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ABSTRACT

The lack of diversity has been a troubling issue for the field of com-
puting. As the industry continues to expand, it is imperative that
diversity levels in computing fields increase to fill the ever-growing
number of computing jobs and to represent the technological needs
of a diverse populace. Our research seeks to better understand
the factors that lead to this lack of diversity by analyzing data
from computing majors from colleges within the United States and
Canada. Our study reveals that students of different demographic
backgrounds have varying levels of communal values, which, de-
pending on how they perceive the affordance of computing to fulfill
such values, predict their sense of belonging in computing, which
is an important predictor of student retention.
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1 INTRODUCTION

Computing fields suffer from a lack of diversity [10, 19, 20, 22, 26,
28, 37]. This lack of diversity is problematic for a number of rea-
sons. First, the computing industry is one of the fastest growing
industries. For example, at current graduation rates, by the year
2020 the U.S. will only be able to fill 30% of domestic computing
jobs with U.S. graduates [8]. Making computing more accessible to
individuals from a wider range of backgrounds will increase the
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total number of computing graduates who may enter the comput-
ing workforce. Furthermore, as technology continues to expand,
diversity of thought is vital for innovation [24]. Creating useful
products for society requires a diverse group of developers who
understand the various issues plaguing society [6, 31].

Diekman and colleagues have argued that women are less inter-
ested in science, technology, engineering, and math (STEM) because
they do not believe computing will allow them to meet their per-
sonal goals [7, 13, 15, 16]. They have developed an empirical basis
for goal congruity theory, which posits that students’ personal goals
and their perceived ability to fulfill those goals within the field
(i.e., goal affordances) need to be aligned in order for student so be
interested in a particular field 7, 13, 15, 16]. Put simply, when one
does not believe they will be able to meet their personal goals in a
given career path, they are unlikely to pursue that career path.

Specifically, Diekman focuses on alignment between the affor-
dances of STEM and students’ communal goals, or a desire to work
with and to the benefit of others. Of relevance to the current work,
underrepresented groups in computing (e.g., women; students of
color; first generation college students)! tend to hold strong commu-
nal goals [1, 13, 15, 33, 34]. However, technical fields like computing
are believed to afford low opportunity to be communal compared to
other fields, such as the social sciences or life sciences (see [13, 34]).

For computing majors, the dissonance between their goals and
their perception of the goal affordances of computing may lead
to a lower sense of belonging, which has been linked to higher
likelihoods of leaving computing-related fields [3, 36]. This is par-
ticularly important to the field of computing since it has been noted
that certain underrepresented groups are more likely than others
to leave a computing major [11, 18].

We analyze survey responses from 5,821 students pursuing a
computing-related undergraduate degree in the U.S. from over 100
institutions. As with prior work, we find that students from under-
represented groups are both more likely to have communal (rather
than individualistic) goal orientations and to have a weaker sense of
belonging with computing. Consistent with theoretical predictions,
we find that among students majoring in computing, communal
goal orientations negatively predict sense of belonging in comput-
ing and that this relationship is moderated by the extent to which

1Of course, these groups are not independent; students may have several underrepre-
sented identities at once (e.g., women of color).
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students perceive computing as affording opportunities to advance
communal goals. Specifically, the relationship between communal
goals and sense of belonging in computing is more strongly neg-
ative among students who perceive computing as having fewer
affordances for advancing communal goals. These relationships
are robust to controlling for students’ demographic characteristics
and unobserved differences between undergraduate institutions,
suggesting that better aligning instruction and cultures in comput-
ing departments to students’ goals may be a promising means of
promoting equitable access to computing education and careers.

2 PREVIOUS RESEARCH

Past research has identified that a match between a student’s per-
sonal goals and their perception of the affordances of a STEM field
is a strong predictor of interest in STEM fields [1, 13, 15, 33, 34]. The
goals of communion and agency have been highlighted as being
particularly important human motivations [2]. Communal goals
relate to the desire to serve humanity and work for the betterment
of others. Communal goals are contrasted with agentic goals that
relate to the desire for achievement, independence, self-promotion,
and working for one’s own betterment? [2].

