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Gender Diversity Interventions in Software Engineering:

A Comprehensive Review of Existing Practices

Claudia Maria Cutrupi, Letizia Jaccheri, Alexander Serebrenik

The paper provides a review of existing literature that investigates the

interventions addressing gender disparities in software engineering.

We identified different types of interventions, breaking down the var-
ious characteristics such as the challenges addressed, the stakeholders

involved, their impact on target users, and validation methodology.

Coding workshops and bootcamps are the most frequently reported in-
terventions designed to provide technical skills to women and minorities

lacking a computer science background.

Few studies present interventions designed to retain women in software

engineering and support programs to find real job opportunities.

Few of the identified interventions disclosed the implementation of the-

oretical frameworks to design their approaches.
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Abstract

Context: Over the years, the software engineering (SE) research community
has examined the role of gender within the field, leading to numerous studies
on the challenges faced by women and minorities. Despite this, there is a
significant research gap on the effectiveness of various interventions designed
to address these persistent challenges.

Objective: This review analyzed the current state of interventions that
address gender disparities in the SE context. The goal of the review is to un-
derstand the various interventions implemented in educational and industrial
settings and to identify their impact on women and other targeted minorities.

Method: We conducted a systematic literature review, analyzing 33 stud-
ies that reported on interventions addressing gender disparities in SE.

Results: We identified the most common interventions implemented over
the years, the challenges they addressed, the organizations and target users
involved, the specific actions proposed, the underlying theories, the research
methodologies used, and the impact of these interventions.

Conclusion: The findings revealed a lack of interventions that aim at
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retaining women in the SE field, with few programs investing in employ-
ees’ satisfaction with the work environment. The findings also show a lack
of outreach programs to create meaningful connections with companies and
provide support in finding job opportunities. Moreover, only one interven-
tion incorporates long-term activities, and very few interventions build on a
theoretical background.

Keywords: gender diversity, software engineering, interventions, software

development, systematic literature review

1. Introduction

In recent years, many researchers have studied the implications of gen-
der disparities in Software Engineering (SE), investigating the causes of the
imbalance in the field. Numerous studies demonstrate a significant male
dominance in SE [I 2} B]. Others identify in the presence of stereotypes
and biases some of the aspects that cause a lack of gender diversity in SE
[ 55 [6]. Gender stereotypes are related to societal norms and are difficult to
individuate. Artificial intelligence (AI) itself is influenced by gender biases
[7; 8], reinforcing the perception that SE is better suited to specific group
identities.

Given the rapid advancement of Al, understanding these biases and devel-
oping solutions to mitigate them is crucial to preventing their perpetuation
in future software and in the overall environment. It is therefore impor-
tant to implement interventions aimed at addressing gender disparities [9]:
though the problems are acknowledged, there is a research gap about the

effectiveness of these interventions [10} [T1].
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Interventions by tech companies, universities, the government, policy-
makers, and managers pave the way for the positive reinforcement of gender
diversity in SE. Various initiatives and programs are being implemented,
such as scientific venues that now propose ”best practices for conferences”,
including diversity chairs [12], and government policies that employ gender
boardroom quotas to encourage women in top management positions [L3].
Moreover, several universities have launched initiatives to recruit and retain
women in STEM programs [14].

Other initiatives have been proposed at the industry level; for example,
big tech companies like Google and Microsoft have been publishing annual
diversity reports [15}; [16; 7] and applying diversity policies in their hiring
process [18]. However, we have recently observed a drop in interest in Di-
versity, Equity, and Inclusion (DEI) practices among companies: new trends
suggest there will be reduced focus on diversity among private organizations
and a shortage of funds for every aspect involving equity and inclusion [19].
Therefore, it is increasingly important to share structured knowledge about
how to design and evaluate concrete actions that address gender disparities
to maximize the utilization of DEI goals and minimize the effort required to
achieve them. All of these actions represent efforts to address the challenges
of underrepresentation in SE.

Although the research community recognizes these existing practices,
their implementation is neither widespread nor consistent. Moreover, there
is a lack of synthesis to determine their overall impact or effectiveness. Un-
derstanding evaluation metrics is crucial to assess these initiatives and guide

future efforts. The following paragraphs discuss in depth the current state
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of the literature regarding challenges and solutions for diversity in SE.

1.1. Challenges and solutions for gender diversity in SE

The number of publications regarding gender diversity and other related
topics has increased in the last few years [11], and SE conferences host gender-
related workshops in their programs (such as IEEE/ACM Workshop on Gen-
der Equity, Diversity, and Inclusion in Software Engineering, GEQICSE).
Many studies focus on the challenges and obstacles faced by women and
other minorities in participating in the SE field [10; [6; 20]. These challenges
range from limitations due to biases and stereotypes in the field and systemic
barriers, such as gender pay gaps and obstacles to career growth opportu-
nities, to hostile environments and a lack of inclusive spaces for women and
minorities [21} [10].

Another significant barrier to diversity and inclusion manifests in the
form of toxic or exclusionary work environments. Countless software devel-
opers, particularly those from marginalized backgrounds, recount experiences
of workplace discrimination, harassment, and ostracism within their work-
places. Such hostile climates breed distrust, foster a sense of isolation, and
precipitate alarmingly high turnover rates, thereby undermining organiza-
tional cohesion and productivity [21} [10].

Recent studies also discussed how a gender-diverse workforce leads to a
better work environment [20; 22] and suggest that an organization’s mind-
set towards gender diversity has a strong impact on team performance [23].
Many companies recognize the importance of building diverse and inclusive
teams to improve the quality of their products and services, as well as to

create a better working environment for their employees [20].

4
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One key factor in promoting diversity and inclusion is recognizing the
importance of leadership. Without acknowledgement from the top, diver-
sity and inclusion initiatives are unlikely to succeed [24; 25]. Leaders must
prioritize these issues and communicate their importance to the rest of the
organization. They must also be willing to hold themselves and others ac-
countable for progress in these areas [24} 25]. Another important factor is
the creation of a supportive and inclusive culture. This involves not only
addressing toxic or exclusionary behaviors but also promoting a sense of be-
longing for all employees. This can involve creating spaces for open and
honest communication, providing opportunities for professional growth and
development, and actively seeking out and incorporating diverse perspectives

in decision-making processes.

We shall begin our investigation by considering the current status of gen-
der diversity in SE. Most prior reviews presented findings on the barriers,
obstacles, and challenges faced by women and other minorities trying to
succeed in the field [26; [10; I1]. Specifically, in the literature review by
Rodriguez-Pérez et al. [I1], the authors discuss which diversity dimensions
are more frequently explored and discussed in software engineering. The re-
view presents different diversity dimensions other than gender, such as race,
nationality, and age [I1I]. The results show how there is a lot of focus in
current research on gender diversity; however, they mostly discuss challenges
related to gender-biases, rather than developing methods to mitigate these
issues. Ultimately, the literature review excludes papers published in non-CS

venues and education papers related to SE courses [L1].
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Another topic identified in previous research is about women’s participa-
tion in open source software (OSS) [27; 28]. Trinkenreich et al. [27] focused
on the proposed strategies to support women’s participation in OSS projects,
reporting how these strategies were either scattered or scarcely adopted. The
authors of the paper discuss how most of the primary papers in their review
do not present scientific evidence about the effectiveness of the strategies.
Singh et al. [28] instead focused on specific inclusion initiatives within OSS,
investigating the prevalence of women-only spaces and codes of conduct in
OSS websites. The findings reveal how very few communities explicitly offer
women-only spaces or have comprehensive codes of conduct that specifically
address gender or minority inclusion, suggesting further research is required
in this area to understand the impact of women-only spaces and communities
that support diversity and inclusion.

Similarly, Nunes et al. [29] conducted a systematic mapping study that
included a research question specifically addressing the approaches proposed
to tackle gender issues in software development. Their findings highlight
the presence of gender issues in software systems; however, few approaches
address these issues in Requirements Engineering [29)].

The existing literature predominantly emphasizes the challenges associ-
ated with gender diversity in SE, revealing a shortage of effective strategies
to support diversity. These findings underscore the importance of our current
study, which seeks to review the interventions addressing gender disparities

in SE.
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2. Motivation and Research Questions

Given the interest from both researchers and practitioners, a systematic
review of this area is essential to understand the current state of interven-
tions and explore the conditions that can enable successful and sustainable
solutions for gender diversity in SE. A review of published research would
also help in developing future research agendas and strategies. This litera-
ture review aims to summarize findings on gender-focused interventions in
the SE context, understand the various interventions implemented in edu-
cational and industrial settings, and determine how different approaches to
addressing gender disparities impact women and other targeted minorities.
Additionally, we consider how these interventions are evaluated and assess
whether it is possible to identify unexplored gaps.

Therefore, this study poses the following research question:

What interventions aimed at addressing gender diversity in software engi-
neering have been discussed in the scientific literature?
Specifically, the systematic literature review will answer the following specific

sub-research questions:

e RQ1.1: What are the characteristics of the interventions?

RQ1.2: What is the geographical background of the studies considered?

RQ1.3: Which stakeholders are involved?

RQ1.4: What impact did the interventions have?

RQ1.5: What research methodologies have been used for evaluating

the interventions?



139

140

141

142

143

144

145

146

147

148

149

150

151

152

154

155

156

157

158

160

161

162

Our findings, based on 33 primary studies, revealed different types of
interventions, of which those related to coding activities were most often
reported. Interventions combining multiple approaches, especially those fo-
cused on fostering a sense of belonging, reported higher performance of ef-
fectiveness, as the target users expressed satisfaction with the activities and
perceived their benefits. However, there is a lack of focus on interventions
addressing career support in the workplace. There is a need to further ex-
plore retaining practices, as well as implement robust theoretical frameworks
and interdisciplinary approaches to better validate and understand gender
diversity interventions.

The results of this review identify the characteristics of the interventions,
as well as the key outcomes observed to measure their effectiveness; these
details could be useful for reseachers and practitioners who wish to design
interventions or compare their interventions with the ones identified in the
scientific literature.

On a broader level, this review lays the groundwork for our future research
in this area, and contributes to building new knowledge on the important

topic of gender diversity in SE.

3. Theories, Material and Methods

3.1. Interventionist Approach and Feminist Theories

Bjorn et al. [9] defined interventions, and more specifically, the interven-
tionist approach as recognizing the urgency of a problem that requires imme-
diate action, despite the lack of methods and theory. Hence, an important

part of the research is to plan and conduct interventions while collecting data
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about them to develop theoretical insights [9]. Such an approach involves the
deliberate implementation of strategies designed to foster the inclusion and
support of underrepresented groups in SE.

