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Abstract—Research has found that college students who believe
that computing can benefit society tend to report a higher
sense of belonging. This is additionally true for students who
endorse the goal of helping society; students who identify as first-
generation college students, women, Black/African American,
Hispanic/Latinx/Latin*, and/or Asian are more likely to endorse
this goal. People from these groups are also more likely to endorse
the goal of wanting to collaborate. To better understand how
students decide if computing can be used to benefit society and
whether it involves collaboration, we conducted interviews with
29 college students. Contrary to previous research, our partici-
pants universally expressed the belief that computing can help
society and cited the ubiquitous impact of computing as evidence.
However, students were also wary that profit is the primary
motivator of many large technology companies. Our participants
generally also believed that computing involves collaboration,
which may be the result of most of our participants attending
an institution that emphasizes collaboration. We propose that
educators provide examples of positive social impact beyond
computing’s contribution to modern conveniences as a way to
expand students’ perceptions of the work possible in the field.
Towards that goal, we provide 12 examples. Influencing students’
perception of computing as having positive social impact and
collaboration may be an effective initiative to broaden partic-
ipation and promote belonging. That is, interventions to shift
students’ perception of computing may complement additional
efforts to address structural inequality and discrimination that
limit participation in computing.

Index Terms—communal goals, goal congruity theory, broad-
ening participation in computing, social impact

I. INTRODUCTION

Our research seeks to understand what shapes students’
perceptions of whether computing provides opportunities to
work with and to the benefit of others. Previous work has
shown that there is a common perception that computer
science (CS)1 does not offer opportunities to engage in work
that will be beneficial to society [1]–[3]. Students who identify

1We use computer science and computing interchangeably. Our interviews
referred to “CS,” which was the title of the computing major at our two
recruitment sites.

as first-generation college students2, women, Black/African
American, Hispanic/Latinx/Latin* [4], and/or Asian3 are more
likely to endorse the goal of working with and to the benefit
of others [5]. Diekman suggests that a belief that computing
will not help them achieve their goals might be one of the
reasons people from groups underrepresented in computing4

are turning away from the field [6]. Diekman refers to the
hypothesis that individuals are less likely to pursue science,
technology, engineering, and math (STEM) roles if they do
not perceive them as enabling the achievement of their valued
goals as goal congruity theory.

In response to the evidence in support of goal congruity
theory as an explanation for patterns of underrepresentation in
CS [5], [6], we are interested in designing and evaluating inter-
ventions to convince students that CS provides opportunities
to benefit society and work with others. However, it is unclear
what sources of information students use to determine if
computing provides social value or involves collaboration. To
address this gap, we address the following research questions:

• RQ1: What are students’ perceptions of whether CS can
benefit society and what shapes those beliefs?

• RQ2: What are students’ perceptions of whether CS
involves working with others and what shapes those
beliefs?

We interviewed 29 students from two U.S. colleges about

2The term “first-generation college students” refers to students who do not
have a parent or guardian that has completed a four-year college degree.

3There is significant overlap between the groups of people more likely
to endorse the goals of working with and to the benefit of others and the
groups of people unrepresented in computing, but an important distinction is
that students identifying as Asian fit only in the former category. While Asian
students are not identified as underrepresented in computing, the term “Asian”
includes people from a wide variety of ethnicities and backgrounds who may
experience underrepresentation and explicit and implicit discrimination. Asian
students may also benefit from interventions emphasizing that computing can
provide opportunities to work with and to the benefit of others.

4In the U.S., people from groups underrepresented in computing in-
clude people who identify as women, Black/African American, His-
panic/Latinx/Latin*, Native American, Native Alaskan, Native Hawaiian,
Pacific Islander and/or disabled.978-1-6654-4905-2/21/$31.00 ©2021 IEEE



their perception of computing as being able to benefit so-
ciety, and as involving collaborative work. Our work was
exploratory and used thematic analysis [7] to address our
research questions. Overall, our participants expressed the
belief that computing can help society and cited the ubiquitous
impact of computing as evidence. However, many students
were also wary of large technology companies. Additionally,
many of our participants expressed the belief that CS is a
collaborative field and cited the frequency of group work in
CS courses at their school as evidence.

A key limitation of our dataset was that students did not
provide specific examples that led them to believe that CS can
be used for social good, which may be due to the ubiquity of
computing and technology. As our long-term goal is to design
interventions to showcase these affordances in the computing
field, we have developed and included within the paper 12
examples that could be presented in an intervention designed
to convince students that CS can indeed benefit society.

Our work builds towards an intervention that could alter
students’ current perceptions of computing as lacking oppor-
tunities to benefit society. Influencing students’ perception of
computing as having positive social impact and opportunities
for collaboration may be an effective way to broaden partic-
ipation in computing. That is, interventions to shift students’
perception of computing may complement existing efforts
to address structural inequality and discrimination that limit
participation in computing [8]–[18].

II. PREVIOUS WORK

A. Communal vs. Agentic Goals

When it comes to career goals, individuals can be motivated
by communion and/or agency [19], [20]. Communal goals
have been defined by scholars as working with or for the
betterment of others [6], [19], [20]. This includes working
with a team, rather than alone, as well as working on projects
that have a meaningful long-term impact on society [21]. This
is in contrast to agentic goals, which relate to achievement and
self-promotion [19].

Although communal goals are usually understood to mean
both wanting to help society and valuing a collaborative
environment, the term has not been consistently operational-
ized. First, it is not a given that students who place a high
value on helping society will necessarily also have goals for
collaboration. Additionally, students may have a preference
for social impact (i.e., providing direct help to other people)
or societal impact (i.e., higher-level benefits to society as
a whole). A limitation of prior work is that these different
aspects of communal goals need to be disentangled.

There is substantial evidence that people who iden-
tify as women, Asian, Black/African American, His-
panic/Latinx/Latin*, and/or first-generation college students
are more likely to be motivated by communion rather than
agency, and place a higher value on opportunities to contribute
to society within their career than their peers who identify as
men and/or White [6], [21], [22].