Previous studies have found demographic differences in endorse-
ment of communal goals and differences in the extent to which
different fields are perceived as having communal goal affordances
(i.e., as offering the opportunity to achieve communal goals). For
example, women, first-generation college students®, and under-
represented minority* students have been more likely to endorse
communal goals across many studies [1, 13, 15, 21, 33, 34]. At the
same time, previous research has documented a lower perception
of computing as having communal goal affordances compared to
other fields [13, 34].

Studies have shown that students are less interested in fields that
they do not perceive as offering affordances for the goals they hold
[1, 13, 15, 33, 34]. In particular, these studies have proposed that
the goal-affordance mismatch between women and STEM fields as
one explanation for the gender gap in STEM fields and refer to this
explanation as "goal-congruity theory" [7, 13, 15].

Our study focuses on computing, which claims some of the
largest disparities among gender and race within STEM fields [10,
22, 26, 28, 37]. Like previous work, we investigate differences in
communal goals by gender, but we expand on previous work by
also investigating differences by race and first-generation status.

Additionally, we focus on sense of belonging among current
majors rather than interest in the field because belonging is an
important predictor of important educational outcomes [5, 23, 27]
and a focus on current computing majors may lead to clearer impli-
cations for tertiary computing instructors.

3 RESEARCH QUESTIONS

In the current work, we use goal-congruity theory to better un-
derstand underrepresented students’ experiences in the computing

ZPrevious research includes general [13] and CS-specific [7] examples.
3First-generation college students refers to students who are the first in their family
to attend college

4Underrepresented minority, often abbreviated URM, refers to students from racial
and ethnic groups who are underrepresented in STEM relative to their proportion of
the population [35]
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major. We first run a set of preliminary analyses to assess the fol-
lowing: (RQ1a) the degree to which underrepresented versus well-
represented students endorse communal goals for their careers, and
(RQ1b) underrepresented versus well-represented students’ sense
of belonging in computing.

We then run our primary analyses to directly test goal-congruity
theory. We specifically assess: (RQ2a) the degree to which students’
communal goals and their perceptions of whether or not computing
can be used to fulfill communal goals (i.e., their perceived communal
affordances of computing) are related to their sense of belonging
in computing, (RQ2b) whether the relationship between students’
strong communal goal orientations and their sense of belonging in
computing is contingent on the degree to which students believe
computing careers afford the opportunity to be communal, and
(RQ2c) the extent to which the observed relationships between
students’ communal goals, perceived communal affordances of
computing, and their sense of belonging in computing are biased
by underlying factors of gender, race, first generation status, and
institution.

4 DATA

4.1 Sample

In the fall of 2016, survey data were collected from 7,300 undergrad-
uate students by the Center for Evaluating the Research Pipeline
(CERP), which is part of the Computing Research Association (CRA).
CERP distributed the survey in two ways. First, CERP sent the sur-
vey to computing departments at 104 universities and colleges
across the United States. Department chairs and/or administrative
staff within computing departments then distributed the survey to
students at their respective institutions. Second, CERP distributed
the survey directly to computing students who had participated in
the survey in a previous year and had consented to be contacted
again the following year. Respondents were entered in a raffle for a
$100 USD gift card.

Given that we were interested in students’ sense of belonging
and persistence in a computing major, non-computing majors were
excluded from our analyses. The analytic sample consists of 5,821
students, approximately one-third of whom are female. Due to small
sample sizes, our analysis was limited to students who identified as
male or female.

As shown in Table 1 the large majority of included respondents
are White® (55%) or Asian’ (34%); however, because of the large
sample size, even the small proportions of Black® (4%) and Lat-
inx® (6%) students include 218 and 323 students, respectively. Due

SOur analysis excluded students who selected "Gender-queer/non-conforming" or
"Something else."

