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Degree Attainment in Computing: Intersectional Switching Trends

Abstract
Although efforts have been made to broaden participation in computing, ongoing reports and
counts in the field continue to illustrate the need to improve engagement and retention. There
remains a minoritization of Black or African American men and women, Hispanic or Latinx men
and women, Indigenous men and women, White women, and Asian women. As such, it is vital to
explore trends over time and find new potential avenues to attract students to computing.
Developing a better understanding of students’ trajectories, and potentially the variable ways they
may enter the major before obtaining their degrees, can offer avenues for recruitment. We
conducted a quantitative analysis of switching behaviors using the Multiple-Institution Database
for Investigating Engineering Longitudinal Development (MIDFIELD). The theoretical
framework of intersectionality guided the inquiry as we examined patterns and disaggregated
them by gender, race, and ethnicity. We sought to explore trends in switching behaviors for those
entering computing, including potential variations in: 1) the major in which students earn their
first undergraduate degree; and 2) different intersectional groups. We focused specifically on
students from CIP6 11, Computer and Information Sciences and Support Services. Our analysis
of MIDFIELD illustrated that many intersectional populations of students who transferred into
computing came from another engineering field. However, several racial and ethnic groups of
women primarily entered through non-STEM fields. Among these women, those who identified
as Black and those who identified as Hispanic or Latinx most often switched from a Business
major, at 31.5% and 29.4%, respectively. Meanwhile, women classified as International and those
who identified as White most often transferred from the Liberal Arts/Humanities, at 41.7% and
32.7%, respectively. The findings of this work suggest that women who enter computing may do
so through distinctive pathways. Going forward, this provides new opportunities for educators
and administrators to consider what may appeal to different intersectional populations of students,
particularly for women that identify as Black, Hispanic or Latinx, International, and/or White.
This study offers information that could shape what topics may attract students to a computing
field and how they could be incorporated into computing lessons or examples.

1 Introduction
Despite ongoing efforts to broaden participation, there continues to be a minoritization of women,
Black, Hispanic or Latinx, and Indigenous students in computing fields [1]. While women may
represent 50.5% of the population in the United States (U.S.) [2], only 22.3% of bachelor’s
degrees in computer science (CS) are awarded to women, as of the 2022 Taulbee report [3].
Likewise, 13.6% of the population in the U.S. identifies as Black or African American [2], but
only 3.2% of bachelor’s degrees in CS are awarded to Black or African American students [3].
Meanwhile, 18.9% of the population in the U.S. identifies as Hispanic or Latino [2], but only
9.1% of CS bachelor’s degree recipients are [3]. Diversifying students and professional
populations working in computing can have important implications for equity in society. As such,
it is necessary to find new opportunities to recruit and engage additional populations, while also
bearing in mind that students cannot be treated as a monolith.



In this study, we explore students’ pathways to degree attainment and consider the avenues that
different intersectional populations of students may take prior to majoring in computing.
Specifically, we focus on aspects of their social identity pertaining to their race, ethnicity, and
gender. To assess patterns in students’ academic trajectories over time, we employed the
Multiple-Institution Database for Investigating Engineering Longitudinal Development
(MIDFIELD). The database contains student unit-record data, which allows examination of
trends beyond just demographics and also offers detailed semester-by-semester tracking of
students’ major and degree attainment. Other scholars have described its merits and how it can be
employed to study students’ persistence, pathways, and the broader ecosystem in engineering
[4, 5]. In our research, we focused on students who obtained degrees in computing fields and
sought to answer the following research questions (RQs):

• RQ1) How does switching behavior into computing vary by major in which students earn
their first undergraduate degree?

• RQ2) How do trends in the switching behavior of different intersectional groups vary?

To answer these questions and explore students’ major switching, we utilized descriptive
statistics. Although we seek to use inclusive terminology when possible, we will also describe the
variables applied as categorized when referring to the results. For example, MIDFIELD utilizes
terms such as “male” and “female” to describe “sex” and we use these labels based on what the
institutions reported. However, we want to recognize that such a binary here is presented using a
cisnormative classification using the sex assigned at birth rather than gender identification [6].
Also, although the database included “male,” “female,” and “unknown,” in which the “unknown”
category may encompass additional gender identities, no students who were reported in
computing identified in this way.