B. Goal Congruity Theory within STEM

The belief that there are relatively more opportunities to
achieve communal goals in a particular career field can be
restated as the belief that the field has “communal goal
affordances.” Diekman and colleagues’ goal congruity theory
explains that individuals with communal goals will not be
motivated to pursue careers in STEM fields if they perceive
STEM as lacking communal goal affordances [6]. Students’
career goals and their perceptions of future careers as hav-
ing communal affordance therefore relates to recruiting and
retention efforts in STEM. Since people from groups un-
derrepresented in computing are more often motivated by
communion rather than agency, goal congruity theory may
offer a valuable hypothesis for increasing interest in STEM
fields amongst these individuals by shifting their perspective
on STEM’s communal goal affordances. While goal congruity
theory was constructed on the base of gender (i.e., because
women more often than men endorse communal goals [6]), the
perspective has been used in previous studies to help explain
low retention rates in science for first generation college
students [22]. Additionally, goal congruity theory has been
expanded to students who identify as Native American [23],
Black/African American, Hispanic/Latinx, and Asian [5].

Allen et al. looked at the relationship between first-
generation students’ perception of the communal goal affor-
dance of science and their interest in pursuing science [22].
They found that first-generation students showed greater inter-
est when science was seen as having a pro-social communal
goal affordance, which is when science is believed to posi-
tively impact society [22].

Diekman et al. found that women were more likely than
men to endorse communal goals [6]. In comparison to other
fields, careers in STEM were generally perceived to have
less communal goal affordance [6]. Furthermore, they found
that when STEM careers were described as collaborative
and including elements of mentoring, people who endorsed
communal goals reported a more positive perception of the
field [6]. Their model suggests that students’ belief in the
communal affordances of STEM and educational environ-
ments that signal communal goal fulfillment could increase
the participation of women and other communally-oriented
individuals [6]. In their work, when presenting STEM careers
as highly communal, students who did not endorse communal
goals did not report lower levels of interest [6], meaning these
changes did not appear to have an adverse effect on students
who do not value communal goals.

C. Goal Congruity Theory within CS

It is a common misconception that CS will not facilitate
communal opportunities [1], [2]. Given this misconception,
and the tendency of groups underrepresented in computing to
endorse communal goals, this perception may be obstructing a
diverse population from pursuing computing careers [6], [21],
[22], [24]–[26]. A study using nationwide survey data from
1971 to 2011 found that “The fact that women placed greater
value on social activism (i.e., helping others in difficulty and



influencing social values) explained 6.6% to 9.5% of the
gender gap in computer science” [27].

Lewis et al. [5] tested goal congruity theory as a predictor
of computing majors’ sense of belonging, which has been
shown to be a strong predictor of student retention [28]. In
this previous research [5], 5,821 computing majors responded
to the question “In your opinion, to what extent would a
career in computing allow you to serve humanity?” on the
following scale: (1) not at all, (2) a little, (3) somewhat,
(4) quite a bit, (5) very much. The resulting average was
3.64 with a standard deviation of 0.99. The authors found
that people from groups underrepresented in computing were
both more likely to have communal goals as well as report
a weaker sense of belonging in computing [5]. A perception
of computing as having communal affordances, whether or
not the student endorsed communal goals, was a significant
positive predictor of sense of belonging when controlling for
race, gender, first-generation college status, and institution.
The average perception of computing as having relatively high
communal goal affordances (i.e. average of 3.64 on a scale of
1-5) is in accordance with a study that has found that STEM
careers are believed across all ages to be fairly likely to afford
societal impact [29].

Work that predates the introduction of goal congruity the-
ory [6] provides additional support for the theory. A survey
conducted by Biggers et al. showed that a theme among people
who left CS to pursue another field was the perception that
their new chosen field had a more relevant connection to the
real world than CS [3]. There were also findings that indicate
many left CS due to a lack of quality human interaction [3].
Biggers et al. suggest, based on their survey, that students who
leave CS have “an overwhelming perception that CS is an
asocial, coding-only field with little connection to the outside
world” [3]. Over 60% of CS leavers departed by the end of
their first year of undergraduate CS curriculum. This suggests
that introductory exposure renders many students skeptical that
computing can fulfill their particular goals.

Contrary to the perceptions uncovered in these studies,
computing does offer opportunities to accomplish commu-
nal goals (see section VII). However, many undergraduate
CS curricula do not facilitate exposure to these affordances.
Undergraduate computing students could benefit from explicit
interventions aimed at dispelling the perception that computing
careers do not intersect with opportunities to help society.
Based upon prior work [5], a change in the ways students
view computing may lead to an increased sense of belonging
in computing. Importantly, this could additionally increase a
sense of belonging for students from groups underrepresented
in computing since they are more likely to endorse communal
goals [5].

D. Communal Goals Interventions

To resolve this misconception of CS as a field lacking
in real-world relevance, several institutions have made ad-
justments to their introductory CS courses, and implemented
interventions throughout CS departments and curricula in ways

that may change perceptions of computing careers [3], [21],
[30], [31].

Biggers et al. [3] addressed a specific disconnect between
the perceptions of CS for those who stay in their programs
to completion and those who leave. When asked to define
CS, the responses from recent CS graduates were at times
exact opposites of responses from CS leavers (e.g. “Writ-
ing programs...to solve problems facing our world” versus
“Coding/debugging in front of a computer screen all day”).
The researchers list challenges and corresponding action plans
for retaining students in CS departments, and many are
specifically directed at changing the perception of communal
goal affordances. They advocate for “highly interactive hands-
on introductory CS courses that provide a broader overview
of potential CS careers” [3] as the key to retaining student
interest. For example, to combat the notion that “coursework
was lacking in relevancy,” Biggers et al. suggest that CS
educators “contextualize the assignments and courses and use
real world issues even when teaching the basics” [3]. They
state that the Peer Led Team Learning [32] workshops they
hold, which promote collaboration and use well-contextualized
assignments, have improved retention and performance in
introductory CS courses, especially for women [3]. Overall,
the action plans emphasize that successful interventions to
change the perception of CS and give CS students a vision
of a broader dream require early and on-going action [3].

Several researchers have designed curricular changes aimed
at changing student perceptions of computing. For instance,
Van Wart, Vakil, and Parikh provide a case study of a 24-
hour course ”Apps for Social Justice” [33], which sought to
apply innovative integration of students’ interests and identities
used in mathematics instruction [34], [35]. Buckley et al. [31]
described two on-going curricular experiments in line with the
goals of expanding “socially relevant computing.” Goldweber
et al. [36] proposed a framework for conveying computing’s
societal impact affordances within the curriculum. They in-
clude 14 introductory computing projects assignments that are
contextualized around social good and partially address the
need for graduates to be prepared to contribute to social good
outcomes.

Outside the classroom, Brinkman et al. found that a more
diverse pool of applicants applied and were admitted to a com-
puting scholarship program that emphasized and was based
around communal goals (like collaboration and computing-
related community service activities) compared to industry
standard programs [21].

