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Abstract: This study examines an aspect of gender and racial/ethnic gaps in undergraduate
computing by focusing on sense of belonging among women and underrepresented minority (URM)
introductory computing students. We examine change in sense of belonging during the introductory
course as well as the predictors of belonging, with attention to conditional effects by gender and
URM status. Results show that sense of belonging outcomes are a product of both incoming
student characteristics and college environments and experiences, highlighting the important role
the computing faculty play in fostering belonging. These and other findings are discussed, focusing
on sense of belonging among women, URM students, and URM women.

Keywords: computer science; introductory computing; gender; URM students; race/ethnicity; sense
of belonging

1. Introduction

1.1. Purpose

Despite national efforts to diversify computing in recent years, undergraduate computing
programs remain remarkably un-diverse. Indeed, while women constitute over half of all college
graduates (National Center for Education Statistics 2017), they comprise only 20% of those earning
bachelor’s degrees in computing fields (National Science Foundation, National Center for Science
and Engineering Statistics 2017a). While the representation of underrepresented minority (URM)
students among computing degree recipients (21%) is actually similar to their representation among
degree earners from all fields (23%) (National Center for Education Statistics 2017; National Science
Foundation, National Center for Science and Engineering Statistics 2017a), they nevertheless experience
computing as members of a minority group. Further, women and URM students often face negative
stereotypes about their ability to succeed in computing (Cheryan et al. 2009; Margolis et al. 2008) and
are more likely to perceive the climate in computing as racist or sexist (Barker et al. 2009). This may be
particularly important to consider for women from URM groups, as they face negative stereotypes in
computing related to both their gender and race.

Some scholarship has suggested that one of the reasons why women and people of color opt out of
computing disciplines is a sense that they do not belong in the field (Barker et al. 2010; Cohoon 2002;
Margolis and Fisher 2002). Indeed, in discussions of diversity in the tech industry, sense of
belonging has been identified as a key component of diversity and inclusion efforts (Chu 2017).
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Within the higher education literature, sense of belonging is a known predictor of success in
college (e.g., Freeman et al. 2007; Pittman and Richmond 2008; Strayhorn 2012), especially within
STEM disciplines (Espinosa 2011; Johnson 2012). Sense of belonging refers to the extent to
which individuals feel like they belong or fit in a given environment. College students who feel
a greater sense of belonging are more connected to their environment and are more likely to
persist to graduation (Strayhorn 2012). Sense of belonging can be characterized as feeling valued,
cared about, and connected to one’s college environment. Understanding sense of belonging in
relationship to underrepresented students is essential, as past research has shown that students from
stigmatized groups are more likely to experience uncertainty about their belonging and potential than
majority students (Walton and Cohen 2007). More broadly, sense of belonging is conceptualized as a
fundamental human need that drives students’ behaviors, particularly in environments where they
may feel that they do not belong (Baumeister and Leary 1995; Strayhorn 2012). Applying this to the
computing context, women and URM students experience computing environments differently due to
sexism and racism, both historically and as part of the current culture (Barker et al. 2009; Margolis and
Fisher 2002; Margolis et al. 2008; Strayhorn 2012), potentially leading them to feel unwelcome and lack
a sense of belonging to computing spaces. Students who experience uncertainty and distress about
their belonging are left with less time to spend on their academics as the time and energy they could
put into learning and building connections is spent on concerns that they do not belong in their field
or major (see Strayhorn 2012).

It is clear that sense of belonging is important to the success of all college students, particularly
those from underrepresented groups. Higher education research and theory emphasizes the
importance of incoming orientations and background characteristics and their alignment with college
environments in shaping the way students experience belonging (see Strayhorn 2012). Further, within
computing, sense of belonging may play a key role in students’ decision to pursue and persist in
computing (Barker et al. 2010; Cohoon 2002; Margolis and Fisher 2002). With respect to computing
student persistence, Barker and her colleagues (2014) underscore the importance of classroom
experiences in relationship to sense of belonging, arguing that “classrooms are the predominant
venue in which students are exposed to . . . knowledge, presentation, and expectations about the
kinds of people who belong (or not) in a degree program. How faculty talk about students in class
helps to cement students’ views of whether they belong (or not) . . . [Feeling] that one doesn’t belong,
combined with being a minority in the classroom and confronting various gendered stereotypes, results
in a loss of confidence for women, which can then lead to switching major” (Barker et al. 2014a, p. 2).
Introductory courses may be particularly important to fostering a sense of belonging, as they may be
students’ first exposure to their chosen field and may shape the extent to which they find a fit with
that major. As such, prior studies have shown that introductory courses are key to students’ success
and persistence in STEM fields, including computing (Gasiewski et al. 2012; Seymour and Hewitt 1997;
Tobias 1990). For women and URM students, introductory courses in computing have the ability to
enhance their sense of belonging, making them feel included in the computing community, or further
marginalize them from this community, effectively pushing them out of the computing space.

While there is ample support for the importance of sense of belonging, little is known about
the factors that contribute to the development of sense of belonging in the context of computing
generally or within introductory computing courses specifically. Among the studies that do exist,
most of them only consider sense of belonging and its impact on women (e.g., Beyer et al. 2004;
Cheryan et al. 2009). Fewer studies have examined sense of belonging among URM students pursuing
computing, and very little is known about URM women’s sense of belonging in computing. Hence,
more research is needed that addresses sense of belonging for women and URM students in computing,
with consideration of classroom and departmental experiences, particularly within the context of
introductory computing courses.

Understanding more about sense of belonging among women and URM students in
undergraduate computing might be a first step towards creating more inclusive environments in



Soc. Sci. 2018, 7, 122 3 of 23

the tech world. That is, students who experience relatively inclusive college computing environments
early on may be more likely to seek out or replicate those environments when they move into more
advanced coursework and their careers after college. Thus, there is a growing need for research
to consider how women and URM undergraduates in early-stage computing courses develop their
feelings of belonging in computing.

This study contributes to what is known about how colleges can foster sense of belonging in
introductory computing courses, particularly among women and URM students. The following
questions frame this inquiry.

1. How do incoming introductory computing students report their sense of belonging in computing,
and how might this vary by gender and URM status?

2. How does sense of belonging in computing change during an introductory computing course,
and how does this vary by gender and URM status?

3. What background characteristics and college experiences predict sense of belonging at the end of
an introductory computing course, and do these predictors vary by gender and URM status?

1.2. Literature Review

Several bodies of literature provide a frame for the present work. Below, we synthesize the
prior literature related to women and URM students’ representation in computing and technology,
the role of curricular and introductory course experiences, and prior research on sense of belonging,
both generally and in computing.

1.2.1. Women and URM Students in Computing

There is a growing body of research related to women and URM students in undergraduate
computing. Much of this research has focused on individual factors that may impact students’
participation in the field. For example, research has shown that factors like women’s and URM
students’ relative inexperience with programming (Beyer et al. 2003; Margolis and Fisher 2002), their
tendency toward lower confidence in their computing abilities (Beyer 2014; Cheryan et al. 2016;
Wilson 2002), and their tendency to view careers in computing as poor match with their personal
values (Beyer et al. 2003, 2004; Carter 2006; Diekman et al. 2010) are all key reasons why women and
URM students pursue computing at a lower rate than their male and/or majority peers.

However, framing the problem in terms of the individual characteristics of women and URM
students places the blame on individuals and fails to acknowledge structural inequities that also shape
underrepresented students’ interest in computing. Margolis and Fisher (2002) argued that structural
disparities amount to “weighty influences that steal women’s interest in CS [computer science] away
from them” (p. 6). Therefore, research must consider both individual differences as well as structural
factors—such as computing departments and classrooms—to understand why more women and URM
students do not pursue and persist in computing fields.

