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Abstract 

Background 

Open source is largely accepted as an important innovation driver in the technology industry. Even 
though inclusion and diversity is beneficial for the success of technology projects (including open source 
software projects), many statistics are pointing out that diversity in open source is even worse than in 
the technology sector in general. The unequal representation of minorities (in this limited scope study 
represented by women) has negative effects on the innovation potential of many tech-related companies 
and is a major cause of corporate companies’ concerns. To attract more women and increase their 
retention in open source software projects and communities, the understanding of reasons behind the 
decisions on why they leave/defect an open source project can be is essential for the development of the 
effective retention strategies in OSS.  

Objective 

Based on the extensive literature review conducted by Trinkenreich, et al. (2021), only a few studies 
make a theoretical connection to why women leave (or avoid) open source software projects. This study 
aimed to explore the challenges faced by women in open source that may predict (or influence) their 
intention to leave/defect an open source software project/community. Thus, the following research 
question was formulated: What are the specific challenges faced by women in OS that may predict (or 
influence) their intention to leave an OSS project/community? 

Methodology 

The initial in-depth literature review discovered a list of socio-cultural challenges faced by women when 
contributing to open source projects. Trinkenreich, et al. (2021) have grouped these challenges 
conceptually as follows: (1) Lack of peer parity; (2) Non-inclusive communication; (3) Toxic culture; 
(4)  Impostor syndrome; (5) Community reception issues; (6) Stereotyping; (7) Work-life balance issues, 
(8) Gender-identified contributions. Additionally, one of the authors of this study found an existing 
dataset on the state of diversity, equity, and inclusion in open source as of 2021. The survey ‘2021 
Diversity, Equity, and Inclusion in Open Source’ was developed and distributed by the Linux 
Foundation. The data for this survey was gathered in 2021 from 2,350 individuals, particularly, from 
the Foundation’s subscribers and community members, on questions about their sense of inclusion and 
belongingness in OS communities. The authors of this study made the initial mapping of the questions 
from the Linux Foundation survey against challenge-clustering developed by Trinkenreich, et al. (2021). 
This helped to isolate the following groups of challenges for this study: (1) Non-Inclusive 
Communication & Community Reception Issues; (2) Toxic Culture; and (3) Gender-Identified 
Contributions & Stereotyping, that are likely to contribute to women leaving/defecting an OSS 
project/community. Altogether, this helped to formulate two hypotheses: null  (H0) and alternative  (HA) 
which highlight the relationships between different variables in the dataset. The hypotheses were tested 
using multiple regression analysis. To test the hypotheses and answer the research question, the authors 
of this study did not design the survey questions themselves but rather observed them directly through 
the questions of the Linux Foundation survey. In the context of this study (viz., a small-scale applied 
research project) capitalizing on the secondary data made sense as explained further in the study. A 
multiple regression was carried out to explore whether any of the challenges (e.g., lack of response to 
or rejection of contributions or questions; experience of conflict or interpersonal tension between you 
and another contributor; experience of written or spoken language that made a women feel unwelcome; 
experience of threats of violence, stalking; experience of unsolicited sexual advances or comments; 
experience of stereotyping based on perceived demographic characteristics; experience of 
impersonation or malicious publication of personal information; experience of background-based 
harassment) could significantly predict (or influence) women’s intention to leave/defect an open source 
software project/community. 
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Results 

The results of multiple regression analysis reject the null hypothesis. The following predictors (i.e., 
independent variables): Q17_04_violence_stalking_experience, Q17_06_stereotyping_experience, and 
Q18_background_based_harassment are statistically significant and thus contribute to the regression 
models because their statistical significance (i.e., the p-value) is less than 0.05. Based on the findings of 
the study, the challenges that may predict (or influence) women’s intention to leave/defect an open 
source software project/community can be formulated as follows: 

o For the sample ‘North America (Unites States, Canada, Mexico)’ 
 
 [Model 1] experience of threats of violence, stalking directed at women in the 

context of an open source project  
 [Model 2] experience of threats of violence, stalking and of harassment connected 

to their background directed at women in the context of an open source project  
 

o For the sample ‘Europe’ 
 
 [Model 1] experience of stereotyping based on perceived demographic 

characteristics directed at women in the context of an open source project  
 [Model 2] experience of stereotyping based on perceived demographic 

characteristics and threats of violence, stalking directed at women in the context of 
an open source project  

Conclusions 

Women’s intention to leave/defect an OSS project/community can be explained by the following 
prediction models (i.e., regression equations): 

o For the sample ‘North America (Unites States, Canada, Mexico)’ 
 
 [Model 1]  Y = 0.892 – (0.413 * Q17_04_violence_stalking_experience) 
 [Model 2]  Y = 0.991 – (0.328 * Q17_04_violence_stalking_experience) – (0.228 * 

Q18_background_based_harassment) 
 

o For the sample ‘Europe’ 
 

 [Model 1]  Y = 0.938 – (0.345 * Q17_06_stereotyping_experience) 
 [Model 2]  Y = 0.953 – (0.285 * Q17_06_stereotyping_experience) – (0.242 * 

Q17_04_violence_stalking_experience) 
 

The results of the study also indicate that the models were a significant predictor of women’s intention 
to leave/defect an OSS project/community: 

o For the sample ‘North America (Unites States, Canada, Mexico)’ 
 

 [Model 1]  F(1,134) = 31.671, p = <0.001 
 [Model 2]  F(2,133) = 20.342, p = <0.001 

 
o For the sample ‘Europe’ 

 
 [Model 1]  F(1,104) = 19.874, p = <0.001 
 [Model 2]  F(2,103) = 13.118, p = <0.001 
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Contribution to theory and practice 

Academic value: The findings of this study extend the knowledge about specific challenges faced by 
women in OS that may predict (or influence) their intention to leave an OSS project/community. Insights 
for adopting ‘Innovation by All’ workplace culture: The findings of this study provide OSS 
projects/communities with insights into the hindrances and determinants associated with women’s 
participation in OS. These insights, in their turn, can be valuable to understand and be aware of when 
an OSS team/community aims to adopt an ‘Innovation by All’ workplace culture and by doing so  - 
attain greater team productivity, more innovative and more revolutionary ideas, greater agility, and 
higher rates of ideas’ implementation, decision-making, and innovation. Internal analysis: The results 
of this study can be used to inform OSS teams/communities about the most critical aspects they need to 
address in order to attract more and retain existing female talent. Thus, the findings of this study can 
serve as an internal analysis for an OSS team/ community to take further actions on including and 
diversifying their project teams and ensuring that all members stay and keep on contributing to OSS 
projects. 

Recommendations for future research 

The following research proposals are suggested: (1) An extensive quantitative study amongst female 
contributors of various OSS projects/communities and a comparative analysis of these communities 
based on different parameters. (2) A replication of this study that examines/explores the specific 
challenges faced by the representatives of other minority groups in OS that may predict (or influence) 
their intention to leave an OSS project/community. (3) A comparative study (e.g., women versus men; 
women versus binary/no-gender participants; and so on) about challenges faced by them in OS that may 
predict (or influence) the intention to leave an OSS project/community. 

Keywords 

Diversity, Equity, and Inclusion; Open source; Open source software; Women in Open Source; Defect 
intention; Intention to leave; Multiple regression.  
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1. Introduction 

This chapter provides some background about issues associated with diversity and inclusion in OS 
community. The chapter also describes the research problematization, defines the research question, 
and outlines the thesis structure. 

1.1. Background 
Diversity and inclusion are complex issues which have long been identified as "essential to engage, 
empower, and release the full potential of the 21st century workforce" (Smith and Turner, 2015, p.19). 
Their importance for the success of modern enterprises has led to the initiation of many efforts at 
national, state, corporate, and local levels aimed at improving the current state of diversity, equity, and 
inclusion, in particular across science, technology, engineering, and mathematics (STEM) fields with, 
however, less than satisfactory results (Swanson, 2005). For example, based on a recent survey (Korn 
Ferry, 2019) shows fewer than one in five Chief Technology Officer or Chief Information Officer roles 
in the top 1,000 U.S. companies (by revenue) are held by women. The same can be inferred for other 
minority groups. 

The situation is additionally exacerbated by recent estimates by the U.S. Department of Labor that show 
that compared to 2020 computer science research jobs will rise 22% by 2030 - a much faster growth 
rate than on average for other occupations (Bureau of Labor Statistics, 2022). Regardless of the high job 
demand, and despite all mentioned initiatives, however, computer science and technology remain a 
largely male-dominated field, at least in the United States (at least based on the data statistically 
supported).  

The main goal of this work is to investigate this issue with a specific focus on open source (OS) projects, 
where the gap is significantly wider, as shown in a 2017 survey by GitHub (2017).  According to the 
data from this survey “/…/ the gender imbalance in open source remains profound: 95% of respondents 
are men; just 3% are women and 1% are non-binary.” 

Before further discussing the issues of diversity, it makes sense to start with a clarification of some 
terms. 

 

Diversity terms 

The term ‘diversity’ is very ambiguous and most likely a question about what it means would receive 
as many answers as the number of people asked. On the most fundamental level, diversity means 
‘difference’. As such diversity is much more a characteristic of groups than individuals. Williams (2013, 
p.90) defines diversity as follows:“/…/ all of the ways in which people differ, including primary 
characteristics, such as age, race, gender, ethnicity, mental and physical abilities, and sexual orientation; 
and secondary characteristics, such as education, income, religion, work experience, language skills, 
geographic location, and family status.”  

Diversity is an evolving notion that is seldom clearly defined in academic literature. Thus, it happens 
that perspectives, ideas and implications of this term are used interchangeably with such terms as ‘cross-
cultural competency’, ‘belonging’, ‘inclusion’, ‘equity’, ‘pluralism’, ‘social justice’, ‘multiculturalism’, 
and so on. Looking closely at these terms, one can recognize that they all embrace a principle of 
inclusion. According to Williams (2013, p.91), inclusion takes place “/…/when traditionally 
marginalized individuals and groups feel a sense of belonging and are empowered to participate in 
majority culture as full and valued members of the community, shaping and redefining that culture in 
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different ways.” As one can notice, diversity and inclusion are not interchangeable concepts, but 
definitely having an inextricable relationship (Bush, 2021; Johansson, 2020). 

Today the combined term ‘inclusion and diversity’ (I&D1) is a frequently used term in the context of a 
workplace. A workplace can be diverse, but not inclusive. For example, if there is an environment where 
different ages, genders, nationalities, sexual orientations, races, ethnicities, and educational backgrounds 
can be found but only the presence, views, and contributions of a particular group(s) are appreciated or 
have authority or impact, then this workplace is diverse but not inclusive. Thus, as stated by Bush (2021), 
I&D in the workplace is usually used for defining an environment that “/.../ makes everyone, regardless 
of who they are or what they do for the business, feel equally involved in and supported in all areas of 
the workplace.” I&D in the workplace refers to more than just work policies, performance and 
development programs, or headcounts. Instead, I&D in the workplace refers, in large part, to fair 
treatment (e.g., promotions, equal pay) and recognition of different groups and their perspectives in an 
organization (Bush, 2021; Hastwell, 2020). In other words, an inclusive and diverse organization has a 
diverse group of people who are involved, empowered, and trusted by the business. 

 

The importance of inclusion and diversity in an organization  

In the past few years, the topic of I&D in a workplace has received heightened attention and has become 
one of the most prominent subjects of discussion and action points in the business world. One would 
ask what are the reasons for that? It is hard to dispute the fact that technology is running the world and 
it is unfair and unwise to exclude any part of the population from the possibility to contribute to it. Thus, 
I&D is not only a Human Rights question.  

Secondly, it is believed that by respecting the individual needs and perspectives, recognizing the 
contribution, and promoting the potential of all their team members, an organization could earn greater 
trust and a higher commitment level from their employees. As a result, diverse and inclusive workplaces 
outperform their competitors (Bush, 2021). 

Thirdly, diversity is critical for an organization, as it potentiates the organizations’ ability to design and 
produce products and services that are better, safer, and more considerate to many more groups of 
society, rather than just a few. McKinsey’s latest report on diversity prepared by Dixon-Fyle, Dolan, 
Hunt and Prince (2020) reveals that in the organizations (participated in their research) the relation 
between diversity on executive teams and the likelihood of financial outperformance is significant and 
has only further intensified over time. Another extensive I&D review of employee-validated great 
workplaces was conducted in the U.S. by a global authority on workplace culture called Great Place to 
Work. The analysis showed that 100 companies with the largest disparity between the experiences of 
racial minorities and white employees had notably lower revenue growth (8.6%) than 100 companies 
with the smallest gaps whose averaged revenue growth comprise 11.1% over the same period (Hastwell, 
2020). All this shows that I&D is a significant factor in competitive advantage and business performance. 

Furthermore, Dixon-Fyle, Dolan, Hunt and Prince (2020) in their McKinsey’s report show that diverse 
organizations employ better talent, perform better, have more engaged staff, and prevent employee 
turnover better than organizations that do not focus on I&D. Further the research by Bush (2021) has 
also shown that I&D in the workplace result in the increased potential to recruit a diverse talent pool 
and ensure higher employee retention. Dolan, Hunt, Prince and Sancier-Sultan (2020) in their McKinsey 
article spotlight that in the COVID-19 crisis, I&D are at risk but they matter more than ever. I&D are 
not only powerful enablers of successful business performance but can also be critical for business 
recovery, resilience, and reimagination. Organizations whose leaders welcome diverse talents and 

1 In some of the sources, the terms ‘inclusion’ and ‘diversity’ are used in reverse order and refer to as D&I. For 
the sake of consistency, this paper uses only the I&D term. 
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consider multiple perspectives are likely to become stronger after a crisis (Dolan, Hunt, Prince and 
Sancier-Sultan, 2020).  

Last but not least, there is a growing acknowledgement that I&D at a workplace unleashes an 
organization's innovative potential (Johansson, 2020). According to research conducted in 2018 by 
Great Place to Work, organizations operate with greater agility, exceed sales targets, and outrun their 
competitors by inviting diverse and inclusive teams into the innovation process. Companies that adopt 
an ‘innovation by all’ workplace culture also generate more high-grade and more revolutionary ideas, 
reach greater agility, and have higher rates of ideas’ implementation, decision-making, and innovation. 
All in total leads to 5.5x times the revenue growth of competitors who have a less inclusive approach to 
innovation (Erb, Rohman, Frauenheim, Kazi and Cesena, 2018). 

Based on all the above, it is not surprising, that I&D has emerged as key priority for many companies 
around the world. And even though, for example, the women’s representation has grown across the 
corporate pipeline since 2016, they remain broadly underrepresented in the business environment, 
especially in leadership and especially for women of colour (Burns, et al., 2021). The report highlights 
that gender disparity can arise as early as the first promotion opportunity. Figure 1 demonstrates the 
representation of women and men in the corporate pipeline.  

                     

Figure 1. Representation in the corporate pipeline by gender and race (Source: Burns, et al., 2021) 

As one can see in Figure 1, women account for 48% of entry-level hires and only 41% of first-level 
managers. Compared to 75% of men who comprise the C-suite leaders, there are only 24% of women. 
Furthermore, women of colour continue to lose ground at each level of the corporate pipeline leaving 
them severely underrepresented at the top (i.e., women of colour made up only 4% of C-suite hires, a 
number that has not increased notably in the past years) (Burns, et al., 2021). 

Women are also a clear minority in the STEM fields (Martinez and Christnacht, 2021; Needle, 2021). 
For example, based on the figures estimated by the U.S. Census Bureau, in 1970, civilian employed 
women comprised 38% of all U.S. workers and 8% of all STEM workers. Since that time, the proportion 
of women has increased across all STEM occupations as depicted below in Figure 2.  
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Figure 2. Percentage of women in STEM jobs: 1970 – 2019 (Source: Martinez and Christnacht, 2021) 

 

In 2019, there were nearly 10.8 million workers in STEM jobs, and women made up nearly half of the 
U.S. workforce (48%). The representation of female STEM workers increased to 27% by 2019. 
However, as depicted in Figure 2, women did not have a big growth in engineering and computer jobs, 
which made up the biggest portion (80%) of the STEM workforce. Figure 2 also demonstrates that 
women represented about 25% of computer workers and 15% of those working in engineering roles. It 
is also possible to notice that the percentage of women in engineering roles increased from 3% in 1970 
to 15% in 2019. At the same time, however, even though the percentage of women in computer jobs in 
2019 was higher than in 1970, it declined between 1990 and 2019. 

 

1.2. Problem formulation and purpose 
 

Disparity in gender diversity in tech 

Based on the Global Gender Gap Report, the gender gap in various industries is a prominent issue (Crotti, 
Pal, Ratcheva and Zahidi, 2021). Even though some progress has been made, gender equality is still far 
from being achieved, even in the tech sector that is believed to be progressive (Richter, 2021). 

In 2018, Gartner Research estimated that women made up just 31% of the tech landscape globally. Even 
though the percentage of female employees in the global workforce has gradually risen over the past 
decades, the percentage of women in the technology sector is still notably lower, at least based on 
statistics from the U.S. (Clement, 2021a; Richter, 2021). According to Gartner (2021), women account 
for only 28% of people who work in the IT sector, and women of colour make up only 2%. Thus, it is 
not surprising that the underrepresentation of women in the professional tech sector has been explored 
by academics and research institutions (see Gartner, 2018; Gartner 2021; Singh, Bongiovanni and 
Brandon, 2021). 

Robles, Reina, González-Barahona and Domínguez (2016) argue there is ample research literature on 
gender issues in the IT sector with many studies trying to understand why the number of women in 
STEM, particularly in the tech sector, is so low. In 2010, the American Association of University 
Women published its study “Why so few?” and blamed the low number of females in STEM partly on 
social pressure and attitudes that girls start experiencing in high school (Hill, Corbett and Rose, 2010). 
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Blum, Frieze, Hazzan and Dias (2007) concluded that the way men and women relate to computing was 
primarily a result of cultural and environmental conditions, emphasizing that gender inequality was a 
cultural consequence. The researchers (2007, p.8) suggest: “to look beyond gender to account for 
differences in the experiences and perspectives of men and women.” Beneschott (2015) also highlights 
that many publications focused on the reasons why women are not willing to engage with STEM-related 
studies or careers and states: “[s]ome conclude a general lack of interest in STEM subjects. Others 
believe women decide against pursuing STEM careers after being stereotyped by family and teachers. 
Still, others cite a lack of role models or a combination of multiple causes” (Beneschott, 2015). At the 
same time, as claimed by Vasilescu, Capiluppi and Serebrenik (2012) not so much attention was paid to 
the representation of female users in online communities, the quantification of what are their 
participation levels, and whether discrepancies can be defined in the gender level. “Only anecdotal 
evidence has been gathered on how specific communities actively discourage women from participating” 
(Vasilescu, Capiluppi and Serebrenik, 2012, p.6).  