We also want to acknowledge that terminology has changed over time, and the categorizations
that we use in this investigation are applied in alignment with the labels in the longitudinal
database. Along these lines, an “International” designation is included as a race classification.
Additionally, while the term “Indigenous people” is the more inclusive nomenclature, we employ
the term “Native American” to refer to this group using the database’s given label.

The rest of the paper is organized as follows: We describe the framework guiding this study in
Section 2 and pertinent information related to this work and switching behaviors in Section 3. In
Section 4, we elaborate further on the database employed and the analysis conducted. We present
the results in Section 5 and discuss the implications in Section 6. Then, we address some of the
limitations of this investigation in Section 7 and present the future work in Section 8. Finally, we
present our conclusions in Section 9.

2 Theoretical Framework: Intersectionality
The framework of intersectionality guided this inquiry. Intersectionality considers the multiple
axes of a person’s social and political identities and the role that power, privilege, and societal and
cultural structures may play in discrimination [7]. This paradigm emphasizes that individuals
cannot be treated as a homogeneous group since they do not all experience life the same way
[8, 9]. It highlights the complexity of those who face overlapping forms of oppression based on
their identities, such as their sex, race, religion, ability status, immigration status, sexual



orientation, socio-economic status, and age [10, 11]. In STEM fields, scholars have described that
the advantages afforded to White, able-bodied heterosexual men can further reinforce inequality
[12].

The marginalization and minoritization of men and women from different racial and ethnic
groups have encouraged researchers to further disaggregate data to gain insight into the unique
pathways taken and participation and explicitly explore the plurality of intersectional experiences
[13, 14, 15, 12]. Using context and relationality to compare students’ experiences can offer
insight into the distinctive trajectories among different populations [7]. In our investigation, we
limit our focus on intersectionality to exploring the intersection of students’ gender, race, and
ethnicity. We applied this framework in the creation of our research questions, data analysis, and
interpretation of the findings.

3 Background
The need for CS education has been justified from multiple perspectives, including: 1) the need to
maintain a sustainable labor market; 2) the rationale for computational thinking for solving
everyday problems; 3) the computational literacy value of generating new ways of expression,
thinking, and learning; and 4) the need for equity in participation [16]. These differing viewpoints
are the impetus behind how lessons and curricula are established and implemented and have the
potential to shape the training of the future workforce. Developments in coursework, non-profits,
organizations, informal programs, and research work to ensure that all students receive
high-quality CS education but also that learners are supported and empowered [17]. However, the
first step in such efforts to get students to interact with computational thinking as part of their
education and to broaden participation is student engagement [18].

Individuals may engage with computing in many different ways. They may start early on, with
computational thinking integrated into elementary or middle schools in the U.S. [17], and other
people may elect to enroll in a computing major as soon as they start in tertiary education.
Meanwhile, others enter a computing career later in life, entering through alternative pathways
such as coding bootcamps and self-learning through online resources [19]. Yet, given that it has
been argued that “the majority of youth have been systematically denied access to quality CS
learning opportunities” [17, p. 36:2], finding additional opportunities to engage students who may
not utilize any of these computing touchpoints (i.e., moments of exposure) can be valuable. One
potential way to do so, which we explore in this work, is for students who engage through another
mechanism and who deliberately decide to switch majors as part of their university studies.

Switching majors tends to occur fairly regularly and is cited as a “process” that occurs among
37% of graduates [20]. Despite its frequency, the perception of students who switch majors —
especially those who switch multiple times — is typically negative, or at the very least considered
a negative act. There is the notion of a penalty for switching one or multiple times that may differ
depending on the initial major or college for a student within a university [21].

Alongside such perceptions and concerns about graduation time metrics, many educators and
researchers take a deficit perspective on switching behavior, associating non-direct paths with
additional costs and implications for major switching. Likewise, students’ motivations may be
called into question. Wessel [22] suggests that one consideration of a major change should be the
commitment (or lack thereof) to the previous major. While items such as normative, or



commitment based on obligation or duty, may be perceived as important, affective commitment is
a stronger indicator of major switching. Wessel also defines another useful definition for the
theory of major change — continuance commitment — the commitment based on need and lack
of alternatives. Continuance commitment is akin to the theory of sunk cost.