1.2.2. Curricular Experiences in Computing

Some scholars contend that student-centered pedagogical and curricular practices are critical
to women’s success in computing (Barker and Cohoon 2009; Cohoon and Aspray 2008). Indeed,
most of the research on classroom practices shows that student-centered approaches, such as pair
programming and collaborative learning, are beneficial for all students, regardless of gender or
race/ethnicity (Barker et al. 2014b; Radermacher and Walia 2011; Settle 2012; Werner et al. 2005).
Introductory STEM courses are often academically challenging and designed to “weed-out” students.
Prior research has shown that these “barrier courses” are a key reason why students leave STEM fields
(Seymour and Hewitt 1997). Further, students’ perception that a course is meant to weed students out
shapes their performance in said course (Suresh 2006); therefore, it seems likely that a weed-out culture
might also impact students’ sense of belonging in their chosen field. To be sure, not all introductory
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computing courses are designed to weed-out students; the computing field is making significant efforts
to encourage participation from groups historically underrepresented in computing (e.g., women,
URM students, and those lacking prior computing experience), which has included efforts to make
introductory courses more inclusive (Alvarado et al. 2012).

Some research outside of STEM disciplines has pointed to the important role that early
coursework plays in fostering a sense of belonging in higher education, also emphasizing the
importance of student-centered pedagogies. More specifically, this work has highlighted the
importance of feeling comfortable speaking up in class, student-faculty interactions, and peer
relationships (Hoffman et al. 2002). To provide students such opportunities in introductory computing
courses, some instructors have implemented practices such as employing a flipped classroom teaching
model and incorporating peer instructors.

Prior work has also emphasized the importance of introductory course experiences for women
and URM students. Barker et al. (2014b) assert that modifications to introductory computing courses
are a key component of recruiting more women to computing through the use of inclusive curricular
and pedagogical practices. For instance, they suggest that instructors should seek to make courses
relevant by aligning assignments and coursework to students’ interests and career goals. In other
STEM fields, researchers have documented the important role that introductory courses can play
in promoting student engagement in the discipline (Gasiewski et al. 2012), recruiting and retaining
students in STEM majors (Graham et al. 2013; Hoisch and Bowie 2010), and developing STEM
aspirations (Perna et al. 2009).

1.2.3. Sense of Belonging

Sense of belonging is one way to measure the extent to which students feel like they “fit” in
a given environment. Specifically, in a classroom context, sense of belonging may be defined as
“students’ sense of being accepted, valued, included, and encouraged by others (teachers and peers)
in the academic classroom setting and of feeling oneself to be an important part of the life and
activity of the class” (Goodenow 1993, p. 25). Studying sense of belonging is useful because it
allows researchers to measure how college students’ experiences shape their affiliation with their
environment (Hurtado and Carter 1997).

Research on sense of belonging among college students has found that it is key to their success and
retention in college (e.g., Freeman et al. 2007; Pittman and Richmond 2008; Strayhorn 2012). However,
this literature has found that students from underrepresented groups tend to have a lower sense
of belonging than their counterparts from majority groups and thus face additional obstacles
and barriers to their success and retention in college (Hurtado and Carter 1997; Johnson et al. 2007;
Strayhorn 2012). Research has also investigated sense of belonging among STEM undergraduate
students. Johnson (2012) work suggests that STEM students are more likely to feel a sense of
belonging when they have high levels of academic self-confidence and encounter academically
and socially supportive environments. Research on STEM students’ sense of belonging
also highlights the importance of belonging for underrepresented groups (Espinosa 2011;
Johnson 2012; Thoman et al. 2014). Johnson (2012) found that women of color in STEM had lower
sense of belonging compared to their counterparts from other groups. Additionally, women and URM
students may perceive a lack of fit between their identities or values and a major or career in STEM
(Diekman et al. 2010; Smith et al. 2014); this mismatch may further augment a false sense that they do
not belong. In turn, as is suggested by the work of Thoman and colleagues (2014), sense of belonging
(or a lack thereof) can work as a force to push women out of STEM fields, where they may feel low
levels of belonging, and toward non-STEM fields where they are more likely to feel a sense of fit.
Indeed, Espinosa (2011) found that sense of belonging was significantly related to STEM retention,
particularly for women of color.
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1.2.4. Sense of Belonging in Computing

While there is a large body of literature examining sense of belonging among college students
including those in STEM fields, the literature on sense of belonging in computing is limited, and little is
known about women and URM students’ experiences with sense of belonging in computing disciplines.
Of the research that does exist in this area, researchers have documented the importance of sense of
belonging, finding that a strong sense of belonging in computing helps students persist, even when
they have doubts about their abilities in the discipline (Veilleux et al. 2012).

While little is known about how sense of belonging develops among computing students, some
research has found that the physical environment of a computer science classroom can communicate
stereotypes about the field that women do not belong, negatively affecting women’s interest in
pursuing a computing major (Cheryan et al. 2009). Further, these stereotypes about who does and does
not belong in computing have been found to be detrimental to women’s and URM students’ interest
and persistence in computing (Beyer et al. 2004; Cheryan et al. 2013; Margolis and Fisher 2002).

1.2.5. Gaps in the Literature

Little empirical research has been conducted to investigate the role of curricular experiences in
computing students’ sense of belonging and how these experiences may differentially impact women
and URM students. While some research has shown that student-centered teaching practices are
beneficial for student outcomes, researchers have not yet investigated the impact of these practices
on students’ sense of belonging in computing. This paper pulls these areas of research together to
examine the role of gender and URM status in shaping how sense of belonging develops during
introductory computing, focusing on the course environments that predict more positive sense of
belonging outcomes.

1.3. Conceptual Framework

Our analysis was guided by Strayhorn (2012) model of sense of belonging. In the case of college,
sense of belonging can be defined as a student’s perceptions of campus supports, experiences of feeling
cared about, and connectedness with faculty, staff, and peers. Sense of belonging among students is
influenced by incoming perceptions of belonging and can change over time as environmental contexts
and circumstances shift. As this model suggests, how students experience the academic and social
systems of the institution influences sense of belonging and, in turn, retention and persistence decisions.
Students who feel a sense of belonging tend to feel more connected to their environments and are
more successful, while students who do not feel a sense of belonging are more likely to experience
alienation, disengagement, and depart the college environment.

Strayhorn suggests that sense of belonging takes on heightened importance in certain contexts,
at certain times, and among certain populations, particularly in contexts in which students feel
marginalized. The model addresses sense of belonging for college students as a function of the
social spaces and contexts of the institution and outlines outcomes related to positive and negative
experiences with sense of belonging. Multi-dimensional in nature, a student’s sense of belonging
is the result of a variety of individual and institutional factors including those related to incoming
values and orientations, academic engagement, peer and faculty relationships, and departmental
and campus climate (Freeman et al. 2007; Johnson et al. 2007; Locks et al. 2008; Nuñez 2009;
Strayhorn 2008). The present study focuses specifically on sense of belonging in the field of computing.
Strayhorn (2012) work further emphasizes that the intersection of social identities, such as gender
and race, affect college students’ sense of belonging which, in turn, can affect other outcomes, such as
engagement, achievement, well-being, happiness, and optimal functioning, particularly for women
and students of color in STEM fields.