®We refer to students who selected "Caucasian/European/White" as "White"

7We refer to students who selected "East Asian (e.g., Chinese, Japanese, Korean),"
"Southeast Asian (e.g., Cambodian, Vietnamese, Hmong, Filipino)," "South Asian (e.g.,
Indian, Pakistani, Nepalese, Sri Lankan)," or "Other Asian" as "Asian"

8We refer to students who selected ""African American/African/Black™ as "Black"
9We refer to students who selected "Caribbean/Puerto Rican,' "Mexican Ameri-
can/Chicano," or "Mexican American/Chicano" as "Latinx." We use Latinx rather than
Latino/a to avoid the assumption that someone identifies with only one of two genders.
In the paper, we refer to "Latinx" as a racial group, but in the U.S. Latinx is more likely
to be treated as ethnicity that is distinct from race. Students who selected more than
one option were classified as multiracial and removed from our sample.
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to small sample sizes, our analysis was limited to students who
identified as White, Asian, Black, or Latinx!°.

Eleven percent of the students are first-generation college stu-
dents, who in response to the question What is the highest level
of education attained by your any of your parent(s)/guardian(s)?,
selected Less than high school, High school graduate, GED, or Some
college (no degree earned), or Associate’s degree.

With institutions classified based upon the highest-degree awarded,
84% of respondents were from PhD granting institutions, 10% were
from Masters-granting institutions, 6% were from Bachelors-granting
institutions, and less than 1% were from Associates-degree granting
institutions.

Table 1: Summary of participant demographics.

Percent N
White 55 5152
Asian 34 5152
Black 4 5152
Latinx 6 5152
Female 33 5136
First Generation 11 4869

4.2 Measures

In addition to the demographic data from the survey, students were
asked about their goals and values, their perceptions of computing,
and their experiences in computing. Survey responses from these
later topics were used in our analysis as described below.

4.2.1 Sense of Belonging in Computing. Sense of belonging in com-
puting was measured by a composite measure consisting of the
following three survey items (Cronbach’s alpha = 0.8011): I feel like
I belong in computing, I see myself as a computing person, and I feel
like an outsider in the computing community (reverse coded). The
survey stated, "Rate the degree to which you disagree or agree with
the following statements:" with the options (1) Strongly disagree, (2)
Disagree, (3) Neither disagree nor agree, (4) Agree, (5) Strongly agree.
We created an aggregate, sense-of-belonging measure by averaging
the three responses. If all of the three items were unranked, the
student did not receive a value for the sense-of-belonging aggregate.
If only a subset of the three items were unranked by a student, the
mean of the ranked items was used.

4.2.2  Communal Goals. The strength of communal goals was mea-
sured by asking students to respond to the following: How important
to you is it that your future career allows you to do each of the follow-
ing? give back to my community, have a social impact, serve humanity,
and help others. Each item was ranked by students on the following
scale: (1) not at all important, (2) slightly important, (3) somewhat
important, (4) quite a bit (5) extremely important. To construct the
sense of communal goals, the mean of the four items was taken
with missing data handled as described above. An identical process
0ur analysis excluded students who selected "American Indian/Alaska Native,"
"Native Hawaiian/Pacific Islander," "Arab/Middle Eastern,’ or "Something else."

Even though these items have high internal reliability, we do not have independent
verification of their validity, but believe they have high face validity.
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was used to construct communal goals aggregate, such that only
students that did not respond to any of the relevant survey items
in the aggregate did not receive a score for that aggregate. These
four items had high internal reliability (Cronbach’s alpha = 0.87).

4.2.3 Communal Goal Affordances. The following item was used
to measure communal goal affordances: In your opinion, to what
extent would a career in computing allow you to serve humanity?
This item was ranked using the following scale: (1) not at all, (2) a
little, (3) somewhat, (4) quite a bit, (5) very much. Summary statistics
for all survey items and composite measures are shown in Table 2.

Table 2: Summary statistics for measures.

Mean SD N

I belong in computing 3.98 1.01 5807

I feel like an outsider in the 244 120 5818
computing community

I see myself as a computing person ~ 4.12 093 5813

Sense of Belonging 3.89 0.89 5821
Goal: Giving back to community 341 1.07 5813
Goal: Social impact 346 1.13 5810
Goal: Serve humanity 336 1.14 5812
Goal: Help others 3.81 1.02 5801
Communal Goals 3.51 0.92 5821

Perceived Communal Affordance 3.64 0.99 5821

Bold text indicates an aggregate measure.