Beyond the field of computing, Brown et al. similarly make
a case for exposing students to the scope of “communal utility
value” in a discipline in order to increase interest in the
discipline [37]. For example, Brown et al. found that believing
biomedical research has communal goal affordance provides
a long-term increase in motivation to continue in the field
for biomedical students, even for those who were already
interested in biomedical research [37].

These communal goals interventions also relate to a broader
set of interventions focused on culturally responsive peda-



gogy [38] and culturally responsive computing [33], [39]–[41].

III. METHODS

A. Interview Participants

We recruited participants from two private colleges in the
U.S., one a STEM-focused school, and the other a liberal
arts school. Recruitment occurred through in-person and email
announcements. Interviews were conducted in-person and par-
ticipants were compensated with $10.

We interviewed 18 participants from the STEM-focused
college and 11 participants from the liberal arts college. All
18 participants from the STEM-focused college were majoring
in or thinking about majoring in a STEM field. Seven of
them were majoring or thinking of majoring in CS. All 11
participants from the liberal arts college were majoring in or
thinking about majoring in a humanities field.

Interviews were recorded and the audio recording labeled
with a number and the participant’s institution. For example,
participants from the STEM-focused college are identified as
STEM 01 through STEM 18. Participants from the liberal arts
college are identified as LA 01 through LA 11. Interviews
lasted between 10 and 15 minutes.

B. Interview Protocol

We sought to understand the content and sources of in-
formation that shape students’ perceptions of the communal
affordances of computing. That is, whether computing involves
working with and for the betterment of others. Participants
were asked the questions given in the following list in a
semi-structured interview. The first four questions provided
context about the interview participant (i.e., year, major, and
major selection process). The fifth through seventh questions
focused on one key element of communal goals: benefiting
society. The eighth question provides additional context about
the interview participant (i.e., their endorsement of communal
goals). The ninth, tenth, and eleventh questions focus on the
other key element of communal goals: working with others.
The twelfth question provides additional context about the
interview participant, but was unfortunately not asked of all
participants.

1) What is your year in college?
2) What is your major or intended major?
3) How did you decide to major in that?
4) Did you ever consider majoring in CS? Why or why

not?
5) Do you think that computer science can be used to

benefit society?
6) What do you think has shaped that perception?
7) Are there other [non-CS] fields that you think can be

used to benefit society?
8) How important do you think it is to find a career that

helps you contribute to society?
9) Do you think that computer science is something where

you work with others?
10) What do you think has shaped that perception?

11) How important do you think it is to find a career that
allows you to work with others?

12) Anything else you would like to add?

C. Analysis of Interviews

The research was intentionally exploratory and was de-
signed to create hypotheses about the content and sources
of information students use to determine if computing has
communal affordances. The methods were not designed for
generalizability and recruitment at two private colleges was
a known limitation to generalizability. Additionally, although
this work aims to contribute to broadening participation in
computing, the participants were not asked to provide their
demographic information.

Audio files were professionally transcribed. Transcript files
were checked for accuracy and corrected by the research team.
Filler words like “um,” “uh,” and “like” have been removed
from participant quotes for readability. Square brackets are
used to clarify ambiguous referents in the quotations. Two
forward slashes are used to indicate interrupted speech and
ellipses are used to indicate removed text.

As a first analysis step, the research team conducted an
open coding pass of the data [42] using the qualitative coding
software Saturate app (saturateapp.com). The researchers also
created summaries for all participants’ responses to each
question. Based upon these passes through the full dataset,
common themes and patterns found in students’ answers were
noted. We developed a thematic analysis [7] of participants’
perceptions of CS in order to extract general trends among
their opinions and experiences.

Participants’ responses to many of the interview questions
did not directly relate to our questions of interest. For example,
participants’ explanations for their choice of major and reasons
for not choosing CS related to their self-assessed ability
within CS. While this corroborates previous research [43],
their responses to these questions did not provide additional
insights into how students perceived the nature and societal
benefit of CS work. There were ways in which our interview
questions and follow-up questions could have been improved
to address our questions of interest. Unfortunately, contrary
to best practice [42], it was not feasible for us to engage in
ongoing analysis throughout data collection.

To understand how students decide if computing can be used
to benefit society, we focused our analysis on the fifth through
seventh questions above. To understand how students decide if
computing involves collaboration, we focused our analysis on
the ninth and tenth questions above. As a result of focusing on
a subset of the interview questions, many of our initial codes
and themes are not included.

IV. RQ1: PERCEPTIONS OF WHETHER CS CAN BENEFIT
SOCIETY

A. Agreement that CS Can Benefit Society

All of our participants agreed that CS can benefit society.
A common response to whether CS can be used to benefit
society was some form of “yes” or “definitely.” Our interview



question, which used the word “can”, appears to have been
interpreted generously. For example, when asked what other
fields can be used to benefit society participants said “I mean,
almost all of them.” (STEM 04) and “Um, I feel like there’s
potential in everything.” (STEM 07).

Towards our goal of understanding the content and sources
of information that shape students’ perception of computing
as benefiting society, the universal agreement among our
participants that computing can benefit society was somewhat
unexpected and a limitation.

B. Ubiquity of Computing and Computing Innovation

An apparent cause of participants’ beliefs about computing’s
benefit to society is the ubiquity of computing and a broad
interpretation of both computing and helping society. For
example, when asked what gives them the perception CS can
benefit society, participant replies included:

• “I think that as a society, we’re just moving towards
more and more and more technological advancement,
and we’ve already done so much. And I think that
computer science is, I guess, obviously so involved in
that.” (LA 09).

• “We’re pretty much already in a technology-based world
and everything that we do and depend on is a product of
technology, so I think it’s a huge part of it and definitely
benefits it.” (LA 10)

• “Um, computers and com// and, like, computer systems
are used ubiquitously. I mean you’re recording [the
interview] on a computer....I mean they’ve completely
changed the world, so yes.” (STEM 09).

The most hesitant response was “Um, not on the surface,
but I do think there’s probably // it makes sense that it could.
But it’s not the first thing I think when I hear computer science.
But if I think about it for a couple minutes, I’m like ‘well yeah I
could see how there could be benefits.’” (LA 02). When asked
to elaborate on what the first thing they think of when they hear
CS, they replied, “I literally don’t even know, like, coding?”
(LA 02). This aligns with previous research that students often
believe that career prospects are limited to “only coding” [3].