This study utilized concepts identified by Strayhorn to examine how a student’s sense of belonging
in computing evolves during an introductory computing course and how changes in belonging may
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or may not vary by gender and URM status. Specifically, Strayhorn’s model of sense of belonging
determined the variables used in the study and how subsequent findings and implications were
developed. Further, Strayhorn guided the focus of this study on conditional effects and how sense of
belonging might develop differently depending on the one’s social identities.

2. Materials and Methods

2.1. Data and Sample

This study utilized data from undergraduate students enrolled in introductory computing courses
during the 2015–2016 academic year at 15 universities across the United States.1 The participating
institutions are part of the Building Recruiting and Inclusion for Diversity (BRAID) project focused on
improving recruitment and retention of underrepresented students in computing. The 15 institutions
primarily represent large research universities, including 2 private and 13 public institutions. Notably,
the computing department chair at each of the 15 institutions volunteered their institution to be part
of the project, and so the institutions represent a self-selected group where the department chair
has expressed some level of interest in diversifying their department. To identify eligible survey
participants, we allowed the 15 participating computing departments to identify the courses they
consider to be introductory. Our departmental contacts then provided us a list of contact information
for all students enrolled in those courses, yielding a potential sample of 11,944 introductory computing
students. A pretest survey was administered to those 11,944 students during the first two weeks of the
course and resulted in a response rate of 32% (n = 3814). A post-test survey was administered at the
end of the course. Of the students who completed the pretest, 36% also completed the post-test survey,
yielding a matched sample of 1,355 students. The surveys were developed in collaboration with the
Computing Research Association’s Center for Evaluating the Research Pipeline (CERP) and pilot tested
with a focus group of computing students. Both surveys were administered online. Additionally,
we incentivized participation by rewarding the first 400 participants with a $15 Amazon gift card upon
completion of the survey; all participants were also entered in a raffle to win one of two $125 Amazon
gift cards. The same incentive structure was used for both surveys.

Among the matched sample, 76.0% of participants were students from racial/ethnic groups
considered a “majority” in computing (50.6% White, 21.8% Asian, 1.6% two or more majority races),
and the remaining 24.0% were URM students (5.5% Black; 9.2% Hispanic; 0.7% Native American;
0.2% Native Hawaiian; 1.7% Arab, Middle Eastern, or Persian; 6.4% two or more races with at least one
URM identity). Women, in general, represented 42.1% of the sample, with URM women accounting
for 25.5% of female respondents. The majority of students were in their first (44.2%) or second (23.9%)
year in college, and approximately half (48.0%) of students entered the course with a computing major.
Students were asked on the pretest survey to indicate their reason(s) for enrolling in the course; notably,
three-quarters of our sample (70% of women and 78% of men) indicated that they enrolled to fulfill a
major requirement, and about half of all respondents (47% of women and 48% of men) said that they
enrolled because of curiosity or interest in computers.2

Before conducting regression analyses, we deleted cases that had missing data on key variables
(e.g., gender). Next, we determined that less than 5% of data was missing and results from Little’s
Missing Completely at Random (MCAR) test revealed that data was missing at random; thus, we used
Expectation-Maximization to replace missing data, resulting in an analytic sample of 939 students for
the regression analysis.

1 For the purposes of this paper, computing refers to the following: Computer Science, Computer Information
Systems/Informatics, Bioinformatics, Computing and Business, Information Technology, Data Science, Game Design,
Computer/Software Engineering, or Other Computing.

2 To determine students’ reasons for enrolling in the course, students responded to the following question on the pretest
survey: Why did you enroll in an introductory computing class? Select all that apply. It was required for my major; Curiosity or
interest in computers; My parents encouraged me to; A teacher or other mentor encouraged me to.
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2.2. Measures

2.2.1. Dependent Variable

The outcome variable is a three-item measure of sense of belonging based on respondents’
agreement with the following: “I feel like I ‘belong’ in computing”, “I feel like an outsider in
the computing community” (reverse-coded), and “I feel welcomed in the computing community”.
Students responded to each of these items on a five-point scale (1 = strongly disagree, 5 = strongly
agree). This measure was developed in consultation with CERP and is based on established measures
of sense of belonging (e.g., Good et al. 2012; Hurtado and Carter 1997) to focus on the computing
context; importantly, prior research has documented the importance of measuring domain-specific
sense of belonging (Lewis et al. 2016).

For descriptive analyses, sense of belonging was measured by adding the three items together to
create a scale ranging from 3 (low sense of belonging) to 15 (high sense of belonging). For regression
analyses, we computed a factor using principal axis factoring, which was standardized and centered
at the mean. The Cronbach’s alpha for this measure is 0.726, and factor loadings are shown below in
Appendix A, Table A2.

2.2.2. Independent Variables

Independent variables are drawn from both the pretest and post-test surveys and were selected
in accordance with Strayhorn (2012), described above. Specifically, we identified three categories of
variables highlighted by Strayhorn (2012): (1) background characteristics, which included a direct
pretest of the dependent variable, demographics, prior academic experiences; (2) incoming orientations;
and (3) college environment experiences, which included: feelings of support on campus, student
behaviors, and classroom experiences. The specific variables in each of these three categories are
described below. Descriptive statistics for all independent variables are included in Table A1, and all
composite measures are further described in Table A2.

Background Characteristics

First, we included a measure of sense of belonging at the beginning of the course, which served
as a direct pretest for the dependent variable. This variable was treated as a control and was identical
to the dependent variable (i.e., it included the same three items, which were used to create a factor).
Our decision to include incoming sense of belonging as the first independent variable was guided by
Astin and antonio (2012) who recommend controlling for the pretest before all other variables.

To measure gender, students were asked to select one of the following options: female,
male, or non-binary/other. Due to small numbers of non-binary students, they are excluded
from these analyses and gender was recoded as a dichotomous measure (0 = male; 1 = female).
To measure race/ethnicity, students selected one or more of the following: White/Caucasian;
African American/Black; American Indian/Alaska Native; East Asian; Southeast Asian; South
Asian; Arab, Middle Eastern, or Persian; Other Asian; Native Hawaiian/Pacific Islander; Mexican
American/Chicano; Puerto Rican; Other Latino; Other. From there, students were grouped
into the following categories: White; Asian; African American/Black; Hispanic/Latino; Native
American/Native Hawaiian/Pacific Islander; Arab, Middle Eastern, or Persian; two or more URM
races; two or more majority races. Due to small sample sizes, we used a dichotomous measure of URM
status for regression analyses (0 = Majority; 1 = URM). Students identifying with at least one of the
following were counted as URM: African American/Black; Hispanic/Latino; Native American/Native
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Hawaiian/Pacific Islander; or Arab, Middle Eastern or Persian. White/Caucasian and Asian students
were coded as majority in the context of computing.3

Next, we included measures of parents’ education level, parents’ computing career,
and socioeconomic status. To measure parents’ education level and career, students were asked
to indicate the highest level of education achieved by up to four parents as well as their parents’ careers.
From those responses, we computed a variable identifying the highest education of one of their parents,
using the following categories: high school or less; some college, or associate’s degree; bachelor’s
degree; or graduate/professional degree. Next, we computed a dichotomous measure indicating
whether or not the student had at least one parent with a computing-related career. Socioeconomic
status was measured on a 5-point qualitative scale ranging from poor to wealthy.

To capture prior academic achievement and experience, we included a measure of high school
GPA and prior programming experience. As a proxy for high school GPA, students were asked to
indicate their average high school grade on a 9-point scale (1 = D; 9 = A or A+). Prior programming
experience was measured using a scale made up of seven items asking about previous programming
experiences, described in Appendix A, Table A2. All background characteristics were measured using
student responses to the pretest survey.

