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ABSTRACT
Creating inclusive learning environments for all students is of pri-
mary importance. Student sense of belonging is an important part of
this. However, sense of belonging can show variations according to
factors such as ethnicity and gender as well as influencing attributes
such as motivation and persistence. We utilised a survey adapted
from the “Math Sense of Belonging Scale” to examine the relation-
ship between undergraduate computer science students’ sense of
belonging, gender identity, and self-declared minority status. We
observed a lower sense of belonging in students who identified as
women who also self-identified as being part of a minority group.
However, students who identified as women who did not identify
as belonging to a minority had a sense of belonging comparable
to those identifying as men. Our results provide insight that may
help us improve the sense of belonging of our undergraduate stu-
dents, particularly those identifying as women and as belonging to
a minority in computer science. It has also brought to our attention
that action needs to be taken to mitigate the potentially dispropor-
tionately negative consequences that COVID-19 may have on these
students due to reduced opportunities for social interaction and the
negative impact that this has on sense of belonging.
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1 INTRODUCTION
Creating more equitable and inclusive learning environments is
a primary objective across higher education. While many STEM
fields have seen increasing enrolments by women and members of
other underrepresented groups, enrolments of women in computing
degrees in the US (and many other countries) have stayed low
since declining in the 1980s [13]. Similarly, other groups, such
as people of colour, have traditionally been poorly represented
in computing degree programs [28]. In this study, we investigate
the role of student ‘sense of belonging’, sometimes referred to as
‘belongingness’, and the intersectionality of gender and identifying
as belonging to a minority in computer science.

Sense of belonging has been described as “one’s personal be-
lief that one is an accepted member of an academic community
whose presence and contributions are valued” [6]. Belongingness
has been found to be associated with attributes such as motiva-
tion [1], achievement [27], persistence [17] and student reten-
tion [25]. Known predictors of belongingness include race and
gender [6, 11, 19]. We explored these relationships utilising a survey
adapted from the “Math Sense of Belonging Scale” [6] containing 18
positively framed questions (e.g. I feel accepted/I feel respected/etc.)
and 12 negatively-framed questions (e.g. I feel excluded/I feel dis-
regarded/etc.), supplemented with other questions about student
demographics, backgrounds, and experiences.

2 RELATEDWORK
Sense of belonging is intrinsically tied to groups and communi-
ties with defined identities such as academic disciplines. As such it
has been explored across several disciplines including computing.
Kapoor & Gardner-McCune stressed that the computing education
community needs to understand the impact that student experi-
ences have on students’ belongingness as they move between our
CS degree programs and the larger CS communities of practice [10].
It has been shown to vary across factors such as gender and minor-
ity status [24], and is known to play a role in the transition from
second- to third-level education, and is likely influenced both by
student characteristics (or what they ‘bring with them’) in addition
to environmental factors [4]. It is likely that there are also many fac-
tors affecting sense of belonging that cannot be controlled for [11].
Sense of belonging has been shown to be affected not only by tra-
ditional educational environmental factors, but by activities such
as video games [21], formal research activities [24], and specific
technologies and tools such as web interfaces [14].

https://doi.org/10.1145/3416465.3416476
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2.1 Sense of Belonging in Other Disciplines
In 1995 Hagerty & Patusky [7] developed a self-report instrument
called SOBI (Sense Of Belonging Instrument) designed to measure
sense of belonging in adults. They assessed content validity with
a panel of experts while construct validity, internal consistency,
and retest reliability were examined via three studies involving
community college students, adults being treated for depression
and Roman Catholic nuns. They concluded that their instrument
was a valid and reliable measure of sense of belonging. In 2019
Johnson & Taylor established content validity and reliability of
SOBI with graduate nursing students [8].

Judson et al. investigated the influence of sense of belonging
on student persistence in engineering in 2015 [9]. Examining 14
engineering cohorts from 1998 to 2013, they focused on the long-
term effects of a suite of strategies intended to enhance the sense
of belonging of engineering students. They found the rate of re-
tention doubled following the new strategies. Although retention
of underrepresented students increased, it increased more for non-
minority students. Notably, male and female students saw more
similar effects, with retention of both groups increasing similarly –
differences were much more nuanced and less conclusive.

In 2012 Good et al. developed and validated a ‘Math Sense of
Belonging Scale’ [6]. Using this, they found that women had a lower
sense of belonging than men which mediated both their intent to
pursue math in the future as well as their mathematics grades. They
found two specific perceptions that worked to damage the sense
of belonging of women, but not that of men. The first was that
mathematical ability is an inherently fixed trait and the second is
the stereotype that women have less mathematical ability than men.
They also found that the perception that mathematical ability could
be acquired could protect women from negative stereotypes and
allow them to maintain a higher sense of belonging along with the
intention to pursue mathematics in the future.