5 METHODS

The analysis below proceeds in two stages. First, to answer RQ1,
ANOVA methods are used to confirm that our survey data includes
the relationships demonstrated in prior literature between students’
demographic characteristics, their goal orientations, and their per-
ceptions of computing. Second, we employ multiple regression to
answer RQ2.

5.1 Regression Models
In our preferred specification, we estimate a model of the form
shown in Equation 1.

Equation 1. Final regression model to address RQ2c.

belonging;s = fo + Pi1goalis + Paafford;; + P3goal;, * afford; +
Pafemale;, + Psasian;s + Peblack;s + Prlatinx;s+
Psfirstgen;s + 8s + €is
e belonging is our outcome of interest - sense of belonging in
computing for student i in school s (see Section 4.2.1),
e goal is the measure of each student’s communal goal orien-
tation (see Section 4.2.2), and
e afford is the measure of the extent to which a student per-
ceives computing as affording opportunities to advance com-
munal goals (see Section 4.2.3).

We include the interaction of goal and afford because we hypoth-
esize that the relationship between goal orientation and sense of
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belonging is due in part to incongruence between students’ goal
orientations and their perceptions of the affordances of comput-
ing. ,[?3 will therefore capture the extent to which the relationship
between students’ goal orientations and their sense of belonging
varies depending on their perceptions of computing’s communal
goal affordances.

As with determining any causal relationship, we expect that
there are factors other than communal goals and perceptions of
computing’s communal goal affordances that might explain the
variation in sense of belonging among students. For instance, it
is possible that students’ senses of belonging are related to fac-
tors, like discrimination, that are also associated with their goal
orientations. Additionally, students may sort to schools - and thus
computing departments - on the basis of factors related to both
their goal orientation and their expected sense of belonging. For
example, this would be the case if schools with reputations for
humanitarian cultures attract students with stronger communal
goal orientations. Because these factors are known predictors of
both communal goals and sense of belonging in computing, they
could be a possible source of bias when examining the relationships
among communal goals, communal goal affordances, and sense of
belonging. We therefore also include a series of dummy variables
indicating whether students are female (reference group: male);
Asian, Black, or Latinx (reference group: White students); or first-
generation college students, and a set of school fixed effects, Js.1
€ is an error term.

5.2 Hypotheses

We predict that the coefficient B3 will be significant and positive,
indicating that communal goal orientation is less negatively related
to sense of belonging in computing for students who perceive
computing as offering opportunities to advance communal goals.
Stated another way, we predict that perceptions of computing’s
communal goal affordances are more positively related to sense of
belonging for students with stronger communal goal orientations.

5.3 Additional Details of Models

Our hypothesis about the relationships between communal goals,
perceptions of computing’s goal affordances, and sense of belong-
ing in computing is causal, but given the cross-sectional nature
of our data the coefficients we estimate cannot be given a strong
causal interpretation for at least two reasons. First, we cannot rule
out the possibility of reverse causality (e.g., if students’ sense of
belonging in computing is somehow determinative of their goal
orientations). Second, other factors, such as discrimination faced
by students from underrepresented groups, may be related to both
sense of belonging and either students’ goal orientations or their
perceptions of computing’s affordances. If not included in the model,
these omitted variables will bias our estimates of the true effect of
students’ goal orientations, their perceptions of computing, or both.
The research described above suggests that such factors exist; in-
deed, they motivate the present study. Specifically, if students from
underrepresented groups (e.g., women) also tend to have stronger
communal goal orientations, then simple regressions estimating

2These fixed effects can be thought of as a dummy variable for each school.
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the relationship between goal orientation and belonging will com-
bine the true effect of goal orientation with the other effects of
being in underrepresented groups, biasing the resulting estimates.
This motivates our use in Equation 1 of the demographic indicators
described above.

