons discussed for
the choices made. We performed a thematic analysis of the reasons
provided and classified the course names into course categories.

We began inductive coding on S1Q23 in a bottom-up manner.
This open-ended question asks students about the computer sci-
ence courses they enjoy taking the most, and the reason for their
enjoyment. You can find the question in Table 32. Two coders open-
coded an initial sample of 76 student responses for this question
(46 answers after removing blank and inapplicable entries such
as “N/A”). The coders converged upon an initial codebook after
discussion. The codebook includes six themes for the reason (for
enjoyment or being frustrated) and seven categories of courses. The
themes, their definitions and sample quotes are depicted in Table
20. The course categories are Core, Systems, Introductory, Theory,
HCI, Application Oriented, and Data.

For question S1Q24, due to the similar structure of the ques-
tion, the two coders coded independently while examining the
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Table 21: Course Categories for S1Q23, S1Q24, S1Q27, and S1Q28, including the definition of each theme, examples, and the
overall occurrence frequency.

Course Categories Example Courses Included Frequency

Core Data Structures, Algorithms, Advanced Programming, Artificial Intelligence 27.6%
Theory Advanced Algorithms, Complexity, Machine Learning 15.%
Introductory Basic Programming, Introduction to Computing 15.9%
Systems Operating Systems, Networks, Systems Security, Mobile Security 18%
Application-Oriented Gaming, Computer Vision, Robotics, Bio-Computing, Web Development 3.3%
Data Database Systems, Data Mining, Big Data 7%
HCI Human-Centered Computing, Ethics of Computing, Societal Impacts of Computing 9%
None When the student explicitly indicated they have not had such an experience with any courses. 5.6%

The percentages report the frequency of each course category among course categories in all valid responses across all questions (S1Q23-S1Q28). We have
listed all of the course numbers we collected in responses and their mapping to course categories in Appendix C.

re-usability of the themes from the previous question and the pos-
sibility of adding new themes. After this process and discussions,
based on the student responses, and the purpose of meaningful anal-
ysis, the coders decided to reuse the course categories and decided
on a combination of reused themes from the previous question and
a new added ones. The two coders decided similarly for S1Q25 and
S1Q26 on course categories, and S1Q27 and S1Q28 for the course
categories and the reason themes.

Finally, the two coders independently coded the question S1Q23
for all set of 613 responses and calculated an Inter-Rater Reliability
Cohen’s Kappa score of 𝜅 = 0.89 across these six themes and 𝜅 =
0.94 across seven course categories, indicating near perfect agree-
ment. The coders then split the remaining responses for Q24-Q28
for themes and courses. For course categories, some participants
used course codes in their responses (e.g., COMP200). The entries
containing course numbers were not categorized by the coders.
Instead, after initial coding of all entries performed by coders, for
entries including course numbers, we determined the categories for
course numbers by checking the referred university websites and
agreed on course categories based on the syllabus and programs
to automate classifying those items in the course categories. We
have listed example courses in each course category in Table 21,
and compiled all the courses referred to by course number and the
category decided for them in Appendix C.

For question S1Q37, the coders repeated the inductive coding
procedure in a bottom-up manner. This open-ended question asks
for student suggestions on things that could be done to improve
diversity, equity, and inclusion in the CS curriculum. You can find
the question in 32. Two coders open-coded an initial sample of 76
student responses for this question (after removing blank and inap-
plicable entries such as “N/A”). The coders conferred and converged
upon an initial codebook after discussion. The codebook includes
three sentiment indicators for responder attitudes towards EDI ini-
tiatives, four themes for curriculum-related suggestions, and four
themes for non-curriculum-related suggestions. The sample set of
responses was then independently re-coded using this codebook
and the coders calculated an Inter-Rater Reliability Cohen’s Kappa
score of 𝜅 = 0.49 across these eight themes and three attitudes.
Codes from one of the coders were used to continue with for all

answers. The themes for S1Q37, their definition, example quotes,
and frequencies are listed in table 22.

In sections 5.3.2, 5.3.3, and 5.3.4, we present our qualitative anal-
ysis results reporting on student experiences, course categories
we observe in their answers, and the themes and attitudes in sug-
gestions to improve EDI in undergraduate CS curriculum. Please
find the details of our analysis at: https://osf.io/kdeyj?view_only=
48eefdeb0c9d4538a51a251a48b539c9, including the calculation of Co-
hen’s kappa values for agreement, and Fihser’s Exact significance
test for all themes, course categories, suggestions, and attitudes for
groups stratified by gender, racialization, and accessibility needs.

5.3.2 Results: Student Experiences. Course contents was the most
frequently mentioned reason for the enjoyment of a course and
engagement with it (56.4% of all valid responses in S1Q23 and 48%
of all valid responses in S1Q28). Practicality followed as the second
most frequent reason in response themes of both questions (22.9%
of all valid responses in S1Q23 and 35.5% of all valid responses in
S1Q28). Course design (21%), instruction (15.5%), belonging (5.4%),
and future (3.8%) were the following themes for S1Q23 respectively.
This order was slightly different for S1Q28, with Future as the third
most frequent theme (11.5%), and course design (7.8%), instruc-
tion (5.6%), and belonging (2.5%), following as the other themes
appearing respectively.

We did not observe significant differences among populations
across gender and race in the frequency of reasons mentioned
for enjoyment of a course. We observed significant differences
between participants with and without accessibility needs in the
frequency of mentioning course design as a reason for enjoyment
of a course (S1Q23). Students with accessibility needs reported
course design more frequently (29.8%) than participants without
accessibility needs (17.9%) as a reason to enjoy a course in S1Q23.

Course contents was also the most frequently mentioned reason
for not enjoying a course and frustration with it (S1Q24, SQ27).
Practicality was not mentioned as frequently in reasons for frus-
tration with a course, but course design and instructions followed
contents in frequency. We did not observe differences between par-
ticipants across races and accessibility needs in the frequency of
reasons mentioned for not enjoying and being frustrated with a
course. We observed significant differences between women and
the other two groups combined, and men and the other two groups
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Table 22: Codebook for S1Q37, including the definition of each theme, examples, and the overall occurrence frequency.

Theme Definition Example Quotes Frequency

Attitudes
Support EDI Explicit or implicit support for EDI goals through

concrete suggestions to improve EDI
"more female professors and TAs", "encourage more
people of unique backgrounds to take computer sci-
ence", "get more women interested in the field", "allo-
cate seats for underrepresented groups"

81.9%

Status Quo Contentment with the current state and that no
additional change should be made to support EDI

"the current status quo is great for diversity, equity, and
inclusion", "its pretty good right now in my opinion",
"CS department is exceptionally diverse and inclusive
in my opinion"

11%

Against EDI Explicit or implicit resistance against EDI goals
through suggestions

"removing grants opportunities specified for specific
group/minorities etc.", "nothing should be done.", "I
don’t think diversity is an issue."

5.7%

Curriculum-Related Suggestions
Topics & Content Suggestions on topics to include or exclude in the

CS curriculum
"including more consideration to ethical and social
topics in computing course", "There should be a course
that teaches students about EDI", "A better underdivi-
sion ethics course, or potentially splitting the writing
and ethics course into two"

15.3%

Course Design Suggestions on course design including methods
and modes of instruction

"more flexibility with grading and deadlines", "incor-
porate more group assignments and in-class activities",
"promoting online work would help"

14.8%

Program Suggestions on program requirements, structure,
flexibility, or revealing the hidden curriculum

"don’t assume people are good at math because they’re
in cs", "... should not be mandatory", "more courses",
"more elective classes on..."

13.8%

Course Access Availability of the course for all students already
in the program in some way

"more seats for required CS major courses would help",
"course’s reserved seats for...", "able to have courses
accessible to all students"

2%

Other Suggestions
Cultural Suggestions impacting social life, environment,

or the culture of the program at an institution
"social/group events for women in CS that are just
casual are great", "continue to fund clubs like ... and
encourage profs to attend", "start having events..."

22.7%

Support Suggestions involving instructor, teaching team,
advisor, or equipment or facility support

"advising!", "longer or more frequent office hours",
"more female professors and TAs", "assistance to those
with mobility issues"

13.8%

Outreach Suggestions on recruitment efforts and exposure
and introduction of CS in earlier ages

"introduce coding at earlier ages to everyone", "encour-
age more girls to do CS! This needs to start quite early
on", "Efforts to ‘demystify’ the field"

11.3%

Pathways Suggestions on creating more equitable pathways
for historically marginalized students

"affirmative action", "allocate seats for underrepre-
sented groups so there is more gender and racial diver-
sity", "a more rounded application to CS and related
disciplines that looks beyond good grades"

6.4%

N=201. The percentages we report are the frequency of each code’s usage among all the coded responses belonging to either of the categories of Attitudes
(Support EDI, Status Quo, Against EDI) and Suggestions (Curriculum-Related Suggestions, Other Suggestions).

combined in the frequency of mentioning course design as a rea-
son for feeling frustrated with a course (S1Q27). Women (31.4%)
reported course design significantly more frequently as a reason for
frustration with a course than men (20%) and self-identifying/non-
binary participants in S1Q27 (27.8%). Menmentioned it significantly
less frequently than the other two groups combined.

