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THIS SPECIAL ISSUE of IEEE 
Software focuses on diversity and 
inclusion in software development, 
presenting research results and best 
practices for making the field equi-
table for all. It is well documented 
that the industry does not provide 
evenhanded participation conditions. 
Research has shown that implicit 
gender biases significantly impact 
hiring decisions,1 women disengage 

faster than men,2 Palestinian tech en-
trepreneurs do not have access to In-
ternet-based distribution and payment 
platforms,3 software developers with 
a visual impairment lack tools to navi-
gate code editors,4,5 and women are 
sometimes less likely to get their code 
accepted.6 Tools, processes, products, 
and education are not inclusive. Di-
mensions such as geography, gender, 
socioeconomic politics, age, ethnicity, 
and disability shape who can partici-
pate in creating technology.

Since information technology has 
a direct impact on people’s lives, 
work, and leisure, a lack of diversity 
among developers might uninten-
tionally constrain people rather than 
support them in achieving their de-
sired goals. Technologies have poli-
tics,7–9 and if software developers 
do not intentionally strive to be in-
clusive, there is a high risk that their 
designs will unintentionally exclude 
populations.10 We need a diverse 
and inclusive software development 
workforce, and to achieve this goal, 

we need tools, processes, and educa-
tion that enable everybody to have 
access to successful careers.

The software development pro-
fession does not reflect the people 
who use technology. Unfortunately, 
the literature concerning the diver-
sity crisis in software development 
is fragmented and scarce. Although 
it is well accepted that software de-
velopment is exclusionary, there is a 

lack of agreement about the underly-
ing causes, the critical barriers faced 
by potential future developers, and 
the interventions and practices that 
may help. Moreover, researchers and 
practitioners focusing on one diver-
sity dimension rarely consider it in 
combination with other aspects.

The goal of this special issue is 
to raise awareness of the diversity 
crisis in software development and 
improve equity, inclusion, and diver-
sity in the field. This issue describes 
critical challenges faced by industry, 
nonprofit organizations, academic 
institutions, and society at large. We 
present a set of articles that practi-
tioners, educators, and researchers 
can refer to so that they may gain a 
deeper understanding of the difficul-
ties and barriers that hinder efforts 
to achieve equity. We also refer to 
recommendations that may be con-
sidered in the context of this strug-
gle. Before discussing the articles we 
selected, we review some pertinent 
diversity classifications.

Diversity Classifications
Diversity refers to the variety of 
representations that exist within 
a group, based on a large range of 
facets and characteristics. Diver-
sity is thus multidimensional, and 
its relevant parameters depend on 
the particular and situated prac-
tice under scrutiny. In software de-
velopment, diversity is relevant to 
the groups of people involved in the 
field’s practices and to the technical 
designs emerging from those prac-
tices. Hence, facilitating diversity 
involves studies of software devel-
opment approaches and investiga-
tions of the technologies that result. 
The question then becomes, “What 
are the relevant diversity parameters 
we should consider when exploring 
software development practices and 
technologies?” Given the multifac-
eted complexion of diversity and the 
general-purpose nature of software 
development, it is important to 
acknowledge that we cannot come 
up with a one-size-fits-all classifi-
cation. Instead, we discuss the core 
categories that often emerge in such 
research, in particular, gender, race/
ethnicity, and disabilities.

Gender is probably the most ap-
plied diversity dimension within 
software development,11 particu-
larly since computer science and 
technology professions are known 
to lack women despite the fact that 
programming was originally seen 
as a female occupation, while hard-
ware design was viewed as a realm 
for males.12–15 Although we have 
seen increasing amounts of research 
investigating the experiences of 
women in software engineering,6,16

we want to make it clear that gender 
is not a binary classification. Thus, 
we encourage studies that explore 
experiences along the gender iden-
tity spectrum, including trans17 and 

We need a diverse and inclusive 
software development workforce, 
and to achieve this goal, we need 
tools, processes, and education.
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gender-nonconforming developers. 
We urge the research community to 
consider the multiple sets of gender 
classifications when performing em-
pirical studies. For example, when 
conducting surveys, we draw on  
the recommendation by Scheuerman  
et al.18 to make gender a multiple-
selection question, including the 
classifications of woman, man, non-
binary, and prefer to self-describe. 
This best practice, as well as others, 
can help our community carry out 
inclusive research and log gender di-
versity in our studies.

