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ARTICLE INFO ABSTRACT
Dataset link: https://doi.org/10.5281/zenodo.1 Context: Computer science, even now, attracts a small number of women, and the proportion of women
6571934 in the field decreases through advancing career stages. Consequently, few women progress to Ph.D. studies

in computer science after completing master’s studies. Empowering women at this stage in their careers is
essential, not just for equality reasons, but to unlock untapped potential for society, industry and academia.
Objective: This paper aims to identify students’ career assumptions and information related to Ph.D. studies
focused on gender-based differences. We propose a program to inform female master students about Ph.D.
studies that explains the process, clarifies misconceptions, and alleviates concerns.

Gender Method: An extensive survey was conducted to identify factors that encourage and discourage students
Ph.D. career path from undertaking Ph.D. studies. The analysis identified statistically significant differences between those who
Ph.D. challenges and opportunities undertook Ph.D. studies and those who did not, as well as statistically significant gender differences. A
catalogue of questions to initiate discussions with potential Ph.D. students which allowed them to explore
these factors was developed. These were structured into a Women’s Career Lunch program where students can
explore and discuss the benefits of Ph.D. study.

Results: Encouraging factors towards Ph.D. study include interest and confidence in research arising from a
research involvement during earlier studies; enthusiasm for and self-confidence in computer science in addition
to an interest in an academic career; encouragement from external sources; and a positive perception towards
Ph.D. studies which can involve achieving personal goals. Discouraging factors include uncertainty and lack
of knowledge of the Ph.D. process, a perception of lower job flexibility, and the requirement for long-term
commitment. Gender differences highlighted that female students who pursue a Ph.D. have less confidence in
their technical skills than males but a higher preference for interdisciplinary areas. Female students are less
inclined than males to perceive the industry as offering better job opportunities and more flexible career paths
than academia.

Conclusions: The insights collected from the survey facilitated the development of a questions catalogue
structured into the Women Career Lunch program to help students make a more informed decision con-
cerning whether they should pursue a Ph.D. in computer science. Localised versions of this program, in 8
languages, were created to support its adoption in different countries and assist in mitigating the female
under-representation challenge.
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E. Abrahdm et al.

1. Introduction

Computer science attracts less women than men. In addition, the
percentage of women decreases with the advancement of their careers.
This poses a severe loss of opportunities, as the significance of women
in computer science cannot be overemphasised. Diversity catalyses
innovation and progress in the technological sector. Women supply dis-
tinctive perspectives, experiences, and problem-solving methods to the
industry, making it more diverse and all-encompassing. Additionally, as
technology continues to shape our world, women in computer science
research play an essential role in addressing crucial societal issues and
driving groundbreaking advancements.

Across Europe, numerous activities have been launched to counter-
act this so-called “leaky pipeline” phenomenon. For example, Informat-
ics Europe created the Working Group Women in Informatics Research
and Education (WIRE) to support, connect, and structure these activi-
ties. One activity rooted in WIRE has been the launch of the annual
WIRE Workshop, offering a platform for networking and exchange.

The surprisingly large interest in the WIRE Workshop has shown
the need for more additional support. This gave the motivation to
extend the WIRE Working Group to a larger European effort, resulting
in the European COST Action European Network for Gender Balance in
Informatics (EUGAIN) (https://eugain.eu). The objectives of EUGAIN
are, beyond those of WIRE, to create a European platform for network-
ing and exchange and to provide guidelines and recommendations for
colleagues working at the forefront of the efforts for gender balance in
computer science.

Beyond bachelor and master studies, PhDs in computer science culti-
vate a more robust, well-rounded, and equitable future for technology.
Embracing diversity and empowering women in computer science at
the doctoral level is not only an issue of equality but also a way
to unlock untapped potential and establish a brighter future for the
industry and society.

However, with the transition from master’s to PhD studies, we
observe a weakening of the female presence. In Europe, an estimated
25.5% of the master’s students were female, while 24.1% of Ph.D.
students were female in 2021/2022 (Di Nitto et al., 2023). This gap
varies somewhat depending on the country and institution. For exam-
ple, at RWTH Aachen University in the year 2022, 20% of the master’s
students were female, but only 19% of the Ph.D. students. This gap was
significantly wider at the Department for Computer Science, Faculty
of Mathematics, University of Belgrade, where there were 41% female
students at the master’s level but only 14% at the PhD level. A key
goal of groups like Informatics Europe, EUGAIN, and others concerned
with equality and inclusion is to increase the number of female Ph.D.
students and facilitate them in completing their studies successfully.
To achieve this goal, we developed a program to inform female master’s
students about PhD studies. This program has been constructed to be
executable at interested computer science departments without inten-
sive preparation, requiring little time and effort and a small financial
budget, but still having a substantial impact. For maximal effect, the
program is also transferable to other STEM areas.

This paper reports on this work, explaining our starting objectives,
methodology to achieve them, and the developed program itself.

The goal of this program is not to convince female students to start
a PhD but to help them make an informed decision that best fits their
interests and abilities. To achieve this goal, we needed to identify why
fewer women than men choose PhD studies. Once we had explored the
reasons, we needed an appropriate way to convey relevant information
to the female students. We have to counteract wrong assumptions and
uncertainties to equip the involved students with the knowledge they
need to identify their optimal career preferences.

Thus, we had the following objectives:
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O1 Identify which aspects students consider when they decide on
their career path after their master’s studies, with a focus on
gender-based differences. Identify areas of missing knowledge,
wrong assumptions, and uncertainties which might hinder mas-
ter’s students from starting a PhD for inappropriate reasons.

02 Identify what needs to be conveyed to female students to im-
prove their decision-making.

03 Develop a program to convey this information to female students
in an engaging and practical way.

To achieve these goals, we used the following methodology:

M1 To achieve objective O1, we set up an international survey,
targeting primarily European countries but open to respondents
worldwide. The survey was designed in such a way that the
statistical evaluation of answers to the survey should facilitate
answering the following research questions:

RQ1: What main supporting factors encourage enrolment in a
PhD program?

RQ2: What main blocking factors discourage enrolment in a PhD
program?

RQ3: To what extent do these factors differ by gender?

M2 To achieve objective 02, the answers to the research questions
RQ1-RQ3 were used to design a catalogue of questions to prime a
discussion with master students about PhD studies, where this dis-
cussion will facilitate conveying the relevant knowledge, strength-
ening supporting factors, and weakening blocking factors, partic-
ularly to female students.

M3 To achieve objective O3, we designed a program named Women’s
Career (WoCa) Lunch. The program invites female master’s stu-
dents whose grades are strong enough to consider a PhD to 8
gatherings in small groups. Each module lasts one hour during a
common lunch, which gave the program its name. During lunch,
the students can chat with (typically female) guests who have
completed their PhDs in computer science and work in companies
and universities. This format creates a safe space where prospec-
tive female Ph.D. students can be informed about PhD studies,
using the questions from the catalogue resulting from M2, where
each meeting has a specific topical focus.

The rest of the paper describes the above steps in detail. We start
with some background in Section 2, followed by a discussion on related
work in Section 3. Section 4 describes how we created, distributed, and
evaluated the survey. Section 5 presents the survey results, which are
then discussed in Section 6. Section 7 describes the question catalogue,
which we derived from the survey’s results. Section 8 describes the
Women Career Lunch program and its pilot executions. We conclude
the paper with some observations in Section 9.

2. Background

Historically, women have been notably underrepresented in STEM
disciplines and continue to be outnumbered by men (Hill et al., 2010).
Physics, engineering, and computer science exhibit the most pro-
nounced disparities — with only 20% of bachelor’s degrees earned by
women in these fields in 2006 (Hill et al., 2010). The percentage of
computer science bachelor’s degrees earned by women in the US has
even dropped since 1986 (Hill et al., 2010), emphasising that progress
towards gender parity should not be taken for granted. Additionally,
there is evidence that even if women are majoring in computer science,
only 38% of them go on to work in computer-related jobs (Funk and
Parker, 2020). This results in women making up only 26% of com-
puting professionals — around the same percentage as almost 60 years
ago (Corbett and Hill, 2015).
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This is in line with the metaphor of the leaky pipeline in STEM
and, more specifically, within the domain of computer science. It
describes a pattern where women and underrepresented groups start
their education and careers but face challenges at each step leading
to fewer of them continuing. These challenges, like gender bias and
workplace culture (Corallo et al., 2022; André, 2022; Rowe, 2021;
Wagner et al., 2020), cause a gradual drop in their participation (Cronin
and Roger, 1999). While many female students start in undergraduate
courses worldwide, they do not continue to further computer science
post-graduate studies (Miliszewska et al., 2006). The leaky pipeline
metaphor is a simple and illustrative way to discuss attrition. However,
it is crucial to recognise its limitations regarding, e.g., the normative
educational pathway it suggests and the exclusion of interdisciplinary
fields (Vitores and Gil-Juarez, 2016; Soe and Yakura, 2008).

To quantify the number of female students at each stage, we use the
data collected over the past decade by Informatics Europe, available
from their data portal (Di Nitto et al., 2023).

Fig. 1 shows a snapshot of the participation of women in computer
science degree programs across all European countries from 2010/11
to 2020/21. Firstly, the overall percentage of women at all stages of
academic progression remains consistently low, with a maximum of
just over a quarter. Despite the significant strides in promoting gender
diversity in recent years, there is still a notable gender gap. More
notably, the data illustrates a significant difference in the percentages
of women enrolled in bachelor, master, and PhD programs versus those
awarded the respective degrees. It is encouraging to observe that a
larger proportion of women are awarded the degree compared to those
who enrol in these programs, indicating that they tend to excel once
women enter these programs. However, the critical observation is the
disparity in trends between master and PhD programs. While there
has been a steady increase in female students enrolling in computer
science master programs, the same does not hold for PhD programs.
After reaching a peak in 2018/19, the number of female PhD graduates
started to decline. Furthermore, the data reveals a stagnation in the
percentage of female Ph.D. students, especially from 2015/16 onward.
This stagnation is alarming, considering that there is a growing pool of
female master graduates who could potentially transition to PhD pro-
grams. In other words, there is an untapped resource of talented women
who have completed their master degrees but are not proceeding to
PhD studies.

Statistics show that the stagnation in the percentage of female Ph.D.
students in computer science is not limited to Europe. For example,
the Taulbee survey (Bizot and Zweben, 2020) shows that 23 to 25%
of enrolled Ph.D. students were women, while a little over 30% of
master degrees were awarded to women in the US. It is worth noting
that while this stagnation is prevalent in Western countries (Vitores
and Gil-Juarez, 2016), it is less commonplace in other places (Varma,
2010; Lagesen, 2008). However, also in Europe, there are certain coun-
tries (e.g. Romania) where the average percentage of PhDs awarded
to women since 2014/2015 is 43.3%, with an average of 35.5% of
enrolled female students, following an average of 39.3% MScs awarded
and 35.7% of enrolled female students, albeit with a relatively low ratio
of PhDs awarded per million inhabitants (Di Nitto et al., 2023).

In an era where technology plays an ever-increasing role in shaping
our world, it is crucial to ensure diversity in the individuals who
contribute to the development and advancement of computer science. A
key milestone in the academic journey of computer science students is
the transition from a masters degree to a PhD program. This transition
not only opens doors to advanced research opportunities but also cre-
ates future educators, researchers, and industry leaders. However, little
is known about the underlying reasons behind the limited transition of
women from masters programs in computer science to enrolment in
PhD programs. Assessing the reasons behind their choice holds both
academic and practical importance. A comprehensive understanding
of the multifaceted factors that influence women’s decisions in this
context not only contributes to the academic discourse but also informs
evidence-based strategies aimed at promoting gender diversity in PhD
programs.
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Fig. 1. Percent of female computer science students within Europe (Di Nitto et al.,
2023).

3. Related work

Research into the challenges women face in computer science (CS)
education (Yates and Plagnol, 2022; Beyer, 2014; Beyer et al., 2003)
has investigated the factors influencing their decisions to pursue this
field of study (Pantic, 2020; Pantic and Clarke-Midura, 2019; Genut
et al., 2019), as well as dropout reasons (Beaubouef and Mason, 2005;
Pappas et al., 2016). While these studies have offered strategies to
bolster diversity, equity, and inclusivity (DEI) at the undergraduate
level (Roberts et al., 2002; Cohoon, 2003; Lagesen, 2007), a distinct
research gap remains concerning the transition from master to PhD
studies. This transition phase is a critical stage in the academic journey,
and understanding its nuances is essential before addressing retention
approaches. Understanding the transition phase provides valuable in-
sights and helps address potential misconceptions or barriers from the
outset.

While a significant portion of the existing literature on women PhD
candidates focuses mainly on retention and attrition dynamics (André,
2022; Alfermann et al., 2021; Wollast et al., 2023), we highlight in Fig.
2 the primary factors and initiatives relating to female enrolment in
CS doctoral programmes.

3.1. The main supporting factors encouraging enrolment in a PhD pro-
gramme

Predominantly, existing studies tend to focus on broader disciplines
such as STEM (Diogo et al., 2022), engineering (London et al., 2014;
Tarvid, 2014), and computing (Tarvid, 2014; Moreno and Kollanus,
2013) rather than exclusively on computer science. Data from these
studies indicate varying levels of female involvement. Some studies
have observed noteworthy female representation in their interviews
and questionnaires (Diogo et al., 2022; Tarvid, 2014), while others have
reported typical levels of participation (London et al., 2014; Moreno
and Kollanus, 2013). These findings provide valuable insights into
women’s perspectives and initial motivations for enrolment. The study
by Motogna et al. (2022) is of particular interest, as it explains factors
encouraging women to undertake doctoral degrees in computer science,
though not confined solely to the enrolment phase.

Self-determination Theory (SDT) and its subsidiary Cognitive Eval-
uation Theory (CET) suggest that needs for competence, autonomy,
and relatedness impact both intrinsic motivations ( such as personal
fulfilment) and extrinsic motivations including academic career goals,
professional development, and career benefits and opportunities (Ryan
and Deci, 2000b). SDT suggests that while intrinsic motivation stems
from genuine interest, the intensity of extrinsic motivation varies from
reward-driven to aligning closely with personal values, often leading to
enhanced performance and well-being (Ryan and Deci, 2000b,a).

Women’s motivations for embarking on doctoral studies are mul-
tifaceted. In pursuit of personal fulfilment, they are often driven by



E. Abrahdm et al.

The Journal of Systems & Software 231 (2026) 112586

Female PhD in Computer Science

Supporting Factors

Intrinsic

Personal Fulfillment

Extrinsic
Academic Career Financial Incentives and Support
Research Interest Mentorship and Networking
Professional Development Guidance and Outreach
Career Opportunities Online Learning Support
Career Benefits Inclusive Environment
Other Factors
Role Models

Encouragement by Friends and Peers

Family Influence and Support

Encouraging Initiatives

Blocking Factors

Financial Barriers
Family Concerns and Childcare Responsibilities
Emotional and Psychological Barriers
Imposter Syndrome
Low Self-Esteem
Confidence Gap

|l and ituti Barriers

Stereotypes and Sexism
Hostile Environment

Lack of Women in Faculty

Fig. 2. Primary factors and initiatives related to female enrolment in CS doctoral programmes.

an innate joy of exploration and a deep-seated desire to understand
complex subjects. This passion goes hand in hand with aspirations for
personal growth and integrating personal interests into one’s profes-
sional journey via doctoral research (Diogo et al., 2022; London et al.,
2014; Tarvid, 2014; Moreno and Kollanus, 2013; Motogna et al., 2022).
Alongside these motivations, is an ambition to achieve significant
milestones that enhance their career and contribute to global scientific
advancements (Diogo et al., 2022; Motogna et al., 2022). Elevating
one’s social standing and gaining enriching learning experiences also
play important roles (Moreno and Kollanus, 2013). Notably, research
topic selection is heavily influenced by curiosity and an overarching
desire to add value to collective knowledge (Tarvid, 2014; Moreno and
Kollanus, 2013).