You can find the frequency of all themes appearing for reasons in
S1Q23, S1Q24, S1Q27, and S1Q28 for all students and across gender,
race, and accessibility needs in tables 23, 24, and 25.

Wemay infer from these results that contents are themain reason
for student enjoyment in a course, but attention to design, possible
future use cases, instruction, practicality, and sense of belonging
can help improve it. Course design is particularly important for the
enjoyment of students with accessibility needs.
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Table 23: Themes appearing in the answers for Questions S1Q23, S1Q24, S1Q27, and S1Q28 by gender.

All Women Men SI/NB
Q23 Q24 Q27 Q28 Q23 Q24 Q27 Q28 Q23 Q24 Q27 Q28 Q23 Q24 Q27 Q28

Content 56.4% 54.0% 40.7% 48.0% 54.7% 51.1% 39.4% 46.7% 58.9% 49.4% 37.2% 46.7% 50.0% 44.4% 44.4% 50.0%
Practicality 22.9% 10.4% 4.3% 35.5% 26.3% 8.8% 4.4% 33.6% 22.8% 10.6% 3.9% 35.0% 11.1% 5.6% 0.0% 44.4%
Course Design 21.0% 23.4% 25.8% 7.8% 22.6% 24.8% 31.4%* 8.8% 18.9% 19.4% 20.0%* 7.2% 27.8% 38.9% 27.8% 11.1%
Instruction 15.5% 14.5% 13.8% 5.6% 19.7% 11.7% 14.6% 7.3% 13.3% 13.3% 10.0% 5.0% 16.7% 22.2% 16.7% 0.0%
Belonging 5.4% 5.8% 5.4% 2.5% 7.3% 5.8% 3.6% 3.6% 3.3% 3.3% 6.1% 1.7% 16.7% 11.1% 5.6% 0.0%
Future 3.8% 0.9% 0.3% 11.5% 4.4% 0.7% 0.0% 13.9% 3.9% 1.1% 0.6% 9.4% 0.0% 0.0% 0.0% 16.7%

N= 367, 346, 349, and 358 answered questions S1Q23, S1Q24, S1Q27, and S1Q28 respectively, out of 613 respondents. The percentages in the All column
highlight the percentage of valid answers in each question that mention each theme. The percentages in Women, Men, and SI/NB columns indicate the
percentage within all respondents in each group in our survey. The highlighted row indicates the theme where we observed significant differences among
groups. The * indicates a significant difference between that group and the other two groups combined.

Table 24: Themes appearing in the answers for Questions S1Q23, S1Q24, S1Q27, and S1Q28 by Racialization.

All Non-Racialized Racialized
Q23 Q24 Q27 Q28 Q23 Q24 Q27 Q28 Q23 Q24 Q27 Q28

Content 56.4% 54.0% 40.7% 48.0% 59.4% 53.5% 38.2% 45.9% 56.7% 47.8% 41.0% 47.8%
Practicality 22.9% 10.4% 4.3% 35.5% 21.2% 7.6% 2.9% 32.4% 26.9% 12.7% 6.0% 37.3%
Course Design 21.0% 23.4% 25.8% 7.8% 20.0% 24.1% 25.3% 8.2% 23.9% 23.9% 26.1% 9.0%
Instruction 15.5% 14.5% 13.8% 5.6% 17.1% 13.5% 14.7% 6.5% 15.7% 14.9% 11.9% 5.2%
Belonging 5.4% 5.8% 5.4% 2.5% 7.6% 4.1% 5.9% 2.9% 3.7% 6.0% 4.5% 2.2%
Future 3.8% 0.9% 0.3% 11.5% 3.5% 1.2% 0.0% 12.9% 5.2% 0.7% 0.7% 9.7%

N= 367, 346, 349, and 358 answered questions S1Q23, S1Q24, S1Q27, and S1Q28 respectively, out of 613 respondents. The percentages in the All column
highlight the percentage of valid answers in each question that mention each theme. The percentages in Non-Racialized and Racialized columns indicate
the percentage within all respondents in each group in our survey. The highlighted row indicates the theme where we observed significant differences among
groups. The * indicates a significant difference between the two groups.

Table 25: Themes appearing in the answers for Questions S1Q23, S1Q24, S1Q27, and S1Q28 by Accessibility Needs.

All No Accessibility Needs With Accessibility Needs
Q23 Q24 Q27 Q28 Q23 Q24 Q27 Q28 Q23 Q24 Q27 Q28

Content 56.4% 54.0% 40.7% 48.0% 57.3% 48.5% 38.3% 45.6% 57.9% 49.1% 36.8% 49.1%
Practicality 22.9% 10.4% 4.3% 35.5% 22.3% 8.4% 3.3% 35.8% 26.3% 12.3% 7.0% 31.6%
Course Design 21.0% 23.4% 25.8% 7.8% 17.9%* 20.8% 24.8% 8.0% 29.8%* 28.1% 28.1% 8.8%
Instruction 15.5% 14.5% 13.8% 5.6% 14.6% 13.5% 10.9% 5.5% 21.1% 14.0% 15.8% 5.3%
Belonging 5.4% 5.8% 5.4% 2.5% 5.5% 4.0% 4.4% 1.8% 7.0% 8.8% 8.8% 5.3%
Future 3.8% 0.9% 0.3% 11.5% 4.0% 1.1% 0.4% 10.6% 3.5% 0.0% 0.0% 14.0%

N= 367, 346, 349, and 358 answered questions S1Q23, S1Q24, S1Q27, and S1Q28 respectively, out of 613 respondents. The percentages in the All column
highlight the percentage of valid answers in each question that mention each theme. The percentages in No Accessibility Need andWith Accessibility
Needs columns indicate the percentage within all respondents in each group in our survey. The highlighted row indicates the theme where we observed
significant differences among groups. The * indicates a significant difference between the two groups.

5.3.3 Results: Course Categories. Core courses were the most fre-
quently mentioned course category for the enjoyment of a course
(39.8% of all valid responses in S1Q23 and 29.2% of all valid re-
sponses in S1Q28) as well as the courses participants performed
the best in (43.2% of all valid responses in S1Q25). An interesting
observation is that the core courses were also the most frequently
mentioned course category for the courses students enjoyed the
least (25.1% of all valid responses in S1Q24 and 21.9% of all valid

responses in S1Q27), and the course categories the students per-
formed the worst in (33% of all valid responses in S1Q26). The high
frequency of core courses in the responses might be due to fact that
these courses are required courses and students in different tracks
and specializations all take these courses at some point in their
program. You can find the frequency of course categories appearing
in S1Q23-S1Q28 for all participant responses and across gender,
race, and accessibility needs in tables 26, 27, and 28.
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We observed significant differences between participant popu-
lations across gender, racialization, and accessibility needs in the
frequency of course categories in their responses to the positive
questions (S1Q23, S1Q25, and S1Q28). Introductory courses ap-
peared with significantly higher frequency in responses to S1Q28 of
self-identifying/non-binary participants (27.8%) compared to men
(8.9%) and women (8.8%). For positive questions (S1Q23, S1Q25,
and S1Q28) across groups stratified by accessibility needs, we ob-
served significant differences in the frequency of mentioning theory
courses. Participants with accessibility needs show significantly
higher frequency (21.1%) of mentioning theory courses in response
to S1Q25, the courses they performed best in, compared to the
frequency of these courses mentioned by students who identified
without accessibility needs (10.2%).

We observed significant differences in the frequency of mention-
ing theory courses between participants who identified as racialized
and those who did not identify as racialized. Racialized participants
indicated theory less frequently (19.4%) in their responses to S1Q23,
the courses they most enjoyed, compared to non-racialized partici-
pants (30%). Racialized participants also mentioned theory courses
less frequently (9%) in S1Q25, courses they performed best in, com-
pared to non-racialized (17.1%) participants. Another significant
difference between participant populations across racialization is
in S1Q25 in the frequency of mentioning HCI courses. Racialized
participants mentioned HCI courses significantly more frequently
(5.2%) compared to non-racialized participants (0.6%) in response
to S1Q25, the courses in which they performed the best. We also
observed significant differences between participant populations
across racialization in the frequency of mentioning core courses in
response to S1Q28. Participants who identified as racialized men-
tioned core courses more frequently (36.6%) in their responses to
S1Q28, the courses they particularly enjoyed compared to those
who did not identify as racialized (25.3%). All of these results are
subject to threats to validity we have discussed in section 7.

In negative questions (S1Q24, S1Q26, and S1Q27)we observed sig-
nificant differences among genders. Application-oriented courses
appeared with significantly higher frequency in responses to S1Q24
of self-identifying/non-binary participants (16.7%) compared to
men (2.8%) and women (5.8%). In S1Q27, the courses the partic-
ipants felt frustrated with, we observed significant differences
among groups stratified by gender in introductory courses. In-
troductory courses appeared with significantly higher frequency
in responses of women (19.7%) compare to men (12.2%) and self-
identifying/non-binary participants (5.6%). We observed significant
differences among genders in the frequency of answering S1Q27
with None, with lower percentages among women (10.2%) and
higher percentages from men (21.1%), when compared to the other
two groups combined.