 

Underrepresentation of women in FLOSS community 

Today’s business environment is characterized by “fast progress in technology, shorter product cycles 
and the therewith connected high costs of innovation”, which was the reason for an increased “need for 
new and more efficient ways to innovate” (Müller, Vorraber and Slany, 2019). This need has led to the 
adoption of open innovation models, where firms collaborate with external communities – such as the 
open source software (OSS) community in a bid to increase and speed up innovation and value creation. 
Prime examples of such collaborations are Red Hat or MySQL which built on OS ecosystems with 
significant voluntary contributions from the broader technology community via OSS projects (Müller, 
Vorraber and Slany, 2019). This shows why OSS is often viewed as a critical “alternative source of 
innovation” (Vemuri and Bertone, 2004, p.114). 

The value-in-diversity perspective assumes that a diverse workforce (in comparison with a 
homogeneous one) is in general beneficial for business, including but not restricted to earnings and 
corporate profits (Herring, 2009). A growing body of literature (see Bosu and Sultana, 2020; Gila, Jaafa, 
Omar and Tunio, 2014; Ortu, et al., 2017; Vasilescu, et al., 2015) has investigated the role of gender 
diversity in team performance. Muller and Kuhn (1993) concluded that a more diverse development 
team is more likely to comprehend and reflect the needs of a user, thus facilitating better alignment 
between the delivered product (e.g., software) and its intended users (it is also known as user-centred 
design or participatory design). The findings of Herring (2009) revealed that gender diversity was related 
to increased sales revenue, more customers, and greater relative profits. Gila, Jaafa, Omar and Tunio 
(2014) also state that gender diversity is a key element for performance in both industrial and academic 
teams. Vasilescu, et al. (2015) studied how gender and tenure2 diversity relate to such project group 
outcomes as productivity and turnover in GitHub teams. By using regression modeling of GitHub data 
and their survey results, it was revealed that there is a small (1-2.5%) but significant, positive effect on 
team productivity by gender and tenure diversity in teams that are larger than 10 people. It was also 
detected that diverse software development teams are more productive than homogeneous teams. Ortu, 
et al. (2017) concluded that there is a positive correlation between gender diversity and the productivity 
of teams in GitHub, namely, higher gender diversity was associated with a lower average issue 
resolution time of a team. Based on the findings of Bosu and Sultana (2020), there is no substantial 
productivity difference between male and female developers in ten OSS projects that they have 

2 As highlighted by Vasilescu, et al. (2015), various tenure types are accessible for GitHub developers. F. ex., 
account tenure that captures global GitHub presence; commit tenure that captures global GitHub coding 
experience; or project tenure that captures local project experience, not restricted to coding. 
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examined, even though the rate of female core developers in the projects averaged only 4,14%3. In fact, 
Beneschott (2015) states that “[i]f your team is anything less than an equal balance of men and women, 
then your team is probably not the best it can be.”  

Being global collectives, whose collaboration is facilitated by the Internet, it is natural to expect that 
diversity would be a defining characteristic of OSS projects, since the nature of an OSS project would 
allow the accommodation of teams that are more flexible, open, geographically distributed, and dynamic 
than commercial teams. This expectation is further fueled by studies, which confirm comparable (to 
commercial projects) positive effects diversity has on the market success of such projects (Daniel, 
Agarwal and Stewart, 2013), as well as the productivity of such projects (Ortu, et al., 2017; Vasilescu, 
et al., 2015). Despite that, it seems that diversity (in particular gender diversity) is even more of an issue 
in open OSS projects compared to the traditional ones (Bosu and Sultana, 2019). As outlined above, the 
IT industry demonstrates a disparity in gender diversity. However, this disparity is even larger in 
free/libre and open source software4 (FLOSS) communities based on the extensive studies conducted 
by Beneschott (2015); Ghosh, Glott, Krieger and Robles (2002); Nafus, Leach and Krieger (2006); 
Robles, Reina, González-Barahona and Domínguez (2016). While OSS development used to be viewed 
as “a fairer, more democratic model of software production often compared to a gift economy, it also is 
far more male-dominated than other forms of software production” (Nafus, 2011, p.669). 

Studies of different scopes were conducted amongst the contributors/participants of different FLOSS 
projects (see Manrique, 2016; Bosu and Sultana, 2020; Carter and Groopman, 2021; David and Shapiro, 
2008; Foga, 2017; Ghosh, Glott, Krieger and Robles, 2002; Kuechler, Gilbertson and Jensen, 2012; 
Terrell et al., 2017; Vasilescu, Serebrenik and Filkov, 2015a). It appeared that the ratios of female 
contributors in FLOSS communities are even lower than the percentage of women who graduates in 
computer science as per the figures prepared by the U.S. Department of Education (2021)5. The number 
of women in FLOSS is dramatically low and amounts to less than 10%. Even though the inclusion of 
any interested party is the key constitutive element of FLOSS social organization, the low participation 
rate of women is especially surprising for a community type where primarily all are equal and have the 
same opportunities to contribute (Nafus, 2011). Numbers reported earlier on GAFAM companies detect 
another huge disparity - the percentage of women involved in technical or engineering roles in Big Tech 
is on average 24%, while and the percentage of women contributing to FLOSS projects is less than 10%. 

 

Why open source pipeline is leaking and how to fix it? 

Even though OSS is largely accepted as an important innovation driver in the technology industry 
(Vemuri and Bertone, 2004), and diversity is beneficial for the success of technology projects (including 
OSS project) (see Bosu and Sultana (2020); Gila, et al. (2014); Ortu, et al. (2017); Vasilescu, et al., 
2015b), many statistics are pointing out that diversity in OSS project is even worse than in the overall 
technology sector in general (U.S. Department of Education, 2021). It is a major cause of corporate 
companies’ concerns and requires effective strategies in order to increase the retention of women and 
other minority groups in OSS community.  

3 The percentage of female core developers in the projects analyzed by Bosu and Sultana (2020) was distributed 
as follows: Android (3.87%); Chromium OS (3.97%); Couchbase (4.17%); Go (7.77%); LibreOffice (1.47%); 
OmapZoom (10%); oVirt (2.94%); Qt (3.12%); Typo3 (4.10%); Whamcloud (0%). 
4 See the definition in Appendix A. 
5 The percentage of computer science bachelor’s degrees granted to women was at its peak in 1983/1984 and 
account for 37.1% in the U.S. By 2018/2019 that number dropped to 20.7%. The percentage of computer science 
master’s degrees granted to women was at its peak in 2000/2001 and account for 33.8% in the U.S. By 
2018/2019 that number dropped to 32.8%. The percentage of computer science doctor’s degrees granted to 
women was at its peak in 2018/2019 and account for 22.7% in the U.S. (U.S. Department of Education, 2021). 
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To define such effective strategies, it is crucial to understand the specific factors that contribute to the 
decision/propensity/intention to leave OSS community. The idea is that by addressing the reasons, it 
would be possible to remove at least some of the obstacles to the diversity in OSS.  

To support that, the authors of this study set out two goals: 

(1) To identify whether the challenges that women participating in OSS projects must deal with, 
might have an impact on the quality of their OSS experience and thus ultimately lead to them 
leaving/defecting these OS projects. An extensive literature review conducted by Trinkenreich, 
et al. (2021) showed that some of the major challenges faced by women in OS include: 
 

 Feeling of isolation, frustration, invisibility, and discomfort without other women 
around; 

 Feeling of being insulted due to swearwords used in mailing lists, documentation, code 
reviews; 

 Experience of symbolic violence, harassment, sexism; 
 Feeling of being unworthy, lacking self-efficacy; 
 Hiding gender when searching for mentorship, feeling restrained when being repealed 

by community members for postponed inputs; 
 Being stereotyped by certain roles; 
 Lacking time due to household/family responsibilities; 
 Experience of gender biases about contributions, facing postponed response rate. 

 
(2) To attempt to confirm these qualitative findings, by performing an additional quantitative 

analysis in form of multiple regression on the challenges identified in the first step.  

1.3. Research question 
Based on the discussion in the previous section, the main goal of this thesis was to investigate the reasons 
and/or factors which lead to women (being one of several minority groups in the industry) being even 
more significantly underrepresented in OSS projects/communities when compared to their average 
representation rate across the industry (which by itself, as established in the previous section, is much 
lower compared with their share of the population). In other words, it became prominent for the authors 
to explore and identify what could be the factors and/or reasons making women intent to leave an OSS 
project/community. 

The authors of this study defined the following research question: 

What are the specific challenges faced by women in OS that may predict (or influence) their intention 
to leave an OSS project/community? 

The main reasons to focus the initial inquiry primarily on the gender gap in OSS projects and women’s 
intention to leave/defect OS was three-fold: 

 While the low number of women in the STEM fields has been of prominent concern for decades 
and as a result of this many policies have been introduced to counteract this trend (including 
somewhat successful efforts to decrease the gender disparity in STEM education) (Meyer, 
Cimpian and Leslie, 2015), women remain one of the largest groups of underrepresented 
minorities (Ghasemi and Burley, 2019). 
 

 In OSS projects, who are crucial drivers for open innovation, this gap is even larger (Bosu and 
Sultana, 2019), which suggests the existence of specific factors and reasons which are more 
prominent in OSS projects that lead to this increase. 
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 The envisioned impact of this work is that the identification of these specific factors will provide 

important insights into how the gender gap can be further reduced overall, but also with a 
specific focus on OSS projects.  

 

1.4. Delimitations  
As explained later in section 3.1.2. Data collection, the authors of this study used raw data collected in 
2021 on behalf of the Linux Foundation. Out of 2,350 survey participants, 332 individuals self-reported 
themselves as women including six (6) individuals who reported themselves as ‘woman’, ‘man’ and 
‘non-binary/third gender’ at the same time and nine (9) individuals who reported themselves as ‘woman’ 
and ‘non-binary/third gender’ at the same time. For this study, 317 participants who self-reported 
themselves only as ‘woman’ comprised the initial sample for further analysis.  

Furthermore, as explained in section 3.2.3. Data analysis, the dataset was also narrowed down to the 
respondents who identified their locations as ‘North America (United States, Canada, and Mexico)’ 
and as ‘Europe’ because of the representativeness of the data from these locations. Our of 317 
participants who self-reported themselves only as ‘woman’, 136 women reported to be in North America 
and 106 women reported to be in Europe. 

1.5. Thesis structure  
The remainder of this manuscript is structured as follows: the current chapter 1. Introduction gave a 
brief overview of the identified problem and the thereof derived research question this work will try to 
answer. Chapter 2. Literature review / Research framework will expand on the initial discussion of the 
problem and will present the findings from the literature review which led to the definition of the 
hypotheses this work will test. This chapter also argues for the proposed research framework. Chapter 
3. Methodology and Data covers data collection methods and data analysis techniques and describes 
how they were employed for this study. Additionally, this chapter covers ethical considerations. Chapter 
4. Empirical findings / Results focuses on presenting the empirical findings of this study. Chapter 5. 
Analysis analyses and discusses the results. Chapter 6. Conclusions summarizes the study, explains its 
contribution, discusses validity and reliability, the study’s limitations, and proposes ideas for future 
research. 
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2. Literature review / Research framework 

This chapter provides an extended background on the academic publications and studies dedicated to 
the lack of gender diversity in the OS community and the challenges faced by women in the OS 
community. Based on previous research, this chapter also proposes a theoretical framework for this 
study. 

2.1. Women’s representation in tech and in OSS community 
 

The demography of global tech 

The worldwide full-time employment in the information and communication technology (ICT) industry 
is estimated to be 62 million employees in 2023 (pre-corona estimation), an increase of 6.7 million over 
a number of ICT employees in 2020 and an increase of 8.8 million over 2019. As further reported by 
Statista, the most prevailing job roles in the ICT sector are software developer/software engineer, user 
support specialist and systems analyst (Sava, 2022).  

Figure 3 below demonstrates the percentage of female employees in the workforce of the major 
American technology companies, also known as GAFAM6 group, as of 2021. 

 

                          

Figure 3. Women’s representation in Big Tech (Source: Richter, 2021) 

 

Based on the numbers self-reported by the GAFAM companies and analyzed by Statista Research 
Department, one can see in Figure 3 that women constitute 45% in Amazon, 37% in Facebook, 34% in 
Apple, 33% in Google, and 29% in Microsoft. Looking closely at tech roles, it is possible to notice that 
the percentage descends much lower and is on average 24% (Amazon did not report their figures). So 
even though big tech companies report a percentage of female employees that is about a third of the 
company or even more, the number of women in technical roles is much lower – on average 24%. 

6 GAFAM stands for Google, Apple, Facebook, Amazon and Microsoft. 
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On a global scale, the prevalence of men in the workforce was declared earlier by a dossier on employee 
diversity at most leading tech companies (Clement, 2021a). Based on the dossier’s findings, as of 2019, 
the only company with the majority of female employees (51%) was a biotech company, 23andMe. A 
high proportion of female workforce was observed in a few other tech companies: Airbnb (48.94%), 
Etsy (48.3%), Pinterest (47%), PayPal (43%), and Twitter (42%). Hardware companies Intel, Cisco, and 
Nvidia summed up the ranking having less than 30% female workforce (Clement, 2021a). Apart from 
the general marginalization of female employees in the tech sector, a shortage of women in high-ranking 
and senior management/leadership positions has been observed. As of 2020, only 25% of Chief 
Information Officers (CIOs) in Fortune 500 companies were women (Clement, 2021b). 

 

The demography of FLOSS community 

As highlighted earlier, women are underrepresented globally in the professional tech sector but the 
situation in free/libre and open source software (FLOSS) development is even worse in this respect. 
Previous research shows that female participation in OS is usually less than 10% which is bad for the 
tech sector because “diversity, in all of its forms, is essential in OS communities and in the larger 
technology industry” (Izquierdo, Huesman, Serebrenik and Robles, 2019, p.28). Similarly, in the yet 
unpublished study for the European Commission on the influence of OS, there were less than 7% of 
female respondents (Grzegorzewska, 2021). Below some light is shed on those studies and publications.  

Two decades ago, Ghosh, Glott, Krieger and Robles (2002) conducted an online survey, called FLOSS 
2002, amongst 2,784 developers from all over the world participating in the open source/free software 
(OS/FS) community. According to the study results, there is a significant discrepancy in the proportion 
of men to women, i.e., the OS/FS community was predominantly represented by young males with a 
high educational level and a strong professional background in the IT sector. Furthermore, the 
researchers (2002) concluded that women do not play a significant role in the development of OS/FS 
because they represented only 1.1% of the FLOSS sample. 

Within the framework of the European funded FLOSSPOLS research project, Nafus, Leach and Krieger 
(2006) examined the role of gender in the FLOSS community. The results revealed that only around 
1.5% of 1,541 FLOSS community members were women. The researchers (2006) also criticize the 
community for the fact that sexism is not only underestimated but also not recognized by the male 
committers as a problem. One of the project’s core findings states that: “[w]omen are actively (if 
unconsciously) excluded rather than passively disinterested. The effect lies within F/LOSS cultural and 
social arrangements” (Nafus, Leach and Krieger, 2006, p.5). 

Almost a decade after the FLOSS 2002 survey took place, Nafus (2011) conducted an extensive two-
year study across multiple software projects. The study comprised participation in developers’ daily 
routines, formal conferences, observations, interviews, and a survey of 1,500 FLOSS contributors. The 
study (2011) showed that there was no evidence that the participation level of women has significantly 
changed if compared with the results of Ghosh, Glott, Krieger and Robles (2002). What changed is the 
rise in large commercial enterprises that contributed to OS as part of paid job. This study (2011) also 
revealed no sign that paid OS participation changed women’s exclusion. “Despite more women working 
in commercial organizations as a whole, it appeared that within these firms it was the men who were the 
participants in F/LOSS” (Nafus, 2011, p.670). 

The underrepresentation of women was observed in other studies that explored OS projects hosted on 
GitHub7. For example, Kuechler, Gilbertson and Jensen (2012) examined posting statistics in free and 
OSS projects. The researchers (2012) found that there were only 8.39% female users (162 women vs. 

7 GitHub is the largest publicly available collection of OSS projects. 



 

 11 

1,769 men). It was also noticed that only 6.63% of posters were women and that the percentage of 
females who posted at least 10 times declined over time to about 1%.  

Vasilescu, Capiluppi and Serebrenik (2012) conducted a study on StackOverflow8. The researchers 
(2012) found that the percentage of female contributors is noticeably imbalanced with males who 
represented the vast majority of contributors (291 women vs. 2,297 men). It was detected that women 
disengage sooner and their participation level is different from men who participate more, gain more 
reputation and engage in the community’s ‘game’ more than female users do). It was also observed that 
a large proportion of community participants were not gender identifiable which the researchers 
assumed was done by the committers intentionally (Vasilescu, Capiluppi and Serebrenik, 2012). 

Vasilescu, Serebrenik and Filkov (2015a) collected a quantitative dataset on 23,493 active GitHub 
projects, including gender, location, and tenure information. With 93% precision, the researchers (2015) 
could infer the gender of 873,392 GitHub contributors (32.6% of all users), however, 80% of those who 
self-reported their names. It was deduced that males represented 91% of those who disclosed their names, 
and females – only 9% which follows that GitHub reflected a lack of representation of women. The 
same year, a study by Beneschott (2015) about 20,000 profiles of GitHub developers also revealed that 
the percentage of women was extremely low. Out of 15,374 profiles with confidently determined gender, 
only 6% were females (926 individuals). One of the key findings was that from the random sample, only 
5.4% of GitHub users with over 10 contributions were women (Beneschott, 2015). 

Robles, Reina, González-Barahona and Domínguez (2016) also provided some insights on the status of 
female participation in FLOSS development communities. The researchers (2016) analyzed the results 
of an open web survey called FLOSS 2013, which was conducted in 2013 amongst 2,183 contributors 
of all types (e.g., coding, activities related to documentation, translations, tests, etc). Amongst the survey 
participants who indicated their gender (2,002 individuals), only 10.35% were females (226 women vs 
1,776 men).  

In 2016, one of the largest OSS foundations, the Apache Software Foundation (ASF), ran a survey to 
learn about the diversity of ASF committers. While almost 92% of the respondents were males (703 
individuals), females constitute only 5.2% (40 individuals), ten people (1.3%) preferred not to disclose 
their gender, six individuals (0.8%) identified themselves as gender variant / non-conforming / non-
binary, and four individuals (0.5%) defined themselves as trans-female (0.5%) (Foga, 2017).  