Lewis et al. explored belongingness in close to 3,000 pSTEM
(physical sciences, technology, engineering and mathematics) stu-
dents. In three studies they found disparities in sense of belonging
favouring men [12]. Like Good et al., they found that sense of be-
longing explained persistence (intended and actual) for women
more than for men, even after controlling for traditional metrics of
academic achievement such as exam grades and self-efficacy. They
proposed that these results highlight the role of belongingness in
gender differences in pSTEM persistence.

2.2 Sense of Belonging in Computing
Sax et al. [19] focused on sense of belonging in examining gender
and racial/ethnic gaps in undergraduate computing majors. By
examining the change in sense of belonging during the introductory
course they showed that sense of belonging is a product of both
incoming student characteristics and college environments and
experiences. This provides ample motivation for computing faculty
to foster belongingness in the learning environment.

Nguyen & Lewis [16] used survey data from 1,245 students in
80 computing departments along with a dataset of departmental
policies to show that competitive enrolment negatively affected
student sense of belonging. This highlights another environmental
variable that negatively impacts sense of belonging that is within

the control of higher education institutions. It also indicates that
competitive enrolment affects women more negatively than men.
They also found that this relationship was stronger for students
without pre-university computing experience.

Metaxa-Kakavouli et al. [14] showed that the design of web inter-
faces for an introductory programming course could affect the sense
of belonging of men and women differently, again highlighting an-
other environmental (and therefore controllable) factor affecting
sense of belonging not only in the computing classroom, but in the
use of computing technology itself.

Stout, Tamer & Alvarado [24] assessed the impact and timing
of formal research experiences on sense of belonging. They found
that formal research experience during students’ first year of study
was associated with a strong sense of mentor support during the
students’ second year, and that this perceived mentor support pre-
dicted a strong sense of belonging for underrepresented students,
but not for majority students. Further, the typical gap in sense of
belonging among majority and underrepresented students disap-
peared for students with high mentor support.

Lewis et al. [11] found that a goal-affordance match may have
important impacts on students’ sense of belonging in computing,
beyond effects of their identity. Amismatch between students’ goals
and their perceived affordances of computing can impart a lower
sense of belonging, which may partially explain the underrepresen-
tation of minority and first-generation students in computing.

2.3 Intersectionality
Schlesinger, Edwards & Grinter [20] emphasised the need for re-
search to recognise the intersections of diverse aspects of identities,
including their race, gender, and class, but also other aspects such
as nationality and/or sexuality [29], and intersectionality has been
used to try and understand underrepresentation [26]. In this work
we use intersectionality as a lens to bring into focus the sense of
belonging of two groups in particular: those identifying as women
and those identifying as minorities. It is important to note that in
this work “minority” is used to refer to a student’s self-reported
identification with belonging to any self-perceived minority within
the School of Computer Science. We do not use “minority” here to
refer to people belonging to any specific race, ethnicity, etc.

3 METHOD
3.1 Survey
The survey was conducted with ethical approval from the UCD
Human Research Ethics Committee (LS-17-30-Mooney and LS-19-
12-Mooney). Responses were gathered via a Google form advertised
on email and student social media groups (e.g. Year 1 Facebook
group, etc.). All undergraduate students in our school were invited
to take part. Our school has one undergraduate programme (BSc
in Computer Science) with a total of approximately 450 students
fairly evenly distributed across four years. The gender distribution
is approximately 20% female. The survey questions were taken
from the “Math Sense of Belonging Scale” [6] containing 18 pos-
itively framed questions (e.g. I feel accepted/I feel respected/etc.)
and 12 negatively-framed questions (e.g. I feel excluded/I feel disre-
garded/etc.). All items were preceded by “When I am in a computer
science setting...”. For each item, participants rated their agreement
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on an 8-point Likert scale (1 strongly disagree → 8 strongly agree).
Belongingness was measured as the sum of positively framed ques-
tion scores minus the sum of negatively-framed question scores.

In addition to demographic questions and those adapted from
the Math Sense of Belonging Scale, we asked the following ques-
tions. L denotes Likert scale questions (1 lowest→ 5 highest). For
example, for the question “In your opinion, how much does success
in Computer Science depend on inherent ability?”, the choices were:
1 (not at all), 2, 3, 4, 5 (success is based purely on talent).