We also observed significant differences between participants
with and without accessibility needs in their responses to the nega-
tive questions (S1Q24, S1Q26, and S1Q27). Participants with acces-
sibility needs reported application-oriented courses significantly
more frequently (15.8%) in their responses compared to participants
without accessibility needs (2.2%) in response to S1Q24, the courses
they least enjoyed. The participants with accessibility needs also
reported data-related courses significantly more frequently (12.3%)
in their responses to S1Q27, the courses they felt frustrated with,

compared to participants without accessibility needs (3.6%). These
findings suggest that some of the more applied courses may present
more hidden barriers for participants with accessibility needs, and
explain why these participants found more discouraging elements
in the curriculum than other participants (S1Q30).

We did not observe significant differences between racialized and
non-racialized respondents in response to the negative questions
(S1Q24, S1Q26, and S1Q27).

5.3.4 Results: Suggestions. While the question asked for specific
suggestions on CS curriculum, the considerable number of sug-
gestions included non-curriculum suggestions including exposure
in early ages, outreach, admissions and diverse entry pathways to
computing, as well as social activities and support groups to change
the culture and help the student’s feeling of belonging.

We did not observe significant differences among genders or
racialization in the categories of solutions offered. We observed
significant differences between participants with and without ac-
cessibility needs in the frequency of their responses in support
and course design categories. Participants with accessibility needs
suggested solutions within categories of course design (22.8%), and
support (15.8%) significantly more frequently than participants
without accessibility needs (5.5% and 6.6% for course design and
support respectively).

While general support for EDI was high in our survey, we ob-
served significant differences among genders in their attitudes sup-
porting the status quo, or categorizing as anti-EDI. The support
for status quo was significantly higher in responses by men (11.1%
comments from all men participants of the survey), in compari-
son with the other two groups, women (2.2% of comments from
all women participants), and self-identifying/non-binary (0% of
all SI/NB participants). We identified anti-EDI attitudes signifi-
cantly less frequently (0%) in responses by women compared to
responses of 4.4% of men participants, and 5.6% of responses from
self-identifying/non-binary participants, and significant difference
among all categories in their comments in support for EDI, with
comments from 55.5% of women participants, 35.6% men partici-
pants and, 72.2% of self-identifying/non-binary participants.
5.3.5 Threats to Validity —Qualitative Results. Some participants
answered the questions only using course numbers and for some
courses it was not possible to find what course or which university.
Therefore, the analysis misses the analysis of some of entries.

Some participants seemed to be in their first year of the university.
This reduces the chance of exposure to courses in later years (and
potentially new interests) when answering the questions in this
survey, increasing the possibility of listing the introductory (or
core) courses in the answers.

Our survey terminology, specifically the term "racialized", may
have been interpreted inconsistently. This might have impacted the
resluts observed in tabels 24, 27, and 30. We further discuss this
with details and exampls in section 7.

5.4 Student Interviews
Our team collaboratively designed the questions for student inter-
views, listed in Table 34. We designed the questions to be open-
ended and provide us with an opportunity to further explore the par-
ticipant answers towards answering RQ2 and RQ3, the outcomes
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Table 26: Course Categories for Questions S1Q23 - S1Q28 by Gender

All Women Men SI/NB
Positive Questions Q23 Q25 Q28 Q23 Q25 Q28 Q23 Q25 Q28 Q23 Q25 Q28
Core 39.8% 43.2% 29.2% 38.0% 38.0% 29.9% 42.2% 42.8% 30.6% 38.9% 27.8% 11.1%
Theory 24.8% 13.9% 11.4% 19.0% 13.9% 13.1% 27.8% 11.7% 11.1% 33.3% 16.7% 11.1%
Introductory 23.2% 28.4% 9.2% 23.4% 26.3% 8.8% 21.1% 25.0% 8.9% 27.8% 44.4% 27.8%*
Systems 22.9% 16.5% 18.7% 19.7% 13.9% 14.6% 23.9% 18.3% 21.7% 33.3% 11.1% 27.8%
Data 10.6% 13.9% 12.8% 10.9% 14.6% 16.8% 11.1% 13.3% 11.1% 5.6% 16.7% 5.6%
Application-Oriented 13.1% 6.2% 18.9% 16.1% 8.0% 19.7% 10.0% 4.4% 15.0% 5.6% 5.6% 33.3%
HCI 3.5% 2.3% 5.3% 5.1% 2.2% 6.6% 2.2% 2.2% 5.0% 5.6% 5.6% 5.6%
None 0.8% 0.0% 11.7% 0.7% 0.0% 8.8% 1.1% 0.6% 8.3% 0.0% 0.0% 0.0%
Negative Questions Q24 Q26 Q27 Q24 Q26 Q27 Q24 Q26 Q27 Q24 Q26 Q27
Core 25.1% 33.0% 21.9% 24.1% 26.3% 19.7% 22.8% 31.1% 21.7% 33.3% 38.9% 11.1%
Systems 22.0% 26.8% 19.1% 21.2% 28.5% 21.2% 20.6% 21.7% 17.8% 22.2% 27.8% 22.2%
Introductory 21.4% 12.8% 16.0% 21.2% 12.4% 19.7%* 18.9% 11.1% 12.2% 22.2% 16.7% 5.6%
Theory 14.7% 14.6% 14.5% 11.7% 13.9% 14.6% 15.0% 13.3% 13.3% 11.1% 11.1% 11.1%
Data 10.4% 8.9% 6.0% 11.7% 8.8% 5.1% 7.8% 6.1% 3.9% 11.1% 11.1% 16.7%
HCI 5.8% 2.1% 3.7% 4.4% 2.9% 4.4% 6.7% 1.7% 2.8% 0.0% 0.0% 5.6%
Application-Oriented 5.8% 2.4% 2.0% 5.8% 3.6% 2.2% 2.8% 1.7% 1.1% 16.7%* 0.0% 0.0%
None 4.6% 5.7% 16.5% 2.9% 5.1% 10.2%* 3.9% 5.0% 21.1%* 5.6% 5.6% 5.6%

N= 367, 346, 352, 336, 349, and 358 answered questions S1Q23- S1Q28 respectively, out of 613 respondents. The percentages in the All column highlight the
percentage of valid answers in each question that mention each theme. The percentages in Women, Men, and SI/NB columns indicate the percentage within
all respondents in each group in our survey. The highlighted row indicates the course category where we observed significant differences among groups. The
* indicates a significant difference between that group and the other two groups combined.

Table 27: Course Categories for Questions S1Q23 - S1Q28 by Racialization

All Non-Racialized Racialized
Positive Questions Q23 Q25 Q28 Q23 Q25 Q28 Q23 Q25 Q28
Core 39.8% 43.2% 29.2% 37.6% 37.1% 25.3%* 43.3% 44.0% 36.6%*
Theory 24.8% 13.9% 11.4% 30.0%* 17.1%* 11.2% 19.4%* 9.0%* 12.7%
Introductory 23.2% 28.4% 9.2% 23.5% 26.5% 11.2% 18.7% 25.4% 6.7%
Systems 22.9% 16.5% 18.7% 20.6% 15.3% 17.1% 26.9% 17.9% 20.9%
Application-Oriented 13.1% 6.2% 18.9% 11.8% 7.1% 19.4% 14.9% 6.0% 14.2%
Data 10.6% 13.9% 12.8% 10.0% 15.3% 11.8% 11.9% 14.2% 14.2%
HCI 3.5% 2.3% 5.3% 3.5% 0.6%* 4.7% 3.7% 5.2%* 8.2%
None 0.8% 0.0% 11.7% 1.2% 0.0% 9.4% 0.7% 0.0% 8.2%
Negative Questions Q24 Q26 Q27 Q25 Q26 Q27 Q24 Q26 Q27
Core 25.1% 33.0% 21.9% 25.9% 27.1% 19.4% 25.4% 34.3% 25.4%
Systems 22.0% 26.8% 19.1% 20.6% 22.9% 17.6% 22.4% 27.6% 20.1%
Introductory 21.4% 12.8% 16.0% 20.6% 10.6% 17.6% 21.6% 14.2% 13.4%
Theory 14.7% 14.6% 14.5% 12.9% 11.2% 12.9% 14.2% 17.9% 17.9%
Data 10.4% 8.9% 6.0% 11.2% 9.4% 7.1% 9.7% 6.0% 4.5%
HCI 5.8% 2.1% 3.7% 5.9% 2.9% 4.7% 3.7% 1.5% 3.0%
Application-Oriented 5.8% 2.4% 2.0% 4.7% 2.4% 1.8% 5.2% 2.2% 1.5%
None 4.6% 5.7% 16.5% 2.9% 5.9% 14.1% 3.0% 2.2% 11.2%