Another gender diversity analysis of a development community was conducted by Manrique (2016) on 
behalf of Bitergia9. The study analyzed women’s technical contribution10 to the Linux Kernel11 project. 
According to this analysis, in 2015, women constituted only 9.9% (approx. 330 active developers) of 
the population while being responsible for 6.8% of the git activity12 (approx. 4,000 commits13). It was 
also reported that women contributed to 10.6% of the commits and code reviews on OpenStack. 

Izquierdo, Huesman, Serebrenik and Robles (2019) analyzed female representation in the OpenStack14 
community during 2016-2017. Based on their findings, women comprise on average 10% of the total 

8 StackOverflow is the largest ‘question and answer’ website for programming and technical questions. 
9 Bitergia is a software development analytics company. 
10 Commit, flag in the mailing list (acked-by, reviewed-by), and email related to the code review are meant under 
the notion ‘technical contribution’ (Cortázar, 2016). 
11 See the definition in Appendix A. 
12 See the definition in Appendix A. 
13 See the definition in Appendix A. 
14 OpenStack is a well-known OS project that includes thousands of contributors (many of whom are employed 
by companies). 
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population of contributors (including, code and non-code related participation, and event representation) 
to OpenStack. 

Bosu and Sultana (2020) reviewed ten popular OSS projects to define their level of gender diversity. 
Their results showed that many of the OSS projects experience a lack of involvement of females in 
leadership roles (e.g., core developers). The researchers (2020) also concluded that lack of gender 
diversity is an ongoing challenge in all the projects that they studied. The same year,  Zacchiroli (2020) 
conducted a large-scale longitudinal study about gender disproportion amongst the authors of 
collaboratively developed public code. The study analyzed 1,66 billion commits15 harvested from about 
120 million public projects and contributed by 33 million authors over the past 50 years. The researcher 
(2020) highlights that in terms of contributions, there are 630 million (92.5%) commits made by male 
authors (viz., gender identifiable) and 51.3 million (7.5%) commits made by female authors over 50 
years.  

If all of the above results are compared with the results of the study conducted by Nafus, Leach and 
Krieger (2006) more than 15 years ago (viz., Nafus, Leach and Krieger, 2006), it is possible to talk about 
“a lost decade in the integration of women in the open source field” (Izquierdo, Huesman, Serebrenik 
and Robles, 2019, p.28). However, as noted by Zacchiroli (2020), commits made by female authors in 
OS projects are growing steadily, providing hope for a more gender-balanced future of public code 
collaboration. 

 

2.2. Disparities, workplace incidents and other challenges faced by women in tech 
and in OSS community 

As stated by Needle (2021), women fall behind men at least in terms of representation, pay, education 
and leadership roles. To achieve greater equality, there are many challenges to be addressed, including 
but not limited to education across various STEM disciplines, negative experiences resulting in the 
workplace, the disparity in earnings, bias in the hiring process and promotion (particularly into senior 
management positions). In the following section, these dimensions are briefly discussed. 

 

Education gap in tech 

A recent report prepared by the Pew Research Center points out that the current trajectory of STEM 
degree completion is unlikely to help narrow the gap in any reasonable timeframe (Fry, Kennedy and 
Funk, 2021). The research shows that people of colour or Hispanic heritage and women who now earn 
the majority of all education degrees, are significantly less likely to earn a degree in a STEM field than 
in other degree fields and as result are and will likely remain underrepresented in the workforce, 
particularly in engineering and computer science jobs requiring such a degree: 

“/…/ Black students earned 7% of STEM bachelor’s degrees as of 2018, the most recent year available, 
below their share of all bachelor’s degrees (10%) or their share of the adult population (12%). The 
share of Hispanic college graduates with a STEM degree –12%– remains lower than that for all college 
graduates (15%) in 2018.  

15 These commits were from various development communities (e.g., GitHub, GitLab, and so on) and source 
code distributions (e.g., Debian, PyPI, NPM, NixOS, and so on). 
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/…/ The gender dynamics in STEM degree attainment mirror many of those seen across STEM job 
clusters. For instance, women earned 85% of the bachelor’s degrees in health-related fields, but just 
22% in engineering and 19% in computer science as of 2018.” 

Even worse, a 2018 report by Conway, Ellingrud, Nowski and Wittemyer (2018) notes that the current 
trend for women is negative and has “dropped by one-third over the past decade” and warns that at the 
current growth rate: 

”/…/ the number of underrepresented women of color receiving computing degrees will not double over 
today’s numbers until 2052—by which time they will represent a vanishingly small proportion of all 
graduates.” 

 

Earnings gap in tech 

The U.S. Census Bureau (2019) provided information on the 70 detailed STEM occupations and 
earnings for men and women. For this study, the data was extracted only for computing-related 
occupations and is presented in Table 1.  

Table 1. Computer occupations by sex and median earnings (Source: The U.S. Census Bureau, 2019) 

 

As one can see from Table 1, women employed in computer occupations full-time16 year-round earned, 
in large part, less than men. Among the 70 reported STEM occupations, women earned more than men 
in only one STEM occupation - computer network architects. However, women made up only 8.2% of 
those in this occupational group. At the same time, a similar gender-specific gap exists across many 
OECD17 countries and occupation fields as analyzed by Szmigiera (2022). Based on the figures from 
2019, the OECD gender pay gap average was 13.01%. Belgium was the country with the most equal 
pay between the genders amongst other OECD countries with a gender pay gap of 4.19%. Then in order 
of increased difference in pay gap between the genders: Greece (4.49%), Denmark (4.86%), Norway 
(4.99%), Italy (5.56%), New Zealand (6.51%),  Sweden (7.58%),  Hungary (9.36%), Portugal (9.59%). 
On the other hand, Korea was the country with the highest gender pay gap among other OECD with a 
32.48% difference between men and women. 

 

16 Such types of employment as the outsourced, contractor, or part-time workers are not included. 
17 OECD stands for the Organization for Economic Co-operation and Development. 
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The gap in occupying leadership roles in tech 

When women see other women in senior roles, it shows that an organization values diversity. Thus, as 
claimed by (Needle 2021), hiring female leaders is essential.  

Research conducted by Gartner in 2018 highlights that CIOs and IT leaders express interest in rising the 
number of female IT employees, but many companies struggle with creating a comprehensive strategy 
to better attract, retain and promote women in IT. One of the major challenges faced by the companies 
is mitigating bias in recruiting, eliminating gender bias in job advertisements, building diverse selection 
teams, driving retention of women, providing flexible work policies, embracing an inclusive culture, 
and so on (Gartner, 2018). 

According to the Global Gender Gap Report prepared on behalf of the World Economic Forum Center, 
software and IT services are one of the few industries that has made progress towards closing the gender 
gap in hiring for senior management roles as shown in Table 2.  

 

Table 2. Change in hiring between 2015-2020 in the Software and IT Services industry, by the level of role 
and gender (Source: Crotti, Pal, Ratcheva and Zahidi, 2021) 

 

 

As one can see from Table 2, the industry continues to increase the proportion of women hired into 
senior management roles despite the disruption caused by the pandemic (Crotti, Pal, Ratcheva and 
Zahidi, 2021).  

Based on another survey conducted by a global organizational consulting firm, Korn Ferry (2019), fewer 
than 20%18 of Chief Technology Officer or Chief Information Officer roles in the top 1,000 U.S. 
companies (by revenue) are held by women. The situation is additionally exacerbated by the recent 
estimates made by the U.S. Department of Labor. These estimates highlight that compared to 2020, 
computer and information science research jobs will rise by 22% by 2030, which is a much faster growth 
rate than on average for other occupations (U.S. Bureau of Labor Statistics, 2022). Regardless of the 
high job demand, computer science remains a male-dominated field. 

 

 

 

 

 

18 The percentage of women who hold the Chief Technology Officer/Chief Information Officer position grow 
from 16% in 2018 to 18% in 2019. The financial industry has the highest percentage of female officers (25%), 
and the services sector has the lowest percentage (7%). 
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Workplace incidents faced by women in tech 

On behalf of Women Who Tech, Lincoln Park Strategies (2020) surveyed more than 1000 adults in the 
tech and startup sector. Based on the findings, compared to 11%19 of men working in tech, 48%20 of 
women experienced several types of harassment. Sexual harassment experienced by women in tech had 
different appearances (e.g., 75% experienced offensive jokes, 54% had unwanted physical contact, 51% 
experienced sexual slurs towards them, and 35% were propositioned for sex). In line with many other 
workplace incidents, a significant disparity between women and men was observed for the question of 
whether they have been treated differently than colleagues of another gender due to their gender (70% 
vs. 11%) (Lincoln Park Strategies, 2020).  

Based on another survey conducted by Scott, Kapor Klein and Onovakpuri (2017), 27% of women in 
tech reported experiencing others’ taking/receiving credit for their work (compared to 22% of men), 25% 
of women reported being passed over for promotion (compared to 22% of men), 21% received 
assignment below level (compared to 20% for men). It is also reported that 16% of females experienced 
stereotyping about their professional ability (compared to 13% of males). Furthermore, as we can see in 
Figure 4, women of colour reported the highest rates of being passed over for promotion (30%), being 
stereotyped (24%), and receiving unwanted sexual attention (11%).  

 

                               

Figure 4. Negative experiences in the workplace by race and gender (Source: Scott, Kapor Klein and 
Onovakpuri, 2017) 

 

(Gender) bias, prejudice and other challenges faced by women in OSS community 

Even though OS communities are more horizontal than traditional workspaces (based on peer-to-peer 
collaboration), they often conceal “social hierarchies that tend to overlook contributions by women and 
other marginalized21 groups” (Fossatti, 2020, p.48). A known prejudice accident took place online in 
2012 when software developer Rachel Lee Nabors made a post about her experience of trying to fix 
bugs22 in OS projects on GitHub. Nabors was taken by surprise that all her pull requests were discarded 

19 65% of these men said that harassment was perpetrated by another employee; 35% - by a supervisor; 5% - by 
a senior leader; 25% - by another supervisor, 5% by C-Suite/Executive team member; 10% - by Customer, 10% 
- by Client (Lincoln Park Strategies, 2020). 
20 76% of these women said that harassment was perpetrated by another employee; 42% - by a supervisor; 25% - 
by a senior leader; 21% - by another supervisor, 17% by C-Suite/Executive team member; 16% - by Customer, 
14% - by Client (Lincoln Park Strategies, 2020). 
21 e.g., people of diverse genders, racialized people, and people with disabilities (Fossatti, 2020). 
22 See the definition in Appendix A. 
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by the project owners. Several readers suggested that her contribution was discriminated against because 
of her gender (Nabors, 2012). Earlier, in 2011, similar observations were reported by Nafus (2011) who 
explored aspects of women’s experiences in F/LOSS community. The researcher (2011) found that 
many women had to hide their gender by using gender-neutral names when participating in the 
community and its forums. The results also showed that F/LOSS community is organized in a way that 
escalates and harshens forms of sexism that women experience elsewhere. For example, it was reported 
that hurtful and offensive talk towards women was openly defended, and that courtesy was favoured 
less by men. Additionally, in Nasus’ study (2011), 75% of females and 65% of males believed that it is 
‘very true’ or ‘mainly true’ that in online contexts women often get more attention as a female rather 
than as a F/LOSS contributor. 

Fossettes (2020), Lin and Serebrenik (2016), and Terrell, et al. (2017) consider that OS is practically as 
gender-biased and discriminatory as other forms of technology and knowledge production. Thus, it is 
not surprising that the research community made some efforts not only to identify factors/reasons for 
the low ratio of women (and of other marginalized groups) in OS projects but also to analyze the 
unperceived barriers faced by the marginalized groups to participate in OS or software development 
(see Ford, Harkins and Parnin, 2016; Ford, Smith, Guo and Parnin, 2016; Vasilescu, Capiluppi and 
Serebrenik, 2012; Mendez, et al., 2018). Other scientists (see Bosu and Sultana, 2020; Carter and 
Groopman, 2021; Terrell, et al., 2017) tried to uncover biases and other issues faced by the marginalized 
groups in OS. In the below section some of those studies and publications are presented. However, it is 
important to explicate for the reader that because this study had in focus the underrepresentation of 
women in OS, the authors reviewed only literature that concentrated on (gender) bias women face in 
OS. 

On the Internet, there is a plethora of evidence about negative experiences and unfair treatment23 faced 
by women in OSS communities on various levels (see Asay, 2021; Beneschott, 2015; Grzegorzewska, 
2021; Levy and Monteiro, 2020; Selam, 2019; Taft, 2017; Wang, 2022). As emphasized by 
Grzegorzewska (2021), “[i]t is not an issue exclusive to the OS ecosystem, but it is strengthened by a 
male-dominated, meritocratic culture and a lack of female role models and networks.” At the same time, 
there are also empirical studies (see Bosu and Sultana, 2020; Terrell, et al., 2017) that show that women 
and their contributions receive inferior treatment.  

Terrell, et al. (2017) conducted a large-scale study on gender differences and bias in GitHub projects by 
comparing the acceptance rates of the contributions done by men and women. Based on their findings, 
women’s pull requests usually were accepted more often than men’s (78.7% vs. 74.6%) only when they 
were not identifiable as women (i.e., gender-neutral profiles). However, when contributions were made 
by the project’s outsiders and the contributor’s gender was identifiable, men’s acceptance rates were 
higher. In the context of existing ‘gender in the workplace’ theories, the researchers (2017, p.19f) 
assumed that a plausible explanation of this could be embedded in “the presence of gender bias in open 
source, survivorship and self-selection bias, and women being held to higher performance standards.” 

Bosu and Sultana (2020) tried to find out whether there are any gender biases in the OSS projects that 
they have studied. Their results showed that a third of the reviewed projects demonstrated biases against 
female developers through lower rates of code acceptance and postponed feedback during code 
verification. 

As to one of the most recent surveys conducted by the Linux Foundation on the state of diversity, equity, 
and inclusion in OS as of 2021, Carter and Groopman (2021) report that besides non-binary, LGBTQ+, 
and people with disabilities, women were twice as likely to have experienced threats of violence in the 
context of an OS project. Furthermore, their findings reveal that besides people with disabilities, 

23 e.g., reported cases of discrimination; harassment; sexist and abusive language, content and/or actions; other 
types of language or content that can make women feel unwelcome or uncomfortable; stereotyping; receiving 
unsolicited sexual advances; bullying, and so on. 
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Portuguese speakers (primary Brazilian), women, and those identifying as non-binary, were more likely 
than average to believe that their background is a burden and challenged their ability to participate in 
OS projects. 

Trinkenreich, et al. (2021) conducted a comprehensive meta-literature review on the topic of women’s 
participation in OSS. They (2021) reviewed multiple academic publications about challenges faced by 
women when contributing to OSS projects. Based on their findings, only a few studies make a theoretical 
connection to why women leave (or avoid) OSS projects. The researchers (2021, p.26) also state that 
“the literature lacks research exploring why women leave OSS, their motivation to avoid participating 
in OSS, and why a large portion of women who study STEM do not join OSS projects”. 

Based on the empirical findings of previous researches, Trinkenreich, et al. (2021) conceptually 
clustered the identified challenges in several socio-cultural categories. The overview of these groups of 
challenges is presented in Table 3. 

Table 3. Challenges faced by women when contributing to OSS projects (Source: Trinkenreich, et al., 2021) 

Group of challenges 
faced by women in 

open source 
Examples Authors 

Lack of peer parity 
Feeling of isolation, frustration, 
invisibility, and discomfort without 
other women around 

Balali, et al (2018); Calvo (2020); Powell, 
Hunsinger and Medlin (2010); Qiu, et 
al.(2019); Vasilescu, Serebrenik and 
Filkov (2015b). 

Non-inclusive 
communication 

Feeling of being insulted due to 
swearwords used in mailing lists, 
documentation, code reviews 

Balali, et al (2018); Paul, Bosu and 
Sultana (2019); Qiu, et al.(2019); 

Toxic culture Experiencing symbolic violence, 
harassment, sexism 

Calvo (2020); Kuechler, Gilbertson and 
Jensen (2012); Lee and Carver (2019); 
Nafus (2011); Parker (2000) 

Impostor syndrome Feeling of being unworthy, lacking self-
efficacy  

Balali, et al (2018); Imtiaz, et al. (2019);
Mendez, Sarma and Burnett (2018);
Mendez, et al. (2018); Padal, et al. (2020); 
Powell, Hunsinger and Medlin (2010); 
Wang, Wang and Redmiles (2018) 

Community reception 
issues 

Hiding gender when searching for 
mentorship, feeling restrained when 
being repealed by community members 
for postponed inputs 

Lee and Carver (2019); Moon (2013); 
Nafus (2011); Vasilescu, Serebrenik and 
Filkov (2015b); 

Stereotyping Being stereotyped by certain roles Calvo (2020); Nafus (2011); Vedres and 
Vasarhelyi (2019) 

Work-life balance 
issues 

Lacking time due to household/family 
responsibilities Lee and Carver (2019) 

Gender-identified 
contributions 

Experiencing gender biases about 
contributions, facing postponed 
response rate 

Bosu and Sultana (2019); Canedo, et al., 
(2020); Terrell, et al.(2017) 
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2.3. What are the reasons that would make women voluntarily leave tech or OSS 
community? 

 

Factors influencing decision/propensity/intention to leave a job in tech 

The cost of turnover due to unfairness in a workplace is shocking: the average cost for a company for 
replacing (including lost productivity, recruiting costs, and salary) a professional tech employee is 
$144,000 (Scott, Kapor Klein and Onovakpuri, 2017). Therefore, as the tech sector struggles to attract 
more female employees, the retention of those who entered the industry has become a big concern 
(Needle, 2021).  

According to Women in Tech Network (2019), women in STEM occupations are far more likely to 
leave a company within the first few years than those who are in non-STEM careers. A large part of 
respondents cited “workplace culture” as the major cause of early attrition. The primary reasons for 
leaving a workplace are (i) an unsupportive work environment, (ii) lack of senior leadership role models, 
and (iii) substantial personal sacrifices that were required to be made by women. About half of women 
give up their experience and training. The rest keep applying their technical skills at a different company. 

An extensive and first-of-its-kind ‘Tech Leavers Study’ was conducted by the Kapor Center. Based on 
the survey’s findings, women’s negative experience was related to turnover24. Unfair treatment or 
experience (such as micro-aggressions, stereotyping, bullying/hostility, bias and so on) considerably 
increased the likelihood of citing “unfairness” as the reason for leaving (Scott, Kapor Klein and 
Onovakpuri, 2017). As presented in Table 4, the major causes why women25 left tech occupations were 
to seek a better opportunity (33%) and to leave unfair environments (31%). Compared to white and 
Asian women, women of colour were more likely to cite ‘unfairness’ as a major reason for leaving (28% 
vs. 36%). 