C. Wariness of Technology Companies

The perception that CS could benefit society did not pre-
clude the idea that it could also have negative consequences.
For example, when explaining why they thought CS could
be used to benefit society, a student said “Um, there’s just,
like, a lot of repetitive tasks that can easily be replaced by
computer science. I mean, the social side of all the jobs that
would displace is another thing. But if used correctly, it can
definitely be a good tool.” (STEM 04).

Related to the potential negative impact of CS was our
participants’ overall wariness of big technology companies.
This was primarily expressed when participants were asked if
they perceived CS to be a field that could positively impact
society. One student expressed their reluctance to give too
much credit to technology companies: “I don’t really know
what impact a lot of the tech companies in the world have”

(STEM 02). Another mentioned how although they think that
technology can definitely positively impact society, that a lot
of technology companies in the U.S. currently seem to be
focused on profit: “We get a little carried away trying to just
make money” (STEM 12).

This wariness of big technology companies is actually a
growing trend. A 2019 survey done by the Pew Research
Center showed that the percentage of Americans who believed
that technological companies had a positive impact on society
has dropped from 71 percent to 50 percent from 2015 to
2019 [44]. Additionally, college students across the U.S. have
been questioning the moral compass of many top companies
and hesitating to work for these companies [45]. Our examples
of how computing can be used for social good (see section VII)
may be one way to show students that there exist other career
options besides these technology companies.

V. RQ2: PERCEPTIONS OF WHETHER CS INVOLVES
WORKING WITH OTHERS

A majority of students said that they perceived CS to be a
collaborative field, since it involves a lot of problem solving in
groups. All students from the STEM-focused college said that
they perceived CS to be a collaborative field after taking the
introductory CS class at the school, and getting the opportunity
and encouragement to work with others in that class. One
student, in response to this question, said yes, particularly “...
in the sharing of ideas or contributing towards a larger project
in teams” (STEM 01). Similar attitudes were expressed by
other participants:

• “The more people you’re working with the more it opens
even more doors for you to figure out a way to to solve
the problem [in CS]” (STEM 02).

• “I think [CS] stresses the importance of collaboration,
working with others on teams” (STEM 09).

• “Yes, because // I don’t know, you have to work with a
team of people.” (LA 08).

Despite this pattern, some students did report that their
initial perception of computing was as a non-collaborative,
individual activity. One student said “I think of it as a more
individualistic thing where there’s someone who is a program-
mer working on creating a program for something on their
own” (LA 05). Another cited the portrayal of programmers in
popular media for this belief: “In the media, in movies and
stuff, people who do computer science are always type casted
as being nerdy and socially inept, working alone” (LA 07).

A limitation of this work is that the STEM-focused college’s
curriculum emphasizes students working together [46], and the
focus on collaboration within these courses may bias students’
perceptions of CS as being collaborative. However, this may
simply be evidence of an effective intervention. Beyond this
institution, communicating that CS involves collaboration may
still remain a challenge. Much work has been done to com-
municate this message; for example, there have been a variety
of interventions to integrate collaboration within CS, such as
through the use of pair programming [47]–[49].



VI. LIMITATIONS

Our interviews did not provide clear information about the
sources of information students use to determine if computing
can benefit society. The ubiquity of modern conveniences that
are powered by CS may lead to these perceptions. Within
previous research that motivated our work [5], the average
survey response reported on the question “In your opinion, to
what extent would a career in computing allow you to serve
humanity?” was relatively high at 3.64, falling between ”some-
what” and ”quite a bit” on a scale of (1) not at all, (2) a little,
(3) somewhat, (4) quite a bit, (5) very much. Based upon prior
work [5], communal goals interventions seem promising, but
upon reflection we should have expected general agreement
that computing can benefit society. However, a higher value
on that question was a significant predictor of a higher sense
of belonging.

An additional limitation of communal goals interventions
is that college students may have difficulty pursuing jobs that
provide societal benefit. Institutional support may lead students
to see big technology companies as the only career option
and cultural attitudes may lead students to believe that other
options are not valued. Understanding how CS departments
can provide and legitimize paths towards CS careers that have
positive social impact is an important area for future research.

VII. DISCUSSION

In order to mitigate the limitations discussed above, one
direction future work could take is to create interventions de-
signed to show students that not only does CS have communal
affordances, but that there are also career paths in computing
beyond the large technology companies they may be familiar
with. To build towards our future work of designing and
evaluating interventions to develop students’ belief that CS
can benefit society, we have developed examples related to five
themes: medical diagnosis, public health, violence prevention,
equitable access, and democratizing technology. We hope to
pursue further research in using these examples as part of a
classroom intervention and assessing its impact on students’
perceptions of computing.

A. Social Impact: Medical Diagnosis

1) Improving Cancer Detection: In 2020, breast cancer was
the most commonly diagnosed cancer with an estimated 2.3
million new cases [50]. With increasing availability of imaging
from mammograms, it is possible to use CS to analyze these
images to detect breast cancer [51], [52]. Early mammograms
from individuals eventually diagnosed with breast cancer can
be used to identify possible early warning signs that can be
used for early detection in other patients [51], [52]. Regina
Barzilay and colleagues used a type of artificial intelligence
known as machine learning to aid doctors in predicting cancer
and identifying appropriate treatments [51], [52].

2) Communicating Autism Spectrum Disorder Diagnostic
Data: Autism spectrum disorder (ASD) is a developmental
disorder that affects communication and behavior [53]. During
a typical ASD screening, doctors collect data on a child’s

gesture, gaze, and speech behavior [54]. This complex diag-
nostic behavioral data is difficult for experts to analyze or
explain to a child’s caregiver(s) [54]. John Lee and colleagues
created a program that transforms these data into an easier
to understand visualization that helps tell a story [54]. The
visualization shows different colors over a temporal line to
represent actions the examiner takes (i.e. saying the child’s
name) and the behavior of the child in response.

3) Assessing Newborn Jaundice: Newborn jaundice is es-
timated to affect 84% of babies, making it one of the most
common newborn conditions [55]. Jaundice describes the
buildup of a natural bodily waste material called bilirubin [55].
While many newborns with jaundice do not progress beyond a
moderate level of bilirubin buildup, extreme cases of newborn
jaundice are essential to detect early to prevent brain damage
or death [55]. Since current detection techniques involve
specialized equipment, caregivers must rely on the visual cues
of one of jaundice’s symptoms, yellow skin discoloration, to
monitor the condition at home [55]. Previous work has shown
that even experienced healthcare providers cannot accurately
estimate the severity of newborn jaundice, and so this is not
a reliable way to monitor a newborn at home [55]. Lilian
DeGreef and colleagues created Bilicam, a low-cost system
that uses smartphone images and computer vision techniques
to accurately and easily assess the severity of newborn jaun-
dice [55]. DeGreef and colleagues used machine learning to
analyze images they collected from 100 newborn participants
and created a model to predict bilirubin levels.