N= 367, 346, 352, 336, 349, and 358 answered questions S1Q23- S1Q28 respectively, out of 613 respondents. The percentages in the All column highlight the
percentage of valid answers in each question that mention each theme. The percentages in Non-Racialized and Racialized columns indicate the percentage
within all respondents in each group in our survey. The highlighted row indicates the course category where we observed significant differences among
groups. The * indicates a significant difference between the two groups.

of EDI-centered curriculum design efforts from the perspectives of students, and suggestions for computer sciences undergraduate
programs in adopting EDI-centered curricula.
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Table 28: Course Categories for Questions S1Q23 - S1Q28 by Accessibility Needs

All No Accessibility Needs With Accessibility Needs
Positive Questions Q23 Q25 Q28 Q23 Q25 Q28 Q23 Q25 Q28
Core 39.8% 43.2% 29.2% 39.1% 40.9% 29.2% 40.4% 33.3% 28.1%
Theory 24.8% 13.9% 11.4% 23.4% 10.2%* 9.9% 26.3% 21.1%* 17.5%
Introductory 23.2% 28.4% 9.2% 21.9% 25.9% 10.2% 21.1% 29.8% 3.5%
Systems 22.9% 16.5% 18.7% 24.1% 15.3% 21.2% 21.1% 21.1% 12.3%
Application-Oriented 13.1% 6.2% 18.9% 10.2% 5.5% 17.5% 19.3% 5.3% 17.5%
Data 10.6% 13.9% 12.8% 10.6% 15.0% 12.8% 10.5% 10.5% 12.3%
HCI 3.5% 2.3% 5.3% 3.3% 2.2% 4.7% 3.5% 1.8% 10.5%
None 0.8% 0.0% 11.7% 1.5% 0.4% 9.5% 0.0% 0.0% 7.0%
Negative Questions Q24 Q26 Q27 Q24 Q26 Q27 Q24 Q26 Q27
Core 25.1% 33.0% 33.0% 23.0% 27.4% 20.4% 29.8% 38.6% 15.8%
Systems 22.0% 26.8% 26.8% 20.4% 24.5% 17.9% 21.1% 24.6% 22.8%
Introductory 21.4% 12.8% 12.8% 20.1% 10.9% 15.7% 19.3% 14.0% 14.0%
Theory 14.7% 14.6% 14.6% 12.4% 13.5% 15.3% 17.5% 14.0% 7.0%
Data 10.4% 8.9% 8.9% 9.5% 6.9% 3.6%* 10.5% 10.5% 12.3%*
HCI 5.8% 2.1% 2.1% 5.1% 1.5% 2.9% 5.3% 5.3% 5.3%
Application-Oriented 5.8% 2.4% 2.4% 2.2%* 2.2% 1.1% 15.8%* 3.5% 3.5%
None 4.6% 5.7% 5.7% 3.3% 5.8% 17.2% 1.8% 0.0% 8.8%

N= 367, 346, 352, 336, 349, and 358 answered questions S1Q23- S1Q28 respectively, out of 613 respondents. The percentages in the All column highlight the
percentage of valid answers in each question that mention each theme. The percentages in No Accessibility Need and With Accessibility Needs columns
indicate the percentage within all respondents in each group in our survey. The highlighted row indicates the course category where we observed significant
differences among groups. The * indicates a significant difference between the two groups.

Table 29: Suggestions and Attitudes in S1Q37 by Gender

Other Suggestions All Women Men SI/NB
Outreach 11.4% 5.8% 6.7% 11.1%
Pathways 6.5% 3.6% 3.3% 11.1%
Support 13.9% 10.2% 6.1% 16.7%
Cultural 22.9% 18.2% 9.4% 11.1%
Curriculum Suggestions All Women Men SI/NB
Program 13.9% 10.9% 6.1% 5.6%
Course Access 2.0% 1.5% 1.1% 0.0%
Course Design 14.9% 12.4% 6.1% 11.1%
Topics and Content 15.4% 10.9% 6.1% 27.8%
Attitude All Women Men SI/NB
Status Quo 11.9% 2.2%* 11.1%* 0.0%
Anti-EDI 5.5% 0.0%* 4.4%* 5.6%
Pro-EDI 78.6% 55.5%* 35.6%* 72.2%*

N= 201. The percentages in the All column highlight the percentage of valid answers in each question that mention each theme. The percentages in Women,
Men, and SI/NB columns indicate the percentage within all respondents in each group in our survey. The highlighted row indicates the theme where we
observed significant differences among groups. The * indicates a significant difference between that group and the other two groups combined.

We recruited students for the interviews based on whether or not
they expressed interest in a follow-up in the survey. We recruited 12
students, including three men, six women, two non-binary gender
identities, and one person who preferred not to self-identify. Par-
ticipants were from different racial and ethnic backgrounds from
Australia, Canada, and the United States. Eleven interviewees be-
lieved in the need for equity, diversity, and inclusion initiatives in

computer science, while one interviewee believed in the effective-
ness of the status quo.

5.4.1 Results: Observations and Experiences. The majority of inter-
view participants, across all gender identities, pointed to a lack of
gender diversity in computer science. They reported as concerning
issues such as the lack of women, the lack of acceptance of gender
diversity, and the different standards in the professional treatment
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Table 30: Suggestions and Attitudes in S1Q37 by Racialization

Other Suggestions All Non-Racialized Racialized
Outreach 11.4% 7.6% 6.7%
Pathways 6.5% 4.7% 3.0%
Support 13.9% 7.6% 9.7%
Cultural 22.9% 14.1% 13.4%
Curriculum Suggestions All Non-Racialized Racialized
Program 13.9% 7.6% 9.7%
Course Access 2.0% 0.6% 1.5%
Course Design 14.9% 8.8% 10.4%
Topics and Content 15.4% 8.2% 11.9%
Attitude All Non-Racialized Racialized
Status Quo 11.9% 7.1% 5.2%
Anti-EDI 5.5% 1.8% 4.5%
Pro-EDI 78.6% 46.5% 51.5%

N= 201. The percentages in the All column highlight the percentage of valid answers in each question that mention each theme. The percentages in
Non-Racialized and Racialized columns indicate the percentage of all respondents in each group in our survey. The highlighted row indicates the theme
where we observed significant differences among groups. The * indicates a significant difference between the two groups.

Table 31: Suggestions and Attitudes in S1Q37 by Accessibility Needs

Other Suggestions All No Accessibility Need With Accessibility Need
Outreach 11.4% 6.9% 3.5%
Pathways 6.5% 3.3% 1.8%
Support 13.9% 6.6%* 15.8%*
Cultural 22.9% 13.1% 10.5%
Curriculum Suggestions All No Accessibility Need With Accessibility Need
Program 13.9% 6.6% 14.0%
Course Access 2.0% 1.1% 1.8%
Course Design 14.9% 5.5%* 22.8%*
Topics and Content 15.4% 8.4% 12.3%
Attitude All No Accessibility Need With Accessibility Need
Status Quo 11.9% 7.7% 3.5%
Anti-EDI 5.5% 3.6% 0.0%
Pro-EDI 78.6% 40.9%* 66.7%*

N= 201. The percentages in the All column highlight the percentage of valid answers in each question that mention each theme. The percentages in No
Accessibility Need and With Accessibility Needs columns indicate the percentage of all respondents in each group in our survey. The highlighted row
indicates the theme where we observed significant differences among groups. The * indicates a significant difference between the two groups.

of women compared to men. Different treatment of women was
mentioned by both men and women in different regions of the
world. One example of the harmful behaviors mentioned was more
people jumping in to help women when facing a problem, assum-
ing their inability to solve it on their own. The observations also
included additional requirements placed on women to prove their
abilities before building trust, while the same standard does not
apply to men in the field. All participants connected the highlighted
observations with the low retention of women in the field.

The negative curriculum-related experiences included inappro-
priate examples causing unintentional harm (e.g., “The Lady and
the Tiger”), the need for compulsory math contents not related to
the degree, use of multiple programming languages in a course or
sequence of courses, and lack of practicality or explanation of usage

and context (e.g., Unified Modeling Language (UML) diagrams in
software engineering) of the course materials.

Non-curriculum-related negative experiences included bullying
incidents during COVID (which could be prevented through bet-
ter platform settings), lack of sense of belonging, discouragement
in asking questions, and a non-welcoming environment. An ex-
ample of a non-welcoming environment was a first-year course
instructor suggesting to students that their course may not be for
everyone (due to its challenging nature), and that dropping out was
an option. Such an announcement could result in students from
diverse backgrounds or without prior programming experience
feeling unwelcome.

Positive curriculum-related experiences included the practical-
ity of the topics and offering of the courses and the inclusion of
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open-ended projects enabling personalizing and autonomy and
applying skills in implementing projects of interest. Programming
and systems courses were given as examples of courses with practi-
cality. Data science and web application development courses were
mentioned as examples of courses containing the favorably viewed
open-ended projects. Positive experiences were also mentioned in
the context of ethics and social implications courses due to the
importance and relevance of the topics.

