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Purpose: The article describes factors that may boost female participation in
STEM undergraduate programs and a model applied at TUD (Technical University
Dublin).

Design/methodology/approach: It presents a case study in Higher Education
involving an ecosystem that fosters the involvement of females in one STEM
hybrid undergraduate program in Ireland.

Findings: The successful program implemented by TUD was based on empirical
research that demonstrates that females do not lack skills but have a diverse
profile of abilities. Therefore, females need undergraduate hybrid programs
designed to attract them and develop their multiple skills, involving not only
Engineering but also practical training in fields such as Medicine, Management
and World Languages.

Conclusion: The “Infrastructures of Inclusion” such as hybrid programs and
high impact practices (academic, social, institutional), are relevant for involving
a higher proportion of females in STEM fields such as Computer Science.
Practical implications: Future research may evaluate the impact of hybrid
programs in STEM to boost female participation in other countries.

Research limitations: The research is limited to one geographical area (Dublin,
Ireland).

Originality/value: This article contributes to inform interested researchers with
one model hosted at TUD Dublin.
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Introduction

Educational research on gap closure has focused on typical individual variables (i.e.,
student academic abilities, motivation, and student engagement with their career) (Zapata
etal,, 2018). Currently, research focuses on high-impact institutional practices for the success
of vulnerable students, also called “inclusion infrastructures” (Strum et al.,, 2011; Strum,
2007, 2006).

These practices include offering relevant programs, public engagement for teaching (i.e.,
faculty engaged scholarship), learning (i.e., student civic engagement), and fostering faculty
and administrative diversity (Strum et al., 2011; Strum, 2006). Offering relevant programs
refers to training opportunities that meet environmental, economic, and social needs (Tett
etal., 2017; Ulriksen et al., 2017). The relevance of higher education programs also refers to
student satisfaction with the choice of institution and university programs. Public engagement
for teaching (“faculty engaged scholarship”) refers to how postsecondary institutions serve
communities through their missions, context-relevant academic output, and empowerment
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of the community (Masanche, 2020). Involvement for learning
(“student civic engagement”), implies the construction of subjectivities
through actions such as participation in service-learning that
strengthen the civic contribution on the part of vulnerable or excluded
students (Barnett, 2018; Hellwege, 2019). Also, fostering faculty and
administrative diversity helps teaching methodologies and curricula
to be perceived as more relevant when the student shares the same
culture and interests of the teacher and administrators (Munday et al.,
2019); it also decreases negative impacts such as the risk of
stereotyping and lack of a sense of belonging (Benitez et al., 2017) and
eliminates selection biases in the admission of minority students
(Schmaling et al., 2015).

Because higher education institutions have their own culture and
leadership (Klempin and Karp, 2018), there may be a wide range
of inclusion practices that favor the success of vulnerable and
minority students in STEM, such as women. These practices
indicate the way Universities should approach women's

participation in higher education.

Conceptual framework

In Europe, The Parliament’s report on female STEM education
and employment (FEMM Committee, 2020) emphasizes the
importance of creating “enabling environments” respecting individual
choice to facilitate women’s enrollment in STEM (Science, Technology,
Engineering and Mathematics) and work fields such as Al
and cybersecurity.

Likewise, the most recent systematic review of support programs
for STEM degrees (Pearson et al., 2022), points out that the persistence
and retention of low-income, first-generation, and underrepresented
students depends on a few critical components: active recruitment and
admission non-conditional on grades or standardized tests (i.e.,
instead future academic development potential is determined);
academic support (i.e., mentoring from faculty and seniors, research
from the beginning, meeting with role models, GRE preparation,
target academic interventions, and transition summer bridge
programs); social supports (i.e., peer interaction through living
accommodation on campus); financial support (specific financial
support and incentives); and involvement/engagement (i.e., avoiding
stereotype threat, preventing conforming to traditional gender
stereotypes, etc.). Among these factors, the two that show major
impact are the practice of research (from the beginning in laboratories
with knowledgeable mentors) and the training of faculty and
administrators (i.e., investing in continuous training of mentors).

A successful example of the inclusion of women in STEM is the
Biology Scholars Program (BSP) at Cornell University (United States),
which closes the wide gap between URM (underrepresented) and
non-URM students in terms of GPA and graduation rates (Ballen and
Mason, 2017). This is possible thanks to an “inclusion infrastructure”
that consists of academic monitoring and support through small study
groups (2-h study group during sophomore vyear), leadership
development, early interaction with faculty (seminars on research and
ongoing research in laboratories from the start), career and professional
development (visits to graduate and medical school) and a sense of
community developed by the program among URM students.