Incoming Orientations

Strayhorn (2012) model highlights the importance of incoming predispositions for college students
pursuing STEM. To capture this, the study included pretest variables related to incoming leadership,
artistic orientations, family and communal values, and scholar personality to add dimension to our
understanding of a student’s predispositions, which are essential to understanding incoming sense of
belonging. When considering sense of belonging, these attributes may provide insight into not only
how a student comes to the computing context, but also which values and orientations find congruence
within the computing context and enable students to feel a sense of belonging within their surroundings.
If students believe that their values and orientations toward concepts including leadership, art and
creativity, family, and scholarly activities do not align with the computing environment in their
institution or the field at-large, they may be more likely to feel a sense of alienation, disengagement,
and desire to leave that environment.

These variables were all measured using pretest survey items that were used to develop composite
variables. Each of these composite variables is described in Table A2. For variables made up of two
items, those items were added together to create a scale. Variables made up of three or more survey
items were made into factors using principal axis factoring. All of these items were measured using
survey responses to our pretest survey and serve as bridge variables, linking background characteristics
to the college environment experiences described below. All factors and scales were mean-centered
and standardized.

College Environment Experiences

We included three groups of variables related to college environment experiences: general feelings
of support on campus, student behaviors, and classroom experiences. Strayhorn (2012) alludes to the
importance of considering students’ experiences in different academic and social spaces within the
college environment. Accordingly, we included measures of departmental support and peer support,
both of which were composite variables described in Table A2. The departmental support variable
was made up of students’ general reports of the extent to which they perceived their computing
department to be supportive (e.g., cares about students). Peer support included items related to the

3 Tamer and Stout (2016) include African American/Black, Hispanic/Latino, Native American and Alaska Native, and
Arab, Middle Eastern, or Persian students within the URM group in the context of computing. We also include Pacific
Islander students in the URM group to be more consistent with the National Science Foundation’s definition of URM
(National Science Foundation 2017b).
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extent to which other computing students provided the respondent with different aspects of academic
support (e.g., help with difficult homework problems) and personal support (e.g., someone to discuss
problems with).

Student behavior variables were included next and focused on how students spend their time.
Specifically, we used single-item measures where students reported the number of hours per week they
spend on the following activities: computing-related student groups, studying/homework, playing
video games, and using online social networks. Each of these variables was measured on an 8-point
scale ranging from none to more than 20 hours per week.

Finally, this study also examined the role of classroom experiences including the instructor’s use
of collaborative pedagogies, class discussion, lecture, and relevant and meaningful content, as well
as measures of instructor inclusivity and student–instructor communication. Use of class discussion
and lecture were measured using single items, which asked how frequently the introductory course
instructor used the respective practices on a 5-point scale ranging from never to always. Measures of
collaborative pedagogies, relevant and meaningful content, and instructor inclusivity were created
using principal axis factoring; factor loadings and Cronbach’s alphas are included in Table A2. Lastly,
student–instructor communication was measured using a composite scale that is also described in
Appendix A. All variables related to college environments were measured using students’ responses
to our post-test survey.

3. Results

3.1. Research Question One: Incoming Sense of Belonging by Group Identity

3.1.1. Procedure

Strayhorn (2012) conceptual model for sense of belonging suggests that prior identities,
backgrounds, and experiences may influence incoming feelings of belongingness to the college
environment. Research question one asked about students’ incoming sense of belonging in the
field of computing and how that varies by gender and URM status. To address this question, we first
examined the distribution of incoming sense of belonging scores. Next, we conducted independent
sample t-tests to compare mean differences on incoming sense of belonging by gender and URM
status. Finally, we wanted to further explore differences among specific subgroups of URM and
majority students. To do this, we ran tests using one-way analysis of variance (ANOVA) to examine
mean differences among: (1) URM subgroups (Black, Hispanic, Indigenous, Arab/Middle Eastern,
and multiracial URM); (2) majority subgroups (White, East Asian, Southeast Asian, South Asian,
and other Asian); and (3) gender and URM status as overlapping identities (i.e., URM women, majority
women, URM men, majority men).

3.1.2. Results

Findings for research question one revealed differences in students’ incoming sense of belonging
by both gender and URM status. Women reported a significantly (t(958) = 7.872, p < 0.001) lower
average incoming sense of belonging (M = 9.33, SD = 2.53) than their male counterparts (M = 10.67,
SD = 2.53). There were also significant differences by URM status (t(949) = 2.664, p < 0.01), with URM
students reporting a higher average incoming sense of belonging (M = 10.52, SD = 2.73) than their
majority student counterparts (M = 9.96, SD = 2.69).

Additionally, we examined mean differences among majority and URM subgroups using one-way
ANOVAs. Specifically, we compared mean scores across the following URM groups (Black, Hispanic,
Indigenous, Arab/Middle Eastern, and multiracial URM). Next, we compared means for the majority
subgroups (White, East Asian, Southeast Asian, South Asian, and other Asian). We found no significant
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differences among the URM or majority subgroups. However, the lack of significant differences may
be a result of small sample sizes for some subgroups.4

Given that women, on average, reported lower incoming sense of belonging, while URM students
reported higher sense of belonging, we ran additional tests to examine gender and URM status as
overlapping identities. As shown in Table 1, URM women reported an incoming sense of belonging
that is lower than that of URM men, but a higher sense of belonging than White and Asian women.
URM women did not significantly differ from majority men.

Table 1. Mean Differences in Incoming Sense of Belonging, by Gender and URM Status.

Group Mean Std. Dev. Sig. Diff. From

(1) White and Asian Men 10.59 2.55 2
(2) White and Asian Women 9.13 2.63 1, 3, 4

(3) URM Men 10.96 2.48 2, 4
(4) URM Women 10.00 2.92 2, 3

Note: F = 23.587, p < 0.001.

3.2. Research Question Two: Change in Sense of Belonging

3.2.1. Procedure

Strayhorn (2012) model highlights the importance of sense of belonging as a feeling, which can
shift over time due to changes in circumstances or context. To explore research question two, we used
paired-sample t-tests to examine change in sense of belonging from the beginning to the end of the
introductory course. Next, we calculated a change score variable by subtracting students’ incoming
sense of belonging score from their end-of-term sense of belonging score. This change score was then
used in one-way ANOVA tests to examine differences for men and women as well as majority and
URM students. Additionally, we used one-way ANOVAs to explore how change differed among
(1) URM subgroups, (2) majority subgroups, and (3) gender and URM status together.

3.2.2. Results

Analyses of change over time revealed that sense of belonging significantly decreased among
students overall5 (see Table 2. However, gender differences were evident, with significant declines
in women’s sense of belonging, but no significant change over time for men. Thus, the declines that
we originally observed among students in general were due to declines among women only. While
declines in women’s sense of belonging were statistically significant, the effect size was quite small
(Cohen’s d = 0.114), suggesting little practical significance. We found no differences between URM
and majority students in terms of how sense of belonging changed during the intro computing course,
with change over time being non-significant for both groups. We also examined whether change in
sense of belonging differed for URM women compared to their counterparts (i.e., White and Asian men,
White and Asian women, and URM men), or among disaggregated URM and majority groups. In all
cases, the one-way ANOVAs showed no significant differences in change over time. However, the lack
of significant differences may be a result of small sample sizes for some subgroups.