Non-curriculum-related good experiences (mentioned bywomen
and non-binary participants) highlighted experiences with smart,
well-respected, highly competent women whose presence in the
program cultivated the feeling of belonging for people who other-
wise did not see themselves represented. It also included examples
of instructors sharing their experience (e.g., industry or startup
experience). Students reported this helped them to feel more com-
fortable sharing their own experiences, put things in perspective,
and make the program and courses seem more relatable.

5.4.2 Results: Suggestions to improve EDI. The most frequent recur-
ring theme in the suggestions to improve EDI in CS curriculum was
the inclusion of courses or topics on ethics and social implications
of a computerized society. Participants also believed the importance
of including this topic across a range of different courses should be
explicitly emphasized in the curriculum. Multiple participants em-
phasized how vital this topic is in light of the fact that the training
students receive in a CS program will empower them to make deci-
sions that depend on critical thinking and ethical decision-making.

Another curriculum-related suggestionwas spacing out CS courses.
This will allow students more time to include variety in their pro-
gram and when provided at the beginning of the program enables
them to make an informed decision about their specialization. Alter-
ing the curriculum to allow people to branch out to their specializa-
tion earlier in the program was another suggestion for improving
EDI in the curriculum.

At the course level, practicality and contextualization of course
contents and introducing practical examples to otherwise abstract
core courses were content-related suggestions. Participants also
suggested addition of group projects, and smaller course compo-
nents or flavors from different specializations in core courses earlier
in the program. These together with use of paper-based exams or
better design of online exams to prevent academic dishonesty and
improve fairness were course-design level curriculum-related sug-
gestions to improve EDI.

Non-curriculum-related suggestions included hiringmorewomen
and people from diverse backgrounds. Participants reasoned that
providing more diverse representation would help in cultivating
a sense of belonging, as well as increasing the likelihood of un-
intentional harmful course content being identified and removed.
Other suggestions included providing communication guidelines
by instructors for creating safe spaces in the classroom for women
and minoritized populations, and outreach.

6 Educators: Surveys and Interviews
6.1 Educator Survey
To include the voices of educators who are at the forefront of im-
plementing changes and observing their impact, we also designed

Figure 11: Percentage of educators, by gender, utilizing three
types of EDI curriculum (addressing equity needs, contextu-
alized learning, and inclusive design principles).

Figure 12: How educators use EDI-inspired practices.

an Educator Survey and follow-up interviews. We designed the
survey questions for university educators teaching in a computer
science program. We designed and reviewed the questions multiple
times collaboratively, in a process similar to our student survey and
interview design process. The survey included 20 questions and one
for expressing interest in participating in an interview (a total of
21 questions). It included one 5-point Likert Scale, one matrix, four
multiple choice, and 14 open-ended questions. Survey questions
are listed in Table 33.

The educator survey received 30 responses and all responses
are fully complete. The data is collected through advertisement
during ITiCSE 2024 and also extended to our educators within our
studied institutions and within our networks. The composition of
the respondents can be summarized as follows:

• 57% of the educators have taught lower division courses. 50%
upper division courses, 27% graduate courses, 17% service
courses, and 10% other types of courses including Teacher
Training.

• 70% of the educators identified as not racialized, 13% identi-
fied as racialized, 7% were not sure, and 10% preferred not
to answer. 63% identified as White, 17% preferred not to an-
swer. We do not announce other racial minorities due to
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the possibility of identification due to the small number of
participants in each category.

• 40% of respondents were women, 47% were men, and 13%
preferred not to answer.

Our survey has several questions themed around types of EDI-
inspired curriculum interventions educators have tried in their
classes or programs. We see that 33% of educators responded that
their institution has gone through significant changes in the under-
graduate curriculum to increase diversity in the student population
(i.e. changes in core courses, new paths into the degree, etc.) There
were two main ways that educators reported making these signifi-
cant changes. The first is through the addition of interdisciplinary
programs like CS+X and Data Science. The second is through incor-
porating a modified CS1 course or the addition of a bridge program.
Both of these themes were found in our literature review (Section
3), as well. We also asked educators to tell us about EDI-inspired
curriculum and/or practices that they personally have tried out in
their courses. Figure 11 shows what percentage of faculty, broken
down by gender, have addressed equity topics, used contextualized
learning, and used inclusive design principles. In all cases, women
were more likely than men to use this type of curriculum. In Figure
12, we show how faculty responded to EDI inspired practices. We
did not break this down by gender because the differences were
not great. However, women reported higher agreement with avoid-
ing jargon in courses compared to men, and men reported more
agreement with preparing students for the next course compared
to women. Lastly, we asked educators to share how they designed
their courses and assessments to address the needs of a diverse
set of students. The most popular response is to design relatable,
real-world, or diverse examples, which we also found as a theme
for EDI inspired interventions in our literature review. Other re-
peated ideas shared by educators in the survey include flexibility
(which showed up as a theme from our student survey), multiple
modalities (like lecture, textbook, recordings, etc.), group work or
pair programming, and universal design for learning.

Our survey also had several questions to understand ideas ed-
ucators have, as well as resources they need and challenges they
face. When asked how to improve CS curriculum in general and for
purposes of EDI, and the most popular emerging theme is related to
admissions or pathways in the program. The second most popular
theme is to incorporate EDI into the curriculum (in general, no
specifics). Other ideas (in order of popularity) include more breadth
courses for students to explore CS, more modern or industry-related
curriculum, more ethics infused in the curriculum, better consis-
tency/coordination across faculty/sections/years of the curriculum,
reduce the number of required courses, and a more diverse faculty.
The biggest challenge educators face in the area of EDI is faculty
buy-in and skepticism, which was mentioned by nearly half of the
respondents. Lastly, educators reported the lack of resources, mainly
that faculty teaching loads are too high or the need for time/money.
Many respondents also reported that they do not know how to fix
the problem of the lack of diversity in CS and many mentioned
they would appreciate having an EDI expert in their department to
help guide the changes.

Lastly, 75% of the educators surveyed reported that their institu-
tion has tried to address inequities in computer science participation

with students (at any point in time). The two most popular exam-
ples provided are outreach efforts (e.g. for “disadvantaged” high
school students, women, minorities, etc.) or student-run groups (e.g.
women in computer science, minority-focused CS student organi-
zations, etc.). The two most popular examples provided were not
curriculum-focused. Other examples mentioned (with much less
frequency) include: admissions-specific changes, split CS1 courses
or bridge programs, interdisciplinary programs like CS + X pro-
grams, EDI faculty committees, and providing more role models
(such as diverse TA staff).

6.2 Educator Interviews
To further explore educators’ perspectives towards answering RQ2
and RQ3, we designed educator interview questions. The interview
questions for educator interviews are listed in Table 35.We designed
these questions to be used as a follow-up to educator surveys or
independently. The recruitment process for educators included
survey follow-up as well as a direct response to our email requests
sent to our investigated universities.We only recruited interviewees
through follow-up from our Educators survey. We recruited less
than five interviewees, all white men from Canada and Europe.
We do not state the exact number of participants to protect our
participants against identifiablity.

All of our participants indicated their institution’s awareness and
efforts towards addressing EDI issues in their CS programs. These
efforts were in different dimensions of diversity and inclusion, with
a higher emphasis on gender diversity.

When asked about contextualized learning, all respondents pro-
vided examples of practical real-world examples in the content for
their courses. However, while some participants invited their stu-
dents to share about themselves, others indicated they refrain from
this mostly because of practical issues pertaining to larger classes
which may not allow the time and make the students uncomfortable
when sharing about themselves.

All educators were observant of their students. Responses from
our Canadian participants indicated numerous examples of observ-
ing and being aware of experiences of sexism by women in the
field as well as racialized, and socio-economic experiences. Our
European respondents were also observant of the experiences of
women, and experiences because of social cliques and isolation of
students disabling them from receiving peer support.

Our participants suggested the following solutions to improve
EDI through CS Curriculum:

(1) Offering "pure" and "applied" versions of computer science
programs to cater to a wider audience, making it interesting
for a wider audience and creating additional pathways.

(2) Adding Undergraduate research opportunities. This sugges-
tion was based on an observation about the higher interest of
women in being involved in undergraduate research courses
and co-curricular activities.

(3) Further flexibility in electives to foster interests in specialized
directions.

Other recommendations included an emphasis on the importance
of community for supporting EDI, with concrete suggestions such
as integrating labs in course components and fostering a sense of
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community through shared activities in a shared safe space to learn
and collaborate as a group.

7 Threats to Validity
Our analysis only considered three regions: Australia, Canada, Eu-
rope, and the US. Additionally, only ten renowned universities and
a total of 9 equity-focused universities are considered per region,
and these universities may not be representative of all universities
within the region. There are variations between regions, and our
criteria for selecting the universities (CS program ranking Times
Higher Education) and establishing methods of reporting differ-
ences in their admission criteria and websites may not result in the
generalizability of our results for the regions.

Our selected universities published their data in English and
other languages, such as French. Our working group, however,
included people who were fluent in all languages needed for analy-
sis. Despite the resourcefulness, the differences in reporting were
evident in institutions whose data was not available in English.