In the USA, female engagement in STEM is centered around the
“hidden engines of the economy” such as e-health, cloud services,
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programming, and software/hardware development, Females have
been attracted by articulating the needs of employers with the
educational offer in STEM in innovative fields (Sanchez, 2023).

OTH Regensburg in Germany has also implemented STEM
programs: Bachelor of Medical Information Technology and Bachelor of
Business Information Technology. The programs take seven semesters
(terms) each including three intensive components: two theoretical
(basic and core computing) and one practical (clinical applications and
practice in hospital/companies). The modality is dual, closer to
industries, and more attractive to females because the programs include
applied learning in a second non-STEM field (OTH Regensburg, 2024).

In Ireland, the need to provide personalized training and
upskilling for vulnerable groups living in households with low work
intensity has also been suggested (Council of the European Union,
2019; Osnabruck Declaration, 2020). These recommendations involve
the technical higher education system and its ability to develop
infrastructures of inclusion for females. For example, the creation of
new higher educational programs to engage and motivate women in
non-traditional areas, such as Computer Science, intertwined with
Medicine, Business, or Psychology.

Paradoxically, according to Stoet and Geary (2018), countries with
elevated levels of gender equality have the largest STEM gaps in
secondary and tertiary education. The gap between boys’ science
achievement and girls’ reading achievement shows sex differences in
academic strengths and attitudes toward science, and this is correlated
(but not causal) with the STEM graduation gap between genres.

Tinto (2025) indicated that factors engaging students in higher
education involve not only cognitive but also non-cognitive aspects.
It is not just academics but also psychological (individual skill profile,
motivation, etc.) and social factors (acculturation, building
communities of practice) that must be intervened to close the gender
gap. This will lead to improved retention and performance of female
students to contribute to societal goals such as The Global Sustainable
Development Goal 4 (Quality Education: European female workforce
increases in qualified IA and cybersecurity fields) and Goal 5 (Gender
equality: Growth and innovation in STEM).

Recent psychological research has revealed persistent gender
disparities in STEM fields and explored several factors influencing
women’s participation. Among others:

1. Impact of female role models: exposure to female STEM
teachers in secondary education increases the likelihood of
women enrolling in tertiary STEM programs, but it does not
entirely bridge the gender gap (Dulce-Salcedo et al., 2022)

2. Motivational dynamics: female students show strong interest
in STEM despite challenges in male-dominated environments
(Dokme et al., 2022; Slattery et al., 2023)

3. Socioeconomic and cultural factors: both socioeconomic
background and gender influence access to STEM education.
This highlights the intersectional barriers (gender and SES) not
addressed by higher education (Boyle et al., 2024)

4. Entrepreneurship in STEM: female graduates with STEM degrees
face greater challenges in entrepreneurship, with certain
educational strategies potentially mitigating this gender gap (Piva
and Rovelli, 2022). In a cluster of 31 European countries for the
period 2013-2018, the gender gap in entrepreneurship could
be explained by the gender gap in educational outcomes, and
systems with higher levels of education did not improve the level
of female entrepreneurship (Gawet and Krsti¢, 2021)
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5. Global and cultural contexts: broader studies from India and
Nepal discuss cultural, societal, and institutional challenges
impacting women’s participation in STEM, emphasizing the
need for supportive environments (Nandi et al., 2023)

These studies collectively highlight the complex interplay of
motivation, role models, socioeconomic factors, and cultural barriers
in shaping female participation in STEM education. This research
underscores the ongoing need for targeted interventions to address
these challenges from both institutional and higher education systems.
The present study introduces the model used at TUD (Technical
University Dublin) which can boost the female participation in STEM
based on evidence to engage women in STEM.

A case study at TUD (technical _
university Dublin) to close the gap in
ge_l_rE,:\:\/\le enrollment and success in

Former proposals by the School of Computing at the Dublin
Institute of Technology (DIT), Ireland, under a “Computer Science for
All” (CS4All) initiative, implemented structural reforms at the faculty
level to address recruitment and retention issues of female
undergraduate computer science (CS) students by providing female
mentors and networking. This intervention was extended to a more
focused curriculum and the development of programs to delve into
female students’ interests.

For example, the international computer science (ICS) bachelor’s
degree, allows learning a new language while developing a career in
computer science, and overseas work placement or an “Erasmus”
scholarship component. The program has achieved a dramatic
improvement in female retention, increasing from 45 to 89% in first-
year progression rates. The progression rate from first year to second
year on Computer Science (CS) undergraduate degrees averaged 45%,
and TUD’s BSc in Computer Science Program started with just 10%
female enrollment in the first year.