While the reasons for students to switch may vary and do impact retention in a chosen discipline,
we aim to change the perspective on switching to an asset-based approach. Given the large
influence of contextual and institutional factors that can affect such decisions (e.g., quality of
instruction, student supports) [23, 24], we suggest that rather than viewing changes as a “lack of
commitment,” they are instead a way for students to take agency over their future plans. Many
students in STEM fields do not follow a “traditional 4-year path” [24], yet this does not mean
these students will not excel. Researchers have described how, in engineering, students who
“migrate” to other majors can not only be successful but may also have enhanced graduation rates
relative to those who initially began in the field [25]. In recognition of the fact that students often
do not follow a linear trajectory to a career [19], it is important to consider what factors can attract
students to a field and encourage their persistence.

One approach is to describe switching behaviors in STEM more broadly [26], in terms of gender,
race, family background, college preparedness, college experience, financial support, and
institutional characteristics [27]. Researchers have noted there might be gender differences
among those who elect to enter a STEM major and that certain experiences can influence
retention as well (e.g., study group participation led to an increased likelihood of retention for
women). Interestingly, it has been shown that women who may not have initially planned to
major in a STEM field in college choose a STEM major later on in their studies at a higher rate
[28]. Trying to understand what support structures can aid in such decisions and what patterns
exist in transitions can be important towards trying to further expand on such findings.

In computing, an ACM report on undergraduate CS programs has described issues such as the
lack of diversity and called for increased efforts to gather data about students’ progressions, to
inform retention [29]. Qualitative studies around attitudes towards computing [30] illustrated how
non-computing majors might be frustrated by programming. When considering a quantitative
approach to switching behaviors, several scholars have focused on transitions in terms of leaving
a CS major [31]. Yet, less work has considered what variables may encourage post-secondary
students to enter the field. Additional quantitative studies are needed to capture the pathways and
overall trends around behaviors to identify avenues to prioritize in the research and educational
agenda. In the work that follows, we performed a quantitative analysis considering the majors
students may come from when they engage with the discipline.

4 Methods
We analyzed trends in students’ trajectories quantitatively using MIDFIELD. In the sections that
follow, we describe this dataset, our processing approach, and the analysis.

4.1 MIDFIELD
Other scholars have already provided more detailed information on MIDFIELD, including its
history, organization, and contents [32]. The version of MIDFIELD we employed contained
longitudinal undergraduate records collected across 19 academic institutions in the U.S. [4]. The
data is a multi-institution database, which allows us to study trends across various institutions



from 1987 to 2019. From the total of 1,048,576 students included in the database, 807,505
attained a degree. These students come from 19 institutions across the nation, which is
representative of a large fraction of U.S. engineering students attending large public institutions.
We further divided the database to meet our computing-centric focus, as described further
below.

4.2 Data Processing and Analysis
Data were cleaned and analyzed using Python version 3.9.7 in Jupyter Lab, version 3.4.8. We
utilized the Python libraries Numpy (version 1.23.3), Pandas (version 1.5.0), Matplotlib (version
3.6.1), and Plotly (version 5.10.0) to complete the data analysis. We conducted exploratory
descriptive analyses to generate insights in computing more broadly as well as for each
intersectional population.

In our study, we limited the analysis to students who obtained a degree in a computing field, as
determined by the degree’s Classification of Instructional Programs (CIP) 6 code being listed as
“11,” which refers to Computer and Information Sciences and Support Services. This filtering led
to a total of 19,468 records across 18 institutions (one included in the dataset did not report
degrees in computing), which were then further disaggregated by students’ reported gender, race,
and ethnicity. We want to note that student retention within the database is limited to degree
completion within six years, consistent with the timeframe recommended by the National Center
for Educational Statistics [33].

The goal is to investigate the computing degree-switching behaviors of the students in the
database. We filtered by the entered degree through the CIP code, starting with 11, to exclude
those entered with a computing degree. We further filtered the database with the blank values in
entering years and CIP for entering. We also converted the fields of CIP values with five digits as
they are CIP codes starting with “0” as the first digit. By doing so, we obtained the
non-computing to computing majors’ records in 6,498 total.