4 Sample sizes for majority subgroups are as follows: White (N) = 544, East Asian (N) = 130, Southeast Asian (N) = 59, South
Asian (N) = 58, and Other Asian (N) = 4. Sample sizes for URM subgroups are as follows: Black (N) = 49, Hispanic (N) = 77,
Indigenous (N) = 6, Arab/Middle Eastern (N) = 19, and Multiracial (N) = 62.

5 We ran additional tests to examine institutional differences within the sample. At some institutions, there were no significant
changes over time, but this may be due to small sample sizes and a lack of statistical power.
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Table 2. Change in Sense of Belonging.

Incoming Belonging End of Term Belonging

Mean SD Mean SD df t Sig.

All students 10.06 2.71 9.92 2.96 972 −2.067 *
Men 10.66 2.54 10.63 2.87 527 −0.368

Women 9.33 2.72 9.01 2.86 417 −3.023 **
Majority 9.95 2.69 9.80 2.96 729 −1.919

URM 10.51 2.74 10.33 2.96 208 −1.144

Note: * p < 0.05; ** p < 0.01; *** p < 0.001.

3.3. Research Question Three: Predictors of Sense of Belonging

3.3.1. Procedure

Within Strayhorn (2012) conceptual model, he suggested that inter-related concepts of context,
experience, and identity predict how a student experiences sense of belonging in college and influences
their decision to persist or depart the institution. To examine research question three, we used
blocked linear regression to examine the predictors of sense of belonging in the computing field and
interaction terms to test for conditional effects by gender and URM status. Variables were blocked in
accordance with our conceptual framework described in the measures section above (i.e., each block
of variables was entered one at a time). The pretest, gender, and URM status were forced into the
model; all other variables were entered stepwise, so that only significant variables entered the model.
Two-way interaction terms were computed by calculating the gender- or URM-based cross products
for all incoming orientation variables and college environment experience variables. When two-way
interaction terms were significant, we also tested for three-way interactions (i.e., IV * Gender * URM
status) to examine the extent to which effects might be unique for URM women compared to URM men,
majority women, and majority men. In the findings below, we first share the main effects (i.e., before
interactions enter the model), followed by a discussion of the significant interaction terms.

3.3.2. Results

The final research question examined the factors that predict sense of belonging at the end of
the introductory computing course and whether those predictors varied by gender or URM status.
The main effects regression model is shown in Table 3 (with Appendix A, Table A3 providing further
detail on changes in coefficients as each block of variables was added to the model). Our final model
explained 62% of the variance in sense of belonging at the end of the course, though 52% of the variance
was explained by the pretest of incoming belonging alone. Still, several variables entered the model
even after controlling for the pretest of sense of belonging.

Table 3. Linear Regression Predicting Sense of Belonging in Computing (n = 939).

Independent Variables R2 Change r Beta b Std. Error Sig.

Pretest 0.521 0.721 0.530 0.545 0.025 **
Gender: Woman 0.011 −0.276 −0.108 −0.224 0.044 **

Race: URM 0.000 0.074 0.016 0.039 0.051
Prior Programming Experience 0.007 0.331 0.096 0.092 0.021 **

Communal Orientation 0.000 −0.020 −0.072 −0.074 0.022 *
Artistic Personality 0.001 0.059 0.048 0.050 0.021

Departmental Support 0.071 0.521 0.277 0.284 0.024 **
Peer Support 0.004 0.318 0.065 0.067 0.023 *

Note: * p < 0.01; ** p < 0.001.

Characteristics that students bring with them to the introductory course significantly predict their
sense of belonging at the end of the course. For example, students who come to the introductory course
with more prior programming experiences tend to leave the course with greater sense of belonging,
even after controlling for the pretest of incoming sense of belonging, gender, and all other variables in
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the model. In addition, having a communal orientation (i.e., placing high value on helping others and
contributing to the community) predicted declines in sense of belonging by the end of the course.

Only two environmental variables entered the model. Namely, feeling supported by the
department as well as by peers in computing were both positive predictors of the sense of belonging
outcome. Notably, none of the introductory course experience variables were significant predictors in
the final model. This may be due to the fact that general feelings of support from the department and
peers in computing shared variance with these other introductory course experiences; perhaps some
of these experiences led students to feel more or less supported by peers and the department, which
then shaped sense of belonging outcomes. In fact, additional analyses revealed that being exposed
to inclusive classroom pedagogies was positively correlated with more general feelings of support
from the department (r = 0.405; p < 0.001) and peers (r = 0.185, p < 0.001). Perhaps it was the case that
exposure to more inclusive pedagogical practices in the introductory course led students to feel more
supported, thus increasing their sense of belonging.

The last half of research question three asked about how the predictors of sense of belonging
might vary by gender and URM status. Tests for interaction effects revealed two significant interaction
terms, both of which relate to the impact of artistic personality for women and URM students. Table 4
shows the standardized regression coefficients (1) when no interactions are included (i.e., main effects),
and (2) when the artistic interactions are included. As shown in the table, tests for interactions by
gender and URM-status revealed that having an artistic orientation was a positive predictor of sense
of belonging for women (Beta = 0.303, t(927) = 3.531, p < 0.01) and URM students (Beta = 0.224,
t(927) = 2.607, p < 0.01), but was not significant for men from majority racial/ethnic groups (i.e., White
and Asian men). To further explore this result, we tested for three-way interactions (i.e., gender * URM
* artistic personality), but none were significant.

Table 4. Main Effects and Interaction Effects Models Predicting Sense of Belonging (n = 939).

Model of Main Effects Model with Artistic Interactions

Beta Sig. Beta Sig.

Independent Variables
Pretest 0.530 ** 0.521 **

Gender: Woman −0.108 ** −0.393 **
Race: URM 0.016 −0.194

Prior Programming Experience 0.096 ** 0.098 **
Communal Orientation −0.072 * −0.070 *

Artistic Personality 0.048 −0.037
Departmental Support 0.277 ** 0.278 **

Peer Support 0.065 * 0.063 *
Gender x Artistic – 0.303 **
URM x Artistic – 0.224 *

Model R2 0.615 0.622

Note: * p < 0.01; ** p < 0.001. This table shows two different models predicting sense of belonging. Dashes indicate
that the variable was not included in the model.

4. Discussion

At a time when the tech industry and undergraduate computing programs are engaged in
intensified dialogue about diversity and inclusion, this study investigates one aspect of inclusion—a
sense of belonging in the field of computing—and how that operates within introductory computer
science courses, with particular attention to the role of gender and URM status. More specifically,
this study examined how gender and URM status shape the way incoming introductory computing
students report their sense of belonging in the field of computing, how their sense of belonging
changed during their introductory computing course, and the background characteristics and college
experiences that predict those changes. Our findings revealed differences in incoming sense of
belonging by both gender and URM status. Gender differences also emerged in how sense of belonging
changed during the course, with women experiencing declines in their sense of belonging over time,
though the effect size was small (Cohen’s d = 0.114). Finally, findings pointed to the different factors
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that predict sense of belonging outcomes for all students, and women and URM students in particular.
Many results from this study affirmed existing research on gender differences in sense of belonging in
computing (e.g., Blaney and Stout 2017; Cheryan et al. 2009), while also adding to existing literature
on this topic in key ways. As such, this study has implications for research, practice, and theory.