One concern with controlling for student demographic char-
acteristics is that if students from underrepresented groups have
lower belonging because of their goal orientations, including the
demographic controls will tend to mask the effect of communal
goal orientations because they explain a shared portion of the varia-
tion in belonging. The decision to include the demographic controls
therefore hinges on the relative importance of other mechanisms by
which demographic characteristics might affect sense of belonging
in computing. Because we assume that students from underrepre-
sented groups will have a large number of experiences independent
of their goal orientations but relevant to their sense of belonging
we consider it necessary to control for these demographic factors.
However, we acknowledge that this may tend to make our estimates
somewhat conservative should that assumption be incorrect.

Controlling for observable student characteristics is valuable
when possible, but students may differ for many unobserved reasons
as well. As a final step in attempting to mitigate potential omitted
variable bias we exploit the fact that students in our sample are
nested within schools. This allows us to include in our model a set
of school fixed effects to control for average differences between
schools. This allows for the possibility that students sort to schools
in ways that are related both to their sense of belonging and their
goal orientations or perceptions of computing. Of course, even
controlling for unobserved heterogeneity between schools may not
control for all relevant factors, and thus the estimates resulting
even from this model will not have a clear causal interpretation.
Nevertheless, our hypothesis is causal and has potentially important
practical implications so it is useful to test the sensitivity of our
estimates to these additional controls, and so we estimate models
with and without these additional controls.

To facilitate interpretation, our survey measures of interest -
perceived communal goal affordances, mean communal goal orien-
tation, and sense of belonging - are standardized to have a mean of
zero and standard deviation of one across all students in the sample.

As a final methodological note, we cluster our standard errors
on schools in all of our multiple regression models. The need for
clustered standard errors is another consequence of the nested na-
ture of our survey data. Classical standard errors are calculated on
the assumption that observations are independent of one another.
This assumption is dubious when observed units - in this case, stu-
dents - are clustered together (e.g., in schools) and may therefore
have correlated error terms. Because each additional observation
from a particular school is likely to provide less new information
than an observation from a previously-unoberserved school, con-
ventional standard errors will be too small.!® Clustering standard
errors on schools therefore has the consequence of (potentially)
increasing our standard errors and our confidence intervals, and
thus reducing our statistical power. However, this allows us to relax

BHeteroskedasticity-robust standard errors may also be too small if they are not also
cluster-robust.
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the assumption that observations within schools are independent
of one another, providing more credible estimates of precision.

6 RESULTS
6.1 RQ1a: Differences in Communal Goals

RQ1a : Do underrepresented groups versus well-represented
groups differ in the degree to which they hold communal
goals for their future careers?

We ran a series of between subjects one-way Analyses of Vari-
ance (ANOVAs) to determine if there were significant differences in
communal goals across gender, race, and/or first-generation status.
Summary statistics appear in Figure 1 and Table 3.

Mean Communal Goals

Cont-Gen

Figure 1: Mean Communal Goals by Group

These ANOVASs revealed that women tend to have higher com-
munal goals than men (F(1, 5134)=65.97, p<0.0001). There was also a
significant effect of race (F(3, 5148)=51.39, p<0.0001) on communal
goal endorsement. Post-hoc Dunnett t-tests with White students
as the control group then revealed that Asian, Black, and Latinx
students had significantly higher communal goal endorsement than
White students (for each p<0.001). First-generation students tended
to have higher communal goals than continuing-generation stu-
dents (F(1, 4867)=8.36, p<0.005).
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6.2 ROQ1b: Differences in Sense of Belonging

RQ1b : Do underrepresented groups versus well-represented
groups differ in the degree to which they report a sense of
belonging in computing?

We ran another series of between subjects one-way ANOVAs
to determine if there were significant differences in sense of be-
longing in computing across gender, race, or first-generation status.
Summary statistics appear in Figure 2 and Table 3.

These ANOVAs revealed that women had a lower sense of belong-
ing in computing than men (F(1, 5134)=596.97, p<0.0001). There was
also a significant effect of race (F(1, 5148)=36.75, p<0.0001) on sense
of belonging in computing. Post-hoc Dunnett t-tests with White
students as the control group then revealed that Asian and Black
students had a significantly lower sense of belonging in computing
than White students (for each p<0.001). There was no significant
effect on sense of belonging in computing for identifying as Latinx
(p=0.81) or as a first generation student compared to a continuing
generation student (p=0.26).