Race and ethnicity, in particu-
lar, reentered the political arena in 
2020, with the Black Lives Matter 
movement intensifying in the United 
States. In computing research, stud-
ies involving racial and ethnic mi-
norities have included the impact 
of mentorship, the experiences of 
computer science students,19–21 and  
advanced academic careers in com-
puter science.22 As impactful as 
that work has been, there is a lack 
of knowledge about racial and eth-
nic minority experiences among full-
time software developers. Because 
race and ethnicity are not globally 
applied uniform concepts,23 we 
face a question: how can we collect 
data about race and ethnicity within 
global software development in our 
attempt to increase the percentage of 
people who are not white and who 
thus do not have a privileged posi-
tion? We propose that, when con-
ducting global studies, we extend 
the parameters and dimensions of 
the race and ethnicity classification 
scheme so that we can consider a 
category in which subjects self-de-
scribe in relation to their country of 
residence. Similarly, since the race 
and ethnicity classification makes 
sense only within geographical and 
societal boundaries, we cautiously 

encourage properly prepared stud-
ies within those bounds. Further, it 
is critical that we consider people’s 
varying experiences of what it means 
to be a software developer, how these 
experiences are shaped by where in 
the world people engage in the field, 
and how we as researchers conduct 
inquiries into those experiences, for 
instance, by considering the power 
dynamics that arise when outsourc-
ing occurs between the global North 
and the global South.24,25

Disability research in the software 
engineering arena has mostly focused 
on the experiences of developers who 
are blind or have visual impairments. 
Investigations have examined work 
experiences,26 block-based teach-
ing challenges,27 and interventions 
to improve software tools.5 In terms 
of tooling, prior research found that 
programmers who are blind have ac-
cess to fewer features when compared 
to their sighted peers.28 This is be-
cause current integrated development 
environments (IDEs) rely heavily on 
visual abstraction, which is difficult 
to convey via assistive technologies, 
indicating that blind programmers 
lack equivalent access.29 Such limita-
tions force visually impaired users to 
navigate code in a linear fashion, one 
line at a time, and to jump between 
code blocks.30 Although screen read-
ers were found to be useful in various 
applications, software development 
still has limitations, given the com-
plex visual information in many IDEs, 
e.g., color coding. Since much of this 
research investigated methods for en-
abling visually impaired developers to 
comfortably write code, we hope to 
see the emergence of studies centering 
on a range of other disabilities, such 
as motor and hearing impairments.

Besides the preceding catego-
ries, relevant diversity dimensions 
include age, sexual orientation, 

experience, professional disciplines, 
and caregiving responsibilities. 
There are many aspects of diversity, 
and it is important that we invest 
the effort to identify the relevant 
ones. But it is essential to acknowl-
edge that even if we have the best 
intentions, collecting diversity data 
risks surveilling and marginalizing 
minority groups, which can become 
harmful and run counter to our 
goals. Categories have politics,7 and 
by producing categorizations, we 
are also creating politics concern-
ing potentially vulnerable groups.31 
Further, it is vitally important that 
we consider diversity classifica-
tions as socially and historically 
embedded. Diversity classifications, 
such as gender and ethnicity, have 
changed through time, and we must 
acknowledge that those transforma-
tions were not organic. Instead, they 
resulted from struggles rooted in 
historical eras and societal circum-
stances (e.g., Stonewall considering 
LGBTQ+ rights and the Civil Rights 
Movement in the United States), 
and they have not been the same 
across the globe. Thus, when we ap-
ply diversity classification schemes 
with the intention of exposing chal-
lenges, we must consider societies, 
geography, and historical contexts 
so that we do not accidentally com-
mit violence against susceptible 
populations. No catch-all scheme 
can be created; instead, careful con-
sideration is required. If in doubt, 
we ought to ask a group which cat-
egories it prefers and always make it 
possible for people to self-describe.

Cultural Taxation, 
Intersectionality, and 
Imposter Syndrome
While diversity describes the va-
riety of representations that exist 
within a group, inclusion refers to 
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whether or not participants with dif-
ferent backgrounds are invited into 
a group, given full membership, and 
have a positive experience. Thus, the 
question is, “What are some of the 
core barriers for increasing diver-
sity within software development?” 
While individuals might experience 
multiple impediments to software 
development education and profes-
sions, we would like to point to three 
important challenges to inclusion, 
namely, cultural taxation, intersec-
tionality, and imposter syndrome.