4.1. Implications for Research

First, women in introductory computing classes started out with a significantly lower sense of
belonging in the field of computing than their male counterparts, and these differences became
marginally greater as women experienced declines in their sense of belonging throughout the
course (Cohen’s d = 0.114). While a persistent gender gap in sense of belonging was expected,
another result was more surprising: URM students actually reported a higher sense of belonging
than their majority peers. Given other research documenting lower sense of belonging for URM
students on campus (Johnson et al. 2007), more research is needed to understand this counterintuitive
finding. We wonder whether the URM students pursuing computing represent a unique subset of
URM students that are particularly impervious to unwelcoming higher education environments;
perhaps that resilience and determination is what led them to pursue an undergraduate STEM
field from the start (see Mitchell 2011). Further, the context examined in this study (research
universities) may represent an environment that provided greater resources to support high-achieving
underrepresented students in STEM. These conjectures merit a closer examination in future research,
which should examine whether and how the type of postsecondary institution attended mediates the
relationship between URM status and sense of belonging. Future research should consider racial/ethnic
differences in sense of belonging even among students who do not pursue undergraduate computing.
Further, as Strayhorn (2012) theorizes, different college environments (e.g., the classroom, department,
and institution as a whole) shape how students develop their sense of belonging. Findings from the
present study emphasize the importance of departmental climate (i.e., the impact of perceived peer and
departmental support in computing). However, future research should also examine how computing
students develop their sense of belonging within the context of the larger institution.

This study also provided insights into the factors that contribute to changes in sense of belonging
in the field of computing from the beginning to the end of the introductory computing course. While
classroom experiences did not significantly predict belonging, department-level experiences did
contribute to introductory course students’ sense of belonging within the computing field. Specifically,
feeling supported by the computing department, as well as by peers, was central to fostering students’
sense of belonging in the field of computing. As mentioned earlier, students who experienced inclusive
pedagogies and course content also perceived greater support from peers and the department; thus,
shared variance may explain why the introductory course experiences were not significant. As such,
our findings suggested that these general supportive experiences with peers and departments might
be more important than specific pedagogical practices, though being exposed to inclusive pedagogies
may contribute to general feelings of support from peers and the department.

Indeed, results regarding “support” variables affirm many of the suggestions put forth by the
National Center for Women & Information Technology, which argues for a student-centered departmental
change model when seeking to diversify undergraduate computing majors (Barker et al. 2014b;
Barker and Cohoon 2009). Despite this, course-specific variables were not significant predictors of sense
of belonging. Notably, our measure of collaborative pedagogy, which indicated the extent to which the
course involved group work, paired programming, and peer instruction, did not contribute to students’
sense of belonging above and beyond the effects of the support variables (perhaps due to shared variance,
as suggested earlier). Perhaps collaboration and interactions with peers in the classroom need to be
perceived as positive and supportive in order for peer interactions to make a difference in students’ sense
of belonging in computing. This is an important question for future research.

While some college experiences were important predictors of belonging, several pre-course
experiences and characteristics also emerged as predictors. In fact, students’ sense of belonging at
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the start of the introductory course was the strongest predictor of belonging at the end of the course.
Similarly, prior experience in computing (e.g., through a course, summer camp, or independently),
facilitated sense of belonging during the intro class, even after controlling for incoming belonging
scores. These findings underscore the importance of efforts to improve both access and inclusivity
within computing at the K-12 level.

Even when controlling for the pretest and prior experience in computing, certain student
background characteristics were important predictors of sense of belonging. Key among these was
gender. Regardless of the sense of belonging and computing experience that women report at the start
of the introductory course, they were less likely than their male counterparts to feel an enhanced sense
of belonging in computing by the time the course has ended. In other words, introductory computing
courses at these institutions generally did not appear to encourage women’s sense of “fit” in their
computing environment. Future research will need to address if more progress is made on this front
after diversity efforts have been in place longer.

Another noteworthy finding related to students’ artistic orientations. Women and URM students
who reported a more artistic or creative orientation experienced a greater sense of belonging in
computing. This raised the question of whether underrepresented students were more likely to see
computing as a vehicle for tapping into their creative inclinations (perhaps this is why they enroll in a
computing course in the first place). The role of artistic inclinations in supporting a sense of belonging
among women and URM students certainly supports the efforts of those who advocate a view of
STEM that is more inclusive of the arts (i.e., “STEAM”). Future research will need to explore whether
further emphasizing the creative side of computing via the curriculum or co-curriculum is effective in
encouraging diversity in the field.

4.2. Implications for Practice

What implications do these findings have for practice in the field of computing? Clearly, it is
critical to support efforts that help students—and women and URM students in particular—to develop
a sense of belonging in computing prior to college. Current nationwide programs, such as Girls Who
Code and Code.org, are just some of the many structures in place to help young women develop
a sense of “fit” in the computing world. For URM women in particular, programs such as Black
Girls Code and Latina Girls Code hold promise for women to feel like they “belong” in the field of
computing. Still, external organizations offering clubs and summer camps are not the only solution.
The K-12 sector must take a close look at how all girls, and girls of color in particular, experience the
culture of computing within their majority male and White/Asian computing classrooms. Indeed,
despite efforts to attract more girls and URM students to computing in K-12, computer science is still
not offered in the majority of schools and Advanced Placement (AP) Computer Science courses remain
predominantly White, Asian, and male (Code.org 2017). Notably, however, there is greater gender and
racial/ethnic diversity in the new AP Computer Science Principles class, a course specifically designed
with the goal of enhancing diversity in the computer science talent pool (Code.org 2017). Indeed, after
introducing the AP Computer Science Principles course in 2017, the nationwide representation of girls
taking AP exams in computer science rose from 23% (2016) to 27% (2017). Similarly, the representation
of URM students taking AP computer science exams rose from 15% to 20% (Code.org 2017). In short,
there has been recent progress, but still much left to do before girls and URM students have equitable
access to K-12 computing.

This study also reaffirms that, at the college level, environments do matter. While it is not
surprising that students who perceive more supportive computing departments feel an enhanced
sense of belonging in the field, computing departments must actually take the next steps to becoming
more supportive, both for computing majors and those from other majors who take computing courses
(see Barker et al. 2014b; Barker and Cohoon 2009). In our study, support was indicated by students’
sense that the computing department “cares about its students”, fosters a “sense of community”,
and “inspires me to do the best job that I can”. It is important for departments to regularly assess
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whether they are actually accomplishing this, and in particular, whether a sense of belonging is
experienced evenly across different groups of students.

Similarly, given the importance of peer support in encouraging a sense of belonging, computing
departments must consider the extent to which they are actively fostering a supportive student
climate. As indicated by this study, students’ sense of belonging is enhanced when they feel that other
computing students are available to “hang out” with them, to be a trusted ally, and to provide help
understanding course material. The importance of peer support has been documented in decades of
research on the impact of college but is often measured in light of students’ friends across a variety of
majors; this study affirms the specific role of supportive peer groups in the context of the computing
major. Considering that merely collaborating with peers in the classroom may not be enough, as noted
earlier, departments should consider how they can best encourage students to build meaningful and
supportive relationships with each other both in and out of the classroom. In the classroom, instructors
can provide structure for how students collaborate with one another, so that they learn how to be
supportive colleagues and can work together without fear of cheating (see Fraser 2014). Beyond
the classroom, computing departments might consider developing living-learning communities,
team-based events (e.g., hack-a-thons), and other activities and organizations to foster community.

Computing departments should also consider the extent to which their curriculum and other
programming activities tap into students’ own interests and orientations. The fact that sense of
belonging in computing is enhanced among women and URM students with more creative and
artistic orientations suggests that departments aiming to diversify might even further emphasize the
creative applications of computing work. At the same time, departments ought to consider how to
promote a greater sense of inclusivity among students with more “communal” orientations (i.e., those
who place greater personal importance on collaboration, helping others, and serving communities).
Considering that these are the people we arguably need more of in computing, perhaps instructors
could incorporate service opportunities to help students connect with others who share similar interests
and communal values.

