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Online communities are flourishing as social meeting web-spaces for users and
peer community members. Different online communities require different levels of
competence for participants to join, and scattered evidence suggests that female and
minorities as participants can be under-represented. Additional anecdotal evidence
suggests that women withdraw from unfriendly online communities.

Due to the limited amount of empirical evidence on the matter, this paper provides a
quantitative study of the phenomenon, in order to assess the representation and social
impact of gender in online communities. This study positions itself within recent and
focused international initiatives, launched by the European Commission in order to
encourage women in the field of sciences and technology.

Focusing on technical support networks around web content management tools (e.g.,
Drupal and WordPress) and on questions&answers websites (e.g., StackOverflow),
this paper unearths a spectrum of online communities, in which women participate to
various degrees.
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INTRODUCTION

answers (e.g., StackOverflow) or news postings (e.g.,

Online communities and social sites represent an extension
of the very well known “open source” phenomenon:
individuals use their own free time to gather around a
common web space, to discuss, socialize or request support
from other contributors. Current online communities
target a wide spectrum of diverse users, ranging from
the general audience (e.g., Facebook), professionals (e.g.,
LinkedIn), or IT experts specifically (e.g., StackOverflow).
The purposes of these sites can also be very diverse:
some provide the ability to share content such as
source code fragments (e.g., snipplr), entire projects
(e.g., GitHub, bitbucket) or images (e.g., Flickr). Others
support knowledge sharing by means of questions and

reddit).

Software developers (e.g., professionals working in a
company, or voluntaries active in open-source) create
and maintain software by standing on the shoulders of
others [Storey et al., 2010]: they reuse components and
libraries, and go foraging on the Web for information that
will help them in their tasks [Brandt et al., 2009]. When
foraging online, developers often turn to mailing lists, or
programming question and answer (Q&A) communities
such as StackOverflow! (SO). StackOverflow is becoming
one of the most visible venues for sharing knowledge
about software development [Mamykina et al., 2011].

Ihttp://stackoverflow.com
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Participation in such communities is a two-way process:
by asking (e.g., sending emails to a mailing list, or
posing questions on a Q&A platform), developers can seek
help and advice from their peers about undocumented
technology features [Parnin et al., 2012], report bugs,
or discuss future changes to the software; by answering
(e.g., Q&A questions posed by others), developers can
share their knowledge and expertise, and educate their
peers. Therefore, such dedicated online communities are
an integral part of the working lives of software developers,
exponents of Science, Technology, FEngineering, and
Mathematics (STEM) professionals.

The gender representation in STEM-related sub-
jects raises significant attention of researchers and aca-
demics [Miliszewska et al., 2006, Blickenstaff, 2005, Fisher
et al., 1997, Roberts et al., 2002, Hill et al., 2010], as
well as of policy-makers [Initiative, 2012], all noting a
significant under-representation of women. The main rea-
sons behind such under-representation have been stud-
ied mostly qualitatively, to delineate the issue, formu-
late the main reasons of the imbalance between the num-
ber of female and male participants, and propose ini-
tiatives to attract more women to sciences, in terms of
both majoring in STEM-related studies as well as choos-
ing STEM-related career paths. In particular, encourag-
ing more women to participate in Information Technology,
Computer Science, and Computer Engineering is seen as
having potential benefits not only to women, but also to
society [Whitecraft and Williams, 2010, p.235].

In addition to gender and STEM-related studies
and careers in general, there is also the issue of
representation of women in the use of technology and
online communities. The use of Internet technologies is
not as unbalanced as the access to careers and vocational
studies [Bimber, 2000]. Still, software development
remains a predominantly male activity, especially for
Open Source: all surveys reviewed by David and Shapiro
[2008] agree that only 1-5% of the open source developers
are women. This is in sharp contrast with the 28% female
employees with computer and mathematical occupations
reported by the National Science Foundation [2004].

The focus on gender under-representation in online
communities is further motivated by anecdotal observa-
tions: it has been suggested that the Q&A website Stack-
Overflow strongly promotes one-upmanship; fosters flame-
wars and the down-voting of individuals; and it is based on
earning prizes, reputation and badges, that allow partici-
pants to access new features and gain more control on oth-
ers’ postings [VA, 2011a,b]. Experience suggests that this
results in a lesser participation by female users, who do
not engage with this sort of communities. In a similar vein
Turkle [2005, p.194] observed that the focus of hackers
in winning and achieving recognition “makes their world
peculiarly male in spirit, peculiarly unfriendly to women”.

Moreover, some female StackOverflow users prefer to use
gender-neutral names to be accepted by the mostly-male
audiences: similar feeling of a strong pressure to make
themselves invisible as women has been reported by Nafus
et al. [2006]. Male StackOverflow users also masquerade as
females sometimes, with the belief that other (male) users
would be less aggressive towards them and their questions.
Similar “gender swapping” has been observed (and for sim-
ilar purposes) in an online poker community [Wood and
Griffiths, 2008].

This paper is an attempt to quantitatively evaluate
the presence of women in specific software-development-
related online communities, and to compare their levels
and duration of engagement (as compared to the male
counterparts). The main rationale for this study stems
from the scarcity of empirical studies so far on how gender
plays a role in highly-skilled software-development-related
online communities, while most of the evidence remains at
the anecdotal level. This paper analyses a sample of female
and male users from the Q&A website StackOverflow,
and compares its gender engagement with the interaction
on the Drupal and WordPress mailing lists, whose topics
(web Content Management Systems) are associated with
skills subject to gendered evolution [Kotamraju, 2003].

This paper is organised as follows: Section 2 reports
on relevant insights from the existing literature on gender
and technology as well as on publications related to the
kind of data we analyse and analysis techniques we apply.
Section 3 deals with the research design of this study
following the Goal-Question-Metric approach [Basili and
Weiss, 1984]. Section 4 discusses gender and self-
representation in StackOverflow, Drupal and WordPress;
Section 5 summarises the issues with collecting and
analysing the necessary data, and includes our gender
resolution approach; Section 6 presents the results of
a pilot survey conducted to obtain insights in the
demographics of StackOverflow, and to test the accuracy
of the gender resolution algorithm; Section 7 shows and
compares the results of the experiments on the analysed
communities; Section 8 identifies the threats to validity.
Finally, Section 9 summarises the paper and concludes
that two types of communities emerged: while women are
still a minority in both, in the first type of community
women and men show broadly similar contribution
patterns; while in the second type of community, women’s
levels of participation are significantly lower than men’s.

2. RELATED WORK

This article is an extended and revised version of
our previous conference paper [Vasilescu et al., 2012]
that focussed on StackOverflow (SO). There we have
observed that: (i) gender of many SO users could not be
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identified; (ii) the percentage of users engaged in SO and
presenting themselves as feminine was greatly imbalanced
in comparison to the percentage of users presenting
themselves as masculine; (iii) not only do male-perceived
users represent the vast majority of contributors, but they
also participate more, earn more reputation points, and
engage in the “game” imposed by SO more than female-
perceived users do. However, the question remained
open on whether a lesser participation of the latter
users in SO can be attributed to specifics of SO (such
as prizes, reputation and badges), or it is a common
phenomenon in online developer communities. Therefore,
in the current work we compare SO with two additional
online communities, Drupal and Wordpress.