Students looking for an academic career see a PhD as essential for
their future . For some, this commitment to academia has been evident
since high school, even when presented with career opportunities in
industry. They are interested in teaching and prefer the university
environment over corporate settings (Moreno and Kollanus, 2013). For
some Ph.D. students the work-life balance of an academic career is
compelling, offering part-time roles, flexible schedules, and a conducive
work environment (Motogna et al., 2022).

An interest in research is crucial for many Ph.D. students. Doctoral
studies deepen students’ research capabilities, introduce them to new
social networks and refine their writing skills (Tarvid, 2014). Exposure
to research, positive experiences, and academic endorsements during
master programmes can significantly influence students’ decision to
advance to a PhD (Moreno and Kollanus, 2013). While the demanding
nature of research activities can sometimes diminish enthusiasm (Mo-
togna et al., 2022), these positive factors help sustain the interest in
pursuing a PhD (London et al., 2014).

Motivated by professional development, many see a PhD as a strate-
gic investment to enhance career potential, with or without a clear
career direction. In contrast, some aim to excel in their chosen fields,
viewing doctoral study as a means of refining skills and meeting indus-
try expectations (Moreno and Kollanus, 2013). Pursuing an engineering
PhD, in particular, is often associated with the aspiration to align
more closely with evolving industry standards and demands (London
et al., 2014). Additionally, many advanced roles in scientific research,
academia, and industry require a PhD. This advanced qualification
equips graduates with deeper knowledge and superior problem-solving
skills, setting them apart from peers with lesser qualifications (Diogo

et al.,, 2022; Tarvid, 2014; Moreno and Kollanus, 2013). For those
with significant industrial experience, the PhD is often perceived as
a tool for professional exploration, offering the prospect of diverse
and potentially more challenging roles within industry (Diogo et al.,
2022; London et al., 2014). Moreover, those feeling limited or un-
fulfilled in their current positions might be attracted to a PhD to
further their professional development and open new career path-
ways (Tarvid, 2014; Moreno and Kollanus, 2013) which can specifi-
cally influence female computer science students’ decision to undertake
doctoral studies (Motogna et al., 2022).

A PhD is a gateway to diverse roles beyond academia, spanning
sectors like business, government, and non-profits. Many align their
research focus with real-world applications, preparing themselves for
entrepreneurial and managerial positions outside universities (Diogo
et al.,, 2022). Doctoral studies offer significant career benefits. In a
labour market crowded with bachelor’s and master’s graduates, a doc-
toral degree is a distinction that enhances career prospects,improves job
security and can promise higher salaries (London et al., 2014; Tarvid,
2014).

Beyond direct career benefits, a significant motivation to pursue
a PhD is the influence of successful role models. This motivation
becomes stronger when observing the accomplishments of other PhD
holders in the labour market, fuelling the desire for similar success and
recognition (Tarvid, 2014; Motogna et al., 2022).

In line with CET, encouragement from peers, friends, faculty mem-
bers, and supervisors is a vital factor driving the decision to embark
on a PhD journey (Diogo et al., 2022; London et al., 2014; Tarvid,
2014; Moreno and Kollanus, 2013; Motogna et al., 2022). This choice is
usually rooted in familial influences, especially when parents hold de-
grees. Exposure to academic environments can foster early aspirations,
leading some to engage in research during their undergraduate years.
Family advice and support further bolster the decision to undertake
advanced studies. Furthermore, factors like students’ academic achieve-
ments, aspirations, and career goals, which their parents’ educational
background can shape, provide added momentum towards pursuing
a PhD (Moreno and Kollanus, 2013; McCallum, 2012; Mullen et al.,
2003).

3.2. The main blocking factors discouraging enrolment in a PhD programme

Enrolling on a PhD programme is a significant milestone in educa-
tional life, beginning with the decision to pursue an advanced degree.
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Yet, female candidates may be reluctant to take this decision due to
their gendered experiences. This begins at home, where girls are often
encouraged to play with dolls while boys are steered towards video
and computer games, facilitating an early familiarity with the technical
field (Yates and Plagnol, 2022; Denisco, 2017). Later, these gendered
experiences at home and in the school contribute to a reduced pool of
women willing and able to enter the CS field at the bachelor and master
levels (Yates and Plagnol, 2022; Denisco, 2017). At the PhD enrolment
stage, women may face additional limiting factors including financial
constraints and emotional and psychological hurdles impacting this
decision. Financial barriers include the tendency for females to finance
their studies from personal funds, while male candidates are more
likely to receive salaried positions (Moskal, 2002). Women also need
to provide for their children, among other financial concerns (Motogna
et al., 2022). It is often difficult to find affordable daycare, and mothers
cannot expect their children to subsist on low-quality food for long
periods, usually forcing them to choose between their educational
aspirations and raising a family (André, 2022; Rowe, 2021).

Among women in STEM fields, there is a notable presence of impos-
tor syndrome, especially when transitioning into technical areas. Even
women actively working in the sector may feel they need additional
qualifications to to compare favourably with their male colleagues.
Such beliefs often stem from deeply ingrained self-doubts, leading them
to question their abilities and potential career success (Denisco, 2017;
Hyrynsalmi, 2019). From a young age, many women grapple with
feelings of low self-esteem (Happe and Buhnova, 2021; Adamecz-Volgyi
et al., 2023), making them self-critical and prone to questioning their
competence even when they possess the necessary skills. Women tend
to doubt their qualifications when faced with challenging or ambiguous
job descriptions in technical roles, which can leave them feeling un-
successful and push them away from their studies or career transitions,
even when there is no actual performance deficit (Hyrynsalmi, 2019).

In addition to pre-existing gender biases, societal dynamics further
widen the confidence gap among women in technical domains. The ob-
servable overconfidence displayed by some men in these areas contrasts
starkly with many women’s self-doubt (Hyrynsalmi, 2019; Adamecz-
Volgyi et al., 2023). In programming courses, for example, men with
little to no experience often believe themselves to be equal competitors
to women with much higher experience levels (Denisco, 2017). Age
biases and competence questions further intensify women’s sense of
inadequacy. Women often express concerns about being perceived as
“too old” for the labour market upon graduation or considering a career
change. Some, especially those in their thirties and forties, feel that
potential employers might overlook their vast skills and experience in
favour of younger candidates (Hyrynsalmi, 2019). Moreover, even in
female perception, leadership roles in technical fields are still predom-
inantly associated with males, further contributing to the confidence
gap (Hyrynsalmi, 2019; Wang and Redmiles, 2019).

Stereotypes have shaped gender roles, impacting women’s experi-
ences in academia and technology. The perception that being a “nerd”
or “geek” is unattractive and that computers are mainly for boys
negatively impacts young girls’ willingness to study computer sci-
ence (Stross, 2008). From post-secondary education to advanced stud-
ies (Cohoon et al., 2009), sexism, real or perceived, also plays a role
with boys and men implicitly believed to possess higher competence
levels in STEM (Denisco, 2017; Cohoon et al., 2009).

Women in computer science frequently encounter explicit sexism
from male peers and professors. From competitions to securing intern-
ships at top tech companies, their achievements are often undermined
by male counterparts who suggest their success is due to gender-based
quotas or a push for workplace diversity. Some male students resort
to derogatory comments related to natural female processes (Denisco,
2017). Additionally, male professors might harbour lower expectations
for female students, make inappropriate remarks about their personal
lives (Denisco, 2017) or ignore questions from female students (Cohoon
et al.,, 2009). Although explicit sexism might be less prevalent in CS
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doctoral programmes, its presence remains detrimental, contributing to
a higher attrition rate among female doctoral candidates (Cohoon et al.,
2009).

Closely related to sexism, hostility in the academic environment can
deter women from starting or continuing their doctoral studies. Women
tend to perform better in a collaborative and supportive environment,
where group success and valued work are more important than indi-
vidual victories and self-focused learning (Yates and Plagnol, 2022).
However, classrooms, especially in CS, often cater to a male-centric
perspective (Yates and Plagnol, 2022), making them feel unwelcoming
to many women (Cohoon, 2003). Although many institutions have anti-
discrimination policies, these measures are often not enough to combat
negativity and toxicity in the institutional culture. Such a climate can
intensify women’s inclinations to abandon their academic pursuits (An-
dré, 2022). Dismissive attitudes and a lack of support from supervisors
or peers further exacerbate this sentiment (Yates and Plagnol, 2022).

A lack of female faculty members might discourage young women
from pursuing advanced careers in in male-dominated fields. They
might struggle to imagine themselves as potential mentors or profes-
sors (Denisco, 2017). Not seeing women at their level and in positions
of authority may lead to feelings of isolation, presenting a challenge in
terms of motivation due to the need for a more complex integration of
social and academic aspects (André, 2022).

3.3. Initiatives to encourage female enrolment in PhD Computer Science
programmes

The various initiatives to support female students in Computer
Science PhD programmes are multifaceted. Table 1 offers a concise
summary of these initiatives, which we have categorised under five
groupings (i) financial incentives and support, (ii) mentorship and
networking, (iii) guidance and outreach, (iv) online learning support,
and (v) inclusive environment.

Financial challenges may discourage female students from enrolling
in PhD programmes in various fields, including computer science (Lind-
ner, 2020; Horta et al., 2018). Many financial incentives and support
such as scholarships, research grants, and, in some cases, stipends
have been introduced to cover tuition fees and other costs explic-
itly dedicated to female students (Lockett, 2023). This financial assis-
tance can increase motivation and significantly improve women’s PhD
opportunities.

In addition to financial aid, institutions have actively sought to
increase female enrolment in PhD programmes through various other
campaigns and support programmes (André, 2022; Europe, 2023).
Among these, mentorship programmes and networking opportuni-
ties (Europe, 2023; Anon, 2023) are essential tools to address students’
doubts or concerns before starting their PhD journey. By organising
events that bring together prospective PhD candidates with current
female doctoral students or professors who might become potential
mentors, institutions provide a platform where experiences can be
shared. Future challenges and opportunities can be openly discussed.
Such interactions empower attendees to ask questions, fully understand
the PhD process (André, 2022; Fisher et al., 2019), and make informed
decisions. Additionally, celebrating female PhD graduates’ successes, as
done by Stony Brook’s Computer Science Department (Department of
Computer Science, 2023), offers attendees an opportunity to network
and be inspired by the achievements of their peers.

Furthermore, institutions often host guidance and outreach ini-
tiatives, such as specific PhD orientation activities. For instance, Stan-
ford University’s Computer Science Department (Stanford Engineering,
2023) organises events designed to answer students’ questions, explain
the details of the programme, and highlight post-PhD career opportuni-
ties (Anon, 2023). Similarly, Brown University’s Computer Science De-
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Table 1

Overview of Enrolment Initiatives for Females in PhD Computer Sciences programmes.
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Initiative category

Ref

Description

Examples

Financial Incentives and

Support
Mentorship and Networking

Guidance and Outreach

Online Learning Support

Inclusive Environment

Lockett (2023)

Europe (2023), Anon (2023)

André (2022), Europe (2023),
at Brown University (2023)

computerscience.org (2023),
Munoz-Hernandez and Osman
(2016)

Rubegni et al. (2023),
Jaccheri et al. (2020)

Grants , scholarships, and fellowships for

PhD women in CS

Networking opportunities with successful
peers and role models, mentoring programs
programmes educating potential applicants
about the PhD process, by providing feedback
and guidance

Online doctoral programmes, remote meetings
with supervisors

Anti-discrimination policies and support

to make the academic environment more
welcoming for females

Google PhD fellowship programme, Microsoft
Research Women'’s

Fellowship

CRA-WP, Women in ML, ACM-W,ACM-W Europe

PhD orientation at Stanford’s Computer Science
Department,

Application Feedback programme for
underrepresented applicants

at Brown University

Online or on campus Computer Sciences PhD

at the University of South Carolina, College of
Engineering and Computing

NTNU’s gender-sensitive policies, Chalmers
University of Technology

Genie — Gender Initiative for Excellence

partment has a specialised PhD application programme (at Brown Uni-
versity, 2023) dedicated to underrepresented groups, including women,
ensuring a smooth application process. These tailored initiatives are
crucial in helping female students reach their academic goals.

Following the 2019 pandemic, there has been an accelerated in-
terest in online learning supports that might aid in recruiting fe-
male doctoral students. Online doctoral programmes in information
technology (computerscience.org, 2023) highlight this increased visi-
bility. Such programme designs offer advantages for women juggling
family responsibilities. A study (Munoz-Hernandez and Osman, 2016)
presented the benefits of online education for women with limited
resources, such as remote meetings with supervisors, suggesting its
potential to support greater female participation in PhDs.

European universities have developed projects, policies, and strate-
gies to promote an inclusive environment and increase women’s
participation in CS (Rubegni et al., 2023; Jaccheri et al., 2020). The
Norwegian University of Science and Technology (NTNU) stands out
for its gender-sensitive policies and anti-discrimination awareness pro-
grammes (of Science and Technology, 2023). Beyond policy adjust-
ments, some institutions, like Ko¢ University, have adopted gender-
responsive pedagogical practices and incorporated gender-equitable
design principles into their teaching materials to cultivate a lasting
positive impact (Koc University, 2023).

Retaining female students in computing is as important as recruit-
ing them. Robust retention initiatives ensure that women continue
their doctoral journey and position them as role models for potential
entrants. Witnessing the successes and perseverance of their peers
can inspire and motivate more women to consider and pursue a
PhD in the field. Ongoing mentorship and training (in Informatics,
2022, 2023), early exposure to computing topics through workshops
and hackathons (de Aguiar Gomes et al., 2018), supportive networks
for women at all academic stages (Rubegni et al., 2023), and skills-
enhancing training are essential. It bears reiterating that the continued
presence of female role models in computing encourages others to
follow similar paths.

4. Survey & approach

Our goal was to identify the factors that students consider when
they decide on their career path after their master’s studies, with a
particular focus on gender-based differences. This section describes
the instrument design, the data collection approach, the data cleaning
performed on the responses received and the demographics of the valid
responses received.

4.1. Instrument design

Our survey instrument includes 58 questions (see Table 2) used to
collect data on:

» Demographics (Q1-Q7). These were aimed at finding out and
collecting basic demographic data (enrolment country, national-
ity, degree, progress, gender).

Respondents’ background as students (Q8-Q21). These ques-
tions were aimed at profiling our respondents concerning their
academic trajectory, providing insights about their experiences
and preferences.