4.3. Theoretical Implications

Finally, this study contributes to our theoretical conceptions of sense of belonging in the context of
STEM fields. It confirms aspects of the Strayhorn (2012) model (particularly the influence of students’
incoming background characteristics and experiences and the salience of environmental contexts) and
shows the extent to which the model is applicable to sense of belonging and computing. However,
we found that the classroom experiences in our study had relatively little to do with sense of belonging
outcomes. Perhaps more nuanced measures of classroom experiences would provide more context
for how courses might shape belonging outcomes. Further applying Strayhorn (2012), it may also
be the case that our findings are a reflection of the need to consider classroom environments as a
mediating force upon classroom experiences; that is, introductory course students do not exist in a
vacuum. Rather, students experience outside environments and socio-political forces that influence
their classroom experiences. This may require scholars to consider sense of belonging within larger,
more inclusive models, such as the multi-contextual model for diverse learning environments, which
considers the socio-historical, policy, and institutional contexts, as well as the climate for diversity,
community context, and external commitments of the institution (Hurtado et al. 2012). Given the
underrepresentation of women and URM students in computing specifically, connecting concepts of
sense of belonging to models which address diverse learning environment may provide greater
understanding of the complexities present within the computing environment. The study also
contributes to the Strayhorn (2012) model by quantitatively examining the predictors of sense of
belonging in a discipline where women may feel particularly marginalized and providing at least some
evidence of how predictors of sense of belonging may vary by gender or URM status. Future research
should examine this theory by considering disciplinary differences to see how sense of belonging
might look different for students across different STEM disciplines.
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4.4. Limitations

While this study identified student characteristics and college environments that predict sense of
belonging in computing, several limitations to the study make it impossible to determine causality.
Our study relied on survey data that was collected from students in naturally-occurring educational
environments. Research using an experimental design might facilitate our ability to make causal
inferences, though experimental design can be difficult to enact in higher education contexts where
students have a good degree of control over their course-taking decisions (Astin and antonio 2012). Still,
when interpreting the findings from this study, it is important to acknowledge the following limitations.

First, it was difficult to assess how representative our sample was of introductory computing
students at the participating institutions since the full characteristics of that population were not known.
While we provided participants with incentives to encourage survey response, non-response bias may
have still affected our findings. While our initial pretest survey had a moderately high response rate
(32%), we received longitudinal data for only 11% of the original sample. Future researchers might
consider rewarding students with prepaid incentives, which have been shown to be more effective in
increasing response rates (Porter and Whitcomb 2004; Church 1993).

Second, there may be limitations in the extent to which our institutional sample was representative
of the broader population of institutions offering introductory computing courses. Compared to a
similar survey of computing undergraduates administered to a larger nationwide sample, our sample
included proportionately more women and URM students.6 Notably, the sample included only
students at research universities; future research is needed to examine sense of belonging among
computing students at different types of institutions, especially those institutions that tend to
enroll more students of color. Researchers should also consider how sense of belonging might
develop differently depending on other institutional factors, departmental initiatives, and class size.
For example, perhaps students at other institution types are exposed to smaller classes, which
may shape the way students develop during the introductory course; this may also explain the
lack of significant course environments in the present study. In this particular study, computing
department chairs volunteered to be part of the BRAID initiative; thus, these institutions may represent
a unique group of schools where the department chair has expressed an interest in diversifying the
computing department.

Third, although it is important for researchers to engage with and disseminate findings that
disaggregate data across a multitude of identities, this paper was not able to fully do so because of
sample size constraints. As a result, regression analyses aggregated students into two racial/ethnic
groups: URM and majority. Still, our descriptive analyses reported on disaggregated racial/ethnic
groups to the extent possible. In addition, because we know that race/ethnicity and gender may come
together to create unique experiences for some students (e.g., women of color), we also tried to capture
possible differences across more specific groups (i.e., URM women/men and majority women/men).
Related to this is the fact that this study measured sense of belonging in the context of computing and
did not capture the larger college environment and related racial climates that might further contribute
to a sense of belonging for URM students.

Fourth, this study relied on students’ self-reports of their sense of belonging in the computing
community. Importantly, students might define the computing community in different ways
(e.g., educationally, occupationally, etc.). Future research might take this into account and explore
more precise ways to measure sense of belonging in computing. Qualitative research might also
explore how students define the computing community and how that shapes their perceived sense of
belonging. Further, students reported their sense of belonging on a pretest and post-test; it is possible

6 To assess representativeness, we compared our sample to the students who responded to the 2015 Data Buddies Survey,
a national survey of computing students administered by the Computing Research Association.
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that students’ exposure to the pretest of sense of belonging prompted them to consider and develop
their sense of belonging, thus creating a threat to validity.

Next, because this study utilized interaction terms to test for conditional effects, which
consequently privileges main effects in the model (Scott and Siltanen 2012), our findings may not have
fully captured how sense of belonging may be shaped by gender or URM status. Finally, this study
only examined changes in sense of belonging in computing over the span of one course; future research
should examine changes that may occur years after the introductory course.

Finally, future research on this topic might consider using multilevel modeling to capture the way
that students are nested in different environments (institutions, computing departments, computing
courses, etc.). Multilevel modeling would take into account the standard errors within these different
levels. In the present study, we did not have the sample size within these different nested environments
to adequately use multilevel modeling. Future research might also examine sense of belonging over a
longer period of time (e.g., throughout college and into careers).

5. Conclusions

We are at a critical time in the computing field, as interest is rapidly growing and the need for
greater diversity is increasingly understood. In addition, discourse around computing no longer
focuses just on “numbers” (e.g., of students or employees), but also attends to the notion of “climate”
and “inclusion”. This study focuses specifically on the extent to which undergraduate students in
introductory computing courses feel a sense of belonging in the field of computing, and how that
changes over the span of the course. Results highlighted how a sense of belonging in the computing
field varied not just by gender and URM status, but by students’ value orientations, with weaker
belonging found among students with more communal orientations and greater belonging observed
among women and URM students with creative/artistic orientations. Further, the study underscored
the importance of supportive environments—at both the departmental and peer group level—in
fostering students’ sense that they belong in the field of computing. An important next step will be to
see how important sense of belonging actually is in students’ decisions to pursue majors or careers
in computing and technology. In addition, future research on the more affective dimensions of the
computing experience will benefit from qualitative research and more nuanced measures of college
and classroom experiences.
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Appendix A

Table A1. Descriptive Statistics for Independent Variables.

Min. Max. Mean SD

BACKGROUND CHARACTERISTICS

Pretest
Incoming Sense of Belonging −2.930 1.641 0.000 1.000

Demographics
Gender: Woman 0.000 1.000 0.439 0.497
Race: URM 0.000 1.000 0.222 0.415
Parents’ highest education level 1.000 4.000 2.964 1.06
Parent computing career 0.000 1.000 0.203 0.399
Socioeconomic status 1.000 5.000 3.190 0.890
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Table A1. Cont.