B. Social Impact: Public Health

1) Addressing Flint, Michigan’s Water Crisis: After Flint’s
water supply was changed to draw from the Flint River in 2014
to save money [56], the water began absorbing lead from lead
pipes within the water supply. In 2014, the water supply of
the city of Flint, Michigan was changed to draw from the
Flint River in order to save money. The water then began
absorbing lead from the lead pipes within the water supply.
This led to dangerously high levels of lead in the drinking
water [57]. Even though the Flint River was known to be
highly corrosive, Flint officials failed to treat the water [58].
However, the city did not have records of which homes in
the system had lead pipes that needed to be removed. Jacob
Abernethy and colleagues used machine learning to predict
which homes had lead pipes to use the city’s limited funding
for lead pipe removal more effectively [59], [60].

2) Slowing the Spread of COVID-19: Coronavirus
(COVID-19), like other diseases transmitted through air and
surfaces, can be better contained when others can be notified
quickly if they have been in the presence of an infected
person. For an alert system like this to be effective, it must
operate on a large scale and dispatch alerts quickly, which
presents challenges to maintaining individuals’ privacy. To
address these privacy concerns, Ran Canetti and colleagues
created a system that uses short-range communication
mechanisms (e.g., Bluetooth) to provide timely alerts to



individuals that may have been infected without collecting or
storing personal information or location history [61].

3) Teaching Reproductive Health through Games: To pro-
vide greater access to knowledge about reproductive health,
Victor Guana and colleagues built UnderControl, a mobile
game that educates players about contraception and sexually
transmitted infection (STI) prevention [62]. The main goal of
UnderControl is to learn about the use and affordances of
different contraceptives (e.g., condoms, contraceptive sponges,
diaphragms). At the beginning of each level, the player is
provided an informational overview about the STIs and con-
traceptives that appear in the game. UnderControl is built such
that condom usage is the most effective way to advance to the
next level as an analogy for the relative effectiveness in real
life.

4) Predicting Hurricanes: Tracking and predicting extreme
climate events, like hurricanes, is a long-standing scientific
challenge [63]. The need to reduce the impact of hurricanes
has become critical; in 2017, hurricanes killed 300 people
in the U.S. and cost the U.S. $267 billion in damages [64].
Researchers have used a type of machine learning known as
convolutional neural networks (CNNs) to detect and classify
severe weather events with high precision [63]. Extending the
state of the art, Sookyung Kim and colleagues reformulated
the problem in terms of regression to produce time-sequential
density maps of hurricane trajectories [63]. Their model con-
structs density maps much closer to the observed data than the
previous models.

C. Social Impact: Violence Prevention

1) Actualizing Proposed Gun Control Legislation: Gun
violence takes the lives of many in the U.S., with 11,419
people killed in 2013 [65]. A registry of the sale of firearms
is one important form of gun control that officials and law
enforcement can use to trace guns [66]. A current U.S.
Senate office is drafting a piece of legislation that proposes a
voluntary U.S. gun registration system [66]. In order to enact
this vision, Seny Kamara and colleagues designed a crypto-
graphic protocol that is feasible to implement at scale while
guaranteeing the confidentiality of the data in the registry.

2) Predicting Police Misconduct: Police misconduct is the
U.S. is a longstanding issue that is gaining more attention
in mainstream news [67], [68]. Early Intervention Systems
(EISs) aimstrive to identify police officers that are more
likely to be involved in an adverse public interaction so
that steps can be taken to intervene. Current EISs are only
based on supervisor-intuition, which can be biased. Jennifer
Helsby and colleagues built an improved data-driven EIS that
uses factors such as previous adverse interactions, excessive
tardiness, misuse of medical leave, or a low grade on an
annual performance review [68]. Machine learning techniques
were used on data from the Charlotte-Mecklenburg Police
Department, and preliminary results indicate a 20% reduction
in false positives and a 75% increase in true positives over
traditional EISs. That is, their model resulted in a decrease of
officers who were incorrectly predicted to be involved in an

adverse public interaction and an increase in those correctly
predicted to be involved in an adverse public interaction.

D. Social Impact: Equitable Access
1) Bringing Communication to Areas with Low Connec-

tivity: A community cellular network is a mobile connec-
tivity system built “by and for” the people in contrast to
traditional mobile-network operators that are controlled by
corporations [69]. This model can be a viable option for many
communities, especially rural areas that disproportionately
lack coverage because businesses are hesitant to fund costly
infrastructure in order to provide service [69]. Shaddi Hasan
and colleagues developed a system called CommunityCel-
lularManager for operating community cellular networks at
scale [69]. They deployed it in the Philippines in partner-
ship with Globe, the largest mobile-network operators in the
country, providing basic communication services to over 2,000
people in 15 communities.

2) Building Robotic Walking Suit for Patients with Spinal
Cord Injuries: An estimated 282,000 people in the US have a
spinal cord injury [70]. Spinal cord injuries can cause complete
or incomplete tetraplegia or paraplegia, which refers to loss
of sensory or motor control in all limbs or two limbs [70].
Exoskeletal-assisted walking devices are beginning clinical use
to rehabilitate individuals with spinal cord injuries [71]. These
exoskeletons are wearable robots that a human can, by shifting
their weight, use to aid their walking [72]. A randomized
clinical trial with 50 participants with a spinal cord injury
showed that exoskeletal-assisted walking devices can be used
effectively for mobility training [71].

E. Social Impact: Democratizing Technology
1) Designing Social Media for Change: 53% of Americans

engaged in some form of political or social-minded activity
on social media in 2017 [73]. Using social media as a design
mechanism, Noreen Kamal and colleagues designed the online
social network VivoSpace to encourage health behavior change
among users [74], [75]. Participants that used VivoSpace ex-
perienced positive significant changes in their attitude toward
physical activity, self-efficacy in eating healthy foods, and
self-efficacy in performing physical activities. Additionally,
this team abstracted the theoretical foundations of VivoSpace
to explore the design of social media systems that aim to
change behavior in any context, such as in organizing activist
activities [75].