As the question we address is at the intersection of
technology studies, studies of online communities and
gender studies, in Subsection 2.1 we discuss relevant
insights from the literature on gender and technology
(technology in general, and gender and information
technology /online communities specifically), while in
Subsection 2.2 we focus on publications related to the
kind of data we analyse and gender resolution technique

we apply.

2.1. Gender and technology

Our work builds upon the existing studies of the relation
between gender and technology in general [Lerman
et al., 2003] and specifically, gender and information
technology [tra, 2006].

2.1.1. Feminist scholarship

Several qualitative studies have focused on the reasons
why women are not willing to embark in STEM-related
subjects and careers [Fisher et al., 1997, Roberts et al.,
2002, Hill et al., 2010]. Various reasons have been given
to the under-representation of women in STEM subjects:
a general lack of interest in STEM subjects [Hill et al.,
2010], stereotyped thinking by family and teachers [Gras-
Velazquez et al., 2009], lack of role models [Margolis and
Fisher, 2003|, and most often a combination of various
causes together [Trauth et al., 2004]. These approaches
frequently adhere to the liberal feminism vision [Lohan
and Faulkner, 2004]: technology is inherently gender-
neutral but controlled by men and misrepresented in
the classroom [Kelly, 1987a,b]. The gap between women
and technology should, hence, be addressed by adapting
aspirations, values and behaviour of women [Wajcman,
2010]. Alternative approaches to conceptualization of the
link between gender and technology have been provided
by ecofeminist thinking and socialist feminism [Grint
and Gill, 1995, Hodgkinson, 2000]. Ecofeminists associate
women and nature, on the one hand, and men and
mechanisms, on the other hand. They reject the

reductionist approach characteristic for modern science,
as subjugating both nature and women, in favour of
holism [Merchant, 1990, pp.290-295]. Socialist feminism,
also known as “technology as masculine culture”’, shares
with radical feminism the idea of gendered technology but
rejects the essentialism of ecofeminism [Wajcman, 2010,
Grint and Gill, 1995, p.8]. This rejection of essentialism by
“technology as masculine culture” is close to the concept
of “gender as performance” advocated by Butler [1999,
p.33]. Technofeminism [Wajcman, 2010] asserts that
gender is integral to the sociotechnical process: technology
affords or inhibits the doing of particular gender power
relations. This also means that technofeminist approaches
can expose concrete technological practices leading to
exclusion of women.

We subscribe to the latter stance. The ultimate goal
of our research consists, therefore, in understanding
communication practices in software engineering leading
to exclusion of women. Our previous study [Vasilescu
et al, 2012] has shown that communication in SO
leads to lesser participation by women. Understanding
whether this observation is SO-specific, however, calls for
a comparative study, which is the subject of this article.
In our paper, we also follow the liberal-feminist approach:
we inherently assume that communities and their activity
are gender neutral, and we test whether this assumption is
correct or not. The StackOverflow community, as well as
the Drupal and Wordpress ones, are technical in nature,
so devoted to proposing solutions to technical problems.
Gender should not play a role in such communities: an
answer to a question is not “more correct” based on the
gender of the contributor who solves the problem.

2.1.2.  Gender and information technology
Different paths of feminist thinking have been also
applied to information technology [Van Zoonen, 1992,
Turkle, 2005, pp.111-114]. For instance, it has been
pointed out that the use of Internet technologies is not
as unbalanced as the access to careers and vocational
studies [Bimber, 2000]. Moreover, the “hacker” culture
tends to be male-dominated [Taylor, 1999] and unfriendly
to women [Turkle, 2005, p.194], although the number
of female hackers is not easy to evaluate [Adam, 2003]
and in some countries, such as Malaysia, women account
for about half of all students in higher computer
science education [Lagesen, 2008]. Conversely, a major
advocate of the open source phenomenon posits that
the hacker culture does not favor a specific gender, but
rather is asexual when dealing with technology-oriented
problems [Raymond, 1999|. This has been questioned by
recent results showing an “active discrimination” towards
women [Nafus et al., 2006].

The alienation of women and, in general, the
unwillingness observed in groups of minorities to
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participate in online communities have created the so-
called “impostor syndrome” amongst women: in spite of
having good knowledge and being professionally well-
settled, women believe they are disqualified or are doing
a fraud by fooling others [Clance, 1985]. Sullivan [2012]
recommends “Do not feed the Trolls” that can become
discouragement amongst the users or members. Apart
from the “Science: It’s a Girl Thing” initiative launched in
June 2012 [Initiative, 2012] by the EU commission, there
are also some other gender specific online communities
who encourage girls to engage in STEM vocational
fields [Schimke et al., 2007] and support women in
computing and also provide them with a private space
to take advice from other members in the same field?.

Relating to this second sector of related work, our
approach is to produce a quantitative experiment of
how gender engages with computing technology, without
assuming that the “hacker” culture is more or less biased
towards one or the other gender, or that there are relevant
differences in the behaviour of male and female users,
when dealing with technical content, and the production
of user-generated content.

The ultimate application of our research consists in
creating gender-neutral communities supporting software
development. However, before this application can be
realised, the gender implications of current communica-
tion practices in software engineering should be under-
stood.

2.1.8. Gender and online communities

A number of studies targeted a broader question of differ-
ences in the online behaviour of men and women [Parks,
1996, Herring, 1996]. Specifically, impact of gender on
participation in online communities has been studied,
e.g., in communities targeting cancer [Ginossar, 2008]
and travel [Wang and Fesenmaier, 2004]. Women have
been more actively involved in cancer communities than
men [Ginossar, 2008|, despite the common observation
that computer-mediated communication, in general, is a
male-dominant technology which privileges men [Shaw
and Gant, 2002]. In the online travel community [Wang
and Fesenmaier, 2004] it has been found that men, holding
age and educational level constant, have been community
members for a longer period of time.

The ways participants of online communities chose
to perform their gender through the choice of names,
locations and avatars (discussed in detail in Section 4)
are related to the issues of self-representation and identity
display in online communities [Grasmuck et al., 2009,
Van House, 2011]. Indeed, while the online communities

2E.g., the Anita Borg Institute for Women and Technology, http:
//anitaborg.org, The Women’s Foundation of Colorado, https://
www.wfco.org/ but also LinuxChix, GrrrTalk, Ada Initiative, among
others; cf. [Lin, 2006]

we study cannot be considered social networking sites
as defined in [Boyd and Ellison, 2007], both these
communities and social networking sites allow the user
to construct a public or a semi-public profile. Flexibility
of self-presentation in online communities means that by
constructing such a profile the users can practice forms
of gender vagueness and impersonation [Armentor-Cota,
2011, Marshall, 2006] such as “gender swapping”, i.e., self
presentation as the opposite gender [D. and R., 1999,
Turkle, 2011]. “Gender swapping” is well-studied in the
context of multiplayer real-time virtual worlds (known as
MUDs |[Turkle, 2011]), and has been furthermore observed
both in SO and in poker communities [Wood and Griffiths,
2008]. “Gender swapping” can be seen as an attempt to
queer SO, i.e., cross the prescribed norms, or go in an
adverse or opposite direction [Light, 2011].