Table 4. Why did they leave? Push vs. Pull factors (Source: Scott, Kapor Klein and Onovakpuri, 2017) 

              

Factors influencing decision/propensity/intention to leave an OSS project/community 

Marwick (2017) states that in the current software industry, females often feel as if they “do not belong”, 
and often struggle with an imposter syndrome. Other researchers state that women may feel lack of self-
efficacy, be more reluctant to publicly display their work or reveal their gender, and feel uncomfortable 

24 56% of women who experienced unwanted sexual attention claimed that this experience resulted in their 
decision to leave their previous employer; 59% of women of colour who were passed over for promotion stated 
that this experience resulted in their decision to leave. 
25 The sample included a total of 594 women, 67% were White or Asian, and 33% were Black, Latinx, or Native 
American/Alaskan Native. 
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from inappropriate communication styles, despite being knowledgeable and professionally well-settled 
(see Balali, et al, 2018; Lee and Carver, 2019; Vasilescu, Serebrenik and Filkov, 2015b).  

In fact, the literature review revealed a lack of research studying factors on why women leave/defect 
OSS, what is the motivating force to avoid participating in OSS, how women choose which OSS project 
to contribute to, and why a large proportion of women with STEM educational background, do not 
participation/join OSS projects. An extensive literature review conducted by Trinkenreich, et al. (2021, 
p.26) on the topic of women’s participation in OSS also highlight that “the literature lacks research 
exploring why women leave OSS, their motivation to avoid participating in OSS, and why a large 
portion of women who study STEM do not join OSS projects”.

One of the few studies that made a theoretical connection to why women leave (or avoid) OSS was a 
study of Qui, et al. (2019). The researchers (2019) conducted a mixed-methods empirical study of the 
signals used by contributors (e.g., the structure of the README and the amount of recent activity) that 
impact their decision to join a GitHub project. According to their findings, lack of inclusive language 
(i.e., avoiding words that assume [all] people are one gender or one demographic, or terms that usually 
associated with men, such as ‘guys’) can demotivate women in OS. Qui, et al. (2019) came to a 
conclusion that social capital can support the long-term engagement for both men and women in OSS 
community. It was also detected that when team members have a more diverse programming language 
backgrounds, there is less chance that women leave the project early. Additionally, Qui, et al. (2019) 
report that a decision to leave an OSS project impacts more women than men (i.e., women are 27% 
more likely to leave or avoid GitHub). 

The empirical results of the study conducted by Paul, Bosu and Sultana (2019) made them believe that  
such negative workplace experience as exposure of the female developers to discriminatory expletives 
(swearing) or negative critiques from the male colleagues (for example, during code reviews or other 
software engineering tasks in OS projects) can be viewed as a contributing factor to the decreasing 
number of women in the software engineering industry.  

According to Lee and Carver (2019), toxic culture (e.g., sexist statements or assumptions, being ignored) 
and non-prioritization of diversity in an OS project can hinder access of women to OS community and 
even make them drop out a project.  

Kuechler, Gilbertson and Jensen (2012), who examined mailing list subscriptions and posting statistics, 
found a disproportionate attrition rate among female OSS participants along every step of the F/LOSS 
joining process. They also assumed that public roasting and aggression can be sufficient to deface  
participation among a small minority, such as women as they may already be hesitant about how they 
will be perceived and received in an OS community. Furthermore, the researchers (2012) suggested that 
women drop out OSS projects because of the two factors: the projects are not aligned with their 
motivations and cost-benefit tradeoffs, and due to the unappealing and hostile social dynamics in OSS 
projects towards women. 

The authors of this study realized that the exploration and analysis of challenges faced by women in OS 
can help understanding women’s motivation/reason that would make them leave/defect an OSS 
project/community. In the long-term perspective, based on the detected challenges, a set of strategies 
can be developed to attract and retain women in OSS community.
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2.4. The research framework used in the study 

Hypotheses argumentation using previous academic literature 

It is important to explicate for the reader that to test the hypotheses, the authors of this study did not 
design the survey questions themselves but rather observed them directly through the questions of the 
Linux Foundation survey. In other words, in the context of this study (viz., a small-scale applied research 
project) capitalizing on the secondary data made sense because of the following reasons: 

 The Linux Foundation survey is an extensive dataset and allowed the authors of this study to 
obtain many responses,  

 Data collected through the Linux Foundation survey is up-to-day and is the latest in the industry, 
dated by December 2021. 

 After careful examination of the Linux Foundation survey and the accompanied raw dataset, it 
appeared that some of the survey questions (see Appendix B) and the dataset collected by the 
Linux Foundation in 2021 were appropriate/relevant for using in testing the hypotheses and 
answering the research question formulated in section 1.3. Research question of this study. 

 

Based on the above, the authors made an initial mapping of the questions from the Linux Foundation 
survey against groups of challenges that are faced by women when contributing to OSS projects based 
on the challenge categorization/clustering developed by Trinkenreich, et al. (2021) (see Table 3 above). 
The result of this mapping is presented in Table 5. 

Table 5. The initial mapping of the challenges faced by women in OSS as developed by Trinkenreich, et al. 
(2021) against conceptually related questions from the Linux Foundation survey 

Construct / 
Factor 

 
(challenge(s) 

faced by women 
when 

contributing to 
OOS projects)  

Variable 
 

(question 
number in 
the Linux 

Foundation 
survey) 

Question in the Linux Foundation 
survey 

Measurement scale 
based on the Linux 
Foundation survey 

Measurement 
scale recoded 

into dichotomous 
variables for 

running Factor 
Analysis and 

mutile regression 
analysis in IBM 
SPSS Statistics 

Non-Inclusive 
Communication 
& Community 

Reception Issues 

Q17_01 

Have you ever EXPERIENCED any of 
the following behaviors directed at you 
in the context of an open source project?   
 
Lack of response to or rejection of 
contributions or questions 

1 = Never;  
2 = Rarely;  
3= Occasionally;  
4 = Frequently 

0 = No (Never);  
1 = Yes (Rarely, 
Occasionally, 
Frequently) 
 

Q17_02 

Have you ever EXPERIENCED any of 
the following behaviors directed at you 
in the context of an open source project?  
 
Conflict or interpersonal tension 
between you and another contributor 

1 = Never;  
2 = Rarely;  
3= Occasionally;  
4 = Frequently 

0 = No (Never);  
1 = Yes (Rarely, 
Occasionally, 
Frequently) 
 

Q17_03 

Have you ever EXPERIENCED any of 
the following behaviors directed at you 
in the context of an open source project?   
 
Written or spoken language that made 
you feel unwelcome (e.g. profanity, 
racist jokes, sexual imagery, hostility, 
rudeness, name calling etc.) 

1 = Never;  
2 = Rarely;  
3= Occasionally;  
4 = Frequently 
 

0 = No (Never);  
1 = Yes (Rarely, 
Occasionally, 
Frequently) 
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Toxic Culture 

Q17_04 

Have you ever EXPERIENCED any of 
the following behaviors directed at you 
in the context of an open source project?   
 
Threats of violence, stalking 

1 = Never;  
2 = Rarely;  
3= Occasionally;  
4 = Frequently 

0 = No (Never);  
1 = Yes (Rarely, 
Occasionally, 
Frequently) 

Q17_05 

Have you ever EXPERIENCED any of 
the following behaviors directed at you 
in the context of an open source project?   
 
Unsolicited sexual advances or 
comments 

1 = Never;  
2 = Rarely;  
3= Occasionally;  
4 = Frequently 

0 = No (Never);  
1 = Yes (Rarely, 
Occasionally, 
Frequently) 
 

Q17_07 

Have you ever EXPERIENCED any of 
the following behaviors directed at you 
in the context of an open source project?   
 
Impersonation or malicious publication 
of personal information (doxxing) 
 

1 = Never;  
2 = Rarely;  
3= Occasionally;  
4 = Frequently 
 

0 = No (Never);  
1 = Yes (Rarely, 
Occasionally, 
Frequently) 

Gender-Identified 
Contributions & 

Stereotyping 

Q17_06 

Have you ever EXPERIENCED any of 
the following behaviors directed at you 
in the context of an open source project?   
 
Stereotyping based on perceived 
demographic characteristics 

1 = Never;  
2 = Rarely;  
3= Occasionally;  
4 = Frequently 

0 = No (Never);  
1 = Yes (Rarely, 
Occasionally, 
Frequently) 
 

Q18 
If you have experienced harassment, do 
you think the situation was connected to 
your background? 

0 = No;  
1 = Yes 

 

 

As one can see in Table 5, the measurement scale for the constructs/factors: (1) Non-Inclusive 
Communication & Community Reception Issues; (2) Toxic Culture; and (3) Gender-Identified 
Contributions & Stereotyping, were adapted from the Linux Foundation survey in a form of a bundle of 
questions (call them ‘variables’). The measurement scale of the variables was also adapted from the 
Linux Foundation questionnaire depending on the specific question:  

 Q17_01 – Q17_07 were measured on a Likert-type scale (‘Never’, ‘Rarely’, ‘Occasionally’, and 
‘Frequently’); 

 Q18 was measured on a dichotomous scale (‘Yes’ and ‘No’).  

To ensure that all the variables are measured on the same scale, the Likert-type scale (‘Never’, ‘Rarely’, 
‘Occasionally’, and ‘Frequently’) of the variables Q17_01 – Q17_07 was recoded into dichotomous 
variables so that we can get a dichotomous scale, same as for Q18:  

 ‘Yes’ or ‘1’ replaced ‘Rarely’, ‘Occasionally’, ‘Frequently’;   
 ‘No’ or ‘0’ replaced ‘Never’. 

The raw dataset posted publicly by the Linux Foundation at data.world was coded by the authors of 
this study as per the codebook that they prepared and presented in Appendix C. 

Thereby, the initial literature review (see Chapter 2. Literature review for more details), the challenges-
clustering proposed by Trinkenreich, et al. (2021) (see Table 3 in section 2.2. Disparities, workplace 
incidents and other challenges faced by women in tech and in OSS community), the data collected by 
Linux Foundation in 2021 through the Linux Foundation survey, and the research question of the given 
study (What are the specific challenges faced by women in OS that may predict (or influence) their 
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intention to leave an OSS project/community?) led to the formulation of two hypotheses: null26 (H0) and 
alternative27 (HA) which highlight the relationships between different variables in the dataset. 

 H0: There is no significant prediction of women’s intention to leave an OSS project/community 
and such challenges faced by them in OS as experience of discrimination, harassment, hostility, 
toxic culture/communication practices. 
 

 HA: There is a significant prediction of women’s intention to leave an OSS project/community 
and such challenges faced them in OS as experience of discrimination, harassment, hostility, 
toxic culture/communication practices. 

Based on three constructs/factors: (1) Non-Inclusive Communication & Community Reception Issues; 
(2) Toxic Culture; and (3) Gender-Identified Contributions & Stereotyping, that represent groups of 
challenges faced by women in OS and the corresponding (initially mapped) questions from the Linux 
Foundation survey (i.e., questions Q17_01 – Q17_07 and Q18), the following regression equation was 
formulated by the authors to run multiple regression and test the hypotheses: 

Equation 1. Regression equation for women’s intention to leave/defect an OSS project/community  

Y = a + b1 Q17_01 + b2 Q17_02  + b3 Q17_03  + b4 Q17_04  + b5 Q17_05  + b6 Q17_07 + b7 
Q17_06 + b8 Q18 

where Y - women’s intention to leave/defect an OSS project/community (the outcome/dependent 
variable, represented by question Q20-10 in the Linux Foundation survey), 

a – constant value, y-intercept, 

Q17_01 - Q17_07 and Q18 – the predictor/independent variables that are used to explain Y, 

b1 – b8 – regression coefficients. 

 

The initial conceptual research model of this study is depicted in Figure 5.  

26 The null hypothesis proposes that there is no difference between certain characteristics of a population or data 
generating process. Usually it is formulated based on what is expected, studied or established before and tries to 
generalize or keep it as a rule with no changes to happen (El Mekawy, 2020b). 
27 The alternative hypothesis is formulated in a way that exactly refuses the null hypothesis (El Mekawy, 2020b). 
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Figure 5. The initial Conceptual Research Model of the study 
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3. Methodology and Data 

This chapter argues for the proposed research strategy, data collection method and data analysis 
techniques and describes how they were employed for this study. Ethical considerations, limitations of 
the study and the alternative research methods are also covered in this chapter. 

3.1. Choice of Method 

3.1.1. Research strategy 
Research strategy provides the overall direction of the research including the process by which the 
research is undertaken. Depending on research objectives, there are different research strategies such as 
case study, experiment, survey, ethnography, phenomenology, action research, grounded theory, 
simulation, mathematical and logical proof, and archival research (Johannesson and Perjons, 2014; 
O’Leary, 2017). 

This study aimed to identify factors which (might) discourage women from participating in OSS 
projects/communities. This study also sought to identify factors which (might) lead to women exiting 
OSS projects/communities. The authors of this study aspired to explore whether there is any relationship 
between the identified factors. Thus, it was not surprising that small-scale survey research would fit 
most to answer the research question formulated in section 1.3. Research question. 

The purpose of a survey as a research strategy is to look upon some aspects of a phenomenon, and get 
an overview of some world, be it social or physical (Johannesson and Perjons, 2014). Typically, a survey 
has broad coverage and ensures a ‘helicopter’ view of some area of interest. Data can be collected 
inexpensively and over a short period. Surveys enable the gathering of both quantitative and qualitative 
data. They work best for collecting large amounts of basic data on the narrow, well-defined topics and 
collecting data about large groups of people (including their attitudes and beliefs). At the same time, 
surveys are less appropriate for studying complex phenomena in greater depth. One of the challenges 
associated with any survey study is sampling because studying an entire population is usually time-
consuming and expensive. At the same time, the major concern in sampling is to define whether results 
that were valid for a selected sample can be generalized to the population from which it was derived. A 
helpful distinction here is whether you generate a representative sample or an exploratory one. Another 
disadvantage associated with surveys is that gathered data might be superficial when participants “do 
not have the time or inclination to provide detailed answers to the questions posed by the researcher. 
For the same reason, some individuals may choose not to participate at all, resulting in a low response 
rate” (Johannesson and Perjons, 2014, p.44). 

3.1.2. Data collection 
This study aimed to explore what are the specific challenges faced by women in OS that may predict 
(or influence) their intention to leave an OSS project/community. The authors of this study searched 
previous academic publications and studies about inclusion and diversity in FLOSS communities, 
participants’ intension to defect/leave, participants’ propensity to defect/leave. Several keywords were 
used independently and in combination (e.g., ‘gender in open source’, ‘diversity in open source’, 
‘inclusion in open source’, ‘propensity to leave open source’, ‘propensity to defect open source’,  
‘intention to leave open source’, ‘intention to defect open source’,  ‘open source participants’ turnover’).  
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Literature review 

The search of formal literature was not limited by any time frame and was performed through the 
‘search’ functionality at Blekinge Institute of Technology Library website. Through the Library website, 
the authors got access to e-journals and e-books posted in various databases (e.g., ACM Digital Library, 
Elsevier ScienceDirect, IEEE Electronic Library, MDPI, SAGE journals, Semantic Scholar, 
SpringerLink, Taylor & Francis Online, and so on). Google Scholar and ResearchGate were also used 
as a search engine. As mentioned earlier, during a formal literature review, the authors of this study 
observed a clear gap in knowledge about key biases and challenges faced by women in OS that can or 
have forced/compelled them to leave/defect or take a break from participating in and/or contributing to 
OSS projects/communities. Furthermore, studies exploring the predictors of women taking a break from 
or dropping out of OSS projects/communities were not detected. Given the relative immaturity of the 
study subject, the authors decided to delve into the grey literature28 to see what type of information was 
available there. As stated by Barik, Johnson and Murphy-Hill (2015) and Garousi, Felderer and Mäntylä 
(2019), a considerable amount of essential software engineering discourse does not happen through 
scientific articles or peer-reviewed publications. Thus, the authors of this study thought that recent 
conference papers or theses, newspaper articles and professional blogs29 can be used for background 
analysis and/or be a valuable source of the state-of-the-art and state-of-the-practice in the area of OSS. 
Reviewing official publications and statistics became also of focus for this study. According to O’Leary 
(2017, p.194), these types of materials can be “a terrific source of primary data in document analysis 
/…/ or a good source of secondary data in statistical analysis.” 

 

Using secondary data as the data source  

As outlined by O’Leary (2017, p.485), “[p]rimary data collection is such an entrenched part of research 
processes that we sometimes forget that the data we seek may have already been collected. /…/ There 
is a good chance that no matter your topic, somebody has asked about it, researched it and collected data 
on it.”  

Initially, surveying by administrating an online questionnaire in one or several OS projects/communities 
was seen to be an appropriate data collection method. However, when doing a formal literature review, 
one of the authors of this study found an existing dataset, namely, a survey data on the state of diversity, 
equity, and inclusion in OS as of 2021. Based on the survey questions developed by the Linux 
Foundation Research, a survey was conducted by the Linux Foundation in 2021. A data analyst and a 
principal in Lawrence Hecht Consulting, Lawrence Hecht, was hired by the Linux Foundation to assist 
with data analytics on their behalf. The Vice President of the Linux Foundation Research, Hilary Carter, 
and an industry analyst, Jessica Groopman, prepared the ‘Diversity, Equity, and Inclusion in Open 
Source: Exploring the challenges and opportunities to create equity and agency across open source 
ecosystems’ report (2021). 

Again, it is important to explicate for the reader that to test the hypotheses, the authors of this study did 
not design the survey questions themselves but rather observed them directly through the questions of 
the Linux Foundation survey. In other words, in the context of this study (viz., a small-scale applied 
research project) capitalizing on the secondary data made sense.

 

 

28 According to O’Leary (2017, p.194), grey literature “refers to both published and unpublished materials that 
do not have an International Standard Book Number (ISBN) or an International Standard Serial Number (ISSN), 
including conference papers, unpublished research theses, newspaper articles and pamphlets/brochures.” 
29 Laudon and Laudon (2018, p.305) define blog as “a personal website that typically contains a series of chrono-
logical entries (newest to oldest) by its author and links to related web pages.” 
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Advantages associated with the usage of secondary data 

Using secondary data undoubtedly saved a lot of time, money, and energy and minimized stress for the 
authors of this study because of ‘skipping’ data collection processes. The need for physical access to 
research participants was eliminated, thus stress for the participants was also minimized. Using 
secondary data also allowed the authors of this study to work with a sample that is much bigger than 
they would have been able to generate on their own. Furthermore, it is believed that using secondary 
data ensures an objective buffer between the researched and the researcher. O’Leary (2017, p.487) also 
highlights that exploring existing data might “eliminate worries related to building trust; getting people 
to act naturally; role-playing; and figuring out how attributes such as race, gender, ethnicity, class and 
age of researcher and researched might confound data collection.” At the same time, secondary data 
needs to be thoroughly screened for credibility and accuracy. 