2) Tracking U.S. Immigration and Customs Enforcement
Raids: U.S. Immigration and Customs Enforcement (ICE)
commonly conduct “raids” where they arrest, or attempt to
arrest, one or more non-citizens. The Immigrant Defense
Project non-profit advocates for the rights of these individ-
uals, attempting to illuminate inhumane ICE practices. Using
summaries of ICE raids from the past five years, Immigrant
Defense Project built ICEWatch, an interactive online tool
that utilizes a geographic interface to inform communities and
advocates about where raids have taken place and what tactics
were used by ICE, such as surveillance, warrantless entry, ruse,
collateral arrest, and use of force [76].



VIII. CONCLUSION

The long-term goal of this work is to design and evalu-
ate communal goals interventions that lead to an increased
perception that computing has communal affordances. Based
upon previous research [1]–[3], [5], [6], [22], communal goals
interventions appear to be a promising avenue to increase
students’ interest in computing and sense of belonging in
computing. Given that people who identify as Black/African
American, Hispanic/Latinx/Latin*, Asian, first-generation col-
lege students, and/or women are more likely to have communal
goals, this may be advantageous for efforts to broaden partic-
ipation in computing and promote belonging.

The examples provided in section VII of the social impact
of computing will be used in the next phase of our research
to develop interventions that can be integrated into computing
courses. This will involve iteratively refining the examples and
validating survey questions to assess their impact on students’
perception of communal goal affordance, students’ interest,
and students’ sense of belonging. We expect that students will
vary in the examples that they find most compelling. There-
fore, we will ensure that we are evaluating these interventions
in collaboration with students at the college and pre-college
level who are from groups underrepresented in computing.
And when feasible, we will disaggregate the data to take
into account multiple dimensions of students’ identities. To
increase the potential for scaling, we plan to ensure these
communal goals interventions will demand little class time
and require no additional costs to integrate into existing CS
courses.

It is important to acknowledge that such interventions do
not address issues of structural inequality [8], [9], a lack
of encouragement [10], or bias in the form of discrimina-
tion or microaggresions [11]–[18]. However, communal goals
interventions may lead to low-cost, impactful strategies that
contribute to a suite of efforts to recruit and retain students
from groups underrepresented in computing.

REFERENCES

[1] A. B. Diekman, E. R. Brown, A. M. Johnston, and E. K. Clark,
“Seeking congruity between goals and roles: A new look at why women
opt out of science, technology, engineering, and mathematics careers,”
Psychological Science, vol. 21, no. 8, pp. 1051–1057, 2010.

[2] J. G. Stout, V. A. Grunberg, and T. A. Ito, “Gender roles and stereotypes
about science careers help explain women and men’s science pursuits,”
Sex Roles, vol. 75, no. 9-10, pp. 490–499, 2016.

[3] M. Biggers, A. Brauer, and T. Yilmaz, “Student perceptions of computer
science: a retention study comparing graduating seniors with cs leavers,”
ACM SIGCSE Bulletin, vol. 40, no. 1, pp. 402–406, 2008.

[4] J. Cristobal Salinas, “The complexity of the “x” in latinx: How latinx/a/o
students relate to, identify with, and understand the term latinx,” Journal
of Hispanic Higher Education, vol. 19, no. 2, pp. 149–168, 2020.

[5] C. Lewis, P. Bruno, J. Raygoza, and J. Wang, “Alignment of goals
and perceptions of computing predicts students’ sense of belonging in
computing,” ICER ’19, (New York, NY, USA), p. 11–19, Association
for Computing Machinery, 2019.

[6] A. B. Diekman, E. K. Clark, A. M. Johnston, E. R. Brown, and
M. Steinberg, “Malleability in communal goals and beliefs influences
attraction to stem careers: Evidence for a goal congruity perspective.,”
Journal of personality and social psychology, vol. 101, no. 5, p. 902,
2011.

[7] H. Gavin, “Thematic analysis,” Understanding research methods and
statistics in psychology, pp. 273–282, 2008.

[8] Z. D. Bailey, N. Krieger, M. Agénor, J. Graves, N. Linos, and M. T.
Bassett, “Structural racism and health inequities in the usa: evidence and
interventions,” The Lancet, vol. 389, no. 10077, pp. 1453–1463, 2017.

[9] Google Inc. and Gallup Inc., “Searching for computer science: Access
and barriers in u.s. k-12 education,” 2015.

[10] Google Inc. and Gallup Inc., “Computer science learning: Closing the
gap: Girls,” March 2016.

[11] D. W. Sue, A. I. Lin, G. C. Torino, C. M. Capodilupo, and D. P.
Rivera, “Racial microaggressions and difficult dialogues on race in the
classroom.,” Cultural Diversity and Ethnic Minority Psychology, vol. 15,
no. 2, 2009.

[12] D. Solorzano, M. Ceja, and T. Yosso, “Critical race theory, racial
microaggressions, and campus racial climate: The experiences of african
american college students,” Journal of Negro Education, vol. 69, no. 1/2,
pp. 60–73, 2000.

[13] C. M. Steele, S. J. Spencer, and J. Aronson, “Contending with group
image: The psychology of stereotype and social identity threat,” in
Advances in experimental social psychology, vol. 34, pp. 379–440,
Elsevier, 2002.

[14] J. Salvatore and J. N. Shelton, “Cognitive costs of exposure to racial
prejudice,” Psychological Science, vol. 18, no. 9, pp. 810–815, 2007.

[15] J. F. Dovidio, “On the nature of contemporary prejudice: The third
wave,” Journal of Social Issues, vol. 57, no. 4, pp. 829–849, 2001.

[16] N. Shah, “Race, ideology, and academic ability: A relational analysis
of racial narratives in mathematics,” Teachers College Record, vol. 119,
no. 7, pp. 1–42, 2017.

[17] A. C. Kay, M. V. Day, M. P. Zanna, and A. D. Nussbaum, “The insidious
(and ironic) effects of positive stereotypes,” Journal of Experimental
Social Psychology, vol. 49, no. 2, pp. 287–291, 2013.

[18] J. O. Siy and S. Cheryan, “When compliments fail to flatter: Amer-
ican individualism and responses to positive stereotypes.,” Journal of
Personality and Social Psychology, vol. 104, no. 1, p. 87, 2013.

[19] P. D. Trapnell and D. L. Paulhus, “Agentic and communal values: Their
scope and measurement,” Journal of personality assessment, vol. 94,
no. 1, pp. 39–52, 2012.

[20] A. E. Abele and B. Wojciszke, “Communal and agentic content in social
cognition: A dual perspective model,” in Advances in experimental social
psychology, vol. 50, pp. 195–255, Elsevier, 2014.