Our work on participation of women and men in online
software engineering communities is at the intersection
of gender studies in information technology and studies
of computer-mediated communication. Given the male
dominance in both domains, we expect to observe male
dominance in online software engineering communities as
well. However, it is not clear how big the disparity between
men and women would be in these communities, and
especially whether this disparity would be also visible at
the level of engagement.

2.2. Methodology

Our empirical analysis is based on analysing data from
mail archives and StackOverflow, and the core step of the
empirical analysis is gender resolution.

2.2.1. Studies of mail archives and StackOverflow

Our analysis is based on the data from mail archives
of Open Source projects and StackOverflow (SO). Mail
archives have been extensively studied in software
engineering research (e.g., cf. [Squire, 2012]), while Q&A
websites, and specifically SO, are gaining more and
more interest from the research community: since 2010,
more than forty research papers were based on the
StackOverflow data [Vasilescu, 2013|, e.g., [Mamykina
et al., 2011, Treude et al., 2011]. However, these studies
do not consider gender issues, with the aforementioned
analysis of gender in mail archives [Kuechler et al., 2012]
being the only notable exception.

2.2.2.  Gender resolution

The core step of our empirical analysis is gender
resolution, i.e., inferring the gender (of the participants
active in the chosen online communities), otherwise
undisclosed, from other pieces of information which are
publicly available (such as their names or profile pictures).
As opposed to using interviews in the sociological studies
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of genders [Boivie, 2010], researchers in information
science and software engineering propose automatic or
semi-automatic gender resolution approaches. By using
quantitative methods one can consider a much broader
group of participants. Name-based gender resolution has
been attempted before: Herdagdelen and Baroni [2011]
and Kuechler et al. [2012] base their decisions on the data
from the U.S. Census.

Alternatively, genders can be recognised based on the
style of writing [Argamon et al., 2003]. Style-based gender
resolution involves counting so called markers that are
more frequently used by writers of a certain gender, e.g.,
pronouns “I”; “you” and “she” are significantly more often
used by females, while “of”-phrases (“garden of roses”)
are more typical for male writers [Argamon et al., 2003].
The authors report accuracy of gender resolution as high
as 80% [Koppel et al., 2002]. An obvious advantage of
the style-based gender-resolution is its robustness against
“gender swapping” or individuals presenting themselves in
gender-neutral or gender-ambiguous ways. Unfortunately,
style-based gender resolution is challenged by a statistical
relationship between the gender of the author and
the absence of gendered stylistic language features, as
described in the study of blogs by Herring and Paolillo
[2006]. Moreover, style-based gender-resolution is likely
to be affected by the writing style, i.e., the existing style-
based gender resolution approaches may not be applicable
to SO questions and answers, as SO questions and answers
are neither similar to fiction nor to non-fiction documents
(i.e., scientific papers) considered by Argamon et al.
[2003], nor to blogs considered by Herring and Paolillo
[2006]. Finally, gender-resolution accuracy will be affected
by errors made by non-native speakers.

Complementary approaches to gender resolution have
been proposed by the image processing community [Lu
et al., 2005]. Ideally, these approaches could have
simplified or even replaced the manual avatar analysis.
Unfortunately, many avatars cannot be regarded as
facial images (symbols, cartoons, body parts). Moreover,
application of image processing approaches such as [Lu
et al., 2005] would require a manual preprocessing step
involving cropping, resizing and rotation of images.
Moreover, in online communication users can guess
each other’s gender by discussing the kinds of things
an off-line person of that gender could be expected
to know, e.g., related to period, ring sizes and
pantyhoses [Suler, 2004]. This approach, however,
cannot be applied to communication in online software
development communities. First of all, it does not transfer
well across different cultures [Marshall, 2006], hence it is
not, applicable in a multicultural context, such as the one
present in these communities. Second, communication in
online developer communities is topic-restricted and does
not cover more personal topics as mentioned above.

Based on the discussion above, similarly to Herdagdelen
and Baroni [2011], Kuechler et al. [2012], in this
article we opt for a name-based gender resolution
approach, augmented with manual analysis. However,
while Herdagdelen and Baroni [2011] and Kuechler
et al. [2012] report using name lists for USA only, we
employ a much broader search across 30 countries, and
use additional heuristics going beyond name frequency
(Section 5.2).

3. RESEARCH DESIGN

This section presents the research design of this study fol-
lowing the Goal-Question-Metric (GQM) approach [Basili
and Weiss, 1984].

3.1. Goal

The aim of this work is to produce a comprehensive study
on how and when women engage in software-development-
related online communities (hereafter referred to as “online
communities”), or whether specific communities perform
better at attracting and retaining women.

Rationale—What is currently known about this
“disengagement” phenomenon is still at the anecdotal
level, and qualitative and quantitative studies are needed
for three reasons: first, to produce a solid and reproducible
understanding of the main cause of this disengagement;
second, to evaluate the possible long-term implications of
such online behaviour; third, to focus on gender-balanced
online communities, in order to understand the reasons
(if any) of gender-balanced communities and to feed them
back to less welcoming communities.

3.2. Questions

This paper addresses the following research questions:

RQ;: What are the challenges with identify-
ing gender in online communities?

Rationale — The identification of gender in online
activities is complicated by several factors: some com-
munities do not record the gender of their participants;
users often choose gender-neutral names, or opposite-sex
names to cope with a male-dominated environment; in
specific countries, certain names are “unisex”, therefore the
names—to—gender translation has to be country-specific.

RQ2: What is the rate of participation by
women in online communities?
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Rationale — While the sharp decline of women in
STEM-related subjects is well known, a quantitative study
of how many women participate in online communities has
not been achieved yet. Before trying to understand the
possible reasons behind a possible under-representation
of women, it is necessary to first delineate the issue.

RQs: What is the level of engagement of
women in online communities?

Rationale — Even in case of extreme imbalance in
the representation of gender in online communities, it
is important to define whether women and men follow
similar patterns of contribution and engagement. Showing
that women engage less than men in these communities,
but achieve similar levels of contribution, would produce a
picture of a (relatively) “healthy” community. On the other
hand, a community with an imbalanced representation of
gender, where the levels of participation vary substantially
with gender, would suggest a gender-specific community.

3.3. Metrics

The representation of gender and their levels of
engagement are measured using various attributes:

e The number of women and men participating in
online activities. In the case of mailing lists, the
participation event occurs when users post messages
to the appropriate list; in the case of SO, when a user
proposes a new question, or attempts to answer an
existing one?.

e The number of questions posed by an individual to
the online community. In the case of mailing lists,
these are the messages with “no precedence”, i.e.
just posted, and not written “in reply to” any other
messages. In the case of SO, these are the questions
that are posted to the community, and that can be
voted upon by members, edited, or even closed and
deleted.

e The number of answers given by an individual. In
the mailing lists, this is the number of messages (per
individual) “in reply-to” other messages; in SO, it is
the number of answers (that can be voted, down-
voted, or edited/deleted) given by a user to pending
questions.

e The length of engagement in an online community.
Regarding the mailing lists, this was counted, per
individual, as the number of days between the first

30ther events are possible in SO, such as comment-
ing/editing posts. We only analyze participation related to
posing/answering questions, considered the core activities for
a Q&A website.

and the latest message to the mailing list. For SO
participants, the number of days between the first
question or answer, and the latest question or answer
given by a user.