Since the link to the surveys for students was shared on social
media, we can not guarantee that only the intended audiences
responded. We also have higher response rates from some regions
(Canada and Australia) than others (Europe). Finally, it is possible
for the data collected to be influenced by voluntary response bias.

Our choice of terminology may have impacted the survey results.
We specifically observe this for the term "racialized". To analyze this,
we compared the answer to S1Q41, self-identification as a racialized
person, with the answer to S1Q42, racial and/or ethnic identity. We
found results that may have impacted our analysis. For example,
53.85% of 13 participants who identified in S1Q42 as West Asian, in
S1Q41 identified as non-racialized, 30.77% identified as racialized,
and 15.38% answered "Not Sure". 20.78% of 77 participants who
identified as Chinese in S1Q42 identified in S1Q41 as non-racialized,
59.74% identified as racialized, and 18.18% answered "Not Sure". We
observed this probable impact of terminology for participants who
identified Latin American, Mixed/Bi-Racial, and South Asian as well.
Nevertheless, the answer to S1Q41 could help in understanding
students’ experiences in self-association with racialized identity.

The educator survey was advertised to peers in ITiCSE Working
Groups. The majority of our responses were collected from this
recruitment method, including the recruitment of some authors of
this work. While this includes our valid target populations with a
diversity of opinions on the subject, it introduces selection bias by
including educators working on the subject or otherwise active in
an informed community.

8 Conclusion and Recommendations
To address the problem of underrepresentation in computer science,
we have to provide a positive experience for historically marginal-
ized students throughout their education and career. One of the
important elements of student experience throughout their CS ed-
ucation is the CS curriculum. While the CS curriculum should be
rigorous in order to ensure that the education received is worth-
while, it also needs to be exciting, inviting, inclusive, and relevant.
This can contribute to fixing the leaky pipeline of retention and
help raise interest in prospective students.

In this work, we explored addressing equity, diversity and inclu-
sion in CS undergraduate curricula. To address our RQ1, looking
for examples of EDI-centered curriculum design efforts in under-
graduate computer science programs, we performed an extensive
literature review and inductively classified interventions to improve
EDI into six main categories:

(1) Levelling the playing field
(2) Integration of capstones, research, and industry projects
(3) Simplifying curricular complexity
(4) Creating interdisciplinary routes into computing
(5) Challenging stereotypes
(6) Cultural and social justice competency

We explored examples for each category in the literature and
examined their adoption in forty-nine institutions across three
regions around the world.We explored examples of such curriculum
interventions through public data of the examined institutions and
explored student experiences with the curriculum by including
the voices of 613 students from these regions through surveys and
interviews.

Through the study of public data from the chosen institutions
and the feedback from students, we gathered information to answer
RQ2 — what are the outcomes of these EDI-centered curriculum
design efforts — as well as suggestions to improve CS curriculum.
Our study highlights some signs of frustration with course contents
and design, with students of different demographics recounting
that they have dealt with discouraging curriculum elements at some
time or another. Our student survey results indicate differences in
experiences within the program, impacting the sense of attainability
of success across gender, race, and accessibility needs. The results
also acknowledge the prevalence of cultural problems impacting
historically marginalized students. Minoritized students (across all
dimensions of diversity) were found to be less confident in their
potential success as computer scientists. Other questions, inquir-
ing about perceived acceptability among fellow students, show
significant differences from respondents of different genders. We
also found that underrepresented students reported with higher fre-
quency finding discouraging elements in the curriculum, suggesting
that more could be done to address the needs of these populations.
Our results also highlighted student interest in topics and courses
on bio-inspired applications, ethical computing, and the social im-
plications of computing. Increasing the presence and availability of
courses on these topics could contribute to increasing the appeal
of computer science to a more diverse audience.

We complemented our study by examining institutional cultures
and the state of the current efforts from the lens of CS educators. We
also explored educator ideas to improve EDI in CS, and the resources
needed to support the implementation of those ideas, using surveys
and interviews. Educators pointed to increasing pathways into
CS programs as a way to improve diversity. They also mentioned
challenges on their path to promoting EDI, including securing other
faculty buy-in and the lack of resources to dedicate to these efforts.

The combined results from our literature review, study of public
data, student surveys and interviews, and educator surveys and
interviews highlight the need for EDI considerations in the CS
curriculum, and helped us formulate an answer to our RQ3 on how
undergraduate computer science programs can adopt EDI-centered
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curricula. In the remaining paragraphs, we present changes to the
CS curricula which we believe may lead to better equity, diversity,
and inclusion in computing science programs.

At the course level, contents have a major impact toward a va-
riety of potential outcomes. These outcomes range from uninten-
tional harm to students’ sense of belonging, to increasing their
interest through thoughtful, accessible, practical, and engaging
content. Course design can also impact students. It can impair or
support their feeling of fairness. It can also help foster an environ-
ment for enriching additional social and soft skills. Therefore:

(1) Be mindful while creating or adopting content. Examine
and remove potentially harmful language or examples that
may alienate students of different gender identities, racial
backgrounds, and accessibility needs. This may include his-
torically used terms, well-known but inappropriate examples,
or gendered examples with assumed roles.

(2) Be aware that not all students in your courses share the same
vocabulary. Avoid jargon and consider adding a summary of
definitions when appropriate.

(3) Pay attention to the usage of pronouns and gender in your
content and examples.

(4) Make interesting, practical, real-world connections for ab-
stract content to make it interesting and comprehensible.

(5) Consider students with diverse accessibility needs in your
course design. This includes presenting and encouraging
different approaches to problem-solving, and being mindful
of barriers included in hands-on course components.

At the program level, entry pathways, program requirements,
required or elective subjects, and the availability of topics of interest
and research or industrial experiences can engage or deter students
with diverse backgrounds or interests. Therefore:

(1) Consider leveling the playing field by using appropriate
language and technology choices in introductory computing
science and programming courses.

(2) Introduce topics of interest to the curriculum. Examples in-
clude bio-related applications of computing in entry courses,
or ethics and social implications of computing throughout
the curriculum.

(3) Provide group projects, hands-on experiences, and practical
industry, or research opportunities when possible.

(4) Re-evaluate and update degree requirements regularly to
ensure an alignment between program goals and structure.
For example, examine and upgrade the chain of once-relevant
now-obsolete math or physics pre-requisites.

(5) Increase flexibility (e.g., electives, research experiences, ex-
ploratory topics), and create specialized paths (e.g., bio-inspired)
to the program when possible.

The recommendations outlined above may produce positive ef-
fects beyond the targeted group of students, and facilitate a cultural
shift to foster a more inclusive environment for all.

9 Future Work
As a first step in exploring the impacts of curriculum on equity,
diversity, and inclusion in computing science curricula, our work
provides valuable insights into the categories of interventions ex-
perimented with, ongoing efforts in committed institutions, and

student and educator perspectives on the current status. In the
future, we would like to collect more data and expand our current
work in the following directions:

(1) We explored curriculum related factors relating to CS partic-
ipation in Western post-secondary education. However, the
assumptions which underlie our work—in particular those
relating to cultural perceptions of CS careers—have been
shown to not necessarily hold in different global contexts
[117]. We would like investigate the specificity of other re-
gions and consider the extent to which the barriers and assets
we identified may apply, using them as a point of departure
and comparison in identifying others.

(2) We found indicators of disparity of interest among different
groups in certain topics, therefore we would like to explore
the reason behind such interests or lack thereof, beyond
industry influence or job prospects.

(3) Our results on discouraging elements of the curriculum, to-
gether with examples discussed by students, suggest the
interdependence of culture and curriculum. We would like
to examine the impact of cultural and support elements, such
as role models and support systems, on raising interest in
core and systems topics in the CS curriculum.

(4) Some of the discussed approaches such as the use of in-
structional programming languages are in some ways in
contrast with the practicality of the contents, but improve
EDI through levelling the playing field for students without
prior chance of exposure. We would like to further examine
student experiences through programs focusing on interest
and practicality with those trying to level the playing field
to further examine the impact and recommended use cases.
This may help to create pathways tailored more precisely to
each scenario.
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Appendix A Survey Questions
Please see tables 32 for our student survey questions, and table 33
for our educator survey questions.

Appendix B Interview Questions
Please see table 34 for student interview questions. These questions
are designed for student interviews that follow the survey. Please
see table 35 for our educators’ (and advisors’) interview questions.

Appendix C Course Code Categories
Please see table 36 for a list of the course code categories.