To better capture the themes of majors for the non-computing degrees, we employed a
classification scheme described in a prior study [19] to label the degree programs as computing,
engineering, other STEM (referring to programs in science, technology, engineering, and
mathematics), non-STEM, and interdisciplinary. We grouped the degrees based on the CIP code
categorization, and the details are shown in Table 1.

5 Results
5.1 RQ1: How does switching behavior into computing vary by major in which students earn

their first undergraduate degree?
For all the records identified in this database, we observed an overall majority of students (Figure
1) who transferred to computing (51.2%) did so from an engineering major. Compared to “Other
STEM” majors (15.6%), “Non-STEM” majors had a higher percentage of students (31.4%) who
transferred to computing majors. Although there are limited records, 1.8% of students enrolled in
interdisciplinary majors switched to computing. To further investigate the switching behaviors to
answer RQ1, we explored the top five majors by each of the themes of the entering majors as
described in Table 2.

For engineering majors, Pre-engineering (26.8%), Computer Engineering (19.9%), and Electrical,



Table 1: Themes for Entering Degrees and Categorization
Theme Description and Examples Degree Categorization based on CIP codes

Computing

Computing-related fields in the STEM major list
computer science, computer engineering,
information technology, data science,
information sciences, etc.

11-Computer and Information Sciences and Support Services

Engineering
Engineering related fields in the STEM major list
electrical engineering, material engineering,
mechanical engineering other engineering, etc.

14-Engineering, 15-Engineering Technologies

Other STEM
Other technology/science-related fields in the
STEM major list Mathematics, Statistics,
Psychology, Medicine/Health, Biology, etc.

26-Biological Sciences, 51-Health/Clinical Sciences,
40-Physical Sciences, 27-Mathematics/Statistics,
42-Psychology, 41-Science Technologies, 49-Transportation

Non-STEM
Business related fields
Other Non-STEM fields English,
Media studies, etc.

13-Education, 16-Languages/Linguistics,
19-Consumer/Human Sciences, 23-English Language/Literature,
24-Liberal Arts/Humanities, 25-Library Sciences,
31-Recreation/Leisure Studies, 38-Philosophy/Religious Studies,
43-Criminal Justice, 44-Social Work, 45-Social Sciences,
47-Mechanic/Repair Technologies, 50-Visual/Performing Arts,
52-Business, 54-History

Interdisciplinary
Majors with two or more fields from two themes.
Economics & Mathematics, Physics & Arts,
Economics & Psychology, etc.

30-Interdisciplinary

51.2%

31.4%

15.6%

1.8%

Engineering
Non-STEM
Other STEM
Interdisciplinary

Figure 1: Overall Percentage of Prior Majors



Table 2: Ranking of Prior Majors by Themes for Entering Degrees
Ranking of Prior

Majors by Themes Engineering Interdisciplinary

1 Pre-Engineering (26.8%) Multi-/Interdisciplinary Studies, General (50.8%)
2 Computer Engineering (19.9%) Multi-/Interdisciplinary Studies, Other (21.7%)

3
Electrical, Electronics &
Communications Engineering (12.1%) Biological and Physical Sciences (16.7%)

4 Engineering General (11.8%) Mathematics and Computer Science (8.3%)

5 Mechanical Engineering (6.7%)
Natural Sciences (0.8%) &
Nutrition Sciences (0.8%) &
International/Global Studies (0.8%)

Ranking of Prior
Majors by Themes Non-STEM Other STEM

1 Liberal Arts/ Humanities (51.7%) Physical Sciences (30.3%)
2 Business (17.8%) Biological/Biomedical Sciences (26.6%)
3 Library Sciences (5.5%) Mathematics/Statistics (19.8%)
4 Social Sciences (5.4%) Health/Clinical Sciences (8.6%)
5 Visual/Performing Arts (4.0%) Psychology (7.7%)

Electronics and Communications Engineering (12.1%) are the top-ranking engineering majors
that transferred to computing. Liberal Arts/Humanities (51.7%), Business (17.8%), and Library
Sciences (5.5%) remain the top-ranked prior majors for those who entered undergraduate studies
with a non-STEM major. Other STEM majors include Physical Sciences (30.3%),
Biological/Biomedical Sciences (26.6%), and Mathematics/Statistics (19/8%) as the top-ranking
prior majors before switching to computing. More than half of the students who switched from
interdisciplinary majors were those coded as general (50.8%) or other (21.7%)
multi-/interdisciplinary studies, followed by biological and physical sciences (16.7%).