Based on the questions and metrics formulated above,
we posit a number of null hypotheses (reported in
Table 1), to be tested via statistical testing (the
exact machinery used is described in Section 5.4). The
alternative hypotheses test whether the communities
under study are gender-specific and biased towards men,
and they are drawn from the collected anecdotal evidence.

4. GENDER AND SELF REPRESENTATION
IN STACKOVERFLOW, DRUPAL AND
WORDPRESS

In this section we discuss how the StackOverflow,
Drupal and WordPress participants present themselves,
in general, and their gender identity in particular.*
Individuals construct their gender, e.g., as feminine or
masculine in various ways, and they might present it,
consciously or not, in a fashion that is contrary to one’s
sex. Moreover, individuals might be less eager to disclose
their gender or reject the traditional gender binary.

4.1. StackOverflow

StackOverflow (SO) is a programming questions and
answers (Q&A) website collaboratively built and main-
tained by programmers, and owned by Stack Exchange,
Inc. Created in 2008, SO is the first and largest Q&A
website in the Stack Exchange network, and was followed
by more than 100 “siblings” on different topics, such as
English language, video gaming, photography, or parent-
ing. Moreover, SO has been followed by a number of
international clones such as a German-language Code-
Kicker (started in 2009)° and a Russian-language Hash-
Code (started in 2010)°.

The SO user profile page (Figure 1) combines the
representation of oneself (self-determined) with activity-
related information (automatically provided by SO). Self-
representation is expressed through the choice of a user
name, the user’s real name, personal web-site, email,
location and age, as well as a free text self description.
A user’s gender is not explicitly recorded, but can be
constructed here through name, location and avatar
choice.

4Following Harding [1986, pp. 52-57] we distinguish between
symbolic, structural and individual gender. In this and the
forthcoming sections we focus on the individual gender, i.e., what
counts as masculine and feminine identity and behaviour.

Shttp://codekicker.de/

Shttp://hashcode.ru/
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Table 1. Null hypotheses to be tested, and their relation to the research questions

Null (Ho) H 1 RQ
Hi,0: women and men are similarly represented H; ;: the number of women in online communities RQi, RQ2
is under-represented, and it reflects the current
trend of women enrolling in STEM-related
subjects
Hso: women engage for a length of time Hy1: men engage for longer RQ2, RQs
statistically similar to men’s
Hso: women formulate a number of questions Hjz i: men formulate more questions RQ2, RQs
statistically similar to men’s
H4o: women provide a number of answers Hyi: men provide more answers RQ2, RQs
statistically similar to men’s
Hs0: women and men achieve similar levels of Hs 1: men achieve higher reputation levels RQs

reputation
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Figure 1. An SO user page combines the representation of
oneself with the activity-related information.

Activity-based information (in the lower part of
Figure 1) includes the reputation score, badges, questions
asked and answers given, as well as tags, i.e., topics,
frequent in the user’s questions or answers. SO uses
gamification and an activity-based reputation system:
users receive “badges” for different actions performed (e.g.,
resurrecting and editing posts that were inactive for long
periods, up-voting competing answers, or sharing links to
questions in order to attract more viewers); similarly, users
earn ‘“reputation” points by posting interesting questions
and answers (as reflected by the up-votes received from
the SO community). The higher the reputation and the
more badges one has, the more control she has over SO

and other members’ postings (e.g., users having earned
certain badges can be elected to help moderate the site).
Registration is not obligatory in order to participate
in SO: as indicated by a female programmer, referred
to as B***, the users might even prefer to select a
different name for each question or answer [B***, 2012].
The SO user page for unregistered users contains the
same information as for regular users, with the additional
indication Unregistered accompanying the user name.

4.2. Drupal and WordPress

Drupal” and WordPress® are free and open source content
management platforms used as back-end systems for many
websites, ranging from personal blogs to the Eclipse
marketplace® or the Ubuntu homepage'®. Similarly to SO,
the Drupal user page combines self-representation with
activity indication. Gender is recorded explicitly although
this field is not mandatory: should the user be interested
in indicating her gender, she can choose between male,
female, transgender and other. Moreover, gender is shown
through the choice of names (full name, first name, last
name and user name) and location but, interestingly, not
an avatar.

In the WordPress community, gender is not explicitly
recorded, but it is shown by the members through the
choice of the username and the avatar. While WordPress
records the users’ real name, the real name is not
published. In both the WordPress and Drupal mailing
lists, produced by the respective communities, full names
and emails are available for inspection.

"http://drupal.org
8http://wordpress.org

9http ://marketplace.eclipse.org
10nttp://ubuntu. com
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Get Started  Community Documentation Support Download & Extend  Marketplace  About

Drupal

Search drupal.org

Drupal Homepage || Your Dashboard | Logged in as aserebrenik  Log out

aserebrenik
Dashboard ~ Your Posts  Your Commits  Your Issues  Your Projects | Profile

Edit Notifications  SSH keys

Hey! Want to support the Drupal Community,
Drupal.org's infrastructure, and get one of
the cool Drupal Association badges on your
profile page? Become a member today

Personal information
Full name Alexander Serebrenik
First or given Alexander

Last name or Serebrenik
surname
Languages spoken Dutch; English; French; Hebrew; Russian

My website http://www.win. tue.nl/~aserebre/
Interests software evolution, empirical software engineering research
Gender male

Country Netherlands

LinkedIn profile  http://www.linkedin.com/pub/alexander-serebrenik/1/735/3b7
Facebook page http://www.facebook.com/alexander.serebrenik

Work

Job title Associate professor

Industries worked  Computer science research
in

Current company  Eindhoven University of Technology
or organization

History

Member for 6 min 40 sec

Figure 2. A Drupal user page records gender-related
information (for the community members who chose to do so).

Go
@ ‘WORDPRESS.ORCG

Showcase Themes Plugins Mobile Support Get Involved About Blog Hnsﬂng

Forums Welcome, aserebrenk! View your profis (Lo 0wt

S

User Profile

p Frofie
E aserebrenik

< February 12, 2013 (1 minute) Favertes
indhoven. The Netherlands
i Code 3930

User Activity

Recent Replies Threads Started

No more replies No more topics posted

Figure 3. A WordPress user page does not reveal the real
name of the community member.

5. EMPIRICAL APPROACH

As discussed in Section 4, gender of participants in online
communities is not always recorded. The StackOverflow
and WordPress communities do not record gender at all,
while Drupal records gender-related information only for
the community members who decide to do so. However,
as detailed below, it was found that only a fraction of
“registered users” are also “participants” in the Drupal
mailing lists. Therefore, one needs to infer the gender of

participants (as opposed to “registered users”) in all three
online communities.