[21] B. Brinkman and A. Diekman, “Applying the communal goal congruity
perspective to enhance diversity and inclusion in undergraduate comput-
ing degrees,” in Proceedings of the 47th ACM technical symposium on
computing science education, pp. 102–107, ACM, 2016.

[22] J. M. Allen, G. A. Muragishi, J. L. Smith, D. B. Thoman, and E. R.
Brown, “To grab and to hold: Cultivating communal goals to overcome
cultural and structural barriers in first-generation college students’
science interest.,” Translational issues in psychological science, vol. 1,
no. 4, p. 331, 2015.

[23] J. L. Smith, E. Cech, A. Metz, M. Huntoon, and C. Moyer, “Giving
back or giving up: Native american student experiences in science
and engineering.,” Cultural Diversity and Ethnic Minority Psychology,
vol. 20, no. 3, p. 413, 2014.

[24] A. B. Diekman, M. Steinberg, E. R. Brown, A. L. Belanger, and
E. K. Clark, “A goal congruity model of role entry, engagement, and
exit: Understanding communal goal processes in stem gender gaps,”
Personality and Social Psychology Review, vol. 21, no. 2, pp. 142–175,
2017.

[25] A. B. Diekman, E. S. Weisgram, and A. L. Belanger, “New routes
to recruiting and retaining women in stem: Policy implications of a
communal goal congruity perspective,” Social Issues and Policy Review,
vol. 9, no. 1, pp. 52–88, 2015.

[26] N. Z. Khan and A. Luxton-Reilly, “Is computing for social good the
solution to closing the gender gap in computer science?,” in Proceedings
of the Australasian Computer Science Week Multiconference, pp. 1–5,
2016.

[27] L. J. Sax, K. J. Lehman, J. A. Jacobs, M. A. Kanny, G. Lim, L. Monje-
Paulson, and H. B. Zimmerman, “Anatomy of an enduring gender
gap: The evolution of women’s participation in computer science,” The
Journal of Higher Education, vol. 88, no. 2, pp. 258–293, 2017.

[28] C. Stephenson, “Retention in computer science undergraduate programs
in the u.s.: Data challenges and promising interventionss,” 2018.



[29] E. S. Weisgram, R. S. Bigler, and L. S. Liben, “Gender, values, and
occupational interests among children, adolescents, and adults,” Child
Development, vol. 81, no. 3, pp. 778–796, 2010.

[30] M. Guzdial and A. Forte, “Design process for a non-majors computing
course,” in ACM SIGCSE Bulletin, vol. 37, pp. 361–365, ACM, 2005.

[31] M. Buckley, J. Nordlinger, and D. Subramanian, “Socially relevant
computing,” ACM SIGCSE Bulletin, vol. 40, no. 1, pp. 347–351, 2008.

[32] D. K. Gosser and D. K. Gosser, Peer-led team learning: A guidebook.
Prentice Hall Upper Saddle River, NJ, 2001.

[33] S. J. Van Wart, S. Vakil, and T. S. Parikh, “Apps for social justice:
Motivating computer science learning with design and real-world prob-
lem solving,” in Proceedings of the 2014 conference on Innovation &
technology in computer science education, pp. 123–128, 2014.

[34] N. S. Nasir and V. Hand, “From the court to the classroom: Opportunities
for engagement, learning, and identity in basketball and classroom
mathematics,” Journal of the Learning Sciences, vol. 17, no. 2, pp. 143–
179, 2008.

[35] D. Martin, “Hidden assumptions and unaddressed questions in mathe-
matics for all rhetoric,” The Mathematics Educator, vol. 13, 01 2003.

[36] M. Goldweber, J. Barr, T. Clear, R. Davoli, S. Mann, E. Patitsas, and
S. Portnoff, “A framework for enhancing the social good in computing
education: a values approach,” ACM Inroads, vol. 4, no. 1, pp. 58–79,
2013.

[37] E. R. Brown, J. L. Smith, D. B. Thoman, J. M. Allen, and G. Muragishi,
“From bench to bedside: A communal utility value intervention to en-
hance students’ biomedical science motivation.,” Journal of Educational
Psychology, vol. 107, no. 4, p. 1116, 2015.

[38] G. Ladson-Billings, “Toward a theory of culturally relevant pedagogy,”
American educational research journal, vol. 32, no. 3, pp. 465–491,
1995.

[39] T. C. Madkins, A. Martin, J. Ryoo, K. A. Scott, J. Goode, A. Scott,
and F. McAlear, “Culturally relevant computer science pedagogy: From
theory to practice,” in 2019 Research on Equity and Sustained Participa-
tion in Engineering, Computing, and Technology (RESPECT), pp. 1–4,
IEEE, 2019.

[40] C. Ashcraft, E. K. Eger, and K. A. Scott, “Becoming technosocial change
agents: Intersectionality and culturally responsive pedagogies as vital
resources for increasing girls’ participation in computing,” Anthropology
& Education Quarterly, vol. 48, no. 3, pp. 233–251, 2017.

[41] M. Mejias, K. Jean-Pierre, L. Burge, and G. Washington, “Culturally
relevant cs pedagogy-theory & practice,” in 2018 Research on Equity
and Sustained Participation in Engineering, Computing, and Technology
(RESPECT), pp. 1–5, IEEE, 2018.

[42] A. Strauss and J. M. Corbin, Grounded theory in practice. Sage, 1997.
[43] C. M. Lewis, K. Yasuhara, and R. E. Anderson, “Deciding to major

in computer science: A grounded theory of students’ self-assessment
of ability,” in Proceedings of the Seventh International Workshop on
Computing Education Research, ICER ’11, (New York, NY, USA),
pp. 3–10, ACM, 2011.

[44] C. Doherty and J. Kiley, “Americans have become much less positive
about tech companies’ impact on the u.s.,” 2019.

[45] E. Goldberg, “‘techlash’ hits college campuses,” 2020.
[46] D. Yong, R. Levy, and N. Lape, “Why no difference? a controlled flipped

classroom study for an introductory differential equations course,”
Primus, vol. 25, no. 9-10, pp. 907–921, 2015.

[47] C. McDowell, L. Werner, H. E. Bullock, and J. Fernald, “Pair pro-
gramming improves student retention, confidence, and program quality,”
Commun. ACM, vol. 49, p. 90–95, Aug. 2006.

[48] H. Yuan and Y. Cao, “Hybrid pair programming - a promising alternative
to standard pair programming,” in Proceedings of the 50th ACM Tech-
nical Symposium on Computer Science Education, SIGCSE ’19, (New
York, NY, USA), p. 1046–1052, Association for Computing Machinery,
2019.