(1) What is your gender?Woman / Man / Non-binary / Prefer not
to disclose / Perfer to self-describe, plus open answer field

(2) Do you consider yourself part of a minority in Computer
Science? Yes / No, plus open answer field if Yes

(3) Which of the following are you a member of, or have you
taken part in any of the following? (Check all that apply)
“Participation”: This was followed by a list of student network-
ing, mentoring and outreach outreach activities, including
Women@CompSci, NetSoc, BuddyCoders and CS Sparks [15].

(4) In your opinion, how much does success in Computer Sci-
ence depend on inherent ability? L

(5) How much do you interact socially with other students in
Computer Science? L

(6) How much do you enjoy problem solving? L
(7) How confident are you in your mathematics abilities? L
(8) How much experience with computer science did you have

before you came to UCD? (check all that apply) This was
followed by a list of various experiences such as having a
family member involved in computer science, Coder Dojo-style
activities, taking courses, and self-taught programming.

Unfortunately we had to exclude the small number of partici-
pants who did not identify as either men or women from these
published results to preserve anonymity. However, their responses

Figure 1: Correlation Matrix. Positive correlations (Pearson
correlation coefficient (r)) are displayed in blue and nega-
tive correlations in red colour. Colour intensity and the size
of the circle are proportional to the correlation coefficients.
Gender is coded as Man: 0, Woman: 1; Minority No: 0, Yes: 1.

are valuable and have been taken into careful consideration by our
school as this survey was not only conducted for this research.

133 students completed the survey between April 2017 and De-
cember 2019, representing a response rate of approximately 30%.
We removed three students who did not respond to more than 10
questions. Twelve students had one missing answer and two stu-
dents had two missing answers. It is likely that these questions
were simply overlooked. For these we replaced the missing values
with the mean Likert score for the question. After filtering for these,
our responses were from the following years: year 1 (32); year 2
(40); year 3 (25); and year 4 (33). Of the 40 respondents identifying
as women, 29 self-identified as belonging to a minority and 11 did
not. Of the 90 identifying as men, 18 self-identified as belonging to
a minority and 72 did not.

3.2 Statistical Analysis
Principal Component Analysis (PCA) is a non-parametric method
of reducing a complex data set to reveal hidden, simplified dynamics
within it [2]. PCA takes as input a set of variables which may be
correlated and converts them into a set of linearly uncorrelated
principal components (PCs), less than or equal to the number of
original variables. PCA is useful for retaining data that accounts for
a high degree of variance, and removing data which does not. We
used the ggbiplot1, corrplot2, ggplot23 and ggpubr4 functions in
the R statistical/graphical programming language to perform PCA
and to create the correlation plot and the boxplots.

To test for statistical significance, we compared the means be-
tween groups and utilised a Student’s t-test (two-tailed). Groups
were considered to be significantly different if the p-value 𝑝 < 0.05.
For presentation we used the guidelines in [18] and [22].

4 RESULTS
In this section we present and discuss the results of our analysis. In
Section 5 we discuss threats to validity.

4.1 Intersectionality of Gender and Minority
Status

When asked “Do you consider yourself part of a minority in Com-
puter Science?” 29 of the 40 female students answered yes. In an
open-ended question asking what minority they felt part of they
cited the following reasons in addition to beingwomen: race/ethnicity;
being LGBTQIA+; being a mature student; being religious; and hav-
ing no previous coding experience. Similar reasons were provided
by male students, including: feeling under-skilled socially, being
shy, being “nerdy” or being more “sporty”.

Figure 1 shows that gender and self-identifying as a minority are
strongly positively correlated (r=0.5) and identifying as a woman
and identifying as a minority are negatively correlated with be-
longingness (r=-0.2 and -0.3 respectively). Identifying as a woman
and identifying as a minority are weakly correlated with belief that
success in computer science depends on inherent ability (r=0.17 and
0.18 respectively). Additionally, identifying as a woman is weakly
1github.com/vqv/ggbiplot
2github.com/taiyun/corrplot
3ggplot2.tidyverse.org
4www.sthda.com/english/articles/24-ggpubr-publication-ready-plots

https://github.com/vqv/ggbiplot
https://github.com/taiyun/corrplot
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(a) Gender (male/female) (b) Self-identified minorities (yes/no) (c) Self-identified minorities by gender

Figure 2: Principal Component Analysis of responses to the 30 sense of belonging questions showing students as data points
with 68% confidence ellipses for (a) Gender; (b) self-identified minorities; (c) self-identified minorities by gender.