Min. Max. Mean SD

Prior Academic Experience
High school GPA 1.000 9.000 7.801 1.411
Prior programming experience 0.000 6.000 1.089 1.074
INCOMING ORIENTATIONS
Leadership personality −2.931 2.009 0.000 1.000
Communal orientation −3.585 1.677 0.000 1.000
Scholar personality −3.612 1.880 0.000 1.000
Artistic personality −2.700 2.085 0.000 1.000
Family orientation −2.780 1.312 0.000 1.000

COLLEGE ENVIRONMENT VARIABLES

General Support in Computing
Departmental support −3.156 1.773 0.000 1.000
Peer support −1.851 1.676 0.000 1.000

Student Behaviors
Hours per week: computing groups 1.000 8.000 2.260 1.567
Hours per week: studying 1.000 8.000 4.970 1.562
Hours per week: video/computer games 1.000 8.000 3.020 1.976
Hours per week: online social networks 1.000 8.000 3.540 1.635

Classroom Experiences
Collaborative pedagogies −1.353 2.446 0.000 1.000
Class discussion 1.000 5.000 3.040 1.226
Lecturing 1.000 5.000 4.430 0.800
Relevant and meaningful content −1.250 3.210 0.000 1.000
Instructor inclusivity −3.732 1.439 0.000 1.000
Student–instructor communication −1.222 4.697 0.000 1.000

Table A2. Factor Loadings and/or Coding for all Composite Variables.

Variable Factor Loading/Coding Schemes

Outcome (Cronbach’s alpha = 0.726)

I feel like I belong in computing 0.862

I feel welcomed in the computing community 0.815

I feel like an outsider in the field of computing (reverse-coded) 0.734

Pretest (Cronbach’s alpha = 0.709)

I feel like I belong in computing 0.854

I feel welcomed in the computing community 0.793

I feel like an outsider in the field of computing (reverse-coded) 0.739

Leadership Personality Factor (Cronbach’s alpha = 0.771)

Self-rating: Public speaking ability 0.837

Self-rating: Self-Confidence (social) 0.825

Self-Rating: Leadership ability 0.823

Communal Orientation Factor (Cronbach’s alpha = 0.869)

Value: Help others 0.837

Value: Have a social impact 0.808

Value: Serve humanity 0.799

Value: Give back to my community 0.795

Value: Be a role model for people in my community 0.792

Value: Work collaboratively with others 0.638

Scholar Personality Factor (Cronbach’s alpha = 0.702)

Self-rating: Academic ability 0.800

Self-rating: Self-Confidence (intellectual) 0.739

Self-Rating: Mathematical Ability 0.724

Self-Rating: Drive to achieve 0.657
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Table A2. Cont.

Variable Factor Loading/Coding Schemes

Artistic Personality Scale (Cronbach’s alpha = 0.698)

Self-rating: Creativity 5-point scale: 1 = Lowest 10%; 5 = Highest 10%

Self-rating: Artistic ability 5-point scale: 1 = Lowest 10%; 5 = Highest 10%

Family Orientation Scale (Cronbach’s alpha = 0.818)

Importance: Spend a lot of time with family 5-point scale: 1 = Not at all; 5 = Extremely

Importance: Take time off work to care for my family 5-point scale: 1 = Not at all; 5 = Extremely

Department Support Factor (Cronbach’s alpha = 0.795)

The department cares about its students 0.905

The environment in the computing department inspires me to do the best
job that I can 0.896

I feel a sense of community in the computing department 0.855

The department is not very supportive of its students (reverse-coded) 0.489

Computing Peer Support Factor (Cronbach’s alpha = 0.901)

To what extent is each of the following kinds of support available to you
from other computing students if you need it: Someone to hang out with 0.897

To what extent is each of the following kinds of support available to you
from other computing students if you need it: Someone to confide in or talk
to about your problems

0.879

To what extent is each of the following kinds of support available to you
from other computing students if you need it: Someone to get class
assignments for you if you were sick

0.870

To what extent is each of the following kinds of support available to you
from other computing students if you need it: Someone to help you
understand difficult homework problems

0.869

Collaborative Pedagogies Factor (Cronbach’s alpha = 0.695)

How frequently does the instructor(s) for this introductory course use the
following: Paired programming 0.848

How frequently does the instructor(s) for this introductory course use the
following: Group work 0.847

How frequently does the instructor(s) for this introductory course use the
following: Peer instruction 0.661

Use of Relevant and Meaningful Content Factor (Cronbach’s alpha = 0.808)

How frequently does the instructor(s) for this introductory course use the
following: Use of examples involving women 0.892

How frequently does the instructor(s) for this introductory course use the
following: Use of examples involving people of color 0.890

How frequently does the instructor(s) for this introductory course use the
following: Interdisciplinary connections to computer science (e.g., biology
and computer science)

0.733

How frequently does the instructor(s) for this introductory course use the
following: Use of real world problems involving relevant social issues 0.679

Instructor Inclusivity and Support Factor (Cronbach’s alpha = 0.907)

Introductory course faculty are inclusive and supportive of women 0.885

Introductory course faculty are responsive to questions in class 0.869

Introductory course faculty are interested in helping me when I come to
them with questions 0.868

Introductory course faculty are inclusive and supportive of students
of color 0.865

Introductory course faculty are responsive to email communication 0.781

Prior Programming Experience Scale

I took a computer programming course in high school (e.g., Java, Python,
HTML, etc.) 1 = Unselected; 2 = Selected

I took a computer programming course at computer camp 1 = Unselected; 2 = Selected
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Table A2. Cont.

Variable Factor Loading/Coding Schemes

I took a computer programming course online 1 = Unselected; 2 = Selected

I took a computer programming course at this college 1 = Unselected; 2 = Selected

I took a computer programming course at another four-year college 1 = Unselected; 2 = Selected

I took a computer programming course at community college 1 = Unselected; 2 = Selected

I did not take a specific course, but I learned to program on my own (e.g.,
by reading books) 1=Unselected; 2= Selected

Frequency of Instructor Communication Scale (Cronbach’s alpha = 0.816)

On average, how frequently do you communicate with introductory course
faculty for this course in the following way: In class

5-point scale: 1 = Never; 5 = More than three
times per week

On average, how frequently do you communicate with introductory course
faculty for this course in the following way: At office hours

5-point scale: 1 = Never; 5 = More than three
times per week

On average, how frequently do you communicate with introductory course
faculty for this course in the following way: By email

5-point scale: 1 = Never; 5 = More than three
times per week

On average, how frequently do you communicate with introductory course
faculty for this course in the following way: By phone call

5-point scale: 1 = Never; 5 = More than three
times per week

On average, how frequently do you communicate with introductory course
faculty for this course in the following way: By text messages

5-point scale: 1 = Never; 5 = More than three
times per week

On average, how frequently do you communicate with introductory course
faculty for this course in the following way: Via course website
(e.g., Blackboard)

5-point scale: 1 = Never; 5 = More than three
times per week

On average, how frequently do you communicate with introductory course
faculty for this course in the following way: In informal meetings
(e.g., coffee with a professor)

5-point scale: 1 = Never; 5 = More than three
times per week

Table A3. Blocked Regression Predicting Sense of Belonging (Changes in Coefficients).

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Pretest 0.721 0.693 0.666 0.666 0.530 0.521
Gender (Female) −0.107 −0.101 −0.101 −0.108 −0.393

URM 0.021 0.016 0.018 0.016 −0.194
Prior Programming Experience 0.088 0.084 0.096 0.098

Communal Orientation −0.026 −0.072 −0.070
Artistic Orientation 0.034 0.048 −0.037

Departmental Support 0.277 0.278
Peer Support 0.065 0.063

Artistic Orientation*URM 0.224
Artistic Orientation*Gender 0.303

Model R2 0.521 0.532 0.538 0.540 0.615 0.622

Note: Bold indicates significance at the p < 0.01 level. Bolded R2 indicates a significant change in R2.
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