Intentions concerning the possibility of pursuing a PhD
(Q22-Q46). These questions include not only the intentions, but
also respondents’ perceptions on the factors that are in favour
of, or detrimental to, enrolling in a PhD. Those factors include
personal factors (e.g. family related), as well as more structural
factors (e.g. related to career prospects, or financial security).
Respondents’ Self-perception (Q47-Q58). The last group is
mostly focused on respondents’ perceptions of their strengths and
weaknesses compared to their peers.

We used a mixture of open and closed questions, with a clear
predominance for the latter (49 out of 58):

Likert. We have 39 5-point Likert-scale questions, where the
options are definitely yes. rather yes, neutral, rather not, and not
at all. We also included a does not apply option in the Likert-scale
questions so respondents would not randomly choose one of the
options if for some reason the question did not apply to them. The
variables collected via these questions are ordinal.

SC. We have 5 Single Choice questions that require a yes or no
answer. The variables collected via these questions are nominal.
SMC. We have 4 Simple Multiple Choice questions. These questions
allow the respondent to choose only one of the provided answer
alternatives. They include a special Other alternative, to allow the
respondent to answer in open free text if none of the available
alternatives is a good match for the respondent’s answer. The
variables collected via these questions are nominal.

MMC. We have 2 Multi-select Multiple Choice questions. In one of
them, we added the Other option, to provide a free text alternative
to our respondents, if necessary. The variables collected via these
questions are nominal.

Open. We have 8 Open questions, devoted to the collection of
additional comments or insights the respondents might want to
share with us. The variables collected via these questions are
open text.
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Table 2
Survey questions - condensed excerpt.
Part 1d Question Type
Q1 Please name the country in which the university you are/were enrolled is located. SMC+Other
‘g Q2 Please name your nationality. SMC+Other
.(_': Q3 Please indicate your highest educational rank: SMC+Other
5 Q4 Please name the study program in which you are/were enrolled: Open
% Q5 Please indicate your current occupation: MMC+Other
A Q6 What is your gender? SMC+Other
B Q7 Do you have any further comments? Open
Q8 Did you have any computer science courses during high school? SC
Q9 Are/Have you been personally supervised by a researcher, e.g. by a PhD student or a teaching assistant SC
for a seminar or project work?
Q10 Are/Have you been involved in research projects during your studies, e.g. in terms of being involved in SC
research at a department/chair or in a larger scientific project?
Q11 Are/Have you been personally supervised by a research leader, e.g. by a professor or lecturer for a seminar SC

or project work?
Please rate each of the following statements on the scale displayed.

II. Questions on Own Studies

Q12 Do you feel enthusiasm for computer science? Likert
Q13 Do you enjoy your studies (without considering the pandemic)? Likert
Q14 Would you say that you have good grades? Likert
Q15 Would you say that you are successful in your studies? Likert
Q16 Do you feel self-confident in interaction with other students? Likert
Q17 Did/Do you regularly participate in study groups during your studies? Likert
Q18 Do you like theoretical computer science subjects (esp. logic and maths)? Likert
Q19 Do you like practical computer science subjects (esp. programming)? Likert
Q20 Do you like interdisciplinary areas of computer science? Likert
Q21 Do you have any further comments? Open

Please evaluate each of the following statements concerning your current situation on the scale displayed.

Q22 When being a Bachelor student, I plan(ned) to enrol in master studies. Likert
Q23 I have thought about doing a PhD. Likert
Q24 I plan to do a PhD. Likert
Q25 I am aware of the aims and contents of PhD studies. Likert
Q26 I am aware of the requirements for starting a PhD. Likert
Q27 I have been encouraged to do a PhD. Likert
Q28 After completing my current studies, I am considering moving abroad for a while. Likert
—~ Q29 My family encourages me to do a PhD. Likert
% Q30 1 was motivated by industrial contacts to do a PhD. Likert
E] Please evaluate each of the following arguments in favour of enrolling in a PhD on the scale displayed.
g Q31 The aims and contents of PhD studies suit me. Likert
N4 Q32 I believe I meet the requirements for getting a PhD position. Likert
_% Q33 A PhD would improve my future career. Likert
< Q34 Pursuing a PhD would be fun. Likert
2 Q35 Better gender balance in computer science would increase my interest in PhD studies. Likert
g Please evaluate each of the following arguments against enrolling in a PhD on the scale displayed.
.‘5 Q36 I am worried that PhD studies would negatively impact my future family plan (getting married, having kids, ...). Likert
8, Q37 I have concerns that during my PhD studies, I would not have enough money to support my lifestyle. Likert
= Q38 I have better job opportunities in the industry than at university. Likert
- Q39 I am hesitant to start a PhD because of many factors and circumstances (e.g. career opportunities, flexibility, Likert
working environment, ...) are unclear to me.
Q40 I think the industry offers more flexible career opportunities compared to the structured path of PhD studies. Likert
Q41 I am worried about the impact on my future career if I start but do not complete my PhD studies. Likert
Q42 I have reservations about making long-term job commitments for the whole PhD duration. Likert
Q43 I am afraid of being one of only a few females in a PhD group. Likert
Q44 Do/Did you participate in any programs or activities that informed you about PhD studies? SC
Q45 Please describe these programs or activities shortly. Open
Q46 Do you have any further comments concerning PhD intentions? Open
Please evaluate your strengths as compared to your peers:
g Q47 I have the competencies to succeed in computer science. Likert
s Q48 I have strong programming skills. Likert
% Q49 I possess theoretical understanding. Likert
ol Q50 1 have self-confidence. Likert
E; Q51 I embrace problem-oriented learning. Likert
5 Q52 I am driven by curiosity to learn. Likert
2 Q53 I am successful in collaborating with others. Likert
] Q54 I love computer science. Likert
§ Q55 Do you have any insights on what encourages students to start a PhD in computer science? Open
Of Q56 Do you have any insights on what discourages students from starting a PhD in computer science? Open
2 Q57 Do you have any further comments? Open
Q58 How did you find out about this survey? MMC
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# respondents
Conference(s)/Workshop(s)/Summer School(s) Wl 15
Lecture(s)/Seminar(s) at University [N 37
Personal Contact(s) | NNEG 122
Mailing List(s) I 340
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Fig. 3. How participants found about this study.

We conducted a pilot session with colleagues (all academics) to
solicit their feedback, during one of our COST Action meetings, before
launching the survey. We reviewed the whole questionnaire to detect
clarity issues, problematic questions (e.g. overloaded questions), and
any other structural problems. We incorporated this feedback. We also
asked participants to fill in the questionnaire so we could assess how
long it took them to do so and incorporate that information in the
questionnaire invitation letter.

4.2. Data collection

The target population for this study was computer science students,
researchers, and practitioners in Europe. In the case of participants
who already have a PhD, they were encouraged to reflect on their
experience. Although this study was open to respondents from countries
outside of Europe, we focused our respondents’ recruitment efforts on
Europe, with all its cultural diversity.

We used an open invitation strategy (Wagner et al.,, 2020). We
advertised our survey through several channels, including mailing lists,
personal contacts, classes and seminars at Universities, conferences,
workshops, and summer schools. We leveraged the contacts of the
COST Action members and those of Informatics Europe to reach a broad
audience of potential respondents. As a key focus of our research is
gender inclusion in Informatics, we were particularly interested in gain-
ing insights from female participants. We specifically targeted potential
female respondents in our contacts, as several of our research questions
depended on having many female respondents. We also wanted to have
answers from respondents of other genders, so we could find out which
candidate factors are gender-related.

The responses include answers from people in different life stages,
ranging from undergraduate and graduate students considering pursu-
ing a PhD to researchers and practitioners who may have completed a
PhD or decided against doing one.

Fig. 3 summarises how our respondents found out about the sur-
vey. Several respondents learned about the survey via more than one
channel.

We targeted European countries, as this survey was primarily aimed
at understanding the phenomenon in the European context. That said,
the survey link was public and it did reach people from other conti-
nents (e.g. we had several respondents from universities in China). We
decided to keep answers from other origins, given the mobility of Ph.D.
students. It is common to find non-European Ph.D. students in European
Universities.

Concerning sample size, we used Yamane’s equation (Yamane,
1973), as suggested in Wagner et al. (2020), to compute a suitable
sample size n:

N
"= 1+ N-e? M

With an estimated 28.7 million developers worldwide by 2024 (QBIT,
2023), this would mean around 400 participants, for a precision set to
0.05. This is a conservative estimate, as the number of potential PhD
candidates is much lower, especially if we focus on Europe.

28,700,000

n= =400 ()
1 + 28,700,000 - 0.052
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We did not include any localisation for our survey. The same survey
version was available for all respondents, regardless of their geographic
location.

We did not offer any financial or personalised incentive for partici-
pation. The lack of gender balance in Informatics is noticeable and this
was enough to attract a significant number of participants.

The data collection process was prolonged in time, due to diffi-
culties in convincing enough people to offer their valuable time for
research. We started disseminating the survey in October 2021, mostly
via contacts made by the authors, leveraging their networks. By June
2022 we had 129 respondents, mostly from Germany and Portugal. We
then increased our efforts to bolster the number of respondents and
the diversity of their locations, by encouraging other EUGAIN members
to disseminate the questionnaire including Informatics Europe in that
process. By February 2023, we had 506 responses. While we were doing
some preliminary data analysis, we reiterated our requests for help
from EUGAIN members and intensified our dissemination campaign.
We finished our data collection on May 30, 2023, with 867 responses
from 53 countries.

4.3. Data cleaning and transformation

We filtered out all responses that did not meet our inclusion criteria.
In particular, we excluded responses that did not answer our research
questions (e.g. respondents only answered basic demographic ques-
tions). Of the total 867 responses to our survey, 280 answers contained
no relevant information concerning our research questions, leaving us
with 587 valid responses.

We sanitised some answers (e.g. we transformed empty answers to
the question “What is your gender?” into “I prefer not to disclose”. and
did the same for a respondent who answered “Other”, but then did not
fill in the form with any value for “Other” - in practice, the respondent
preferred not to disclose the gender, as well).

We computed an extra variable to encode whether the respondent
has a PhD, is in the process of studying for a PhD, or plans to do a
PhD, or if the person has no PhD and no plans to obtain one. We refer
to these values in our data analysis tables and figures as “PhD”” vs. “No
PhD”, respectively.

Finally, we moved free-text responses to a separate file, to preserve
anonymity.

4.4. Survey response demographics

Of the 587 valid responses, 309 respondents identified as female,
267 identified as male, and 4 respondents reported their gender as
other: 1 female-to-male transgender and 3 non-binary respondents, one
of which also identified as queer and agender. 7 respondents did not
disclose their gender. We received responses from people from 53
nationalities. Although our target population were people working in
Europe, the questionnaire was available to anyone with the link and
publicly announced at an international level, so we also got some
answers from other continents (e.g. with 10 participants from India
and 8 from China). The countries with the most responses were Serbia
(98), Germany (87) and Denmark (86). Fig. 4 summarises respondents’
nationalities.

Concerning their current occupation illustrated in Fig. 5, most of
our respondents were master (185) and Bachelor (181) students. Some
of the respondents hold more than one position (e.g. some of the MSc
students also work in industry).

We also asked our participants about their highest educational
ranking achieved. We recorded the 7 answers in the Other category: 6 of
them implied holding a PhD, while the remaining one implied holding
an MSc. Overall, most of our respondents declared holding a BSc or an
MSc (see Fig. 6).
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Respondents Nationality (n = 587)

Fig. 4. Respondents nationality.

# Respondents
industry |
Academia
PhD Student

Master Student

Bachelor Student 181

Fig. 5. Respondents current occupation. Some respondents hold more than one position
(e.g. Master Student and Industry).

#Respondents
PhD Degree 100
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BSc Degree
High School / A-Level 128
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Fig. 6. Respondents highest achieved degree.

5. Analysis and results

We describe the approach used for both the quantitative and quali-
tative analysis and the results of both types of analysis on each research
question as outlined in Section 1.

5.1. Approach used for quantitative analysis

Our questionnaire included several closed questions for which we
wanted to perform quantitative analyses, based on the frequencies of
the options chosen by our respondents. As discussed in Section 4.1,
some of the variables used in our data analysis are nominal, while
others are ordinal. We started by collecting descriptive statistics on
these variables. We then formulated hypotheses and performed the
appropriate hypothesis testing to identify whether differences were
statistically significant. Our statistical analysis uses only nominal and
ordinal data. As such, we only use non-parametric procedures in our
data analysis which do not require normality.
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We used the Chi-Square test, for single-choice questions (i.e. nomi-
nal data). The Chi-square examines the difference between categorical
variables from a random sample in order to determine whether the
expected and observed results are well-fitting. In particular, we use it
to test if there is a difference in proportions between several groups
identified by nominal variables. For example, we use the Chi-Square
test to contrast the answers from people who decided to do a PhD with
those who decided against doing a PhD, concerning whether they were
involved in research projects during their studies.

We used the Mann-Whitney U test, for questions where the partic-
ipant could choose their answer using a Likert-scale value, i.e. ordinal
data. The Mann-Whitney U test checks data distribution for a sig-
nificant difference between two independent groups. The test applies
ordinal (which is the case here) or continuous variables. It requires
independent observations and the shapes of the distributions of the two
groups under comparison to be roughly the same.

Both for Chi-Square tests and for Mann-Whitney U we used p < .05
for the level of significance.

As we analyse several independent variables in the context of find-
ing relations with the same dependent variable (whether the participant
is “PhD material” — has done, is doing, or plans to do a PhD — or not),
it can be argued that this implies a form of multiple comparisons so we
also included post-hoc multiple comparison corrections, including the
Bonferroni and the Holm-Bonferroni. The Bonferroni correction (Bon-
ferroni, 1936) is a conservative post-hoc method that controls the Type
I error rate, but significantly increases the probability of a Type II
error (Perneger, 1998). The Bonferroni correction compensates for the
risk of making a Type I error by dividing the significance level by the
number of hypotheses. For example, for our desired p < .05, if we
test 5 hypotheses, the corrected value is % = .01, so results will be
statistically significant using the Bonferroni correction if p < .01.

To achieve a more balanced control of Type I and Type II errors,
we also tested whether our results are still significant after performing
the Holm-Bonferroni method (Holm, 1979). Compared to Bonferroni,
the Holm-Bonferroni method increases the Type I error probability and
decreases the Type II error probability. The Holm-Bonferroni method
sorts the p-values from lowest to highest and compares them to nominal
alpha levels of %, where m represents the number of tested hypotheses.
For example, with our desired p < 0.05, for 5 hypotheses, the adjusted
values are % = .01, % = 0125, % =.1(6), % =.025, and $ =.05.

For all our hypothesis tests, the significance level is highlighted
with different font styles, depending on whether the differences are
“just” statistically significant, or remain significant when using a Holm—
Bonferroni correction or even when using a Bonferroni correction. and
using Bonferroni correction.

We computed the effect size using Cramér’s V (¢.) (Cramér, 1946)
for the Chi-Square tests. With one degree of freedom, the common in-
terpretation thresholds for the effect size computed with ¢, are: .10 —
small effect size; .30 — medium effect size; .50 — large effect size. The
Mann-Whitney U tests require a different effect sizes measure. We used
the eta-square (42) effect size measure, which provides the percentage
of the variance of the dependent variable (the decision to do a PhD,
or not) that can be explained by the independent variable tested in the
corresponding Mann-Whitney U test (e.g. the self-confidence in one’s
programming skills). We use the following recommended thresholds for
interpretation of the effect size values computed with »?: .01 — small
effect size; .06 — medium effect size; .14 or higher — large effect size.