Note: This is not a complete list of all the courses mentioned in
the survey respondents’ entries; therefore, it is not a complete list of
all the courses that our analysis is based on. In answers to questions
S1Q23-S1Q28 we also observed the following types of responses: (1)
course categories (e.g., "Theory courses"), (2) elements of the course
that the answer is based on (e.g., "functional programming as a
paradigm"), and (3) full course names (e.g., "Analysis of algorithms").
We did not need to find courses on university websites to categorize
the answer in course categories in any of the cases above because
the responses provided enough information to map the answer
to the course categories. In addition, some respondents answered
the questions S1Q23-S1Q28 by mentioning only a number (course
number without a code such as "COMP"). In these cases, we were
unable to determine the course since we could not find enough
information about the university or any other information to help
us find the course mentioned to categorize it.
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Table 32: Survey Questions: Students

No. Question Question Type

Your Observations of Computer Science
S1Q1 Computer Science is important for society. 5-Point Likert Scale
S1Q2 I can be successful as a Computer Scientist. 5-Point Likert Scale
S1Q3 People of different gender identities are accepted among computer science students. 5-Point Likert Scale
S1Q4 People of different sexual orientations are accepted among computer science students. 5-Point Likert Scale
S1Q5 People of different races and cultures are accepted among computer science students. 5-Point Likert Scale
S1Q6 People with accessibility needs are accepted among computer science students. 5-Point Likert Scale
S1Q7 People with different socioeconomic backgrounds are accepted among computer science students. 5-Point Likert Scale
S1Q8 I currently am ... Multiple-Choice

(a) a university student who is interested in applying for a computer science program.
(b) a university student who is interested in transferring into a computer science program.
(c) a first-year computer science student.
(d) a second to fourth-year computer science student.
(e)a senior (about to graduate) computer science student.
(f) a computer science graduate.
(g) a university student trying to transfer out of computer science.
(h) a university student majoring in a discipline other than computer science, taking a computer
science course.
(i) other [please specify]

Your Computing Science Course Experience
S1Q9 I am satisfied with my decision to enroll in computer science. 5-Point Likert Scale
S1Q10 I rate the diversity of students in my computer science courses as... 5-Point Likert Scale
S1Q11 I feel I have things in common with other students in my course. 5-Point Likert Scale
S1Q12 My computer science courses feel relevant to my life. 5-Point Likert Scale
S1Q13 The computer science courses offered in my program feel relevant to my future career. 5-Point Likert Scale
S1Q14 I found the material in my computer science courses relatable and relevant to my career. 5-Point Likert Scale
S1Q15 I found the examples used in my computer science courses relatable. 5-Point Likert Scale
S1Q16 I have difficulties following lectures because of the language and vocabulary used in my course

and by my instructors.
5-Point Likert Scale

S1Q17 I would recommend my program to other people like me. 5-Point Likert Scale
S1Q18 The choice of examples/project topics used in courses makes me feel motivated to learn the

material.
5-Point Likert Scale

S1Q19 The way of thinking about and modelling problems in my computer science courses aligns with
my own.

5-Point Likert Scale

S1Q20 I know how to use my core computer science skills to solve problems I am interested in. 5-Point Likert Scale
S1Q21 What types of computer science applications are you most drawn to? Multi-Select
S1Q22 What areas of computer science are you most drawn to? Multi-Select
S1Q23 Which computer science courses did you enjoy taking the most? Why? Open-ended
S1Q24 Which computer science courses did you enjoy taking the least? Why? Open-ended
S1Q25 Which computer science units did you perform best in? Open-ended
S1Q26 Which computer science units did you perform worst in? Open-ended
S1Q27 Did you at any time in your computing science studies, feel frustrated with a specific course

content? if yes, When? Which course? and why?
Open-ended

S1Q28 Can you think of a time in your studies where a particular class, topic, or example was particularly
engaging or relevant to your interests or goals? What and why?

Open-ended

Your Curriculum Experience
S1Q29 I chose an interdisciplinary program instead of a traditional CS Program because I felt the

computer science program was out of my reach.
5-Point Likert Scale

S1Q30 I found some elements of my program’s curriculum discouraging. 5-Point Likert Scale
S1Q31 The computer science program courses and field choices at my university are overwhelming. 5-Point Likert Scale
S1Q32 The computer science graduation requirements at my university are overwhelming. 5-Point Likert Scale
S1Q33 The names and descriptions of computer science courses in my computer science program are

overwhelming/intimidating/confusing.
5-Point Likert Scale

S1Q34 Where did you go to get information about course selection? Please select all that apply. Multi-Select
S1Q35 Did you take or are you currently taking one or more CS course(s) as a required component for

your major or graduation?
Multi-Select

S1Q36 How was your first programming course experience in college? 5-Point Likert Scale219
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Additional Comments
S1Q37 What could be done to improve diversity, equity, and inclusion in the Computing Science Cur-

riculum?
Open-ended

S1Q38 Do you have any other comments, questions, or concerns? Open-ended
About You

S1Q39 Have you had any programming experience? (You may select multiple answers) Multi-Select
S1Q40 Do you have any accessibility needs? Multiple Choice
S1Q41 Do you identify as a racialized person/person of colour? Multiple-Choice
S1Q42 Please indicate which of the following terms best describe your racial and/or ethnic identity. Multiple-Choice
S1Q43 Please indicate which of the following terms best describes your gender identity. Multiple-Choice
S1Q44 To assist us in our review of this survey, please share any comments about the questions or

process of this survey with us. We appreciate your feedback as we work to collect accurate
information.

Open-ended

S1Q45 If you are interested in providing further feedback through an in-person interview, please provide
your preferred contact information here.

Open-ended
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Table 33: Survey Questions: Educators

No. Question Question Type

Computer Science Curriculum
S2Q1 My institution’s computer science admission is very competitive. 5-Point Likert Scale
S2Q2 Has your institution, at any point in time, tried to address inequities in computer science partici-

pation with students? If Yes, How?
Open-ended

S2Q3 Does your institution promote equity, diversity, inclusion, and justice (EDIJ) efforts (i.e., targeted
funding, workshops, etc.)? If so, how?

Open-ended

S2Q4 My institution has gone through significant changes in the undergraduate curriculum to increase
diversity in the students population (i.e. changes in core courses, new paths into the degree, etc.).

Open-ended

S2Q5 I believe our undergraduate curriculum could be improved by... Open-ended
S2Q6 What is the one thing that if done in curriculum design can improve diversity, equity, and

inclusion?
Open-ended

S2Q7 What type of support would help you incorporate EDIJ more effectively into your institution’s
computer science curriculum?

Open-ended

S2Q8 What challenges, if any, have you encountered in incorporating EDIJ principles into your cur-
riculum?

Open-ended

Your Course Design
S2Q9 Please state your level of agreement with the following statements: Matrix

* When designing material for my courses, I am mindful of the students’ expected prerequisites
* When designing material for my courses, I purposefully choose examples/topics that can appeal
to a wide audience
* When designing material for my courses, I purposefully include examples/topics that can appeal
to underrepresented groups in computer science
* In class and in my course material, I try to avoid jargon.
* In my class, I prepare students for the next class explicitly (e.g. introduce next course options,
discuss what will be covered, define terms, explain how the course might run, etc.)

S2Q10 What challenges, if any, have you encountered in incorporating EDIJ principles into your cur-
riculum?

Multiple-Choice

S2Q11 Do you, at any point, explicitly address equity topics in computer science with your students? Multiple-Choioce
S2Q12 How did you design your course and assessments to address the needs of a diverse set of students? Open-ended
S2Q13 What type of support would help you incorporate EDI more effectively into your Course? Open-ended
S2Q14 Do you have any other comments, questions, or concerns? Open-ended

About You
S2Q15 What type of courses do you usually teach? Open-ended
S2Q16 Do you have any accessibility needs? Multiple-Choice
S1Q17 Do you identify as a racialized person/person of colour? Multiple-Choice
S2Q18 Please indicate which of the following terms best describe your racial and/or ethnic identity. Multiple-Choice
S2Q19 Please indicate which of the following terms best describes your gender identity. Multiple-Choice
S2Q20 To assist us in our review of this survey, please share any comments about the questions or

process of this survey with us. We appreciate your feedback as we work to collect accurate
information.

Open-ended

S2Q21 If you are interested in providing further feedback through an in-person interview, please provide
your preferred contact information here.

Open-ended
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Table 34: Student Interview Questions: Follow up from Survey

No. Question

I1Q1 In Question X of the survey “Exploring Equity, Diversity, and Inclusion in Computer Science Undergraduate Curricula”,
you identified Y. Can you please provide more details?
For example:
How did you realize Y?
Why did you find Y?
Why do you feel Y?
Can you provide more details about Y?

I1Q2 Do you want to share any additional information or experiences about the computer science curriculum with us?
I1Q3 Do you have any additional comments?

Table 35: Interview For Educators & Advisors

No. Question

I2Q1 How do you feel about the relationship of EDI and the Computer Science Undergraduate Curriculum?
I2Q2 How diverse is the student population in your courses/institution?
I2Q3 Do you incorporate contextual learning into your courses/institution?