5.2 RQ2: How do trends in the switching behavior of different intersectional groups vary?
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Figure 2: Overall Percentage of Each Prior Major Theme Compared by Gender



Overall, the majority of men (82.1%) switched to computing majors relative to women (17.9%)
from 1987 to 2019 as reported in MIDFIELD. To further disaggregate with the major themes
(Figure 2), men who transferred into computing most often came from another engineering field
(54.2%). However, this was not always the case for women. Women who transferred into
computing did do so through engineering (37.1%), but they also did so through Non-STEM
majors (38.8%).

By applying the lens of intersectionality to examine trends by gender, race, and ethnicity, we
observed trends of different switching behaviors among intersectional groups (Table 3). Across
all racial and ethnic categorizations of men, all were more likely to enter through engineering
than other areas. However, this was not the case for women. Black women primarily entered
through non-STEM fields (44.7%). As mentioned previously, the “International” race destination
is included since we kept the categorizations consistent with the terms defined in the database.
For International women, non-STEM majors (44.0%) were also higher than those who transferred
from engineering (38.5%). Hispanic/Latinx women were relatively close, with (42.5%) coming
from a non-STEM field, and 37.5% coming from an engineering field. In addition, for White
women, those who came from non-STEM majors were slightly higher than (38.0%) those who
transferred from an engineering major (36.5%).

Table 3: Intersectional Race, Gender, Degree Themes
Race Sex Engineering Interdisciplinary Non-STEM Other STEM Grand Total

Asian
Female 48.1% 1.9% 27.4% 22.6% 1.6%
Male 58.9% 2.2% 24.9% 13.9% 6.3%

Black
Female 30.7% 1.0% 44.7% 23.6% 3.1%
Male 56.5% 0.8% 30.6% 12.2% 3.9%

Hispanic/Latinx
Female 37.5% 5.0% 42.5% 15.0% 0.6%
Male 50.0% 0.5% 35.4% 14.1% 3.2%

International
Female 38.5% 4.6% 44.0% 12.8% 1.7%
Male 55.3% 3.5% 29.9% 11.4% 6.2%

Native American
Female 33.3% 0.0% 33.3% 33.3% 0.1%
Male 66.7% 0.0% 20.0% 13.3% 0.2%

Other/Unknown
Female 47.2% 2.8% 36.1% 13.9% 0.6%
Male 48.6% 2.8% 35.9% 12.7% 2.8%

White
Female 36.5% 2.4% 38.0% 23.2% 10.3%
Male 53.9% 1.6% 29.8% 14.8% 59.4%

Given that men were more likely to enter from an engineering field, we focused on the
intersection of women who identified with different racial or ethnic groups. As non-STEM majors
are the primary prior majors for women to enter computing, we further explored the trends of
switching behaviors through the intersectional groups as displayed in Table 4. As mentioned
above, Liberal Arts/Humanities, Business and Library Sciences are the top non-STEM majors
overall, however, rankings vary significantly between women from different intersectional groups.
For Black women, the top-ranked non-STEM major is Business (31.5%) followed by Education
(18.0%), and Social Sciences (10.1%) & Communication/Journalism (10.1%). Business remained
the top prior major for Hispanic/Latinx women with 29.4% transferring from it. Liberal
Arts/Humanities (23.5%), Library Sciences (11.8%) and Visual Arts/Performing (11.8%) then
followed Business as the top-ranking prior majors for Hispanic/Latinx women. Liberal



Arts/Humanities (41.7%) and Business (27.1%) are the top two prior majors for International
women. The same major ranking trends have been shown for White women in Liberal
Arts/Humanities (32.7%) and Business (20.1%). However, we observed a difference in prior
majors ranked third between International women and White women with 14.3% Visual
Arts/Performing for International women and 16.5% Library Sciences for White women.