To make our findings clearer we adopted a visual notation in our
tables and text with the following symbols:
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p
Key for the icons used in this section
Participants:
aa Participant who chose to do a PhD
e Participant who chose not to do a PhD
Q Female participant
d Male participant

Descriptive statistics:

# Number of participants

% Percentage of participants
X mean score

X median score

Mode mode score

Participants and descriptive statistics icons can be combined, e.g.:

#9% Number of female participants who chose to do a PhD
PA1 Percentage of male participants who chose not to do a PhD

Statistics tests:
72(1) Chi square statistic
MW-U Mann-Whitney U

Effect sizes:
¢, Effect size (for Chi square test)
n? Effect size (for Mann-Whitney U test)

p-values formatting:

.ddd Not statistically significant

.ddd Statistically significant

.ddd Statistically significant with Holm-Bonferroni Correction
.ddd Statistically significant with Bonferroni correction

Results summary:

A Statistically significant difference, with a low effect size

AA Statistically significant difference, with a medium effect size
AAA Statistically significant difference (higher), with a high effect
size

(similar for lower Vv, VWV, VvwVvV)

@ Bonferroni-corrected statistically significant difference (higher),
with a low effect size

@@ Bonferroni-corrected statistically significant difference (higher),
with a medium effect size

@@Q Bonferroni-corrected statistically significant difference

(higher), with a high effect size
(similar for lower °, 00, 000)

The summary of each of the results presented is preceded by a
reference group identification.

For example:

200 Participants who decided to do a PhD had a statistically
significantly higher value of the variable under comparison than
those who decided not to do a PhD. The difference is significant even
when using the Bonferroni correction. The effect size is medium.

We complemented the statistics tests with visualisations (divergent
stacked bar charts) to help data interpretation.

5.2. Approach used for qualitative analysis

In addition to the closed questions, there are also several open
questions in the questionnaire. It is also relevant to analyse their
answers since data from free-text answers to open questions can provide
deeper insights into the participants’ personal experiences, concerns,
or motivations which the other questions in the survey may not have
detected. Among 8 open questions: question Q7 is a basic demographics
question; questions Q21, Q46 and Q57 are introduced to provide space
for participants to write their further comments related to previous
questions; question Q45 aims to collect detailed information about the

10
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informative programs and activities the participants attended related
to pursuing a PhD (only for the participants who answered “yes” for
question Q44). All the answers to these questions were carefully read
by the authors and were subsequently excluded from analysis as their
contents ended up being irrelevant. Only one comment from question
Q46 was reported to highlight an interesting perspective of one partici-
pant where participants were asked if they have any further comments
concerning PhD intentions in general. We selected the remaining two
open questions (Q55 and Q56) for further analysis to gain insights into
the perception of the participants on the encouraging and discouraging
factors for pursuing PhD studies. These two questions had a much larger
number of answers, compared to other open questions, and are the
most relevant open questions for this research considering the research
questions. These two questions are as follows:

* Q55 — Do you have any insights on what encourages students to
start a PhD in computer science?

* Q56 — Do you have any insights on what discourages students
from starting a PhD in computer science?

Neither of these open questions was compulsory, so the participants
were free to write their comments or not. Out of 587 valid survey
responses, 165 and 192 of the participants answered question Q55 and
question Q56 respectively, after filtering out answers indicating that
the respondent has no response to give. Note that these respondents
could be considered as the group who need more information about
the advantages or disadvantages of pursuing a PhD. However, for this
analysis, they were removed from the data set.

We conducted a qualitative analysis employing thematic analy-
sis (Braun and Clarke, 2006), (Cunningham and Wells, 2017) on these
free-text comments. The process involved one researcher reading all the
comments and becoming familiar with both data sets: first and second
question answers. Considering the recurring keywords and meanings,
we identified different themes for two data sets. We assigned answers
to these themes, considering their content. One answer can be assigned
to multiple themes to cover the whole content of the answer. For
example, we assigned the answer “I suppose being interested in the subject
matter would be a start. Or maybe having fun teaching others”. to the
themes “interest and confidence in research” and “interest in academic
career and teaching”. After assigning the themes for the answers, a
second researcher checked the coding decisions randomly for 10% of
the answers for each data set. We discussed the disagreements and
when necessary, made adjustments and recurring issues emerged.

5.3. Analysis of RQ1: What main supporting factors encourage enrolment
in a PhD program?

We organised our data analysis for RQl around six groups of
questions: (i) participants’ education experience through single choice
questions (questions Q8-Q11), as well as whether the participant had
attended any programs or activities that informed participants about
PhD studies (Q44, a single choice question); (ii) participants’ pref-
erences (questions Q12-Q20); (iii) participants’ intentions (questions
Q22-Q23; Q25-Q30), (iv) arguments in favour of enrolling on a PhD in
Computer Science (questions Q31-Q35); (v) self-reflection questions on
participants’ perceptions of their strengths (questions Q47-Q54); and
(vi) qualitative results from the open questions identifying supporting
factors for enrolling on a PhD in Computer Science.

We consider the themes underlying all these questions, as stated
in the questionnaire statements, to be plausible candidates for factors
encouraging enrolment in a PhD program in Computer Science. That
said, an overall disagreement concerning one of these factors may imply
that something that should be an incentive (e.g. strong encouragement
from the industry to study for a PhD) is, in practice, a detrimental factor
(e.g. the lack of strong encouragement from the industry to study for a
PhD may hinder the drive for enrolling into a PhD).
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(i) Education experience. Questions Q8 through Q11, and Q44, assess
the participants’ previous studies experience and are single choice
questions, where respondents answer either Yes or No.

We start by defining our hypotheses. For questions Q8 through Q11,
and Q44, these are as follows:

p
H,_,: There is no statistically significant difference in factor x, when
comparing participants who choose to do a PhD (E) and those who
do not (3).

H,_,: There is a statistically significant difference in factor x, when
comparing participants who choose to do a PhD (2) and those who
do not (&).
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Table 3
How does the student education

or not ( &) a PhD?

experience relate to the decision of pursuing ( E)

A

1d Answer#& %& # al %E

r2(1)  p-value g, aa Vs &8 N

Q8 No 154 415 78 384 .519 471  .030 574
Yes 217 585 125 616

Q9 No 164 442 72 353 4319 .038  .087 %A 575
Yes 207 558 132 647

Q0 No 255 689 67 33.0 68683 .000 .36 S@® 573
Yes 115 311 136 67.0

Q11 No 191 51.8 42 207 52372 .000 .303 S@® 572
Yes 178 482 161 793

Q44 No 298 87.4 147 790 6399 .011  .110 S~ 527
Yes 43 126 39 210

For example, for Q10, the corresponding hypotheses were:

H,,_,: There is no statistically significant difference in having been
involved in research projects during the participants’ studies when com-
paring participants who choose to do a PhD (‘.'.) and those who do
not ().

H,,_,: There is a statistically significant difference in having been
involved in research projects during the participants’ studies when com-
paring participants who choose to do a PhD (E) and those who do
not (&).

The data collected with these questions meets the following pre-
conditions: (i) the variables are categorical, (ii) all observations are
independent, (iii) the cells in the contingency table (see Table 3) are
mutually exclusive, and (iv) the expected value of cells should be 5
or greater in at least 80% of cells. We performed a chi-square test of
independence to examine the relation between the answer to each of
those questions and the choice of our respondents to do a PhD, or not.

Table 3 summarises the results of the Chi-Square test for these
5 questions. The columns represent the question identification, the
answer, the number of respondents who decided not to do a PhD
(#&), the percentage of those respondents who provided that answer
(%-.-), the number (#L'a) and percentage (%E) of participants who
decided to do a PhD that provided each answer, the Chi-Square test
value (y2(1)), the p-value for that test highlighting the statistically
significant results (p < .05) and their corresponding effect size ¢,, a
pictorial representation of the statistical significance of any identified
differences, their direction and effect size (-.- VS E) and total number
of respondents. In the column & vs & we represent these differences
from the perspective of the PhD respondent (&). With 5 tests, the
Bonferroni-corrected significance level is p < 0.01, while the Holm—
Bonferroni-corrected significance levels progress from p < 0.01 to p <
0.05, as explained in Section 5.1. In the case of Q10, the p-value of
.000 (the actual value is 1.15624939375694E—16) is significant even
with the Bonferroni correction (and the less strict Holm-Bonferroni
correction).

For question Q8, the relation between these variables was not
significant. The proportion of subjects who decided to do a PhD did
not differ by having any computer science courses during high school
(Q8). For questions Q9, Q10, Q11, and Q44 on the other hand, the
relation between these variables was statistically significant (Q10 and
Q11 even when using the Holm-Bonferroni, or the stricter Bonferroni
correction, while Q44 remained statistically significant with the Holm—
Bonferroni correction, but not the Bonferroni correction). Participants
who were involved in research projects during their undergraduate
studies, and/or personally supervised by a research leader were more
likely to enrol in a PhD, in both cases with a medium effect size
(Q10 and Q11, respectively). This effect is small for participants who
were personally supervised by a more junior researcher, such as a
Ph.D. student, or a teaching assistant (Q9). Participants who attended
programs or activities that informed about PhDs were more likely to

11

Note: Chi-Square test. The used Bonferroni-corrected significance level is p < .01.
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Fig. 7. Supporting factors for pursuing a PhD from single choice questions.

enrol in a PhD, again with a small effect size (Q44). Fig. 7 summarises
these results.

Key insights 1: (Research involvement and PhD life infor-
mation) Participants who were involved in a research project
during their undergraduate, or MSc studies, particularly when
directly supervised by a senior researcher, were more likely to
enrol on a PhD. Participants who attended activities aimed at
informing of life as a PhD were also more likely to enrol in a
PhD.

\.

(ii) Participants’ preferences and self-confidence. Questions Q12 through
Q20 focus mostly on the preferences expressed by our respondents
concerning Computer Science as an area. The overarching rationale
behind these questions is that Ph.D. students often express their en-
thusiasm for the research topic they are working on. As such, we
hypothesised participants who choose to do a PhD would like Computer
Science topics more than their peers not pursuing a PhD, and feel
more confident about their skills. For example, for Q14, the hypotheses
would be:

H,,_,: There is no statistically significant difference in the perception
of having good grades, when comparing participants who choose to
do a PhD (&) and those who do not (&h).
H,,_,: There is a statistically significant difference in the perception
of having good grades, when comparing participants who choose to
do a PhD (.".) and those who do not (&).

\. J

We created similar hypotheses for the remaining questions. Table
4 summarises the collected data for all these Likert-scale questions.
The data collected with these questions meets the following criteria:
(i) the variables are ordinal, (ii) the observations are independent, and
(iii) the shapes of the distributions are roughly the same. With these
pre-conditions met, we used a Mann-Whitney U test to assess these
hypotheses. The same set of preconditions for the Mann-Whitney U test
were checked throughout the paper for all these tests. In particular,



E. Abrahdm et al.

Table 4
How do participants’ enthusiasm and self-confidence relate to the decision of pursuing

( E) or not ( ;) a PhD?
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Table 5
How do participants’ intentions and other context variables relate to the decision of

pursuing ( E) or not ( &) a PhD?

d p n Hvsem 3z (M) (e % (M) (ed) Mode N d p n Hvsem z (M (e % 3( M) (a4 Mode N
Q12 .000 .056 &@ 4.486 4.704 4367 5 5 5 5 587 Q22 .234 .003 4366 4.404 4545 5 5 5 5 530
Q13 .000 .043 Q@ 4255 4.487 4134 45 4 5 577 Q23 .000 057 =@ 3.543 3.995 3301 4 5 4 5 529
014 .000 072 M@ 3953 4316 3766 4 4 4 4 576 025 .000 065 M@ 3417 3849 3177 4 4 3 3 518
Q15 .000 .043 EQ@ 4.038 4289 3.905 4 4 4 4 580 026 .000 .100 MOQ® 3340 3930 3018 4 4 3 4 523
016 .001 .021 EQ@ 3.762 4.000 3.637 4 4 4 4 580 Q27 .000 .179 EQQO® 3.050 3.877 2591 3 4 3 1 524
Q17 .799 .000 3.289 3289 3.290 3 3 3 4 570 Q28 .544 .001 3.052 3.000 3.080 3 3 3 3 498
Q18 .000 .039 @ 3732 4030 3.573 4 4 4 5 582 029 .000 101 MO® 2834 3431 2502 3 4 3 3 506
Q19 .895 .000 4.227 4.216 4233 4 4 4 5 582 Q30 .016 .012 EA 1.726 1.900 1.628 1 1 1 1 503
Q20 .002 016 %@ 4161 4291 4.090 4 5 4 5 583

Note: Mann-Whitney U test. The used Bonferroni-corrected significance level is p <
.0013157895.
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Fig. 8. The distributions of responses on enthusiasm and self-confidence, contrasting
participants who decided not to do a PhD ([No PhD] 3) with those who decided to do

one ([PhD] E). Questions for which there were no statistically significant differences
were filtered out.

these preconditions were checked for the tests summarised in Tables
4, 5, 6, 7. While we present these tables separately, we computed the
Holm-Bonferroni and Bonferroni corrections to the tests summarised
in these tables altogether. These 38 questions lead to a Bonferroni
corrected significance level of p < .0013157895, while the Holm-—
Bonferroni corrected significance level ranges from p < .0013157895 to
p < 0.05.

Table 4 presents the results including the question number, the
Asymptotic 2-tailed significance level for the Mann-Whitney U tests,
the effect size (52), a visual representation of the difference between
the distributions in participants who decided to do a PhD and those
who did not (E vs 3), the mean (x), the mean for those who plan to
do a PhD, are doing a PhD, or have done a PhD ()‘c(z)), and for those
who do not (Sc(&)), median (%), median for those who plan to do a
PhD (x(!)) and for those who do not (:”c(&)), mode and the number
of cases. Note that, as participants had the opportunity to select the
option “does not apply” for any of these questions, the number of valid
responses varies from one question to the next.

We found statistically significant differences for most questions,
although effect sizes tend to be small. In all cases where we found
statistically significant differences, participants who had decided to do
a PhD had a higher level of agreement with the factors than those who
decided not to do a PhD. Fig. 8 presents these distributions.

The only medium effect size observed in this set of questions was
on question Q14. A Mann-Whitney test indicated that the perception of
having good grades was greater for participants who decided to perform
a PhD than for those who did not, with a medium effect size. There were
several other statistically significant differences, all with a small effect
size, and all with higher levels of agreement among participants who
decided to do a PhD. These include feeling enthusiasm for Computer
Science (Q12), enjoying one’s studies (Q13), feeling successful in those
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Note: Mann-Whitney U test. The used Bonferroni-corrected significance level is p <
.0013157895.

studies (Q15), feeling self-confident in one’s interactions with other
students (Q16), and liking theoretical computer science (Q20) and in-
terdisciplinary areas of computer science (Q20). In contrast, We did not
find statistically significant differences in questions Q17 (whether par-
ticipants were involved in study groups) and Q19 (whether participants

enjoyed practical computer science subjects, such as programming).