Why or why not? (if yes, what contexts do you use/how do you select them?)
I2Q4 Do you invite your students to share about themselves? Why or why not?
I2Q5 Have you noticed any situations in your teaching/advising where a student has encountered challenges or obstacles

because of being part of a minoritized group? Please elaborate.
I2Q6 Do you have any recommendations about making the Computer Science Undergraduate Curriculum more inclusive?
I2Q7 For multiple Questions (X), follow-up might happen:

Can you please provide more details?
For example:
How did you realize Y?
Why did you find Y?
Why do you feel Y?
Can you provide more details about Y?
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Table 36: Course Codes mentioned in Student Survey entries

Course Code Course Name University Course Category

COSC 121 Computer Programming II UBC Introductory
DSCI 310 Reproducible and Trustworthy Workflows for Data Science UBC Data
CPSC 110 Computation programs and programming UBC Introductory
CPSC 121 Models of Computation UBC Introductory
CPSC 210 Software Construction UBC Core
CPSC 213 Introduction to Computer Systems UBC Systems
CPSC 221 Basic Algorithms and Data Structures UBC Core
CPSC 303 Numerical Approximation and Discretization UBC Theory
CPSC 304 Introduction to Relational Databases UBC Data
CPSC 310 Introduction to Software Engineering UBC Core
CPSC 312 Functional and Logic Programming UBC Core
CPSC 313 Computer Hardware and Operating Systems UBC Systems
CPSC 314 Computer Graphics UBC Application Oriented
CPSC 317 Internet Computing UBC Systems
CPSC 320 Intermediate Algorithm Design and Analysis UBC Theory
CPSC 322 Introduction to Artificial Intelligence UBC Core
CPSC 330 Applied Machine Learning UBC Core
CPSC 340 Machine Learning and Data Mining UBC Data
CPSC 344 Introduction to HCI Methods UBC HCI
CPSC 406 Computational Optimization UBC Theory
CPSC 410 Advanced Software Engineering UBC Application Oriented
CPSC 420 Advanced Algorithm Design and Analysis UBC Theory
CPSC 421 Introduction to Theory of Computing UBC Theory
CPSC 422 Intelligent Systems UBC Core
CPSC 427 Video Game Programming UBC Application Oriented
CPSC 430 Computers and Society UBC HCI
CPSC 436 Topics in Computer Science UBC –
CPSC 440 Advanced Machine Learning UBC Theory
CPSC 442 Introduction to Cybersecurity UBC Systems
CPSC 444 Advanced Methods for Human-Computer Interaction UBC HCI
CPSC 447 Introduction to Visualization UBC Application Oriented
CPSC 448 Directed Studies in Computer Science UBC –
CPSC 455 Applied Industry Practices UBC Application Oriented
CMPT 105W Social Issues and Communication Strategies in Computing Science SFU HCI
CMPT 120 Introduction to Computing Science and Programming 1 SFU Introductory
CMPT 125 Introduction to Computing Science and Programming 2 SFU Introductory
CMPT 210 Probability and Computing SFU Theory
CMPT 213 Object Oriented Programming in Java SFU Core
CMPT 225 Data Structures and Programming SFU Core
CMPT 272 Client-side Development SFU Application Oriented
CMPT 276 Introduction to Software Engineering SFU Core
CMPT 295 Introduction to Computer Systems SFU Systems
CMPT 300 Operating Systems 1 SFU Systems
CMPT 305 Computer Simulation and Modeling SFU Theory
CMPT 307 Data Structures and Algorithms SFU Core
CMPT 310 Introduction to Artificial Intelligence SFU Core
CMPT 318 Special Topics in Computing Science SFU –
CMPT 320 Social Implications - Computerized Society SFU HCI
CMPT 353 Computational Data Science SFU Data
CMPT 363 User Interface Design SFU HCI
CMPT 365 Multimedia Systems SFU Application Oriented
CMPT 371 Data Communications and Networking SFU Systems
CMPT 376 Professional Responsibility and Technical Writing SFU HCI
CMPT 383 Comparative Programming Languages SFU Theory
CMPT 404 Cryptography and Cryptographic Protocols SFU Systems
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Course Code Course Name University Course Category

CMPT 410 Machine Learning SFU Theory
CMPT 419 Special Topics in Artificial Intelligence (Human and Data-Centric AI) SFU HCI
CMPT 431 Distributed Systems SFU Systems
CMPT 433 Embedded Systems SFU Systems
CMPT 454 Database Systems II SFU Data + Systems
CMPT 473 Software Testing and Reliability and Security SFU Systems
CMPT 475 Requirements Engineering SFU Core
CMPT 479 Special Topics in Computing Systems SFU Systems
COMP 202 Foundations of Programming (Intro to Python) McGill Introductory
COMP 206 Introduction to Software Systems McGill Introductory
COMP 208 Computer Programming for Physical Sciences and Engineering McGill Introductory
COMP 250 Introduction to Computer Science McGill Introductory
COMP 251 Algorithms and Data Structures McGill Core
COMP 273 Introduction to Computer Systems McGill Systems
COMP 302 Programming Languages and Paradigms McGill Core
COMP 303 Software Design McGill Core
COMP 330 Theory of Computation McGill Theory
COMP 345 From Natural Language to Data Science McGill Data
COMP 350 Numeral Computing McGill Data
COMP 370 Introduction to Data Science McGill Data
COMP 417 Introduction to Robotics and Intelligent Systems McGill Application Oriented
COMP 421 Database Systems McGill Data
COMP 445 Computational Linguistics McGill Theory
COMP 451 Fundamentals of Machine Learning McGill Theory
COMP 545 Natural Language Understanding with Deep Learning McGill Application Oriented
COMP 550 Natural Language Processing McGill Application Oriented
COMP 690 Probabilistic Analysis of Algorithms McGill Theory
FIT1006 Business information analysis Monash Data
FIT1008 Introduction to computer science Monash Introductory
FIT1041 Research Project Monash –
FIT1043 Introduction to data science Monash Data
FIT1045 Algorithms and programming fundamentals in python Monash Core
FIT1047 Introduction to computer systems and networks and security Monash Systems
FIT1048 Fundamentals of C++ Monash Core
FIT1049 IT professional practice Monash HCI
FIT1050 Web fundamentals Monash Introductory
FIT1053 Algorithms and programming in Python (Advanced) Monash Core
FIT1054 Computer science (Advanced) Monash Core
FIT1055 IT professional practice and ethics Monash HCI
FIT1093 Cybersecurity tools and techniques Monash Systems
FIT1095 Cybersecurity tools and techniques Monash Systems
FIT2004 Algorithms and data structures Monash Core
FIT2014 Theory of computation Monash Theory
FIT2099 Object-oriented design and implementation Monash Core
FIT2081 Mobile application development Monash Application Oriented
FIT2083 Innovation and research in computer science Monash Core
FIT2094 Databases Monash Data
FIT2102 Programming paradigms Monash Core
FIT3139 Computational modeling and simulation Monash Theory + Systems
FIT3155 Advanced data structures and algorithms Monash Core
FIT3171 Databases Monash Data
FIT3179 Data Visualization Monash Data
ENG1005 Engineering Mathematics Monash Theory
MCD4490 Advanced Mathematics Monash Theory
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Course Code Course Name University Course Category

COMP1131 Computer Programming 1 UNSW Introductory
COMP1511 Introduction to Programming UNSW Introductory
COMP1521 Computer Systems Fundamentals UNSW Systems
COMP1531 Software Engineering Fundamentals UNSW Core
COMP1911 Computing 1A UNSW Introductory
COMP2041 Software Construction: Techniques and Tools UNSW Core
COMP2511 Object-Oriented Design and Programming UNSW Core
COMP2521 Data Structures and Algorithms UNSW Core
COMP3121 Algorithms and Programming Techniques UNSW Core
COMP3311 Database Systems UNSW Data
COMP3331 Computer Networks and Applications UNSW Systems
COMP3411 Artificial Intelligence UNSW Core
COMP3821 Extended Algorithm Design and Analysis UNSW Theory
COMP3900 Computer Science Project UNSW —
COMP4121 Advanced Algorithms UNSW Theory
COMP4141 Theory of Computation UNSW Theory
COMP4920 Management and Ethics UNSW Introductory + HCI
COMP6080 Web Front End Programming UNSW Application Oriented
COMP6841 Extended Security Engineering and Cyber Security UNSW Systems
COMP6741 Algorithms for Intractable Problems UNSW Theory
COMP6771 Advanced C++ Programming UNSW Core
COMP6991 Solving programming problems with Rust UNSW Core
COMP9313 Big Data Management UNSW Data
COMP9417 Machine Learning and Data Mining UNSW Data + Theory
ENGG1811 Computing for Engineers UNSW Introductory
BINF2010 Introduction to Bioinformatics UNSW Introductory +

Application Oriented
INFO1110 Introduction to Programming University of Sydney Introductory
INFO1111 Computing 1A Professionalism University of Sydney Introductory + HCI
CPSC021 Introduction to Computer Science Swarthmore College Introductory
CPSC035 Data Structures and Algorithms Swarthmore College Core
CS111 Introduction to Computer Science (Indicated by respondent) UIC Introductory
CS 141 Program Design II UIC Introductory + Core
CS 151 Mathematical Foundations of Computing UIC Theory
CS 31 Introduction to Computer Science I UCLA Introductory
COMP 1131 Computer Programming 1 Thompson Rivers Introductory
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