Interventions can include mentorship programs [30; B1], inclusive hiring
practices [32} [I8], policy implementation [33], and creation of supportive
networks within the workspace [34]. Understanding these interventions is
crucial for creating a more inclusive and supportive environment in the SE
industry. By taking proactive steps, organizations can work towards a more
equitable and diverse workforce, ultimately enhancing the innovation and
productivity of SE teams [9].

Interventions in this research context apply innovative practices to pro-
vide a novel understanding of the software development or computer sci-
ence education context. The characterization and evaluation of interventions
aimed at improving gender diversity involves assessing various aspects of di-

versity, equity, and inclusion.

Studying the impact of interventions can be challenging because of several
factors. First, the diverse nature of SE environments and the diverse groups
paving their way in the field make it difficult to implement a one-size-fits-all
solution [9]. Interventions must be tailored to specific organizational cultures,
team dynamics, and individual experiences to be effective.

Additionally, measuring the success of these interventions requires long-
term studies and consistent data collection, which can be resource-intensive
and complex [9]. In the context of gender diversity, the study of interven-

tions is essential not only to measure their effectiveness, but also to help
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researchers recognize the viewpoint of the people directly involved in this

process, which would clarify the feminist perspective.

Feminist standpoint theory, revisited by Hekman et al. [35], raises a cen-
tral and unavoidable question: "How do we justify the truth of the feminist
claim that women have been and are oppressed? [35]”. This theory agrees
that social science research should start from the perspectives and experi-
ences of women. According to this idea, women in patriarchal countries are
restricted to specific roles and have unequal access to resources because of
cultural norms and expectations [35], resulting in them possessing different
knowledge than their male counterparts. Feminist standpoint theory there-
fore seeks to “reconfigure the epistemic terrain and wvalorize the marginal
perspectives of knowledge [36]”.

Feminist standpoint theory is the research lens for our work. In this case,
to extend the focus to a broader spectrum of gender diversity, we should rec-
ognize that feminist theory is not exclusively about women, but in a broader
sense it is about engaging with the world through critical intersectional view-
points [37]. Ferguson [37] argues about three principles of today’s feminist
theory: intersectionality, interdisciplinarity, and action research.

Intersectionality involves examining gender diversity within a broader
spectrum and collecting information about the various diversity dimensions
discussed. Interdisciplinarity encourages to recognize the human factors in
software engineering [38], meaning that software is a byproduct of humans,
where they introduce intricate social dynamics into the software develop-

ment process that cannot be ignored [38]. Preferring 'technical” over ’social’

10



213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

contributes to a gendered landscape within engineering, where masculine
attributes are often implicitly associated with valued ’technical’ skills, po-
tentially marginalising or undervaluing contributions made by women [39].
Action research embodies an interventionist approach, wherein learning oc-
curs through active participation, observation, and action [9]. This method
involves continuous cycles of planning, action, and reflection to address gen-
der imbalances dynamically. By adopting this approach, researchers and
practitioners can iteratively develop and refine interventions, ensuring they

are contextually relevant and effective.

The present study was conducted following the guidelines expressed by
Kitchenham et al. [40], necessary to conduct systematic literature reviews
in SE. Moreover, additional research methods [41; [42] have been taken as
input. The following section presents the strategy used for the selection of
papers, inclusion and exclusion criteria, quality criteria, data extraction, and
methods of synthesis.

We want to specify that the present investigation focuses exclusively
on interventions that address gender disparities in SE. However, as previ-
ously discussed, the researchers recognize the importance of intersectionality
[43} 44; [45] and are aware of the presence of studies in the literature that
investigate more than one diversity dimension at a time. These studies have
been included in this literature review, provided they also explore the gen-
der dimension, and they have been analyzed in accordance with the scheme

expected from this study.
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3.2. Search Query

The search string for academic papers focused on gender diversity and its
relation to SE; more specifically, the authors were interested in collecting data
that reported the impact factors of an intervention. As introduced in Section
2, in this study we aim to summarize findings on gender-focused interventions
in SE to determine how different approaches that address gender disparities
impact women and other targeted minorities.

Tentative tests were conducted with different search strings several times.
Initially, the string included specific keywords related to the stakeholders and
target users involved in the studies, such as wuniversity, company, students,
and developers and it also referred to words for interventions (tool, method,
model, practice, etc.). However, after a quick observation of the abstracts,
we noted that the studies were too few and not fully related to the topic to
which this literature review is circumscribed, as some well-known, relevant
papers were not included in the initial repository.

In reality, some papers report on interventions without using this specific
terminology. We believed the selection of relevant papers could be better
guided by the definition of more specific inclusion and exclusion criteria. For

the results, the following search string was used:

( gender OR intersectionality OR "LGBTQ” OR woman OR women)
AND ( 7software engineering” OR "software development” )

To see the total of extracted papers, please access the replication package

[46].

12
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3.8. Inclusion and Exclusion Criteria

Studies were considered eligible for inclusion if they:

(I1) Proposed interventions for gender diversity

(I2) Presented interventions applied in software development contexts and /or

computer science education
(I3) Presented empirical (qualitative or quantitative) data

(I4) Were written in English
The exclusion criteria were as follows:

(E1) Papers written in any language other than English

(E2) “Lessons learned” papers without empirical evidence or papers based

solely on expert opinion

(E3) Editorials, article summaries, panels, posters, abstracts, and similar

material

(E4) Papers whose full text was not available

3.4. Selection Process

All the relevant studies selected through the query were stored and or-
ganized using Zotero reference management software. Figure [1| shows the
systematic review process and the number of papers identified at each stage.

The search was conducted in academic databases, including Scopus, ACM

Digital Library, IEEE Xplore and Web of Science. The search, conducted
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Identified relevant
Stage 1 — studies - selected query — n = 3052
in search databases

Cleaning data:
Stage 2 — removing duplicates, —> n=1799
unrelated entries

Excluded articles based
Stage 3 — on titles and abstracts - U=

Excluded articles based _
Stage 4 - on full-text - ()

Analysis based on

Stage 5 - quality criteria

Figure 1: Stages of the study selection process

in December 2023, produced a total of 3052 papers. The filtering process
consisted of five stages, as shown in Figure [l First, duplicated papers and
unrelated entries were excluded. Thus, the total was reduced to 1,799 pa-
pers. In Stage 2, the first author checked all the citations to determine their
relevance to this systematic review. The author did this by reading the titles
first, then the abstracts. Papers that were not relevant to the topic were
excluded. If the first author had any doubt about the relevance of any study
and therefore about the inclusion-exclusion decision, the second author was
consulted; both researchers checked the title and abstract and made the final

decision. Sometimes, a clear indication of relevance could not be obtained
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just by reading the title and abstract. In these cases, the paper was marked
for review in the next stage and checked through full-text reading by first
and second author, using the inclusion-exclusion criteria.

Finally, in Stage 5, the papers were analyzed using the quality criteria
that shall be reported in the following paragraph. In case of doubt, the first

two authors read and discussed the study together to make the final decision.

3.5. Quality Criteria for Fvaluation of Interventions

Quality assessment was performed by defining the quality criteria, both
for quantitative and qualitative studies. The quality criteria were used to
assist in primary study selection. For this literature review, we referred to
the quality criteria reported in Kitchenham and Charters [47] and Dyba and
Dingsgyr [42]. In this case, quality data is used to construct detailed inclu-
sion and exclusion criteria. The following checklist was applied to the present

review:

Screening questions
1. Is this a research paper?

(a) Is the paper based on research, or is it merely a “lessons learned”

report based on expert opinion?
2. Is there a clear statement of the aims of the research?

(a) Is there a rationale for why the study was undertaken?
(b) Does the study present empirical data?

(c) Is there a clear statement of the study’s primary outcome?

15
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3. Is there an adequate description of the context in which the research

was carried out?

(a) Are the stakeholder(s) clearly reported?

(b) Is the type of intervention used reported?

If Question 1 or both questions 2 and 3 received a “No” response, the paper
was excluded. For each sub-question answered in the affirmative, the received
one point, for a maximum of six points. If the total points were lower than

three, the study was excluded.

Furthermore, it is essential to specify that this study also required the
definition of the metrics used for the evaluation of the impact of interventions.
In fact, one of the limitations of studies that propose interventions related
to gender diversity is often issues with the measurement of effectiveness [9].
This is because the context of the study relies not only on scientific and
methodological factors but also on societal ones.

Based on a framework of evaluation proposed by Kirkpatrick and Kirk-
patrick [48] we developed the following quality criteria to evaluate the effec-

tiveness of each intervention:

Evaluation of effectiveness

1. Did the intervention aim at promoting, recruiting, and/or retaining

gender-diverse people in software engineering?

2. Which parameters were used to evaluate the impact of the intervention?

16
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3. Did the target users show a change in skills, knowledge, or attitude?

4. Did the target users apply or test their newly acquired skills, knowledge,

or attitude?

5. Did the intervention have an impact on organizational or societal fac-

tors?

3.6. Data Extraction

We extracted data from each of the 33 primary studies following the
extraction form shown in Table[ll The form enabled us to collect the relevant
details of the studies for the review and to relate the results specifically to our
research questions. The form includes all the relevant details of the papers,
divided in three main areas: 1) Information regarding paper’s metadata; 2)
Detail about the intervention discussed in the paper; 3) The methodology
implemented in the paper. The extraction form was validated by the second
author before the start of the process, then the data were extracted by the
first author and submitted to the second author for validation.

The form allowed us to collect the relevant details of the studies for the
review and to relate the results specifically to our research questions. This
includes all the information regarding the paper, the intervention character-

istics, and the research methodology details.

3.7. Methods of Synthesis

We synthesized the data extracted using a thematic approach that fol-

lowed the recommendations of Cruzes and Dyba [41I]. We conducted two
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1. Paper information

Study identifier

Unique ID for the study

Bibliographic reference

Author, Title, Year, Publication Source

2. Intervention information

Challenges What challenges is the intervention addressing?

Objectives Recruiting, Retaining, Promoting

Types coding workshops and bootcamps, hackathons,
course redesign, community-building activities,
bottom-up strategies, group organization, organi-
zational support, storytelling, mentorship, policies

Design What are the main activities of the intervention?