(a) Gender (male/female) (b) self-identified minorities (yes/no) (c) self-identified minorities by gender (d) Female students who self-identified
as minorities compared to male students
who did not

Figure 3: Boxplots showing the distribution of belongingness scores. (a) Gender; (b) self-identifiedminorities; (c) self-identified
minorities by gender; (d) Female students who self-identified as minorities compared to male students who did not.

negatively correlated with enjoyment of problem solving and con-
fidence in mathematics abilities (r=-0.14 and -0.19 respectively).

It has been previously shown that female students who took part
in student networking, mentoring and outreach outreach activities
(“participation”) had a stronger sense of belonging compared to
female students who did not [15]. However, we observed participa-
tion as only showing a very weak correlation with belongingness
overall.

PCA of responses to the 30 sense of belonging questions is shown
in Figure 2. Each point represents a student and the ellipses are
68% confidence ellipses for (a) gender; (b) self-identified minorities;
and (c) self-identified minorities broken down by gender. Principal
component (PC) 1 accounts for 44.8% of variance in the data and PC
2 accounts for 12.6%. There is a clear overlap between all groups but
male and female students and self-identified minorities do cluster
distinctly, with male and female students who consider themselves
part of a minority clustering more closely compared to those who
do not, indicating that they have different levels of belongingness.

Figure 3 shows the distribution of belongingness scores, calcu-
lated as the difference between the sum of the positively framed
and the sum of the negatively framed sense of belonging questions,
broken down by gender and whether students self-identified as
a minority or not. Figure 3(a) shows a borderline statistically sig-
nificant lower level of belongingness in women (𝑁 = 40, 𝑀 =

38, 𝑆𝐷 = 39) compared to men (𝑁 = 90, 𝑀 = 52, 𝑆𝐷 = 36),
𝑡 (69) = 2.0, 𝑝 = .056. Figure 3(b) shows a significantly lower be-
longingness in students who self-declared as being part of a mi-
nority (𝑁 = 47, 𝑀 = 35, 𝑆𝐷 = 40) compared to those who did not
(𝑁 = 83, 𝑀 = 55, 𝑆𝐷 = 34), 𝑡 (83) = 3.0, 𝑝 = .004.

Figure 3(c) shows that when students who self-identified as
minorities are broken down by gender, belongingness is not sig-
nificantly lower in self-identified male minorities (𝑁 = 18, 𝑀 =

43, 𝑆𝐷 = 43) compared to male students who did not self-identify
as being in a minority (𝑁 = 72, 𝑀 = 55, 𝑆𝐷 = 34), 𝑡 (23) = 1.1, 𝑝 =

0.277. However, the female students who self-identified as minori-
ties (𝑁 = 29, 𝑀 = 30, 𝑆𝐷 = 38) did have a significantly lower be-
longingness compared to female students that did not self-identify
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(a) Social interaction with other computing Students (b) Enjoyment of problem solving (c) Confidence in your mathematics abilities

(d) Social interaction with other computing Students (e) Enjoyment of problem solving (f) Confidence in your mathematics abilities

Figure 4: (a and d): Howmuch do you interact socially with other students in Computer Science?; (b and e): Howmuch do you
enjoy problem solving?; (c and f): How confident are you in your mathematics abilities? The results in the top row (a-c) are
broken down by gender (male/female) and the results in the bottom row (d-f) are broken down by identifying as a minority
or not.

as being part of a minority (𝑁 = 11, 𝑀 = 60, 𝑆𝐷 = 36), 𝑡 (19) =

2.4, 𝑝 = 0.028. It is important to note that the 11 women (28%) who
did not consider themselves part of a minority in computing had a
similar belongingness to men.

Figure 3(d) shows that there is a dramatically lower belong-
ingness (𝑡 (47) = 3.1, 𝑝 = 0.00348) in female students who self-
identified as minorities (𝑁 = 29, 𝑀 = 30, 𝑆𝐷 = 38) when compared
to male students who did not (𝑁 = 72, 𝑀 = 55, 𝑆𝐷 = 34).

4.2 Self-Declared Traits
Figure 4(a) shows the distribution of belongingness scores for stu-
dents broken down by gender and response to the question “How
much do you interact socially with other students in Computer
Science?”. It can be seen that for male students there is a trend
where belongingness increases with social interaction. For female
students there is a similar trend, but not as linear, and the belonging-
ness score for each level of social interaction is lower than that for
men. Similarly, the belongingness score of those who self-identified

as being part of a minority are also lower than those who do not
self-identify as being part of a minority (Figure 4(d)).