3.1.3. Sampling 
Based on multiple studies and academic publications presented in section 2.1. Women’s representation 
in global tech, women are severely underrepresented in OS, and thus women participating in and/or 
contributing to OSS projects/communities were the target population of this study. The authors of this 
study aimed to answer the research question formulated in section 1.3. Research question by exploring 
the attitudes and believes of the women participating in and/or contributing to one or several OSS 
projects/communities, which forms purposive sampling by its nature. 

3.1.4. Data analysis 
Independence of the data type, the major point of any form of analysis is to move from raw data to 
theoretically meaningful understanding of a phenomenon. In quantitative data analysis, this 
understanding can be reached “through statistical tests of coded data that assess the significance of 
findings; coding the data is preliminary to any analyses and interpretation” (O’Leary, 2017, p.601).  
 
According to O’Leary (2017, p.569) to choose a statistical test, it is necessary to know “the nature of 
your variables (independent/dependent), scales of measurement (nominal, ordinal, interval, ratio), 
distribution shape (normal or skewed), the types of questions you want to ask and the types of 
conclusions you are trying to draw.” Correlation30  (Pearson or Spearman), T-test31 , Chi-square32, 
multiple regression33 and Structural Equation Modeling (SEM) are some of the tests that could be 
performed. The choice of a test should have been determined by the nature of the variables contained in 
the research question, namely: 
 

 performing Pearson correlation allows investigating if there is a linear relationship between two 
interval and ratio variables; 

 performing Spearman correlation allows investigating if there is a monotonic relationship 
between two ordinal variables; 

30 Correlation test is a statistical method which is bivariate in its nature. This type of analysis measures the 
strength of association between two variables and the direction of the relationship. The association is determined 
by a so-called correlation coefficient (r) which can vary between +1 and -1. Depending on the applied data, there 
are two types of correlation: Pearson and Spearman (El Mekawy, 2020a). 
31 T-test is designed to deal with nominal data. Conducting this type of inferential statistics allows to check how 
different groups of a nominal variable behave. Namely, the T-test can be employed to define whether there is a 
significant difference between the means of the two samples/groups of a variable which is unlikely to be due to 
sampling error or random chance, and instead it may be related in particular features (El Mekawy, 2020b). 
32 Compared to T-test, Chi-square test is a bivariate type of statistical test that can compare nominal 
categories with an ordinal ranking (El Mekawy, 2020b). 
33 Multiple regression test is a multivariate inferential statistical test which work with two or more continuous 
variables (i.e., an interval or ratio variable) (El Mekawy, 2020b). 
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 unpaired34 T-test is particularly appropriate for answering a question that contains a nominal 
variable and a continuous variable (i.e., ratio/interval); 

 performing Chi-square test allows investigating the relationship between two nominal variables; 
 conducting multiple regression allows predicting the outcome/value of a dependent variable by 

using several independent (explanatory) variables. 
 or using SEM, which is a multivariate statistical technique combining regression 

and confirmatory factor analysis used to test hypotheses regarding the influences among 
interacting variables (Harrison, et al., 2007). Theoretically, SEM is a system of linear equations 
among unobservable or latent variables, also called constructs and observed variables and can 
also be visualized using path diagrams. As noted by Sinharay (2010), SEM is composed of two 
parts, namely:  

o a structural part, linking the constructs to each other by expressing the endogenous or 
dependent variables as linear functions of the exogenous or independent variables; 

o a measurement part, linking the latent constructs to observed measurements. This 
resembles a confirmatory factor analysis model.  

 
Once it was decided which statistical test(s) to conduct, the issue remained and that was to understand 
which statistical program was right for the test(s). There are multiple statistical software programs (viz, 
Excel, IBM SPSS Statistics, Stata, SAS, Matlab, Minitab, R, Python). When choosing the statistical 
software, the program need to be able to run the analysis and assess the statistical significance of the 
chosen test(s). 
 
As outlined by O’Leary (2017), gathering credible data is a challenge but so too is making sense of the 
collected data. Staying on top of the data the whole way through the analysis could be one of the biggest 
difficulties when interpreting quantitative data. “Computer programs might be able to facilitate analysis 
and do the ‘tasks’, but it is the researcher who needs to work strategically, creatively and intuitively to 
get a ‘feel’ for the data, to cycle between that data and existing theory, and to follow the hunches that 
can lead to significant findings – both expected and unexpected” (O’Leary, 2017, p.539). 

3.1.5. Alternative research strategy and methods 
It is outlined above that quantitative research tradition, namely a survey, was seen to be a suitable 
research strategy to answer the research question of this study. For the analysis and interpretation, the 
authors of this study decided to use an existing dataset that was derived from the survey designed and 
conducted by the Linux Foundation. 

As an alternative research strategy, the authors of this study could collect primary data35 themselves. 
For example, they could employ a quantitative survey method by administrating an online-based 
questionnaire (e.g., through SurveyMonkey) in one or several OSS projects/communities. Then the data 
could be statically analyzed following descriptive or inferential analysis (depending on the chosen 
statistical test(s)). Gathering primary data could provide the authors with insights which probably would 
not be available if they used the existing dataset. This research strategy, however, has several challenges. 
Some of the most obvious are: 1) getting questionnaires back from the study participants, 2) getting 
answers to the questions that are asked in the questionnaire, and 3) going back to the study participants 
if more data is needed. Furthermore, as stated by O’Leary (2017), developing questions for a 
questionnaire has various traps and pitfalls that an inexperienced researcher might not be able to 

35 Data which are directly related to the researcher’s topic of interest are not always sufficient or do not exist at 
all. So, primary data is data purposely produced for researcher’s own research objectives. Data becomes directed 
towards researcher’s specific questions, hypothesis, aims, and purposes. In other words, the data collected are 
custom-built based on the research agenda (O’Leary, 2017). 



 

 28 

overcome. Furthermore, surveys are often critiqued for being reductionist, i.e., there is a lack of in-depth 
insights associated with statistics (O’Leary, 2017). Usually, surveys are viewed to be unsuitable to 
obtain a detailed, in-depth understanding of a complex phenomenon.  

Quantitative survey method could be accompanied by qualitative research tradition. In particular, 
several semi-structured interviews could be conducted with women participating in one or several OSS 
projects/communities. The interviews could be analyzed using thematic analysis. According to Braun 
and Clarke (2006), a key benefit of using thematic analysis is that it does not require concise, detailed 
or clear rules on how it should be applied. In other words, there is no unified manner to employ thematic 
analysis. Such data analysis methods as grounded theory, discourse analysis or content analysis could 
be viewed as an alternative to thematic analysis. 

 

3.2. Application of Method 

3.2.1. Survey description: the Linux Foundation survey on Diversity, Equity, and 
Inclusion in Open Source 

The authors of this study found an extensive quantitative dataset that was collected by the Linux 
Foundation in 2021. The data was gathered from the Foundation’s subscribers and community members 
on questions about their sense of inclusion and belongingness in OS communities. The survey was 
launched with the support of multiple partners such as Amazon Web Services, CHAOSS Community, 
Comcast, Fujitsu, GitHub, GitLab, Hitachi, Huawei, Intel, NEC, Panasonic, Red Hat, Renesas, VMware.  

3.2.2. Data collection 
In December 2021 when doing a formal literature review, one of the authors of this study found a survey 
called ‘2021 Diversity, Equity, and Inclusion in Open Source’36. This survey is about the state of 
diversity, equity, and inclusion in open source in 2021.  

As explicated earlier,  the authors of this study did not design the survey questions themselves but rather 
observed them directly through the questions of the Linux Foundation survey. So, in the context of this 
study (viz., a small-scale applied research project) capitalizing on secondary data made sense, and the 
authors of this study decided to use it for further review, analysis and interpretation. 

The survey’s raw data is an open data that is publicly available at data.world37. As shown in Figure 6, 
two files (the dataset and the list of survey questions) were uploaded by Hilary Carter, the Vice President 
of the Linux Foundation Research38.      

36 The survey data is available at https://data.world/thelinuxfoundation/2021-diversity-equity-and-inclusion-in-
open-source [last time accessed in September 2022] 
37 data.world is the enterprise data catalog for the modern data stack.  
38 Read more about Linux Foundation Research at https://linuxfoundation.org/research/ 
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Figure 6. Screenshot of the Linux Foundation data survey uploaded at data.world 

 
As described in the report prepared by Carter and Groopman (2021), between July 15 and July 29, 2021, 
the Linux Foundation Research conducted a study by sending it worldwide. The survey was promoted 
via social media, the Foundation, Linux.com websites, and the Foundation newsletter. The survey 
received 2,350 complete responses from the subscribers and committers of the Foundation from around 
the globe. OS participants under 18 years old were not qualified to complete the survey. The survey was 
offered in ten39 different languages beyond English.  

3.2.3. Data analysis 
Existing data in the form of datasets are best explored through the lens of secondary data analysis. 
According to O’Leary (2017, p.503), secondary data analysis implies “[c]ollection, review, interrogation 
and analysis of existing datasets in order to answer questions not previously or adequately addressed.” 
Typically, secondary analysis implies several steps such as determining the research question, locating 
data, gaining access to the data, evaluating data relevance, assessing data credibility, and analysis which 
is usually associated with a range of statistical processes (O’Leary, 2017). 

 

Cleaning the raw data for the analysis 

The data for the Linux Foundation Research survey were collected from 2,350 individuals. Out of 2,350 
survey participants, 332 individuals self-reported themselves as women including six (6) individuals 
who reported themselves as ‘woman’, ‘man’ and ‘non-binary/third gender’ at the same time and nine 
(9) individuals who reported themselves as ‘woman’ and ‘non-binary/third gender’ at the same time.  

For this study, 317 participants who self-reported themselves only as ‘woman’ comprised the initial 
sample for further review.  

 

39 Other languages: Arabic, Chinese, French, German, Hindi, Japanese, Korean, Portuguese, Russian, Spanish. 
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Narrowing-down the dataset 

The initial review of the dataset (317 respondents) showed that 136 women indicated that ‘North 
America (United States, Canada and Mexico)’ describes best their current location. The cross-tabulation 
of racial background40 and location that is presented in Table 6 below, also showed that the other 
majority of women were located in Europe (n = 106) and none of them self-identified themselves with 
any of the racial backgrounds listed in the Linux Foundation survey. Some women located in different 
parts of the world also did not choose any of the listed racial backgrounds: 26 women in South Asia; 16 
women in Central America/South America/Caribbean; 11 women in the Middle East and North Africa; 
10 women in East Asia and the Pacific Islands.  

Table 6. Respondents’ racial background in relation to location 

 

Seemingly, due to the global reach of the Linux Foundation survey, the data had large heterogeneity. 
This made using the entire dataset impractical, as it didn’t allow the authors to account cultural, social 
and political factors that might have influence the responses, as proposed amongst others by a Dutch 
management researcher, Geert Hofstede, in his Cultural Dimensions Theory (Hofstede, 2009), theory 
that tries to determine the dimensions in which cultures vary. 

Using indicators proposed by the UNESE41 and such tools as ‘The Worldwide Governance Indicators 
(WGI) project’42  and UNESE’s Data Portal43  (which reports aggregate and individual governance 
indicators for over 200 countries and territories over the period 1996–2021 for a number of different 
indicators pertaining to cultural social and political dimensions), the authors of this study compared the 
differences between different regions (e.g., see Figure 7 and Figure 8 below).  

40 To understand how many unique ‘combinations’ of racial backgrounds were present in the data, the authors of 
this study applied CONCAT function in Excel, viz. merging all racial backgrounds against each respondent ID. 
As a result, 15 unique combinations of racial backgrounds have been identified as shown in Table 6. 
41 https://unece.org/statistics/publications/indicators-gender-equality 
42 http://info.worldbank.org/governance/wgi/ 
43 https://w3.unece.org/PXWeb/en 
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Figure 7. Educational level of women across the countries 

               

              
          Figure 8. Share of women in labour force across the countries 

 

Based on these insights, the authors decided to focus only on the raw data about/from the respondents 
who defined their location as ‘North America (Unites States, Canada, Mexico)’ and as ‘Europe’ due 
to relative comparability and representativeness of the data from these locations in the Linux Foundation 
survey. So, the dataset for this study comprised 242 respondents, namely, 136 women who indicated 
their location as ‘North America (Unites States, Canada, Mexico)’  and 106 women who indicated 
their location as ‘Europe’. 
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Reflexive analysis

Rather than simply running statistical tests on the dataset and let the software make an analysis, the
authors of this study tried to follow the process of reflexive analysis which is depicted in Figure 9 below.

          

Figure 9. Reflexive analysis (Source: O’Leary, 2017, p.540)

Reflexive analysis implies staying as close to the data as possible (i.e., from data collection till
deducing relevant conclusion). As shown in Figure 9, reflexive analysis expects a researcher to 
1) organize raw data, 2) systematically code and enter data, 3) undertake statistical analysis, 4) search 
for and interpret the meaning, 5) uncover and discover meaningful findings, and 6) conclude. As noted 
by O’Leary (2017, p.539), “[i]t is important to remember that even the most sophisticated analysis is 
worthless if you are struggling to grasp the implications of your findings to your overall project. To do 
this you need to conduct your analysis in a critical, reflexive and iterative fashion that cycles between 
your data and your overarching frameworks.”

Multiple regression analysis

To expand the statistical efficiency and explanatory ability, it was possible to apply one of the
multivariate techniques such multiple regression analysis, factor analysis, multivariate analysis of
variance, discriminant analysis, and so on. Multiple regression test is a multivariate inferential statistical 
test which work with two or more continuous variables (i.e., an interval or ratio variable) (El Mekawy, 
2020b). Conducting this type of analysis allows to predict the outcome/value of a variable ‘xxx’ (which 
is considered dependent) by using several explanatory variables ‘xx’, ‘xx’, ‘xx’(which are considered 
to be independent).

One of the benefits associated with the application of multiple regression analysis is that it is viewed to
be a reliable method of determining which variables have impact on a subject of interest. The
performance of regression allows confidently identify which variables matter most, which variables can
be ignored, and how these variables influence each other (El Mekawy, 2020b).

The authors of this study will propose a structure of interrelationships expressed as an equation that
reflects relationships among dependent and independent variables involved in the analysis.
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3.2.4. Limitations of the study 
According to Price and Murnan (2004, p.66), “a limitation of a study design or instrument is the 
systematic bias that the researcher did not or could not control and which could inappropriately affect 
the results.” 

One of the dangers associated with the usage of grey literature as the basis for literature review is the 
fact that an online blog, a post or an article published by a professional or expert can be deleted (and 
thus might not available anymore) before the submission of this study. Therefore, the authors secured 
knowledge from the Internet by consolidating them as archived scientific publications. Furthermore, 
grey literature should be considered with a certain degree of scepticism. In other words, it might be 
biased or not trustworthy because it usually lacks any robust empirical and methodological basis.  

Typically, it is believed that when working with existing data the possibility of tainting data with bias 
is removed because interaction does not involve the researcher. The authors of this study, however, kept 
in mind that biases and/or subjectivities might exist in secondary data that they sought to explore and 
use. When using secondary data, to assess credibility of the pre-existing data and be systematic in 
defining sampling strategy, O’Leary (2017) recommends applying some strategies such as triangulating 
data, seeking peer/expert review, doing a background check, exploring the references offered for the 
provided information. Thus, the authors of this study scrutinized such additional sources as the Key 
Survey Findings44 and the report prepared by Carter and Groopman (2021).  

Furthermore, because an existing dataset was used to test the hypotheses, the authors could not control 
for the measures of all variables/questions used in the Linux Foundation survey. Thus, it was not 
possible to assess completely to what extent these variables/questions were validated in the scientific 
literature. To assess constructs’ reliability by testing the measurement scale used in this study, the 
authors run Cronbach's Alpha analysis on the questions from the Linux Foundation survey that were 
chosen to measure the initial constructs depicted in Figure 5  and that were mapped against the questions 
from the Linux Foundation survey as presented in Table 5 (see section 2.4. The research framework 
used in the study). 

3.2.5. Ethical considerations 
To answer the research question formulated in section 1.3. Research question, an existing anonymized 
survey data on the state of diversity, equity, and inclusion in OS as of 2021 was used by the authors of 
this study. The survey raw data was uploaded in 2021 at data.world by Hilary Carter, the Vice President 
of Linux Foundation Research, with reference to the Community Data License Agreement – Permissive, 
Version 2.0. This type of agreement permits the users to use, modify and adapt the dataset, and the data 
within it, and to share it. The terms of this agreement also do not impose any obligations or restrictions 
on the results achieved from the users’ computational use of the data.

In the commitment of Linux Foundation Research to share open data, they did so with the mandate of 
protecting the privacy of the survey respondents. The confidentiality and anonymity of the survey 
respondents were ensured by Linux Foundation Research when conducting the survey, by Lawrence 
Hecht when assisting with data analytics on behalf of Linux Foundation Research, and by Carter and 
Groopman (2021) who prepared the ‘Diversity, Equity, and Inclusion in Open Source: Exploring the 

44 The presentation of Key Survey Findings from the ‘2021 Diversity, Equity, and Inclusion in Open Source’ 
survey was available at https://8112310.fs1.hubspotusercontent-
na1.net/hubfs/8112310/LF%20Research/2021%20DEI%20Survey%20-%20Results%20Deck.pdf   
[last time accessed in September 2022] 
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challenges and opportunities to create equity and agency across open source ecosystems’45 report. In 
other words, one of the most crucial elements in fulfilling ethical obligations when conducting research 
was fulfilled. 

45 The report is available at  https://8112310.fs1.hubspotusercontent-
na1.net/hubfs/8112310/LF%20Research/2021%20DEI%20Survey%20-%20Report.pdf 
[last time accessed in September 2022] 
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4. Empirical findings / Results 

As mentioned earlier, to test the hypotheses and answer the research question formulated in section 
1.3.Research question, the authors of this study did not design the survey questions themselves but 
rather observed them directly through the questions of the Linux Foundation survey. The data for this 
survey was gathered in 2021 from 2,350 individuals, particularly, from the Foundation’s subscribers 
and community members, on questions about their sense of inclusion and belongingness in OS 
communities.  

The authors of this study used the dataset collected by Linux Foundation for this survey. In the context 
of this study (viz., a small-scale applied research project) capitalizing on the secondary data made sense 
because of the following reasons: 

 The Linux Foundation survey is an extensive dataset and allowed the authors of this study to 
obtain many responses,  

 Data collected through the Linux Foundation survey is up-to-day and is the latest in the industry, 
dated by December 2021. 

 After careful examination of the Linux Foundation survey and the accompanied raw dataset, it 
appeared that some of the survey questions (see Appendix B) and the dataset collected by the 
Linux Foundation in 2021 were appropriate/relevant for using in testing the hypotheses and 
answering the research question formulated in section 1.3. Research question of this study. 