Countries Where was the intervention conducted?

Stakeholders University, Industry, Government, NGO

Target users

Who are the target users of the interventions?

Diversity Factors

Which diversity factors of the target users have

been considered?

Parameters of Evaluation

Impact of Interventions

Possible changes in knowledge/skills/abilities of

target group

Limitations

Actionable Insights

3. Research methodology

Theory

Which theories did the study considered?

Method

Case study, Experiment, Action research, Inter-

view, Survey etc...

Data collection

Observations, questionnaire, interviews, enroll-

ment data, scores etc...

Data analysis

Descriptive statistics, thematic analysis, qualita-

tive analysis, network analysis etc...

Table 1: Template of the data extraction form.
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w0 rounds of analysis: initially, the first author read all the articles and tran-
s1 scribed important information using the original words of each study.

362 Then, the articles were categorized using reference codes and associated
33 to our research questions (see Table . This process was verified by both
s the first and the second authors, who quality-checked all the data extracted
w5 (Table . To see the complete research protocol and daset of the analysis,
16 please access the replication package [46]. In the following section, we present

sz our findings based on the research questions.

RQs Codes

RQ1.1 Objective, Challenge, Type, Design
RQ1.2 Country

RQ1.3 Stakeholders, Target Users, Diversity Factors

RQ1.4 | Parameters of Evaluation, Impact of Interventions, Limiation, Actionable Insights

RQ1.5 Theory, Research Strategy, Data Collection, Data Analysis

Table 2: Reference codes associated with research questions. See all codes in Table

;s 4. Results

w0 4.1. RQ1.1: Characteristics of the Interventions

370 Our first research question, ”Which are the characteristics of the interven-
sn tions?”, aimed to identify the different interventions explored by researchers.
sz We specifically observed which principles were initially defined to develop
sz the interventions, extracting from the articles the objectives, challenges, and

s other distinct traits of each intervention.
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4.1.1. Challenges and Objectives Addressed in the Interventions

The challenges identified in the interventions for addressing gender dis-
parity in SE span across various sectors, including universities, industries,
and non-governmental organizations (NGOs). The primary studies mainly
refer to the underrepresentation of women and minorities in the field as the
biggest challenge when designing interventions. Some focus on the lack of
targeted programs that inspire women and minorities to engage with SE at
educational level (S1] 33 q11] 915, 917, 20 927).

In industry settings, the challenges often revolve around gender bias, lack
of mentorship, work-life balance issues, and limited career advancement op-
portunities for women (, , , , , , , , , , ,
. Papers such as and specifically address the difficulties women
face in male-dominated environments and the importance of informal, female-
focused communities in providing support and mentorship. Additionally,
and 914 explore the complexities and benefits of maintaining diverse teams,

emphasizing the need for effective strategies to build and sustain diversity.

These challenges are intricately linked to the objectives of promoting,
recruiting, and retaining women and gender minorities in SE the papers aim
to address. The correlation diagram presented in Figure [2|shows the different
types of interventions and their objectives.

As we can see, the majority of the identified interventions propose pro-
moting practices. They refer to the types of interventions that have the goal
of supporting or actively encouraging the progress of gender diversity in SE.

There are many reasons why it is important to focus on promotional prac-
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Figure 2: Correlation diagram showing the relation between type of interventions (inside

circle) and their objectives (outside circle).
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tices, such as overcoming the socio-cultural barriers that hinder women’s
participation from in the field ( and creating inclusive long-lasting ex-
periences (q@, . For example, in university courses that have group
organization based on gender, the goal is to provide a diversified educational
experience in which students can test their skills and thrive in an inclusive
and diverse environment (15 918 §23). Other promotional interventions
are offered by hackathons: these are organized to support women’s needs
through the design of inclusive organizational guidelines (, 521)), women-
only mentors (, challenges addressing women or important social causes
(, , and the evaluation of brainstorming techniques to close the par-
ticipation gap for minority participants (

Recruiting women and minorities into SE careers and education presents
its own set of challenges. Under recruiting practices we identify all the inter-
ventions that aim at increasing the participation of women and other gender
minorities in SE careers or education. Coding workshops and bootcamps
are designed to attract women by offering learning experiences that enhance
their skills and interest in SE (, SEL , , . These interventions
alm to recruit more women and minorities in the fields of computing and
software engineering by teaching them development skills that could provide
them an opportunity to start a career in these fields. However, these in-
terventions must address the broader issue of underrepresentation and the
need for more targeted programs, as highlighted by the study on affirma-
tive action in college admissions (§17)). The challenge here is not only to

recruit women but also to sustain their interest in SE fields. For example,
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communal goals that emphasize helping others and working collaboratively
can make computing careers more appealing to a diverse range of students
(. Additionally, informal, women-focused communities have emerged as
a response to the male-dominated settings in formal learning environments
and workplaces, providing women with the support they need to enter the

programming community (S5)).

Fewer papers discuss retaining practices. These interventions aim at lim-
iting the dropout rate in their work or academic environment, for example,
by creating inclusive and supportive workplaces (, . The majority of
these derive from bottom-up strategies. Women in the tech industry often
face unique difficulties, such as gender biases, work-life balance issues, and
limited career advancement opportunities. Their knowledge and experience
brings to the development of strategies, proposed by the women themselves
in their workplace, directed to create a supportive environment within the
female employees. In some cases, the strategies are directed at sharing and
teaching survival strategies (, for the environment in which they
work.

Another observation we can add is that there are multiple interventions
that are not limited to a singular objective, but rather propose a mix of
activities. For example, in the goal is to broaden participation and in-
crease diversity in electrical, computer, and software engineering programs.
To achieve this goal, the structure of the courses is redesigned by offering peer
mentoring, weekly seminars, career fairs, and financed scholarships. There-

fore, the goal is to increase the number of women and minorities enrolling
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in these courses and to create a supportive environment that limits dropout
and maintains interest by promoting external activities with conferences and
career seminars. The same objective can be observed in study §28| where the
goal of women software communities is to attract more women into engineer-
ing programs. These communities similarly offer a mentoring and support
system that helps women overcome personal and professional challenges in
the field.

In the following paragraph, we focus on different types of interventions

implemented to address the challenges faced by women and minorities in SE.

4.1.2. Different Types of Interventions

After discussing the main challenges and objectives covered in the ana-
lyzed papers, we would like to take a closer look at the specific designs of
the proposed interventions. We aim to break down the different types of
interventions, examining their structure and the activities they entail.

Table |3 provides a summary of all the different types of identified in-
terventions and presents a brief description about what they propose. The
following paragraphs clarify how the different interventions are interrelated

and provide critical insights into their application.

Coding experience in short and long-term interventions

We identified interventions that present coding-related activities as a way
to provide hands-on learning experiences and skill development opportunities
for students or other individuals interested in acquiring coding experience.
These interventions were identified most frequently, with seven papers dis-

cussing different activities related to coding. These activities are often in-
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programs

1D Type Description %
Eiél éz] égl Coding workshops | Provide hands-on learning experiences and skill de- | 21%
10| S12| | and bootcamps velopment opportunities for individuals interested
qﬁ_l_ in software engineering
Sjﬁl Hi_4| Hackathons Organize group activities that foster innovation, | 12%
S{E @ collaboration, and problem-solving skills among
participants, particularly in the realm of technol-
ogy and software development
‘ ‘ Course redesign to | Provide new teaching concepts and redesign their | 12%
E{g @ embrace diversity | programs based on existing theories or experimen-
factors tal approaches
Sill Eiél Community-building | Create supportive networks and spaces for collabo- | 12%
% 81@ activities (or research | ration among individuals in the software engineer-
activities) ing community
Bottom-up strategies | Empower individuals within organizations to ini- | 9%
‘ tiate change from the bottom level of the organi-
zation
‘ Group  organization | Explore the impact of gender on software develop- | 9%
S]g based on gender ment teams
é@l Organizational  sup- | Organize company-level support that focuses on | 9%
S{E L port diversity, equity, and inclusion
Sigl % Storytelling Showcase diverse career paths and role models in | 6%
software engineering, encouraging individuals from
underrepresented groups to pursue careers in the
field
4E| 41_7| Policies Involve policymakers to develop high-level policies | 6%
that address systemic inequalities
@ Mentorship programs | Encourage women’s participation in engineering | 3%

Table 3: Distribution of intervention types and their respective percentages based on the

number of studies (S1-S33)
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cluded in the educational programs of coding bootcamps (SEL , ,
or in coding workshops designed to include young women without a computer
science background (4] 97, §32).

The papers that included coding activities generally described the pri-
mary goal as increasing the interest of women and other underrepresented
groups in coding and providing career opportunities in tech. Hence, these
interventions offer one-day or week-long courses in different programming
languages and the introductory principles of coding for front-end web design
(4] 10, 912, §30). One of the programs provides three different workshop
activities ( that also offer monthly programming literacy workshops and
collaboration opportunities with local tech companies.

Some of these studies, specifically the ones describing coding bootcamps
(S@, , present details regarding costs and differences between these ac-
tivities and a computer science degree. In fact, these coding bootcamps
can amount to quite a significant investment that costs between $12500 and
$17000 (Sg, , and they offer the means to develop skills that can be ap-
plied in the job market. These programs often include peer-to-peer support
and collaboration with local tech companies, with scholarships available to
mitigate the high costs of participation (S30]). However, this financial bar-
rier can limit accessibility for many individuals, even when scholarships are

available.
Activities related to coding and programming are also included in differ-

ent interventions. For example, during hackathons, participants use comput-

ing and programming skills to solve a specific problem. These types of activ-
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ities offer a different approach than the one identified in coding bootcamps
or workshops. Hackathons foster innovation, collaboration, and problem-
solving skills among participants [49], especially in the realm of technology
and software development. They vary in theme, organization strategies, and
industry or NGO involvement. Hackathons are also short-term; they may
last two or three days (, , or have a longer preparation time
(. Unlike the intensive courses in bootcamps, hackathons of such limited
duration may not provide enough time for participants to develop compre-
hensive skills or fully develop a functional project that can be supported after
the event is concluded. Only one paper presented a plan to support projects
post-event with stipends for the team members (S16)). The involvement of
external companies allows for the further development of the teams’ solutions
even after the hackathon.