Confidence in mathematical abilities and enjoyment of prob-
lem solving are positively correlated (r=0.4) (Figure 1) and social
interaction, problem solving ability, and mathematical ability are
moderately correlated with belongingness (r=0.3, 0.2 and 0.3 re-
spectively). In Figures 4(b), (c), (e) and (f) again we see that there
is a general increase in belongingness associated with how much
students enjoyed problem solving and confidence in their mathe-
matics ability. Again we see a stronger increase for men, and less
so for women. Also again, we observe that those self-identifying as
minorities have lower belongingness scores across the board. It is
notable that no students who do not consider themselves to be part
of a minority selected the lowest value on the Likert scale. This
could be a Likert anchor effect [3].

Prior experience with computing appears to have a positive
impact on male, but not female, students’ belongingness (Figure
5(a)). Men with prior experience of computing (N = 71, M = 57, SD
= 36) had a statistically significant higher belongingness (t(31) =
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(a) Prior computing experience (b) Prior computing experience

Figure 5: Howmuch experiencewith computer science did you have before you came to University? (a) Broken down by gender
and (b) broken down by identifying as a minority or not.

-2.7, p = .01) compared to male students with no prior experience
(N = 19, M = 34, SD = 32). This prior experience could have been
anything from having a family member involved in computing,
taking part in computing outreach activities, completing a coding
class or teaching themselves to code.

Unexpectedly, prior experience does not appear to play a role in
increasing belongingness for female students (Figure 5(a)). Women
with no prior experience (N = 12, M = 43, SD = 46) were not found
to have a statistically significant difference in belongingness (t(17)
= 0.5, p = .637) compared to those with prior experience (N = 28,
M = 36, SD = 37). Similarly, there was no significant difference in
belongingness associated with prior experience for students who
identified as minorities and those who did not (Figure 5(b)).

5 THREATS TO VALIDITY
This study is not without limitations, and we are currently working
on a multi-institutional study to provide more robust results.

Perhaps the chief limitation is sample size. Although we have
approximately 450 undergraduate students, and despite a healthy
response rate of approximately 30% we quickly ended up with small
numbers of certain groups. For instance, we only had 11 women
who did not identify as a minority. Additionally, we were unable to
explore gender beyond “man” or “woman” to protect the anonymity
of those identifying as non-binary. However we do have evidence
that these students do not have the same sense of belonging as their
gender binary classmates.

Additionally, we cannot control for traits and beliefs that students
came to university with, compared to those that developed during
their time with us.

6 DISCUSSION & CONCLUSION
Creating inclusive learning environments for all students is of pri-
mary importance. We measured student ‘Sense of Belonging’ or
‘belongingness’ which has been shown in other studies to vary
according to factors such as race, ethnicity and gender, and to im-
pact attributes such as achievement, motivation, persistence, and

student retention. We utilised a survey adapted from the “Math
Sense of Belonging Scale” to examine the relationship between
undergraduate computer science students’ sense of belonging and
their perceived self-declared minority status. We observed a lower
sense of belonging in female students who self-identified as being
part of a minority group. However, students identifying as women
who did not identify as belonging to a minority had a sense of
belonging comparable to students identifying as men.

In this work we asked students “Do you consider yourself part
of a minority in Computer Science?”. Students were free to decide
what minority/minorities they identified with. We found that stu-
dents who answered positively to this question gave a variety of
reasons. Therefore, in this work, “identifies as a minority” is not
synonymous with “being from a racial (or other specific) minor-
ity”. The reasons for self-identifying as part of a minority are not
explored here. In future work we will examine the specific under-
lying issues associated with the particular minority that a student
identifies with and the impact that identifying with that particular
minority might have on their sense of belonging.

Additionally we observed several links between sense of belong-
ing and other student attributes. Belongingness appears to increase
with social interaction with other computing students for both male
and female students and for those who do and do not identify as
minorities (Figure 4(a,d)). Fincher, Dizallas & Knox explored the
“Space, Place and Practice in Computing Education” and connected
physical spaces (formal and informal/social) with sense of commu-
nity, disciplinary practice, and student affinity [5]. Others have also
found that sense of belonging and physical campus space are tightly
coupled [23]. In light of recent events surrounding COVID-19, it is
important to highlight this as temporary online and hybrid learning
situations will very likely change the sense of belonging for many
students, particularly incoming first year students. This could quite
possibly negatively affect women students who identify as a minor-
ity in computer science disproportionately. We will explore this in
future work. Although the present study is not without limitations,
it has provided us with some insight into actions which may help
to improve the sense of belonging of our undergraduate students.
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