In 2020, the percentage of female students in TUD (Technical
University) Dublin's Computer Science International degree was 42%
because of accessible role models and gender balance among staff and
students (ESTeEM: Equality in Science & Technology by Engaged
Education Mentoring). These initiatives, under female academics such
as Dr. Susan McKeever (head of the Computer Science Department),
have led to stable system changes across and outside of TU Dublin. For
example, the INGENIC group (Irish Network for Gender Equality at
National 3rd Level Institutions for Computing) consists of representatives
from seventeen different third-level institutes across Ireland, including
TUD. INGENIC fosters the right learning environment to increase the
intake and retention of female students.

Dublin has a particular ecosystem that fosters gender balance and
parity in Computer Science, as the interconnected niche may influence
and inspire women to access and thrive in STEM careers. Dublin is
home to several STEM organizations based on computing sciences
that are devoted to female access and permanency: Coding Grace,
HER+Data, R-Ladies, Women of Wearables, Women who Code,
Ladies that UX, Django Girls, Pyladies, Lovelace Space, Womenhack,
Lesbians who Tech, Block W Women, in Animation Rails, Girls
Gamecraft Teenturn, STEM Women, Cyber Women, Ireland Girl,
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Geek Dinners, Women in Al Ireland, PhaseInnovate, and Women in
Machine Learning and Data Science (IDA-Foreign Investment
Consultants, 2024).

This high impact on higher female numbers enrollment was related
to a series of evidence-based interventions focused on retention, such as
developing critical skills, close attendance monitoring, incentives to
participate in practical work, assessment and grades turning, and
building a culture of participation. In addition, practices such as
recruitment through innovative “hybrid” programs offering an additional
learning domain such as “World Languages” and female student
contingent experiences (immediate feedback, supportive network of
accessible role models and mentors for both staff and students, avoiding
student isolation, setting up free coding courses for non-tech and high
school level female students, early practical experience). These practices
together are “carrots” (motivators) for improved female recruitment,
which may lead to wider social and cultural change across the nation
favoring female STEM participation.

Based on the following evidence, it can be assumed that hybrid
programs can attract females to STEM+:

« Among males and females of comparably high math aptitude,
females are also likely to outperform males in verbal ability (Park
et al,, 2008; Wang et al., 2013). This may allow females greater
flexibility in career choice than males and, therefore, more
opportunity to consider both STEM and non-STEM fields (Ceci
and Williams, 2010; Wang et al., 2013) leading them to want
programs that cover more than just technology. This is the
“expectancy-value” theory, which recognizes the motivation
produced by the value assigned by females to potential outcomes
of higher education and the importance of considering their
choices, desires and capacities when designing STEM programs
for their education.

According to Ertl and Hartmann (2019), “not all STEM fields are
equal, even on a finer level” For example, gender differences

regarding realistic and social interests do not decrease in all
STEM-L subjects (STEM programs with a low female
proportion). This calls for the creation of courses and bachelor’s
programs that consider both realistic (e.g., computer science) and
social interests to promote female engagement and spark
motivation and persistence.

Another theoretical position encompasses intersectionality, the
product of gender in interaction with race, ses, disability, etc.
(Boyle et al., 2024) called for system-level intervention and the
prioritization of females in STEM to prevent and diminish the
effects of cumulative disadvantage due to these intersections.

In TUD (Technical University of Dublin) trends in the success of
hybrid computing programs have been observed. TUD’s Comp
Sci degree together with languages, also called “Computer
Science International,” consistently came out best on the gender
balance of all computing programs in the university. This is
explained by McKeever and Deirdre (2018)". The initiative
achieved 42% enrollment and persistence of females in STEM?.

1 https://arxiv.org/abs/2110.06090
2 https://irishtechnews.ie/

female-intake-computer-science-degrees-tu-dublin/
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o The European Unién Committee acknowledges the importance
of a focus on the supply side (the needs and desires) of women
regarding their own choices in higher education. The EU also
proposed initiatives to include women in IA and cybersecurity
through innovative higher education programs structured in a
non-standardized male-oriented fashion.

Recently, the concept of “leaky pipeline in STEM” has been
reviewed and modified to give voice to the differences between
females and their trajectories which cannot copy male’s in STEM
trajectories (Miller and Wai, 2015).

Conclusion

There is
infrastructures of inclusion in STEM to impact female trajectories

unexplored potential for new and creative

within developed and underdeveloped nations. A starting point is
the creation of Bachelor and Associate programs that allow women
to develop their multiple talents, for example, combining their
realistic and social interests. Abandoning a cookie-cutter program
design philosophy when it comes to the creation of new STEM
programs may substantially increase female participation. This has
been evidenced by TUD’s 42% female enrollment in the Computer
Science International program. This infrastructure of inclusion also
has incredible leadership under an amazing scholar, Mrs.
Susan McKeever.
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