 

For this study, 317 participants who self-reported themselves only as ‘woman’ comprised the initial 
sample for further review.  

As explained in section 3.2.3. Data analysis, because of the representativeness of the data from ‘North 
America (United States, Canada, and Mexico)’ and ‘Europe’, the dataset (N = 317) was further 
narrowed down to only women who identified their locations as ‘North America (United States, Canada, 
and Mexico)’ (n1 = 136) and as ‘Europe’ (n2 = 106). Thus, the dataset for this study comprised 242 
respondents. The data was analyzed using IBM SPSS Statistics version 28. 

Table 7 presents descriptive information on all variables (or questions) used in this study for the whole 
dataset (N = 242). The table exhibits valid and missing number of items, mode, minimum and 
maximum values of the items (or variables). Furthermore, Figure 20 (see Appendix D) represents a list 
of frequency table outputs with (N) and (%) for the key variables used in this study for the whole 
dataset (N = 242). 

Table 7. Frequencies of the key variables used in the study for the whole dataset (N = 242) 

 

 



 

 36 

4.1. Exploratory Factor Analysis for the decision-basis on the number of 
components (or factors) to be retained in the study 

Figure 11 and Figure 22 (see Appendix E) exhibits the outputs from the initial Exploratory Factor 
Analysis (EFA) such as correlations between all variables (or questions), p-values, the sample size 
measure (KMO46 for ‘North America’ is 0.862 and KMO for ‘Europe’ is 0.818), Bartlett’s Test of 
Sphericity with significance of less than 0.00147 for both samples. Figure 11 and Figure 22 also presents 
the outputs ‘Communalities’ with the strength of extractions. None48 of the extractions for any of the 
items (or variables) was less than 0.3 which meant that it was possible to go ahead with all the questions 
(i.e., Q17_01 – Q17_07 and Q18) for both samples (i.e., ‘North America’ and ‘Europe’). 

The initial EFA with the extraction based on Eigenvalue showed that there are two components (or 
factors) to retain for both samples. As shown below in Figure 10 and Figure 11, this conclusion was 
derived from the outputs ‘Total Variance Explained’ (see more details in Appendix E, Figure 11 and 
Figure 22). As one can see, there are only two components (or factors) with Eigenvalue greater than 
one, and once we hit component ‘3’, the Eigenvalue drops to 0.638 for ‘North America’ and to 0.887 
for ‘Europe’. So, two components (or factors) can explain up to 69.827% of the variance for ‘North 
America’ and up to 59.517% of the variance for ‘Europe’. 

                                         

Figure 10. Decision-basis to retain two components (constructs) based on the outputs from the initial 
Exploratory Factor Analysis on the sample of women who defined their location as ‘North America (Unites 

States, Canada, Mexico)’ (n1 = 136) 

                                           

                                       

Figure 11. Decision-basis to retain two components (constructs) based on the outputs from the initial 
Exploratory Factor Analysis on the sample of women who defined their location as ‘Europe’ (n2 = 106) 

 

46 Kaiser-Meyer-Olkin Measure of Sampling Adequacy should be greater than 0.5 
47 The significance of 0.000 for Bartlett’s Test implies that there is at least one significant correlation between 
two of the items (or questions) which is essential to have before any Factor Analysis is run. 
48 ‘North America’: question Q17_01 loads up a factor at 56.7% of the variance that can be alluded to that factor; 
Q17_02 – at 77.5%; Q17_03 - at 74.5%; Q17_04 - at 83.8%; Q17_05 - at 69.6%; Q17_06 - at about 57.4%; 
Q17_07 - at 80.5%; Q18 - at 58.6%; 
‘Europe: question Q17_01 loads up a factor at 46.5% of the variance that can be alluded to that factor; Q17_02 – 
at 50.5%; Q17_03 - at 69.4%; Q17_04 - at 70.9%; Q17_05 - at 60.5%; Q17_06 - at about 56.5%; Q17_07 - at 
78.8%; Q18 - at 43.0%; 
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At this point, the EFA for both samples (i.e., ‘North America’ and ‘Europe’) had to be re-run and instead 
of the extraction based on Eigenvalue, the authors indicated in ‘Extraction’ that the ‘Fixed number of 
factors’ is 2 (see Figure 12). Furthermore, the rotations was switched from ‘None’ to ‘Direct Oblimin’ 
(see Figure 13), and the Coefficient Display Format was suppressed to small coefficients with absolute 
value below 0.4 (see Figure 14). 

                                                 

Figure 12. Extraction of two factors through the Exploratory Factor Analysis 

         

                                                        

Figure 13. Switching rotation from ‘None’ to ‘Direct Oblimin’ 

Figure 14. Suppression of the Coefficient Display Format to small coefficients with absolute value below 0.4 
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The authors needed to review the outputs ‘Component correlation matrix’ to determine whether the new 
factors were orthogonal or oblique. This time, as we can see in Figure 15 and Figure 16, the correlation 
between components (or factors) 1 and 2 was moderate but not greater than 0.5. It indicates that the 
components (or factors) are not strongly correlated and it can be assumed that they are orthogonally 
related. 

                                                             

Figure 15. The output ‘Component Correlation Matrix’ from the Exploratory Factor Analysis with the 
extraction based on the ‘Fixed number of factors’ on the sample of women who defined their location as 

‘North America (Unites States, Canada, Mexico)’ (n1 = 136) 

 

Figure 16. The output ‘Component Correlation Matrix’ from the Exploratory Factor Analysis with the 
extraction based on the ‘Fixed number of factors’ on the sample of women who defined their location as 

‘Europe’ (n2 = 106) 

 

The EFA for both samples (i.e., ‘North America’ and ‘Europe’) had to be re-run for the third time with 
the rotation switched from ‘Direct Oblimin’ to ‘Varimax’ (which is orthogonal of choice) as shown in 
Figure 17.  

                                                      

Figure 17. Switching rotation from ‘Direct Oblimin’ to ‘Varimax’ 
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Besides the repeated data from IBM SPSS Statistics on correlations between all the items (or variables), 
p-values, the sample size measure (KMO  for ‘North America’ is 0.862 and KMO for ‘Europe’ is 0.818), 
Bartlett’s Test of Sphericity with significance of less than 0.001 for both samples, strength of 
extractions, there were also new outputs from the EFA as exhibited in Figure 23 and Figure 24 (see 
Appendix F). The output ‘Rotated Component Matrix’ was of the major interest as it revealed which 
question should be under which component (or factor). In other words, if  some questions show a strong 
relation, then whatever they are measuring  - must be the same thing. 

Thereby, instead of three components (or constructs) that were originally proposed by the authors of 
this study (see Figure 5 and Table 5 in section 2.4. The research framework used in the study), the 
continued analysis will focus on two components (or factors) based on the output ‘Rotated Component 
Matrix’ (see Appendix F, Figure 23 and Figure 24): 

 the first component (or factor 1) that has questions Q17_01, Q17_02, Q17_03, Q17_06, and 
Q18, 
 

 the second component (or factor 2) that has questions Q17_04, Q17_05,  and Q17_07.  

 

So, the revised conceptual research model of this study is depicted in Figure 18.

 

Figure 18. The revised Conceptual Research Model of the study 

 

Next, the data was analyzed in two phases. In the first data analysis phase, the instrument validation of 
the scales was established by testing construct reliability and discriminant validity. In the second phase, 
hypotheses testing was performed and examined. 
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4.2. Testing construct reliability and discriminant validity 
To examine internal consistency of the variables in a particular component (or construct), the authors 
used three measures: 

 average variance extracted (AVE),  
 composite reliability (CR), and 
 and Cronbach’s Alpha (α). 

 

Checking convergent validity through AVE and assessing construct reliability thought CR 

Based on the factor loadings from the outputs ‘Rotated Component Matrix’ (see Appendix F, Figure 23 
and Figure 24), it was possible to compute AVE and CR as shown in Table 8. The computations were 
done in Excel for both the samples (i.e., women who defined their location as ‘North America (Unites 
States, Canada, Mexico)’ and women who defined their location as ‘Europe’) 

Table 8. Summary of the measurement scales (factor loadings, average variance extracted and composite 
reliability) 

 
Component (or 

construct) Item (or 
question) 

Factor 
loading 

(λ) 

Factor 
loading 
squared 

(λ^2) 

Error 
variance 

(1-λ^2 = 
ε) 

Number of 
factor 

loadings 
(n) 

Average 
variance 
extracted 

(AVE) 

Composite 
 reliability 

(CR) 

 
North America (Unites States, Canada, Mexico)   (n1 = 136) 

1 

Non-Inclusive 
Communication 

& 
Community 
Reception 

Issues 
& 

Gender 
Identified 

Contributions 
& 

Stereotyping 

Q17_01 0.738 0.544644 0.455356 

5 0.575694 
 

0.870835737 

Q17_02 0.857 0.734449 0.265551 
Q17_03 0.787 0.619369 0.380631 
Q17_06 0.698 0.487204 0.512796 

Q18 0.702 0.492804 0.507196 

2 Toxic Culture 
Q17_04 0.857 0.734449 0.265551 

3 0.672507667 
 

0.859245556 Q17_05 0.707 0.499849 0.500151 
Q17_07 0.885 0.783225 0.216775 

 
Europe   (n2 = 106) 

1 

Non-Inclusive 
Communication 

& 
Community 
Reception 

Issues 
& 

Gender 
Identified 

Contributions 
& 

Stereotyping 

Q17_01 0.640 0.4096 0.5904 

5 0.5145188 
 

0.840161221 

Q17_02 0.680 0.4624 0.5376 
Q17_03 0.823 0.677329 0.322671 
Q17_06 0.748 0.559504 0.440496 

Q18 0.681 0.463761 0.536239 

2 Toxic Culture Q17_04 0.782 0.611524 0.388476 3 0.561030667  
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Q17_05 0.532 0.283024 0.716976 0.786414286 
Q17_07 0.888 0.788544 0.211456 

 

Assessing construct reliability thought Cronbach’s Alpha 

The Cronbach’s Alpha (α) tests were run for each of the constructs: (1) Non-Inclusive Communication 
& Community Reception Issues & Gender-Identified Contributions & Stereotyping; and (2) Toxic 
Culture, and separately for each of the locations: women who defined their location as ‘North America 
(Unites States, Canada, Mexico)’ and women who defined their location as ‘Europe’. 

The summary of the Cronbach’s Alpha check is exhibited in Table 9 below. 

Table 9. Summary of the measurement scales (Cronbach’s Alpha) 

Component (or 
construct) 

 
(latent variable) 

Item (or 
question) 

 
(explanatory 

variable) 

N Mean 

Std. 
Deviati

on 
(SD) 

Coorected 
Item-Total 
Correlation 

Cronba
ch’s 

Alpha  
(α) 

Cronbach
’s Alpha 
if Alpha 
deleted 

North America (Unites States, Canada, Mexico)   (n1 = 136) 

1 

Non-Inclusive 
Communication 

& 
Community 
Reception 

Issues 
& 

Gender 
Identified 

Contributions 
& 

Stereotyping 

Q17_01 

 
Valid 90 
Excluded (a) 46 
Total 136 

0.78 0.418 0.595 

0.859 

0.849 

Q17_02 0.64 0.481 0.741 0.811 

Q17_03 0.67 0.474 0.771 0.804 

Q17_06 0.71 0.456 0.643 0.837 

Q18 0.53 0.502 0.633 0.841 

2 Toxic Culture 

Q17_04 
Valid 131 
Excluded (a) 5 
Total 136 

0.27 0.448 0.785 

0.854 

0.736 

Q17_05 0.29 0.456 0.702 0.821 

Q17_07 0.19 0.394 0.699 0.823 

Europe   (n2 = 106) 

1 

Non-Inclusive 
Communication 

& 
Community 
Reception 

Issues 
& 

Gender 
Identified 

Contributions 
& 

Stereotyping 

Q17_01 

 
Valid 77 
Excluded (a) 29 
Total 106 

0.74 0.441 0.528 

0.760 

0.718 

Q17_02 0.69 0.466 0.567 0.704 

Q17_03 0.53 0.502 0.618 0.683 

Q17_06 0.52 0.503 0.522 0.720 

Q18 0.39 0.491 0.416 0.757 

2 Toxic Culture 

Q17_04 
Valid 102 
Excluded (a) 4 
Total 106 

0.19 0.391 0.620 

0.687 

0.439 

Q17_05 0.35 0.480 0.463 0.684 

Q17_07 0.12 0.324 0.468 0.648 

(a) Listwise deletion based on all variables in the procedure 
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Mean, standard deviation and sample size are reflected in Table 9 for each of the Items on the scale. 
According to Pallant (2016), reliability statistics can be defined by Cronbach’s Alpha test where Alpha 
should be above or equal to 0.70. However, Pallant (2016) also highlights that if there are less than 10 
items on a scale, it is difficult to get a high Alpha, and then Cronbach’s Alpha that is equal or above 
0.50 is acceptable. Cronbach’s Alphas for both constructs: (1) Non-Inclusive Communication & 
Community Reception Issues & Gender-Identified Contributions & Stereotyping; and (2) Toxic Culture 
are above 0.50 so there is no need to delete anything from the scale. Thus, based on the Cronbach’s 
Alphas exhibited above in Table 9, both components (or constructs) for both samples (i.e., ‘North 
America’ and ‘Europe’) are reliable.  

 

Verifying discriminant validity 

Figures 25-28 (see Appendix G) demonstrates four outputs ‘Inter-Item correlation matrix’ with the 
correlation of every Item in the scale with every other Item depending on the component (or construct) 
and the location. These matrixes reveal that: 

 There is no correlation higher than 0.693 between variables Q17_01, Q17_02, Q17_03, 
Q17_06, and Q18 on the sample of women who defined their location as ‘North America 
(Unites States, Canada, Mexico)’, implying no severe problem with multicollinearity49 (see 
Appendix G, Figure 25). The square root of AVE (0.758745016) and it is greater than any other 
correlations. 
 

 There is no correlation higher than 0.702 between variables Q17_04, Q17_05,  and Q17_07 on 
the sample of women who defined their location as ‘North America (Unites States, Canada, 
Mexico)’, implying no severe problem with multicollinearity (see Appendix G, Figure 26). The 
square root of AVE (0.820065648) and it is greater than any other correlations. 

 
 There is no correlation higher than 0.561 between variables Q17_04, Q17_05,  and Q17_07 on 

the sample of women who defined their location as ‘Europe’, implying no severe problem with 
multicollinearity (see Appendix G, Figure 27). The square root of AVE (0.717299658) and it 
is greater than any other correlations. 

 
 There is no correlation higher than 0.529 between variables Q17_01, Q17_02, Q17_03, 

Q17_06, and Q18 on the sample of women who defined their location as ‘Europe’, implying 
no severe problem with multicollinearity (see Appendix G, Figure 28). The square root of AVE 
(0.749019804) and it is greater than any other correlations. 

To sum up, 

 To check convergent validity, the authors used average variance extracted (AVE). In order to 
achieve acceptable convergent validity, AVE estimates should exceed the cut-off level of 0.5 
(see Fornell and Larcker, 1981). This condition is fulfilled in the given study.  

 To verify discriminant validity, the authors used the square root of AVE. For each construct 
AVE it greater than the correlations with other constructs (see Fornell and Larcker, 1981). This 
condition is fulfilled in the given study. 

 To assess construct reliability, the authors used composite reliability (CR) and Cronbach’s 
Alpha (α). For these types of measure, levels above 0.7 are recommended (see Chin, 1988; 
Nunnally, 1978). These conditions are fulfilled in the given study. 

49 As noted by Mota and Moreira (2015), multicollinearity among explanatory (independent) variables result in 
less reliable statistical inferences. 
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All measurement scales indicated acceptable levels of reliability, namely: 

 All factor loadings (λ) ranged from 0.532 to 0.888; 
 AVE estimates for the constructs ranged from 0.5145188 to 0.672507667; 
 CR estimates ranged from 0.786414286 to 0.870835737 
 estimates of Cronbach’s Alpha (α) ranged from 0.687 to 0.859. 

 

4.3. Hypotheses testing 
In the given study, the following hypotheses have been formulated: 
 

 H0: There is no significant prediction of women’s intention to leave an OSS project/community 
and such challenges faced by them in OS as experience of discrimination, harassment, hostility, 
toxic culture/communication practices. 

 HA: There is a significant prediction of women’s intention to leave an OSS project/community 
and such challenges faced them in OS as experience of discrimination, harassment, hostility, 
toxic culture/communication practices. 

In IBM SPSS Statistics the default method for determining the statistically significant predictors in a 
regression equation is called ‘Enter’. This method was used for the initial outputs of the regression 
analysis (see Appendix H, Figure 29 and Figure 30). The ‘Enter’ method forced all the independent 
variables into the multiple regression equation irrespective of their statistical significance. 
 
For further analysis of the data, it was decided to run another method called ‘Stepwise’50 which focuses 
only on statistically significant contributors/predictors (i.e., independent variables) to the multiple 
regression equation. As shown below in Figure 19, the method was changed from ‘Enter’ to ‘Stepwise’.  
 

                                            
 

Figure 19. Change of regression method from ‘Enter’ to ‘Stepwise’ to focus only on statistically significant 
independent variables 

 

50 The ‘Stepwise’ method looks into a correlation matrix and it chooses the independent variables that has the 
largest Pearson correlation with the dependent variable and puts it into the regression analysis. Then this method 
goes back to the correlation matrix and it looks for the next highest predictor of the dependent variable 
controlling for variance in the first predictor that was included in the model. So, the ‘Stepwise’ method does it 
sequentially by going back to the semi-partial correlations and looking for the next biggest predictor of the 
dependent variable. Once it finds a non-significant predictor, it stops the analysis. 
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As shown on the outputs from IBM SPSS Statistics (see Appendix I, Figure 31 and Figure 32), two 
statistically significant models were generated for each of the samples (i.e., ‘North America’ and 
‘Europe’), however, they contained different set of predictors (i.e., independent variables), namely: 
 
 

o For the sample ‘North America (Unites States, Canada, Mexico)’ 
 

 statistically significant Model 1 contains one independent variable and that is item 
(or question) Q17_04; 

 statistically significant Model 2 contains two independent variables and that are 
items (or questions) Q17_04 and Q18. 
 

o For the sample ‘Europe’ 
 

 statistically significant Model 1 contains one independent variable and that is item 
(or question) Q17_06; 

 statistically significant Model 2 contains two independent variables and that are 
items (or questions) Q17_06 and Q17_04. 

The output ‘Model Summary’ for both samples (i.e., ‘North America’ and ‘Europe’) shows two 
important values: R square51 and adjusted52 R square. The value of R square provides a measure of the 
degree of explanation of the model. The value of adjusted R square adjusts the dimension slightly.  