Cultural taxation was intro-
duced by Amado Padilla,32 in 1994, 
and refers to the “extra work and 
effort” forced upon ethnically di-
verse academics; however, the term 
is applicable to all types of diversity 
characteristics. Cultural taxation is 
defined by Padilla as “the obligation 
to show good citizenship toward the 
institution by serving its needs for 
ethnic representation on commit-
tees, or to demonstrate knowledge 
and commitment to a cultural group, 
which may even bring accolades to 
the institution but which is not usu-
ally rewarded by the institution on 
whose behalf the service was per-
formed” (see Padilla,32 p. 26). What 
is important here is that if we want 
to promote inclusion in software de-
velopment, we must acknowledge the 
cost that minority practitioners pay 
in time and effort and remember to 
value their work by using more than 
mainstream metrics for promotion.

However, it is not just developers 
who may experience this challenge. 
Scholars who conduct research in 
a “diversity area” related to their 
personal experiences (e.g., gen-
der research in computer science) 
and who are dedicated to fostering 
change often end up having dual re-
search careers. As formulated by Pa-
dilla, the choice between conducting 

“ethnic research” or “mainstream 
research” frequently includes con-
cerns about how “ethnic research” 
might be viewed on a tenure applica-
tion. Cultural taxation—sometimes 
called the minority tax—exists for 
all types of diversity dimensions that 
are relevant to software develop-
ment (e.g., gender, race/ethnicity, 
and disabilities).

Intersectionality explicitly dem-
onstrates how diversity dimensions, 
such as gender and race, are not mu-
tually exclusive categories but inter-
secting ones.33 Kimberlé Crenshaw, 
who introduced the concept, showed 
that because antidiscrimination laws 
are built along single axes, discrimi-
nation becomes a multidimensional 
experience. This means that people 
who embody multiple diversity di-
mensions (e.g., Black women) are lost 
at the intersections between charac-
teristics and theoretically erased (see 
Crenshaw,33 p. 139). In this regard, 
the huge challenge for software de-
velopment is that a diversity clas-
sification scheme risks blinding us 
to specific challenges faced by peo-
ple who embody multiple traits. We 
might create incentives to increase 
gender diversity in computing but fail 
to consider ethnicity20 and disabil-
ity.34 Or we might recruit people with 
diverse backgrounds for user studies 
but forget to consider candidates who 
are blind or who have a skin color 
other than white. Without explicitly 
considering diversity from an inter-
sectional perspective, both when re-
cruiting software development teams 
and when recruiting participants for 
user studies, we risk doubly burden-
ing underprivileged groups.

Imposter syndrome refers to a 
person’s experience of feeling like an 
intellectual phony despite having out-
standing academic and professional 
credentials.35 Imposter syndrome is 

most often experienced by women, 
but it has been found to affect other 
minorities, and it is currently part of 
higher-education introduction pro-
grams.36 With respect to inclusion 
in software development, it is im-
portant that we consider how people 
who embody one or more diversity 
characteristics measure their own 
qualifications and competence. In-
clusion is not only about letting peo-
ple in; people must believe they can 
be successful and have corroborating 
experiences. We must consider reten-
tion as part of the inclusion strategy. 
People who are not white, cisgender, 
and male need to experience a feeling 
of belonging—that they are equally 
important members of the profes-
sion. They cannot become token 
members of committees, teams, and 
groups but must experience true in-
clusion as we move toward diversity 
and equity.

Diversity and Inclusion 
in Software Development
This special issue focuses on these 
issues of diversity and inclusion in 
software engineering. We were for-
tunate to receive 25 submissions 
to this special issue. After rounds 
of reviews and discussions, we se-
lected seven. We briefly describe 
them in this section and hope they 
help achieve our goal of spreading 
awareness of the diversity challenges 
we face while also equipping readers 
with guidelines and best practices.