The actions in these hackathons mostly relate to including more women
or other minorities in SE or related tech fields, and they often include guide-
lines for designing inclusive events (, , improving communication
(914} S16), and promoting diverse team formations (J13 §14] 916, and 21]).
These hackathons provide valuable opportunities for women and minorities to
showcase their skills, collaborate with peers, and pursue innovative solutions
for real-world challenges. One paper (16]) also mentioned an intersectional-
ity perspective as the primary approach to designing an inclusive hackathon.
Another proposal was a female-focused hackathon, which women were highly
encouraged to join and men could participate in a smaller percentage; more-
over, the hackathon offered hackathon-themed challenges that addressed im-
portant NGO issues (7 such as supporting a space for socially vulnerable
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people. The presence of mentors was the biggest commonality among all
the studies. Many studies used women-only mentors as a way to increase
diversity in hackathon participation (, S21)), thus providing valuable

support and encouragement to participants.

Interventions for academic settings

In this review, we identified interventions designed exclusively for aca-
demic settings. These interventions follow an approach based on curriculum
revision or course restructuring ( , , . They introduce new
teaching concepts and redesign programs based on existing theories or ex-
perimental approaches. They combine various strategies and interventions to
address multiple facets of gender diversity and inclusion in SE. Courses are
redesigned to embrace diversity factors, engage students in socially impactful
projects with community partners, and recruit participants based on interests
and minority group representation. We can consider them multi-intervention
approaches because they propose multiple activities, such as seminars, group

activities, and presentations by guest speakers (, 19)).

These interventions also involve many different actors for their implemen-
tation, like the collaboration with NGOs (93, S20). The students develop
digital solutions for socially impactful projects by engaging in experiential
learning projects. In fact, several of these interventions are built on a theoret-
ical model of the communal goal perspective (, , which suggests
that working with others and in the service of others are important career
goals that enhance diversity and inclusion. Among all the intervention types

identified in this review, this category shows the strongest correlation with
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the literature and theoretical frameworks. However, while these interventions
are robust and theoretically grounded, they are also resource-intensive and
challenging to implement. Redesigning curricula to embrace diversity and
inclusion can be challenging and resource-intensive, as it requires time, re-
search, and validation of the effectiveness of new teaching models. Moreover,

some programs face difficulties in securing funding and participation (S20)).

There are also interventions that, instead of overhauling the course to
address DEI challenges, alter one factor of the course structure to assess their
efficacy. We identified interventions that explored the impact of gender on
software development teams by observing how gender distribution impacted
group dynamics ( and . Like the previous type of intervention,
these practices are identified exclusively in university settings and combine
theoretical concepts with education curriculums.

The papers discussed the impact of gender diversity in project-centric
courses ( , with one specifically observing how women functioned in
leadership positions in software development teams ( In study , the
authors applied intergroup contact theory [50] to address gender bias.

followed a different approach, in which the groups were also divided
according to gender, but into homogeneous groups. This gender segrega-
tion was based on the hypothesis that women and men perform better in
same-gender groups I8 The students were divided into groups and their
performance was observed throughout the semester.

When compared to the previous intervention type, the interventions that

focused on group diversification (, S23) offered a more targeted ap-
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proach by exploring the impact of gender on software development teams.
These interventions often involve altering one aspect of the course structure,
such as group composition, to measure their efficacy. Although these inter-
ventions are easier to implement and can provide immediate insights into
gender dynamics, they may lack the broader, long-term impact of compre-
hensive course restructuring. Their effects might be more limited in scope,
addressing specific issues without producing widespread, lasting change.
While both types of interventions aim to improve educational experiences
and promote gender diversity, course restructuring offers a more holistic and
potentially transformative approach, although with greater implementation
challenges. In contrast, group diversification interventions provide a more
straightforward solution to specific problems. Balancing these approaches
could offer a more effective strategy for fostering diversity and inclusion in

academic settings.

Organizational support vs. bottom-up strategies

Other characteristics of the identified interventions revolve around indus-
try, and mainly focus on the work environment and how it affects employees’
experiences. These interventions discuss the drawbacks of not having a sup-
portive environment for minorities and explore how this situation compares
with realities in which inclusive practices are promoted to support employ-
ees. Bottom-up strategies empower individuals within organizations to initi-
ate change from the bottom up. These types of interventions are promoted
directly in organizations by the employees. They can be defined as employee-
company awareness (32)), survival strategies (7 and coping mechanisms

in a toxic, highly masculine environment (S25)). They mostly address the
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consequences of the struggles and obstacles women face in their work life. In
these interventions, we observe how women take the initiative to raise con-

cerns, suggest actionable solutions (92)), and engage in strategies to improve

their work environment (S24]), §25|) and increase career opportunities (524)).

The studies discuss the various adaptive strategies that women employ
to navigate and succeed in male-dominated industries, including tactical ne-
gotiation of gender rules, flexible career development, and assimilation into
masculine daily interactions ( Additionally, the interventions consider
factors beyond gender, such as age and motherhood, acknowledging the di-
verse experiences and challenges faced by women (, . Achieving a
work-life balance is a common goal, with solutions addressing the need for
policies supporting motherhood and flexible work arrangements (S2)).

Empowerment and advocacy are also central themes, with women refin-
ing their technical skills, seeking peer support, and adopting strategies to
fit into the work environment ( The studies suggest implementing di-
rect policies for immediate change, such as providing soft skills training for
managers, issuing directives to hire more women, creating inclusive spaces,
promoting more flexibility, and recognizing women’s achievements (, ,
. However only one study reported on the organizational response to
these initiatives (52).

Some of the practices mentioned by employees are the same practices we

observe in studies where the organization supports their employees (, ,

529). In fact, these interventions emphasize the importance of organizational
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support in creating and sustaining diverse teams. They highlight the role of
managers in promoting gender, ethnic, and racial diversity (, .

They implement hiring policies that specifically target underrepresented
groups ( They propose a framework to learn how scrum may undermine
women’s participation in their team and to obtain tested recommendations
for ways to improve scrum practices to better support women in tech (
Additionally, these studies provide insights into how organizational support
can enhance team cohesion and performance, demonstrating the broader im-
pact of diversity initiatives on organizational success (, .

One paper specifically discussed the interesting concept of technical ally-
ship ( This consists of actions that address inequity beyond simply
expressing support. Technical allyship refers to building confidence in the
technical skills possessed by engineers from underrepresented groups and ad-
vocating for them when their technical expertise is undervalued because of

their racial, ethnic, or gender identity.

The role of mentors and roles models

A significant characteristic in multiple types of interventions is the refer-
ence to mentors and role models. Some studies in this review (, , ,
, , collectively highlight the significant impact of mentors
and role models in fostering gender diversity and inclusion within the SE
community. These interventions, although varied in their approaches, share
a common theme of leveraging role models and mentors to inspire and sup-
port individuals, particularly women, in their educational and professional

journeys. For example, some interventions focus on creating supportive net-

works and collaborative spaces within the SE community (, , S33).
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These interventions not only engage women in community work and in-
spire them to enter science and engineering fields (, , but also support
women already working in the industry. For instance, an internal community
established by the company helps women transition from salesforce admin-

istrators to software developers through coding sessions and mentorship (

Similarly, the Ada program focuses on outreach, recruitment, and creation
of a supportive social community for female students in various engineering
programs, offering mentoring, coding workshops, and social events (
These community-building activities are not limited to younger groups or
university students; mentors and role models can also be beneficial for pro-
fessionals at various stages of their careers.

Despite the fact that mentors and specific programs dedicated to this
course are known to exist, however, we only identified one paper that pre-
sented the results of a mentorship program (S31)). This program provides
industry mentors to support undergraduate students in IT studies and offers
guidance and support for course activities, helping students navigate their
academic and professional paths. Although we identified only one study in
this category, we should recognize that the mentorship activity has been
mentioned in other different types of interventions as well.

Mentorship is also a recurring theme in other interventions, such as
hackathons, coding activities, and course redesigns, in which mentors pro-
vide essential support for larger initiatives ( , , . We also see
that, unlike community-building activities, these interventions strictly target

university students. However, mentorship programs should not be limited to
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younger groups or university students; these programs can also benefit pro-

fessionals looking to achieve new career goals or expand their opportunities.

Role model figures are also promoted through storytelling interventions
(, , that aim to showcase diverse career paths and role models in
SE, inspiring individuals from underrepresented groups to pursue careers in
the field. These initiatives highlight the achievements and contributions of
women in technology, offering passive role models through narratives that
inspire the next generation of leaders and innovators. However, unlike men-
torship programs and community-building activities, storytelling does not
involve direct interaction with the role models, which may limit its impact.
The role model figures in storytelling are passive, as there is no actual in-
volvement of the people that the authors wish to inspire. These types of
interventions should be analyzed further. For instance, storytelling could be
enhanced by incorporating more interactive elements, which would enable

individuals to engage directly with the role models.

High-level policies for systemic change

These interventions, while less common in the literature, play crucial roles
in addressing systemic inequalities and encouraging diversity in professional
environments. To accomplish this, these interventions rely exclusively on
policy implementations in private or public settings to directly target in-
equalities. We identified two papers in which these high-level policies were
discussed, and both presented very different results. On one hand, a study
discussed how women, after being offered the opportunity to enroll in any

STEM courses, preferred physics courses over engineering or computer sci-
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ence (17). The study discussed that there is a lack of role models in CS/SE,
being the courses and the consequent job market in Chile highly gendered,
and that policy interventions should be supported by other programs that
encourage young women to explore a career in SE.

On the other hand, another study (S@ discussed the creation of a na-
tional policy to promote gender equality in science, technology, engineer-
ing, and innovation. This intervention specifically included the collaboration
of universities, industries, and governments. The intervention addressed a
country-wide problem and included the development of activities to raise
awareness of gender gaps and inequalities faced by women in science and
technology.

The effectiveness of these types of interventions is uncertain, as policy im-
plementation does not necessarily ensure positive results. A study we men-
tioned before ( showed how addressing solely the headcount of women
is only a temporary solution and how implementing proactive actions that
address the interests and challenges of the targeted groups yields more ben-
eficial results.

Moreover, although only one intervention discusses the use of quotas to
engage women in SE courses, it is important to specify that many of the
primary studies provide incentives for underrepresented minorities (, ,
, , either by offering scholarships or by selecting students based on
their personal interests and core values. Even in bottom-up strategies, women

request their companies to install policies to safeguard motherhood and work-

life balance (2] 924)).
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Figure 3: Geographical distribution of the primary papers included in the review (S1-S33)
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4.2. RQ1.2: Geographical Background

The second research question aims to observe the geographical back-
ground of the research considered. As we can observe from Figure [3] the
majority of the studies were conducted in North America, either in academia
or industry. In total, 12 studies were conducted in that geographical area
(, , E@, S@, , , , one of them specifically
in Central America (36).