Key insights 2: (Enthusiasm and self-confidence) Partici-
pants who decided to do a PhD in Computer Science feel more
enthusiasm for Computer Science in general, and theoretical
computer science and interdisciplinary studies in particular.
They also enjoy their studies more than other participants. In
addition, they express a higher self-confidence in the success
of their studies, and their interaction with their peers.

(iii) Participants’ intentions and context. Questions Q22, Q23 and Q25
through Q30 focused on the participant’s current situation, particu-
larly concerning the participants’ views on the possibility of pursu-
ing a PhD. We followed a similar data analysis approach to the one
above (Section 5.3(ii)). Our hypotheses follow the same structure as
previously.

Most of these questions had statistically significant results for the
Mann-Whitney U test we performed, with effect sizes ranging from
small to large, suggesting differences between participants who decided
to do a PhD and those who did not. Only the responses to Q22 and Q28
were not statistically significant. Table 5 summarises these results.

Participants who decided to do a PhD had a higher perception of
having been encouraged to do so than the others, and this difference
had a large effect size (Q27). A notable feature of these answers is that
the mode in the group of participants that did not decide to do a PhD is
1, the lowest possible value on this scale. We observed a similar relation
concerning participants’ perception of having been encouraged to do
a PhD by their family, albeit with a medium effect size (Q29). The
awareness of requirements for starting a PhD, as well as of the aims and
contents of PhD studies, were also higher for those who decided to start
a PhD than for the other participants, with medium effect sizes (Q26
and Q25, respectively). Questions Q23 (having thought about doing a
PhD) and Q30 (having been encouraged by industrial contacts to start
a PhD) also had statistically significant results (the latter only when
considered in isolation), albeit with small effect sizes. A distinguishing
factor about Q30 is that it had the overall lowest agreement scores in

the whole questionnaire. Fig. 9 illustrates this distribution.
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Fig. 9. The distribution of responses to questions related to participants’ intent and
context factors for those questions with statistically significant differences, with medium
effect sizes, from those who chose to do a PhD and those who did not.
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Fig. 10. The distribution of responses to questions related to participants’ perceptions
of supporting factors in favour of PhD studies from those who choose to do a PhD and
those who didn’t.

Key insights 3: (Encouragement and requirements) Partici-
pants encouraged to do a PhD were much more likely to enrol
in one. Having such an incentive from one’s family, or by
an industrial contact is also relevant, but the latter is very
uncommon. Our data also shows how many participants were
unaware of the requirements for starting a PhD, and how being
aware of such requirements can make a difference.

(iv) Arguments in favour of enrolling in a PhD. Questions Q31 through
Q35 aim to assess our participants’ perceptions concerning supporting
factors that might encourage students to enrol in a PhD program. We
followed the same analysis strategy as in the previous questions set.
The hypotheses associated with each of these questions are defined

similarly.

Our test results are summarised in Table 6. Participants who decided
to do a PhD perceive the aims and contents suit them better (Q31), are
more convinced they meet the requirements (Q32) and have a higher
perception that a PhD will improve their future career (Q33) than those
who decided not to start a PhD. All these differences have a large effect

size.

Participants who decided to do a PhD are more likely to perceive it
as fun than those who did not with a medium effect size (Q34). Finally,
participants who decided to do a PhD generally agree that better gender
balance in Computer Science would increase their intentions of doing
a PhD more than those who did not, with a small effect size. Fig. 10
illustrates these differences.
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Table 6
How do arguments in favour of starting a PhD relate to the decision of pursuing ( E)

or not ( &) a PhD?

Id p-value n* .". Vs & X x( '.'.') x( &) x x( '.'.') x( &) Mode N

Q31.000 .234 ZQOOQ 3.509 4.232 3.085 4 4 3 4 501
Q32.000 .181 SOOQ 3.663 4.341 3.272 4 4 3 4 505
Q33.000 .146 ZOOQ 3.509 4.196 3.267 4 4 3 3 514
034 .000 .130 SQQ® 3.469 4.059 3.139 4 4 3 4 516
Q35.000 .053 @ 2.930 3.360 2.697 3 3 3 3 516

Note: Mann-Whitney U test. The used Bonferroni-corrected significance level is p <
.0013157895.

Table 7
How do participant’s plans and other context variables relate to the decision of pursuing

( E) or not ( ;) a PhD?

Id p-value #* E Vs & X x( rn'a’) x( ;) x x( .".) X( am) Mode N

Q47 152 .004 4.249 4322 4209 4 4 4 4 522
Q48 .080  .006 3.504 3.679 3.548 4 4 4 4 527
Q49 .000 .024 EQ@ 4.030 4.212 3.933 4 4 4 4 527
Q50 .602  .001 3.640 3.701 3.607 4 4 4 4 525
Q51 .468  .001 4.249 4271 4237 4 4 4 4 518
Q52 .000 032 M@ 4.378 4582 4269 55 4 5 52
Q53 .019 .011 EA 4.088 4.202 4.026 4 4 4 4 525
Q54 .068  .006 4224 4326 468 4 4 4 5 523

Note: Mann-Whitney U test. The used Bonferroni-corrected significance level is p <
.0013157895.
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Fig. 11. The distribution of responses to questions related to participants’ reflection
on their strengths from those who chose to do a PhD and those who did not.

Key insights 4: (Perception of the PhD process) Participants
who chose to do a PhD were more inclined to perceive it
as something that would fit their needs, improve their future
careers, and be fun to do. They also felt more prepared to do
so and are more inclined to think that more gender balance
would increase their intentions of doing a PhD.

(v) Self-reflection on own strengths. Questions Q47 through Q54 assess
the participants’ reflections on their strengths when compared to their
peers. We follow the same analysis approach adopted in the previous
sections. Table 7 summarises the results of the Mann-Whitney U tests

run to test our hypotheses.

Participants who decided to do a PhD feel more driven by curiosity
to learn (Q52), to have a better understanding of theoretical computer
science (Q49), and more successful in collaborating with others than
their peers who decided not to do a PhD (Q53). The results from
Q53 are only statistically different when considering this question in
isolation, but not when applying the Holm-Bonferroni, or the Bonfer-
roni corrections. For the remaining questions, we found no evidence
supporting an association with the decision to enrol in a PhD. Fig. 11
highlights the differences in these distributions.
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Table 8
Themes for Q55 — Do you have any insights on what encourages students to start a PhD in computer science?
Themes Explanation Sample comment(s) Nr. of
comments
1 Interest and confidence Strong interest in a particular research topic or field P378 - “Interest in computer science 104
in research of study was mentioned by many respondents as a in general, love for science and curiosity.”
motivating factor for pursuing a PhD. This category
also includes curiosity, passion for learning, and desire
to solve complex problems.
2 Personal goals Factors such as independence, expertise, recognition, P738 - “From my talk with 1 other student 30
dignity and personal development were mentioned as that considered it, it was the idea of
motivations for pursuing a PhD. Some more detailed actually doing something meaningful
personal reasons such as living abroad are also with your life that meant the most to us.”
categorised under this theme.
3 Interest in academic Becoming a university professor or having a career P91 -“...The prospect of teaching others 30
career and teaching career in academia, and enjoying teaching and doing research as a career, if that
mentioned to be some of the motivations for some were my choice, would make me pursue
individuals to pursue a PhD. a PhD in order to reach that further goal.”
4 Career benefits Some respondents mention that a PhD can have lots of P82 - “Positive impact on career, having 28
and opportunities benefits for their career, providing more independence more independence on what to conduct
and variety in their choices and potentially leading to own research in (compared to industrial
better job opportunities. jobs)”
5 Encouragement from Some respondents mention that encouragement from P232 -“A personal invitation from the 28
mentors or colleagues mentors or their colleagues would play a significant professors is a big encouragement and
role in the decision to pursue a PhD. often a deciding factor.”
6 Lack of interest in Some respondents mentioned that the fast-paced and P581 -“A friend of mine started a PhD... 17
industry jobs competitive nature of industry work would influence wasn’t enthusiast of the opportunities
their decision to pursue a PhD. offered by companies.”
7 Seeing role models Some respondents state that seeing or working with P421 - “My professor was my role model. 14

successful role models during their studies is a big

motivation for them on their decisions to pursue a PhD.

The way she included us to the projects
encourage me a lot.”

Key insights 5: (Personal strengths) Albeit with small effect
size, a greater curiosity to learn, a better understanding of the-
oretical computer science, and the ability to collaborate with
peers are perceived as more developed in people who have
decided to do a PhD. We found no significant differences in the
competencies to succeed in Computer Science, having strong
programming skills, embracing problem-oriented learning, or
loving computer science, as these are similarly likely to be
found in participants who decided not to do a PhD.

\

(vi) Arguments for starting a PhD (qualitative analysis). The open ques-
tion Q55 investigates the encouraging factors for pursuing a PhD. Table
8 presents the themes determined from the answers to this question,
their explanations, a sample comment selected among responses as-
signed to that theme, and the total number of responses assigned to that
theme. Note that, the unique survey participant ID is also reported in
the sample comment column. Fig. 12 illustrates this data in a bar chart
to better visualise the distribution of the answers on this theme. Since
a single response may have been assigned to more than one theme,
the percentages are calculated by dividing the number of responses
assigned for that theme by the total number of responses for that
question.

The most popular theme that was mentioned in 55% of the re-
sponses is “Interest and confidence in research” as shown in Fig. 12.
In many of these responses, this theme was mentioned as excitement,
curiosity, and passion about learning and discovering new things and
having a special interest in a particular research topic. Twelve re-
spondents highlighted the positive impact of participating in research
projects during bachelor or master studies in increasing interest and
confidence in research. Some of these comments are:

» P320 - “Being part of real research projects in their courses and
projects play a big role I think”.

« P682 - “... A research project during bachelor or master studies could
show students what it looks like and feels like to be a researcher”.

» P835 - “... Educate them about what research and PhD are and that
might help them to consider enrolling. This can be by including them in

14

“Do you have any insights on what encourages students to start a
PhD in computer science?”

iterest and confidence in esearch

Interest in academic career and teaching

Personal goals

Career benefits

Encouragement from mentors or colleagues 15%
Lack of interest in industry
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Fig. 12. Distribution of answers over themes identified in a qualitative analysis of the
insights on encouraging factors for starting a PhD.

research projects, papers, providing research methodology as a course
for them”.

For some themes, the gender distributions of the respondents are
noticeably unbalanced. For example, the theme “Seeing role models”
was mentioned by only 2 male respondents, whereas all the remaining
answers were given by female respondents or the respondents who
identified themselves as “other” and also the ones who did not want
to disclose their gender. Similarly, 71% of the respondents mentioned
the theme “Encouragement from professor or colleagues”, and 78% of the
respondents of the theme “Lack of interest in the industry” were females
or other genders different than males.

The responses to this open question provide valuable insights into
increasing the enrolment of students pursuing their PhDs. For the
encouraging factors, motivating and supporting bachelor and master
students with activities that help them to feel excited and confident
about doing research may have the most significant impact on encour-
aging students to pursue a PhD. It is also essential to show them the
career benefits of having a PhD and its potential to help in personal
and professional development.
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Table 9
How do arguments

not ( ;) a PhD?

against starting a PhD relate to the decision of pursuing ( E) or

ge

e z (% (& ) %(ah) Mode N

Id p-vaue #* % x( X

Q36 .612 .001 2,606 2.628 2.594 3 3 2 1 510
Q37 .076  .006 2,930 2790 3.006 3 3 3 4 512
Q38 .063 .007 3.947 3.820 4.018 4 4 4 5 511
Q39 .000 .075 EOO 3120 2.663 3.365 3 3 3 3 493
Q40 .000 .052 O 3.637 3.262 3.847 4 3 4 4 509
Q41 .786  .000 3.000 3.022 2987 3 3 4 4 497
Q42 .014 .013 Bv 2,926 2.744 3.034 3 3 3 3 473
Q43 626 .001 2241 2118 2311 2 2 2 1 257

Note: Mann-Whitney U test. The used Bonferroni-corrected significance level is p <
0013157895

5.4. Analysis of RQ2: What main blocking factors discourage enrolment in
a PhD program?

For the analysis of RQ2, we included (i) the quantitative analysis
of a set of closed questions (Q36 through Q43) that implied candidate
arguments against starting a PhD in Computer Science, and (ii) the
qualitative analysis of one open question (Q56) for participants to
identify arguments against doing a PhD.

(i) Arguments against doing a PhD (quantitative analysis). We performed
a similar analysis to that done in RQ1 but with a focus on partici-
pants’ perceptions of blocking factors that can hinder the likelihood of
prospective PhD candidates doing a PhD. The structure of the hypothe-
ses remains the same as for RQ1. For instance, the hypothesis associated
with Q39 is as follows:

r "
Hs,_,: There is no statistically significant difference in the participant
being hesitant to start a PhD due to perceiving some factors and circum-
stances are unclear when comparing participants who choose to do a
PhD (E) and those who do not (&).

Hs,_,: There is a statistically significant difference in the participant
being hesitant to start a PhD due to perceiving some factors and circum-
stances are unclear when comparing participants who choose to do a
PhD (E) and those who do not (;).

\ 7

We performed Mann-Whitney U tests on the distribution of re-
sponses to each of these questions given by those who chose a PhD
and those who did not (see Table 9).

Participants who decided to do a PhD feel there are less unclear
factors and circumstances associated with a PhD (Q39), with a medium
effect size. They also have a lower agreement with the perception that
there are more flexible career opportunities in the industry (Q40), and
are less afraid of making long-term job commitments for the whole
duration of their PhD studies (Q42) then their peers who decided not to
do a PhD, both with a small effect size. The results from Q42 are only
statistically significant when considering this question in isolation, but
not when applying the Holm-Bonferroni, or the Bonferroni corrections.
We did not find evidence supporting an association with the decision
to pursue a PhD for the remaining questions in this subset. Fig. 13
illustrates this distribution.

' A
Key insights 6: (Uncertainty) Uncertainty about what it
is like to do a PhD was the strongest discouraging factor
for doing it, closely followed by a perception of lower job
flexibility by participants who decided against starting a PhD.
The long-term job commitment implied by starting a PhD may
be a deterrent factor for some.
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Fig. 13. The distribution of responses to questions related to participants’ perceptions
of discouraging factors for pursuing a PhD with statistically significant differences
between those who chose to do a PhD and those who did not.

(ii) Arguments against starting a PhD (qualitative analysis). The open
question Q56, seeks the discouraging factors for pursuing a PhD and
has more responses than the open question about encouraging factors.
There is also more variety in the factors mentioned for this question.
Nine different themes were identified to categorise these responses.
Table 10 presents these themes and Fig. 14 shows the distribution of
the responses across these themes.

More than half of the participants (Fig. 14) who answered this
question mentioned the uncertainty in the benefits of pursuing a PhD
in their future careers and the low salaries during and after PhD
studies compared to alternative jobs in industry. This is followed by the
answers stating the negative perception of PhD studies. Most comments
under this theme mention the long study duration and seeing this
time as a “waste of time” for this fast-paced sector. The third most
mentioned theme is the preference for practical experience where most
respondents, instead of stating their excitement for working in the in-
dustry, mentioned their financial concerns about working in academia
and the benefits of industry positions. 65% of the respondents who
mentioned their preference for practical experience also mentioned the
higher salaries in industry compared to academia.