[49] A. Salguero, J. McAuley, B. Simon, and L. Porter, “A longitudinal
evaluation of a best practices cs1,” in Proceedings of the 2020 ACM
Conference on International Computing Education Research, ICER
’20, (New York, NY, USA), p. 182–193, Association for Computing
Machinery, 2020.

[50] H. Sung, J. Ferlay, R. L. Siegel, M. Laversanne, I. Soerjomataram, A. Je-
mal, and F. Bray, “Global cancer statistics 2020: Globocan estimates of
incidence and mortality worldwide for 36 cancers in 185 countries,” CA:
A Cancer Journal for Clinicians, vol. n/a, no. n/a, 2020.

[51] A. Yala, C. Lehman, T. Schuster, T. Portnoi, and R. Barzilay, “A deep
learning mammography-based model for improved breast cancer risk
prediction,” Radiology, vol. 292, no. 1, pp. 60–66, 2019.

[52] N. Savage, “How ai is improving cancer diagnostics artificial intelligence
can spot subtle patterns that can easily be missed by humans.,” 2020.

[53] National Institute of Mental Health, “Autism spectrum disorder,” 2018.
[Online; accessed 3-March-2021].

[54] J. Lee, H.-K. Kong, S. Lin, and K. Karahalios, “Plexlines: Tracking
socio-communicative behaviors using timeline visualizations,” in AMIA
Annual Symposium Proceedings, vol. 2016, p. 1890, American Medical
Informatics Association, 2016.

[55] L. de Greef, M. Goel, M. J. Seo, E. C. Larson, J. W. Stout, J. A.
Taylor, and S. N. Patel, “Bilicam: Using mobile phones to monitor
newborn jaundice,” in Proceedings of the 2014 ACM International Joint
Conference on Pervasive and Ubiquitous Computing, UbiComp ’14,
(New York, NY, USA), pp. 331–342, ACM, 2014.

[56] C. Durrance and B. Goodman, Slay the Dragon. Magnolia Pictures, Apr
2020.

[57] Wikipedia contributors, “Flint water crisis — Wikipedia, the free ency-
clopedia,” 2021. [Online; accessed 15-February-2021].

[58] Melissa Denchak, Natural Resources Defense Council, “Flint water
crisis: Everything you need to know,” 2018. [Online; accessed 3-March-
2021].

[59] J. D. Abernethy, A. Chojnacki, A. Farahi, E. M. Schwartz, and J. Webb,
“Activeremediation: The search for lead pipes in flint, michigan,” CoRR,
vol. abs/1806.10692, 2018.

[60] T. Malone, “Using data science to fix the flint water crisis,” 2018.
[61] R. Canetti, A. Trachtenberg, and M. Varia, “Anonymous collocation

discovery: Harnessing privacy to tame the coronavirus,” arXiv e-prints,
pp. arXiv–2003, 2020.

[62] V. Guana, T. Xiang, H. Zhang, E. Schepens, and E. Stroulia, “Undercon-
trol an educational serious-game for reproductive health,” in Proceedings
of the First ACM SIGCHI Annual Symposium on Computer-Human
Interaction in Play, CHI PLAY ’14, (New York, NY, USA), p. 339–342,
Association for Computing Machinery, 2014.

[63] S. Kim, H. Kim, J. Lee, S. Yoon, S. E. Kahou, K. Kashinath, and
M. Prabhat, “Deep-hurricane-tracker: Tracking and forecasting extreme
climate events,” in 2019 IEEE Winter Conference on Applications of
Computer Vision (WACV), pp. 1761–1769, 2019.

[64] Scott Weaver, National Institute of Standards and Technology, “Before
the storm: Measuring and predicting hurricanes,” 2018. [Online; ac-
cessed 3-March-2021].

[65] C. D’Ignazio and L. Klein, “3. on rational, scientific, objec-
tive viewpoints from mythical, imaginary, impossible standpoints,”
in Data Feminism, The MIT Press, 3 2020. https://data-
feminism.mitpress.mit.edu/pub/5evfe9yd.

[66] S. Kamara, T. Moataz, A. Park, and L. Qin, “A decentralized and en-
crypted national gun registry,” 2021. https://eprint.iacr.org/2021/107.pdf.

[67] H. Goldstein, “Policing a free society,” Policing a Free Society Cam-
bridge, Mass: Ballinger Pub. Co, 1977.

[68] J. Helsby, S. Carton, K. Joseph, A. Mahmud, Y. Park, A. Navarrete,
K. Ackermann, J. Walsh, L. Haynes, C. Cody, et al., “Early intervention
systems: Predicting adverse interactions between police and the public,”
Criminal justice policy review, vol. 29, no. 2, pp. 190–209, 2018.

[69] S. Hasan, M. C. Barela, M. Johnson, E. Brewer, and K. Heimerl,
“Scaling community cellular networks with communitycellularmanager,”
in 16th {USENIX} Symposium on Networked Systems Design and
Implementation ({NSDI} 19), pp. 735–750, 2019.

[70] N. S. C. I. S. Center et al., “Facts and figures at a glance,” Birmingham,
AL: University of Alabama at Birmingham, vol. 10, 2016.

[71] E. Hong, P. H. Gorman, G. F. Forrest, P. K. Asselin, S. Knezevic,
W. Scott, S. B. Wojciehowski, S. Kornfeld, and A. M. Spungen,
“Mobility skills with exoskeletal-assisted walking in persons with sci:
Results from a three center randomized clinical trial,” Frontiers in
Robotics and AI, vol. 7, p. 93, 2020.

[72] E. Strickland, “Good-bye, wheelchair,” IEEE Spectrum, vol. 49, no. 1,
pp. 30–32, 2012.

[73] M. Anderson, S. Toor, L. Rainie, and A. Smith, “Activism in the social
media age,” Pew Research Center, vol. 11, 2018.

[74] N. Kamal, S. Fels, M. Fergusson, J. Preece, D. Cosley, and S. Munson,
“Designing social media for change,” in CHI ’13 Extended Abstracts on
Human Factors in Computing Systems, CHI EA ’13, (New York, NY,
USA), p. 3183–3186, Association for Computing Machinery, 2013.



[75] N. Kamal, S. Fels, and M. Fergusson, “Online social networks for health
behaviour change,” Comput. Hum. Behav., vol. 41, p. 444–453, Dec.
2014.

[76] Immigrant Defense Project, “Icewatch,” 2021. [Online; accessed 15-
February-2021].