Table 4: Ranking of Prior Non-STEM Majors for Intersectional Populations of Female Students
Ranking of Prior

Non-STEM Major Black Hispanic/Latinx

1 Business (31.5%) Business (29.4%)
2 Education (18.0%) Liberal Arts/Humanities (23.5%)

3
Social Sciences (10.1%) &
Communication/Journalism (10.1%)

Library Sciences (11.8%) &
Visual Arts/Performing (11.8%)

Ranking of Prior
Non-STEM Major International White

1 Liberal Arts/Humanities (41.7%) Liberal Arts/Humanities (32.7%)
2 Business (27.1%) Business (20.1%)
3 Visual Arts/Performing (14.3%) Library Sciences (16.5%)

6 Discussion
The findings of this work suggest potential areas to attract different populations of students going
forward, particularly for Black, Hispanic/Latinx, International, and White women. This study
offers educators and administrators information that could help them think about how students
may become engaged with the computing field and demonstrates that a “one-size-fits-all”
approach to thinking about how to broaden participation is problematic. The results further our
collective understanding and provide opportunities to think about how and why different
intersectional populations may be attracted to a computing major from other fields (as
demonstrated for varying racial and ethnic groups in Table 3). To address the ongoing barriers and
challenges students may have connecting with computing, it may be important to think outside the
box. For computing to become more equitable, in terms of access and participation, it is necessary
to consider applying culturally relevant pedagogy and disaggregating by more than just gender.
The switching behaviors described by the descriptive analysis illustrate unique patterns.

Figure 1 illustrates that the majority of students did transition to computing from engineering
(51.2%), a finding that may stem, in part, from the overlap between courses required. However,
given the fundamental goal of engineering is problem-solving, and the design, creation, and
assessment of products, there may be some conceptual overlap as well [34]. Similar skills and
goals are applied to software in CS, as the design, development, and testing of products are an
important focus.

However, while it may make sense from a programmatic standpoint for students to switch from an
engineering field, given the overlap in requirements, 31.4% of students came from other
non-STEM areas as well (Figure 1). As shown in Table 2, the majority of the overall population
of students from a non-STEM field came from Liberal Arts/Humanities (51.7%). This was also
the most highly ranked prior major for International women (41.7%) and White women (32.7%),



as articulated in Table 4. This presents an opportunity to think about how computing can be
combined with such fields or cover topics related to these areas.

Increasingly, institutions are beginning to consider “CS+X” options, where X refers to an
emphasis in another discipline, allowing for students to complete a core curriculum in computer
science while considering intersecting fields as well. At the University of Illinois, options range
from areas like “CS + Advertising,” “CS + Economics,” and “CS + Music” [35]. Apart from the
emergence of degree options, stand-alone courses can also create opportunities for students to
combine their expertise and interests. As an example, a CS + Theater methods course offered at
Northwestern University combines computing and art to allow students to create “virtual
costumes that overlay graphic masks and hands-on video and track body and face movements”
[36]. While such efforts present an opportunity to engage students in interdisciplinary
applications of computing, at present, they remain a more limited offering.

Moreover, as shown in Tables 2 and 4, 17.8% of the overall student population from a non-STEM
field came from Business, and this was the highest prior major for students that identified as
Black (31.5%) and Hispanic/Latinx (29.4%). This presents an opportunity to engage these
populations minoritized in computing with concepts and courses that may appeal to a broader
range of interests. For example, offering data science for business and decision-making could be
advertised to provide an entry point to increase engagement and help students recognize the
“hierarchy between data, information, and knowledge” [37, p. 3]. Although data science is
heavily linked with statistics, and being able to write code in software related to analysis, it also
involves many tasks and skills related to the business domain and understanding processes and
problems companies may have to drive value [38].