The output ‘ANOVA’ test the null hypothesis and presents other important values: the F-ratio value and 
the p-value. The F-ratio value tests whether the overall regression model is a good match for the data or 
not. The p-value reflects the significance of variable.  

The summary from the outputs ‘Model Summary’ and ‘ANOVA’ for both samples is presented in Table 
10 below. 

Table 10. Summary of the key outputs from multiple linear regression analysis (Model Summary, ANOVA) 

  Model Summary ANOVA 
  R square Adjusted R 

square F Sig. 

North America (Unites States, Canada, Mexico)   (n1 = 136) 

Model 1 Q17_04_violence_stalking_experience 0.191 0.185 31.671 <0.001 

Model 2 Q17_04_violence_stalking_experience 
Q18_background_based_harassment 0.234 0.223 20.342 <0.001 

Europe   (n2 = 106) 

Model 1 Q17_06_stereotyping_experience 0.160 0.152 19.874 <0.001 

Model 2 Q17_06_stereotyping_experience 
Q17_04_violence_stalking_experience 0.203 0.188 13.118 <0.001 

 

51 R square value indicates the percentage of variance in dependent variable that can be interpreted by 
independent variables. It is based on the sample and is positively affected/biased by the number of predictors 
(viz., independent variables) accounted by the regression model. This value is based on a sample and is 
positively affected/biased by the number of predictors accounted by the regression model (El Mekawy, 2020a). 
52 Adjusted R square value corrects the positive bias to provide a value that would be anticipated in the 
population, viz., it regulates the R square value based on the number of predictors (viz., independent variables) 
and the real impact individually (El Mekawy, 2020a). 
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Next set of important values comes from the outputs ‘Coefficients’ for both samples (see Appendix I, 
Figure 31 and Figure 32). This output exhibits information about each predictor (i.e., independent 
variable) separately when assuming all other predictors are held constant; namely, unstandardized 
coefficients B 53 , standardized coefficients Beta 54  and the statistical significance (p-value of each 
predictor separately). 

Table 11. Summary of the key outputs from multiple linear regression analysis (Coefficients) 

  Coefficients 
  Unstandardized B Standardized 

coefficients Beta Sig. 

North America (Unites States, Canada, Mexico)   (n1 = 136) 

Model 1 (Constant) 
Q17_04_violence_stalking_experience 

0.892 
-0.413 

 
-0.437 

 
<0.001 

Model 2 
 

(Constant) 
Q17_04_violence_stalking_experience 
Q18_background_based_harassment 

0.991 
-0.328 
-0.228 

 
-0.347 
-0.226 

 
<0.001 
0.007 

Europe   (n2 = 106) 

Model 1 (Constant) 
Q17_06_stereotyping_experience 

0.938 
-0.345 

 
-0.401 

 
<0.001 

Model 2 
 

(Constant) 
Q17_06_stereotyping_experience 
Q17_04_violence_stalking_experience 

0.953 
-0.285 
-0.242 

 
-0.331 
-0.218 

 
<0.001 
0.021 

 

Another set of key values comes from the outputs ‘Residual Statistics’ for both samples  (see Appendix 
I, Figure 31 and Figure 32). The range of standard residual should not be outside three (3) in absolute 
value. Furthermore, the value of Cook’s Distance should not be greater than one (1). Table 12 
demonstrates that the standard residual and Cook’s Distance for both samples (i.e., ‘North America’ and 
‘Europe’) are within the desired range. 

Table 12. Summary of the key outputs from multiple linear regression analysis (Residual Statistics) 

  Residual Statistics 
  Std. Residual Cook’s Distance 
North America (Unites States, Canada, Mexico)   (n1 = 136) 

Minimum 
Maximum 

-2.701 
1.538 

0.000 
0.076 

Europe   (n2 = 106) 

Minimum 
Maximum 

-2.478 
1.493 

0.000 
0.113 

 

 

53 The unstandardized coefficient B indicates how much the dependent variable differs with a predictor (viz., 
independent variable) when all other predictors are held constant (El Mekawy, 2020a). 
54 The standardized coefficient Beta indicates changes in standard deviation between variables and indicators (El 
Mekawy, 2020a). 
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5. Analysis 

5.1. Analysis of the results 
A multiple regression was carried out to explore whether: 

 Q17_01_rejection_experience 
 Q17_02_conflict_or_interpersonal_tension_experience 
 Q17_03_offensive_language_experience 
 Q17_04_violence_stalking_experience 
 Q17_05_sexual_harassment_experience 
 Q17_06_stereotyping_experience 
 Q17_07_impersonation_doxxing_experience 
 Q18_background_based_harassment 

could significantly predict women’s intention to leave/defect an OSS project/community. 

o For the sample ‘North America’ 

R square  that is equals to 0.191 [Model 1] and to 0.234 [Model 2] and is clearly more than zero, 
indicates that the predictors (i.e., independents variables) explain 19.1% [Model 1] and 23.4% [Model 
2] of the variance in the dependent variable. The remaining 80.9% [Model 1] and 76.6% [Model 2] 
explains the prediction of the dependent variable by other variables (see output ‘Model Summary’ in 
Table 10). 

o For the sample ‘Europe’ 

R square  that is equals to 0.160 [Model 1] and to 0.203 [Model 2] and is clearly more than zero, 
indicates that the predictors (i.e., independents variables) explain 16.0% [Model 1] and 20.3% [Model 
2] of the variance in the dependent variable. The remaining 84.0% [Model 1] and 79.7% [Model 2] 
explains the prediction of the dependent variable by other variables (see output ‘Model Summary’ in 
Table 10). 

 

The results also indicate that the models were a significant predictor of women’s intention to 
leave/defect an OSS project/community: 

o For the sample ‘North America’ 
 

 [Model 1]  F(1,134) = 31.671, p = <0.001 
 [Model 2]  F(2,133) = 20.342, p = <0.001 

 
o For the sample ‘Europe’ 

 
 [Model 1]  F(1,104) = 19.874, p = <0.001 
 [Model 2]  F(2,103) = 13.118, p = <0.001 

For both samples, p-value for all independent variables is below 0.001 value which is clearly less than 
0.05, indicates that less than 1% of the data can be result of a random process or happen by chance; in 
other words, we can rely on the data. The p-value also indicates that the independent variables 
statistically significantly predict the dependent variable (see output ‘ANOVA’ in Table 10). 
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For both samples (i.e., ‘North America’ and ‘Europe’), R square value for all independent variables is 
above zero, and the significance (the p-value) is less than 0.05. Together (Sig < 0.05) and (R square > 
0) indicate that the predictors (i.e., independent variables) are able to account for a significant amount 
of variance in the dependent variable. In other words, both regression models for both samples 
significantly predict the dependent variable. 

The null hypotheses for both regression models for both samples (i.e., ‘North America’ and ‘Europe’) 
can be rejected (the slope of the line is less than 0.001).  

Furthermore, based on the unstandardized coefficients B (see output ‘Coefficients’ in Table 11), it is 
possible to say that: 

o For the sample ‘North America (Unites States, Canada, Mexico)’ 
 

An increase by 
one 

measurement 
unit in 

independent 
variable(s): 

Q17_04_violence_stalking_
experience will 

result 
in 

-0.413 

decrease 

in dependent 
variable: 

Q20_10_left_or_stay
ed_when_witn_exper
einced_hostility_hara

ssment 

Q17_04_violence_stalking_
experience 

Q18_background_based_har
assment 

-0.328 
-0.228 

 
o For the sample ‘Europe’ 

 
An increase by 

one 
measurement 

unit in 
independent 
variable(s): 

Q17_06_offensive_language
_experience will 

result 
in 

-0.345 

decrease 

in dependent 
variable: 

Q20_10_left_or_stay
ed_when_witn_exper
einced_hostility_hara

ssment 

Q17_06_stereotyping_experi
ence 

Q17_04_violence_stalking_
experience 

-0.285 
-0.242 

 
 
Based on the standardized coefficients Beta (see output ‘Coefficients’ in Table 11), it is possible to say 
that: 
 

o For the sample ‘North America (Unites States, Canada, Mexico)’ 
 

An increase by 
one 

measurement 
unit in 

independent 
variable(s): 

Q17_04_violence_stalking_
experience will 

result 
in 

-0.437 

decrease 

in dependent 
variable: 

Q20_10_left_or_stay
ed_when_witn_exper
einced_hostility_hara

ssment 

Q17_04_violence_stalking_
experience 

Q18_background_based_har
assment 

-0.347 
-0.226 

 
o For the sample ‘Europe’ 

 
An increase by 

one 
measurement 

unit in 
independent 
variable(s): 

Q17_06_stereotyping_experi
ence will 

result 
in 

-0.401 

decrease 

in dependent 
variable: 

Q20_10_left_or_sta
yed_when_witn_ex
pereinced_hostility

_harassment 

Q17_06_stereotyping_experi
ence  

Q17_04_violence_stalking_
experience 

-0.331 
-0.218 

 

 



 

 48 

The predictors (i.e., independent variables): 

 Q17_04_violence_stalking_experience,  
 Q17_06_stereotyping_experience  
 Q18_background_based_harassment 

are statistically significant and thus contribute to the regression models because their p-value is less than 
0.05. 

Thereby, both [Model 1] and [Model 2] for both samples (i.e., ‘North America’ and ‘Europe’)  are 
significant. The challenges that may predict (or influence) women’s intention to leave/defect an OSS 
project/community can be formulated as follows: 
 

o For the sample ‘North America (Unites States, Canada, Mexico)’ 

 experience of threats of violence, stalking directed at women in the context of an open source 
project [see Model 1 that contains one predictor, i.e., Q17_04_violence_stalking_experience] 
 

 experience of threats of violence, stalking and of harassment connected to their background 
directed at women in the context of an open source project [see Model 2 that contains two 
predictors, i.e., Q17_04_violence_stalking_experience and 
Q18_background_based_harassment] 

o For the sample ‘Europe’ 
 

 experience of stereotyping based on perceived demographic characteristics directed at women 
in the context of an open source project [see Model 1 that contains one predictor, i.e., 
Q17_06_stereotyping_experience] 
 

 experience of stereotyping based on perceived demographic characteristics and threats of 
violence, stalking directed at women in the context of an open source project [see Model 2 
that contains two predictors, i.e., Q17_06_stereotyping_experience and 
Q17_04_violence_stalking_experience]. 

5.2. Discussion 
As highlighted in section 2.3. Decision/propensity/intention to leave – why women voluntarily leave a 
job in tech?, the literature review revealed a lack of research exploring factors on why women leave 
/defect OSS, what is the motivating force to avoid participating in OSS, how women choose which OSS 
project to contribute to, and why a large proportion of women who study STEM subjects, do not join 
OSS projects.  

One of the few studies that made a theoretical connection to why women leave (or avoid) OSS was a 
study of Qui, et al. (2019). According to the findings, social capital can support the long-term 
engagement for both men and women in OSS community. It was also detected that when team members 
have a more diverse programming language backgrounds, there is less chance that women leave the 
project early. According to their findings, lack of inclusive language (i.e., avoiding words that assume 
[all] people are one gender or one demographic, or terms that usually associated with men, such as 
‘guys’) can demotivate women in OS.  

The empirical results of the study conducted by Paul, Bosu and Sultana (2019) made them believe that  
such negative workplace experience as exposure of the female developers to discriminatory expletives 
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(swearing) or negative critiques from the male colleagues can be a contributing factor to the decreasing 
number of women in the software engineering industry.  

Lee and Carver (2019) stated that toxic culture (e.g., sexist statements or assumptions, being ignored) 
and non-prioritization of diversity in an OS project can hinder access of women to OS community and 
even make them drop out a project.  

Kuechler, Gilbertson and Jensen (2012) assumed that public roasting and aggression can be sufficient 
to distort participation among a small minority, such as women as they may already be hesitant about 
how they will be perceived and received in an OS community. The researchers (2012) suggested that 
women drop out OSS projects because of the two factors: the projects are not aligned with their 
motivations and cost-benefit tradeoffs, and due to the unappealing and hostile social dynamics in OSS 
projects towards women. 

So, beside reference to the above-mentioned studies, the authors of this study did not identify any 
academic research paper that was examining/exploring the specific challenges faced by women in OSS 
that can impact/influence their defect intention. Thus, there was no possibility to compare the results 
of this study with the findings of the existing literature in the field. 

Based on the results of this study, it is possible to deduce that: 

 Cronbach’s Alphas of Items for women who defined their location as ‘North America (Unites 
States, Canada, Mexico)’ are higher than Cronbach’s Alphas of Items for women who defined 
their location as ‘Europe’. It can be interpreted in the following way: questions Q17_01 - 
Q17_07 and Q18 from the Linux Foundation survey fit better 55  to measure each of the 
constructs: (1) Non-Inclusive Communication & Community Reception Issues & Gender-
Identified Contributions & Stereotyping; and (2) Toxic Culture, for the sample of women who 
identified their locations as ‘North America (United States, Canada, and Mexico)’. 
 

 The results of the Factor Analysis, particularly, the outputs ‘Total Variance Explained’ (see 
more details in Appendix E, Figure 21 and Figure 22) exhibit that two components (or 
constructs) can explain up to 59.517% of the variance on the sample of women who defined 
their location as ‘Europe’. This number can be viewed as a weak/moderate model. At the same 
time, two components (or constructs) can explain up to 69.827% of the variance on the sample 
of women who defined their location as ‘North America (Unites States, Canada, Mexico)’. This 
number can be interpreted as a moderate/semi-strong model. 
 

 The results of multiple linear regression revealed that the null hypothesis can be rejected. 
Furthermore, women’s intention to leave/defect an OSS project/community can be explained 
by the following regression equations: 

 

 

 

 

55 A measure of Cronbach's Alpha produces a value between zero (0) and one (1). The closer it is one, the better 
the items to measure a variable/construct (for more details see Table 9 in section 4.2. Testing construct reliability 
and discriminant validity). 
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Thereby, women’s intention to leave/defect an OSS project/community maybe explained by the 
following regression equations: 

Equation 2. Predictive models for the sample of women who defined their location as ‘North America (Unites States, 
Canada, Mexico)’ (n1 = 136) based on unstandardized B 

 [Model 1]  Y = 0.892 – (0.413 * Q17_04_violence_stalking_experience) 
 

 [Model 2]  Y = 0.991 – (0.328 * Q17_04_violence_stalking_experience) – (0.228 * 
Q18_background_based_harassment) 

 

Equation 3. Predictive models for the sample of women who defined their location as ‘Europe’ (n2 = 106) based on 
unstandardized B 

 [Model 1]  Y = 0.938 – (0.345 * Q17_06_stereotyping_experience) 
 

 [Model 2]  Y = 0.953 – (0.285 * Q17_06_stereotyping_experience) – (0.242 * 
Q17_04_violence_stalking_experience) 

 

As we can see there is neither ‘right’ nor a single answer on the question what are the specific challenges 
faced by women in OS that may predict (or influence) their intention to leave/defect an OSS 
project/community. So, based on the results of this study, depending on the geographical location of 
women, the challenges that can impact their defect intension can be different. 
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6. Conclusions 

6.1. Summary of the study 
The work presented in this study set out to explore factors contributing to the still very unequal 
representation of minorities (in this limited scope study represented by women) in OS projects. The 
interest in this topic was motivated by the initial literature review findings showing that the fact that OS 
is a major source of innovation for many companies and unequal representation of women has negative 
effects on the innovation potential of many tech-related industries. 

An in-depth literature review showed that some of the major challenges faced by women when 
contributing to OSS projects are: 

 Feeling of isolation, frustration, invisibility, and discomfort without other women 
around; 

 Feeling of being insulted due to swearwords used in mailing lists, documentation, code 
reviews; 

 Experience of symbolic violence, harassment, sexism; 
 Feeling of being unworthy, lacking self-efficacy; 
 Hiding gender when searching for mentorship, feeling restrained when being repealed 

by community members for postponed inputs; 
 Being stereotyped by certain roles; 
 Lacking time due to household/family responsibilities; 
 Experiencing gender biases about contributions, facing postponed response rate. 

 

Trinkenreich, et al. (2021) conceptually clustered such challenges into several socio-cultural categories, 
namely: (1) Lack of peer parity; (2) Non-inclusive communication; (3) Toxic culture; (4)  Impostor 
syndrome; (5) Community reception issues; (6) Stereotyping; (7) Work-life balance issues, (8) Gender-
identified contributions (see Table 3 in section 2.2. Disparities, workplace incidents and other 
challenges faced by women in tech and in OSS community). 

The authors of this study did not design the survey questions themselves but rather observed them 
directly through the questions of the Linux Foundation survey. In the context of this study (viz., a small-
scale applied research project) capitalizing on the secondary data made sense because of the following 
reasons: 

 The Linux Foundation survey is an extensive dataset and allowed the authors of this study to 
obtain many responses,  

 Data collected through the Linux Foundation survey is up-to-day and is the latest in the industry, 
dated by December 2021. 

 After careful examination of the Linux Foundation survey and the accompanied raw dataset, it 
appeared that some of the survey questions (see Appendix B) and the dataset collected by the 
Linux Foundation in 2021 were appropriate/relevant for using in testing the hypotheses and 
answering the research question formulated in section 1.3. Research question of this study. 

The authors of this study made the initial mapping of the questions from the Linux Foundation survey 
against challenge-clustering developed by Trinkenreich, et al. (2021) (see Table 3 in section 2.2. 
Disparities, workplace incidents and other challenges faced by women in tech and in OSS community). 
This helped to isolate the following groups of challenges: (1) Non-Inclusive Communication & 
Community Reception Issues; (2) Toxic Culture; and (3) Gender-Identified Contributions & 
Stereotyping, that are likely to contribute to women leaving/defecting an OSS project/community. 
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Thereby, the initial literature review (see Chapter 2. Literature review for more details), the challenges-
clustering proposed by Trinkenreich, et al. (2021) (see Table 3 in section 2.2. Disparities, workplace 
incidents and other challenges faced by women in tech and in OSS community), the data collected by 
Linux Foundation in 2021 through the Linux Foundation survey, and the research question of the given 
study (What are the specific challenges faced by women in OS that may predict (or influence) their 
intention to leave an OSS project/community?) led to the formulation of two hypotheses: null (H0) and 
alternative (HA) which highlight the relationships between different variables in the dataset.  

 H0: There is no significant prediction of women’s intention to leave an OSS project/community 
and such challenges faced by them in OS as experience of discrimination, harassment, hostility, 
toxic culture/communication practices. 
 

 HA: There is a significant prediction of women’s intention to leave an OSS project/community 
and such challenges faced them in OS as experience of discrimination, harassment, hostility, 
toxic culture/communication practices. 