The empirical approach followed involves automatic
and manual steps. The automatic process comprises
inferring gender based on a person’s name and, if available,
their location. Despite the cases of “gender swapping”
discussed in Section 2 and anecdotal evidence that “gender
swapping” occurs in StackOverflow, Armentor-Cota [2006]
indicated that, e.g., on chat forums there were many more
performances of dominant gender identities than there
were transgressive acts. Moreover, given the masculine
culture of technology [Wajcman, 2010] and our focus on
online communities focusing on technology, we expect
male names to predominantly correspond to masculine
identities. We can be even more confident in genders
reconstructed for Drupal and WordPress mailing lists:
Marshall [2006] conjectures impersonation to be less
frequent when people are identified by e-mail addresses
rather than usernames.

The manual process is based on inferring gender
based on a person’s avatar picture (only available for
StackOverflow participants), or based on additional data
sources, such as GitHub, Twitter, Flickr, Facebook, GMail
or LinkedIn. The manual process was performed only for
those participants for which the automatic process did
not result in a gender inference. All results were manually
reviewed. The details about data extraction, as well as
specific challenges pertaining to the datasets are described
below. The accuracy of the gender resolution process is
discussed in Section 6.

5.1. Obtaining the data

5.1.1.  StackOverflow

All public data in SO (including the list of members
and data about their activity) can be downloaded as
part of the Stack Exchange data dump'!. In this article
we explore the data dump dated April 2012, containing
information about 1,078,708 registered users. The SO
dataset starts in August 2008, which corresponds to the
creation date of the website. Since our gender-resolution
process is only partly automatic, we decided to sample
a smaller set: to obtain a 2% margin error and 99%
confidence, a random sample of 4,144 SO wusers was
extracted. Hereafter, whenever we discuss SO results, they
have been obtained on this sample.

5.1.2.  Drupal and WordPress Mailing Lists

The mailing lists analysed for this study are the public
lists appearing in the Drupal [2012] and WordPress [2012]
websites. The data from the mailing lists and their
participants was analysed using the mlstats tool [Robles

1 From http://www.clearbits.net/torrents/2017-apr-2012
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Table 2. Characteristics of the studied mailing lists. The
value in the “overall” row is not the sum of the preceding rows,
since the same person may have participated in multiple lists.

Drupal first last messages participants
consulting 12/2005 05/2012 5,790 746
development 04/2005 05/2012 38,702 1,541
support 04/2005 05/2012 22,308 1,627
themes 12/2005 05/2012 1,279 309
translations 12/2005 05/2012 920 154
overall 3,342
WordPress first last messages participants
wp-accessibility  08/2009 08/2011 29 18
wp-docs 02/2005 05/2012 3,133 281
wp-edu 11/2008 05/2012 578 127
wp-hackers 02/2005 05/2012 43,744 2,128
wp-testers 03/2005 05/2012 14,504 1,451
wp-ui 01/2010 05/2012 279 105
wp-xmlrpc 06,/2007 05/2012 633 80
overall 3,611

et al, 2009]. Data on messages, dates, senders and
receivers are recorded and stored automatically. Table 2
presents basic facts of the studied mailing lists. Note that
the mailing lists are generally older than StackOverflow
(which started in 2008). Note also that the owners
of the Drupal and WordPress mailing lists further
partitioned these lists into specific sublists, to keep topics
clearly separated. For example, WordPress separates
discussions between members of the community who
want to contribute to the documentation (hosted in
the “wp-docs” list), from discussions between people
interested in extending WordPress through plugins or
improvements to the core code (hosted in the “wp-
hackers” list). Such separation is often also indicative of
the differences in expected vocabulary (or skills) of the
participants: for example, “wp-docs” states that “no coding
skills [are| required, just a lot of patience”, while “wp-
hackers” assumes “a certain level of working knowledge of
WordPress and PHP” from its participants [WordPress,
2012].

Two additional public sublists for WordPress have been
excluded from the analysis, since the vast majority of
their traffic is automatically generated: “wp-trac” mirrors
changes to the issue tracking system of WordPress,
while “wp-svn” mirrors updates to the WordPress SVN
repository. While in both cases these changes have likely
been originally performed by humans, their mirrored
versions, automatically generated, lose this authorship
information. No such lists exist for Drupal.

Since the two communities are relatively small (3,342
participants for Drupal, and 3,611 for WordPress,

respectively), no sampling was required to perform the
analysis.

5.2. Automatic gender resolution

A person’s name is often indicative of their gender.
For example, John is a common male English first
name, while Claire is a common female English first
name. Corroborated with location information, even more
accurate inferences can be made about one’s gender
based on their name. For example, Andrea is a common
male first name in Italy, but a common female one in
Germany. To implement this approach, we iteratively
built lookup tables with first names for countries where
this information was accessible online. Whenever available
(e.g., when the data came from national statistics
institutes), we also record the name usage frequency per
gender!?. Both our gender inference tool as well as the
data on which it is based are available on GitHub.!'3

5.2.1. Preprocessing

The goal of the preprocessing step consists in obtaining
the (name, country) tuples whenever possible. The first
activity to perform is preprocessing the names, and purge
the accents, special characters and symbols. We also
converted the names from Leet [Ross, 2006] to Latin: for
example, w3513y is converted to Wesley.

Next, we tried to identify the real names of those
participants who choose not to disclose them, but instead
use nicknames (e.g., Carrotman, CoffeeCode) or, in case
of SO, standard SO-assigned usernames (e.g., user4106).
To determine the real names of such SO users we crawled
and parsed their personal webpages, if linked from their
SO profile pages. Moreover, if one person has multiple SO
accounts, information obtained from one of the accounts
can be used to infer gender for another one. To identify
accounts belonging to the same person, we made use of
email hashes'*: accounts associated with the same hash
have the same email address, hence belong to the same
person. For example, user357032 shares the same email
hash with Thomas Johnson, so gender can be inferred for
the former using the latter’s name.

Location information is only available for the Stack-
Overflow users that choose to describe it in their SO pro-
files, and is not available for mailing list participants.
Even for SO, only a fraction of the users in our sample

12We have compiled lists for Albania, Australia*, Belgium*,
Brazil, Canada*, Czech Republic, Finland, France, Greece, Hungary,
India, Iran, Ireland*, Israel, Italy*, Latvia, Norway*, Poland,
Romania, Russia, Slovenia*, Somalia, Spain*, Sweden*, The
Netherlands, Turkey, UK*, Ukraine, USA* and Vietnam. The
asterisk denotes countries with frequency information.

13https://github.com/tue-mdse/genderComputer.

14The actual email addresses are not publicly available, for
privacy reasons; the MD5 hashes, however, are.
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specify location (821 out of 4,144, or 19.8%), and not all
user-specified addresses refer to geographic locations (e.g.,
The Matrix). Whenever available, the locations were fed
into the Google Maps geocoding service!®, and the relative
country (if available) was recorded.

5.2.2.  Gender resolution process

In order to resolve the gender of a participant, we
developed a Python tool that resolves a name using
the lookup tables discussed above, and a number of
heuristics. The tool, available on GitHub at https://
github.com/tue-mdse/genderComputer, takes a (name,
country) tuple as input, and returns one of “feminine”,
“masculine”, or “x” (i.e., no gender can be inferred).
The resolution algorithm starts with the identification of
the first and the last name, and continues with gender
detection based on gender-specific last name forms (e.g.,
-ova in Russian), country-specific lookup tables, cross-
country lookup and diminutive resolution.