Furthermore, four studies were reported in South America (13, 916}, §17
. However, almost all these studies were conducted in Brazil ( ,
with just one conducted in Chile (§17). The global studies included
participants in various geographical areas (, : this is be-
cause the studies aim to investigate global phenomena, therefore multiple
geographical locations were considered. Next, the North European countries
included Denmark (§7), Norway (915) and Finland (528)).

The Central European countries included Austria (J11]) and several coun-
tries from authors’ affiliations (§22)). In West Asia, one study was conducted
in Kuwait (§18)) and one in the United Arab Emirates (527)), while East Asia
was covered by studies conducted in China (4] §25)).

There is a lack of representation from regions such as Africa, Oceania,
with only one study identified in Australia ( and large parts of Asia.
Finally, one country could not be identified, as the paper did not specify the
geographical area in which the investigation was conducted (

The gaps in certain geographic areas highlight the need for more diverse
research to understand how gender diversity interventions manifest in differ-

ent cultural and economic settings.
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@, Industry 42%

élL é&L éZL M, @, S{HL University 33%
18] ,

S4l 91 S22, S31|, S33 University /Industry 15%
916 Industry /NGO 3%
S20 University /Industry/ NGO 3%
S6 University /Industry /Government | 3%

Table 4: Overview of stakeholder involvement across various studies (S1-S33)

4.8. RQ1.3: Stakeholders, Target Users and their Diversity Factors

This section is organized as follows: First, we shall cover which stake-
holders (university, industry, NGO, government) promoted the interventions.
Next, we shall specify to which target users and diversity factors these in-
terventions were directed. This point is important because, although this
investigation focuses on gender diversity, we acknowledge the importance of
intersectionality in the research work. Therefore, we noted any other diver-

sity dimensions that were considered.

4.83.1. Stakeholders

The overall distribution of the included studies and the stakeholders in-
volved is reported in Table [ The 33 studies included in this analysis are
roughly equally distributed between industry and university, with 14 papers

investigating the effects of intervention in industry and 11 papers investi-
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gating the same in universities. The remaining papers analyzed multiple
contexts, with five interventions organized in both university and industry
and other interventions organized with additional stakeholders, like govern-
ment bodies and NGOs. The data reported in Figure 4 show that uni-
versities, industries, NGOs, and government bodies are actively involved in
initiatives such as community-building activities, coding workshops, policy
development, and organizational support.

Notably, strategies such as bottom-up approaches and hackathons emerge
as prevalent practices within industry settings. Additionally, storytelling,
gender-based group organization, and quota are exclusively directed at uni-
versities. Course structure redesigns are also mostly implemented in univer-
sities. In one case, the course was redesigned to receive the participation of
industry and NGO representatives and to enhance the importance of learning

through an inclusive and societal effort.

4.3.2. Target users and their Diversity Factors

The target users in the studies included a diverse group of people involved
in different aspects of the SE field. Many studies, such as S1, 3] 56,
7, 15 ST0 18 SO, S211 S22 29 2, 2 20, S27 and SO, are
focused on women in various capacities within the software development
field, ranging from students to professionals. Ethnicity and race emerged
as recurring factors across multiple studies, including 2| 53, S5 S10]
S0} 20, 27, and S50

Other recurrent diversity dimensions mentioned in 2| and shed light
on the intersectionality of gender and familial responsibilities, particularly

concerning motherhood. These papers explore the particular difficulties
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Figure 4: Correlation diagram showing the relation between types of interventions and
stakeholders where those are applied
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women encounter in juggling their desire for careers with their caring re-
sponsibilities, highlighting the necessity of supporting policies and practices
that take into account the needs of employees.

Minority groups are also mentioned (, , , including indigenous
people and racialized groups. and mention gender as a broader
spectrum that goes beyond the focus on women. Another diversity dimension
mentioned in and 24 is related to age. 24] is in particular focuses on
women over 40 and their survival strategies in the software development field.
Age-related interventions, although not extensively explored in any other
studies, reflects a significant challenge for women in the software development

field [5} [©].

4.4. RQ1.4: Impact of the interventions

To answer the research question “What impact did the interventions have?”,
we sought to understand what researchers examined in their studies to mea-
sure the effectiveness of their proposed approaches and solutions, and whether
they addressed limitation or shortcomings. To do so, we used quality criteria
for the evaluation of effectiveness, as specified in Section

In this paragraph, we present the results on the impact of the inter-
ventions through several key outcomes, including Participation and Support
(91} 95 928 933), Performance and Confidence (93] 911} 20, 94, 57} 99
, Bias Reduction (, , , Support for Career Changes
and Growth ( , , , , S@, , Engagement and Interest
(919 S20] and Structural Changes (56 917, §19).
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By examining the impact of these interventions through various key out-
comes, we can gain a comprehensive understanding of their effectiveness and
identify best practices for fostering a more inclusive and supportive environ-
ment for women in the software development community:.

This critical reflection allows us to appreciate the complexity of the is-
sue and the importance of tailored, methodological approaches to addressing
gender disparities in the tech industry. Moreover, we discuss the limitations
and future work expressed in the primary studies to identify possible short-
comings of the interventions, as well as an overview of which studies present
implications for researchers, practitioners and other organizations who wish

to adopt the same approaches.

Participation and Support

Several interventions, such as community-building activities ( , ,
, have been shown to mitigate isolation and foster a sense of belonging
among women in the software development community. For instance, female
graduates participate more in college-wide activities and organizations (S1J),
suggesting a positive effect on their social integration and support systems.
Measures adopted in study did address important inclusion needs, such
as access, motivation, and capability. The program did not deploy measures
that directly affected access, like quotas or admission criteria, but mostly
worked to include and promote women’s participation through activities,
talks, and other social components as an indirect way of addressing access.

Women communities in SE do an important job of raising awareness of the
skills needed for the industry, and in general, they promote fair treatment of

women in professional environments (928, §33)). However, the narrative dur-
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ing women-only events sometimes focuses more on the general need of women
in tech, and participants have expressed the need for a more professional fo-
cus that expands opportunities for women to rise in the SE community while
raising up the gender agenda (

The hackathons identified in this review have also impacted the partici-
pation of women and underrepresented groups. In fact, as specified earlier in
the paper, the different inclusive guidelines and measures have encouraged
the participation of minority groups. However, the results also produced is-
sues that can be linked to challenges related to an unwelcoming environment.
For example, in study women who participated in previous hackathons
described their contribution as below average, and half of them did not be-
lieve women and men were treated equally in these events. In two studies
(, , minority participants expressed issues with their perceived ability
to participate, and they felt like they were not being heard by other group
members or they were treated unfairly.

Another challenge was the high perceived competitiveness, which was not
expected by the participants in a hackathon with mostly women competing.
The study discussed that having mostly women in an event is not sufficient for
a healthy environment ( In certain cases, the actions adopted during the
event, such as the laid-back approach not focused on competition ( and
the implementation of brainstorming activities to manage group dynamics

(S14)), had a positive impact on these challenges perceived by the groups.

Performance and Confidence
Educational interventions, including course redesigns (, S20) and
coding workshops or bootcamps (, , S@, S12), reported substantial im-
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pact on the technical performance of participants. In several studies, partic-
ipants with no prior coding experience highlighted that extra support activ-
ities positively affected both the learning experience and their non-cognitive
skills (, S@) Women attending bootcamps described their experience with
female mentors and peer support in an all-women program as very influential
for their self-efficacy and confidence (, SEL , .

Bootcamp participants in this context are women who entered the tech
field as adults after gaining a better understanding of what the industry
would require. They report some positive experiences in peer support, intro-
ductory classes to programming and technical workshops ( . These
women reported being initially discouraged from participating in a CS major
because of a lack of understanding of the discipline.

On the contrary, women who graduated in CS explained how their inter-
ests in the field was encouraged at an early stage of their lives, where they
were exposed to mathematics and coding. Women software communities also
do an important job of attracting more women to the tech field and inspiring

them by offering peer support and assisting with the development of concrete

skills (S28]).

Bias Reduction

Organizational support initiatives (, and interventions that ad-
dressed gender dynamics in software development teams (,
reported impacts in terms of reductions of gender bias. For example, having
female leadership (S15) offered female students more managerial responsi-
bilities; women were highly involved in administrative, project management,

and requirement activities.

44



885

886

887

888

889

890

891

892

893

894

895

896

897

898

899

900

901

902

903

904

905

906

907

908

909

However, they also reported that they perceived their influence on SE ac-
tivities as limited, and they had little involvement in Scrum and architecture
related activities. Women were less active in complex technical problems,
and mostly participated in ordinary programming tasks.

In other cases, gender had different impacts on software development
teams. Intergroup contact theory ( produced positive results in reduc-
ing gender biases within the members of the team. Gender-segregated classes
(918) had a positive effect on the final course score; the overall class score
improved from 58% to 74% after this strategy was introduced. The perfor-
mance gap between genders decreased, and the researchers found a corre-
lation between introducing single-gender teams and increased enrollment of
both genders.

On the industry side, the implementation of supportive hiring practices,
hiring of self-empowering managers, and utilization of initiatives to retain
employees in a well-functioning team led to improved team performance and
reduced gender biases, fostering a more inclusive work environment (, .
Specifically, study shows how an organization’s mindset towards gender
diversity has a stronger effect on team performance than gender diversity as

a headcount number alone.

Support for Career Changes and Growth

The interventions that have an impact on careers are the bottom-up
strategies proposed by the women in the company and that directly address
biases, obstacles, and lack of opportunities that they experience themselves
(, , . The reported interventions aimed at promoting a safe and

understanding environment that fits the needs of all the employees.
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These bottom-up strategies, while helping employees secure positions and
gain peer support, also underscore the persistent gender biases and obstacles
women face. Some of these survival strategies show how women adapt them-
selves to survive hostile environments, while other strategies show employees’
commitment to creating an inclusive and supportive workplace.

While the strategies, proposed by the developers themselves, demonstrate
their commitment to creating more inclusive and supportive workplaces, the
ongoing reality highlights the challenges in achieving true gender equity in
the tech industry. Only one paper referred to concrete actions taken by a
company in accordance with the concerns and suggestions of the employees
(D).