To validate these hypotheses, the authors of this study performed multiple regression analysis on 
publicly available data that, as explained above, were collected through a large survey designed and 
distributed by the Linux Foundation.  

A multiple regression was carried out to explore whether: 

 Q17_01_rejection_experience 
 Q17_02_conflict_or_interpersonal_tension_experience 
 Q17_03_offensive_language_experience 
 Q17_04_violence_stalking_experience 
 Q17_05_sexual_harassment_experience 
 Q17_06_stereotyping_experience 
 Q17_07_impersonation_doxxing_experience 
 Q18_background_based_harassment 

could significantly predict women’s intention to leave/defect an OSS project/community. 

The results of multiple regression analysis revealed that the null hypothesis can be rejected.  
 
The challenges that may predict (or influence) women’s intention to leave/defect an OSS 
project/community can be formulated as follows: 
 

o For the sample ‘North America (Unites States, Canada, Mexico)’ 
 

 [Model 1] experience of threats of violence, stalking directed at women in the context of an 
open source project; 

 [Model 2] experience of threats of violence, stalking and of harassment connected to their 
background directed at women in the context of an open source project. 

o For the sample ‘Europe’ 
 

 [Model 1] experience of stereotyping based on perceived demographic characteristics directed 
at women in the context of an open source project; 

 [Model 2] experience of stereotyping based on perceived demographic characteristics and 
threats of violence, stalking directed at women in the context of an open source project. 
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To sum up, women’s intention to leave/defect an OSS project/community maybe explained by the 
following predictive models: 

o For the sample ‘North America (Unites States, Canada, Mexico)’ 
 
 [Model 1]  Y = 0.892 – (0.413 * Q17_04_violence_stalking_experience) 
 [Model 2]  Y = 0.991 – (0.328 * Q17_04_violence_stalking_experience) – (0.228 * 

Q18_background_based_harassment) 
 

o For the sample ‘Europe’ 
 

 [Model 1]  Y = 0.938 – (0.345 * Q17_06_stereotyping_experience) 
 [Model 2]  Y = 0.953 – (0.285 * Q17_06_stereotyping_experience) – (0.242 * 

Q17_04_violence_stalking_experience) 
 

The results also indicate that the models were a significant predictor of women’s intention to 
leave/defect an OSS project/community: 

o For the sample ‘North America (Unites States, Canada, Mexico) 
 

 [Model 1]  F(1,134) = 31.671, p = <0.001 
 [Model 2]  F(2,133) = 20.342, p = <0.001 

 
o For the sample ‘Europe’ 

 
 [Model 1]  F(1,104) = 19.874, p = <0.001 
 [Model 2]  F(2,103) = 13.118, p = <0.001 

With reference to the previous research, as was highlighted early in section 2.3.What are the reasons 
that would make women voluntarily leave tech or OSS community? and section 5.2. Discussion, the 
literature review revealed a lack of research exploring factors on why women leave /defect OSS, what 
is the motivating force to avoid participating in OSS, how women choose which OSS project to 
contribute to, and why a large proportion of women who study STEM subjects, do not join OSS projects. 
Furthermore, an extensive literature review conducted by Trinkenreich, et al. (2021, p.26) on the topic 
of women’s participation in OSS also brings to attention the fact that the literature lacks research 
specifically exploring why women leave/defect OSS. Thus, there was no possibility to compare the 
results of this study with the findings of the existing literature in the field. 

6.2. Relation of the study to the field of technology and innovation  
As outlined earlier in section 1.2. Problem formulation and purpose, the value-in-diversity perspective 
assumes that a diverse workforce (in comparison with a homogeneous one) is in general beneficial for 
business, including but not restricted to earnings and corporate profits (Herring, 2009). A growing body 
of literature (see Bosu and Sultana, 2020; Gila, Jaafa, Omar and Tunio, 2014; Ortu, et al., 2017; 
Vasilescu, et al., 2015) has investigated the role of gender diversity in team performance. Muller and 
Kuhn (1993) concluded that a more diverse development team is more likely to comprehend and reflect 
the needs of a user, thus facilitating better alignment between the delivered product (e.g., software) and 
its intended users (it is also known as user-centred design or participatory design). The findings of 
Herring (2009) revealed that gender diversity was related to increased sales revenue, more customers, 
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and greater relative profits. Gila, Jaafa, Omar and Tunio (2014) also state that gender diversity is a key 
element for performance in both industrial and academic teams.  

6.3. Contribution to theory and practice  
Based on the extensive review of previous studies presented in chapter 2. Literature review, the 
percentage of women contributing to OSS projects is less than 10%. Considering the importance of 
(gender) diversity in OSS projects/communities and a severe underrepresentation of women in OS, the 
authors of this study have looked at the following research question: 

What are the specific challenges faced by women in OS that may predict (or influence) their intention 
to leave an OSS project/community? 

The findings of the study have the following contributions: 

 Academic value: The findings of this study extend the knowledge about specific challenges 
faced by women in OS that may predict (or influence) their intention to leave an OSS 
project/community. 
 

 Insights for adopting ‘Innovation by All’ workplace culture: The findings of this study 
provide OSS projects/communities with insights into the hindrances and determinants 
associated with women’s participation in OS. These insights, in their turn, can be valuable to 
understand and be aware of when an OSS team/community aims to adopt an ‘Innovation by All’ 
workplace culture and by doing so  - attain greater team productivity, more innovative and more 
revolutionary ideas, greater agility, and higher rates of ideas’ implementation, decision-making, 
and innovation.  
 

 Internal analysis: The results of this study can be used to inform OSS teams/communities 
about the most critical aspects they need to address in order to attract more and retain existing 
female talent. Thus, the findings of this study can serve as an internal analysis for an OSS team/ 
community to take further actions on including and diversifying their project teams and ensuring 
that all members stay and keep on contributing to OSS projects.  

6.4. Research quality 
According to O’Leary (2017), validity, reliability, generalizability and reproducibility are such 
traditional indicators of credibility. Furthermore, the process of quantification allows to tackle large 
populations and offers validity of results through the use of statistics and probability. The authors of this 
study decided that the trade-offs embedded with the usage of secondary data were worth exploring when 
methodological approach was reviewed. The authors tried to ensure that their biases did not colour their 
interpretation and understanding of the data and that the data was interpreted in its original context.  

As also noted by O’Leary (2017), studies designed under a triangulation banner collect various data 
types to improve the overall credibility and robustness of a study. Thus, rather than solely relying on the 
raw data of the survey, the authors of this study used additional data sources. For example, the report 
prepared by Carter and Groopman (2021) based on the survey’s raw data was thoroughly scrutinized for 
comparison and validation purposes. The raw data was coded by the authors of this study independently 
and then compared in Excel. The survey data was analyzed, interpreted and presented by the authors of 
this study keeping in mind various research requirements and suggestions outlined by O’Leary (2017) 
on how to produce scientific knowledge. The authors also searched for peer/expert reviews to see what 
others were stating about the survey conducted by Linux Research Foundation and the report of Carter 
and Groopman (2021). 
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While following reflexive analysis depicted in Figure 9 (see section 3.2.3. Data analysis), it was 
important to stay on top of the data and keep an overall sense of the research project, rather than getting 
lost in the numbers and losing a sense of what was tried to be achieved. Thus, the authors of this study 
used their intelligence and judgement rather than purely relinquishing control over the data to the 
statistical software program.  
 
Furthermore, because an existing dataset was used to test the hypotheses, the authors could not control 
for the measures of all variables/questions used in the Linux Foundation survey. Thus, it was not 
possible to assess completely to what extent these variables/questions were validated in the scientific 
literature.  

6.5. Limitations 
The authors of this study were aware of some pitfalls associated with working with pre-existing data. 
For example, because of ‘skipping’ the process of design (viz., making decisions about population, 
samples, questions, response categories), there was no possibility to explore data as it came in. Thus, 
the opportunity for conceptual work was not available for the authors of this study.  
 
Other challenges were related to relevance, currency and methodological issues. O’Leary (2017, p.486) 
clarifies this issue as follows: “[s]ince it is data that has generally been collected for an alternative 
purpose, it may not be as relevant or current as primary data. Moreover, you may not be aware of 
methodological flaws in any previous collection methods.” Another crucial point was knowing exactly 
what the authors of this study were looking for (viz., clearly articulated research question and having an 
idea of what type of data could address these questions).  
 
Moreover, considering the following facts: 
 

 the authors of this study did not design the survey questions themselves but rather used a 
questionnaire designed and distributed by Linux Foundation in 2021, and 
 

 to test the hypotheses, the authors of this study used an existing dataset that was originally 
collected for the Linux Foundation survey, 

 
it was not possible to control for the measures of all variables/questions used in the Linux Foundation 
survey. As a result, the authors were not able to assess completely to what extent these 
variables/questions were validated in scientific literature. However, as mentioned early, a reliability 
testing was done by running Cronbach's Alpha analysis that helped to check whether the questions 
chosen from the Linux Foundation survey were a good combination to measure the initial constructs: 
(1) Non-Inclusive Communication & Community Reception Issues; (2) Toxic Culture; and (3) Gender-
Identified Contributions & Stereotyping. By summing up limitations associated with the usage of 
secondary data, the authors acknowledges that the outcome and the results of the given study were 
dependent on these facts.  

6.6. Future research proposal 
This study can be extended in several directions: 

One specific trajectory the authors would be interested to explore is how the findings can be used to 
improve the ‘habitability’ of an OS team/community for women, for example by addressing the 
identified challenges through the definition and enforcement of code of conduct guidelines in OS 
projects and communities.  
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Furthermore, it would be interesting to perform a similar study on industrial, non-OS data, to try and 
identify if the same challenges also exist in companies where Code of Business Conduct and Ethics 
rules are much more stringently enforced than in OS projects. 

The following research proposals are suggested: 

 An extensive quantitative study amongst female contributors of various OSS 
projects/communities and a comparative analysis of these communities based on different 
parameters (e.g., the defined primary location, a specific OSS community(ies), the language 
spoken in the OSS community, activities/tasks undertaken by women in the community(ies), 
and so on).  
 

 A replication of this study that examines/explores the specific challenges faced by the 
representatives of other minority groups in OS that may predict (or influence) their intention to 
leave an OSS project/community. 

 
 A comparative study (e.g., women versus men; women versus binary/no-gender participants; 

and so on) about challenges faced by them in OS that may predict (or influence) the intention 
to leave an OSS project/community. 
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Appendix A - Glossary 

The term open source refers to something (e.g., project, product, initiative) that people are able to 
develop, maintain, extend, and share because its design is publicly accessible. Thus, people who agree 
to work together to build and improve an OSS form community(ies). Usually OSS communities are 
globally distributed, thus in most cases they form online by using electronic mailing lists, forums (e.g., 
Discourse, Talkyard, Forem), and code-sharing platforms like (e.g., GitHub, CodePen, JSFiddle). 
According to Red Hat56(2020), organizations rely more and more on OSS applications for diverse 
critical operations because a larger part of the world’s most innovative and effective applications are 
open source. 

Bug is a general term applied to report an unexpected issue with hardware or software. 

The Linux kernel is the core component of a Linux operating system and is the main interface between 
a computer's hardware and its processes (Red Hat, 2019). 

Git is a DevOps tool that is used to handle projects efficiently. Git is used for tracking changes in the 
source code, enabling multiple developers to work together on non-linear development (Perveez, 2022). 

Code of contribution (also known as ‘commit’) is a fundamental unit of work in programming that a 
developer makes to the code. A developer’s commit frequency reports how often this developer commits 
(Kolassa, Riehle and Salim, 2013). 

 

 

 

 

 

 

 

 

56 Red Hat is the world’s leading provider of enterprise open source software solutions, using a community-
powered approach to deliver reliable and high-performing Linux, hybrid cloud, container, and Kubernetes 
technologies. (https://www.redhat.com/en/resources/frequently-asked-questions-about-open-source-software-
communities) 
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Appendix B - Questions from the Linux Foundation survey used in the 
study 

Please note that the questions listed below were selected from a more extensive questionnaire used in 
the ‘2021 Diversity, Equity, and Inclusion in Open Source’ survey which is uploaded at data.world57. 

 

Question number Question / Description of variable Category of answers as per the original survey 

Respondent ID Respondent ID   

Q50_01 What is your gender? Woman Woman 

Q17 Have you ever EXPERIENCED any of the following behaviors directed at you in the context 
of an open source project?  

Q17_01 Lack of response to or rejection of 
contributions or questions Never; Rarely; Occasionally; Frequently 

Q17_02 Conflict or interpersonal tension between 
you and another contributor Never; Rarely; Occasionally; Frequently 

Q17_03 

Written or spoken language that made you 
feel unwelcome (e.g. profanity, racist jokes, 
sexual imagery, hostility, rudeness, name 
calling etc.) 

Never; Rarely; Occasionally; Frequently 

Q17_04 Threats of violence, stalking Never; Rarely; Occasionally; Frequently 

Q17_05 Unsolicited sexual advances or comments Never; Rarely; Occasionally; Frequently 

Q17_06 Stereotyping based on perceived 
demographic characteristics Never; Rarely; Occasionally; Frequently 

Q17_07 Impersonation or malicious publication of 
personal information (doxxing) Never; Rarely; Occasionally; Frequently 

Q18 
If you have experienced harassment, do you 
think the situation was connected to your 
background? 

No; Yes 

Q20 If you've witnessed or experienced hostility or harassment within an open source 
community, how do you typically respond? Choose all that apply.  

Q20_10 I left the project/open source community 
temporarily or permanently 

I left the project/open source community 
temporarily or permanently 

Q48 What best describes your location? 

North America (United States, Canada, and 
Mexico); Europe; East Asia and the Pacific 
Islands; Central America and South America and 
the Caribbean; West and Central Africa; South 
Asia; Middle East and North Africa; Oceania; 
Central Asia 

 

 

57 data.world is the enterprise data catalog for the modern data stack. The survey data is available at 
https://data.world/thelinuxfoundation/2021-diversity-equity-and-inclusion-in-open-source [last time accessed in 
September 2022] 
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Appendix C - Codebook for IBM SPSS Statistics 

Question 
number 

Variable’s name in IBM SPSS 
Statistics Coding instructions in IBM SPSS Statistics 

Responde
nt ID ID  

Q50_01 Q50_01_gender_woman 0 = woman 

Q17 
Q17_01 Q17_01_rejection_experience 1 = Never; 2 = Rarely; 3= Occasionally; 4 = Frequently 

Q17_02 Q17_02_conflict_or_interpersonal_tensio
n_experience 1 = Never; 2 = Rarely; 3= Occasionally; 4 = Frequently 

Q17_03 Q17_03_offensive_language_experience 1 = Never; 2 = Rarely; 3= Occasionally; 4 = Frequently 

Q17_04 Q17_04_violence_stalking_experience 1 = Never; 2 = Rarely; 3= Occasionally; 4 = Frequently 

Q17_05 Q17_05_sexual_harassment_experience 1 = Never; 2 = Rarely; 3= Occasionally; 4 = Frequently 

Q17_06 Q17_06_stereotyping_experience 1 = Never; 2 = Rarely; 3= Occasionally; 4 = Frequently 

Q17_07 Q17_07_impersonation_doxxing_experie
nce 1 = Never; 2 = Rarely; 3= Occasionally; 4 = Frequently 

Q18 Q18_background_based_harassment 0 = No; 1 = Yes 
Q20 

Q20_10 Q20_10_respond10_to_witnessed_experi
enced_hostility_harassment_in_OS 

10 = I left the project/open source community 
temporarily or permanently 

Q48 Q48_location 

1 = North America (United States, Canada, and 
Mexico); 2 = Europe; 3 = East Asia and the Pacific 
Islands; 4 = Central America and South America and 
the Caribbean; 5 = West and Central Africa; 6 = South 
Asia; 7 = Middle East and North Africa; 8 = Oceania; 9 
= Central Asia 
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Appendix D - Descriptive statistics of the key variables used in the 
study  

Figure 20. Outputs with the frequency tables from descriptive statistics on the key variables used in the study 
for the whole dataset (N = 242) 
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Appendix E - Outputs from the initial Exploratory Factor Analysis (run 
with extraction ‘based on Eigenvalue’ and ‘None’ rotation) 

Figure 21. Outputs from the initial Factor Analysis on the explanatory (independent) variables that was run on 
the sample of women who defined their location as ‘North America (Unites States, Canada, Mexico)’ (n1 = 

136) 
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 Figure 22. Outputs from the initial Factor Analysis on the explanatory (independent) variables that was run 
on the sample of women who defined their location as ‘Europe’ (n2 = 106) 
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Appendix F - Outputs from the final Exploratory Factor Analysis (run 
with extraction of ‘Fixed number of factors’ and ‘Varimax’ rotation) 

Figure 23. Outputs from the final Factor Analysis on the explanatory (independent) variables that was run on 
the sample of women who defined their location as ‘North America (Unites States, Canada, Mexico)’ (n1 = 

136)  
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Figure 24. Outputs from the final Factor Analysis on the explanatory (independent) variables that was run on 
the sample of women who defined their location as ‘Europe’ (n2 = 106)  
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Appendix G - Outputs from the reliability analysis (Cronbach’s Alpha) 

Figure 25. Outputs from the reliability analysis on five explanatory (independent) variables of 
component/construct #1 that was run on the sample of women who defined their location as ‘North America 

(Unites States, Canada, Mexico)’ (n1 = 136) 
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Figure 26. Outputs from the reliability analysis on three explanatory (independent) variables of 
component/construct #2 that was run on the sample of women who defined their location as ‘North America 

(Unites States, Canada, Mexico)’ (n1 = 136) 
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Figure 27. Outputs from the reliability analysis on five explanatory (independent)  variables of 
component/construct #1 that was run on the sample of women who defined their location as ‘Europe’ (n2 = 

106) 
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Figure 28. Outputs from the reliability analysis on three explanatory (independent) variables of 
component/construct #2 that was run on the sample of women who defined their location as ‘Europe’ (n2 = 

106) 
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Appendix H - Outputs from the initial multiple linear regression 
analysis run on all independent variables 

Figure 29. Outputs from the initial multiple linear regression analysis that was run on the sample of women 
who defined their location as ‘North America (Unites States, Canada, Mexico)’ (n1 = 136) 
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Figure 30. Outputs from the initial multiple linear regression analysis that was run on the sample of women 
who defined their location as ‘Europe’ (n2 = 106) 
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Appendix I - Outputs from the final multiple linear regression analysis 
run on the statistically significant independent variables 

Figure 31. Outputs from the final multiple linear regression analysis that was run on the sample of women 
who defined their location as ‘North America (Unites States, Canada, Mexico)’ (n1 = 136) 
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Figure 32. Outputs from the final multiple linear regression analysis that was run on the sample of women 
who defined their location as ‘Europe’ (n2 = 106) 
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