Mean Sense of Belonging

=
a
g
-]
=]
[&]

Figure 2: Mean Perceived Sense of Belonging by Group

6.3 RQ2a: Predicting Sense of Belonging

RQ2a : Do the level of students’ communal goals and the de-
gree to which students perceive computing as affording am-
ple opportunities to advance communal goals predict their
sense of belonging in computing?
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Table 3: Summary Statistics by Group

Sense of Belonging

Communal Goals

Affordance of Computing

Mean SD N Mean SD N Mean SD N
Male 410 0.81 3440 345 094 3440 364 101 3440
Female 349 091 169 3.67 086 1696 3.68 0.95 1696
White 4.00 092 2859 338 093 2859 3.60 0.99 2859
Asian 373 085 1752 3.63 089 1752 3.65 098 1752
Black 377 087 218 388 0.88 218 399 092 218
Latinx 397 087 323 381 0.89 323 390 0.99 323
Continuing Generation  3.89  0.90 4349 349 0.92 4349 3.64 0.98 4349
First Generation 394 085 520 3.61 092 520 3.68 1.05 520

Authors, et al.

Table 4: Regressions Predicting Sense of Fit in Computing

A B C D
Communal 0.21%%%  0.22***  0.20"** 0.19%**
Affordances (0.02) (0.02) (0.02) (0.02)
Communal -0.13™**  -0.13"*  -0.07"** -0.07***
Goals (0.02)  (0.02)  (0.01) (0.01)
Interaction 0.05**  0.04™** 0.03%*
0.01)  (0.01) (0.01)
Female -0.59*** -0.58**
(0.03) (0.03)
Black -0.21% -0.327%**
(0.08) (0.07)
Latinx -0.06 -0.16"
(0.06) (0.07)
Asian -0.18%** -0.16™**
(0.03) (0.04)
First Gen 0.05 0.01
(0.04) (0.04)
Constant 3.89%* 386" 4,15 4,15
0.02)  (0.02)  (0.03) (0.02)
Institution FE No No No Yes
N 5815 5815 4738 4695
Schools 183 183 170 127
Adj. R-sq 0.04 0.05 0.15 0.17

Standard errors clustered on institution in parentheses.

Communal goal orientation and perceptions of communal goal affordances

are mean centered and have a standard deviation of one.

* p<.05, ** p<.01, ** p<.001

Table 4 presents results of regressions predicting sense of be-
longing in computing. As shown in Model A, both communal goals
and perceptions of computing’s communal goal affordances predict
sense of belonging in computing. These relationships are both sta-
tistically and practically significant. For example, a one standard
deviation increase in communal goal orientation is associated with
a decline in sense of belonging of approximately 13 percent of a
standard deviation.

6.4 RQ2b. Goal-congruity interaction

RQ2b : Is this relationship between sense of belonging and
perceptions of computing’s communal affordances stronger
for students with high communal goals than students with
low communal goals?

Consistent with our hypothesis, these predictors exhibit a sig-
nificant and positive interaction (Model B). In the presence of the
interaction term the interpretation of the coefficients on the un-
interacted terms changes; because they are mean centered, they
represent the relationship between each predictor and sense of be-
longing for students with the average value of the other predictor.
Thus, Model B indicates that for students with "average" perceptions
of computing’s communal goal affordances, stronger communal
goal orientations are associated with lower levels of belonging.
However, the positive interaction term implies that that relation-
ship is less negative for students who perceive greater communal
affordances for computing.!* These relationships are illustrated in
Figure 3.

6.5 ROQ2c: Controlling for Demographics and
Institution

RQ2c : To what extent are the relationships among communal
goals, communal goal affordances, and sense of belonging
in computing biased by race, gender, first generation status,
and institutional differences?