Women enrolling in bootcamps also shared their job search experience: in
some cases, the job search was long and discouraging, and women had to ac-
cept entry-level job in small/mid-size companies (J9). Companies’ opinions
on bootcamps hires differed: while big tech companies may have been skep-
tical about hiring software developers with no CS degree background (S9),
in certain cases, companies expressed no different perceptions regarding abil-
ity and technical skills between bootcamps hires and to CS graduates (
Overall, many interventions have proven to be career changes opportunities
for women who develop a late interest in CS (S§30]), or wish to transition
into technology roles (, . The support of women communities and the
learning opportunities offered by coding bootcamps and workshops increase

opportunities for women to find alternative pathways to the tech industry.
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Engagement and Interest

Storytelling techniques (, have positively influenced women’s in-
terest in STEM fields. Increased average interest scores after storytelling
sessions highlight the effectiveness of personal narratives in engaging women
and changing their perceptions about their abilities and potential in tech.
Other factors that show an impact on engagement and interest are involving
students in projects with social and/or environmental causes and allowing
them to interact with real clients; these activities increase the interest and
confidence of students (19 520).

Students described feeling connected to faculty and peers as a result of
the program’s engagement activities; consequently, the number of women
and minorities enrolled in STEM majors increased (J19). These experiences
are translated into recommendations for future educators and other interested

parties who wish to incorporate diversity practices in educational curriculums

or other related settings (, , S20)).

Structural Changes

Many studies measure the impact of interventions on enrollment and per-
formance metrics. showed a significant increase of women and minority
students in STEM majors due to comprehensive support systems.

The program highlights how having scholarships for targeted individuals
positively impact the enrollment numbers. However, women still perceived a
lack of recognition from their male peers. Male peers often failed to recognize
the abilities of the participants and attempted to marginalize them both
inside and outside of the classroom.

Interventions like policy development (S@, S17) have led to notable in-
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creases in the enrollment of women and minorities in STEM programs. In-
teresting results were also reported in paper 917, which examined the ef-
fectiveness of quota, specifically the Gender Equity Program (GEP), with
regard to enrollment in STEM courses. The study reported that the enroll-
ment quota for the Faculty of Physical and Mathematical Sciences increased
during the past 15 years from 620 to 920 spots.

However, CS/SE does not seem as attractive to GEP students when com-
pared to regular admissions. The increase in female CS/SE enrollment is not
due to the GEP initiative but, instead, due to the increase in regular first-year

female admissions.

4.4.1. Limitations of the studies

The limitations discussed in the reviewed papers highlight various chal-
lenges and constraints that may affect the generalizability and effectiveness
of the interventions. Common limitations include issues related to sample
size and representativeness. For example, and note the self-selecting
nature of participants, which may not represent the broader population of
women in coding boot camps or learn-to-code groups. and men-
tion the small sample size and the homogeneity of participants, which can
limit the scope of the results. Cultural biases are also a recurring theme, as
seen in where participants’ experiences are influenced by their cultural
context. Additionally, some studies point out the lack of longitudinal data,
which restricts the ability to make causal inferences (529)).

Other papers discuss specific methodological limitations, such as the po-
tential bias introduced by the researchers’ involvement in the study (S22)

or the challenges in advertising and recruiting participants (S3). Despite
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these limitations, the studies provide valuable insights into the complexities
of addressing gender disparities in SE and underscore the need for continued
research and tailored interventions.

Overall, the primary studies in this review make positive considerations of
their results. This may also be due to the fact that researchers tend to avoid
sharing or recognizing negative or neutral results, due to desirability bias,
participation bias (§4] 8} 922, 924 §30). For example, in 4 and
the researchers pointed out how the voluntary participation in their studies
could have impacted the overall feedback on the activities, because it is likely
that only prior participants who are still interested in those programs would
provide answers, thus augmenting the chances of collecting positive feedback.

Nevertheless, it is important to recognize that the acknowledgment of
limitations is a crucial aspect of scientific research. It not only provides
transparency but also guides future research efforts by highlighting areas
that require further investigation.

This critical reflection ensures that subsequent studies can build on these
findings, addressing the identified gaps and improving the design and imple-

mentation of future interventions.

4.4.2. Implication for research and practice of the studies

Several papers included in this review discussed implications for research
and practice, offering a range of actionable insights and recommendations
for researchers, practitioners, and relevant organizations. Specifically, some
studies provide explicit guidelines for educators to design extensive community-

based programs that focus on DEI challenges (S20]), design hackathon events
(916), or replicate coding workshops and educational programs (94, S10)
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by following their implementation strategy step-by-step. For instance,
highlights the role of faculty and administrators in recognizing and promot-
ing such activities to enhance the graduate school experience. Additionally,
provides detailed recommendations for educators to design similar pro-
grams, emphasizing soft skill training, adequate support, DEI training, and
collaboration with NGOs.

Other papers provide specific recommendations for managers and organi-
zations. Studies that focus on industry settings, such as 92 and S8, describe
actionable guidelines that can be adopted by companies at the policy level, or
implemented by managers and software engineers to support the formation
of inclusive environments. suggests strategies to mitigate the challenges
faced by women in the workplace, such as expanding support groups and
raising awareness through successful stories. offers recommendations for
educators on introducing diversity concepts in software engineering classes,
including diverse teaching materials and active learning techniques.

Some studies focus on broader policy implications, such as S6, which
presents a national policy plan to promote women’s participation in STEM
careers in Costa Rica. However, not all papers provide actionable insights;
some offer general reflections or lessons learned that could inspire future

interventions without specific guidelines (, Sg[)

4.5. RQ1.5: Research theories and methodologies

To answer our final research question, we shall discuss the research the-
ories and methodologies applied to each study included in this literature
review.

Of the 33 primary studies identified, 11 refer to theories or have used
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ID Theories References
S1 Feminist epistemology [51: 52} B3]
93 Communal Goal Congruity Perspective [54]

4 Theory of planned behavior (TPB) [55]

S5 Cultural-Historical Activity Theory (CHAT) [56; B7; BE]
9 Social Cognitive Career Theory (SCCT) [59; 60
S10 Intersectional Feminist Theory [61]

S11 Discovery and cooperative learning [62]

S14 Brainstorming strategy [63; 64 [65]
520 Self-determination theory [66]

523 Intergroup Contact Theory [50]

S29 Hoegl and Gemuenden’s teamwork quality model | [67]

(TWQ)

Table 5: Research theories and models used in the studies included in our SLR

models and theoretical frameworks to design empirical studies on gender

diversity in SE. An overview of all the theories mentioned is presented in

Table [5.

One study (S1)) reports feminist epistemology as a way to discuss the role

of women in science and engineering. The feminist theories mentioned by

Harding [51} 52], and Keller [53], offer a partial explanation for the small

numbers of women in these fields. They critique the scientific process itself

and its adaptability, or lack thereof, to practitioners from diverse commu-

nities with diverse approaches. The study presents these critiques to

investigate the importance of observing how community-building activities
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impact women’s participation in science and engineering and how this can
be used to enhance women’s participation in these fields.

is grounded in an intersectional feminist theoretical framework, that
considers how interlocking systems of oppression influence the lived experi-
ences of marginalized individuals in differing ways depending on their posi-
tionalities [61].

The communal goal congruity perspective argues that communal goals
in particular influence STEM decisions [54]. A communal goal is one that
focuses on working with, or in the service of, others with an altruistic or
outward focus. This perspective was used in study S3|to redesign the course
structure, include diversity factors based on altruism, and therefore offer
programs that were more interesting for the participants.

The findings in study align with the Theory of Planned Behavior
(TPB) [55]: intention and behavioral control are correlated and can jointly
predict behavioral achievement. Participants who thought they were in con-
trol also intended to continue learning with greater confidence (and vice
versa).

Cultural-Historical Activity Theory (CHAT) argues for a single unit of
analysis encompassing both individuals and their social environment [56].
This framework is appropriate for studying an instructional setting focused
on computing; through the investigation of joint activity, we have a window
into an endeavor that naturally makes actions visible and communication
about the activity explicit [57]. Engestrom’s diagram [58] encompasses com-
munity and the corresponding rules and division of labor in the activities.

Social Cognitive Career Theory (SCCT) offers a framework for under-
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standing both the dynamic and more stable aspects of the career development
process [60] and is relevant for academic behavior [59].

Study developed a new teaching concept adapted from the one pro-
posed by Sabitzer et al. [62] and it focuses strongly on discovery and coop-
erative learning instead of focusing only on front-of-class teaching.

refers to brainstorming strategies as a way to define its theoretical
framework. Brainstorming offers a concrete set of principles that enable
teams to generate ideas and develop them into avenues for action [63]. It
has been used in software design [64], into requirement engineering and agile
software development as a common idea generation technique [65].

Study reports how their course redesign originated from the principles
of self-determination theory described by Noll et al. [66]. The theory shows
how motivation factors are rooted in competence, relatedness, and autonomy.

Intergroup Contact Theory, proposed by Gordon W. Allport [50], is used
to address gender bias in software development ( Many researchers
proved its effectiveness in reducing biases towards, e.g., women, African
Americans, and minority religious groups [68].

Finally, combines a research model with Hoegl and Gemuenden’s
teamwork quality model (TWQ) [67] to explore the impacts of gender diver-
sity and organizational support on teamwork and agility.

The diversity in theoretical foundations underscores the complexity of
gender issues in SE and the multifaceted strategies required to promote in-

clusion and equity.

Regarding the research methods (Table @, the majority of the studies
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ID Research Meth- Description %
ods
S Case study In-depth investigation to study a specific | 30%
9131 922] 24 phenomenon
o2 P
S@_ QI_E)] Mixed Research The study presents two or more research | 15%
methods
‘ ‘ Survey Research Obtain the same kinds of data from a large | 12%
‘ group of people (or events), in a standardized
and systematic way
% qﬂ Ethnography To discover and disclose the socially acquired | 6%
and shared understandings necessary to be-
come a member of a specified social unit
4£| Grounded Theory | Start developing a theory with no pre- | 3%
conceived ideas analyzing data for emerging
patterns and themes
4£| Longitudinal Study | Involves the researcher investigating the case | 3%
over time analyzing processes and relation-
ships that are continuous and those that
change
@ Action Research Intervene and improve a specific setting | 3%
through a cycle of making changes, observing
the resulting situation, and making further
changes
4§| Controlled Experi- | Manipulate certain independent variables | 3%
ment while measuring some dependent variables
Not defined The paper does not define the applied re- | 24%

Table 6: Research method used in the studies included in the systematic literature review
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refer to case studies (10), followed by mixed research studies (5) and survey
research studies (4). Some studies (8) did not specify the research method
used, or the paper did not provide enough elements to determine which
methods were implemented. Nevertheless, the studies were considered valid
for the purpose of this literature review because they satisfied the quality
criteria. Table [6] presents an overview of the research methods identified,
according to the classification provided by Stol and Fitzgerald [69].