The first article, “How Trans- 
Inclusive Are Hackathons?” by Prado  
et al., describes a study where the au-
thors surveyed 44 participants and 
interviewed seven participants to un-
derstand the needs and challenges 
of the transgender community and 
other minorities in hackathons. The 
article explains that hackathons are 
an effective place for people to learn, 
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work on collaborative projects, and 
meet new colleagues. Although most 
people enjoy participating, some 
transgender people decide not to join 
in because they feel uncomfortable. 
Based on their f indings, the au-
thors suggest guidelines for mak-
ing hackathons more inclusive for 
trans developers.

In “Impact of Affirmative Ac-
tion on Female Computer Science/
Software Engineering Undergraduate 
Enrollment,” Simmonds et al. focus 
on diversity in the next generation of 
software engineers. They observe that 
affirmative action programs to boost 
female enrollment can have posi-
tive effects for science, technology, 
engineering, and mathematics pro-
grams; however, the initiatives yield 
weaker results for computer science/
software engineering majors. This 
means that to encourage women to 
consider computer science/software 
engineering, these programs should 
complement enrollment quotas with 
other interventions. “Gendered Expe-
riences of Software Engineers Dur-
ing the COVID-19 Crisis” was a 
t imely submission about technol-
ogy professionals pivoting to work-
ing from home during the pandemic. 
This article explores how gender 
impacts their experiences and how 
work–family arrangements affect 
women and men differently. The 
authors make suggestions for bet-
ter supporting gender diversity in 
this context.

The article “Gender Differences 
in Public Code Contributions: A 50-
Year Perspective,” by Zacchiroli, de-
tails a longitudinal study to examine 
women’s and men’s contributions to 
open source code. These projects were 
classified based on the gender of the 
developer commits with the goal to 
examine the evolution of the commit-
ters to the projects since 1970. Using 

a gender inference tool, the author 
showed that female developers’ con-
tributions remain low when com-
pared to those of males. Although the 
author found that men have always 
authored more open source code, the 
gap has begun to narrow.

“Insights Into Nonmerged Pull 
Requests in GitHub: Is There Evi-
dence of Bias Based on Perceptible 
Race?” by Nadri et al. presents a 
novel qualitative analysis of non-
merged pull requests and classifies 
the reasons why the pull requests 
were not merged based on four per-
ceived racial identities: Asian/Pa-
cific Islander, Black, Hispanic, and 
White. The authors found that per-
ceptibly Black and Asian/Pacific de-
velopers had pull requests that were 
rejected at higher rates than those 
of perceptibly White developers. 
The authors present findings with 
respect to additional racial identi-
ties. Overall, they found that per-
ceptibly non-White developers were 
more frequently nonmerged without 
explanation than perceptibly White 
developers were.

“How Successful Are Open 
Source Contributions From Coun-
tries With Different Levels of Hu-
man Development?” by Furtado 
et al. examines how geographic 
location associates with pull request 
submission and acceptance rates in 
open source projects. The authors 
analyzed 44,630 pull requests per-
formed by 14,133 contributors to 
20 well-known and well-studied 
open source software projects on 
GitHub. They associated pull re-
quest submission and acceptance 
rates with the Human Development 
Index (HDI), which measures three 
dimensions: health, education, and 
per capita income. In the analysis, 
the authors found that a majority 
of closed pull requests came from 

developers in the United States, 
the United Kingdom, and Ger-
many, countries with a high HDI. 
They call for more research that con-
siders how geographic differences af-
fect participation in open source 
that fosters an understanding of the 
observed differences in pull request 
submission and acceptance rates for 
various countries.

Finally, in “Combined Intuition 
and Rationality Increases Software 
Feature Novelty for Female Software 
Designers,” Pretorius et al. describe 
an experiment where 80 developers 
were asked to perform a software 
design task. The authors examined 
how design novelty correlated with 
a developer’s gender and preferred 
cognitive style, which they defined 
as intuitive, rational, and a mix of 
the two. They found that women 
produced more innovative designs 
and that women who used an intui-
tive or a mixed cognitive style were 
more prolific than those who em-
ployed a rational approach.

We hope that some of the submis-
sions we could not accept due to lim-
ited space will appear in future issues 
of IEEE Software. As the articles in 
this special issue show, challenges 
related to diversity and inclusion 
are at the forefront of modern soft-
ware practice. We look forward to 
research that tackles this important 
subject. 
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