An interesting observation for this question is that the theme “Per-
ceived sexism and hostile environment” was mentioned by only the
female respondents or the respondents who identify themselves as
“other” gender or who do not want to disclose their gender.

There is a comment worth mentioning regarding sexism in academia
being a discouraging factor or not. Participant P47 stated their ideas in
the open question Q46 as follows:

+ P47 - “I don’t think someone with a master’s in computer science
would be averse to getting a PhD just because of gender imbalance.
They already have a master’s, they’ve experienced it before”.

This argument may be one of the reasons for the low ratio of answers
in the “Perceived sexism and hostile environment” theme.

These themes and specific comments can help us better understand
the factors discouraging students from continuing their studies at the
PhD level and work on clarifying or providing more information to the
potential Ph.D. students to minimise the impact of these discouraging
factors. According to the conclusions of this qualitative study, it is
essential to clarify the career concerns and doubts of the students.
Many respondents mentioned the uncertain job opportunities after
finishing their PhD. These concerns can be decreased by providing
more information to these students on the wide range of options and
providing advice and mentorship on how to reach them. Meeting with
successful role models would also help these students change their
negative perception of pursuing a PhD and may help them find answers
to their doubts about PhD life, family and social life balance, and the
work environment.
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Table 10
Themes for Q56 — Do you have any insights on what discourages students from starting a PhD in computer science?
Themes Explanation Sample Comment(s) Nr. of
comments
1 Career and financial Many respondents feel that pursuing a PhD may delay P232 -“...no prospects of a stable job 110
concerns their entry into the job market and result in lower salaries in academia after finishing the PhD,
compared to industry positions. They mentioned the ..., better salary and more stability
attractive and better job opportunities and higher income in industry.”
available in the industry.
2 Negative perception Many respondents state a negative perception of academia, P94 - “Not being useful.” 81
of academia and considering it slow, theoretical, and disconnected from the P580 -“Spending 4 years minimum with
research real world. They also express doubts about the value and very low life quality and very low
relevance of research conducted during a PhD. Long study income.”
duration and lack of funding during the PhD studies are P684 - “It is likely a bad investment...”
also categorised under this theme.
3 Preference for Some respondents mention their preference for gaining P425 -“either because students are not 64
practical experience practical experience in the industry rather than pursuing good enough, are done studying, dislike
a PhD, as they believe they can learn and develop researching, or want to go into industry
skills faster in a professional environment. (for more money)”
4 Burnout and stress The demanding nature of a PhD, including long working P47 -“Burn-out. Stressful and anxiety 54
hours, stressful deadlines, and high workloads can lead inducing deadlines.”
to burnout and anxiety. Respondents stated the high P380 -“Lots of writing, stories of
possibility of feeling overwhelmed by the pressure and burnouts.”
struggling to maintain a healthy work-life balance.
5 Lack of information Respondents mention a lack of clear information and guidance P73 -“Unclear how to apply, unclear 39
and guidance about the PhD process, including the application process, what I would do after the PhD. Unclear
expectations, and career paths. They may feel uncertain on family and relationship in the future.”
about what they would do after completing their PhD and
how it would impact their job opportunities outside
of academia.
6 Concerns on family Some of the respondents mention the difficulties of P235 -“Possibly having to give up or 25
and social life starting a family or spending free time on weekends postpone many decisions in your
without being worried about the PhD work. personal life...”
7 Imposter syndrome Some respondents mention Imposter syndrome and low P39 -“being the only female, imposter’s 20
and lack of self-confidence as factors that discourage them from syndrome...”
confidence pursuing a PhD. They may feel intimidated by the P883 - “fear of failure.”
academic environment, especially if they are the only
female or if they perceive a lack of respect or support.
8 Requirements to get Some respondents mentioned that to obtain a good PhD P93 - “...high requirements on grades.” 12
a good PhD position position and grant, one should have good grades and
“excellence” in their previous studies.
9 Perceived sexism and A few respondents expressed concerns about facing P90 -“...I think being perceived as female 10

hostile environment

sexism and unequal treatment in academia. They may
have witnessed or experienced discriminatory comments
or disrespectful behaviour, which can discourage them
from pursuing a PhD.

is discouraging. I know of a friend who has
gotten weird comments for how she presents
herself, her personality etc. by coworkers.
Or who got treated with a lot less respect
by the students she is supervising for a
seminar. Her male-presenting coworkers
would never have gotten treated the way she
has been. I dislike the thought of me being
treated differently for being myself.”

“Do you have any insights on what discourages students from starting a

PhD in computer science?”

Career and financial concerns - | TN

5.5. Analysis of RQ3: To what extent do these factors differ by gender?

Negative perception of academia
Preference for practical experience and industry
Burnout and stress [ NI
Lack of information and guidance
Concerns on family and social life
Ea
%

Imposter syndrome and lack of confidence
Requirements to get a good PhD position
Perceived sexism and hostile environment

0% 10% 20% 30% 0% 50% 60%

Fig. 14. Distribution of answers over themes identified in a qualitative analysis of the
insights on discouraging factors for starting a PhD.
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Looking into the overall statistics of factors favouring or discourag-
ing the enrolment in a Computer Science PhD can obfuscate gender-
related differences within our sample of participants. On the other
hand, simply contrasting the answers from participants of different
genders without considering whether or not they decided to start a
PhD can also obfuscate key differences, as said differences may manifest
only in particular subgroups. For instance, females who choose not to
do a PhD may have significant differences from males who choose not
to do a PhD, while those differences are not present when considering
females and males who choose to do a PhD. As such, in this section,
we consider four groups: females who choose not to do a PhD (-.-9),
males who choose not to do a PhD (3d ), females who decide to do a
PhD (29), and males who decide to do a PhD ('.'.d ). We then compare
females vs males who decide not to do a PhD, as well as females vs
males who decide to do a PhD, to identify gender differences when
the decision to do a PhD, or not, is considered. We define hypotheses
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Table 11

Supporting factors for a PhD, segregated by doing a PhD ( E), or not ( &). The Mann—
Whitney U test compares the results of females and males in each subset of participants
( ;9 Vs &d , and 29 Vs .".d’ , respectively). For brevity, we only present questions
with statistically significant differences in at least one of the groups ( &, or r-'-'). We
sort results in descending order of the maximum effect size for each pair of questions.
The differences for all remaining questions concerning supporting factors for starting
a PhD were not statistically significant, suggesting no relevant gender differences. The
used Bonferroni-corrected significance level is p < .0006756757.

e p 7 wvsd = x®) xF) xx?) ) ModeN

Q4sem .000.093990Q  35483.249 3.885 43 4 4 334
48X .000.08390Q  3.6763.344 4.047 43 4 4 182
QLo .000 .055 9 4.2364.021 4.474 44 5 5 369
SCEA .062 .017 4.2184.109 4.348 44 5 5 202
Q50 & .000 .053 9O 3.6203.364 3.910 44 4 4 332
050 % 145 .012 3.7093.604 3.910 44 4 4 182
Q20 & 245 .004 4.1014.149 4.046 44 4 4 368
0205 .000 .067 9 4.2804.464 4.076 55 4 5 204
Ql6am .000.034 90 3.6553.469 3.863 44 4 4 371
o6 X .415 .003 4.0103.954 4.078 44 4 4 198
Q35en .002 .0319A 2.6672.891 2.420 33 3 3 315
0 X .002 .0539A 3.3543.611 3.050 34 3 3 175
Ql2an .003 .024 9V 4.3684.274 4.474 54 5 5 372
o2 X 526 .002 4.3244.723 4.685 45 5 5 182
Q54 em 526 .0029v 4.3244.051 4.297 44 4 5 182
0544 .008 .021 4167 4.292 4.360 44 4/5 5 330
Q47 & .017 .017 9V 4.2214.121 4.333 44 4 4 330
o7 d .010 .037 9v 4.3204.198 4.4.59 44 5 4 181
Q52en .010 .020 9V 4.2704.170 4.382 44 5 5 333
0528 .077 .017 4.577 4.646 4.500 55 5 5 182
Q29 & 212 .005 2.5162.613 2.412 33 3 3 316
020X .015 .0339A 3.4393.360 3.181 44 3 5 180
Ql5an .035 .0129v 3.9143.832 4.001 44 4 4 370
o5 % .295 .006 4.2024.236 4.360 44 4 4 199
o184 .040 .011 9A 3.5683.687 3.434 44 4 4 370
o018 ™ .950 .000 4.0304.036 4.022 44 4 5 201

similar to those in the previous research questions, but now with these

more refined criteria. For instance, for Q48, the hypotheses are:

Hys_o_nopnp: There is no statistically significant difference in the
perception of having strong programming skills when comparing females
(&%) and males (&%) who decide not to do a PhD.

Hyg__nopnp: There is a statistically significant difference in the
perception of having strong programming skills when comparing females
(&9) and males (&d ) who decide not to do a PhD.

Hyg_o_ppp: There is no statistically significant difference in the per-
ception of having strong programming skills when comparing females
(29) and males (xd ) who decide to do a PhD.

H,s__p,p: There is a statistically significant difference in the percep-
tion of having strong programming skills when comparing females (29)
and males (’.'.d) who decide to do a PhD.

Gender differences in supporting factors for pursuing a PhD. Here, we
consider the same survey questions as in RQ1. This time we segregate
responses using the gender of the respondents. We compare the answers
provided by females with those provided by males. Of those questions
analysed with the Chi-Square test, only one of them (Q44) had a

statistically significant difference (p = .039), without considering a
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Holm-Bonferroni or a Bonferroni correction, when contrasting females
and males who did not do a PhD, with a small effect size (¢, = .112).
A slightly higher percentage of females than males had participated
in a program or activities informing them about PhD studies. Table
11 summarises the results for the supporting factors in which there
were statistically significant differences. We present in more detail
those for which this difference was significant even when considering
the Holmes-Bonferroni and the Bonferroni correction, as these are also
the ones with larger effect sizes, and briefly mention the remaining
ones. The comparison between females and males (? vs o) is always
presented from the female (?) perspective.

While the factors addressed by the questions in Table 11 are in-
trinsically encouraging factors, a lower level of agreement expressed
by a particular subgroup of participants with an encouraging factor
suggests that this encouraging factor is less prevalent for that particular
subgroup. For instance, female participants who choose not to start
a PhD have a worse opinion of their programming skills than males
with a medium effect size (Q48 :.). The same happens for those who
choose to do a PhD, with females’ opinions being worse than males’
and a medium effect size (Q48 ). Female participants who choose
not to start a PhD like practical Computer Science subjects, such as
programming less than males with a small effect size (Q19 &). This
difference is not significant when considering participants who choose
to do a PhD (Q19 ). While there is no difference between participants
of both genders who choose not to start a PhD (Q20 -.-), for those
who decide to start it, female participants like interdisciplinary areas of
Computer Science more than male participants, with a medium effect
size (Q20 2). Female participants who choose not to start a PhD have
lower self-confidence than males, with a small effect size (Q50 -.-).
Again, this difference is not significant for those who decide to start a
PhD (Q50 E). Female participants who choose not to start a PhD have
a lower self-confidence in their interaction with other students than
male participants, with a small effect size (Q16 ;). The difference is
not significant for those who decide to start a PhD (Q16 E). (see Fig.
15).

All the statistically significant differences in the previous factors
remain significant even when using the Holm-Bonferroni, or the Bon-
ferroni corrections. In addition, we also found several statistically
significant differences, when considered in isolation, all with a small
effect size. Some of these differences led to higher levels of agreement
from females than males.

Regardless of their decision, females were more likely to consider
that better gender balance would increase their possibilities of starting
a PhD than males (Q35 -'-E). Females who decided to do a PhD consid-
ered family encouragement as a more relevant factor than males (Q29
). This difference is not significant when considering participants who
decided not to do a PhD.

Females who decide not to start a PhD have nevertheless a stronger
preference for theoretical Computer Science than males (Q18 &). Still,
this difference is no longer statistically significant when considering
participants who decided to do a PhD.

In contrast, females who decided not to start a PhD are less enthu-
siastic than males about computer science (Q12 a). They also love
computer science less than males (Q54 &) and feel less successful
in their studies (Q15 &). None of these differences are statistically
significant for those who decided to start a PhD. Regardless of their
decision about starting a PhD, females express lower confidence in their
competencies to succeed in computer science than males (Q47 .'-..).
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Fig. 15. The distributions of encouraging factors for pursuing a PhD grouped by
gender, filtered by cases where at least one of the groups has statistically significant
differences concerning another group by gender (e.g. Q48. has statistically significant
differences between male and female participants who did not pursue a PhD, and

another one, between male and female participants who decided to enrol in a PhD.

Key insights 7: (Enthusiasm and self-confidence (contin-
ued)) Two recurring themes in our findings are a consistently
slightly lower enthusiasm for computer science and a slightly
lower self-confidence in their computer science abilities ex-
pressed by females who choose not to start a PhD compared
to males. These differences disappear when considering par-
ticipants who decided to start a PhD, suggesting love for and
self-confidence in doing computer science are less prevalent
in females than in males who decide not to start a PhD. This
lack of self-confidence when considering programming skills
is stronger, even for females who decide to start a PhD. On
the other hand, females who decide to start a PhD expressed
a higher preference for interdisciplinary areas of computer
science and valued family encouragement for starting a PhD
more than males. Regardless of their decision about starting a
PhD, females have a stronger belief than males that a better
gender balance would increase their likelihood of starting a
PhD in computer science.

Gender differences in factors against pursuing a PhD. Here, we consider
the same survey questions as in RQ2. This time, we segregate responses
using the gender of the respondents. We compare the answers provided
by females with those provided by males. Table 12 summarises the
results for the discouraging factors in which there were statistically
significant differences when considered in isolation with a small ef-
fect size. None of these differences are significant when considering
the Holmes-Bonferroni or the Bonferroni correction. The comparison
between females and males (? vs &) is always presented from the female
(?) perspective. Females who decided not to do a PhD expressed lower
agreement with the idea that the industry offers better job opportunities
than the University than males (Q38 &). This was also the case for
those who decided to do a PhD, with females also expressing a lower
agreement than males (Q38 E). Females who decided not to do a PhD
also expressed a lower agreement than males with the idea of industry
offering more flexible career paths (Q40 3). This was also the case
for those who decided to start a PhD, with females having a lower
agreement than males with the perception of industry offering more
flexible career opportunities, (Q40 o).