As discussed above, the coefficients in Model B will capture the
true effect of students’ goals and affordance perceptions on their

4 Alternatively, and equivalently, for students with average communal goal orienta-
tions, perceptions of computing’s communal affordances are associated with higher
levels of belonging, and that relationship increases in magnitude for students with
stronger communal goal orientations.
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sense of belonging, but will also capture the effects on belonging
of any other factors not included in the regression if those factors
are also correlated with students’ goals and affordance perceptions.
Model C therefore controls for student demographic characteristics,
which we demonstrated above to be positively related to communal
goal orientations (see Section 6.1) and negatively related to sense of
belonging (see Section 6.2). As expected, much of the relationship
between students’ communal goal orientation and their sense of
belonging can be explained by their demographic characteristics;
the relationship becomes substantially less negative, shrinking in
magnitude by almost half for students with average perceptions
of computing’s communal affordances. The magnitude of the in-
teraction also shrinks somewhat, but retains its significance and
qualitative interpretation: the relationship between communal goals
and sense of belonging is less negative for students who perceive
computing as having affordances for advancing communal goals.
Model D presents results from our preferred specification (Equa-
tion 1), including a school fixed effect to control for unobserved
differences between schools. The coeflicients of interest shrink
only slightly in magnitude, suggesting that while schools do differ
slightly in their students’ average levels of belonging (the adjusted
R-squared increases from .15 to .17), these differences are not closely
related to differences in students’ goal orientations or perceptions
of computing’s affordances.’® Even within schools and controlling
for their gender, race, and first-generation status, students’ com-
munal goal orientations negatively predict their sense of belonging
and this relationship is moderated by the extent to which they view
computing as offering affordances for achieving communal goals.

7 DISCUSSION

The findings from this study help us examine the underlying factors
that contribute to the lack of diversity in computing fields. Our
study reveals that students with high communal goals tend to have
a lower sense of belonging in computing than their peers with
low communal goals. Perceptions of communal affordances, on the
other hand, exhibit a positive relationship with sense of belonging
in computing, such that students who perceive computing as hav-
ing more communal goal affordances tend to have a higher sense
of belonging in computing compared to their peers who perceive
computing as having fewer communal goal affordances. While com-
munal goals are negatively related to belonging, this relationship is
mitigated for students who perceive computing as affording ample
opportunities to advance communal goals.

Through our conditional effects testing, we found that the com-
munal goal affordances of computing seem to matter more for
students with high communal goals compared to students with low
communal goals. There was a larger increase in sense of belonging
for students with high communal goals than for their peers with
low communal goals. These results provide further evidence for
the importance of a match between a student’s goals and their

>Though beyond the scope of this paper to investigate, it is noteworthy that the
coefficients on the demographic predictors in some cases change more substantially.
This may indicate that computing students sort to schools on the basis of some charac-
teristics, such as race, in ways that may obscure the extent to which their backgrounds
affect their sense of belonging. For instance, Latinx students may enroll in schools
or computing departments more effective at fostering belonging in general, but may
nevertheless have below-average belonging within whatever institution they attend.
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Figure 3: Interaction between Communal Goals and Com-
munal Affordances

perceived affordances of computing in contributing to their sense
of belonging in computing fields.

This is particularly problematic for computing fields since, as
we noted in our confirmatory analyses, students who belong to
underrepresented groups in computing tend to have higher com-
munal goal endorsement on average. In particular, in our sample,
we found that women tend to have higher communal goals than
men, and Black and Latinx students tend to have higher communal
values than their White peers.

The significance of these findings is amplified when we take
into account the results of our final regression that examines the
effects of communal goals, communal goal affordances, and goal-
affordance match while controlling for demographic variables of
gender, race, and first-generational status. Because the interaction
term is significant even when taking into account the demographic
information of students, our analyses show how a goal-affordance
match may have significant impact on student’s sense of belong-
ing in computing above and beyond the effects of their identity.
This mismatch between these students’ goals and their perceived
affordances of computing conduces a lower sense of belonging in
computing which can contribute to lower rates of retention, and
therefore may partially explain the underrepresentation of these
particular groups in computing fields.
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8 LIMITATIONS AND FUTURE WORK

The data used for this study were cross sectional, so we cannot
demonstrate causality for our model which predicts students’ sense
of belonging in computing based on communal goals and their
perceived communal goal affordances of computing. However, our
analyses do strongly support our proposed model by controlling for
a number of possible confounding factors in this relationship. Fur-
ther research examining the relationship between communal goals,
communal goal affordances, and sense of belonging in computing
fields could control for other variables that often predict communal
values (e.g., religion) or variables that may predict belonging (e.g.,
self-efficacy).