In this literature review, we also refer to various research methodologies
and data analysis techniques that have been used in different studies. The
literature review highlights a broad spectrum of data collection methods,
the most common being semi-structured interviews. Other data collection
methods include enrollment data, online questionnaires, participant obser-
vation, forum postings, course documentation, workshops, storytelling and
social media mining methods. The analysis methods most commonly ap-
plied are qualitative methods (18) such as thematic analysis, open coding,
and qualitative data analysis using software tools like NVivo and MAXQDA.
Quantitative approaches have also been implemented (6), such as descriptive
statistics. Mixed methods incorporating both qualitative and quantitative

methods are also prevalent.

5. Discussion

As can be seen from the several papers identified at the beginning of
this review, gender diversity has received substantial attention from the SE
community. Over the years, the focus has been on shedding light on the chal-

lenges and obstacles that women and other minorities face in SE, spanning
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from academia to industry. These challenges range from a lack of encourage-
ment at a young age towards pursuing CS education, to facing backlash and
toxic masculinity in the workplace. Many of these issues are deeply rooted
in societal stereotypes, and addressing gender disparities requires time and
concerted efforts from various communities. In this review, we focused on
the interventions designed over the years to address gender disparities. We
identified different strategies, programs, target users, contexts, and other
characteristics, each addressing specific challenges and research gaps. More
importantly, we aimed to collect information regarding their effectiveness and
provide an initial overview of the metrics used to validate the impact of these

interventions. In the following sections we interpret our main findings.

5.1. Lack of Retaining Interventions and Career Support

Most of the identified interventions are implemented in the corporate
context, and career-related interventions play a vital role in expanding op-
portunities for women. Therefore, several studies reported on their impact on
career opportunities. However, only two interventions included among their
activities a program to provide support for finding real job opportunities (,
$30).

Even less papers in this review focus on retaining practices, most studies
aim to inspire women and minorities to join CS programs, or they focus on
raising awareness about the importance of representation in SE. Providing
support and career growth opportunities to women who are already working
in the field is as important as recruiting women into SE and teaching them

technical skills. Data reveal that 50% of women leave their job or switch
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to a less technical field [70], making retaining practices fundamental, and a
currently disregarded issue.

Moreover, three of the papers identified as retaining interventions are
actually bottom-up strategies. These set of strategies are proposed by women
who are currently facing challenges in their work environment (, .
In these studies women talk about their experience interacting with male
peers (, , , , and they mention friction due to toxic, highly
competitive and non-inclusive environments. These sets of challenges are not
disregarded in the literature, as many papers discuss the barriers women need
to overcome to succeed in the SE field [10; [71; 27} [72]. The shared experience
is fundamental to understand the systemic problems in academia, industry,
or even society itself, and it is even more important to design interventions
specifically suited for each challenge.

It is not enough to design interventions that increase women’s job oppor-
tunities and inspire new generations to the wonders of the CS world, if then
the academic and work environments are not able to provide a equal and safe
atmosphere for women to thrive and grow. Competitive settings and toxic
masculinity can undermine women’s perceptions of safety.

The resilience demonstrated by women through the implementation of
survival strategies in hostile environments underscores the need for systemic
change. Despite the commitment of employees to create inclusive workplaces,
few concrete actions are taken by companies, with only one company express-
ing their interest to follow-up on the suggestions made by their employees
(S2). This suggests that achieving true gender equity remains a complex

challenge, and companies need to invest more time and resources in creating
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inclusive environments.

While employee-driven interventions focus on grassroots change and adap-
tive strategies to navigate and challenge existing norms, organizational sup-
port interventions emphasize structural changes and managerial commitment
to fostering diversity and inclusion. These two approaches are crucial, and
they are both necessary to maintain a balanced work environment that sup-
ports and sustains employees while increasing efficiency. Organizations need
to be aware of women’s struggles and promote concrete actions to address
gender-related challenges. At the same time, they should work on building
ethical environments where employees feel free to promote their initiatives
and can be actively involved in important decision-making processes.

The shared experiences of women enrolling in bootcamps further highlight
the challenges related to career transitions in the tech industry. The long and
discouraging job searches faced by some women, often leading to entry-level
positions in smaller companies (SQD, contrast with the recognition of technical
skills by certain companies ( The success of interventions in providing
career change opportunities for women who develop a late interest in CS or
seek to transition into technology roles ( , highlights the potential

of alternative pathways to diversify the tech workforce.

5.2. Common and Versatile Interventions

The findings of this investigation reveal that coding workshops and boot-
camps are the most frequently reported type of intervention in empirical
settings. Workshops and bootcamps offer a series of activities, such as pro-
gramming lessons, peer-to-peer support activities, live coding sessions, semi-

nars, and guidance from mentors. The variety of activities and the presence
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of women as teachers and mentors increased the confidence and self-esteem
of participants. These interventions are particularly significant because they
offer alternative pathaways to access computing for many individuals who
might not otherwise consider a career in tech.

The activities are organized to include individuals from various back-
grounds and expand or improve their technical skills. Additionally, the
hands-on nature of coding workshops and bootcamps enables participants
to quickly develop practical skills, which can be immediately applied in real-
world scenarios.

Coding-related activities are also versatile in terms of their objectives,
addressing recruitment, retention, and promotion challenges. They are also
adaptable for different stakeholders, offering programs for both industry and
academic institutions. However, these approaches seem to lack follow-up
programs to support participants into their quest for job opportunities after
these programs end. In fact, only one paper reported a plan to support
women and minorities after the end of the program (§30).

Several studies in the literature discuss the common challenges women
face when accessing the SE field, like low self-esteem and confidence in their
technical skills [73} [74} 26} [10]. Women are less likely to self report program-
ming knowledge in their resume than men [74], and words usually associated
with masculine stereotypes are more frequently included in job descriptions
in male-dominated fields than in female-dominated fields [75]. These chal-
lenges increase the need for programs that boost confidence and self-esteem,
while guiding women in navigating real-life challenges related to job oppor-

tunities.
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5.3. Evaluating the Effectiveness of Interventions

We should mention that evaluating the impact was a difficult task to
achieve, because evaluation can vary significantly based on the context in
which the interventions are implemented, the specific needs they aim to ad-
dress, and the metrics used to measure their success, if there are any.

For instance, bottom-up strategies, which are often subjective and based
on individual experiences, may not produce easily quantifiable results, but
can influence personal perceptions and workplace culture. This could poten-
tially inspire the organization into the implementation of supportive practices
for employees (, but the results may not be the same in a similar context.

On the other hand, more straightforward interventions, such as policy
changes or educational programs, can be measured through tangible metrics
like enrollment numbers or performance improvements, but they may not
have a direct impact on the engagement and inspirations of the target users.
It is also important to consider the broader implications of these interven-
tions. While some may lead to immediate and visible changes, others might
have long-term effects that are not immediately apparent. Additionally, the
success of an intervention in one setting does not guarantee its effectiveness
in another, highlighting the need for a nuanced understanding of the specific
challenges and opportunities within each context.

Finally, we must mention that not all papers refer to measurable metrics
to evaluate their effectiveness. However, during the process of selecting rele-
vant papers, our primary goal was to identify interventions that referred to

evaluation strategies. In certain cases, we came across papers that described
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the structure and design of interventions, but did not report any outcome
from the activities or the perceptions of their target groups. Those papers

were excluded from this review.

All the approaches followed by studies included in this review showed
mostly positive results, proving their effectiveness and positive impact on
addressing different gender inequalities. We point out that it is unusual to
always have positive results with so many studies involved; our explanation
is that researchers tend to avoid publishing negative results; rather, they are
more likely to refine their approaches before publishing them. However, in
this review, we tried to assess the impact of the multiple interventions that
we identified, and we focused on the metrics and limitations disclosed in the

papers to draw a conclusion regarding their effectiveness.

Our analysis revealed several critical insights. First, the results show
that interventions that offer multiscale solutions tend to be more effective
than singular approaches. For instance, the combination of quotas with
community-building activities, as seen in 933 demonstrates greater efficacy
than quota interventions alone (S§17)). This multi-faceted approach ensures
that interventions are not only about numbers but also about fostering a
sense of belonging and support. This does not mean that quotas are inef-
fective: different studies discuss the implementation of policies to support
minorities (8] 16| 20 motherhood, and work-life balance (52 524)).
This indicates that if policies are combined with actions that actively en-

courage the participation of women, they are more likely to be well received.
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Policies are a good instrument for keeping track of progress when tackling
large-scale challenges, such as the significant lack of women in tech but the
effectiveness of policies is limited if implemented alone.

Community networks in SE play a role in supporting not only newcomers
but also veterans of the SE community. Indeed, women have shown more
confidence when supported by female mentors or surrounded by role models.
However, women-only spaces are not a comprehensive solution for creating
inclusive environments. Investing time and resources in long-term interven-
tions and developing robust evaluation metrics is crucial for measuring the
success of these strategies.

While short-term activities and methodologies can yield immediate re-
sults, continuous implementation and evaluation are necessary to ensure sus-
tained efficacy. Notably, only one intervention ( reported long-term re-
sults: this calls for extended studies and consistent support by organizations.
Long-term studies and consistent data collection are vital for accurately mea-
suring the outcomes of these interventions. This point aligns with the inter-
ventionist approach [9] and feminist theory [37], which underscore the need

for an iterative process of planning, action, and reflection.