Fig. 16 illustrates the distribution of responses for discouraging fac-
tors with statistically significant differences across males and females.
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Table 12

Detrimental factors for doing a PhD, segregated by doing a PhD, or not. The Mann—
Whitney U test compares the results of females and males in each subset of participants
( ;9 Vs &d , and E? Vs EO' , respectively). For the sake of brevity, we only
present questions with statistically significant differences in at least one of the groups
( &, or E). We sort results in descending order of the maximum effect size for each
pair of questions. The differences for all remaining questions concerning supporting
factors for starting a PhD were not statistically significant, suggesting no relevant
gender differences in their results. The used Bonferroni-corrected significance level is
p < .0006756757.

d &% p, 7 2udx x®) ) xx®@) I) ModeN
Q38 & .002 .029 v 4.041 3.899 4.199 44 5 5 319
Q38 x .050 .021 2V 3.818 3.684 3.965 44 4 5 181
Q40 a .015.019 ?v 3.868 3.750 3.993 44 4 4 318
Q40 E .023 .029 v 3.260 3.063 3.477 33 4 3 181
-100% -80% -60% -40% -20% 0% 20% 40% 60% 80% 100%
Q38. [Female - No PhD] [ ——
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Fig. 16. The distribution of responses for questions about discouraging factors for
pursuing a PhD grouped by gender. Only the questions with statistically significant
differences are included.

Key insights 8: (Industry offers) Females expressed a slightly
lower agreement than males concerning the perception that
the industry offers better job opportunities and more flexibility
than academia.

6. Discussion

This section discusses the insights obtained from the data and how
they may inform specific recommendations. We then discuss the limi-
tations of our study and threats to validity in the context of sampling
and response bias, construct, measurement, conclusion and internal
validity. This section finishes with some implications of this research
and some lessons learned.

6.1. Insights

We start with the insights obtained from the data about encouraging
factors. Then, we address discouraging factors and discuss the gender-
based differences found in our data. We suggest some recommendations
for practice as strategies to mitigate noticed issues.

Encouraging factors. Involving students in research projects and having
them supervised by senior researchers is a good way of making them
aware of the possibility of enrolling in a PhD in computer science.
Several participants also suggested involving those students in writing
and submitting research papers as a beneficial strategy to encourage
them to do a PhD. Indeed, the most cited reason for pursuing a PhD
in computer science was an interest and confidence in the ability to
conduct research work in this area, which significantly outnumbers any
other reason expressed by participants in this way. Self-confidence and
interest differences between female and male students are often pointed
out as key factors for the underrepresentation of women in computer
science (Beyer, 2014).

The second most mentioned motives were personal goals such as
independence, expertise, recognition, or personal development. Sev-
eral of these goals are commonly listed as desirable outcomes of a
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PhD (Lovitts, 2005; Waaijer, 2017). The willingness to pursue an
academic career received similar attention from our participants.

This research interest can be complemented with an awareness
program designed to provide information to potential PhD candidates.
Such programs are not common, but they can raise the awareness of
potential Ph.D. students about the career opportunities a PhD may
enable, as well as the inherent challenges in doing a PhD and how to
navigate through them. In this paper, we present one such program, in
Section 8.

Furthermore, encouraging students with a high potential to do a
PhD can make a difference. This encouragement often comes from
academic staff and peers, but it can also come from the student’s
family or industry, in line with the findings of Yates and Plagnol (Yates
and Plagnol, 2022), albeit it is the male family members or indus-
try contacts. Unfortunately, the latter is relatively uncommon. While
this is problematic, it implies a clear growth opportunity, as well,
by strengthening the synergies between the industry and academia,
possibly through the proposal of more applied research topics.

Unsurprisingly, people who decide to start a PhD in Computer
Science tend to be more enthusiastic about it and more self-confident
in their abilities than their peers. In particular, students who prefer the-
oretical computer science or interdisciplinary computer science topics
tend to pursue a PhD more often than their peers. PhD candidates tend
to perceive a PhD as something that can fulfil their needs (including a
greater curiosity than their peers), improve their future career options,
and, ultimately, be fun. They also feel a better gender balance would
increase their chances of starting a PhD.

Discouraging factors. The key factors against doing a PhD seem to be
the uncertainty of what it is like to do a PhD, and a perception of
lower job flexibility when compared to what industry offers. One of
the most cited factors against doing a PhD is a negative perception of
academia and the [lack of] value of doing a PhD for the student in the
long run. These perceptions are far from exclusive to computer science
students but may be, at least to some extent, counterbalanced by
personal goals (Waaijer, 2017). The program proposed in this paper can
help mitigate these concerns, as obtaining a PhD may open additional
opportunities for those who do it to find more intellectually appealing
jobs (Waaijer, 2017).

The long-term commitment implied by starting a PhD is also per-
ceived as problematic for many. This seems to be tied to some of
the feedback we got from our qualitative data. Indeed, the most cited
discouragement for starting a PhD is a combination of career and
financial concerns, with a PhD viewed as delaying an increased quality
of life improvement by at least four years. The generally low value of
PhD scholarships, when compared to salaries offered in the industry
significantly harms the option of doing a PhD in Computer Science, at
least during the years the student is working on the PhD. Apart from
structural changes leading to more competitive scholarships to bridge
the salary gap, another strategy would be to provide evidence on the
salary evolution for Computer Science professionals holding a PhD (not
only in Academia, but particularly for those working in the Industry),
as a way to support the argument against the perception that the return
on the investment in doing a PhD is insufficient. For instance, in the US,
professionals earn a substantially higher salary with a PhD in computer
science rather than only a bachelor’s or master’s degree (Steele, 2023).

Differences between females and males. When contrasting the differences
between responses from female and male participants, concerning en-
couraging factors, a noticeable feature is that, in several cases, these
differences are statistically significant when one segregates participants
between those who decided to do a PhD and those who did not.
This was the case in 10 out of the 13 questions for which we found
statistically significant differences. In 7 of those 10 questions, the
differences exist for those who choose not to do a PhD, which suggests
these questions provide insights on existing biases against starting a
PhD. For instance, several answers highlight the “imposter syndrome”
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as more prevalent in female participants who decide not to do a PhD,
although, as in other disciplines, men are also affected by it (Bravata
et al., 2020).

In contrast, we also find that factors like having multidisciplinary
computer science subjects appeal more to females. This is in line with
the observation that hybrid computer science courses including mod-
ules from other disciplines are more attractive to female undergraduate
students (Alvarado et al., 2012). Family support is also more relevant
for female students, which seems consistent, for instance with the
findings in Webber and Dismore (2021).

Another factor we also noticed is a lower self-perception of pro-
gramming skills (possibly another symptom of the already mentioned
imposter syndrome), in line with a lower love for computer science
in general (but not theoretical computer science in particular) ex-
pressed by female participants. This is consistent with findings of lower
confidence in technological abilities and lower motivation (Yates and
Plagnol, 2022).

Recommendations for practice. Considering the observations on encour-
aging and discouraging factors and how they vary when consider-
ing gender differences, we offer a few practical, albeit potentially
challenging recommendations:

» Promote programs clarifying the process of doing a PhD, as a
way of raising awareness among students about the opportunities
they may have and the underlying challenges of doing a PhD.
Our results suggest that many participants who decided not to
do a PhD were significantly less aware of this information than
those who decided to do one. This is not surprising, but it suggests
that we may be missing out on good PhD candidates who never
considered that possibility, among other factors, because they
might not have been so aware of that possibility or what life looks
like for a Ph.D. student. While this is problematic for all genders,
our data suggests it is more common problem among females.
This gender gap aligns with the generally lower risk-taking nature
of females compared with males. As the unknowns resulting from
lack of information entail risks, providing valuable information
to potential candidates mitigates some risks and, presumably,
leads to better-informed decisions about starting a PhD. This
entails a double advantage: more students may be aware and
consider doing a PhD, and fewer students will enrol in a PhD “by
mistake”, potentially leading to a more effective PhD program.
We propose a “Women Career Lunch” program that embodies this
recommendation (see Section 8).

Systematically address the imposter syndrome by recurrently pro-
viding evidence against it. Our data suggests the gender gap as-
sociated with this syndrome is noticeably mitigated among those
who choose to start a PhD, although not eliminated (e.g. concern-
ing the participants’ perceptions of their programming skills). If
we are to bolster the applications of females for PhD studies, this
is one of the factors we need to address. The official data from
Informatics Europe provides no evidence of a generally lower
performance of female students in their studies. Indeed, overall,
females tend to represent a higher percentage of graduates than
the percentage of females who enrol in a course, suggesting their
success rate is higher than the one achieved by males at the
bachelor, master, and PhD levels.

Promote multi-disciplinary topics for PhDs. As females show con-
siderable interest in multi-disciplinary research, there seems to
be a yet-to-explore potential for growth. To be clear, we do not
advocate promoting these topics instead of more ‘“traditional”
computer science topics, but rather in addition to those topics.

6.2. Limitations and threats to validity

We discuss limitations and validity threats to this survey, and our
mitigation strategies to handle them.
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6.2.1. Sampling bias

Having a random sample of people taking or already having a
degree in Computer Science is impractical, as there are no publicly
available contact lists covering our target population. This challenge
is common to Software Engineering studies (Amir and Ralph, 2018;
Baltes and Ralph, 2022). We used a combination of convenience and
snowball sampling to mitigate this risk. We leveraged the contacts of
the EUGAIN COST action and Informatics Europe to reach potential
respondents well beyond the contacts available to the authors of this
article. Naturally, convenience and snowball sampling may introduce
biases in the obtained sample. We tried to mitigate this bias by using a
broad and diverse channels to reach potential respondents. The diver-
sity of origins of our respondents suggests that, at least to some extent,
we succeeded in this strategy. That said, the percentage of respondents
from the different countries is not aligned with the actual percentage of
potential respondents in the population, with countries like Germany
or Serbia being over-represented compared to other countries. This
may introduce cultural-based biases in our sample. Also, the female
gender is over-represented in our sample compared to the estimated
population. In this case, we were particularly interested in having a
large set of responses from females, to help us answer RQ3, so we
oversampled females by targeting our survey advertisement efforts
more to potential female respondents. Finally, our sample is Europe-
centric by design although we did not exclude respondents from other
origins, as it is not uncommon for students and academics to have
mobility among continents.

6.2.2. Response bias

The questionnaire was anonymous and freely available through
an online link, so we cannot completely rule out the possibility of
someone answering the survey more than once. We cannot also rule
out the possibility of having a higher response rate from participants
who were particularly interested in our research, as perceived from
the invitation. There is also a potential cultural effect resulting from
the responses’ geographical distribution. While our analysis did not
consider geography as a direct factor countries from which we got
more answers may have their participants’ cultural values oversampled.
All that stated, we are contrasting people who decided to do a PhD
with people who decided against it (RQ1 and RQ2) and females with
males (RQ3), using normalised data (e.g. the percentage of people
in each cohort who provided a particular answer), the effect of the
different number of members in each cohort was mitigated. Also, we
had a relatively high number of respondents (587), well over our target
sample size (400), so these threats were mitigated.

6.2.3. Construct validity

When analysing the responses to our questionnaires, we emphasised
that the answers reflect the perceptions of participants rather than
facts. For instance, their perception of their programming skills may
not match their actual programming skills. However, we should note
that we were trying to establish relationships between participants’
perceptions and their decision to start a PhD, which matches what
happens in the decision process, at least on the side of the candidates.
Of course, deciding to do a PhD and successfully going through the PhD
candidates’ selection process are two different things. Our focus was
on the former. Also, we need to consider that many respondents who
reported that they had decided to do a PhD have already completed it
or are currently enrolled in a PhD program.

6.2.4. Measurement validity

Most of the questions in our survey were measured with a bal-
anced 5-point Likert scale, presented in the survey as a set of equally-
distanced options. While there is some debate on the soundness of
computing, for instance, the mean in the distribution of these variables
as a summary variable, the balanced, equally distanced scale points,
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along with many responses, mitigate that risk. That said, we com-
plement this information with the median, and our hypotheses tests
are always done using non-parametric procedures, such as the Mann—
Whitney U test, which are adequate for dealing with ordinal data.
Also, we always gave respondents the possibility of not answering a
particular question to mitigate the risk of randomly selected answers.

6.2.5. Conclusion validity

When testing our hypotheses, we always highlight the extent to
which differences are statistically significant, either in isolation when
using the Holm-Bonferroni correction or the stricter Bonferroni correc-
tion. We also present the computed effect sizes for our hypotheses tests
so that we mitigate the risk of overstating the effect of the identified
relations.

6.2.6. Internal validity

The internal validity concerns the causal relation between a treat-
ment and its expected results. To do so, we would have to demonstrate
correlation, precedence, and the absence of other variables that might
be causing identified correlations. Our statistical tests show correlations
but not precedence. That said, we specifically asked participants to an-
swer the questionnaire from their perceptions when they were deciding
whether to start (or not) a PhD, which preceded the decision itself. We
cannot completely discard the possibility of having external variables
explaining the found relationships (e.g. we have no direct information
on cultural background, including religion or ethnicity, which may af-
fect this kind of decision. We decided not to use nationalities as proxies
for this kind of analysis, as we would have to rely on stereotyped visions
of the cultural background of people from those countries, possibly
introducing another validity threat to our data analysis.

6.3. Implications for researchers and leaders and future work

This work provides new insights into the factors that may be related
(either as encouraging or as detrimental ) to the decision to start a PhD
in Computer Science. We further contrast those factors by segregating
answers by gender to get insights into how these factors may differ
depending on gender. The study results have allowed us to develop a
career lunch program. The program mitigates some of the challenges
that were particularly more prevalent in female respondents. Our re-
sults also illustrate how this is a multi-factor decision, with several
different factors, most with a small to moderate effect size. While our
focus in this survey was on the enrolment in a PhD, the Career Lunch
program introduced in Section 8 is expected to have a double effect:
not only will it help potential candidates to make a more informed
decision concerning starting a PhD, but also, because the decision is
better informed, should contribute to help to improve the retention
rates in PhD programs, vs. assuming people who do decide to start a
PhD know better what to expect.

Creating and adapting the Career Lunch program to several lan-
guages, with the necessary tunings reflecting the diverse cultures asso-
ciated with those languages, creates ample opportunities for leaders to
adopt this program in their Universities. The next crucial step is to run
this program in different instances and continuously improve it to lever-
age the lessons learned with each new instance of the program. Along
with the lessons learned, we will also need to monitor its adoption and
its impact on recruiting new Ph.D. students. This monitoring requires
the adoption of key process indicators, so the impact of adopting such
a program can be assessed via a longitudinal study.
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6.4. Lessons learned

The survey design, implementation, and analysis were a joint effort
from a large group of researchers from different countries and cultural
backgrounds. This has undoubtedly helped with the location-specific
advertisement of the survey (e.g. invitation emails were translated into
local languages and adapted to target recipients). Also, we leveraged
the members of the EUGAIN COST Action and the access to Informatics
Europe members to disseminate the questionnaire, leading to a large,
diverse sample of participants. Using a research-focused survey tool
(in our case, LimeSurvey) helped us understand our participants. For
instance, the tool records partial answers as well as complete ones,
so we were able to accurately compute the response rates for each
question and filter out questionnaire participants whose responses were
incomplete.

7. Question catalogue

Following the survey analysis, which focused on general and gender
differences between those who progress to PhD studies and those who
do not, we constructed a catalogue of questions that will prime a
discussion with female students to facilitate conveying the relevant
information to them about PhD studies. The questions addressed topics
identified as significant from our analysis, which were categorised
under the following three categories: (i) basic information and practical
issues, (ii) career opportunities, and (iii) emotional support.