For example, given (Anna Akhmatova, Russia) the tool
infers “feminine” due to a gender-specific last name form.
For (Jean Delville, Belgium) the tool chooses “masculine”
since Jean is much more frequent as a male name in
Belgium (90,211 occurrences as a male name, as opposed
to only 98 as a female name). In general we require
the name to be at least twice more frequently used
for men as for women to infer “masculine”, and to be
at least twice more frequently used for women as for
men to infer “feminine”. For (Bogdan Lali¢, Croatia) the
tool again chooses “masculine” despite the fact that we
do not have data for Croatia: Bogdan is recorded only
as male in all lookup tables that include this name.
Observe, however, that we cannot (reliably) infer gender
for (Andrea Demirovié, Montenegro), since we do not have
data for Montenegro and different countries list Andrea
both as a male and a female name.

If none of the above results in a resolved gender, and
the name contains a single name part (i.e., it resembles
a username), we assume it is formatted according to
common naming conventions for usernames [Bird et al.,
2006] (e.g., johns for John Smith), and restart the process
(e.g., with john derived from johns). We evaluate the
accuracy of our automatic gender resolution algorithm
in Section 6.3, by comparing against the results of a
small survey conducted among the SO-users, in which the
respondents indicated gender.

5.3. Manual gender resolution

Considering the SO names, not all participants choose
names that the automatic name-based gender resolution

Bhttps://developers.google.com/maps/documentation/
geocoding/

algorithm can successfully parse (e.g., because they prefer
nicknames such as CoffeeCode). To improve the accuracy
of the automatic gender inference process, whenever it
does not result in an inferred gender (i.e., one of either
masculine or feminine), we manually inspect additional
sources of information: avatar pictures (available for some
of the SO users), and websites such as GitHub, Twitter,
Flickr, or LinkedIn, which may help reveal a person’s real
name.

SO users have the option of displaying an avatar picture
on their profile pages. We have manually inspected the
avatar pictures of the SO users in our sample, and tried
to infer gender. However, not all users upload pictures
of themselves (e.g., some use default geometric patterns,
celebrity stock photos, cartoons or symbols). We do
not infer gender from geometric patterns or symbols.
Moreover, some of the SO users choose to display pictures
of their babies or children, and some display photos of
animals, places, or artificial symbols. We chose not to infer
gender from such avatars. Ultimately we rely on heuristics
to infer gender from the gender of the person or character
depicted in the photo. For example, we infer “masculine”
from a picture of Kenny McCormick, the South Park
character, and “feminine” from a picture of Angelina Jolie.
Clearly, the manual gender identification is a subjective
process that can be put in jeopardy by “gender swapping”
discussed in Subsection 2.1.3; this and additional threats
to the validity of our results are discussed in Section 8.

We have also observed that people often use the same
way to identify themselves (e.g., the same avatar picture,
or the same nickname) in other online communities where
they are participating (e.g., GitHub, Twitter, Flickr, or
LinkedIn). However, the level of personal information
available for a given person in each of these communities
may differ. For example, a person’s Twitter account may
also display her full name, or a person’s avatar picture
may also be used when she comments on blog posts,
where she signs with her full name. Whenever we could
not directly infer gender using the approaches above, we
manually investigated the information available from one’s
participation in other online communities, and tried to
infer gender from full names, as discussed above.

As mentioned above, we also evaluated the accuracy
of the combination of the automatic and manual gender
resolution on the pilot survey data (for which the
respondents themselves have indicated gender), described
in Section 6.3.

5.4. Statistical analysis

Testing for significance the hypotheses reported in Table 1
can be viewed as a comparison of multiple distributions:
for example, given the total number of questions asked on
a mailing list, we had to compare three distributions, two
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generated by the masculine and feminine gender, and one
by the unknowns, i.e., those users for which we could not
infer gender.

Traditionally, comparison of multiple groups follows a
two-step approach: first, a global null hypothesis is tested,
and then multiple comparisons are used to test sub-
hypotheses pertaining to each pair of groups. The first
step is commonly carried out by means of ANOVA or
its non-parametric counterpart, the Kruskal-Wallis one-
way analysis of variance by ranks [Holander and Wolfe,
1973]. The second step uses the t-test or the rank-
based Wilcoxon-Mann-Whitney test [Wilcoxon, 1945],
with Bonferroni correction [Dunn, 1961, Sheskin, 2007].
Unfortunately, the global test null hypothesis may be
rejected while none of the sub-hypotheses are rejected,
or vice versa [Gabriel, 1969].

Therefore, one-step approaches are preferred: these
should produce confidence intervals which always lead
to the same test decisions as the multiple comparisons.
To this end, we employ the recently-proposed multiple
contrast test procedure T [Konietschke et al., 2012] using
the traditional 5% family-wise error rate (equivalent to
a level of significance of 95%). T is robust against
unequal population variances and is applicable to
different types of contrasts, including comparisons of
all pairs of distributions (using the so-called Tukey-type
contrast [Tukey, 1951]).

However, not all all combinations of mailing list
and metric lead to comparisons of three groups (e.g.,
there are no unknowns in the “wp-accessibility” sublist
of WordPress). In such cases we fall back on the
non-parametric Wilcoxon-Mann-Whitney test [Wilcoxon,
1945] for assessing whether one of two samples of
independent observations (i.e., “masculine” or “feminine”)
tends to have larger values than the other for a given
metric (e.g., number of questions asked). We selected
the Mann-Whitney test rather than the t-test since we
observed that the distribution of values in each sample is
highly skewed (i.e., not normal), while the ¢-test requires
the distributions of values to be normal. Indeed, few
participants contribute a lot (e.g., in terms of number of
messages or answers), and many others participate very
little (e.g., sending very few messages). The Wilcoxon-
Mann-Whitney test consists of calculating a test statistic
U and comparing its distribution with a distribution
which is known under the null hypothesis. The result of
this comparison is a p-value. If the p-value is lower than a
predefined threshold (we use the traditional threshold of
0.05, equivalent to a level of significance of 95%), then we
can reject the null hypothesis and accept the alternative
hypothesis.

6. ACCURACY OF GENDER RESOLUTION

To obtain insights in the demographics of SO, and to test
the accuracy of the gender resolution algorithm (discussed
in Sections 5.2 and 5.3), we conducted a pilot survey.
The survey was not used to evaluate the gender of all the
participants of the SO network; rather, it served as a proof
of concept of the assumptions used in the semi-automated
approach.

6.1. Design and participation

We asked the respondents to indicate their SO userid,
gender, age, country of birth, country of residence,
highest education level obtained and years of professional
experience, as well as involvement in open-source and
proprietary software development. We obtained 141
responses, including 127 valid ones (e.g., a unique SO
userid mapped to an individual). Since the responses were
obtained voluntarily, composition of the sample is likely
to be affected by a selection bias. However, this data was
only used to derive qualitative conclusions.

6.2. Results

Our first observation is that the majority of respondents
are men: only 12 respondents from 127 have identified
themselves as women. Using the ‘score’ method of Wilson
[1927] as described by Newcombe [1998] and implemented
by Lowry'®, with a 95% confidence interval we estimated
the proportion of women in SO in the [5.5%,15.8%]
interval.