Lastly, the effectiveness of these interventions is closely tied to the re-
search methods employed. Many papers highlight the challenge of theoretical
implementation, indicating a gap between conceptual frameworks and prac-
tical application. Measuring the effectiveness of these interventions remains
a significant struggle, as the impact can vary widely based on context and

the metrics used. However, of the 33 studies identified, the majority did not

62



1292

1293

1294

1295

1296

1297

1298

1299

1300

1301

1302

1303

1304

1305

1306

1307

1308

1309

1310

1311

1312

1313

1314

1315

1316

mention any theory or theoretical framework, and 8 did not explicitly defined
a research method. There is also a notable absence of art-based methodolo-
gies, with most interventions relying on traditional or non-creative learning
methods. Only in a few cases did we identify the implementation of creative
methods, such as storytelling techniques in academic settings ( or the
use of video, handouts and brainstorming tactics to stimulate the creative
process (, , . Creative and art-based methodologies might be more
common when targeting a younger audience, but this gap raises the question
of how creative techniques could be leveraged to enhance gender diversity in
higher education and, more interestingly, in the industry context. Hence, we
emphasize the need to connect gender diversity research more closely with

theoretical frameworks to achieve better effectiveness.

5.4. The Impact of Cultural Settings on Interventions Effectiveness

The results also provide insights regarding the geographical distribution
of these studies. Our survey reveals that most studies are conducted in
Western countries. However, it is important to acknowledge the variety in
our dataset, which includes studies from developing countries such as Brazil
(913] 916)), Costa Rica (S0), and Kuwait (J18). The geographical distribution
of these interventions highlights the global interest in promoting diversity in
tech. While Western countries may have more resources and established
programs, significant innovation and effort is occurring in developing regions
as well.

Interestingly, this distribution also invites reflection on the gender equal-
ity paradox—a phenomenon where countries with higher overall gender equal-

ity (typically in the Western world) often exhibit greater gender imbalance
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in certain fields, particularly in technology-driven research and in general
STEM fields [76]. Despite the abundance of research and policy initiatives
in Western regions, most tech fields remain highly male-dominated.

The paradox of having few women in tech while having higher standards
of gender equality is a consequence of horizontal segregation [77]. The para-
dox lies in the assumption that equality has already been achieved at national
level, while persistent horizontal segregation in education and employment
continues to marginalize women [76]. This framing often shifts responsibility
onto women’s choices, obscuring systemic barriers and the roles of institu-
tions and cultural norms in reproducing inequality. There is therefore a need
for a change in perspective: from solely removing obstacles to actively foster-
ing inclusive environments that encourage and support women’s involvement

in technology.

All these countries design interventions that suit their unique cultural
and economic contexts, which are important factors when designing with
an interventionist approach [9]. Interventions and their application should
reflect the specific needs and challenges of the targeted individuals and social
context. Moreover, the diversity in approaches across regions underscores the
importance of avoiding one-size-fits-all solutions. Tailoring interventions to
local realities enhances their effectiveness and fosters community ownership
and sustainability.

In some countries, gender segregation in educational environments may
align more closely with societal expectations and create a more comfortable

environment for students. This can lead to improved academic performance
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and reduced gender disparities, as seen in the study by Zeid et al. ( On
the other hand, in contexts where gender equality and inclusivity are more
deeply embedded in the cultural environment, gender diversity within teams
tends to be more effective. For example in the study presented by Wang
et al. (, team diversity presents a broader range of perspectives and
problem-solving approaches but also actively challenges and reduces gender
biases.

This difference highlights how cultural settings deeply influence the per-
ceived effectiveness and actual outcomes of gender-based interventions. The
efficacy of gender-related strategies is not universally fixed, but rather con-
tingent upon the cultural, institutional, and societal norms in which they are
implemented. This reminds us of the importance of intersectionality [61] and
highlights the importance of context-sensitive approaches when designing in-

terventions aimed at promoting gender equity.

5.5. Implications for research and practice

The results of this review underscore the critical importance of designing
interventions to address both diversity and inclusion. It is not sufficient to
aim for a diverse workforce or consider the headcount of women and other
minorities as a proof of improvement; the field must also foster an inclusive
space where all individuals feel valued and supported.

The dual focus of diversity and inclusion is essential for driving meaningful
and sustainable change. Another important consideration is the emphasis on
reuse and shared knowledge.

Given the scarcity of funding and the current trend of companies suspend-

ing their DEI programs, it becomes essential to focus on strategies that have
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already been adopted in different contexts and build knowledge from existing
practices that use similar metrics and measurements of effectiveness. This
holistic approach ensures not only the implementation but also the effective-
ness of DEI interventions, leading to genuine improvements in educational

and workplace performance.

Another important factor in enhancing diversity and inclusion is drawing
effective strategies from existing theories. As shown by our results, there is
a significant need to explore and implement more robust theoretical frame-
works. The studies we analyzed in this review lack in-depth engagement with
existing theories that can be used to evaluate their interventions effectively
(Table |5). By incorporating interdisciplinary research approaches that draw
on insights from sociology, psychology, and organizational behavior, the val-
idation of these interventions can be enhanced. Such approaches can enrich
our sociocultural understanding of gender diversity and its impacts.

To positively impact the SE field, these interventions that focus on gen-
der diversity should be implemented at various levels. The success of these
interventions requires a multi-level approach in which different organizations,

policies, and individual efforts are combined.

To support future efforts, we propose a visual roadmap for gender diver-
sity interventions in SE (Figure [5)), which summarize our efforts in under-
standing the current state of implemented interventions in SE and hopefully
will support researchers and practitioners in designing, implementing, and

evaluating interventions that are context-sensitive and scalable.
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Figure 5: Roadmap for Future Gender Diversity Interventions in Software Engineering

The work conducted in this review constitutes a consolidated step into the
understanding of interventions as effective practices to address gender dispar-
ities. The key outcomes regarding the evaluation of interventions highlighted
in this review (Section are a first step toward building blocks of a frame-
work for characterization and measurement of the impact of interventions.
They will help fellow researchers and professionals who wish to have a better
understanding on possible solution to gender imbalance in their field.

We recommend that the work conducted in this review be continuously
analyzed and revised, as there is a strong correlation between interventions
and societal factors. The analysis results show the potential to improve the
state of gender-based research. For future studies, we invite researchers to
investigate DEI interventions and how they operate and determine what can
be done to define metrics of comparison to scientifically measure progress on

gender diversity.
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6. Limitations of this review

One limitation of our review is the exclusion of interventions in school
settings. Our primary focus was on SE, which led us to overlook potentially
valuable insights from educational environments that implemented interven-
tions focused on younger target users. A future research area to explore shall
focus on these interventions in school settings or simply on interventions
targeting a younger audience.

Another limitation is the exclusion of studies that focus on software prod-
ucts designed for women. This aspect has been reviewed in [I1], where the
authors discuss tools to foster diversity inclusiveness in SE, such as Gender-
Mag [78]. In our review we have focused on interventions addressing gen-
der disparities. These interventions are designed for women and minorities
specifically to improve their experiences in SE and education.

We acknowledge the importance of software products designed by women
and suggest for future research to investigate the correlation between gender

inclusion in the team and gender inclusion in the produced software.

In this section we discuss potential threats to the validity of our study,

along with the steps that we have taken to mitigate their possible impact.

6.1. Internal validity

Internal validity refers to the factors that negatively affect, or threaten,
the inferences about causal relationships. To ensure study replicability, we
reported in detail the methodological stage and tools used for the analysis.

First, we used the guidelines defined by Kitchenham and Charters [47] to
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conduct systematic literature reviews in SE. Moreover, we referred to addi-
tional research method papers to define our selection criteria [42; 48] and
analyze our results [41]. We also conducted our analysis in two steps, with
the analysis of the primary papers included in the review being verified by

the first and second authors.

6.2. Construct validity

Construct validity refers to the relationship between the conceptual level
and the results obtained at the operational level of an empirical investigation.
In this case, it refers to the correlation between the research goal of our review
and the categorization scheme used to collect data. The methodological
guidelines [47], [42], [41] were fundamental to ensuring an adequate answer

to the research questions.

6.3. External validity

External validity refers to the generalizability of the results. In our re-
view, we selected papers from academic databases, focusing on interventions
implemented in software development or computer science education. As
defined through our inclusion criteria, we selected exclusively peer-reviewed
studies in the English language. Moreover, we selected only papers that re-
ported practical interventions addressing a gender-related issue. However, we
are aware that many interventions may not be reported in academic settings,
and therefore our results may have limited generalizability. In the future, it
might be useful to conduct a multivocal literature review. Investigating non
peer reviewed interventions through a multivocal literature review involves

integrating diverse sources, such as company reports and government policies
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or other initiatives [79; [80]. This approach ensures a broad representation of

perspectives and contexts, enhancing the generalizability of the findings.

6.4. Conclusion validity

Ensuring conclusion validity in a systematic literature review involves ar-
ticulating sensible conclusions based on rigorous and replicable results. This
includes the careful selection and classification of studies to avoid missing
relevant data or performing incorrect data extraction. We implemented a
rigorous method to select the most relevant papers within the study domain.
We were able to extract a considerable amount of data from the 33 papers
included, following the template for data extraction presented in Table [I]
However, there remains the possibility of undiscovered, valuable data that
were not extracted. This potential omission poses a threat to the study’s
conclusion validity, as different results could be obtained if the missing data

were included.

7. Conclusion

This review analyzed 33 empirical studies selected through a systematic
literature search. The goal of the review was to analyze interventions that
addressed gender disparities in SE. We were able to identify challenges, char-
acteristics, impact, theory of the interventions, as well as reporting on the
stakeholders and target users involved.

The review identified prevalent interventions, such as coding activities,
which serve as gateways for individuals from various backgrounds to enter the
tech field. These interventions were highlighted for their practical, immediate

impact on participants’ skills and confidence. We also identified a lack of
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retaining practices, and more specifically a lack of interventions designed
to support women and minorities through career development. Moreover,
we pointed out the importance of using robust theoretical frameworks and
interdisciplinary approaches to enhance the validation of gender diversity
interventions.

The findings highlight the necessity of not only designing for diversity
but also ensuring inclusion, emphasizing the exploration of interdisciplinary
approaches to enhance the sociocultural understanding of gender diversity.
Moving forward, it is imperative to create safe and positive environments

that support genuine and sustainable change in the SE field.

8. Replication package

The replication package can be found online [46].

9. Declaration of the use of generative AI and Al-assisted tech-

nologies in the writing process

During the preparation of this work the author(s) used Grammarly and
Copilot in order to respectively check for plagiarism and grammar errors.
The tools were also used to enhance the overall fluency and readability of
the content. After using these tools, the author(s) reviewed and edited the
content as needed and take(s) full responsibility for the content of the pub-

lished article.
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