7.1. Basic information and practical issues

The category Basic information and practical issues includes questions
that can start a discussion to provide basic information to the students
about PhD studies, the pragmatic issues concerning applying for a
PhD position, and the everyday life of a Ph.D. student. It includes the
following questions:

Basic information What are the objectives of a PhD? How long does
a PhD take? What are the elements of PhD research? What does
the supervision of my work look like? How to choose a topic
for a PhD? How is the quality of PhD work assessed? What
distinguishes a PhD abroad from a PhD in my country?

Requirements What are the requirements for PhD admission? Do the
criteria abroad differ from those in my country? What are the
requirements for finishing a PhD? What do you do during studies
to qualify for a PhD position?

Finding and choosing position, topic, group, supervisor Where do
I find PhD positions? How do I find PhD positions abroad?
Which institute/department suits me? What topic suits me? Can
I choose the topic of my PhD? Can I get to know the group
before starting my PhD? Can I ask doctoral candidates abroad
for reports on their experiences? How do I like the atmosphere?
How big is the group? How do I find good supervision for my
PhD? How do I choose a supervisor?

Application and relevant information How do I apply for PhD posi-
tions? What do I have to consider when applying for a doctorate
abroad? What does the application process look like? What is
essential in the written application? What does the PhD appli-
cation interview look like? Where can I get advice if I want to
go abroad? What do I have to think about administratively?

Day-to-day life and expectations What funding possibilities are avail-
able? How do I finance my stay abroad? What is the typical
day-to-day of a Ph.D. student? What would my future tasks and
possibilities be? Do I have to speak the local language if I go
abroad?
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7.2. Career opportunities

The category Career opportunities includes questions that can evoke
discussion on career opportunities in general and specifically in
academia and industry. This includes the following questions:

Career in general How does the PhD topic determine your career?
How important is the topic of a PhD for further career opportuni-
ties? Is the salary higher with a PhD than with a master’s degree?
What skills will be developed during PhD study concerning
research, teaching, and leadership? Is the doctorate obtained
abroad recognised in my country (and other countries)?

Academic Career What does an academic career look like? How does
the PhD prepare you for an academic career? What is essential
to progress to the next step in an academic career? Who are your
partners throughout an academic career path? With whom will
you work together?

Industry Career What can a career in the industry look like? Is there
the possibility of doing your PhD in industry? Which skills
are acquired during a PhD that are relevant to the industry?
What benefits does having a PhD give towards a career in the
industry? Can PhD research lead to a Spin-out company? Do
domestic and foreign companies consider the merits of having
a PhD differently?

7.3. Emotional support

The category Emotional support includes prompting questions that
address personal doubts, imposter syndrome, lack of self-confidence,
gender balance issues, burnout, and sexual harassment. This includes
the following questions:

Imposter syndrome and doubts Am I capable of pursuing a PhD?
Am I smart enough? What do I do if I am unsure or have
problems during my doctorate studies? Will I have enough in-
novative ideas? What if I am not able to implement my research
ideas? Can I change or adjust my research focus during the
PhD? What are typical questions and concerns students may
have about their doctorate studies?

Burnout What do I do if I “run out of breath” during the doctorate?
Is it just me?

Family planning Is doing a PhD compatible with family planning?

Gender issues Am I okay with being one of the few women in the
group? What can I do if I receive sexist remarks? Where can I
find help for sexual harassment?

Finding support Who can I contact if I have problems? Where can I
find advice and support? How are the dignity and respect rights
of the Ph.D. student applied in your University? What do I do if
I am dissatisfied with my doctoral supervision?

7.4. Survey insights and question catalogue

Table 13 illustrates the connection of each category of questions
with the insights and themes identified in the survey. The first row
of this table associates each insight identified in Section 5 with the
appropriate question catalogue category, illustrating how the questions
focus on the areas of insights discovered by the statistical analysis of the
survey data. The second and third rows of the table associate the themes
from the quantitative analysis identified in Tables 8 and 10 under the
relevant question catalogue category, showing how these themes are
covered in the questions.
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Table 13
Question catalogue and its connection to the insights and themes from the survey.
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Basic information and practical issues

Career opportunities

Emotional support

Key insights (PhD life information)
(encouragement and requirements)
(perception of the PhD process)

(uncertainty)

Encouraging factors
(Table 8)

id 2 (personal goals)

(uncertainty)
(industry offers)

& (enthusiasm and self-confidence)

id 3 (interest in academic career and teaching)
id 4 (career benefits and opportunities)

id 6 (lack of interest in industry jobs)

Discouraging factors
(Table 10)

id 5 (lack of information and guidance)
id 8 (requirements to get a good PhD position)

id 1 (career and financial concerns)

id 2 (negative perception of academia and research)
id 3 (preference for practical experience)

id 5 (lack of information and guidance)

id 4 (burnout and stress)

id 6 (concerns on family and social life)

id 7 (imposter syndrome and lack of confidence)
id 9 (perceived sexism and hostile environment)

Note that the insight (personal strengths) is not addressed within
the catalogue as it refers to the internal characteristics of people who
choose to do a PhD. Such characteristics are formed throughout the
complete education process and cannot be influenced quickly. This
holds for the encouraging factor 1 (interest and confidence in research),
which is also not included in the table. Encouraging factor themes 5
(encouragement from mentors or colleagues) and 7 (seeing role models)
also are not covered directly by specific questions in the catalogue but
are likely to be addressed indirectly through the process of discussion
that is prompted by other questions. We address these themes explicitly
in the program we propose in the next section. We include all other
insights and themes in the proposed question catalogue to prompt
discussion in these significant areas.

8. Women career lunch

The Women Career Lunch (WoCa Lunch) program is a supporting ini-
tiative for female students that aims to acquaint female undergraduate
and master’s students with the possibilities for advancing their careers
if they pursue PhD studies. The program aims to deliver the information
identified as significant by the survey to potential female Ph.D. students
in a structured, engaging, and collaborative way.

The program was developed by dividing the identified question
catalogue (Section 7) into structured modules. Each module represents
a cohesive unit suitable for a one-hour discussion on a topic triggered
by the questions in the module. Also, this program includes two vital
encouraging factor themes that were not explicitly handled in the
question catalogue: encouragement from mentors or colleagues and
seeing role models (key insight , and encouraging factor themes 5 and 7
from Table 8). These aspects can be provided by the the program facil-
itators and guests from academia or industry who share their personal
experiences. Participation should encourage students and enable them
to make well-informed decisions about whether they should enrol in a
PhD program.

We prepared a multi-language version of the WoCa program to
foster dissemination and assist in implementation. It includes guidance
on the structure and format, the practical procedures of the initiative
and a comprehensive catalogue of questions, that were refined from
the original list, that should be discussed within each module. This
catalogue is publicly available (Abraham et al., 2023). It is available in
the following languages: English, French, German, Portuguese, Serbian,
Spanish, Turkish, and Ukrainian.

WoCa Lunch was successfully implemented at the Department of
Computer Science and the Department of Mathematics at RWTH Aachen
University, Germany. The following descriptions and recommendations
are based on the obtained experiences, and lessons learned including
participants’ feedback.
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Overview. The program has eight modules. The initial and the last
modules should be in person. The rest can be virtual. Each module takes
place during lunchtime and lasts approximately one hour. One guest
is invited and interviewed for each module (except for the first and
last modules). The interview guests might be members of the executing
institution or external guests. The goal is to address the items from the
question catalogue in a familiar environment and further give insights
into the career development of female role models.

Organising group. The team organising the program has ideally two
moderators and admin support. The moderators should have a PhD and
be academic staff members. At least one moderator should be a female,
and at least one moderator should be a senior researcher.

Invited guests. Each module has a guest appropriate for the module and
at least one moderator. If possible, each guest should be female, and
at least one should be an early-stage researcher, while at most one
guest should be local to the department/institute running the event.
Guests should be suitable for role models (enthusiastic, motivating,
communicative, open). Guests should speak a local language, as the
modules should be run in the local language. At least two weeks before
their module, a guest should receive a catalogue of questions they will
be asked. Knowing questions in advance enables guests to prepare well
for their module.

Structure. The first module presents the basic ideas of the program
and what the students can expect from it. The final module wraps up
the program as a whole and gathers feedback. The remaining modules
address the most important topics related to PhD studies. Modules aim
to initiate discussions and reflections, dispel uncertainties, and clarify
the career path for those pursuing this path. Depending on the group,
modules can be merged, or new modules can be introduced.

The modules discuss questions identified in Section 7. The questions
are grouped around the following topics:

(Module 0) Kick off This initial session introduces the program and
what the students can expect.

(Module 1) What is a PhD? This module clarifies the objectives of a
PhD, the requirements for PhD admission, and the skills that
will be developed during PhD studies. Students get basic ideas
about the main elements of PhD research and the requirements
for finishing a PhD dissertation. Students also learn about the
typical day-to-day life of a Ph.D. student.

(Module 2) Why a PhD for an Academic Career? This module clar-
ifies the challenges of an academic career and how PhD studies
prepare students for that career. Students learn about the pro-
cess of selecting a research topic, research group, and supervisor
for their PhD studies, and the impact of this choice on their
future careers. Students should understand the evaluation pro-
cesses of the quality of their work and the duration of their
doctoral studies.
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(Module 3) Why a PhD for a Career in Industry? This module clar-
ifies the benefits of obtaining a PhD for a career in industry and
the skills acquired during PhD studies relevant to the career path
in the industry. It presents different possibilities for doing a PhD
in collaboration with industry partners, possible research topics,
and requirements. It also addresses the possibility of creating a
spin-out company.

(Module 4) How to find a PhD position? This module clarifies the
formal and informal aspects of the application process, including
finding a suitable PhD position, a group, and a supervisor.
Students also learn about funding possibilities and how this
choice influences their PhD studies.

(Module 5) How to handle doubts or problems before and during
a PhD? This module clarifies typical concerns students have
during their studies. This module emphasises the emotional
issues that might arise and how to deal with them. Students
learn where to find advice and support in case of self-doubts,
burnout, and sexual harassment.

(Module 6) Considering a PhD abroad? This module clarifies differ-
ent aspects of applying for PhD studies abroad. It addresses the
application process, administrative issues, financial issues, and
differences compared to a PhD in a native country.

(Module 7) Wrap-up This last session is used to wrap up the program
and gather feedback from the participants about the program, to
support its continuous monitoring and evolution.

In addition to the described topics, each module contains personal ex-
perience sharing. Therefore, general information is also observed from
a personal point of view. Questions for personal experience sharing
are identified based on each topic and its main general questions and
should foster further discussion on these topics based on real situations.
Personal questions enable getting to know the guest as a person and
a role model. As an example, all the topics that should be addressed
within Module 5, including the personal experience sharing, are given
in Appendix.

Lessons learned. The feedback from the various implementations has
been overly positive. A number of lessons have been learned from
the different implementations of the WoCa Lunch that have taken
place. Organisers of previous lunches found that the questions were
beneficial in reducing the preparation effort and should not necessarily
be considered prescriptive.

It is crucial to establish with the students and the invited speakers
that the communication approach should be informal and interactive.
Invited speakers delivering slides do not have the same effect and
impact as informal discussions. In certain situations, the WoCa lunch
was not part of a departmental strategy and had little or no finan-
cial support. Therefore, obtaining funds for the lunch itself required
additional effort.

Various experiences have shown that, typically, it is the women in
the departments that organise and run these events. This reflects the
experience shown with other gender inclusion initiatives where the
women are those that are mostly involved (Armstrong and Sullivan,
2024). Having male allies working side by side with women in these
initiatives can have a positive effect, as it helps to frame these initia-
tives as beneficial for the whole community rather than for women
alone (Farrell et al., 2021).
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9. Conclusions and further work

Relatively few women pursue PhD studies in computer science. This
is problematic not only for equality reasons but also for the untapped
potential that more women with PhDs in computer science could bring
to industry and academia. The underlying goal of the research reported
in this article is to increase the percentage of females in computer
science, focusing on their transition to a PhD.

We conducted an extensive survey to characterise the encouraging
and discouraging factors leading to the decision to start a PhD and
to determine the extent to which these factors vary by gender. As
expected, our results suggest this is a multi-factor decision, with several
encouraging and discouraging factors, whose combination ultimately
leads to a conclusion.

Encouraging factors towards PhD study include interest and con-
fidence in research, arising from research involvement during earlier
studies; enthusiasm for computer science and self-confidence in addi-
tion to an interest in an academic career; encouragement from external
sources, including academic staff, peers, family and the industry, al-
though the latter is relatively uncommon; and a positive perception
towards PhD studies which can involve achieving personal goals. The
effect sizes of these factors are mostly medium and small.

Discouraging factors include uncertainty and lack of knowledge
of the PhD process, a perception of lower job flexibility and the re-
quirement for long-term commitment, with medium to small effect
sizes.

Gender differences highlighted that female students who pursue a
PhD have less confidence in their technical skills than males but a
higher preference for interdisciplinary areas. Females are less inclined
than males to perceive the industry as offering better job opportunities
and more flexible career paths than academia, although with a small
effect size.

These insights helped develop a question catalogue to initiate dis-
cussions with potential female Ph.D. students. The catalogue covers
basic information and practical issues, career opportunities, and emo-
tional support for Ph.D. students.

We used the catalogue in the definition of a WoCa Lunch program
as a supporting initiative to acquaint female undergraduate and mas-
ter’s students with the possibilities for advancing their careers if they
pursue PhD studies. We successfully conducted two pilot iterations
of this program at the University of Aachen, with positive feedback
from participants. We created localised versions of the WoCa Lunch
program guidelines in 8 different languages: English, French, German,
Portuguese, Serbian, Spanish, Turkish, and Ukrainian.

We plan to conduct the WoCa lunch program in different countries
and monitor its short and long-term effects, using appropriate key
process indicators, such as the evolution of the number of enrolled
and graduated Ph.D. students following their participation in the pro-
gram. This will require a longitudinal study, spanning several years.
We acknowledge the challenges of having the program in different
languages, countries, and cultures. These may require local adaptations.
Monitoring the impact of running this program in different countries
will be crucial for its continuous improvement.
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Appendix. Module 5: How to handle doubts or problems before
and during a PhD?

General questions

Am I capable of pursuing a PhD? Am I smart enough?

Is doing a PhD compatible with family planning?

What do I do if I am unsure or have problems during my doctorate
studies?

What are typical questions and concerns students may have about
their doctorate studies?

Will I have enough innovative ideas? What if I am not able
to implement my research ideas? Can I change, or adjust, my
research focus during the PhD?

What do I do if I “run out of breath” during the doctorate? Is it
just me? (Everyone knows this feeling)

What do I do if I am dissatisfied with my doctoral supervision?
(Time, support, appreciation)

Am I okay with being one of the few women in the group? What
can I do if I receive sexist remarks? Where can I find help for
sexual harassment?

24

The Journal of Systems & Software 231 (2026) 112586

» Who can I contact if I have problems? Where can I find advice
and support?

» How are the dignity and respect rights of the Ph.D. student
applied in your University?

Personal experience sharing

» How did you deal with any doubts you had? How did you deal

with the feeling that you might not be smart enough for a PhD?
» What obstacles/uncertainties did you face during your doctorate?
» Who did you get support from?

Data availability

The data is available in a companion site referenced in the text.
https://doi.org/10.5281/zenodo.16571934.
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