We also noted that the respondents are predominantly
involved either exclusively in proprietary software (47
respondents) or both in proprietary and open source
software (47), while the number of exclusively open
source developers is lower (17)!7. This means that a
priori one could have expected the share of women
on StackOverflow to be between 1-5% reported for
open source projects [David and Shapiro, 2008] and
28% reported for proprietary software [National Science
Foundation, 2004].

The 95% confidence interval calculated based on the
survey data fits within the expected range. Still, it could
be the case that women were less inclined to participate
in the survey as the information about age, country of
birth or country of residence can be considered private,
and they might prefer not to disclose it. Hence, we verified
this expectation on a larger scale in Section 7.

6http://wuw.vassarstats.net/propl.html

17The remaining respondents are either not involved in software
development at all or they indicated a more elaborate answer than
“yesﬂ Mno
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Table 3. Accuracy of the automatic gender resolution
approach described in Section 5.2 on the pilot survey data.

Gender as
described by
117 respondents

Gender as inferred by
automatic approach
(name-based)

masculine feminine unknown total
masculine 60 3 43 106
feminine 2 5 4 11

Precision ~ 0.93 Recall ~ 0.58 Accuracy ~ 0.55

Finally, we observed that a significant group of
respondents (25 out of 127) no longer resides in the
countries of their birth due to personal, professional or
educational reasons.

6.3. Accuracy in the sampled users

Since gender is one of the entries the participants in
the pilot survey filled in, we can use this data to
evaluate the accuracy of the gender resolution approaches.
However, 10 out of 127 valid responses (1 woman, 9 men)
correspond to users who joined SO after the data dump
was released, so we cannot verify whether their “inferred”
gender matches their “described” gender. Therefore, we
restrict our accuracy analysis to the remaining 117 SO
users.

Tables 3 and 4 display the number of participants with
correctly- and incorrectly-inferred gender, the number
of persons with unresolved gender, as well as precision,
recall, and accuracy for the automatic and combined
automatic+manual gender resolution approaches. Recall
from the previous section that the manual approaches
(based on avatar pictures or information from other online
communities) were only used as an enhancement to the
automatic name-based approach, whenever it could not
infer a gender. We observe that although the automatic
approach has high precision (91%), it has only average
recall (58%), due to many SO users preferring usernames
or nicknames over real names.

Furthermore, 5 users are misclassified (3 users described
themselves as male while the automatic approach inferred
“feminine”, and 2 described themselves as female and the
approach inferred “masculine”) due to (parts of) their
usernames corresponding to either male or female first
names in some countries.

On the other hand, the enhanced approach, combining
the automatic steps with the analysis of avatar pictures
and additional data sources, correctly identified gender
of 34 further individuals labeled as “unknown” by the
automatic analysis (cf. Table 4). In this way, the enhanced
gender resolution approach achieves higher recall (88%)

Table 4. Accuracy of enhanced gender resolution approach,
combining the automatic steps described in Section 5.2 with
the manual steps described in Section 5.3, on the pilot survey
data.

Gender as
described by
117 respondents

Gender as inferred by the
enhanced approach

masculine feminine unknown total
masculine 90 3 13 106
feminine 2 9 0 11

Precision ~ 0.95 Recall ~ 0.88 Accuracy ~ 0.85

with high precision (94%), although gender for 13 out of
117 users (or 11%) still cannot be inferred. Failure to infer
any gender is due to absence of avatar pictures and use of
common words as usernames (e.g., Ubiquité, phantOm, or
bitmask), which cannot be confidently assumed to belong
to the same individual in other online communities.

Given the sample size, and with a 95% confidence
interval, we estimate the precision and recall within the
[84%,97%)] and [49%,67%)] ranges (respectively) for the
automatic approach; similarly for the enhanced approach,
the precision and recall are in the [89%,98%] and
[81%, 93%)] ranges, respectively.

(RQ1) Gender of SO participants is typically not
recorded. To infer gender one can use both automatic
and manual techniques, with different accuracies.
Give a person’s name and, if available, their
location, gender can be automatically inferred with
high precision (~ 95%). However, the method has
relatively low recall (~ 60%), largely due to the
fact that not all participants in online communities
disclose their real names, and even fewer reveal their
locations. However, recall can be further improved
(up to ~ 90%) by manually inspecting other data
sources, such as avatar pictures, or profile pages of
the same users in other online communities (e.g.,
GitHub, Twitter, Flickr, or LinkedIn). Such sources
may provide additional clues as to a person’s real
name and location, if not directly their gender.

7. RESULTS

This section is articulated in two parts: we start with the
mailing list results in 7.1, then discuss the StackOverflow
results in 7.2.
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7.1. Mailing Lists: Drupal and Wordpress

We explore the representation (what is the fraction of
mailing list participants in each gender?) and engagement
of gender (how does the length of engagement with
the community and the amount of activity vary with
gender?) along two dimensions: (i) granularity level (i.e.,
considering all the sublists together and analysing the
mailing lists at large, or at the level of each sublist); and
(ii) type of engagement (i.e., distinguishing between asking
and answering, since not all participants are necessarily
involved in both). Moreover, we test the robustness of the
analysis against the “unknowns” (those participants for
which we could not infer gender).

7.1.1. Hypothesis testing — Gender Representation
When analysing the Drupal mailing lists at large
(considering all the sublists together), we inferred
“masculine” as gender for 2,879 (3,043 in Wordpress)
participants, “feminine” for 328 (282) participants, and
“unknown” for 135 (286) participants'®. These numbers
show a first result that is shared for both Drupal
and WordPress: some 8-10% of the overall participants
construct their gender as feminine, while the vast majority
of participants construct their gender as masculine (some
85%). The fraction of participants labelled “unknown” is
approximately 4% in Drupal and 8% in WordPress.

Repeating the analysis at the level of individual
sublists (i), on the one hand, and only for the populations
of askers and answerers (ii), on the other hand, yields
similar results: as an example, Figure 4 shows the gender
ratios of participants in the individual sub-lists of Drupal
(top), and of participants answering questions (bottom)
in the same community. Bar chart labels correspond to
the names of the Drupal mailing lists (cf. Table 2). Similar
proportions are found in the number of participants posing
questions in Drupal (not shown), and in all the sublists of
the Wordpress community (also not shown).

Variation across sublists

The ratio of women participating in these sublists appears
quite stable. However, small differences can be observed
between different lists or within certain populations (e.g.,
from Figure 4 it seems that there are fewer women in
the “development” sublist than on other sublists, both
when considering the entire population, as well as only the
population of participants answering questions). To check
whether these differences are statistically significant,
we applied the T-procedure. For participants labelled
“unknown”, we considered three different scenarios:

[A] excluding unknowns from the sample,

8For most of these unknowns, we observed a very poor
engagement to the lists, and often a spamming activity to the same
lists.

Drupal mailing list participants
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Figure 4. Gender of participants in the Drupal mailing
lists. Overall (top) and participants answering questions only
(bottom). “Unknowns” (not shown) account for the remainder
up to 100%.

[B] assuming all unknowns to be “men”, and
[C] assuming all unknowns to be “women”.