Beyond thinking about how students are engaged with the major, an important factor going
forward for students will also be their retention. As a practical approach to retaining women in
computing, a prior study identified using research assistantships (RA) to combine computing
skills with projects in other STEM fields [19]. As social values of “helping others” have
previously been linked to career aspirations [39], this approach can assist in women’s perception
of computing as a domain with social values of “helping others” and staying in this field [19].
Infusion of topics and meaningful examples may help students make connections with the content
to attract those from other areas. However, creating inclusive environments and offering
opportunities to develop a sense of belonging to the community is also critical to ensuring
students make their switch more permanent. Literature has described how counter-structures can
aid in overcoming the harms imposed by negative culture and curricula, and that is necessary to
situate sustainable programs within “the communities they intend to serve and that intentionally
attempt to counter historical and current harms caused by unjust policies and practices in society
and in computing” [40, p. 27:19]. Along these lines, finding ways to promote agency while using
CS towards thinking about social justice and societal needs, can encourage students to work
towards concrete goals and project development.

Technical projects and computing research have been described as allies for political and social
change [41]. Such connections, particularly when coupled with positive group environments, have
been shown to be especially important for women of color to resist marginalization and apply
computing to challenge deficit notions [42]. Towards this goal, we want to encourage educators to
consider the opportunities to introduce learning activities and content which may help to apply



core concepts while working towards broader societal goals. As an example, spurring students to
work on application development to address a problem in the community could allow them to
practically apply knowledge gained in a class while selecting a topic meaningful for them. Given
each student comes to computing with their own background, values, and trajectory, such a focus
could allow them to find connections that resonate with them in the work.

While it is true that computing needs more graduates in general, we also need to understand what
makes it appealing to support additional populations who may want to join. The work conducted
illustrates that students do not all follow the same path to degree attainment in CS. It can be
important to consider the unique intersectional trajectories of students to explore more about the
range of fields that could influence their motivations and goals, and in the future, to better support
others looking to make a switch to the major.

7 Limitations
There are several limitations we want to acknowledge. The scope of the study is exploratory and
descriptive in nature. This limits the findings of the study and only identifies the general trends
from the existing data collected in the specific timeframe. Furthermore, rather than measuring a
small sample, MIDFIELD includes information about a population. Since there are no similar
datasets that have this level of detail, it is not possible to compare the findings to others. Thus, we
only report on the observed trends extrapolated from the data available, and we cannot claim it
can be generalized to all students in all areas. Moreover, we only focused on a limited subset of
social identities in this work, including race, gender, and ethnicity. Exploration of additional
identities and backgrounds (e.g., ability status, age, and/or socioeconomic status), could expand
our understanding. Lastly, we focused on the pathways and overall trends for the focused
intersectional groups to enter computing, which neglects to provide insight about the retention of
these populations in computing.

8 Future Work
In the future, there are multiple ways to expand upon this work. First, it would be worth exploring
additional methods, such as qualitative inquiry or inferential statistics, to delve further into the
details of the switching behaviors. While this analysis revealed trends for students, the
motivations to select computing require additional insight. Second, it would be valuable to build
upon the findings from this inquiry and take an asset-based approach to further examine “how”
and “why” each intersectional group may change majors and to delve into the support
mechanisms that may help them as they successfully switch to computing. To facilitate such
in-depth inquiries, we suggest exploring additional theoretical frameworks that can be used to
guide asset-based approaches (e.g., community cultural wealth). Lastly, it would be valuable to
understand the factors that support the retention of each of the intersectional groups in computing,
as it is necessary to understand what makes them stay in computing and/or how and why they
may leave computing.

9 Conclusion
Students who transfer into a computing field during their undergraduate studies may enter
through a multitude of majors. While many undergraduates do switch from another engineering
area, Black, Hispanic/Latinx, International, and White women are more likely to switch from a
non-STEM field. This study demonstrates the need to disaggregate data when exploring trends in



students’ participation and trajectories. Furthermore, it illustrates potential opportunities to find
synergy between existing programs in other majors and computing, which may make lessons
more appealing to a range of interests and mindsets.

There are many strategies that could be employed to attract and engage different populations of
students with computing concepts. We encourage educators and researchers to consider these
findings and further explore the various factors that could influence decisions to pursue a
computing major. We hope that the information presented will inform efforts to create inclusive
learning environments and lessons that can appeal to students with a broad range of
interests.
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