Moreover, an experimental study could be conducted to estab-
lish a clearer causal relationship among communal goals, perceived
communal goal affordances, and sense of belonging in computing.
Such a study might involve implementing intervention programs
at schools to increase the perceived communal goal affordances of
computing for students and collecting longitudinal data to deter-
mine whether the programs are successful in increasing students’
perceived communal goal affordances, and if so, whether that affects
students’ sense of belonging within computing.

While the rest of our latent variables were created through con-
firmatory factor analysis and computed as the aggregate of multiple
survey questions, our variable for perceived communal goal affor-
dances of computing is created from a single measure obtained
from one survey response. Future research delving into the effects
of perceived communal goal affordances in computing should look
into constructing a more rigorous measure of the variable by using
an aggregate of several questions to gauge the level of perceived
goal affordances among students.

Our study examined gender, first-generation status, and four
racial groups, but a growing body of literature shows that examin-
ing dimensions of people’s identities in isolation ignores important
ways in which these identities interact [12, 29, 30]. This compounds
an existing problem with heterogeneity within racial groups. Addi-
tionally, due to the low number of respondents who identified with
certain racial groups (i.e. Native American, Native Hawaiian/ Pa-
cific Islander, Middle Eastern) and students classified as multiracial,
we were unable to include them in our analyses.

9 CONCLUSION

There are several contributions to theory and research in the current
work. First, we test goal-congruity theory by focusing on a specific
STEM (Science, Technology, Engineering, and Mathematics) field,
computing, which has some of the largest disparities among gender
and race within STEM fields [10, 22, 26, 28, 37].

Second, whereas prior research focuses on the influence of goal
congruity on non-majors’ attitudes towards STEM [13, 15] and
enrollment in STEM courses [34], our research focuses on students’
persistence in a STEM field. That is, we study the degree to which
goal congruity predicts computing majors’ sense of belonging in the
field. A student’s sense of belonging in computing has been a noted
predictor of retention in computing [3, 9, 36]. While goal congruity
is theorized to be related to individuals’ sense of belonging in a
given context, we know of no research on goal congruity that has
looked specifically at belonging in computing.
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Finally, our analyses include a model that controls for schools.
This is important because there are many factors that are likely to
affect a student’s sense of belonging that we cannot directly control
for; however, we suspect that students at the same school will share
some of these factors. Controlling for school thus takes into account
some of these other unobserved differences between students that
are not captured by their gender, race, and first generation status.
This likely provides more credible estimates of the extent ot which
computing majors’ sense of belonging in computing is dependent on
the alignment between their goal orientations and their perceptions
of computing’s affordances.

Our research highlights the importance of goal-affordance match
on students’ sense of belonging in computing fields. Because com-
puting is traditionally perceived as having low levels of communal
affordances, the main takeaway from this study is that in order to
increase diversity within computing fields, it will likely be help-
ful to showcase the communal affordances of computing. Shifting
perceptions of the goal affordances of computing in this way will
allow students with higher communal values feel a greater sense
of belonging within computing and make them more likely to stay
in the field.

These results are consistent with, and provide additional theoret-
ical motivation for, previous research suggesting that opportunities
for communal STEM experiences - such as volunteering, mentor-
ing, and group projects - may be effective for improving students’
perceptions of computing, particularly among underrepresented
groups [4, 7, 25, 32]. They are also consistent with the call from Diek-
man and colleagues [14] to "align STEM activities with students’
values" in addition to challenging stereotypes and encouraging
students to believe their ability can grow with effort (i.e., adopt a
growth mindset [17]). Our study does not evaluate specific inter-
ventions. However, our results suggest that strategies intended to
highlight the communal goal affordances of computing, such as
explicitly highlighting the contributions of computing to communi-
ties’ well-being or facilitating community-oriented job placement
opportunities for students, could have benefits for participation.
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