For the Drupal community, we found that the only
significant differences were in the the population of
askers in the “development” and “consulting” mailing
lists. If the individuals labelled “unknown” are excluded
(scenario [A]), or all of them are assumed to be men
(scenario [B]), the number of women asking questions
on the “development” mailing list is lower than on the
“consulting” mailing list. In all the other scenarios, and
mailing lists, no statistically significant differences exist.
In the WordPress dataset, statistical significance of the
comparisons is more sensitive to the scenario (likely due
to a higher proportion of “unknowns” than in Drupal).

However, what is common to both Drupal and
WordPress is that the differences in gender participation
occur mostly between mailing lists focussing on designing
technology (“development”, “wp-hackers” and “wp-xmlrc”)
and wusing technology (“consulting”, “wp-docs” and “wp-
edu”). This observation confirms the anecdotal evidence
that “the more technical the role, the less likely a woman
will be involved” [Lyman, 2005]. Moreover, it concurs with
the old adage “boys invent things and girls use things boys
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invent” [Darrow, 1970] which, as observed by Margolis and
Fisher [2003, p.2|, seems to remain “uncomfortably true
today”.

In conclusion, and in terms of a formal test to
ascertain whether gender is under-represented, the null
hypothesis H; o states that “women and men are similarly
represented” in online communities. Given the disparity
in numbers in both Drupal and WordPress, we had
to reject the null hypothesis H; ¢ regarding the gender
representation in the mailing lists, while not being to able
to completely reject the alternative hypothesis H; ; with
an adequate significance.

Active versus Passive Users

The results on gender representation can be comple-
mented with additional observations, regarding active and
passive users of the WordPress and Drupal communities:

e A larger layer of “users” of these communities is
composed of visitors, potentially not engaged in the
discussions, nor registered as users. The collected
data for the US audience provided by the QuantCast
company'? for the two communities®, and related
to the gender of the visitors, shows even less divide
between the genders: 44% of the traffic on the Drupal
website comes from female users (and, similarly, 39%
for WordPress).

e A different ratio is also observed in the number of
“interested” users: when screen-scraping the users
registered on the Drupal.org website (i.e., the
“Interested” users), and classified as male or female
members?!, it is found that some 12,000 users are
registered as female, while 63,000 are registered as
male, hence reflecting a 15/85 divide between genders
(of registered users). Only 43 users indicated their
gender as “transgender” and 209 as “other”.

e The registered users do not always match the
participants in the Drupal mailing lists: many of
those users do not participate in the discussions, and
various mailing list participants are not registered as
Drupal users.

(RQ2) The numbers of active participants in the
Drupal and WordPress mailing lists (at large, and
in the sublists) show that indeed there is a disparity
in the gender representation in those two online
communities (women account for approximately 10%

Ohttp://wuw.quantcast.com

2Onttp: //www.quantcast . com/drupal . org#!demo&anchor=
panel-GENDER, http://www.quantcast.com/wordpress.org#
!demo&anchor=panel-GENDER

2lhttp://drupal.org/profile/profile_gender/male and
http://drupal.org/profile/profile_gender/female

of the participants). Such disparity is even more acute
in the presence of more focused and technical aspects
of developing and programming these software
systems. On the contrary, this imbalance is not visible
in the number of interested (or “passive”) users: the
male--female ratio of content users, or readers, shows
a much more balanced divide between gender.

7.1.2.  Hypothesis testing — Gender Engagement

The previous section shows clearly that the gender
representation in the Drupal and WordPress communities
is highly imbalanced. The interested audience (i.e., the
“readers”), the registered users and the mailing list
participants get in fact more and more biased towards
a male audience, as long as more active involvement is
needed. However, these facts alone are not enough to
quantify the level of engagement, and the differences
between gender in these communities: given for granted
that a larger number of masculine participants exist, is it
true that their activity and length of engagement with the
community are significantly different from the feminine
ones?

To answer this question, for each participant and each
mailing list we recorded (i) their gender, (ii) the number
of questions that they posed to the mailing list audiences,
(iii) the number of answers that they gave to any of the
questions posed??, and (iv) the number of days between
the first and the last posted messages.

In order to discount for the experience of a user, we
normalised the numbers of questions and answers by the
number of days in which she was active in the mailing list
(likely, a user being around for longer asked and answered
more questions than a novice user).

We separated the analysis into two parts: first, we
analysed the engagement within the community, and we
tested the following null hypothesis:

Hs o: women engage for a length of time statistically similar
to men’s.

This hypothesis corresponds to the observation of Kuech-
ler et al. [2012] based on six different open source projects:
no statistically significant differences were observed
between men and women.

Second, we compared activity (number of questions
asked, and number of answers given), and we tested the
following null hypotheses:

Hso: women formulate a number of questions statistically
similar to men’s.

H,0: women provide a number of answers statistically
similar to men’s.

22The mistats tool, used for the analysis of the mailing lists, can
tag a message as an “answer” if it was sent as a response to an earlier
question.
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Figure 5. Left: length of engagement on the “support” list in Drupal, by gender; middle and right: hypothetical “what if” scenarios
where the unknown gender is considered feminine and masculine, respectively. With each gender we display the number of users

between parentheses.

Length of engagement with the community

To illustrate the analysis, consider the example of the
Drupal “support” sublist depicted in Figure 5. The
boxplots capture the distributions of the length of
engagement on this sublist (measured in days), for each
gender and for the unknowns (those users for which our
gender inference process did not produce a result). In
the middle and right subfigures we depict hypothetical
“what if” scenarios, wherein the unknown gender is
considered feminine and masculine, respectively, to assess
the sensitivity of the analysis to the gender inference
process. By applying the T-procedure to the three groups
(masculine, feminine and unknown; left subfigure), we do
not find sufficient evidence to reject the null hypothesis

H o: women engage for a length of time statistically similar
to men’s.

at a 95% confidence level. Then, by applying the
Wilcoxon-Mann-Whitney test to the two groups (mas-
culine and feminine; middle and right subfigures) in the
“what if” scenarios, we again did not find sufficient evi-
dence to reject the Hao with a 95% confidence level
(p = 0.89 and p = 0.45, respectively).

Table 5 summarises the results of the statistical testing
for the other sublists. For each sublist (row), we report
the number of masculine, feminine and unknown-gender
participants. The ticks show where the relative null
hypotheses could not be rejected with a 95% confidence
level. The “what if” column describes the three scenarios
of treating unknowns. As an example, the line

development; 1,362; 120; 59; v'; Ha is rejected at 95%
confidence level in favour of H; (men are engaged for
longer) if all the unknowns are feminine.

from Table 5 shows that on the “development” sublist of
Drupal we have identified 1,362 users as masculine and
120 as feminine, we could not infer gender for 59 users,

and we cannot reject the null hypothesis Hs¢: “women
engage for a length of time statistically similar to men’s”.
However, if all the unknowns were feminine, Hs ¢ would
be rejected in favour of Hj ;: “men engage for longer”.

Note that for both Drupal and WordPress, the null
hypothesis Hy( cannot be rejected for any of the
sublists: there is no significant difference in the length of
engagement with the community between feminine and
masculine participants.

(